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ABSTRACT

In cardiovascular diseases, Hypertension is a very critical health issue worldwide. A large
number of people are interested in natural constituents as an alternative for the treatment of
Hypertension, which has historically been used to treat high blood pressure. A variety of
treatments, including diuretic effects, antioxidant activity, blood vessel widening, and
angiotensin-converting enzyme (ACE) inhibition are available but these naturally occurring
herbs can control blood pressure without any side effects. Ambulatory, home, office, digital,
automated blood pressure monitoring are among the analytical methods used in the worldwide
research of hypertension. Anti phytoconstituents such as celery, Artemisia campestral L,
Calpurnia area, areca catechu, and orographic pediculate, cupids rhizome, allium sativa, coria
drum sativa, nigella sativa seeds, salvia miltirrthizae, pan am ginseng, terminally Arjun,
hibiscus sabdariffa, basil, chin ease cat claws, ginger, and again can be used to treat
hypertension with the aid of reducing factors such as high sodium intake, low potassium,
sodium, calcium intake, oxidative stress, genetic factor, overweight, excessive alcohol
consumption, RAAS, and obstructive sleep apnea etc. This review is a compilation of global
analytics of hypertension its etiology and various phytoconstituents used for the management
of hypertension.
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1. INTRODUCTION

Hypertension (HTN) is, primary cause of sickness and deaths worldwide affecting above 1.2
billion people worldwide [1]. According to WHO, hypertension usually called raised blood
pressure, is a medical condition when the vascular system is under strain? A rise in blood
pressure increases the burden of kidney illness and cardiovascular disease (CVD), also leading
contributor to several cardiac risks. Because of the prevalence of CVD, it is the leading cause
of sickness and mortality [2]. HTN is a dangerous disorder that dramatically raises the risk of
numerous cardiovascular diseases, which is why it is also known as the "silent killer"[3]. HTN
is roughly characterized as Essential & Secondary hypertension. Essential HTN is
multifactorial, with no clearly identifiable etiology. Secondary HTN can be brought on by a
variety of particular conditions (comorbid illnesses), including those that affect the endocrine
system, the heart, or the arteries, Cushing's syndrome, Coarctation of the aorta, chronic renal
disease, sleep apnea with obstruction, Pheochromocytoma, Primary aldosterone’s, Reno
vascular disease, and thyroid disease [4]. The most of situations —about 95%— considered to
be essential hypertension. The other 5% of instances are classified as secondary hypertension,
which is brought on by a number of illnesses, such as renal disease [5].

Table 1. Subtypes of Hypertension

Primary Hypertension Labile Hypertension
Secondary Hypertension Masked Hypertension
Malignant Hypertension Nocturnal Hypertension
Isolated systolic Hypertension White coat Hypertension
Resistant Hypertension Asthma Hypertension
Pre-eclampsia Hypertension Paediatric Hypertension
Postpartum Hypertension Renovascular Hypertension
Gestational Hypertension Pulmonary Hypertension

2. RECENT UPDATE ON THE GLOBAL STUDY OF HTN

According to a global study of HTN statistics, 317.2 million of Indian males and 321.9 million
of Indian women over 1.54 billion population had HTN in 2005. Over 1.26 billion people,
405.7 million men and 399.4 million women, had hypertension in 2008 [6]. In 2010, 6 billion
individuals, or 31% of adults worldwide, had hypertension [7]. HTN is acknowledged as the
main stroke hazard factor. Stroke, deadly and debilitating cerebrovascular illness. Stroke is
responsible for roughly 5.7 million fatalities globally, with 87% of these fatalities taking place
in developing countries and medium incomes nations. Recent research conducted in India
revealed a prevalence rate of stroke of 471.58/100,000 persons [8]. HTN is accountable for
18.5 billion of all stroke incidences and 70% of stroke fatalities in India (figure 1). Since only
47% of hypertensive women and 38% of hypertensive men got antihypertensive treatment.
23% of the women and 18% of the men attained control blood pressure. Control rates among
racial and ethnic minorities are very low [9].
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The BP is frequently represented as a ratio of systolic to diastolic pressure, HTN expressed as
either a (SBP) more than 140 mmHg or (DBP) more than 90 mmHg. [10]. In 2019,
Hypertension was responsible for over 20% of all deaths [11]. Stroke (6 million deaths) and
ischemic heart disease (9 million deaths) , In 2021, 20.5 million individuals died as a result of
aCVD[12].

According to current Indian research, uncontrolled hypertension accounts for 52% of
mortality. Currently, 31% of the country's population is HTN-positive, 37% of Indians are
aware of their hypertension condition, 30% of Indians are getting treated for hypertension. yet
only 15% hypertensive Indians have their BP under control [13]. Studies conducted in 2022—
2023 indicate that 119.6 million people worldwide have hypertension. There are still about
30% of Indians who are affected by it.
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Figure 1. The Global Burden of Diseases, the death rate/ 100,000 people and % of total
deaths.

3. ANALYTICAL TECHNIQUES

Normal blood pressure regulation depends on the harmony between peripheral resistance (PR)
and outflow from the heart. BP = PR x Output [14]. Blood pressure is always checked when
you are at rest and on various days. You are deemed to have high blood pressure if several of
the readings are too high either Systolic or Diastolic. In medicine, high blood pressure is
referred to as "hypertension"[15].

A sphygmomanometer is a blood pressure measuring instrument. To avoid errors, verify your
arm position and always start your reading meters at the zero mark of the lower meniscus.
Otherwise, mercury sphygmomanometers were seen as being inaccurate [16].
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3.1 AMBULATORY BPM

ABPM is a method of assessing & controlling hypertension, comparing and contrasting
readings etc. ABPM readings provide more information about cardiovascular and
cerebrovascular risk than standard blood pressure measurements. All patients with elevated
blood pressure, especially those suspected of having white-coat or concealed hypertension,
should undergo ABPM [17]. Blood pressure measurements can be gathered numerous times
per hour across a 24-hour period utilizing ABPM. when the patient is engaging in regular
activities [18].

3.2 HOME BPM

HBPM is a self-analysis approach. It gives patients a better grasp of HTN management.
Additionally, it capable of doing a number of readings throughout time. Emptying the bladder,
not drinking anything with caffeine for 30 minutes prior to taking the measurement, and using
an upper-arm cuff that fits properly on a bare arm, take a five-minute break before collecting
the measurement, recommended practices for HBPM include not chatting while the reading is
being taken. [19]. According to worldwide blood pressure recommendations, it is
recommended to gather a minimum of two readings at minimum one-minute intervals. [20].

3.3 OFFICE BPM

OBPM is a method employed in the office with a digital sphygmomanometer that, due to its
ease of use, has replaced the mercury sphygmomanometer, ABPM, on the other hand, is a
technology that monitors blood pressure 24 hours a day.

3.4 AUTOMATED OFFICE BPM

The patient's blood pressure is taken using the AOBP test after a five-minute snooze, Then,
while the patient is laying happily alone, a completely automated series of five measures is
performed during a five-minute period [21].

3.5 DIGITAL BPM

If you move when using DBP, it won’t be as exact. Although they may also be worn on the
finger or upper arm, DBP monitors are most frequently worn on the wrist and are activated by
pushing a button. Inaccurate readings can occasionally be produced by digital meters, which is
always a possibility, especially in people who have specific heart rhythm difficulties or arteries
that have hardened due to arteriosclerosis. [15].

4. ETIOLOGY
4.1 HIGH SODIUM IONS INTAKE

Our diet's major source of sodium is salt. Consuming too much sodium has been linked to high
blood pressure as indicated in Figure 2. Edible salt is made up of sodium (Na® and chloride
(CI). Water follows sodium into the stream as it enters, this raises the pressure by increasing
the flow of fluid into the vessels.
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Contrarily, consuming less salt lowers mortality and morbidity from cardiovascular disease as
well as blood pressure and the likelihood of developing hypertension. In India, additional salt
intake accounts for greater than 75 % of total sodium consumption [22]. The average Indian
eats roughly 10 gram of salt per day, which is greater than WHO recommended intake of 5g
(2000 mg of Na'/ day) [23]. Flow through the membrane is determined by the Conc. Gradient,
and intercellular to extracellular diffusion is promoted.

Among participants in the National &Nutrition Examination Survey I, throughout the course
of'an average 19 years of follow-up, heart failure (HF) has been strongly associated with greater
dietary salt consumption [24]. Ambulatory Heart Failure, coronary artery disease, HTN, and
heart attacks. More importantly, a 23% higher risk of stroke is linked to higher salt intake, as
is a 17% higher risk of all cardiovascular disease. Heart failure (HF) accounts for around 90%
of cases.
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Figure 2. Salt consumption and hypertension’s relationship
4.2 GENETIC FACTOR

The genetics of hypertension is complicated; there isn't a single gene that is understood to be
significantly influential. Instead, numerous genes, each with little effect, respond to different
environmental stimuli that might impact blood pressure. The hereditary component of blood
pressure variance, or heritability estimates, ranges from 30 to 50% [25]. For decades, people
have argued about whether hypertension is an inherited condition, there is a hereditary
predisposition to hypertension. Hypertensive people are more prone to develop it themselves,
especially if both of their parents have it. However, the inheritance pattern is unknown.

4.3 SLEEP APNEA SYNDROME

The development of hypertension is attributable in part to obstructive sleep apnea (OSA).
Because of recurring nocturnal hypoxia, hypoxemia, hypercapnia, and elevated sympathetic
activity, sleep apnea syndrome, a set of potentially hazardous sleep-related breathing disorders,
is recognized as one of the most important secondary hypertensions [26]. 35% of patients with
basic HTN and up to 80% of those with drug-resistant HTN have OSA.
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In particular, neuroinflammation is a defining feature of OSA-induced hypertension [27]. if
experiencing recurring or irregular bouts, pause breathing for 10 seconds and complete a
polysomnography test. Occupying the airways during sleep causes OSA. imbalance in the
brain's respiratory centre is known as CSA. CPAP, behavioural adjustment, lifestyle
modifications, mandibular advancement devices, and surgical procedures are some of the
current forms of therapy. Despite the fact that the clinical manifestation of OSA appears to be
innocuous If untreated, it can raise the risk of CVD, including myocardial infarction, stroke,
hypertension, and atrial fibrillation. This risk is attributed to multifactorial factors such as
systemic inflammation, metabolic dysfunction, endothelial dysfunction, and hyperactive
sympathetic dysfunction. Few of the factors responsible for HTN are depicted in figure 4.
Approximately 425 million people globally have moderate OSA, while 936 million people
worldwide have mild OSA, according to recent research [28].

4.4 RENIN-ANGIOTENSIN ALDOSTERONE SYSTEM ABNORMALITIES

The aberrant activation of the RAAS is what leads to HF, chronic HTN & RAAS. The vital
human body system known as the renin-angiotensin-aldosterone system (RAAS) controls
extracellular volume, arterial blood pressure, and plasma sodium concentration. Renin (also
known as angiotensinogen’s) is released by the kidney's granular cells 3. RAAS inhibitors,
such as ACE inhibitors & ARBs,are frequently used to treat
high BP since there is a significant relationship between HTN an overactive RAAS [29]
Clinically, because both ACE inhibitors and ARBs are used to treat CVVD, decrease BP, prevent
stroke, and treat the symptoms of HF, they may appear to be the same. [30].

4.5 OXIDATIVE STRESS

The pathophysiology of HTN is linked to OS represent with Figure 3. A change in the ratio of
the generation of ROS (free radicals) to antioxidant defence is referred to as oxidative stress.
Reduced NO bioavailability is one of the variables associated in pathophysiology. Redox
imbalance has been defined in hypertension patients as an elevated level of oxidative stress
[31]. Alternately, this redox imbalance can be induced by a decrease in NO's antioxidant
capacity, which happens as a result of a decline in NO production. Oxidative stress appears to
be a significant contributor to hypertension in each of these cases [32].
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Figure 3. ROS, Oxidative stress induced hypertension

Angiotensin-II-induced hypertension is first reduced by redox-dependent signal cascades and
ROS produced by NADPH oxidase [33]. SOD, catalase (Cat), (GPx) are the three primary
endogenous antioxidant enzymes that neutralize ROS [34]. Excessive quantities of ROS, such
as peroxides, superoxide hydroxyl radical, etc., can harm nucleic acids, membrane lipids, and
cellular proteins, impairing cellular function and damaging the myelin sheath of neurons. OS,
which is connected to HTN, might begin as a result of chronic inflammation. Anti-
inflammatory drugs may somewhat lower systolic BP in those with hypercholesterolemia.
Patients are more vulnerable to the effects if their blood pressure is greater. The removal of
oxidative stress from biological systems is accomplished by antioxidants. Lipoic acid,
glutathione, -arginine, and coenzyme Q10 are a few examples of nonenzymatic antioxidant
compounds that are all naturally occurring antioxidants [35].
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Figure 4. Few factors responsible for Hypertension
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5. ROLE OF PHYTOCONSTITUENTS FOR THE MANAGEMENT OF
HTN

The management of hypertension is greatly aided by antihypertensive phytoconstituents, which
are bioactive substances present in plants that have the ability to reduce blood pressure. Figure
5 illustrates the range of disorders that can be treated with these natural compounds. Active
phytochemicals are active substances such as flavonoids, glycosides, terpenes, and alkaloids
that act on the target site and demonstrate therapeutic effect, and their structures are given
below. ACE inhibitors, beta blockers, calcium channel blockers, vasodilators, angiotensin-2
antagonists, and diuretics are medically recommended drugs. nonetheless, these exhibit side
effects. Phytochemicals may be more successful in treating these disorders and have less
adverse effects than current drugs. which is why we must replace medicines with
phytoconstituents and their bioactive. According to studies conducted on humans, there is
evidence that allium species and their active components reduce the risk of diabetes and
cardiovascular disease, bolster the immune system to prevent infections, and possess qualities
that include antibacterial, antifungal, anti-aging, and anti-cancer [36]. The figure 6a and b
showed the chemical structure of few commonly used phytoconstituents to treat the HTN.
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Figure 6b. Chemical structure of commonly used phytoconstituents

The most well-known medications made from medicinal plants in modern medicine are
artemisinin, quinine, and emetine, all of which are widely marketed. Due to their amazing
biological activity, secondary metabolites from plants have historically been used in traditional

medicine, and it is these molecules that are responsible for the therapeutic actions of plants see
table 2 [37].
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Table 2. Commonly used Phytoconstituents for the management of Hypertension

Common Scientific name Family Phytoconstituents Medicinal use
name
Basil Ocimum basilicum | Lamiaceae Vitamin A, vitamin C, | Combats the common
calcium, phosphorus, and | cold, respiratory issues,
pigments such as - | soothes irritated skin,
carotene. lessens heart issues, and
lowers stress.
Parsley Petroselinum Apiaceae Limonene, myristicin, | Applications include
crispum phthalides, coumarins, | bladder infection,
flavonoids, and volatile oil. | constipation, kidney
stones, and GI disorders.
Celery Apium graveolens | Apiaceae Caffeic acid, apigenin, | Capacity to conceive,
seeds ocimene, bergapten, | anti-hypertensive, and
isopimpinellin, beta- | anti-cancer qualities.
selinene, and limonene.
Chinese Uncaria Rubiaceae Tannins, quinovic acid, | Enhances immunity,
cat’s claw rhynchophylla sterols, oxindole. relieves rheumatoid
arthritis, HTN, etc.
Water Bacopa monnieri Plantaginaceae | nicotinine, herpestine,
hyssop bacosides A and B, | Protects against ulcers,
saponins A, B and C, |improves liver health,
triterpenoid saponins, | improves cognition, and
stigmastanol, [-sitosterol, | has anti-asthmatic and
betulinic acid, D-mannitol, | anti-diabetic properties.
stigmasterol, a-alanine,
aspartic acid, glutamic acid,
and serine and
pseudojujubogenin
Thyme Thymus vulgaris Lamiaceae Thymol, p-cymene, | Fighting acne vulgaris,
linalool, carvacrol, boosting mood,
aromatherapy.
Cinnamon | Cinnamomum Lauraceae Eugeno, linalool, Beta- | Protect against heart
verum caryophyllene, problems, improve
cinnamaldehyde, cinnamyl | sensitivity to insulin,
acetate effective on
neurodegenerative
diseases.
Ginger Zingiber officinale | Zingiberaceae. | 6- gingerol, 6-shogaol, 6- | Treat persistent
paradol dyspepsia, morning
sickness, osteoarthritis,
and hypertension.
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diene-3,5,7,9-tetrayne.

Cardamom | Elettaria Zingiberaceae | a-terpineol, 1, 8-cineole, 1, | Diuretic properties,
cardamomum 8-cineole and a-terpineol | lower blood pressure,
38 a-terpinyl acetate, 1, 8- | contain cancer fighting
cineole, sabinene, linalyl | compounds.
acetate.
Ajwain Trachyspermum Apiaceae B-pinene, o-terpinene, a- | Potentially  use in
ammi pinene, p-cymene, Y- | respiratory  problems,
terpinene diabetes, migraine,
arthritis, diarrhoea.

Green oat Avena sativa Poaceae B-glucan, neokestose, | For cancer, dry skin, and
bifurcate, neobifurcose, and | hypertension.
kestose

Flaxseed Linum Linaceae a-linolenic, palmitic acid, | Used for constipation,

usitatissimum phosphatidylinositol, hypertension, high
lysophosphatidylcholine cholesterol, lumps in
kidney.

Lotus Nelumbo nucifera | Nelumbonaceae | (E)-Sinapate-4-O-p-D- Antioxidant properties,
glucopyranoside, 3- | fight inflammation,
Hydroxymegastigm-7-en- | antibacterial, lower sugar
9-one. level

Golden seal | Hydrastis Ranunculaceae | sideroxylin, 8-desmethyl- | Helps in the treatment of

canadensis sideroxylin, hydrastinine, | common cold, UTI, CS,
neochlorogenic acid hyperuricemia.

Black Actaea racemose Ranunculaceae | N-Feruloyl arginine; N- | Reduce musculoskeletal

cohosh Feruloyl tyramine | pain,  support liver
glucoside, B-Carbolines; y- | function, tonify the
Guanidinobutyric acid kidney and uterus.

Hawthorn Crataegus Rosaceae Vitexin, procyanidins, | Antihypertensive, lower
hyperoside, D-isoquercitrin | total cholesterol level,

treat health problem.

King of | Andrographis Acanthaceae Deoxyandrographolide, Prevent infections,

bitter paniculata tetramethyoxyflavanone, prevent cancer,

antioxidant, anti-
inflammation, treat
diabetes.

Black -Jack | Bidens Pilosa Asteraceae 7-Phenylhept-2-ene-4,6- Reduce inflammation,
diyn-1-yl acetate, Luteolin | battles microbes and
7-O-B-d-glucopyranoside, | fungi, antioxidant
B-trans-Ocimene defence, supporting

digestive health

Coriander Coriandrum Apiaceae cis-dihydrocarvone, B- | Lower blood sugar,

sativum carotene, Trideca-1,11- | immune booting anti-

oxidant, protect skin.
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6. CONCLUSION

Natural antihypertensive phytoconstituents exert their effects through diverse mechanisms.
These mechanisms encompass vasodilation, inhibition of angiotensin-converting enzyme
(ACE), reduction of oxidative stress, and modulation of ion channels involved in the regulation
of blood pressure. Additionally, these phytoconstituents possess properties such as
vasodilation, ACE inhibition, antioxidant properties, and diuretic effects. Antihypertensive
compounds found in nature have the potential to cause fewer side effects than synthetic drugs.
Moreover, they may offer other health benefits due to their antioxidant and anti-inflammatory
properties. Nevertheless, it's important to note that more research is required to determine the
long-term effectiveness, safety, and recommended dosages of these plant-based substances for
treating hypertension.
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