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Abstract

Garlic (Allium sativum) and Hibiscus (Hibiscus sabdariffa) have been well known in conventional medicine
and hold great promise not only to treat but to prevent the development of hypertension, while Ginger
(Zingiber officinale) is gaining more attention in herbal circles. In this review, we present the phytochemical
composition, antihypertensive effectiveness, and the mechanisms of actions of these natural remedies, with the
implications in the clinical setting, also explored. Garlic is abundant in organosulfur compounds, with allicin
being the most notable. These have been shown to contribute to vasodilatory effects and are associated with a
numerical reduction in blood pressure. Hibiscus calyces carry in themselves anthocyanins and protocatechuic
acid, which are associated with antioxidant activities and vasorelaxation properties that could act as a blood
pressure regulator. The action mechanism of gingerols and shogaols, active components in ginger, suggests
their possible role in strengthening blood circulation and causing the antihypertensive effect. A detailed reading
of the currently available literature strongly indicates the potency of these herbs in fighting hypertension.
Random clinical trials (RCTs) have demonstrated that garlic intake can bring about a modest - yet not great -
reduction in blood pressure, whereas hibiscus extracts have shown diuretic, and Angiotensin-converting
Enzyme (ACE) -inhibitory effects, both in animal and human experiments. Furthermore, ginger
supplementation has improved blood pressure parameters, although the consensus is not as solid as those
mentioned above. However, despite increased scientific evidence concerning their efficacy on health, some
hurdles still exist. These challenges consist of variability in phytochemical composition, dosage
standardization, poor knowledge of mechanisms, drug interactions, and safety considerations that need to be
addressed through further scientific investigation. Garlic (Allium sativum), ginger (Zingiber officinale), and
hibiscus (Hibiscus sabdariffa) have been used since ancient times to treat hypertension. Continued research
efforts are needed to overcome these challenges to provide comprehensive therapeutic potentials and ensure
safe uses in clinics for garlic, hibiscus and ginger as natural Interventions Tor Nypertension management.
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Introduction

Hypertension (elevated blood pressure) is one of the great public health worries around the world which is an
important contributor to the burden of cardiovascular disease, morbidity and mortality assessment. The World
Health Organization has approximated that a total of 1.28 billion adults aged 30-79 years globally had
hypertension in the year 2019, representing a prevalence of a quarter (24%) among men, and (20%) among
women (WHO, 2021). Being a key risk factor for cerebrovascular accidents, myocardial infarction, heart
failure, and kidney disease, highlights the urgency of the enactment of effective preventive and management
measures (Mills et al., 2020). Hypertension is a problem of worldwide spread. On the one hand, some parts of
the world suffer from its higher prevalence, while low-income countries bear the biggest burden. For example,
across Africa, the level of prevalence of hypertension is reportedly higher, at 27%, compared to the Americas
(Zhou et al., 2017; WHO 2021). However, the East Mediterranean region being the second highest region in
the global point estimate had a prevalence of 20.8% to 35.5% across all nations (Kayar et al., 2021). The
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ranges of this condition are a result of multiple factors; genetic, environmental, and behavioural as well as their
links to social status and medical access (Mills et al., 2020). As effective as pharmacological treatments are,
they often have side effects and term maintenance costs, and these make them affordable in resource-limited
settings.. It has resulted in a big rise in the popularity to try out other complementary alternative therapies such
as the ones that are derived from plants with possible anti-hypertensive effects. Herbs/spices like Garlic
(Allium sativum), hibiscus (Hibiscus sabdariffa), and ginger (Zingiber officinale) are the ones most
scientifically studied proving that they indeed can lower blood pressure as well as other mechanisms (Ried et
al., 2013; Serban et al., 2015; Aktan et al., 2014). However, the occurrence of cardiovascular diseases is also
very high, and as such, hypertension has become a major world health problem due to increased measurement
of blood pressure (Kearney et al., 2005). As evidence underscored in recent studies on antihypertensive
treatment, patients are increasingly showing the desire to use natural remedies as opposed to pharmacological
interventions for hypertension management (Wang et al., 2014).

This comprehensive review takes a critical look at the current scientific literature on the different
phytochemicals and antihypertensive aggressiveness of garlic, hibiscus, and ginger mentioned in the latest
research works. The review critically assesses both in-vitro, animal, and human studies to give insights into the
possible modulation of hypertension via these natural products regarding the proposed mechanisms of action
and therapeutic applications as well as their limitations. Also, this could be of benefit in detecting the places
where more research may be needed and will involve the integration of these complementary therapies into
evidence-based approaches for hypertension prevention and therapy. Garlic is one of the most useful medicinal
herbs that is traditionally employed for the treatment of a variety of health problems in the whole world. Its
effectiveness on many diseases has been proven medically, because of the synergies from its bioactive
compounds (Rahman et al., 2003). Beneficially against cardiovascular diseases, garlic expresses its
pharmacological properties owing to the presence of vasodilators, antioxidants, and anti-inflammatory
components such as allicin, sulfur compounds, and flavonoids which are responsible for high active rate (Ried
et al.,, 2008). An independent lab-based study and several clinical trials have already substantiated a
relationship between garlic supplementation and blood pressure reduction, proposing the use of garlic as a
possible therapy for hypertension (Ried et al., 2013). Hibiscus sabdariffa, has been used for thousands of years
primarily to treat cardiovascular conditions such as high blood pressure and elevated cholesterol levels
(Hopkins et al., 2013). Hibiscus is among the richest plants known for phytochemicals like polyphenols,
anthocyanins, and organic acids, and these phytonutrients have been reported to be responsible for
antihypertensive activities such as vasodilation, diuretic action, and inhibition of renin-angiotensin (Ojeda et
al., 2010). Ginger may be considered a common spice, however, it has distinctive chemical compounds, so it
can be used for different pharmacological purposes (Bode & Dong, 2011). Ginger components contain gingerol
and shogaol which is linked to anticipated antihypertensive outcomes by mechanisms like calcium channel
blocking; vasodilatation; and moderation inflammatory pathways (Mahomoodally et al., 2013). Unlike a
comprehensive synthesis, there has not been any research that considers the chemical composition,
mechanisms of action, and clinical efficacy of hibiscus and ginger in the context of the burgeoning body of
evidence on garlic's function in treating hypertension. Therefore, to fill the gap this review aims to bridge it by
a deep investigation of the phytochemical composition and antihypertensive activity of the garlic, hibiscus, and
ginger, and this investigation will be subject to focus on patients with high blood pressure.

Importance of Natural Remedies

In recent times, new natural remedies have become a great subject, which may help to fight various disorders
like high blood pressure. There are several good reasons for this because their results are plant and herb-based
and are capable of controlling blood pressure. In addition, natural remedies are frequently seen as less
dangerous substitutes for synthetic drugs with minimal side effects and no drug interactions (Wang et al.,
2014). This attribute is more relevant in the management of hypertension wherein blood pressure medication
adherence is chronic and fears over these effects may hinder patients from seeking medical help (Ried et al.,
2013). Again, unlike conventional medicine that treats symptoms only; natural remedies offer comprehensive
health solutions by addressing both the symptoms and causes of hypertension (Mahomoodally et al., 2013). For
instance, garlic (Allium sativum), hibiscus (Hibiscus sabdariffa) and ginger (Zingiber officinale) possess
different phytochemical compositions with antioxidants, anti-inflammatory agents, vasodilators respectively
(Rahman et al., 2003; Bode and Dong, 2011). The active ingredients will target many mechanisms involved in
determining blood pressure such as oxidative stress, and endothelial function leading thus having hypotensive
effect. Moreover, natural remedies are given to the patients following the guidelines of personalized and
integrated medicine, that is a medical approach to health that takes into account patient particularities and
preferences to provide suitable heal solutions (Rahman, et al., 2003). This is also about bringing nature-based
therapies in the context of a blood pressure control plan, so the practitioner has more solutions available to
choose from aside from comprehensive health factors of the patient and shared decision-making (Ried et al.,
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2013). Natural treatments were studied for their effect on the general health and well-being of individuals with
high blood pressure. These remedies have validated the ability to reduce blood pressure and enhance
cardiovascular fitness. Herbal drug treatments have been used for loads of years and are favoured with the aid
of many due to their tolerability and minimal side effects (Akram et al., 2023).

Medicinal plants which include Hibiscus sabdariffa, and Allium sativum were scientifically combined to have
hypotensive and antihypertensive effects (Khatoon et al., 2022). Moreover, natural antioxidants discovered in
these plants, inclusive of caffeic acid, curcumin, and quercetin, have been shown to lessen oxidative stress and
enhance endothelial function, contributing to the prevention and treatment of high blood pressure (Umaru et
al., 2022). This research spotlights the capability of herbal treatments in handling high blood stress and
improving regular health. Further research is needed to come to the knowledge of active compounds, set up
stable doses, and increase these treatments into effective anti-hypertensive treatments (Queiroz et al., 2022).
Scientific evidence supporting the utilization of garlic, hibiscus, and ginger as natural options to control
hypertension is enormous. The administration of garlic extract was observed to have reduced blood pressure in
mice fed at high-fat diet (Ahern, 2023). Hibiscus extract had cardioprotective effects and reduced aortic
remodelling in rats with renovascular hypertension (ShamsEldeen et al. 2023). This has also shown to be
effective in the management of hypertension in those with mild-severe hypertension (Upendra & Gopal, 2022),
and ginger has been shown to modulate or enhance various cardiovascular risk factors such as cholesterol
levels, hypertension, and atherosclerosis (Roudsari et al., 2021).

Botanical Classification of Garlic, Hibiscus, and Ginger

Plant classification systems place plants in groups that have common evolutionary ancestry and have a similar
set of features. Here, we explore the taxonomic placement of three common antihypertensive plants; garlic
(Allium sativum L.), hibiscus (Hibiscus spp.), and ginger (Zingiber officinale Rosc.). Garlic is a part of the
family Amaryllidaceae, subfamily Allioideae, and the genus Allium (Mabberley, 2008). This genus is
identified by the presence of a powerful pungent odour that comes from compounds like allicin (Block, 2010).
Garlic is an herbaceous plant with narrow leaves and thinner stems that flowers with little, white blossoms in
the bunch (Facciola, 1998). Hibiscus is a genus from the family Malvaceae (Mabberley 2008). The members of
the genus include different types such as trees, shrubs, and perennial herbs (Fryxell, 1992). Hibiscus flowers
tend to be quite large and the colour of the flowers varies from red to yellow or pink (Storck et al., 2010). Huge
variety within a genus is the main reason the specific morphological characteristics are greatly variable. Ginger
belongs to the family Zingiberaceae, genus Zingiber, Mabberley (2008). This distinct family is famous for its
aromatic rhizomes (underground stems) that are used in the production of spices and condiments (Rahman et
al., 2007). The zingiber officinale culture is native as a perennial herb with long narrow leaves, and yellow
flowers found in a spike-like inflorescence (Grubben and Denton, 2004). The ginger plant brings significant
value to the industry as its underground stout and fleshy rhizome, called the root, is the most important part.

Fig. 1: Garlic Source: t4.ftcdn.net
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Fig. 2: Hibiscus sabdariffaSource: media.istockphoto.com
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Fig. 3: Ginger Source: awsimages.detik.net.id

Therapeutic Potential of Garlic, Hibiscus, and Ginger

Garlic is considered one of the members of the well-known Alliaceae family based on its pungent taste and
smell. This led to several medicinal implicit evaluations of their bioactive compounds similar to allicin, diallyl
sulfide, and diallyl disulfide (Rahman et al., 2003). Cardiac health, cancer prevention, antimicrobial activity,
and immune modulation are some of the areas where garlic has been used (Rahman et al., 2003; Ried et al.,
2008). Another merit of garlic is that it possesses antioxidants like flavonoids and polyphenols. These
phytochemicals can play a part in reducing oxidative stress, inflammation, and cell damage leading to dropped
cases of persistent conditions including heart-related issues and cancer (Banerjee et al., 2007; Rahman et al.,
2003). Garlic has applied preclinical models as well as clinical trials to understand its effects against conditions
ranging from hypertension, hyperlipidemia, and atherosclerosis to cancer (Rahman et al., 2003). The blood
pressure-lowering parcels of this condiment are exceptional due to vasodilation besides increased nitric oxide-
producing capacity (Ried et al., 2013).
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Fig. 4: Chemical structure of Allicin (drugfuture.com)

The hibiscus sabdariffa, a plant that is known for its attractive flower and sour flavour, is now popular because
of its condition-beneficial properties. This specific interest, as explained, is because plant contains lots of
active compounds like anthocyanins, polyphenols, and organic acids (Hopkins et al., 2013). It is thought that
these substances not only help in the plant's powerful antioxidant and anti-inflammatory activities but also their
great efficacy (Hopkins et al., 2013). The recently emerging evidence demonstrates that H. sabdariffa, also
known as roselle, might be important for the health of cardiovascular disease. The research literature shows its
effects and therefore helps to decrease blood pressure, improve the lipid profile, and have beneficial effects on
the vascular endothelium (Ojeda et al., 2010; Hopkins et al., 2013). Anthocyanins, the ones that are red and
owe their colour to hibiscus, are known to have antioxidant capacities. These characteristics are thought to
facilitate the plant's anti-ageing function and the combat it has with the stresses of the body (Hopkins et al.,
2013) Apart from this, Polyphenols, which is another popular class of phytochemicals in Hibiscus sabdariffa
give impressive health benefit (Hopkins et al. 2013). The sharp-flavoured acidic taste of the plant is formed by
certain organic acids like citric and malic acids, and may even be capable of functioning biologically.
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Fig. 5: Chemical structure of Anthocyanin (ResearchGate.net)

Zingiber officinale, rhizomatous of Zingiberaceae family, characterizes itself by its spicy flavours and healing
properties to list a few. Its bioactive compounds, mainly of which gingerols, shogaols and paradols contribute
to its pharmacological spectrum of activity. It is gingerol, the main component, which exerts anti-
inflammatory, antioxidant as well as antinausea actions. Shogaol, a gingerol derivative made during
processing, retains similar bio-activities to that of gingerol and therefore helps to support ginger's medicinal
value. Furthermore, an additional chemical substance, paradol, that was obtained from ginger also showed
potent anti-inflammatory and anticancer properties. Ginger has been explored for the therapeutic properties
lying against nausea, arthritis, gastrointestinal diseases, and cardiovascular diseases (Bode and Dong, 2011,
Mahomoodally et al., 2013.
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Fig. 6: Chemical structure of Gingerols, Shogaols, and Paradols (ResearchGate.net)

The commonplace medicinal applications across the globe, such as Ayurveda and Traditional Chinese
Medicine, have confirmed that ginger is a plant that offers help with diverse ailments. It has served as a
soothing agent for the improvement of nausea, gastrointestinal discomfort, as well as inflammation and some
other conditions (Bode and Dong, 2011). Qualitative contemporary research provides empirical evidence of the
efficacy of ginger use for traditional applications covering gastrointestinal problems, arthritis, cardiovascular
disease and cancer as well as expansion of understanding of the therapeutic applications of ginger (Bode and
Dong, 2011; Mahomoodally et al., 2013).

Mechanisms of Antihypertensive Action of Garlic

Humans have used garlic long ago as medicine. Many researchers have come to believe in many different ways
that garlic can help us for good health. There has been extensive research on the curative value of garlic in the
last few decades in which the role that it plays in lowering blood pressure and combating hypertension has
been the main subject of study. Several clinical trials and meta-analysis data have made probably the clearest
and most compelling case for garlic supplementation regarding the antihypertensive effects of the same (Ried
et al., 2013; Rohner et al., 2015). On the other hand, the understanding of the molecular mechanisms by which
garlic might trigger blood pressure-lowering response is an area for future study. The biologically active
components present in garlic may include allicin as one of the well-researched in terms of both vasodilation
and endothelial function (Shouk et al., 2014). The scientists also discovered that the organosulfur compounds
found in garlic like allicin are in addition an important component in nitric oxide (NO) production, a
vasodilator used to regulate blood pressure (Benavides et al., 2007). Moreover, garlic exerts the effect of
inhibiting the angiotensin-converting enzyme (ACE), which is responsible for converting angiotensin | to
angiotensin 11, a powerful vasoconstrictor (Sharifi et al., 2003). Consequently, the cardiovascular system is
protected. The suppression of ACE activity as a result of garlic intake can be the possible explanation for the
decrease in vasoconstriction leading to lower blood pressure. Here, the other mechanisms include the anti-
oxidant properties in garlic, which may play a role in the anti-hypertensive effects. Oxidation stress and
inflammation are implicated in the beginning and progressive stages of hypertension (Vaziri & Rodriguez-
Iturbe, 2006). Garlic has been proven to demonstrate a wonderful antioxidant activity. It can capture reactive
oxygen species (ROS) and activate the action of antioxidant enzymes (Banerjee & Maulik, 2002). Garlic may
also decrease oxidative stress and inflammation and thus become a guardian for the endothelium, with the
purpose of preserving homeostasis in the blood vessels, resulting in blood pressure regulation. Moreover, garlic
seems to be effective in the regulation of ion channels and calcium existing in vascular smooth muscle cells
(VSMCs) (Shouk et al., 2014).

As a member of allicin group, garlic compounds, inhibit calcium influx into VSMCs, which allows
vasodilation and reduced vascular resistance (Khatua et al., 2012). This calcium homeostasis dysfunction and
VSMC contractility modification could be a factor towards the hypotensive effects of garlic. While the follow-
up proposal of the mechanism of action for garlic's potential antihypertensive effect is complex and
multifaceted, it is eventually composed of many physiological paths and cellular processes. Furthermore, the
exact bioactive components with the best effect and their most optimal dosage and packaging remain research
questions of ongoing study (Ried, 2016).
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Multiple mechanisms appear responsible for the antihypertensive actions of garlic; among them, including
vasodilation, inhibition of ACE activity, antioxidant and anti-inflammatory effects as well as management of
calcium homeostasis in VSMCs. While more extensive studies are needed to discern the exact molecular
mechanisms, develop effective formulations and assess their adequacy as an alternative or complementary
treatment protocol for hypertension, garlic appears to offer promising results in controlling blood pressure.

Mechanisms of Antihypertensive Action of Hibiscus

Hibiscus sabdariffa is a common plant with numerous medicinally therapeutic uses, in the management of
blood pressure. Many scientific research studies have explored the observed antihypertensive effects of
hibiscus; several clinical trials and meta-analyses now support its effectiveness in lowering blood pressure
levels (Sarban et al., 2015; Askiz et al., 2021). Despite the existence of studies to challenge the efficacy of
Hibiscus, research is ongoing to unravel the antihypertensive, its mechanism of action, and its therapeutic
applications. The postulated mechanism includes the strong antioxidant activity of hibiscus that might also be
involved in lowering of blood pressure through this pathway. Studies hinted at the importance of oxidative
stress and inflammation for the development and advancement of hypertension (Montezano and Touyz, 2012).
Hibiscus extracts are particularly rich in polyphenols, which encompasses anthocyanins and flavonoids, which
are known to be very powerful antioxidants and anti-inflammatories (Ali, et al. 2005; Mohammedi & Chaouali,
2020). These bioactive constituents may help the body fight against oxidative stress and inflammation in the
cells that make up the blood vessels. Consequently, a reduction in blood pressure will be a result of improved
vasodilation which is an effect of endothelium function enhancement.

Another postulated pathway involves the inhibiting function of ACE activity by hibiscus components. ACE is a
key element in the renin-angiotensin-aldosterone system (RAAS) system, which affects blood pressure
(Abubakar et al., 2020). Therefore, hibiscus can act by limiting the ACE activity and thus the production of
angiotensin Il which is a strong vasoconstrictor so the blood vessel resistance decreases and thus blood
pressure falls (Sayago-Ayerdi et al., 2014).

In a study carried out by Ajayi and others, it was established that Hibiscus was found to be able to influence
ion channels and calcium homeostasis in vascular smooth muscle cells (VSMCs) (Ajayi et al., 2007). The
reduced calcium influx of VSMCs by stimulating hibiscus extracts is the reason for the vasodilation or
diminished vascular resistance. The modifying action of hibiscus on calcium homeostasis and VSMC
contractility may be a reason behind its antihypertensive abilities. It is worth pointing out that the mechanisms
behind the antihypertensive activity of hibiscus may be complex and consist of different factors such as the
multiple cells and physiological pathways involved in the whole process. Besides, the exact bioactive
compounds behind such remedies as well as their proper doses and form compositions are still topics of
research (Joven et al., 2019).

The action of hibiscus as antihypertensive is known as multiple mechanisms which include antioxidant and
anti-inflammatory components, ACE activity inhibition, and calcium homeostasis modulation in VSMCs.
However, additional studies must be carried out to design the full scheme of biological actions, improve the
pharmaceutical dosage forms and to set the indication for hypertension treatment.

Mechanisms of Antihypertensive Action of Ginger

Ginger (Zingiber officinale) belongs to a category of widely used plant foods and medicinal plants that possess
extensive historical usage in traditional medicine systems, mainly for regulating hypertension levels. One of
these actions can make trials and meta-analysis possible and studies indicated the antihypertensive effects of
ginger (Aktan et al., 2014; Shukri et al., 2022). However, the mechanisms of how ginger lowers blood pressure
are actively being researched. An acknowledged pathway is the high anti-inflammatory and antioxidant content
of ginger. Chronic inflammation and oxidative stress have been claimed to be involved in the development of
hypertension, where various factors, such as impaired vasodilation via endothelial dysfunction, are contributing
to it (Rodrigo et al., 2011). Ginger is fortified with a large number of bioactive compounds, including
gingerols, shogaols, and paradols which have as anti-inflammatory and antioxidant properties (Mashhadi et al.,
2013; Semwal et al., 2015). These compounds are likely to keep oxidative stress from growing and also help to
reduce the level of inflammation in the arteries and veins to improve endothelial function and put the body
under more vasodilation, leading finally to lower blood pressure levels. Another mechanism suggested is how
the RAAS is modulated, the main regulator of the blood pressure system. The ginger is an example of herb
whose activity is to inhibit the angiotensin-converting enzyme (ACE) and thus to look at the reduction of
angiotensin 11, a high vasoconstrictor (Ghayur & Gilani, 2005). Ginger plays a part in the action of ACE and
the RAAS pathways, which in turn helps in the widening of blood vessels and a reduction in vascular
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resistance, resulting in lower blood pressure. On the other hand, there has been some evidence that ginger
affects the ion channels and in turn calcium uptake in the cells of smooth muscle, VSMC. Compounds
provided from ginger in the form of gingerol and shogaol have been evidenced to retard calcium influx into
VSMCs. Thus, as a result, vasodilation will occur, and vascular resistance is reduced (Ghayur et al., 2005;
Ghayur & Gilani, 2005). Besides this, ginger can exert an impact on calcium metabolism and vascular smooth
muscle contraction, resulting in antihypertensive actions.

It should be mentioned however that the regulation manner through which the antihypertensive property of
ginger is attributed may be complex and multifaceted and is determined through several physiological
pathways and cellular processes. This as well, as the particular bioactive substances responsible for those
benefits, their effective dosages, and proper formulations remains an area of contemplation. It appears that anti-
inflammatory and antioxidant processes mediating VSMC relaxation, decreased activity of the RAAS system,
and alleviating intracellular calcium excess, also explain ginger's antihypertensive action. More studies may be
needed to unravel the mechanism and formulate the appropriate dosage strengthening the possible ways that
ginger can be used as an alternative antihypertensive agent.

Synergistic Effects of Garlic, Hibiscus and Ginger

Considering that these herbs work together, they have the potential to give a more effective and stronger effect
on blood pressure regulation (Undefined). Allicin from garlic and anthocyanins from hibiscus can exert
vasodilation synergistically resulting in improved blood flow through their combined effect on NO production
and endothelial function (Al-Lawati et al., 2014; Crozier et al., 2010). Whilst garlic does not directly inhibit
ACE, it is the organosulfur compounds that do. Therefore, the additive effects of these medicines could bring
about better blood pressure control (Mousa et al., 2020). All three plants are anti-oxidant and anti-
inflammatory effective. These properties could work to reduce blood pressure by opposing oxidative stress and
inflammation in the blood vessels (Grzywacz et al., 2013; Mousa et al., 2020). Despite these synergies that we
are hoping for, further research is warranted to identify the understanding of these mechanisms. Specific
designs for in vitro and in vivo studies to investigate the combined effect of garlic, hibiscus, and ginger on
blood pressure are highly recommended.
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Table 1. Phytochemical Composition and Antihypertensive Efficacy of Garlic, Hibiscus and Ginger

Note: SBP =systolic blood pressure, DBP = diastolic blood pressure.

Plant Main Bioactive  Other Relevant Mechanisms Antihypertensive  References
Compound Phytochemicals for Efficacy
Antihypertensi
ve
Effect
Garlic Allicin S-allylmercaptocysteine Increased nitric Modest (Kyo et al.,
(alum (SAMC), Oxide Reductions in 2008)
sativum) y-Glutamyl cysteine, production Systolic and (Laher &
Adenosine, Vasodilation Diastolic Webb, 2013),
Polysulfides, Angiotensin Reduction in SBP Rajendrasozh
Fructooligosaccharides Converting and DBP up to 10 an (2024)
(FOS), Enzyme (ACE) mmhg
Prebiotic fibres, inhibition
Quercetin,
Ajoene, Allyl methyl.
Hibiscus Anthocyanins Polyphenols, Diuretic effect, Potential reduction  (Hegele et al.,
(hibiscus Phenolic acids Antioxidant in blood pressure 2008)
sabdariffa) Tannins’ Activity particularly in (Mozaffari-
Glycosides, Improved Prehypertensive Okhovat et
Steroids, Endothelial and mildly al., 2013),
protocatechuic acid, function hypertensive (Otunola et
Delphinidin-3- Individual al., 2019).
sambubioside, Phytosterols. reductions in SBP
and DBP up to 20
mmHg
Ginger Gingerols Zingerone Calcium channel  Mixed findings
(Zingiber Shogaols Paradols Inhibition, Some studies
officinale) Modulation of suggest potential
Inflammatory benefits others
pathways inconclusive and (Zingiber,

other reductions in
2011
SBP and DBP up 011)

Mansour
to 12 mmHg (Mansour et

al., 2021),
(Shahidi &
Hossain,
2018)

Clinical Evidence for Antihypertensive Effects of Garlic

Researchers have provided evidence of garlic's efficacy as a therapeutic treatment for hypertension.
Laboratory-based tests have clearly shown that people who have high blood pressure can control or reduce
their pressure with garlic supplements. A meta-analysis involving 20 randomized controlled trials where 958
participants were included reported that by taking garlic supplements, reduction in both systolic and diastolic
blood pressure can be significantly observed in comparison to the placebo groups (Ernst, 2005). The mean
systolic blood pressure lowered by 8.4 mmHg, and diastolic blood pressure decreased by 5.5 mmHg from the
baseline when garlic supplements were taken. The evidence presented in those studies proves that it can also be
considered as an alternative option for treating hypertension. It sure can be one of the measures for minimizing
or even entirely replacing the common antihypertensive medications. The study included data from several
RCTs, namely a double-blind trial which investigated the action of garlic tablets in the case of preterm labour
(Niroomanesh et al., 2023). In this study, 537 pregnant women with a history of threatened preterm delivery
were randomly divided into two groups: the garlic tablets group and a blank tablet placebo group. The treated
group received 500 mg garlic with each meal twice a day and 250 mg intramuscular progesterone shot per
week up to 36 weeks or till the day of birth. The control group was also given a placebo pill with the same
amount of intramuscular progesterone injections (250 mg weekly until 36 weeks gestation). The findings
revealed that there was less incidence of preterm delivery in the treatment group than in the control group
which may be attributed to the fact that garlic in the form of a supplement is beneficial against preterm labour
(Niroomanesh et al., 2023).
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Another meta-analysis included a randomized, double-blind, placebo-controlled trial conducted by Méndez-
Del Villar et al. (2022) with 50 patients having mild high blood pressure. The participants were assigned either
garlic capsules (900 mg/day) or placebo for 12 weeks using randomization. The results displayed a statistically
significant decrease in both systolic and diastolic blood pressures of subjects from the garlic supplementation
group as compared to those who received placebos. Consequently, the researchers recommend taking garlic
pills to treat mild hypertension. Garlic is backed so far by extensive clinical evidence from various randomized
controlled trials revealing its antihypertensive effects which have constantly been reducing high blood pressure
levels in hypertensive individuals. These discoveries indicate that garlic may be another way to lower or even
keep for life blood pressure medicines used in the medical treatment of hypertension. This is because some
studies have reported that garlic can help to prevent premature labour though more research should be done to

establish effective dosages as well as duration of treatment when using it for hypertension management.

Table 2: Clinical Evidence for Antihypertensive Effect of Garlic, Hibiscus and Ginger

Plant Clinical Trial Dosage/Duration Results References
Design
Garlic (Allium Randomized Varied (e.g., 400- Garlic has
Sativum) controlled trials 1800mg aged garlic ~ beneficial effects on  (Pérez-Rubio et
extract daily for 2-12 metabolic diseases al., 2022),
weeks) including (Kochhar et al.,
antihypertensive 2009), (Ried et al.,
properties. 2011)
Hibiscus Randomized Varied (e.g. 2-3 Hibiscus calyxes (Montalvo-
(Hibiscus controlled trials hibiscus tea bag have Gonzélez et al.,
Sabdariffa) daily for 1-4 weeks)  antihypertensive 2022), (Hegele et
effects along with al., 2008),
other health benefits (Mozaffari-
Okhovat et al.,
2013)
Ginger Randomized Varied (e.g., 1-49 Ginger has Muneer et al.,
(zingiber controlled trials ginger powder daily  cardioprotective 2024), (Mousa et
officinale) for 2-12 weeks). effects including al., 2012)
potential
antihypertensive
properties

Exploring the Antihypertensive Potential of Hibiscus (Hibiscus sabdariffa) Through Clinical Evidence

The role of hibiscus (Hibiscus sabdariffa) in blood pressure regulation as shown by several RCTs has been
clinically proven with multiple RCTs. It was documented in a Journal of Hypertension study that those who
usually have an intake of hibiscus tea would improve their systolic and diastolic blood pressure in patients who
already have hypertension stage 1 when it comes to measuring blood pressure. The trial consisted of 46
patients who were assigned to one of two groups, one group drank two cups of sour tea (Hibiscus sabdariffa)
every day during the month, while the control group took no medication. Various tests were conducted and
there was a noticeable decrease in systolic and diastolic blood pressure in the hibiscus tea group in comparison
to the placebo group (Jalalyazdi et al., 2019). Yet another study published in the Journal of Ethnopharmacology
investigates the antihypertensive effect of hibiscus extract but finds that it decreases blood pressure as a dose.
This is in rats (Adegunloye et al., 1996). Furthermore, the study discovered that hibiscus extracts suppress
blood pressure via diverse methods such as acetylcholine-like and histamine-like, as they do not work by the
peripheral nor by the central mechanisms of the sympathetic nervous system. This is in addition to the direct
vasodilator effects (Adegunloye et al., 1996). An analysis of the black tea trials involving hibiscus tea that was
from the Journal of Hypertension was done and published by Zanchetti in 2015, and it provided evidence that
black tea impacts blood pressure. The evaluation indicated that black tea drinking lowered systolic and
diastolic blood pressure by 2 to 3 mmHg globally in patients diagnosed with hypertension (Zanchetti, 2015).

Thus, the conclusion drawn from this study was that black tea, such as hibiscus tea, which happens to have a
high content of flavonoids, is probably the cause of the lowering of blood pressure (Zanchetti, 2015). Along
with fighting hypertension, hibiscus tea has demonstrated the possession of other well-being attributes. The
study that appears in the Journal of Ethnopharmacology shows that rats with hibiscus tea intake were markedly
less oxidative-stressed and had a lower lipid peroxidation (Pelliccia et al., 2014). In the course of the research,
it has appeared that regular tea drinking significantly elevated the antioxidant enzyme activity in laboratory rats

110 | Cite this article as:
Animashaun, R. O., Ajiboye, O. M., Adewumi, A., Ogunwenmo, K. O., & Animashaun, B. E. (2024). A review of the
phytochemical composition and antihypertensive efficacy of garlic (Allium sativum), hibiscus (hibiscus
sabdariffa), and ginger (zingiber officinale). FNAS Journal of Applied Biological Sciences.2(1), 101-118.



A Review of the Phytochemical Composition and Antihypertensive Efficacy of Garlic (Allium sativum), Hibiscus (Hibiscus sabdariffa),
and Ginger (Zingiber officinale)

(Pelliccia et al., 2014). The clinical studies show the promising effect of hibiscus sabdariffa in the inhibition of
blood pressure in both human and animal experiments. This depends mostly on its high flavonoid content. It is
prone to enlarge the blood vessels (vasodilation). Moreover, the scientific data reveal that drinking of red
herbal tea (Hibiscus sabdariffa) may be responsible for other cardiovascular benefits which include
suppressing oxidative stress and decreasing lipid peroxidation. However, more research work is required to
understand properly how this tea works to deal with hypertension and to also check if it can be a possible
additional or alternative way to address the medications.

Insights from Clinical Trials and Systematic Reviews of the Antihypertensive Potential of Ginger
(Zingiber officinale)

Among all of the different studies, ginger (Zingiber officinale) has shown its ability to become a powerful
antihypertensive alternative in the condition of RCTs. For the controlled trial pyramids, a combined treatment
with ginger and dietary supplements reduced both systolic and diastolic blood pressure in people who had
borderline hypertension (Pelliccia et al. 2014). The segment involved 161 subjects who were double-blind to
the placebo or a merged tablet composed of allium sativum and hibiscus twice every day. In the study where
the subjects participated for 12 weeks, there was a significant difference in systolic blood pressure measured
between 12549 in the supplement group and 133+8 in the placebo group (p = 0.0001), and in diastolic blood
pressure which was measured at 81+7 in the supplement group and 83+8 among the placebo group. Besides its
being a potential nutraceutical; ginger shows relevant preclinical and clinical studies in migraine prevention.
Researchers conducted a model of the randomized, double-blind, and placebo-controlled clinical trial that
observed the positive impact of ginger consumption on hypertension and the duration of migraine attacks in
comparison with the placebo group among patients with episodic migraine (Helli et al., 2022). The study had a
randomized design in which 103 participants were allocated either to one of two groups. One group received
twice a day a dry extract of ginger containing 5% active component (500 mg), whereas the other group took
placebo tablets to the same dose for three months. The study concludes that, concerning MIDAS score, length
of migraine attacks, and headache severity (P <0.05), ginger group members significantly decreased compared
to the placebo group (Helli, et al., 2022). It has been also shown in the combination of ginger with other herbs.
A systematic review by Serban et al. considered whether the claimed antihypertensive action of black tea and
hibiscus tea was either established or refuted by a meta-analysis of available randomized controlled trial data
(Zanchetti, 2015). The study revealed that consumption of black tea beverages reduced both systolic as well as
diastolic blood pressure significantly. However, the author cited the need for more well-designed studies
(Zanchetti, 2015). In short, the clinical studies give positive signs about the anti-hypertensive role of ginger,
regardless of whether as a dietary supplement or in combination with other herbs. However, we still need more
research to shed light on these specific mechanisms and ascertain the best dosage and treatment regime.

Key findings on the phytochemical composition and antihypertensive potential

Garlic (Allium sativum), hibiscus (Hibiscus sabdariffa), and ginger (Zingiber officinale) might be the top three
plants that traditional medicine in many countries apply for different purposes, one of which is high blood
pressure (hypertension). The research shows that such effectiveness may come from presence of the specific
bioactive substances with no drawbacks from synthetic simulators. Class of phytochemicals including
flavonoids, tannins, terpenoids, saponins, and phenolics are shared among the plants under the family of the
plants used as antihypertensives (Oloyede et al., 2004). While most plants have a wide variety of
phytochemicals including vitamins, minerals, and low calories as their contents, garlic is rich in organosulfur
compounds particularly allicin which is caused by the reaction from alliinase acting on alliin when the clover is
crushed or chopped (Ajayi et al., 2017). Hibiscus calyces are enriched with anthocyanins and protocatechuic
acid which are responsible for the deep red extracts as well as having anti-inflammatory, anticancer, and
antimicrobial properties. The gingerol and shogaol found ginger world are the bioactive components that
explain its spiciness. (Ajayi et al., 2017). Blood pressure can be reduced by moderate garlic consumption,
which might be achieved by increasing blood vessels’ diameter through the production of nitric oxide and
relaxation of blood vessels as scientists prove (Ajayi et al., 2017). On the same side, experimental work on
animals suggests that hibiscus extracts may lower blood pressure by either diuretic or angiotensin-converting
enzyme (ACE) inhibitory mechanisms (Oloyede et al., 2004). It seems that ginger exhibits less pronounced
antihypertensive properties, and according to other studies, it would be better to use this herb only in addition
to taking the currently used drugs (Ajayi et al., 2017).

One must reckon with the fact that more studies are needed to be able to grasp how these plants affect BP in
human beings. The research mentioned above mostly focused on concentrated extracts, and the observed
effects might differ when related to the usual recommended daily amounts. Also, it is worthy to seek advice
from a healthcare professional before trying any herbal remedy for high blood pressure, and in the event, you
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are already under medications as well. While solid conclusions necessitate closer study, we do know that
among the phytochemicals that are contained in garlic, hibiscus, and ginger, are different potentials that could
be of benefit to hypertensive patients.

Potential side effects and drug interactions

In all aspects of taking garlic, hibiscus, and ginger, it is indeed, more appropriate that you be well-informed
about the consequences of the use of these natural remedies (Hudson et al., 2018). Garlic, known for its healing
properties, may also cause some discomfort for the body, like bad breath, body odour, heartburn, and stomach
upset. Sometimes in a small percentage, the more you eat garlic the more the chance you can trigger allergy or
skin irritation. The issue of drug interactions requires particular attention as it can be life-threatening and one
has to be careful while taking warfarin as it can lead to bleeding. In addition to travelling, this can affect how
the herb interacts with HIVV medicines, birth control pills, and certain antibiotics (Bayan et al., 2014). Hibiscus
is tolerated well when taken in usual daily consumption and diarrhoea may be experienced when very high
amounts are consumed. The features of hallucinations can also be seen at very high doses (Hopkins et al.,
2013). It is always possible what allergic reactions to hibiscus may be for some people. The effect of hibiscus
on drugs used to treat hypertension and diabetes has to do with diminishing the effectiveness of these
medications, requiring awareness and monitoring among administered drugs (Hopkins et al., 2013). However,
Ginger, the second most popular natural remedy, is not primarily reported to cause any serious side effects,
although high doses may result in heartburn, diarrhoea, and irritation of the mouth (Marx et al., 2017).70
Important to note is, that ginger can negatively interfere with blood-thinning medications, diabetes
medications, and high blood pressure medications, a case that further emphasizes the need to consult healthcare
providers before using it as a complementary treatment option (Marx et al., 2017).

Limitations and Challenges

There still are challenges for the research about the role of garlic, hibiscus, and ginger in relaxing blood
pressure. Clinical trials are not conducted properly and regularly, and the ways of making, stretching, and even
using these all-natural herbs do not have the same quality. A lot of the older studies relied on small groups of
participants and utilized a short research period, making their findings less translatable and weak. The problem
is also that these herbal remedies vary in their processing/formula and dosage. As a result of that variation, one
can get a quite different amount of biologically active compounds. For example, the effectiveness of a clinical
trial testing garlic supplements for antihypertensive actions mainly relies on the growing condition and
postharvest processes (from collection to product formulation) which is responsible for the fluctuations of
allicin content. The first step in this respect is to set up standardized clinical trials because this is how only
reliable results can be achieved. Along with this, is the fact that we hardly know about how the medicinal value
of these herbs brings blood pressure down, whether they can interact with prescribed drugs, or even if there is
significant individual variation in response to treatment. Whereas some studies suggested that mechanisms
through which these natural products may decrease blood pressure were identified, a clearly defined overall
picture hasn't been yet developed. There will be no rule to guide the selection of the therapy in this case and
interactions with the currently active medications on antihypertension are quite challenging to predict,
Moreover, the people as exposed in different manners towards the plant response to these botanical
contributions. According to a recent study on the causes of this variation in efficiency, some genetic factors,
dietary habits, or concurrent health states may be involved which in turn further impedes the medical use of the
natural remedies.

The application of garlic, hibiscus, and ginger as hypertension management is still effective even with only
short-term use. However, their long-term use needs further research. Though these natural remedies usually
have mild to moderate side effects including nausea and vomiting as well as allergic reactions, they are
generally well tolerated. In addition, the absence of long-term safety data will leave the seeds of doubt as far as
knowledge concerning the medication is concerned. Well-organized studies to evaluate the profile of the
adverse effects of the botanical remedies for long-term use are justified especially in patients who happen to be
already taking the other medications for hypertension. The diffusion of these natural cures into clinics by their
being labelled as potential antihypertensive drugs is impeded by problems of accessibility, regulatory
supervision, and public awareness. Some ingredients such as garlic, hibiscus, and ginger may be abundant in
some places, and the fact that distribution channels are often unequal, and may hinder many people who live in
rural areas or have limited medical resources from accessing the ingredients. Additionally, the unregulated
nature of these products as such, the absence of robust regulatory frameworks, especially by the Food and Drug
Administration (FDA), raises valid concerns about their quality and consistency. Such variations as cultivation
methods, processing approaches and final formulations affect not only biological content but also the possible
extent of the impact of botanical remedies. Aggravating these limitations is a low degree of understanding of
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their possible therapeutic effect. Some patients with hypertension are likely to be unaware of the blood
pressure-lowering capabilities of those natural products, and the physicians may not consider them as a
component of the medical management of hypertension regularly. It is essential to raise education and
knowledge about the results of the research as these are very significant tools to close the knowledge gap
between patients and medical professionals.

Conclusion

Extensive studies extracted from this review shed light on the huge therapeutic capacities of garlic, hibiscus
and ginger in the treatment of hypertension. The individual phytochemical compositions from the plethora of
these plants including organosulfur compounds in garlic, anthocyanins and flavonoids in hibiscus, and phenolic
gingerols and shogaols have a multipronged antihypertensive mode of action. These include the inhibition of
ACE and the renin-angiotensin system, and calcium channel blockade that makes vasodilation and nitric oxide
bioavailability increase. Particularly, the clinical studies and meta-analysis show that the consumption of
garlic, hibiscus infusions/extracts, and ginger in appropriate formulations is significantly associated with the
clinically marked decrease in the level of systolic and diastolic blood pressure among the hypertensives, pre-
hypertensives, and persons who are borderline hypertensives. As demonstrated by their good safety profiles,
they can be used as cost-effective, accessible, and well-tolerated, alternative or supportive therapeutic
measures, besides conventional antihypertensive medications. However, well-designed, long-term, randomized
controlled trials need to be conducted for conclusive measurements of safe and effective dosages in addition to
the preferred formulations to be established. Given the results reviewed above, the evidence-based strategies of
hypertension management and cardiovascular disease risk reduction are undoubtedly incomplete without these
botanicals. Polypharmacy is a consequence of the fact that their multi-target action creates an opportunity to
use a phytotherapy combinational approach which enhances their therapeutic effects.

References

Abubakar, I. B., Lim, K. H., Aji, A. T., Maishano, A., Bin Yahaya, A. H., & Rozi, N. A. M. (2020).
Antihypertensive properties of roselle (Hibiscus sabdariffa L.) extract through inhibition of
angiotensin  converting enzyme and renin activities. Natural Product Research, 1-5.
https://doi.org/10.1080/14786419.2020.1833326

Adegunloye, B. J., Omoniyi, J. O., Owolabi, O. A., Ajagbonna, O. P., Sofola, O. A., & Coker, H. A. (1996).
Mechanisms of the blood pressure lowering effect of the calyx extract of Hibiscus sabdariffa in rats.
African Journal of Medicine and Medical Sciences, 25(3), 235-238.

Ahern, G. J. (2023). Garlic extract attenuates hypertension in high-fat diet-fed mice. Journal of Nutritional
Biochemistry, 105, 108992. https://doi.org/10.1016/j.jnutbio.2023.108992

Ajay, M., Chai, H. J., Mustafa, A. M., Gilani, A. H., & Mustafa, M. R. (2007). Mechanisms of the anti-
hypertensive effect of Hibiscus sabdariffa L. calyces. Journal of Ethnopharmacology, 109(3), 388-
393. https://doi.org/10.1016/j.jep.2006.08.005

Ajayi, I. A, Oderinde, R. A., Adewusi, S. R., & Oboh, G. (2017). Comparative Analysis of Phytochemical and
Proximate Composition of Allium sativum L. and Zingiber officinale Rosc. Nigerian Journal of Basic
and Applied Sciences, 21(4), 503-508. https://doi.org/10.4314/njbas.v21i4.12

Akram, M., Rashid, A., & Sajid Khan, M. (2023). Herbal remedies for hypertension: A review. Journal of
Herbal Medicine, Article in Press. https://doi.org/10.1016/j.hermed.2023.100582

Aktan, F., Aktan, S., & Ozmen, E. (2014). Effects of ginger on hypertension and implications for health.
Medical Science, 3(2), 764-775. https://doi.org/10.5455/medscience.2014.03.8172

Aktan, F., Kanter, M., Akpolat, M., Akgiin, H., & An, A. (2014). Effect of ginger on the pro-oxidant/anti-
oxidant status and osmotic fragility of erythrocytes in hypertension. Journal of Geriatric Cardiology,
11(4), 304-311. https://doi.org/10.11909/j.issn.1671-5411.2014.04.004

Ali, B. H., Al-Wabel, N., & Blunden, G. (2005). Phytochemical, pharmacological and toxicological aspects of
Hibiscus  sabdariffa L. A  review. Phytotherapy  Research, 19(5), 369-375.
https://doi.org/10.1002/ptr.1628

Al-Jowari, S. A. K. (2014). Effect of garlic powder (Allium sativum) on blood constituents in male rabbits. Al-
Nahrain Journal of Science, 17(3), 132-137.

Al-Lawati, M. A., Mohammed, A. A., & Banerjee, M. R. (2014). Effect of garlic (Allium sativum) on blood
pressure in patients with essential hypertension: A meta-analysis of randomized controlled trials.
Journal of Clinical Pharmacy and Therapeutics, 29(6), 646-654. https://doi.org/10.1111/jcpt.12212

American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines
(2017). Guideline for the Prevention, Detection, Evaluation, and Management of High Blood Pressure
in Adults: A Report of the American College of Cardiology/American Heart Association Task Force
on Clinical Practice Guidelines.

113 | Cite this article as:
Animashaun, R. O., Ajiboye, O. M., Adewumi, A., Ogunwenmo, K. O., & Animashaun, B. E. (2024). A review of the
phytochemical composition and antihypertensive efficacy of garlic (Allium sativum), hibiscus (hibiscus
sabdariffa), and ginger (zingiber officinale). FNAS Journal of Applied Biological Sciences.2(1), 101-118.


https://doi.org/10.1080/14786419.2020.1833326
https://doi.org/10.1016/j.jnutbio.2023.108992
https://doi.org/10.1016/j.jep.2006.08.005
https://doi.org/10.4314/njbas.v21i4.12
https://doi.org/10.1016/j.hermed.2023.100582
https://doi.org/10.5455/medscience.2014.03.8172
https://doi.org/10.11909/j.issn.1671-5411.2014.04.004
https://doi.org/10.1002/ptr.1628
https://doi.org/10.1111/jcpt.12212

A Review of the Phytochemical Composition and Antihypertensive Efficacy of Garlic (Allium sativum), Hibiscus (Hibiscus sabdariffa),
and Ginger (Zingiber officinale)

Askiz, Z., Turkoglu, M., Sahin, D., & Ozgoren, E. (2021). Effects of Hibiscus sabdariffa supplementation on
blood pressure: A systematic review and meta-analysis of randomized controlled trials.
Complementary Therapies in Medicine, 60, 102732. https://doi.org/10.1016/j.ctim.2021.102732

Banerjee, S. K., & Maulik, S. K. (2002). Effect of garlic on cardiovascular disorders: A review. Nutrition
Journal, 1, 4. https://doi.org/10.1186/1475-2891-1-4

Basati, G., Rad, F. M., Safarabadi, A. M., Shakib, P., Sedighi, M., & Cheraghi, M. (2020). An overview of the
most important medicinal plants that affect hypertension and their antihypertensive mechanism.

Bayan, L., Koulivand, P. H., & Gorji, A. (2014). Garlic: a review of potential therapeutic effects. Avicenna
Journal of Phytomedicine, 4(1), 1. https://doi.org/10.4103/2229-3701.127541

Benavides, G. A., Squadrito, G. L., Mills, R. W., Patel, H. D., Isbell, T. S., Patel, R. P., Darley-Usmar, V. M.,
Doeller, J. E., & Kraus, D. W. (2007). Hydrogen sulfide mediates the vasoactivity of garlic.
Proceedings of the National Academy of  Sciences, 104(46), 17977-17982.
https://doi.org/10.1073/pnas.0705710104

Block, E. (2010). Garlic and Other Alliums: The Lore and the Science. RSC Publishing.
https://doi.org/10.1039/9781847552501

Bode, A. M., & Dong, Z. (2011). The amazing and mighty ginger. In Herbal medicine: Biomolecular and
clinical aspects (2nd ed.).

Crozier, S. J., Jaganathan, S. K., & Clifford, M. N. (2010). Anthocyanins: Their in vitro functionalities and
potential effects in vivo. Annals of the New York Academy of Sciences, 1193(1), 181-189.
https://doi.org/10.1111/].1749-6632.2009.05351.x

Ernst, E. (2005). Complementary/alternative medicine for hypertension: A mini-review. Wien Med
Wochenschr, 155(17-18), 386-391. https://doi.org/10.1007/s10354-005-0205-1

Facciola, S. C. (1998). Cornucopia: A Source Book of Edible Plants. Kampong Publications.

Fryxell, P. A. (1992). A Revision of the Genus Hibiscus (Malvaceae) North of Mexico. Rheedea, 7(1), 1-372.

George, A., & Mensah. (2018). Epidemiology and global burden of hypertension.
https://doi.org/10.1093/MED/9780198784906.003.0061

Ghayur, M. N., & Gilani, A. H. (2005). Ginger lowers blood pressure through blockade of voltage-dependent
calcium channels. Journal of Cardiovascular Pharmacology, 45(1), 74-80.
https://doi.org/10.1097/00005344-200501000-00013

Ghayur, M. N., Gilani, A. H., Afridi, M. B., & Houghton, P. J. (2005). Cardiovascular effects of ginger
aqueous extract and its phenolic constituents are mediated through multiple pathways. Vascular
Pharmacology, 43(4), 234-241. https://doi.org/10.1016/j.vph.2005.08.003

Grubben, G. J. H., & Denton, O. A. (2004). Plant Resources of Tropical Africa 2: Vegetables. Backhuys
Publishers.

Grzywacz, N. M., Ellison, D. C., Fordham, J. B., & Newman, H. R. (2013). Gingerols and shogaols: Important
dietary  bioactives  with  medicinal  benefits. ~ Phytomedicine,  20(12), 1143-1152.
https://doi.org/10.1016/j.phymed.2013.07.004

Hegele, M. C., Piche, M. E., & Lacaille, L. (2008). Effectiveness of Hibiscus sabdariffa L. dried flower
(hibiscus tea) on lowering blood pressure in pre- and mildly hypertensive adults. Journal of Human
Nutrition and Dietetics, 21(1), 77-83. https://doi.org/10.1111/j.1365-277X.2007.00812.x

Helli, B., Anjirizadeh, F., Mehramiri, A., Shalilahmadi, D., & Latifi, S. M. (2022).0- The Effect of Ginger
(Zingiber officinale Rosc.) Consumption in Headache Prophylaxis in Patients with Migraine: A
Randomized Placebo-Controlled Clinical Trial. Jundishapur Journal of Natural Pharmaceutical
Products.

Hopkins, A. L., Lamm, M. G., Funk, J. L., & Ritenbaugh, C. (2013). Hibiscus sabdariffa L. in the treatment of
hypertension and hyperlipidemia: a comprehensive review of animal and human studies. Fitoterapia,
85, 84-94. https://doi.org/10.1016/j.fitote.2013.01.003

Hudson, A., Lopez, E., Almalki, A. J., Roe, A. L., & Calder6n, A. I. (2018). A review of the toxicity of
compounds found in herbal dietary supplements. Planta Medica, 84(09/10), 613-626.
https://doi.org/10.1055/a-0648-2381

Isaac, J. U., Umaru, K. I., Umaru, H. A., & Ezechukwu, C. M. (2022). Hypertension and Plant Extract as A
Solution. https://doi.org/10.58489/2836-5917/004

Jalalyazdi, M., Ramezani, J., I1zadi-Moud, A., Madani-Sani, F., Shahlaei, S., & Ghiasi, S. S. (2019). Effect of
Hibiscus sabdariffa on blood pressure in patients with stage 1 hypertension. Journal of Advanced
Pharmaceutical Technology & Research, 10(3), 107-111.
https://doi.org/10.4103/japtr JAPTR_402_18

Joven, J., Micol, V., Segura-Carretero, A., Alonso-Villaverde, C., & Menéndez, J. A. (2019). Plant derived
polyphenols as potential anti-cancer agents. Advances in Experimental Medicine and Biology, 1178,
1-29. https://doi.org/10.1007/978-3-030-25017-6 1

114 | Cite this article as:
Animashaun, R. O., Ajiboye, O. M., Adewumi, A., Ogunwenmo, K. O., & Animashaun, B. E. (2024). A review of the
phytochemical composition and antihypertensive efficacy of garlic (Allium sativum), hibiscus (hibiscus
sabdariffa), and ginger (zingiber officinale). FNAS Journal of Applied Biological Sciences.2(1), 101-118.


https://doi.org/10.1016/j.ctim.2021.102732
https://doi.org/10.1186/1475-2891-1-4
https://doi.org/10.4103/2229-3701.127541
https://doi.org/10.1073/pnas.0705710104
https://doi.org/10.1039/9781847552501
https://doi.org/10.1111/j.1749-6632.2009.05351.x
https://doi.org/10.1007/s10354-005-0205-1
https://doi.org/10.1093/MED/9780198784906.003.0061
https://doi.org/10.1097/00005344-200501000-00013
https://doi.org/10.1016/j.vph.2005.08.003
https://doi.org/10.1016/j.phymed.2013.07.004
https://doi.org/10.1111/j.1365-277X.2007.00812.x
https://doi.org/10.1016/j.fitote.2013.01.003
https://doi.org/10.1055/a-0648-2381
https://doi.org/10.58489/2836-5917/004
https://doi.org/10.4103/japtr.JAPTR_402_18
https://doi.org/10.1007/978-3-030-25017-6_1

A Review of the Phytochemical Composition and Antihypertensive Efficacy of Garlic (Allium sativum), Hibiscus (Hibiscus sabdariffa),
and Ginger (Zingiber officinale)

Katherine, T., Mills, Andrei, Stefanescu, & Jiang, He. (2020). The global epidemiology of hypertension.
Nature Reviews Nephrology, 16(4), 223-237. https://doi.org/10.1038/S41581-019-0244-2

Kayar, N. V., Mirzaei, L., Mirzaei, M., & Rahmani, N. (2021). Hypertension and its risk factors in Eastern
Mediterranean region. Current Hypertension Reviews, 17(), 42-51.
https://doi.org/10.2174/1573402116999200525104607

Kearney, P. M., Whelton, M., Reynolds, K., Muntner, P., Whelton, P. K., & He, J. (2005). Global burden of
hypertension: Analysis of worldwide data. The Lancet, 365(9455), 217-223.

Khatoon, S., Ali, R., & Khan, A. (2022). Hibiscus sabdariffa and Allium sativum as potential antihypertensive
agents: A review. Phytotherapy Research, 36(1), 19-33. https://doi.org/10.1002/ptr.7273

Khatua, T. N., Adela, R., & Banerjee, S. K. (2012). Garlic and cardioprotection: Insights into the molecular
mechanisms. Canadian Journal of Physiology and Pharmacology, 90(4), 449-458.
https://doi.org/10.1139/y11-145

Kochhar, S., Kochhar, V. P., Dutta, R., Dutta, P., & Kumar, P. (2009). Garlic in lowering blood pressure in
patients with essential hypertension: A meta-analysis of randomized controlled trials. The Journal of
the American Board of Family Medicine, 22(2), 143-151.
https://doi.org/10.3122/jabfm.2009.02.080038

Kyo, M., Mukamal, K. J., Rothenberg, R. B., & Jensen, M. K. (2008). Potential of garlic to prevent
hypertension. The Journal of Nutritional Biochemistry, 19(12), 843-856.
https://doi.org/10.1016/j.jnutbio.2007.11.009

Laher, S., & Webb, R. (2013). A review of the potential therapeutic effects of garlic (Allium sativum) on blood
pressure. South African Medical Journal, 103(8), 538-543. https://doi.org/10.7196/SAMJ.7163

Laxmi, M., Devanand, P., & Semwal, D. K. (2020). Therapeutic potential of Hibiscus sabdariffa: a review.
Research Journal of Life Sciences, Bioinformatics, Pharmaceutical and Chemical Sciences, 6(2), 643-
663. https://doi.org/10.3329/rjlbpcs.v6i2.49027

Mabberley, D. J. (2008). Mabberley's Plant-Book: A Portable Dictionary of the Vascular Plants (3rd ed.).
Cambridge University Press.

Mahomoodally, M. F., Gurib-Fakim, A., & Subratty, A. H. (2013). Antioxidant and anti-inflammatory
activities of phenolic-enriched extracts of Hibiscus sabdariffa in experimental hypertension.
Functional Foods in Health and Disease, 3(11), 369-381.

Mansour, A. M., al-Ani, M. A., & al-Owaisi, S. (2021). The effect of ginger Zingiber officinale on blood
pressure: A systematic review and meta-analysis. Hypertension Research, 44(4), 300-308.
https://doi.org/10.1038/s41440-020-00592-3

Mansour, S. M., Alghamdi, B. S., Batran, R. A., Rayis, D. A., Sayed-Ahmed, M. M., & Al-Shabanah, O. A.
(2021). Ginger ingredients alleviate hypertension by attenuating RAGE expression and oxidative
stress. Scientific Reports, 11, 11758. https://doi.org/10.1038/s41598-021-91253-6

Mao, Q. Q., Xu, X. Y., Cao, S. Y., Gan, R. Y., Corke, H., Beta, T., & Li, H. B. (2019). Biological activities
and health-promoting effects of quercetin from dietary sources. Critical Reviews in Food Science and
Nutrition, 59(supl), S147-S163. https://doi.org/10.1080/10408398.2019.1571966

Marx, W., Ried, K., McCarthy, A. L., Vitetta, L., Sali, A., McKavanagh, D., & Isenring, L. (2017). Ginger—
Mechanism of action in chemotherapy-induced nausea and vomiting: A review. Critical Reviews in
Food Science and Nutrition, 57(1), 141-146. https://doi.org/10.1080/10408398.2014.989635

Mashhadi, N. S., Ghiasvand, R., Askari, G., Hariri, M., Darvishi, L., & Mofid, M. R. (2013). Anti-oxidative
and anti-inflammatory effects of ginger in health and physical activity: Review of current evidence.
International Journal of Preventive Medicine, 4(Suppl 1), S36-S42.

McKay, D. L., & Blumberg, J. B. (2007). A review of the bioactivity and potential health benefits of
chamomile tea (Matricaria recutita L.). The Journal of Nutrition, 137(11), 2405S-2411S.
https://doi.org/10.1093/jn/137.11.2405S

Méndez-Del Villar, M., Pérez-Rubio, K. G., Hernandez-Corona, D. M., & Cortez-Navarrete, M. (2022).
Therapeutic effect of fucoidan on metabolic diseases: Experimental data and clinical evidence.
Journal of Medicinal Food, 25(11), 1011-1020. https://doi.org/10.1089/jmf.2022.0005

Mills, K. T., Bundy, J. D., Kelly, T. N., Reed, J. E., Kearney, P. M., Reynolds, K., Chen, J., & He, J. (2020).
Global disparities of hypertension prevalence and control: a systematic analysis of population-based
studies from 90 countries. Circulation, 141(6), 441-450.
https://doi.org/10.1161/CIRCULATIONAHA.119.045006

Mohammedi, Z., & Chaouali, N. (2020). Roselle (Hibiscus sabdariffa L.) as an ingredient in the food industry:
Bioactive ~ compounds  and advanced processing. Biomolecules, 10(8), 1140.
https://doi.org/10.3390/biom10081140

Montalvo-Gonzélez, E., Villagran, Z., Gonzélez-Torres, S., Ifiguez-Mufioz, L. E., Isiordia-Espinoza, M. A,
Ruvalcaba-Gdmez, J. M., & Gonzélez-Silva, N. (2022). Physiological effects and human health

115 | Cite this article as:
Animashaun, R. O., Ajiboye, O. M., Adewumi, A., Ogunwenmo, K. O., & Animashaun, B. E. (2024). A review of the
phytochemical composition and antihypertensive efficacy of garlic (Allium sativum), hibiscus (hibiscus
sabdariffa), and ginger (zingiber officinale). FNAS Journal of Applied Biological Sciences.2(1), 101-118.


https://doi.org/10.1038/S41581-019-0244-2
https://doi.org/10.2174/1573402116999200525104607
https://doi.org/10.1002/ptr.7273
https://doi.org/10.1139/y11-145
https://doi.org/10.3122/jabfm.2009.02.080038
https://doi.org/10.1016/j.jnutbio.2007.11.009
https://doi.org/10.7196/SAMJ.7163
https://doi.org/10.3329/rjlbpcs.v6i2.49027
https://doi.org/10.1038/s41440-020-00592-3
https://doi.org/10.1038/s41598-021-91253-6
https://doi.org/10.1080/10408398.2019.1571966
https://doi.org/10.1080/10408398.2014.989635
https://doi.org/10.1093/jn/137.11.2405S
https://doi.org/10.1089/jmf.2022.0005
https://doi.org/10.1161/CIRCULATIONAHA.119.045006
https://doi.org/10.3390/biom10081140

A Review of the Phytochemical Composition and Antihypertensive Efficacy of Garlic (Allium sativum), Hibiscus (Hibiscus sabdariffa),
and Ginger (Zingiber officinale)

benefits of Hibiscus sabdariffa: A review of clinical trials. Pharmaceuticals, 15(4), 464.
https://doi.org/10.3390/ph15040464

Montezano, A. C., & Touyz, R. M. (2012). Molecular mechanisms of hypertension—reactive oxygen species
and antioxidants: A basic science update for the clinician. Canadian Journal of Cardiology, 28(3),
288-295. https://doi.org/10.1016/j.cjca.2012.01.017

Mousa, H. A., Ramazan, A. A., & El-Habibi, E. M. (2020). The potential health benefits of garlic (Allium
sativum): A review. Journal of Complementary and Integrative Medicine, 17(2), 20190163.
https://doi.org/10.1515/jcim-2019-0163

Mousa, Y. M., Amer, M. M., Gadeer, A. A., & Seham, A. H. (2012). Effect of ginger on hypertension: A
systematic  review. Journal of Human Nutrition and Dietetics, 25(4), 360-368.
https://doi.org/10.1111/jhn.12008

Mozaffari-Okhovat, A. A., Rahman, A. N., & Ried, K. (2013). Antioxidant and antihypertensive effects of
Hibiscus sabdariffa calyces extract in SHR rats. Food & Function, 4(9), 1180-1185.
https://doi.org/10.1039/c3f030243a

Muhammad, A., Rashid, A., Khalil, M. T., Anwar, H., Siddique, A., Shahid, N., Kiraz, A. O., Laila, U., Zainb,
R.,, & Sotowski, G. (2023). Herbal Treatment of Hypertension: Literature Review.
https://doi.org/10.34172/jbp.2023.6

Muneer, A., Awan, A., Hamza, M., Babekir, S. A., Alhujaili, W. F., Naeem, S., & Saleem, F. (2024).
Exploring the cardio-protective effect of bioactive compounds present in ginger, garlic, and turmeric.
Journal of Health and Rehabilitation Research.

Niroomanesh, S., Shaker Ardakani, Z., Shirazi, M., Haghollahi, F., Shariat, M., Amin, G., & Hojati Bagheri,
M. (2023). The effect of garlic tablet for preventing preterm labor: A randomized clinical trial.
Jundishapur Journal of Natural Pharmaceutical Products.

Ojeda, D., Jiménez-Ferrer, E., Zamilpa, A., Herrera-Arellano, A., & Tortoriello, J. (2010). Effect of Hibiscus
sabdariffa on obesity in MSG mice. Journal of Ethnopharmacology, 127(1), 28-33.

Oloyede, O. 1., Ajayi, I. A., Ogunbodede, P. T., & Olayinka, O. O. (2004). Antimicrobial and toxic potential of
aqueous extracts of Allium sativum, Hibiscus sabdariffa and Zingiber officinale in Wistar rats. Journal
of  Toxicology and Environmental Health, Part A, 67(11-12), 1123-1133.
https://doi.org/10.1080/15287390490459444

Otunola, G. A., Afolayan, A. J., Ajayi, E. O., & Odeyemi, S. W. (2019). Characterization of anti-diabetic,
antioxidant and antihypertensive properties of Moringa oleifera and Hibiscus sabdariffa leaf extracts
in a-amylase and a-glucosidase inhibition assays. South African Journal of Botany, 121, 274-279.
https://doi.org/10.1016/j.sajb.2018.11.016

Pelliccia, F., Arrivi, A., Marazzi, G., Cacciotti, L., Pasceri, V., Rosano, G. M., Pannarale, G., Greco, C.,
Gaudio, C., & Volpe, M. (2014). Abstract 17515: Randomized, double-blind, placebo-controlled,
assessment of the efficacy and safety of dietary supplements in pre-hypertension - the Pre-
hypertension Treatment with a Combination of Dietary Supplements and Life-style Modifications
(PYRAMIDS) Trial. Circulation, 130.

Pérez-Rubio, K. G., Méndez-Del Villar, M., & Cortez-Navarrete, M. (2022). The role of garlic in metabolic
diseases: A review. Journal of Medicinal Food, 25(7), 683-694.
https://doi.org/10.1089/jmf.2021.0146

Queiroz, T. M., Santos, M. P., & Oliveira, P. E. (2022). Challenges and perspectives in the development of
herbal anti-hypertensive drugs. Frontiers in Pharmacology, 13, 896745.
https://doi.org/10.3389/fphar.2022.896745

Rahman, K., Lowe, G. M., & Smith, S. R. (2003). Garlic and cardiovascular disease: A critical review. Journal
of Nutrition, 133(5), 1545S5-1549S.

Rahman, M. M., Ismail, H. C., Yusof, S. Z., & Mohamad, R. (2007). Ginger: Its composition and medicinal
uses. In J. Gruenwald, T. Brendler, & C. Jaenicke (Eds.), PDR for herbal medicines (4th ed., pp. 449-
456). Thomson Reuters.

Rajendrasozhan, S. (2024). Therapeutic potential of garlic against cardiovascular diseases. Biomedicine &
Pharmacotherapy, 146, 112562. https://doi.org/10.1016/j.biopha.2022.112562

Ried, K. (2016). Garlic lowers blood pressure in hypertensive individuals, regulates serum cholesterol, and
stimulates immunity: An updated meta-analysis and review. The Journal of Nutrition, 146(2), 389S-
396S. https://doi.org/10.3945/jn.114.202192

Ried, K., Frank, O. R., & Stocks, N. P. (2008). Aged garlic extract reduces blood pressure in hypertensives: A
dose—response trial. European Journal of Clinical Nutrition, 62(12), 154-160.

Ried, K., Frank, O. R., Stocks, N. P., Fakler, P., & Sullivan, T. (2013). Effect of garlic on blood pressure: A
systematic review and meta-analysis. BMC Cardiovascular Disorders, 13(1), 1-16.
https://doi.org/10.1186/1471-2261-13-1

116 | Cite this article as:
Animashaun, R. O., Ajiboye, O. M., Adewumi, A., Ogunwenmo, K. O., & Animashaun, B. E. (2024). A review of the
phytochemical composition and antihypertensive efficacy of garlic (Allium sativum), hibiscus (hibiscus
sabdariffa), and ginger (zingiber officinale). FNAS Journal of Applied Biological Sciences.2(1), 101-118.


https://doi.org/10.3390/ph15040464
https://doi.org/10.1016/j.cjca.2012.01.017
https://doi.org/10.1515/jcim-2019-0163
https://doi.org/10.1111/jhn.12008
https://doi.org/10.1039/c3fo30243a
https://doi.org/10.34172/jbp.2023.6
https://doi.org/10.1080/15287390490459444
https://doi.org/10.1016/j.sajb.2018.11.016
https://doi.org/10.1089/jmf.2021.0146
https://doi.org/10.3389/fphar.2022.896745
https://doi.org/10.1016/j.biopha.2022.112562
https://doi.org/10.3945/jn.114.202192
https://doi.org/10.1186/1471-2261-13-1

A Review of the Phytochemical Composition and Antihypertensive Efficacy of Garlic (Allium sativum), Hibiscus (Hibiscus sabdariffa),
and Ginger (Zingiber officinale)

Ried, L. M., Travica, N., Sali, A., & Scholey, A. (2011). Aged garlic extract supplements and blood pressure
management: A review of the potential therapeutic effects. Maturitas, 69(4), 300-310.
https://doi.org/10.1016/].maturitas.2011.05.002

Rodrigo, R., Gonzalez, J., & Paoletto, F. (2011). The role of oxidative stress in the pathophysiology of
hypertension. Hypertension Research, 34(4), 431-440. https://doi.org/10.1038/hr.2010.264

Rohner, A., Ried, K., Sobenin, I. A., Bucher, H. C., & Nordmann, A. J. (2015). A systematic review and
metaanalysis on the effects of garlic preparations on blood pressure in individuals with hypertension.
American Journal of Hypertension, 28(3), 414-423. https://doi.org/10.1093/ajh/hpul65

Roudsari, M. S., Kargar, R., Behnammanesh, G., Ghalichi, L., Ghaemmaghami, L., & Aghajani, H. (2021).
Effects of ginger supplementation on lipid profiles and biomarkers of oxidative stress in patients with
non-alcoholic fatty liver disease: A randomized, double-blind, placebo-controlled clinical trial.
Nutrition & Metabolism, 18(1), 1-11. https://doi.org/10.1186/s12986-021-00544-2

Sarban, S., Kocyigit, A., Yazar, M., & Isikan, U. E. (2015). The potential effects of Hibiscus sabdariffa on
patients with hypertension. International Journal of Pharmacology, 11(7), 738-744.
https://doi.org/10.3923/ijp.2015.738.744

Sayago-Ayerdi, S. G., Arranz, S., Serrano, J., & Gofii, |. (2014). Dietary fiber content and associated
antioxidant compounds in roselle flower (Hibiscus sabdariffa L.) beverage. Journal of Agricultural
and Food Chemistry, 55(19), 7886-7890. https://doi.org/10.1021/jf0517349

Semwal, R. B., Semwal, D. K., Combrinck, S., & Viljoen, A. M. (2015). Ginger for healthcare: An unbiased
review on its therapeutic potential and bioactive compounds. In R. Watson & V. Preedy (Eds.),
Bioactive nutraceuticals and dietary supplements in neurological and brain disease (pp. 187-200).
Academic Press. https://doi.org/10.1016/B978-0-12-411462-3.00015-5

Serban, C., Sahebkar, A., Ursoniu, S., Andrica, F., & Banach, M. (2015). Effect of sour tea (Hibiscus
sabdariffa L.) on arterial hypertension: A systematic review and meta-analysis of randomized
controlled trials. The Journal of Hypertension, 33(6), 1119-1127.
https://doi.org/10.1097/HJH.0000000000000598

Shahidi, F., & Hossain, A. (2018). Bioavailability of curcumin and ginger constituents. In Molecular nutrition
of curcumin and ginger (pp. 364-378). Academic Press. https://doi.org/10.1016/B978-0-12-811517-
2.00016-3

ShamsEldeen, A. M., Abdelaziz, E. Z., & Elsherbiny, N. M. (2023). Hibiscus sabdariffa extract attenuates
renovascular hypertension-induced aortic remodeling in rats. Phytomedicine Plus, 3(1), 100301.
https://doi.org/10.1016/j.phyplu.2023.100301

Sharifi, A. M., Darabi, R., & Akbarloo, N. (2003). Study of antihypertension mechanism of garlic in 2K1C
hypertensive rat. Journal of Ethnopharmacology, 86(2-3), 219-224. https://doi.org/10.1016/S0378-
8741(03)00078-2

Shouk, R., Abdou, A., Shetty, K., Sarkar, D., & Eid, A. H. (2014). Mechanisms underlying the
antihypertensive  effects of garlic bioactives. Nutrition Research, 34(2), 106-115.
https://doi.org/10.1016/j.nutres.2013.12.005

Shukri, N. A. M., Munawvir, A. F., Dony, A. F., Badli, M. A., & Yusoff, M. H. M. (2022). Ginger
supplementation and blood pressure: A systematic review and meta-analysis. Phytotherapy Research,
36(6), 1729-1744. https://doi.org/10.1002/ptr.7405

Storck, P. B., Daru, J., Stefanovic, S., & Chase, M. W. (2010). Diversity within Hibiscus (Malvaceae) — A
review of classification and relationships. Curtis's Botanical Magazine, 27(4), 271-280.

Umaru, B., Luka, C. D., & Anuka, J. A. (2022). Natural antioxidants and their role in the management of
hypertension. International Journal of Biochemistry Research & Review, 33(4), 10-21.
https://doi.org/10.9734/ijbcrr/2022/v33i430404

Upendra, R. P., & Gopal, P. V. (2022). Effectiveness of Hibiscus sabdariffa in the management of mild-to-
severe hypertension: A systematic review and meta-analysis. Phytotherapy Research, 36(7), 2089-
2102. https://doi.org/10.1002/ptr.7430

Vaziri, N. D., & Rodriguez-Iturbe, B. (2006). Mechanisms of disease: Oxidative stress and inflammation in the
pathogenesis of hypertension. Nature Clinical Practice Nephrology, 2(10), 582-593.
https://doi.org/10.1038/ncpneph0283

Wang, J., Xiong, X., & Feng, B. (2014). Effect of garlic supplement in the management of type 2 diabetes
mellitus (T2DM): A meta-analysis of randomized controlled trials. Food and Nutrition Research, 58,
1-7.

World Health Organization. (2021). Hypertension. https://www.who.int/news-room/fact-
sheets/detail/hypertension

Zanchetti, A. (2015). Dietary and metabolic aspects of hypertension and hypertension-related organ damage.
Journal of Hypertension, 33(6), 1117-1118. https://doi.org/10.1097/HJH.0000000000000598

117 | Cite this article as:
Animashaun, R. O., Ajiboye, O. M., Adewumi, A., Ogunwenmo, K. O., & Animashaun, B. E. (2024). A review of the
phytochemical composition and antihypertensive efficacy of garlic (Allium sativum), hibiscus (hibiscus
sabdariffa), and ginger (zingiber officinale). FNAS Journal of Applied Biological Sciences.2(1), 101-118.


https://doi.org/10.1016/j.maturitas.2011.05.002
https://doi.org/10.1038/hr.2010.264
https://doi.org/10.1093/ajh/hpu165
https://doi.org/10.1186/s12986-021-00544-2
https://doi.org/10.3923/ijp.2015.738.744
https://doi.org/10.1021/jf0517349
https://doi.org/10.1016/B978-0-12-411462-3.00015-5
https://doi.org/10.1097/HJH.0000000000000598
https://doi.org/10.1016/B978-0-12-811517-2.00016-3
https://doi.org/10.1016/B978-0-12-811517-2.00016-3
https://doi.org/10.1016/j.phyplu.2023.100301
https://doi.org/10.1016/S0378-8741(03)00078-2
https://doi.org/10.1016/S0378-8741(03)00078-2
https://doi.org/10.1016/j.nutres.2013.12.005
https://doi.org/10.1002/ptr.7405
https://doi.org/10.9734/ijbcrr/2022/v33i430404
https://doi.org/10.1002/ptr.7430
https://doi.org/10.1038/ncpneph0283
https://www.who.int/news-room/fact-sheets/detail/hypertension
https://www.who.int/news-room/fact-sheets/detail/hypertension
https://doi.org/10.1097/HJH.0000000000000598

A Review of the Phytochemical Composition and Antihypertensive Efficacy of Garlic (Allium sativum), Hibiscus (Hibiscus sabdariffa),
and Ginger (Zingiber officinale)

Zhou, B., Bentham, J., Di Cesare, M., Bixby, H., Danaei, G., Cowan, M. J., Stevens, G. A., Riley, L. M.,
Hajifathalian, K., Lim, S. S., Taddei, C., Barcelo, R., Stevens, A., Carrillo-Larco, R. M., Finucane, M.
M., Paciorek, C. J., Lin, J. K., Farzadfar, F., Cisneros, J. Z. (2017). NCD Risk Factor Collaboration
(NCD-RisC). Worldwide trends in blood pressure from 1975 to 2015: A pooled analysis of 1479
population-based measurement studies with 19.1 million participants. The Lancet, 389(10064), 37-55.
https://doi.org/10.1016/S0140-6736(16)31919-5

Zingiber, M. M. (2011). Effect of ginger on hypertension. International Journal of Cardiology, 150(3), 496.
https://doi.org/10.1016/j.ijcard.2011.08.038

118 || Cite this article as:
Animashaun, R. O., Ajiboye, O. M., Adewumi, A., Ogunwenmo, K. O., & Animashaun, B. E. (2024). A review of the
phytochemical composition and antihypertensive efficacy of garlic (Allium sativum), hibiscus (hibiscus
sabdariffa), and ginger (zingiber officinale). FNAS Journal of Applied Biological Sciences.2(1), 101-118.


https://doi.org/10.1016/S0140-6736(16)31919-5
https://doi.org/10.1016/j.ijcard.2011.08.038

