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ABSTRACT

Hypertension, often referred to as a silent killer, is responsible for 7.5 million deaths, representing approximately 12.8% of all global
mortality. This study aimed to (1) catalogue traditional uses of edible seeds for hypertension as recorded in ethnopharmacological
surveys, (2) elucidate the antihypertensive attributes of these seeds based on in vitro, in vivo, and clinical studies, and (3)
assess the mechanisms of action of primary bioactive compounds derived from these seeds. Data were sourced from online
databases, including Scopus, PubMed, Google Scholar, and Web of Science, resulting in 155 reviewed studies, 47 of which were
ethnopharmacological surveys. Data extracted from the studies included the species names of edible seeds, family names, year,
countries where the study was conducted, study design, model used, extract, method of preparation, solvent used, systolic blood
pressure (SBP), diastolic blood pressure (DBP), mean arterial blood pressure (MABP), pulse pressure (PP), and heart rate (HR).
Predominant seeds included Nigella sativa L. (black seed), Peganum harmala L. (harmala), Persea americana Mill. (avocado
seed), Linum usitassimum L. (flaxseed), and Moringa oleifera Lam. (drumstick seed). The protein extract of Arachis hypogaea
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L. (peanut) demonstrated the most potent inhibition of angiotensin-converting enzyme (ACE) with ICs, values ranging from 0.07
to 0.08 mg/mL, whereas Hordeum vulgare L. (barley) exhibited the highest ACE inhibitory activity at 91.8%. Notably, N. sativa
was observed to be especially effective in lowering both diastolic and SBP. This review highlights the potential antihypertensive

benefits of traditionally employed edible seeds, presenting new perspectives and avenues for future research.

1 | Introduction

Hypertension or high blood pressure (BP) is one of the leading
risk factors for cardiovascular diseases and a major cause of
mortality. Hypertension is primarily characterized by a persis-
tent increase in blood vessel pressure. When BP increases, the
heart has to pump blood harder and faster than normal (WHO
2023). Normal BP is less than 120/80 mmHg. Prehypertension
is defined as diastolic BP (DBP) (80-89 mmHg) or systolic BP
(SBP) (120-139 mmHg), where these individuals are at higher
risk of developing hypertension. An individual is diagnosed with
hypertension when his SBP exceeds 140 mmHg and DBP exceeds
90 mmHg (Khatib and El-Guindy 2005). Hypertension can be
a significant threat to the heart. Excessive pressure hardens the
arteries, reducing the amount of oxygen the heart can pump. High
BP and low blood flow can lead to angina, heart attacks, and
irregular heartbeats (Amir Masoud et al. 2024; D. Li et al. 2024).

Globally, an estimated 1.28 billion adults aged between 30 and
79 years suffer from hypertension; the majority of these cases
(two-thirds) are found in low- and middle-income countries.
The highest prevalence of hypertension is predominantly in
African nations (27%), whereas the lowest prevalence is noted in
American regions (18%) (WHO 2023). It is considered a leading
cause of death globally, responsible for approximately 13.5% of
cardiovascular deaths and 70% of heart attacks, chronic heart
failures, and strokes (Ried and Fakler 2014). The global incidence
of hypertension continues to rise due to an aging population
and increased exposure to lifestyle risk factors such as physical
inactivity and poor diets high in salt and low in potassium (Mills
et al. 2020). Cardiovascular diseases are the primary cause of
mortality, causing 17.9 million deaths annually. They are followed
by cancers (9.3 million deaths), chronic respiratory diseases (4.1
million deaths), and diabetes (2.0 million deaths). As a result,
noncommunicable diseases (NCDs) claim the lives of 41 million
people (74%) each year (WHO 2023).

Currently, several methods are available for managing hyper-
tension, primarily encompassing lifestyle modifications and
pharmacological interventions. Lifestyle changes incorporate
increased physical activity, healthy dietary practices, weight loss,
avoidance of smoking and alcohol consumption, and regular BP
monitoring, among others (H. Zheng et al. 2023). Commonly
prescribed medications include angiotensin-converting enzyme
(ACE) inhibitors, beta blockers, diuretics, calcium channel block-
ers, angiotensin II antagonists, centrally acting alpha-adrenergic
agents, vasodilators, peripherally acting alpha-adrenergic block-
ers, combination drugs, and renin inhibitors (FDA 2021; Kajal and
Ramanlal 2023; Wen et al. 2024; T.-T. Zhang et al. 2024). However,
these drugs often present numerous side effects such as swelling,
headache, dizziness, fatigue, cough, and sleep disturbances (FDA
2021). Consequently, ongoing research efforts aim to discover new

medicines from natural sources, including traditional medicinal
plants (Priyono et al. 2024).

Traditional medicines, which have a long history of use, are
the result of assimilating various skills, abilities, and tradi-
tions acquired through diverse cultural experiences, theories,
and beliefs. Since their inception, they have been employed
to maintain good health, as well as to prevent, diagnose, and
treat both physical and psychological ailments (WHO 2023).
Among these traditional medicinal products, medicinal plants
have been extensively used for the treatment and management
of various diseases. These remedies are now globally prevalent,
with both consumers and medical professionals such as doctors
incorporating them into their practices (Saleem et al. 2019).
In contemporary times, approximately 40% of pharmaceutical
products, primarily drugs, have a foundation in natural products.
The integration of new technology in healthcare and medicine
has the potential to broaden our understanding of conventional
medicine, potentially leading to the realization and produc-
tion of innovative natural-based pharmaceutical drugs (WHO
2023).

Seeds, integral to plant reproduction, serve dual purposes—as a
food reserve and a source of bioactive compounds (R.-L. Zheng
etal. 2024). Although certain seeds possess toxic properties harm-
ful to humans, many edible seeds are rich in beneficial nutrients.
Notably, seeds are replete with essential bioactive components
such as tannins, polyphenolic compounds, glycosides, alkaloids,
carotenoids, flavonoids, saponins, terpenoids, and steroids. These
components exhibit potent anti-inflammatory and antioxidant
properties and have proven effective against a range of diseases,
including cancer, diabetes, obesity, hyperlipidemia, neurological
disorders, cardiovascular disease, and various chronic ailments
(Chandrasekar and Sivagami 2021; M.-Y. Li, Gu, et al. 2025; M.-Y.
Li, Zhang, et al. 2025).

The antihypertensive properties of medicinal plants have been
extensively researched and summarized in recent reviews. For
example, Baharvand-Ahmadi and Asadi-Samani (2016) identified
40 species of medicinal plants used for hypertension treatment
in Iran, whereas Meresa et al. (2017) noted 66 plants employed
as hypotensives in Ethiopia. However, there appears to be
no comprehensive review focusing specifically on traditionally
utilized edible seeds for hypertension, despite numerous field
studies documenting their therapeutic use worldwide. Thus, this
study aims to thoroughly examine the literature and elucidate
the pharmacological properties of edible seeds traditionally used
globally in hypertension management. The study’s objectives
are threefold: (1) to document the traditional uses of edible
seeds against hypertension as reported in ethnopharmacological
surveys, (2) to highlight the biological properties of these tradi-
tionally used seeds based on in vitro, in vivo, and clinical reports,
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FIGURE 1 | Seedsmost reported against hypertension.
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FIGURE 2 | Number of field studies in different countries.
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and (3) to review the antihypertensive activity of the primary
bioactive compounds isolated from clinically tested seeds.

2 | Methodology

2.1 | Databases

Scopus, Google Scholar, Web of Science, and PubMed were the
main databases that were scrutinized. The database “PubChem”
was then used to search and design the chemical structure of
compounds. The scientific names of plants were authenticated
using The Plants of the World Online and The World Flora
Online. The databases described above were used to confirm the
misspelt names of plants that were double-checked on Google.

2.2 | Search Strategy

For the traditional uses, the main keywords that were used
in addition to “hypertension” and “high blood pressure”

were “ethnomedicinal,” “ethnobotanical,” “ethnomedicine,”
“ethnomedical,” “ethnopharmacological,” “traditional,”
“indigenous,” “folk,” “plants,” “natural products,” and “herbal.”

A hyphen (-) after the word “ethno” (e.g., ethno-medicinal,
ethno-botanical, and ethno-pharmacological) was put to not
miss those research articles which use this symbol in the title. For
the pharmacological part, the keywords that were used to search
in those databases were “seed,” “hypertension,” “angiotensin
converting enzyme,” “blood pressure,” “systolic blood pressure,”
“diastolic blood pressure,” “mean arterial blood pressure,” “pulse
pressure,” and “heart rate.” The names of the main compounds
along with the word “hypertension” were used to search for
studies on compounds isolated from clinically tested species.

2.3 | Data Extraction

Data extracted from the studies included the species names of
edible seeds, family names, year, and countries where the study

Roasted

4%
Infusion
20%

2%

P,

was conducted, study design, model used, extract, method of
preparation (if indicated), solvent used, SBP, DBP, mean arterial
BP (MABP), pulse pressure (PP), and heart rate (HR). Any
reported adverse effects were also extracted.

After screening through various databases (Scopus: n = 118;
Google Scholar: n = 166; PubMed: n = 61; Web of Science: n = 45),
a total of 390 studies were found. There were 199 duplicate articles
found across the four databases. Thirty-six articles were elimi-
nated following the examination of the inclusion and exclusion
criteria. There were 155 studies included in the current evaluation.

3 | Results

3.1 | Ethnopharmacological Uses of Seeds

A total of 50 distinct seed types have been traditionally utilized to
combat hypertension (Table 1). The plant Nigella sativa has the
highest number of field studies attached to it, amounting to 11
studies. This is closely followed by Peganum harmala and Persea
americana with nine studies each, and Linum usitatissimum
with six studies. Both Moringa oleifera and Piper nigrum have
five studies conducted on them, whereas Coriandrum sativum
and Zea mays have four studies each. Three studies have been
reported for both Carica papaya and Lepidium sativum (Figure 1).

The most frequent field studies were conducted in Pakistan
(n = 19), Nigeria (n = 17), Morocco (n = 15), India (n = 11),
Algeria (n = 9), and Benin (n = 7). Ghana and Turkey had four
studies each, whereas Mexico only had three (Table 1). Guinea,
Italy, and Thailand included two studies. Finally, only one
study was reported for Brazil, Eritrea, Jordan, Korea, Marquesas
Island, Mauritius, Senegal, Uganda, the United Kingdom, and
Uzbekistan (Figure 2).

The predominant method of preparation reported was decoction
(n=34), followed by an equal number of reports for both infusion
and powdered preparation. There were nine reports for the use of
raw materials, seven for extracts, six for maceration, and five for
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TABLE 1 | Traditional uses of edible seeds against hypertension.

Family Species Country Method of preparations References
Amaryllidaceae Allium cepa L. Pakistan Decoction Malik et al. (2018)
Allium paniculatum Algeria — Chermat and Gharzouli (2015)
L.
Annonaceae Rollinia mucosa Pakistan — Malik et al. (2018)
(Jacq.) Baill.
Apiaceae Anethum graveolens India — Esakkimuthu et al. (2016)
L.
Turkey Decoction, oral administration, Olcay and Kiiltiir (2020)
drink one teacup three times a
day for 7-8 days
Apium graveolens L. Algeria Eaten raw, decoction Hassaine et al. (2019)
Carum carvi L. Morocco Decoction Tahraoui et al. (2007)
Algeria Powder ingested Hassaine et al. (2019)
Coriandrum sativum Brazil Infusion Di Stasi et al. (2002)
L.
India — Esakkimuthu et al. (2016)
Syria Decoction Alachkar et al. (2011)
Pakistan Infusion Malik et al. (2018)
Cuminum cyminum India — Esakkimuthu et al. (2016)
L.
Foeniculum vulgare Pakistan Infusion; collect healthy seed, Malik et al. (2018)
Mill. wash, and dry at room
temperature for 15 days. Then
20 g seed powdered and soaked
in 100 mL water
India — Esakkimuthu et al. (2016)
Petroselinum crispum Morocco Decoction Tahraoui et al. (2007)
(Mill.) Fuss
Pimpinella anisum L. Algeria Decoction, powder ingested Hassaine et al. (2019)
Morocco Decoction Tahraoui et al. (2007)
Pimpinella Pakistan Powder ingested with water Malik et al. (2018)
hazariensis Drink two cups of hot water
and add three teaspoons of
crushed plant mix and use
twice a day
Apocynaceae Picralima nitida Guinea Infusion Traore et al. (2022)
(Stapf) T. Durand &
H. Durand
Berberidaceae Berberis vulgaris L. Pakistan Extract Malik et al. (2018)
Brassicaceae Lepidium sativum L. Morocco — Jouad et al. (2001)
Pakistan Extracts of seeds are taken for 5 Malik et al. (2018)
days
Algeria Infusion Hassaine et al. (2019)
Burseraceae Canarium Uganda Paste Okullo et al. (2014)
schweinfurthii Engl.
Capparaceae Capparis spinosa L. Morocco Decoction El Abbouyi et al. (2014)
Pakistan Powder ingested with water Malik et al. (2018)

Powder of the seed is given
with water thrice a day

(Continues)

Food Frontiers, 2026

50f 58



TABLE 1 |

(Continued)

Family

Species Country

Method of preparations

References

Caricaceae

Clusiaceae

Compositae

Cucurbitaceae

Euphorbiaceae

Ginkgoaceae
Juglandaceae

Lamiaceae

Lauraceae

Carica papaya L.  Marquesas Islands

Nigeria

Benin
Garcinia kola Heckel Nigeria
Helianthus annuus L. Morocco

Italy

Citrullus lanatus South Africa
(Thunb.) Matsum.

and Nakai

Plukenetia
conophora Miill. Arg.

Ginkgo biloba L.
Juglans nigra L.

Nigeria

Korea
Nigeria

Lallemantia royleana Pakistan

(Benth.) Benth.

Persea americana Nigeria
Mill.
Nigeria

Nigeria

Decoction; leaf of Musanga
cecropioides, Talinum
triangulare, dried Carica
papaya, and a bulb of Allium
sativum boil (decoction) in
water; half glass cup two times
a day

Infusion, decoction, chewing
Eaten raw

Roasted seed to prepare a
decoction

Girardi et al. (2015)
Gbolade (2012)

Aboua et al. (2024)
Akin-Osanaiye et al. (2015)
Eddouks et al. (2002)
Leporatti and Corradi (2001)

Juice is pressed, squeezed, and Semenya and Potgieter (2013)

fermented for 2 days. One tin
cup of the extract is taken three
times a day

4-5 seeds chewed daily; eaten
raw

Decoction
Partially cooked

Ingested directly with water
Seeds are swallowing orally
with water

Decoction

Seed powder added to drinks

Decoction; boil (decoction) leaf
and seed of Persea americana,
and leaf of Acalypha
godseffiana in water; half glass
cup injected thrice a day
Powder; Persea americana
seeds are grinded and mixed to
pap; one teaspoonful taken two
times daily
Powder ingested with honey
Powder; ground seed of Persea
americana, with leaf of Viscum
album mixed with honey; Lick
twice a day
Powder; grinded seeds of Persea
americana and Zea mays are
added into a tea as beverage;
one teaspoonful taken daily
Infusion; Persea americana
seed, Zingiber officinale
rhizome, and Sida acuta leaf
made into tea; one glass cup
taken twice daily

Chima et al. (2013)

Kim and Song (2011)
Akin-Osanaiye et al. (2015)
Malik et al. (2018)

Akin-Osanaiye et al. (2015)

Atawodi et al. (2014)
Gbolade (2012)

(Continues)
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TABLE 1 | (Continued)

Family Species Country Method of preparations References
Nigeria Powdered and ingested with Ekpo et al. (2008)
pap
Mexico Infusion or decoction Castillo-Espaiia et al. (2009)
Benin Decoction, infusion, Aboua et al. (2024)
maceration, chewing
Guinea Decoction, powder Traore et al. (2022)
Ghana Grind dried seeds into powder ~ Asafo-Agyei et al. (2023)
Leguminosae Parkia biglobosa Nigeria Powder ingested with honey Olorunnisola et al. (2015)
(Jacq.) G.Don Allium sativum bulb, Parkia
biglobosa seed, Allium
ascalonicum leaf, Allium cepa
bulb, and Zingiber officinale
tuber were ground into a
powder and combined with
honey. Once day, two
tablespoons are given orally
Benin Infusion, maceration, chewing Aboua et al. (2024)
Prosopis africana Ghana Decoction Oppong Bekoe et al. (2017)
(Guill. & Perr.) Taub.
Tetrapleura Ghana — Ofori et al. (2012)
tetraptera (Schum. &
Thonn.) Taub.
Trigonella Pakistan Extract Malik et al. (2018)
foenum-graecum L.
Morocco Powder ingested Haouari et al. (2018)
India — Esakkimuthu et al. (2016)
Vigna radiata (L.) India — Esakkimuthu et al. (2016)
R.Wilczek
Linaceae Linum aroanium Turkey Roasted and grinded seed/boil Giizel et al. (2015)
Boiss. & Orph. (decoction) and drunk as coffee
Linum usitatissimum Italy Infusion Vitalini et al. (2015)
L.
Pakistan Dried powdered mixed with Malik et al. (2018)
water and juice is extracted and
taken
Mexico — Castillo-Espaiia et al. (2009)
Algeria Powder ingested, infusion Hassaine et al. (2019)
Morocco — Eddouks et al. (2002)
Turkey Decoction Olcay and Kiiltiir (2020)
Malvaceae Theobroma cacao L. Nigeria Hot infusion of powered Akin-Osanaiye et al. (2015)
seed/cotyledons
Moringaceae Moringa oleifera Benin Lagnika et al. (2016)
Lam. Decoction/Maceration/Infusion/Powder
Nigeria Seeds are roasted or eaten raw  Popoola and Obembe (2013)
Thailand Boil (decoction) fresh Neamsuvan et al. (2018)
materials/Drink instead of
plain water
Benin Decoction, crushing, Aboua et al. (2024)

maceration, infusion

(Continues)
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TABLE 1 | (Continued)

Family Species Country Method of preparations References
Senegal Chew the seeds of pods Lyoussi et al. (2023)
morning and evening/Drink or
swallow a teaspoon morning
and evening
Myrtaceae Syzygium Nigeria Decoction; Zingiber officinale Gbolade (2012)
aromaticum (L.) rhizome, Xylopia aethiopica,
Merr. & L.M. Perry and Syzygium aromaticum
seeds are boiled (decoction) in
water and consumed twice a
day in a glass cup
Nitrariaceae Peganum harmala L. Morocco — Jouad et al. (2001)
Jordan — Abu-Irmaileh and Afifi (2003)
Morocco Infusion, powder ingested Tahraoui et al. (2007)
Morocco — Eddouks et al. (2002)
Algeria Powder ingested Madani et al. (2012)
Pakistan Seed extract Malik et al. (2018)
Pakistan Grind seeds take this powder Ayub et al. (2023)
daily
Morocco Decoction Lyoussi et al. (2023)
Turkey Decoction, infusion Olcay and Kiiltiir (2020)
Piperaceae Piper guineense Benin Maceration Lagnika et al. (2016)
Schumach. & Thonn.
Piper nigrum L. Nigeria Decoction, as soup ingredients ~ Akin-Osanaiye et al. (2015)
Thailand Boil (decoction) fresh Neamsuvan et al. (2018)
ingredients with a small
amount of alum, magnesium
sulfate, and aloe resin. Drink
one teacup before each of the
three meals each day
Infusion: Powder dried
ingredients and infuse in hot
water/drink two teaspoons
after three meals a day
Boil (decoction) fresh
materials/drink 3/4 cup after
three meals daily
India — Esakkimuthu et al. (2016)
Benin Maceration, powder, chewing, Aboua et al. (2024)
infusion
Pakistan Grind seeds take with honey or Ayub et al. (2023)
brown sugar daily
Poaceae Hordeum vulgare L. India — Esakkimuthu et al. (2016)
Zea mays L. Morocco Dried/Scorched Tahraoui et al. (2007)
Nigeria Powder; ground seed of Persea Gbolade (2012)
americana and Zea mays are
mixed in tea as beverage; one
teaspoonful consumed a day
Pakistan Infusion: Dried seeds are Malik et al. (2018)

dipped whole night in water

(Continues)
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TABLE 1 | (Continued)
Family Species Country Method of preparations References
United Kingdom Ingestion, eaten raw Ceuterick et al. (2011)
Ranunculaceae Nigella sativa L. Pakistan Eaten raw; in empty stomach at Ishtiaq Ch et al. (2012)
morning
Iran Mixed with honey, infusion Sadeghi et al. (2014)
India — Esakkimuthu et al. (2016)
Eritrea — Sium Demoz et al. (2015)
Morocco Powder ingested Tahraoui et al. (2007)
Iran — Sadeghi et al. (2014)
Pakistan — Ishtiaq Ch et al. (2012)
Morocco — Eddouks et al. (2002)
Algeria — Amel (2013)
Pakistan Twice day, drink one cup of Malik et al. (2018)
water and 0.5 teaspoons of seed
oil orally
Algeria Infusion Hassaine et al. (2019)
Rosaceae Amygdalus Uzbekistan 5-10 of seeds are eaten Sezik et al. (2004)
communis var.
amara DC.
(Unresolved species
in http://www.
theplantlist.org)
Pyrus communis L. Nigeria — Agunu et al. (2017)
Rubiaceae Morinda citrifolia L. Mauritius Crush about 20 mg of the seed F. Mahomoodally et al. (2018)
and add to water, bring water to
the boil (decoction) for about
30 min. Drink
Sapotaceae Butyrospermum Nigeria — Olowokudejo et al. (2008)
paradoxum
(C.F.Gaertn.) Hepper
(Syn: Vitellaria
paradoxa
C.F.Gaertn.)
Manilkara zapota Mexico Infusion Castillo-Espaiia et al. (2009)
(L.) P.Royen
Mimusops elengi L. India — Esakkimuthu et al. (2016)
Vitaceae Vitis vinifera L. India — Esakkimuthu et al. (2016)
Zingiberaceae Aframomum Nigeria Powder; one teaspoon of Gbolade (2012)
melegueta K.Schum. Aframomum melegueta seed
and one teaspoon of Talinum
triangulare leaf powder are
mixed to pap
Concoction; Phyllanthus
amarus leaves, stems, and roots
are boiled (decoction) with
seven Aframomum melegueta
seeds and a little amount of
palm kernel oil (Elaeis
guineensis); sip it like soup
(Continues)
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TABLE 1 | (Continued)
Family Species Country Method of preparations References
Ghana Decoction: boil together with Asafo-Agyei et al. (2023)
Zingiber officinale and Khaya
senegalensis stem bark
Zingiber officinale Pakistan Extract Malik et al. (2018)
Roscoe

Note: “—”: Not mentioned specifically.

dried preparations. Three reports existed for the roasted method
of preparation, whereas two reports were found for the juice and
cooked methods. Only one report was noted for each of the paste,
fermented, and oil methods of preparation (Figure 3) (Table 1).

3.2 | InVitro Studies

Out of the 50 seed species with traditional use against hyperten-
sion, only 17 species have been subjected to in vitro (Figure 7)
cell-free enzyme inhibition assays. The most common assay was
ACE inhibition. The ACE inhibition assay evaluates a substance’s
capacity to block the ACE, which is essential for controlling BP
by changing angiotensin I into the vasoconstrictor angiotensin II
(Serra et al. 2005). Before doing in vivo research, this in vitro assay
offers a helpful indicator of the antihypertensive potential of plant
extracts or bioactive substances. The most frequently studied
species were M. oleifera (n =7), Z. mays (n = 4), and Vigna radiata
and Arachis hypogaea (n = 3). Furthermore, two studies were
retrieved for each of the following plant species; Anteaeolidiella
indica, C. sativum, Hordeum vulgare, L. usitatissimum, N. sativa,
Parkia biglobosa, and Theobroma cacao. For the rest of the six
plant species, only one study was retrieved for each (Figure 4).

The family most frequently tested was Fabaceae (n = 8), fol-
lowed by Moringaceae (n = 7), Poaceae (n = 6), Apiaceae
(n = 4), and Ranunculaceae (n = 3). Two studies were identi-
fied for the Linaceae, Malvaceae, and Meliaceae families. For
the remaining families—Lythraceae, Myristicaceae, Nitrariaceae,
and Vitaceae—only one study was found for each (Figure 5).

In terms of the type of extract utilized, protein extract was
the most prevalent, having been used in 16 studies. This was
followed by aqueous extract, which was employed in seven
studies. Fermented and essential oil extracts were used in three
studies each, whereas polyphenol and phenol extracts were used
in two studies each. One study was conducted on ethanol, crude,
and methanol extracts (Figure 6). As for the control, captopril was
used as a positive control in six studies, and ramipril was used
in one study. The results were expressed either as ICs, or as a
percentage inhibition of ACE.

3.2.1 | Comparison of ACE Inhibition

The ACE inhibition assay was conducted to determine the anti-
hypertensive property of the seed extracts and peptide fractions.
This assay measures the ability of a sample to inhibit ACE activity,
an enzyme involved in BP regulation through the conversion of

angiotensin I into angiotensin II (Li, Le, et al. 2005). The efficacy
of various seed species in inhibiting ACE is amplified with an
increase in the percentage of inhibition. It was determined that H.
vulgare demonstrated the highest percentage of ACE inhibitory
values when protein concentrate extracts were used. Among
15 synthesized peptides, four—FQLPKF, ALPYFM, NFLAREF,
and GFTLKIF—exhibited the most substantial ACE inhibitory
activity, with respective values of 91.8%, 90.3%, 89.0%, and 88.3%
(Gangopadhyay et al. 2016). The crude extract of N. sativa yielded
the second-highest ACE inhibitory efficacy, measuring nearly 89%
(Javaid et al. 2021), followed by the aqueous extract of Z. mays,
which recorded 87.26 + 2.68 pyg/mL (C.-C. Li et al. 2019). The
results from the ACE inhibitory activity of the aqueous extract
with varying enzymes reveal that the maximum ACE activity
(85.26%) resulted from the extraction using alcalase, then trypsin
(72.80%), neutrase (47.43%), and protamex (13.94%) sequentially.
Furthermore, the peptide fraction III (CIII) of Z. mays exhibited
the highest ACE activity (82.92%), succeeded by fraction V (CV)
(21.38%), fraction II (CII) (18.56%), fraction I (CI) (13.54%), fraction
VI (CVI) (12.36%), and fraction IV (CIV) (10.78%) (Yang et al.
2007). The protein isolates and hydrolysates extract (alcalase) of
M. oleifera demonstrated superior potency (79.30%) compared
to the pepsin (43.01%) and trypsin hydrolysates (75.05%) (T. A.
Aderinola et al. 2019). Additionally, the membrane fraction’s
inhibition of the globulin hydrolysates extracts against ACE
progressively increased, achieving 73% inhibition. T. A. Aderinola
et al. (2018) also reported 72.48% ACE inhibition by the globulin
protein extract. In addition, the ACE activity of the peptide
fractions of V. radiata indicated that fraction C2 had the highest
ACE activity (78.87%), followed by C3 (74.05%), C1 (49.03%), C4
(40.35%), T2 (33.88%), T1 (25.49%), and T3 (7.15%) sequentially
(Viernes et al. 2012). The methanol extract of P. harmala had
the highest level of ACE inhibition at 1.0 pg (48.7%), followed by
0.5 ug (42.5%), 0.25 pg (32.3%), and 0.1 ug (23.5%) (Hivrale and
Lomate 2013). The crude extract revealed the highest ACE activity
(66.4%). The most minimal ACE inhibition was demonstrated
in the protein extract of V. radiata, with values of 4.02% in the
chymotryptic digest and 10.26% in the tryptic digest (Viernes et al.
2012) (refer to Table 2).

3.2.2 | Comparison of IC;, Values

The IC,, is the concentration required to inhibit 50% of ACE
activity. It was calculated for each extract or peptide in order to
allow a quantitative comparison of their potency in the study (Li,
Liu et al. 2005). The efficacy of a seed species in suppressing ACE
is inversely proportional to the value of ICs,; that is, a smaller ICs,
value indicates greater efficacy. The protein extract of A. hypogaea
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Moringa oleifera
Zea mays

Vigna radiata
Arachis hypogaea
Theobroma cacao
Parkia biglobosa
Nigella sativa
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Azadirachta indica
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Punica granatum
Peganum harmala
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Foeniculum vulgare

Cuminum cyminum

FIGURE 4 | Ten most frequently cited plant species in vitro against hypertension.
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FIGURE 5 | Plant families tested in vitro against hypertension.
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TABLE 2 | Seed species tested in vitro against hypertension.

Findings
Plant species Extract Treatment (extract) Positive control References
Arachis hypogaea L. Enzyme IC5¢ (ug/mL) of fractions from NI Quist et al. (2009)
(Fabaceae) hydrolysates Alcalase digestion: 8.7-122
Roasted flour: 12-235
The pepsin-pancreatic system yielded ICy, values for
raw and roasted peanuts of 7.9-65.9 and 11-36 ug/mL,
respectively
Arachis hypogaea L. Protein hydrolysates IC5o (mg/mL): 0.489 + 0.002 NI Olusola and Ekun (2018)
(Fabaceae)
Arachis hypogaea L. Protein fraction Light-roasted protein fraction hydrolysates (PFH) NI Fang et al. (2021)
(Fabaceae) hydrolysates and IC5¢ (mg/mL)
fractions less than Crude PFH
5kDa 0 h: 24.91
1h:6.45
2h:2.28
4h:1.86
Fractions less than 5 kDa
0 h:5.65
1h:3.74
2h:3.91
4h:119
Dark roasted protein fraction hydrolysates (PFH)
ICs, values (mg/mL) of
Crude PFH
0 h: 24.49
1h:4.12
2h:1.91
4h:1.50
Fractions less than 5 kDa
0h:4.70
1h:1.92
2h:1.17
4h:1.16
Azadirachta indica A.Juss. Protein hydrolysates Compared to peptides with molecular weights more NI Acho et al. (2023)
(Meliaceae) than 3 kDa, the smaller peptides (less than 3 kDa)
exhibited superior ACE inhibitory effects
Agzadirachta indica A.Juss. Protein hydrolysates IC5, values (mg/mL) NI Arise et al. (2019)
(Meliaceae) Pepsin neem seed protein hydrolysate (PNSPH):
0.21 +0.12
Trypsin neem seed protein hydrolysate (ANSPH):
0.57 +0.14
Alcalase neem seed protein hydrolysate (ANSPH):
0.86 + 0.10
Coriandrum sativum L. Fermented Fermented: 0.056 CapEq/mL NI Takamiya et al. (2023)
(Apiaceae) Non-fermented: increased >10-fold
Coriandrum sativum L. Essential oil ICso (ug/mL): 348 +2.3 NI Chaudhary et al. (2012)
(Apiaceae)
Cuminum cyminum L. Fermented Fermented: 0.31 CapEq/mL NI Takamiya et al. (2023)
(Apiaceae) Non-fermented: increased >10-fold
Foeniculum vulgare Mill. Essential oil ICs5o (ug/mL): 40.7 £ 3.5 NI Chaudhary et al. (2012)
(Apiaceae)
Hordeum vulgare L. Protein ACE-I inhibitory activity of peptides (%) NI Gangopadhyay et al. (2016)
(Poaceae) concentrates DSWRPW: 25.80 + 4.96

FQLPKF: 91.83 + 0.33

Four peptides: FQLPKF, ALRYFM, NFLARF, and
GFPTLKIF. Out of the 15 synthesized peptides were
selected for ICs, analysis because they had the greatest
ACE-I inhibitory activity (91.8%, 90.3%, 89.0%, and

88.3%, respectively)

ICs, values of the four peptides (uM)

FQLPKF: 28.2
ALRYFM: 200
NFLARF: 100
GFPTLKIF: 41.2

(Continues)
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TABLE 2 | (Continued)

Plant species

Findings

Extract Treatment (extract)

Positive control

References

Hordeum vulgare L.
(Poaceae)

Linum usitatissimum L.
(Linaceae)

Linum usitatissimum L.
(Linaceae)

Moringa oleifera Lam.
(Moringaceae)
Moringa oleifera Lam.
(Moringaceae)

Moringa oleifera Lam.
(Moringaceae)

Moringa oleifera Lam.
(Moringaceae)

Moringa oleifera Lam.
(Moringaceae)

Moringa oleifera Lam.
(Moringaceae)

Polyphenols 1Cs5o (M)
3-O-feruloylquinic acid: 43.8 + 0.6
Lutonarin: 159 + 1.1
Saponarin: 24.4 + 1.2
Isoorientin: 7.3 + 0.1
Orientin: 24.4 + 1.6
Isovitexin: 26.1 + 0.5
Isoorientin-7-O-[6-sinapoyl]-glucoside: 36.2 + 0.8
Isoorientin-7-O-[6-feruloyl]-glucoside: 29.8 + 0.5
Isovitexin-7-O-[6-sinapoyl]-glucoside: 40.7 + 0.1
Isovitexin-7-O-[6-feruloyl]-glucoside: 35.4 + 0.1
Quercetin: 25.2 + 0.2

Aqueous 1Cs5o (ug/mL): 28.7
Fermented IC5¢ (mg/mL): 0.36
Protein 1C5¢ (mg/mL): 1.057
Aqueous ACE inhibitory activity (U/mg)
Crude: 0.04

Acetone precipitation: 0.16
Gel filtration: 1.99

Alkaloid, flavonoid, IC5, values (mg/mL)
and saponin Alkaloid-rich: 2.04 + 0.95
Flavonoid-rich: 2.16 + 0.56
Saponin-rich: 24.32 + 2.31
1C;, values of partially purified fractions of
alkaloid rich fractions-A (mg/mL)
Al1:0.07 £ 0.01
A2:0.82 +0.04
A3:0.18 + 0.03
A4:0.11 +0.01
A5:0.25+0.02
ICs, values of partially purified fractions of
flavonoid rich fractions-F (mg/mL)
F1:1.20 + 0.02
F2:0.88 £ 0.05
F3:1.06 + 0.03
F4:0.42 £0.03
Globulin The membrane fraction’s inhibition against ACE
hydrolysates increased gradually, with the 5-10 kDa having a much
larger (73%) inhibition than the other membrane
fractions. There was no discernible pattern in the
inhibition of renin
Nevertheless, in comparison to other membrane
fractions, the 5-10 kDa still demonstrated superior
inhibition (57%) ability
Globulin protein The peptides’ ability to inhibit ACE was improved; the
1-3 kDa peptide had the best ACE inhibition (72.48%)
but the lowest (17.64%, 1-3 kDa) inhibition against renin

Aqueous 1Cs¢ (ug/mL): 273.82 + 0.71

NI

Captopril exhibited a
significant percentage
inhibition with a value

of 74.5 at a dose of
25 pg/mL
concentration

NI

NI

NI

1Cs, value of
Captopril (mg/mL):
0.22 £0.01

NI

NI

NI

Ra et al. (2020)

Gokhale and Sahu (2016)

Pihlanto et al. (2012)

Liu et al. (2023)

Mansurah et al. (2015)

Mansurah et al. (2015)

T. A. Aderinola et al. (2018)

T. A. Aderinola et al. (2019)

Obubanjo et al. (2017)

(Continues)
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TABLE 2 | (Continued)

Plant species

Extract

Findings

Treatment (extract)

Positive control

References

Moringa oleifera Lam.
(Moringaceae)

Myristica fragrans Houtt.
(Myristicaceae)

Nigella sativa L.
(Ranunculaceae)

Nigella sativa L.
(Ranunculaceae)

Parkia biglobosa Benth.
(Fabaceae)

Parkia biglobosa Benth.
(Fabaceae)

Peganum harmala L.
(Nitrariaceae)

Punica granatum L.
(Lythraceae)
Theobroma cacao L.
(Malvaceae)
Theobroma cacao L.
(Malvaceae)

Vigna radiata L. R.Wilczek
(Fabaceae)

Vigna radiata L. R.Wilczek
(Fabaceae)
Vigna radiata L. R. Wilczek
(Fabaceae)

Protein isolates and

hydrolysates

Aqueous

Crude

Essential oil

Phenol

Phenol

Methanol

Aqueous

Hydrolysates

Aqueous

Protein

Protein

Protein

No inhibitory potential against ACE activity up to the
maximum 0.5 mg protein/mL

Alcalase hydrolysates showed higher potency (79.30%)

when compared to the 43.01% and 75.05% for pepsin
hydrolysates and trypsin hydrolysates, respectively

ICs, (ug/mL): 205.51 + 0.71

ACE inhibition: About 89%
Extract separated into three fractions
(1) AS-30
(2) AS-60
(3) AS-Sat

Only two fractions (AS-30 and AS-60) were found active

against ACE with 61% and 29% inhibitory activity

ICso (uM)
Xanthine—xanthine oxidase: 0.1
Phenazine methosulfate method: 1.2

IC5o (mM gallic acid equivalent)
Free extract: 1.00 + 0.4
Bound extract: 1.07 + 0.6

ICs, values for the inhibition of ACE (ug/mL)
Bound extract: 46.85 + 3.3
Free extract: 15.35 + 4.0

ACE inhibition at different concentrations (%)
0.1ug: 23.5
0.25 pg: 32.3
0.5 ug: 42.5
1.0 ug: 48.7

ICs (%): 53.43 + 14.09

IC5o (mg/mL): 0.49

EC5y (mg/mL)
ACE (lungs): 0.674 + 0.06
ACE (heart): 1.006 + 0.08

ACE inhibitory activity of extract (IU x 1073)
Tryptic digest: 0.342 + 0.070
Chymotryptic digest: 0.134 + 0.057
Inhibitory activity (IU x 1073)
Tryptic digest: 1.786 + 0.070
Chymotryptic digest: 1.994 + 0.057
ACE inhibitory activities of peptide fractions (%)
C1:49.03 + 0.36
C2:78.87 + 0.49
C3:74.05 + 1.15
C4:40.35 +1.55
T1:25.49 + 0.71
T2:33.88 + 0.49
T3:7.15+0.36
ICs, of peptide fractions (ug)
C1: 0.826 + 0.046
C2:0.203 + 0.014
C3:0.286 + 0.007
C4:0.852 + 0.027
T1:1.325 + 0.142
T2:1.151 + 0.005
T3:1.367 + 0.001

IC5, (mg/mL): 0.64

IC5o (mg/mL): 0.64

NI

NI

NI

NI

NI

IC;, values for the
inhibition of ACE
(ug/mL)
Ramipril: 0.173 + 0.04
ICs, of Captopril (%)
1.0 pug: 49.1

NI

NI

NI

ACE inhibitory
activities of peptide
fractions (%)
Captopril: 96.75 + 0.80
ICs, value (ug)
Captopril:

0.028 + 0.001

NI

ICy, of Captopril: 0.019
uM

Aderinola et al. (2018)

Odubanjo et al. (2018)

Javaid et al. (2021)

Khattab and Nagi (2007)

Ademiluyi and Oboh (2012)

Komolafe et al. (2018)

Hivrale and Lomate (2013)

Das and De (2013)
Coronado-Céceres et al.

(2021)
Oboh et al. (2014)

Viernes et al. (2012)

G.-H. Li, Shi, et al. (2006)

G. H. Li, Le, et al. (2005)

(Continues)
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TABLE 2 | (Continued)

Findings

References
Eriz et al. (2011)
C.-C. Li et al. (2019)

Extract
Ethanol

Plant species Treatment (extract) Positive control

IC5, (mmol/L): 0.480 + 0.03 NI

ACE inhibition at different substrates (ug/mL)
Substrate 1: 53.95 + 0.58
Substrate 2: 87.26 + 2.68

Vitis vinifera L. (Vitaceae)
Captopril inhibited the
hydrolysis substrates 1
and 2by ACE ina
dose-dependent

Zea mays L. (Poaceae) Aqueous

manner

Zea mays L. (Poaceae) Protein hydrolysates  ICs, of different molecular-weight peptides (mg NI
protein/mL)
M,, <1kDa: 0.44
M,, <3kDa: 0.29

M,, <5kDa:1.27

ACE inhibitory activity of extract with various NI
enzymes (%)
Protamex: 13.94
Neutrase: 47.43
Alcalase: 85.26
Trypsin: 72.80
ACE inhibitory activity of peptide fractions (%)
CI: 13.54
CII: 18.56
CIII: 82.92
CIV:10.78
CV:21.38
CVI: 12.36

Huang et al. (2011)

Zea mays L. (Poaceae) Peptide Yang et al. (2007)

hydrolysates

Zea mays L. (Poaceae) Peptides The results of ultrafiltration indicated the presence of NI Wongngam et al. (2023)
strong ACE inhibitory peptides in the 3-10 kDa fraction
(ICsp = 15.98 ug/mL)
Reverse-phase chromatography and size exclusion
chromatography were used to further separate the
peptides in the fraction. The most potent ACE inhibitor
was found to be the new peptide DLLGCS

(ICs = 39.0 uM)

Abbreviation: NI, not indicated.

recorded the lowest ICs, value (0.079-0.0659 mg/mL) (Quist Among the essential oil extracts, C. sativum recorded the next

et al. 2009), followed by the phenolic-free extract of P. biglobosa
(0.01535 mg/mL) (Komolafe et al. 2018), protein extract of Z. mays
(0.01598 mg/mL) (Wongngam et al. 2023), and the aqueous extract
of L. usitatissimum (0.0287 mg/mL) (Gokhale and Sahu 2016).

Protein
Aqueous
Phenol 4
Fermented 3
Essential oil 3
Methanol 1
Ethanol 1

Crude 1

FIGURE 6 | Different types of extract tested in vitro.

lowest ICs, value (0.0348 + 0.0023 mg/mL) (Chaudhary et al.
2012), followed by Foeniculum vulgare (0.0407 + 0.0035 mg/mL)
(Chaudhary et al. 2012). The aqueous extract of M. fragrans had
an ICs, value of 0.20551 + 0.00071 mg/mL (Odubanjo et al. 2018),

16
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whereas the protein hydrolysates extract of A. indica yielded IC,
values (in the order of pepsin > trypsin > alcalase) of 0.21 + 0.12,
0.57 + 0.14, and 0.86 = 0.10 mg/mL, respectively (Arise et al. 2019).
The aqueous extract of M. oleifera recorded the next lowest ICs,
value (0.27382 + 0.00071 mg/mL) (Odubanjo et al. 2018), followed
by the protein hydrolysates extract of Z. mays (in the order of
Mw < 3 kDa, Mw < 1kDa, Mw < 5 kDa) with ICs, values of 0.29,
0.44, and 1.27 mg/mL, respectively (Arise et al. 2019). Subsequent
ICs, values were for the fermented extract of L. usitatissimum
(0.36 mg/mL) (Pihlanto et al. 2012), protein hydrolysates extract
of A. hypogaea (0.489 + 0.002 mg/mL) (Olusola and Ekun
2018), hydrolysates extract of T. cacao (ICs, = 0.49 mg/mL)
(Coronado-Ciceres et al. 2021), and protein extract of V. radiata
(IC5, =0.64 mg/mL) (G. H. Li, Le, et al. 2005), with the latter being
repeated for the protein extract of V. radiata (G.-H. Li, Shi, et al.
2006). The plant species with the second-lowest ICs, value was
the aqueous extract of T. cacao, which exhibited an ICs, value
of 0.674 + 0.06 mg/mL (lung) and 1.006 + 0.08 mg/mL (heart).
This was followed by the protein extract of M. oleifera, which
had an ICs, value of 1.057 mg/mL (Liu et al. 2023). The lowest
ICs, value for the light-roasted protein fraction hydrolysates
of A. hypogaea was 1.86 mg/mL, whereas fractions less than
5 kDa recorded an ICs, value of 1.19 mg/mL after 4 h. For the
dark roasted protein fraction hydrolysates, the ICy, value was
1.50 mg/mL, and fractions less than 5 kDa had an ICs, value of
1.16 mg/mL, also after 4 h. Notably, the fractions less than 5 kDa
were more effective, as they exhibited the lowest IC;, values (Fang
et al. 2021). The alkaloid-rich extract of M. oleifera demonstrated
the lowest ICs, value of 2.04 + 0.95 mg/mL, compared to the
flavonoid-rich and saponin-rich extracts, which had ICs, values
of 2.16 + 0.56 and 24.32 + 2.31 mg/mL, respectively (Mansurah
et al. 2015) (Table 2).

As the units of the ICy, values are presented in mg/mL, only
one study (M. oleifera) was comparable with the positive control
among the six studies that used captopril as a positive control.
The alkaloid-rich extract of M. oleifera had the best ICy, value
(2.04 + 0.95 mg/mL) compared to the ICs, value of captopril
(0.22 + 0.01 mg/mL) (Mansurah et al. 2015). For the one study that
used ramipril as a positive control, the ICs, value was comparable
as both are presented in pug/mL. The phenolic-free extract of P.
biglobosa had better efficacy (15.35 + 4.0 pg/mL) compared to the
ICs, of ramipril (0.173 + 0.04 pug/mL) (Komolafe et al. 2018). In
the rest of the studies, the IC;, values of captopril were presented
in percentage (%) and uM, whereas the ICs, values of the extracts
were presented as pug/mL and mg/mL (Table 2).

3.3 | InVivo Studies

Out of the 50 seed species traditionally employed against hyper-
tension (Table 1), 20 species underwent in vivo testing (Table 3).
Metrics, such as SBP, DBP, PP, and MABP, were consistently
recorded across all studies. Additionally, some studies measured
HR and plasma ACE activity. The most frequently studied plant
species was N. sativa (n = 9), with P. americana and Z. mays each
having five studies, followed by L. usitatissimum, M. oleifera, and
Trigonella foenum-graecum with four studies each. Both Garcinia
kola and P. biglobosa had only two studies each. For species like
Aframomum melegueta, Anethum graveolens, Capparis spinosa,
Citrullus lanatus, Cuminum cyminum, H. vulgare, Petroselinum

crispum, Picralima nitida, Piper guineense, T. cacao, V. radiata,
and V. vinifera, only a single study was available for each (Figure 7)
(Table 3).

The most frequently sampled family was Ranunculaceae (n =9),
followed by Fabaceae (n = 7), Poaceae (n = 6), and Lauraceae
(n = 5). Both Linaceae and Moringaceae had four studies,
whereas five studies were available for Apiaceae. Only two studies
were retrieved for Clusiaceae. For the remaining families—
Apocynaceae, Capparaceae, Cucurbitaceae, Malvaceae, Piper-
aceae, Vitaceae, and Zingiberaceae—only one study was found
(Figure 8) (Table 3).

The most common extract type used for in vivo studies was
aqueous extract (n = 18), followed by powdered extract (n = 8),
ethanol extract (n = 6), and methanol and protein extract (n = 4).
Three studies were found with the use of essential oil and
hydroalcoholic extracts, respectively. Similarly, two studies were
found with the use of hexane extract. Only one study was found
with the use of raw seed as an extract in in vivo studies (Figure 9)
(Table 3).

The most frequently used in vivo model was Wistar rats (n = 28),
followed by Sprague-Dawley rats/mice (n = 4). Other models,
namely, Balb/c mice, Rattus norvegicus rats, Oryctolagus cuniculus
rabbits, and normal rabbits, were employed in a single study each
(Figure 10) (Table 2).

The predominant route of administration was oral (n = 39),
followed by intraperitoneal injection (n = 4). Other routes,
including intragastric, intravenous, orogastric, and subcutaneous
injections, were each reported in only two studies (Figure 11)
(Table 3).

33.1 |
MABP

Comparison of SBP, Plasma ACE Activity, and

Out of 20 species examined in vivo, the highest reduction in
SBP (74.6 mmHg) was found with 700 mg/kg of the aqueous of
P. americana (Imafidon and Igbinaduwa 2010), followed by G.
kola (46.1 mmHg) at a dose of 200 mg/kg of the ethanol extract
(Olatoye et al. 2023). The next most potent was the aqueous
extract of Z. mays where hypercholesterolemic rats exhibited
the highest decrease in SBP (45 mmHg) (Guzméan-Gerénimo
et al. 2017), followed by 500 mg/kg of the aqueous extract of P.
americana (41 mmHg) (Imafidon and Igbinaduwa 2010). Another
study with G. kola reported the greatest efficacy with 3.0 mg/kg
extract, reducing the SBP by 40 mmHg (Naiho and Ugwu 2011).
The next plant is N. sativa where its hydroalcoholic extract
(600 mg/kg) reduced the SBP by 34.8 mmHg (Enayatfard et al.
2018). The SBP in L. usitatissimum was decreased by 32.4 mmHg
with an 800 mg/kg dose of extract (Sawant and Bodhankar 2016).
The rest of the studies showed a much lower reduction ranging
from 15 to 30 mmHg (Table 3).

Only four studies measured plasma ACE activity for A. melegueta,
C. spinosa, N. sativa, and Z. mays. In the study with N. sativa, ACE
activity was decreased by 56.2 pg/g in animals administered with
2.5 mg/kg (Jaarin et al. 2015). The remaining ACE activities of
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the other three plant species were reported in different units and
therefore could not be compared (Table 3).

With respect to MABP, the plant species that presented the great-
est reduction in this parameter was P. americana (61.4 mmHg)
with the administration of 500 mg/kg of extract (Imafidon and
Igbinaduwa 2010). Another species that significantly reduced
the MABP was L. usitatissimum, where the administration of
800 mg/kg of aqueous extract reduced the MABP (35.6 mmHg)
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Plant families tested in vivo against hypertension.

(Sawant and Bodhankar 2016). Other results point to G. kola
that had its MABP reduced by 34.9 mmHg (Olatoye et al. 2023),
followed by the administration of 3.0 mg/kg of extract of the
same species that reduced the MABP (30.3 mmHg) (Naiho and
Ugwu 2011). The hydroalcoholic extract of N. sativa at a dose
of 600 mg/kg also showed a reduction in MABP (28.34 mmHg)
(Enayatfard et al. 2018). Furthermore, the administration of
260 mg/kg of the aqueous extract of P. americana caused a
decrease in the MABP (18.1 mmHg) greater than the doses of
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FIGURE 9 | Type of extracts tested in vivo studies.
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FIGURE 10 | Model used during in vivo studies.
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FIGURE 11 | Mode of administration during in vivo studies.

240 and 280 mg/kg, respectively (Anaka et al. 2009). The other
results were not expressed in the same units, so they could not be
compared, and some of the results found were not quantitative
(Table 3).

Protein extract
8%

Powdered
17%

3.3.2 | Comparison of BP, DBP, HR, and PP

BP was assessed in only two studies, one on N. sativa and the
other on P. biglobosa. In the first study, administration of N. sativa
extract via intraperitoneal injection at a dose of 0.2 mL/kg/day
resulted in a reduction of 34 mmHg in hypertensive rats (Tasar
et al. 2012). In the second study, an intravenous administration of
140 mg/kg of P. biglobosa (Jacq.) aqueous extract led to a decrease
of 27.1 mmHg in rabbits (Apedjinou et al. 2023) (Table 3).

The maximum decrease in DBP (72.2 mmHg) was reported from
P. americana (Imafidon and Igbinaduwa 2010), followed by the
same plant species with a decrease of 71.6 mmHg (Imafidon and
Igbinaduwa 2010). G. kola has the second highest reduction in
DBP (35.5 mmHg) (Olatoye et al. 2023). Another study reported
that the administration of the same species at 3.0 mg/kg of extract
orally reduced the DBP by 28 mmHg (Naiho and Ugwu 2011).
The DBP of L. usitatissimum was decreased to a lesser extent
(16.45 mmHg) (Sawant and Bodhankar 2016). The other two
studies that showed an effect on the DBP were expressed as a
percentage (%); these were N. sativa and T. foenum-graecum, with
reductions in the DBP of 10.52% and 10.82%, respectively (Bin
Jardan et al. 2021) (Table 3).

HR was reported in eight in vivo studies with the highest efficacy
seen in P. americana where an HR reduction of 113 beats/min
was recorded in pretreated rats following a dose of 260 mg/kg of
the aqueous extract compared to normotensive rats (Anaka et al.
2009). This was followed by P. biglobosa, where HR was reduced
by 28 beats/min when 140 mg/kg of extract was administered
intravenously to O. cuniculus rabbits (Apedjinou et al. 2023). A
reduction of 25.33 beats/min was also seen following 200 mg/kg of
the aqueous extract of L. usitatissimum (Sawant and Bodhankar
2016), then the ethanol extract of G. kola that decreased HR by
9.3 beats/min. Another study conducted by Naiho and Ugwu
(2011) observed that the crude extract of G. kola caused HR
(0.5 mg/kg) to decline by 2.8 beats/min. As previously stated, two
plant species—T. foenum-graecum and N. sativa—results were
expressed in percentage (%) with T. foenum-graecum showing the
highest efficacy, reducing HR by 6.13% compared to 1.32% for N.
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FIGURE 12 |

sativa (Bin Jardan et al. 2021). The remaining 27 studies were not
quantitative and therefore could not be compared (Table 3).

PP was evaluated in only two studies involving the species G.
kola and P. americana. Notably, P. biglobosa was found to be
the most effective, reducing the PP by 5.6 mmHg (Imafidon and
Igbinaduwa 2010). In contrast, oral administration of a 200 mg/kg
G. kola ethanol extract led to a more modest reduction in PP by
1.15 mmHg (Olatoye et al. 2023) (Table 3).

3.4 | Clinical Studies

Among the 50 plant species that are traditionally used for
hypertension, only 11 species have been subjected to clinical trials
(Table 4). BP was the primary outcome in all the studies, with
some studies also reporting HR and PP. The most frequently
studied species was N. sativa, which was the subject of nine trials,
followed by V. vinifera and T. cacao, which were the subjects of
four trials each. The remaining plant species, A. melegueta (Lawal
et al. 2007), A. graveolens (Shayani Rad et al. 2022), C. lanatus
(Sajjad et al. 2020), C. sativum (Zeb et al. 2018), L. usitatissimum
(Rodriguez-Leyva et al. 2013), P. biglobosa (Ognatan et al. 2011),
Sesamum indicum (Miyawaki et al. 2009), and T. foenum-graecum
(Hadi et al. 2020), have all been the subject of a single clinical trial
each (Figure 12).

The most frequently investigated family of seed species was
Ranunculaceae (n = 9), followed by Vitaceae (n = 4). Two studies
were conducted for each of the families Apiaceae, Fabaceae, and
Malvaceae, whereas only one study was identified for each of the
remaining families: Cucurbitaceae, Pedaliaceae, Linaceae, and
Zingiberaceae (Figure 13).

Seed species tested in clinical studies against hypertension.

The most frequently tested extract in clinical trials was the
powdered form (n = 7), followed by the essential oil and seed
(n = 5) and enriched beverages (n = 2). A single study was
reported for each of aqueous, beverage, fermented, and ligand
extract (Figure 14). Blinding was employed in 16 studies, with one,
two, and 13 studies utilizing triple blinding, single blinding, and
double blinding, respectively. Thirteen studies were randomized
trials, whereas 10 studies were placebo-controlled. Two studies
featured parallel trials, which were then followed by single-arm
(n = 1), two-arm (n = 1), crossover (n = 2), and pilot trials
(n = 1). Eleven studies included both male and female partici-
pants, two studies involved only females, and one study involved
only males. The gender distribution of eight studies was not
specified.

3.4.1 | Comparisons for SBP

Among the 23 SBP results (Table 4), four were nonquantitative,
and three showed minimal changes in SBP, such as an increase
of 0.6 mmHg (Moghadam et al. 2013), 0.76 mmHg (Park and
Velasquez 2012), and 0.9 mmHg (Hadi et al. 2020). The remaining
20 results were all associated with decreases in SBP, with only
one result exceeding 20 mmHg for the seed A. melegueta. Ten
results indicated increases in SBP ranging from 10 to 12 mmHg;
these increases were mainly observed in N. sativa, followed by C.
lanatus, V. vinifera, C. sativum, and A. graveolens.

Comparison of the species’ efficacy revealed that A. melegueta
was the most potent with a reduction in SBP (26.9 mmHg)
compared to all other plant species investigated (Lawal et al.
2007). The second highest reduction in SBP was seen with C.
sativum (reduction of 19 mmHg between Days 0 and 60) (Zeb
et al. 2018), followed by N. sativa (reduction of 18 mmHg between
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FIGURE 13 | Plant families tested in clinical studies against hypertension.
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FIGURE 14 | Types of extract tested in clinical studies.

Weeks 0 and 4) (AL-Jawad et al. 2018). In a study conducted on
the comparison of changes in SBP in male and female participants
treated with C. lanatus, it was found that the SBP was reduced by
15.29 mmHg in males and 12.79 mmHg in females, respectively

(Sajjad et al. 2020).

Another species that exhibited a significant, albeit lesser, decrease
in SBP compared to the previously mentioned species was N.
sativa (a reduction of 14.6 mmHg) (Rizka et al. 2017), whereas
a separate study noted a decrease of 13.51 mmHg (Qidwai
et al. 2009). A smaller reduction was reported for A. graveolens
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(11.2 mmHg) (Shayani Rad et al. 2022), followed by a decrease
of 11 mmHg in SBP after administering V. vinifera seed extract
at doses of 150 and 300 g/day (Sivaprakasapillai et al. 2009).
Subsequently, a reduction of 10.69 mmHg in SBP was observed
with N. sativa (Tavakoli-Rouzbehani et al. 2021). The decreases
in SBP reported in the remaining studies were all less than
10 mmHg.

3.4.2 | Comparisons for DBP

Among 19 reports on DBP (Table 3), the most potent reduction
in DBP (10 mmHg) was observed for N. sativa (AL-Jawad et al.
2018), followed by C. lanatus (7.92 and 9.79 mmHg in male and
female participants, respectively) (Sajjad et al. 2020), A. graveolens
(8 mmHg) (Shayani Rad et al. 2022), and A. melegueta (7.6
and 9.2 mmHg in normotensive and hypertensive participants,
respectively) (Lawal et al. 2007). However, some variations were
noticed for N. sativa (Tavakoli-Rouzbehani et al. 2021), wherein a
reduction of 8.6 mmHg was reported, whereas two other studies
with the same plant species demonstrated a decline of 8.49 mmHg
(Shoaei-Hagh et al. 2021) and 7.06 mmHg (Siddiqui et al. 2022).
The successive reduction in DBP was 6 and 7 mmHg at a dose
of 150 and 300 g/day of raw seed extract from Weeks O to 4,
respectively (Sivaprakasapillai et al. 2009).

3.4.3 | Comparisons for HR, PP, and Mean Arterial
Pressure (MAP)

HR was determined in three studies only (Table 3). Lawal et al.
(2007) reported a reduction in HR by 7 mmHg after administra-
tion of A. melegueta, whereas N. sativa reduced the HR by 3.12
beats/min (Badar et al. 2017). Another study on N. sativa reported
that HR decreased by 1 mmHg (Razmpoosh et al. 2021). PP was
reported in two studies only. Lawal et al. (2007) reported that
A. melegueta reduced PP by 21.4 mmHg. A. graveolens powdered
extract (1.34 g/day) reduced PP by 3.2 mmHg (Shayani Rad et al.
2022). MAP was reported in two studies. In one study, Lawal et al.
(2007) reported that oral administration of A. melegueta reduced
MAP by 14.7 mmHg, whereas MAP of N. sativa-treated subjects
decreased by 5.74 mmHg (Badar et al. 2017).

3.5 | Compounds

Research into the bioactive compounds derived from plant
species has facilitated the development of innovative drugs with
distinct mechanisms of action. A selection of these compounds,
known for their antihypertensive effects, were identified from
clinically tested seed species and subsequently reviewed. These
include sesamin and sesamol from S. indicum, thymoquinone
(TQ) from N. sativa, lignan from L. usitatissimum, linalool from C.
sativum, and trigonelline from T. foenum-graecum. The chemical
structures of these compounds are depicted in Figure 15.

3.51 | Sesamin

D. Nakano et al. (2002) investigated the mechanism respon-
sible for the antihypertensive effect using deoxycorticosterone

acetate (DOCA)-salt rat hypertensive model. The production of
superoxide (0?) from the aorta was evaluated in the lucigenin
chemiluminescence assay. Hypertensive rats fed with a sesamin-
containing diet had significantly lower chemiluminescence sig-
nals compared to the control group, which were DOCA-salt
rats fed a regular diet. Moreover, a positive correlation was
observed between aortic O*~ production and SBP. In addition,
D Nakano et al. (2004) found a significant correlation between
sesamin’s suppression of BP elevation and its inhibition of exces-
sive superoxide (0O?~) production in the aorta of hypertensive
rats. In the DOCA-salt hypertension model, dietary sesamin
normalized the increase in the al-adrenoceptor-dependent vaso-
constrictor response and the decrease in endothelium-dependent
vasodilatory response.

D. Nakano et al. (2008) further investigated sesamin’s capacity
to inhibit aortic oxidase in DOCA-salt hypertensive rats. They
found that sesamin feeding significantly reduced aortic output
and markedly suppressed hypertension induced by DOCA salt.
DOCA salt application increased aortic mRNA expression of
p22phox, gp91phox, Nox1, and Nox4, as well as NADPH oxidase
activity. However, sesamin feeding counteracted the increase in
NADPH oxidase activity and significantly decreased the rise in
Nox1 mRNA expression, gp9lphox, and p22phox. Wu et al. (2012)
evaluated sesamin’s preventive effect against renal endothelial
dysfunction and kidney damage in two-kidney, one-clip ren-
ovascular hypertensive rats fed a high-fat, high-sucrose diet.
Sesamin reduced the expression of p47phox and nitrotyrosine
while increasing eNOS protein expression. These results suggest
that long-term sesamin therapy ameliorates renal endothelial
dysfunction and exerts a renoprotective effect in both the con-
tralateral and clipped kidneys of 2KIC rats fed an HFS diet
by decreasing NO oxidative inactivation and enhancing eNOS
production.

Furthermore, Noguchi et al. (2001) examined the effects of
sesamin, a lignan obtained from sesame oil, on hypertension
and thrombosis in stroke-prone spontaneously hypertensive rats
(SHR). Their results suggested that long-term sesamin consump-
tion could be beneficial for preventing hypertension due to
its reduction of oxidative stress, thrombotic tendency, and BP
increase. Similarly, Miyawaki et al. (2009) evaluated the antihy-
pertensive effects of sesamin in humans, finding a significant
decrease in blood pressure. Matsumura et al. (2000) studied the
influence of sesamin on modified vasodilator and vasoconstrictor
responses in aortic rings of rats with induced hypertension
via DOCA salt treatment. They found that sesamin feeding
considerably delayed the onset of hypertension. Additionally,
W.x. Li et al. (2013) explored the cardioprotective benefits of food-
derived sesamin in rats with spontaneous hypertension. These
benefits included reduced SBP, increased cardiac total antioxidant
capacity, and decreased levels of nitrotyrosine, malondialde-
hyde content, and transforming growth factor 81 (TGF-f1)
expression.

Kong et al. (2009) found that sesamin administration enhanced
acetylcholine-induced vasodilation, reduced blood pressure, and
augmented NO bioactivity in thoracic aortas. These changes were
associated with an increase in eNOS, a decrease in malondi-
aldehyde levels, and a reduction in nitrotyrosine and p47phox
protein production. Kong et al. (2015) further explored the
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FIGURE 15 | The main antihypertensive compounds identified in clinically tested species.

potential of sesamin to enhance nitric oxide bioactivity in the
aortas of SHR. Sesamin treatment in SHRs resulted in improved
acetylcholine-induced vascular relaxation, decreased SBP, and
increased aortic NO bioactivity. Sesamin therapy caused an
increase in P-eNOS and inhibition of eNOS uncoupling, both
of which led to improved NO production in the SHR aortas;
the latter effect may be due to decreased nitrotyrosine and
increased dihydrofolate reductase (DHFR). Additionally, sesamin
downregulated p47phox and improved eNOS uncoupling, reduc-
ing superoxide anion formation and NO oxidative inactivation.
Moreover, sesamin administration significantly decreased the
compensatory enhanced T-SOD activity and Cu/Zn-SOD protein
expression but had no effect on the levels of GPx or catalase
activity.

3.5.2 | Thymoquinone

Khattab and Nagi (2007) examined the effect of TQ supplemen-
tation on hypertension and renal dysfunction in nitric oxide-
deficient hypertensive rats. They found that co-administration of
TQ led to a dose-dependent decrease in the L-NAME-induced
rise in SBP. To determine the antihypertensive efficacy of TQ and
investigate its mechanism of action, Azzubaidi et al. (2015) carried
out a study, which showed that TQ prevented further increases
in MAP and reversed established hypertension in the TQ groups.
This research confirms the antihypertensive effect of TQ, which
is most likely due to angiotensin II receptor blockade rather than
ACE inhibition. Zhu et al. (2016) also explored the possibility of
TQ reducing monocrotaline-induced (MCT) pulmonary arterial
hypertension in rats by preventing pulmonary arterial remodel-
ing. They found that TQ treatment reduced the MCT-induced
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increase in pulmonary BP and right ventricular hypertrophy.
Furthermore, TQ inhibited the MCT-induced pulmonary arterial
remodeling, proliferation of PASMCs, upregulation of matrix
metallopeptidase 2 (MMP2), downregulation of the Bax/Bcl-2
ratio, cleavage of caspase-3, and cleavage of PARP. Additionally,
TQ blocked the NF-xB and p38-MAPK activation induced by
MCT. It was concluded that TQ inhibits the p38-MAPK/NF-
xB signaling pathway in rats, thereby attenuating MCT-induced
pulmonary arterial hypertension.

Furthermore, the hypotensive effect of TQ and its receptor
mechanisms in normotensive rats was examined by Azzubaidi
et al. (2015). This research supports the conventional use of
N. sativa L. for hypertension and confirms the dose-dependent
hypotensive effect of TQ. The hypotensive mechanism of action of
TQis atleast in part stimulation of -adrenergic receptors, but not
vascular muscarinic receptors. Enayatfard et al. (2018) reported
that Ang II significantly increased maximal SBP, MAP, and
HR compared to the control, whereas losartan significantly and
extensively attenuated these effects. TQ and the two higher doses
of N. sativa (400 and 600 mg/kg) could significantly antagonize
the effects of Ang II on MAP and SBP. TQ and extract dose of
600 mg/kg also significantly inhibited Ang II-induced changes
in HR. In conclusion, N. sativa and its active constituent TQ are
beneficial in hypertension, most probably through reducing Ang
II-mediated effects on the cardiovascular system. L. Zhang et al.
(2022) evaluated the protective effect of TQ against angiotensin
II-induced cardiac injury in apolipoprotein E-deficient mice. The
results demonstrated that TQ inhibited the increases in serum
hs-CRP levels induced by Ang II. In Ang II-treated mice, TQ
significantly decreased the elevated levels of tumor necrosis
factor alpha (TNF o), IL 18, IL 6, collagen I, collagen III,
Nox4, and p53. Moreover, TQ inhibited Ang II-induced cardiac
injury via suppressing proinflammatory cytokine production,
fibrosis, oxidative stress, and apoptosis through inhibition of
PERK signaling pathway activation. To sum up, TQ could be
a promising therapeutic strategy for Ang II-induced myocardial
infarction.

3.5.3 | Sesamol

Hemalatha et al. (2013) conducted an analysis on the antihyper-
tensive and antioxidant properties of sesamol, using uninephrec-
tomized DOCA-salt-induced hypertensive rats. When adminis-
tered orally at a dose of 50 mg/kg BW, sesamol significantly
decreased both systolic and DBP values. It also reduced the activ-
ities of hepatic marker enzymes and lipid peroxidation products.
Furthermore, the treatment enhanced the body’s antioxidant
capacity. These findings suggest that sesamol possesses not only
antioxidant properties but also antihypertensive attributes.

3.5.4 | Lignan

Park and Velasquez (2012) studied the effects of flaxseed powder
with lignan supplementation on body weight, visceral fat, lipid
profile, and BP in rats. They observed a significant decrease
in BP in the high-fat diet (HFD) with lignan supplementation
(HFDL) group compared to HFD group. The results suggest

that lignan supplementation exerts beneficial effects such as
reduction of blood pressure, lipid profile improvement, and
decrease in body weight and fat accumulation. Sawant and
Bodhankar (2016) found that flax lignan concentrate showed an
antihypertensive effect via modulation of endogenous enzymes in
DOCA salt-induced renal hypertensive rats.

3.5.5 | Linalool

Anjos et al. (2013) conducted a study on the influence of
linalool on the cardiovascular systems of both normotensive and
hypertensive rats. The results indicate that linalool has the effect
of reducing blood pressure, which is likely attributed to its direct
impact leading to vasodilation on the vascular smooth muscle.

3.5.6 | Trigonelline

In a study utilizing the streptozotocin-induced neonatal diabetic
(nSTZ) rat model, Ghule et al. (2012) explored the potential
of trigonelline to mitigate diabetic hypertension nephropathy
by inhibiting oxidative stress in the kidney and minimizing
renal cell death and fibrosis. Their findings revealed that kid-
ney tissues from the diabetic group exhibited elevated levels
of hydroxyproline and diminished activity of antioxidant and
membrane-bound enzymes. A 4-week regimen of trigonelline
therapy (100 mg/kg/day) significantly improved all assessed
biochemical parameters. Histological analyses aligned with these
biochemical observations, indicating that trigonelline-treated
groups experienced reduced fibrosis and degenerative changes in
kidney tissue, suggesting that trigonelline plays a crucial role in
mitigating renal damage.

4 | Discussion

A multitude of studies have documented the traditional utiliza-
tion of edible seeds in the treatment of hypertension. Among
these, N. sativa has been the most frequently employed seed with
promising outcomes in managing hypertension. Furthermore, it
has been determined that A. melegueta has exhibited the highest
efficacy in clinical trials.

Predominantly, the preparation methods most frequently
reported for traditional use were decoction and infusion, likely
due to their drinkability and reduced preparation time. Infusion
involves allowing the material to steep in a solvent such as water
or alcohol for a duration, whereas decoction involves boiling
the material to extract substances and release aromas. Notably,
decoction is more commonly employed in studies examining the
biological and therapeutic properties of plant species (Fotakis
et al. 2016). However, a significant number of countries lack
comprehensive field studies documenting the traditional use of
edible seeds for hypertension management. Furthermore, several
studies do not offer a thorough description of the preparation
methods. Therefore, it is imperative to conduct meticulously
documented ethnomedicinal field studies on the traditional use
of seed species for hypertension management.
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In terms of pharmacological studies, this review presented the
analysis of in vitro, in vivo, and clinical investigations. The most
examined seed species in vitro was M. oleifera. The results were
not able to be compared collectively because they were reported
as percentage of ACE inhibition and ICs, values. The greater the
percentage of ACE inhibition values and the lesser the ICs, values,
the more potent activity of plant species was found. Nevertheless,
the protein concentrates extract of H. vulgare exhibited the
greatest percentage of ACE inhibition, and the protein extract
of A. hypogaea indicated the least ICs, value. The mostly used
types of extracts for in vitro studies were protein extract, and
it was determined as the most effective extract in comparison
with other extracts. The positive controls that were mostly used
in in vitro studies were captopril and ramipril. Captopril is
an FDA-approved drug that is used as a vital medication for
the treatment of hypertension, diabetic nephropathy, and left
ventricular dysfunction after myocardial infarction. It mainly acts
by blocking the renin-angiotensin-aldosterone system (RAAS)
(Marte et al. 2025). Ramilpril is a prodrug that enhances the
systemic bioavailability of ramiprilat, which is an active inhibitor
of ACE (Frampton and Peters 1995). Among six studies that
administered captopril and ramipril as drugs, just two studies
were comparable because the units of both ICs, values and the
drugs were expressed in mg/mL and pg/mL. The others were not
comparable because of different units. Thus, it is suggested that
further pharmacological studies should focus on captopril and
other drugs as medications for a valid comparison.

In vivo studies, N. sativa was the most potent in lowering SBP,
DBP, MABP, PP, and HR compared to hypertensive controls. Due
to its medicinal properties, the use and demand for this plant
have dramatically increased as it is currently being marketed
and sold in various countries worldwide in the form of soft-gel
capsules, seed-derived oil, and nutritional supplements (M. F.
Mahomoodally et al. 2022). Some studies measured only ACE as
a parameter, whereas some studies measured SBP, DBP, MABP,
PP, and HR as parameters along with ACE. As ACE is a dipeptidyl
peptidase transmembrane-bound enzyme that plays an important
role in BP regulation (Nakas-Icindic et al. 2004). Therefore, it
is suggested that ACE should be measured and included with
other parameters to get more accurate results. As per the animal
model, most studies were conducted on Wistar rats because of
their anatomical and physiological similarities with humans.
Rats, mice, and humans have around 30,000 genes, and 95% of
these genes are present in both rats and humans (Bryda 2013).
Apart from this, rats are small in size and require less space and
maintenance. Oral administration was mostly preferred against
hypertension due to its convenience. In some studies, different
doses of extracts along with medications were given to animals,
whereas some studies used only the optimum dose to avoid
toxicity.

The most studied seed in the clinical trials was N. sativa, which
showed very good results in reducing high blood pressure. This
comes as no surprise as the main part of the plant used for
consumption is the seed (M. F. Mahomoodally et al. 2022). A
few studies showed some mild side effects, but they were not
significant. N. sativa was the most effective seed tested in the
clinical and in vivo studies, highlighting the need for further
research on this plant for its therapeutic potential in humans.
This review found that the most common extract used for the

clinical trials was the powdered extract. This is probably due to
its availability and ease of administration. Double blinding was
the most common study design employed in the clinical trials
reviewed. This helps reduce bias and strengthens the validity of
the study (Day and Altman 2000).

In the analysis of compounds derived from clinically tested seeds,
sesamin from S. indicum was the most frequently examined,
followed by TQ from N. sativa. The predominant animal model
employed was the DOCA-induced hypertensive rat. The DOCA-
salt model has been extensively used for many years. In rats or
mice, DOCA, a mineralocorticoid, induces hypertension when
paired with uninephrectomy and a high-salt diet (Mortensen
2014). Sesamin administration to these animals has shown a
reduction in reactive oxygen species (ROS) increases, including
Noxl mRNA expression, gp91phox, and p22phox. These ROS are
known contributors to hypertension in the cardiovascular system.
The regulation of NADPH oxidases (NOXes) in the cardiovascular
system is influenced by various prohypertensive and inflamma-
tory agents such as angiotensin II (Ang II), endothelin-1 (ET-1),
aldosterone, salt, growth factors (VEGF and epidermal growth
factor, respectively), and TNF (Griendling et al. 2021) (Figure 16).

Pharmacological profile of TQ is very complex and diverse,
which includes antibacterial, antihistamine, antioxidant,
immunomodulator, and anticancer activities. The effects of TQ
on immunomodulation, oxidative stress, and various types of
cancers have been reviewed extensively. In addition, the role of
TQ in the immune system activation through the modulation
of various inflammatory mediators has also been reviewed
exhaustively (M. F. Mahomoodally et al. 2022). Similarly,
the role of TQ and its mechanism of action in hypertension
have also been studied. MMP2 is a gene that codes for matrix
metallopeptidase 2 enzyme. This enzyme causes angiotensin
II-induced hypertension under the transcriptional control of
MMP-7 and TACE. The inhibition of MMP-7 and TACE prevents
the induction of hypertension, heart failure, and fibrosis by Ang
II. In the downstream signaling cascade of MMP-7 and TACE,
there is a bifurcation where Ang II-induced hypertrophy and
fibrosis occur independent of the MMP-2 gene expression and
the resulting hypertension (Odenbach et al. 2011) (Figure 17).
TQ inhibits the Ang II-induced upregulation of MMP2 and
ultimately blocks hypertension.

Furthermore, TQ was found to inhibit the p38-MAPK/NF-xB
signaling pathway. Notably, the p38-MAPK signaling pathway
regulates numerous pathologic conditions, with a particular sig-
nificance in myocardial ischemia-reperfusion. MAPK stimulation
results in reduced cardiac efficiency and increased I/R-induced
myocardial injury (Sahu and Rawal 2024). As shown in Figure 18,
administration of natural products can effectively regulate c-
JNK/p38-MAPK dysregulation, thereby managing hypertension.

5 | Conclusion

This review is a pioneering effort to catalogue the traditionally
utilized edible seeds for combating hypertension globally. It also
elucidates the efficacy of seeds in managing hypertension by
consolidating and analyzing in vitro, in vivo, and clinical studies.
Notably, N. sativa demonstrated the most pronounced activity
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against hypertension, with clinical studies evidencing the most
significant reduction in SBP, DBP, MABP, PP, and HR. Among
the bioactive compounds derived from clinically tested seeds,
sesamin (from S. indicum) and TQ (from N. sativa) exhibited
notable antihypertensive effects. The predominant mechanisms
of action included Noxl mRNA expression, gp91phox, p22phox,
MMP-7, TACE, and p38-MAPK/NF-«xB signaling. These insights

offer a foundational scientific dataset for ensuing pharmacologi-
cal interventions for hypertension management. Future research
should prioritize addressing the identified research gaps, notably
the exploration of the primary bioactive compounds of these
seed species and associated clinical studies. It is envisaged that
this review will pave the way for innovative research avenues to
mitigate the global hypertension burden. Although seeds possess
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numerous medicinal attributes due to their rich bioactive com-
pounds, they are often overshadowed by fruits, flowers, and leaves
in terms of consumption and recognition. In conclusion, these
underutilized plant components harbor a plethora of therapeutic
potentials and warrant further exploration by the scientific realm
for biopharmaceutical development.
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