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Vernonia amygdalina is a perennial shrub that belongs to the family Asteraceae.
The herb is an indigenous African plant that grows in most parts of sub-Saharan
Africa. It is probably the most used medicinal plant in the genus Vernonia.
Previous studies on the traditional medicinal value, nutritional composition,
classes of phytochemical or compound isolation, and evaluation of their
pharmacology activity are numerous. This provokes us to review and provide
up-to-date evidence-based information on the study plant. A systematic online
search using the databases of Google Scholar, PubMed, Science Direct, Wiley,
Elsevier and Sci-Hub was carefully applied, using some important key words to
get appropriate information. The leafy part of Vernonia amygdalina contributes
greatly to the nutritional requirements for human health and to food security
since it contains enough concentrations of proximate composition, minerals, and
vitamins. The plant parts are used in traditional medicine for many human and
animal healthcare purposes, including diarrhea, diabetes, wound healing,
tonsillitis, evil eye, retained placenta, headache, eye disease, intestinal parasite,
bloating, hepatitis, toothache, anthrax, malaria, urine retention, gastritis, stomach
disorders, and snake bites. The chemical analysis revealed the presence of
flavonoids, alkaloids, saponins, tannins, triterpenoids, sesquiterpene lactones,
steroids, cardiac glycosides, oxalates, phytates, cyanogenic glycosides, and
phenols. Additionally, various compounds such as vernolide, luteolin,
vernodalol, vernoamyoside A vernoamyoside B, isorhamnetin,
glucuronolactone, and 1-Heneicosenol O-B-D-glucopyranoside were isolated.
Some of the isolated compounds pharmacological activity was evaluated against

Abbreviations: DPPH, 2,2-diphenyl-1-picrylhydrazyl; MPLC, medium pressure liquid chromatography;
HPLC, high performance liquid chromatography; HRMS, high-resolution mass spectrometry; UHPLC-
DAD-ESI-MS/MS, Ultra-high-performance liquid chromatography diode array detector electrospray
jonisation tandem mass spectrometry; VA, Vernonia amygdalina; |1Cso, Half-maximal inhibitory
concentration (inhibitory concentration at 50%); LCso, 50% Lethal concentration; UV, Ultraviolet; IR,
Infrared; GC-MS, Gas chromatography—mass spectrometry.
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some diseases and showed antioxidant, antibacterial, antifungal, antihelmintic,
anticancer, and anti-inflammatory potencies. Thus, the review provides
comprehensive  information  about ethnomedicinal value, nutritional
composition, isolated classes of phytochemicals, and compounds, including an
evaluation of the pharmacological activity of the isolated compounds of Vernonia
amygdalina. A review with this much information could be extremely valuable for

future research on developing innovative nutraceutical products.

KEYWORDS

ethnomedicinal value, isolated compounds, nutritional composition, pharmacology,
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1 Introduction

Vernonia amygdalina (VA) is a perennial shrub or small tree in
the genus Vernonia of the Asteraceae family (Ijeh and Ejike, 2011).
When completely grown, it can reach a height of roughly 23 feet. It
has flaky, rough bark colored gray or brown (Echem and Kabari,
2013). The leaves are medium to dark green, oblong-lanceolate,
usually measuring 10-15 cm in length and 4-5 cm in width. They
have visible red veining, a tapering apex and base, an almost
symmetric base, a complete or finely toothed margin, and a
petiole that is typically very short but can reach 1-2cm in
length. Its little, creamy white, Thistle-like flower heads measure
10 mm in length. They are packed densely in axillary and terminal
clusters to form enormous, flat clusters that have a lovely aroma and
measure 15 cm in diameter (Ofori et al., 2013).

The herb is an indigenous African plant that thrives throughout
most of sub-Saharan Africa as well as being widely spread in Asia
(Echem and Kabari, 2013). It is widely grown in Yemen, Brazil,
South Uganda, Ethiopia, Kenya, and Tanzania (Bhattacharjee et al.,
2013), even though it is native to tropical Africa (Ijeh and Ejike,
2011; Nursuhaili et al., 2019). Naturally, the plant can be found in
regions with 2,800 m of elevation and 750-2000 mm of annual
rainfall, such as the edges of forests, the areas surrounding rivers
and lakes, woodlands, and grasslands. It requires direct sunlight and
prefers a humid environment. Although it may grow on any kind of
soil, it favors humus-rich soils (Ofori et al., 2013).

It is probably the most widely used medicinal herb in the genus
Vernonia (Tjeh and Ejike, 2011). Because of its bitter flavor, it is
commonly referred to as “bitter leaf” and is used both medicinally
and as a vegetable. The species’ secondary metabolites, which include
saponins, tannins, alkaloids, and glycosides, are anti-dietary
components. These constituents are the source of the bitter taste in
this medicinal plant (Yeap et al., 2010; Danladi et al., 2018). Outside of
bitter leaf, this medicinal plant is known by a variety of common names
in different languages in different regions (for instance, “ebicha”
(oromifa) (Bekele and Reddy, 2015), “grawa” (Ambharic), and
“vernonia tree” (English) (Wubayehu et al., 2018).

Numerous therapeutic herbs are known for their antibacterial (Degu
et al,, 2021a; Gonfa et al., 2022; Legesse et al., 2022; Asfaw et al., 2023b;
Dagne et al, 2023), antifungal (Degu et al, 2020b), antiviral (Meresa
et al,, 2017; Tesera et al., 2022), anti-parasitic (Basha et al., 2018; Muluye
etal,, 2021), anti-hypertensive (Fekadu et al., 2017), anti-asthmatic (Sisay
et al, 2020), insect repellent (Degu et al., 2020a), and so on effects. They
are utilized as a food source in addition to their medical properties
(Olowoyeye et al, 2022). In history, bitter leaf has been utilized for
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generations in Africa for both food and medicinal purposes. The plant
has a wide spectrum of uses in African traditional medicine and has been
used in the management and treatment of a number of health conditions
(Tjeh and Ejike, 2011). There have been several previous studies on the
traditional medicinal value (Asfaw et al, 2023a), nutritional content
(Okolie et al., 2021), isolation of different classes of phytochemicals and
compounds, and evaluation of their pharmacological activities
(Habtamu and Melaku, 2018) of VA. The purpose of this review is
to give current, evidence-based information about the medicinal role of
the plant, its existing nutritional and phytochemical composition, and
the pharmacological properties of the isolated substances. Thus, this
review summarizes the current evidence which is as an updating work of
the previous review (Yeap et al,, 2010; [jeh and Ejike, 2011). As a result,
the current study provides a deep and updated knowledge on this
therapeutic herb that could stimulate more research into pharmacopeia
and the discovery of novel pharmaceuticals. Figure 1 is a representative
image of the species VA with its leaf and flower.

2 Methodology

The data on the nutritional makeup, discovered phytochemicals
and compounds and their pharmacology, and traditional
therapeutic efficacy of VA have been extracted from research
published articles. The relevant various ethnobotanical
publications and laboratory-based studies regarding the plant
were looked at in order to gather relevant data on the study area.
Using key words like VA, nutritional composition, isolated
phytochemicals, isolated compounds, pharmacological activities,
traditional uses, leaf, root, stem, flower, bark, method of
preparation, and application, an exhaustive online search was
conducted using the databases of Google Scholar, PubMed,
Science Direct, Wiley, Elsevier and the Sci-Hub website. These
terms were used separately or in combination. In order to
tabulate the accessed data, an appropriate format for data
gathering was established. This review included only research
articles, master’s theses, and doctoral theses published in English
that offered complete information.

3 The dietary composition and
importance of Vernonia amygdalina

Due to its bitterness, VA can be used as a bittering agent (spice)
and as an antimicrobial agent in beer production. Leaves are used to
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FIGURE 1

Vernonia amygdalina plant (left), flowers (A), top right) and leaves (B), bottom right) (TjhiaA et al., 2018).

prepare bitter leaf soup (‘Onugbo’, a popular Nigerian dish)
(Nursuhaili et al., 2019) as an appetizer and as a digestive tonic.
The leaves and shoots are regarded as good fodder for goats (Okeke
et al, 2015). The bitter leaf meal, given with drinking water, also
numerically enhanced the growth rate of the birds (Nwogwugwu
et al,, 2015). In Ethiopia, it is used to make honey wine called ‘Tej’
(Nursuhaili et al., 2019) and as hops in preparing ‘tella’ beer (Shewo
and Girma, 2017).

The leafy part of VA contributes greatly to the nutritional
requirement for human health and to food security since it
contains enough concentrations of proximate composition
(Usunomena and Ngozi, 2016). The high concentration value of
protein, dry matter, crude fiber, ash, minerals (sodium, potassium,
calcium, magnesium, zinc, and iron), and ash in the leaves of the
plant presented it as excellent sources of food (Oboh, 2006; Offor,
2014; Agbankpé et al., 2015; Okeke et al., 2015; Usunomena and

Ngozi, 2016; Olusola and Olaifa, 2018; Olumide et al., 2019).

Additionally, numerous studies also revealed different
concentrations of protein (including essential amino acids),
moisture, carbohydrates, ash, and fat within the leaves

(Nwaoguikpe, 2010; Ogunnowo and Alao-Sanni, 2010; Ugwoke
et al., 2010; Momoh et al., 2012; Yakubu et al., 2012; Omoyeni
et al,, 2015; Udochukwu et al., 2015; Usunomena and Ngozi, 2016;
Etta et al.,, 2017; Olumide et al., 2019).

A study on micronutrients, macronutrients, and minerals
obtained a concentration difference in which magnesium, copper,
and lead were found to be high in fresh leaves and calcium, ash, fiber,
lipid content, and iron were high in dried leaves (Garba and Oviosa,
2019). The leaf also has oil (Biru et al., 2022), starch (Okeke et al.,
2015), and iodine (Ojimelukwe and Amaechi, 2019). Moreover, the
leaf contains vitamins like vitamin A, vitamin C (ascorbic acid),
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vitamin E, vitamin B1, vitamin B2, niacin (Nwaoguikpe, 2010;
Dafam et al, 2020), and carotenoid (Ejoh et al, 2005). The
nutritional composition of the leaves and their corresponding
literature is summarized in Table 1.

The quantitative proximate evaluation of the leaf extract showed
that it incorporates carbohydrates (37%), proteins (28.2%), fats
(5.5%), crude fiber (11.6%), moisture content (8.4%), and ash
content (9.3%) (Ali et al., 2020). The leaves had an 83.0%
moisture content (dry matter: 17.02%), a 1.30% protein content,
and a 0.50% ash content in another study on fresh green leaves.
Based on the fresh weight of the leaves, the mineral content was
61.55 pg/g, 8.2 x 107 ug/g, 4.71 ug/g, and 1.13 pg/g of phosphorus,
selenium, iron, and zinc, respectively (Oboh and Masodje, 2009).
This result was consistent with the study by Okolie et al. (2021),
which found that the quantified results for sodium, magnesium,
phosphorus, potassium, iron, and zinc were 180.36 mg/100g,
162.54 mg/100g, 27.8 mg/100g, 949.35 mg/100mg, 1.13 mg/100g,
and 0.48 mg/100g, respectively. Once again according to Okolie et al.
(2021), the analysis of vitamins B1, B2, B3, and E yielded values of
0.16 mg/100g, 0.22 mg/100g, 0.15 mg/100mg, and 0.32 mg/100g,
respectively.

Zinc (14.23 mg/kg), iron (322 mg/kg), phosphate (33.25 mg/kg),
copper  (19.50 mg/kg), chromium (3.75mg/kg), cadmium
(4.99 mg/kg), sodium (483.06 mg/kg), potassium (627.98 mg/kg),
magnesium (6,813 mg/kg), calcium (12,641.76 mg/kg), and zinc
(14.23 mg/kg) were found in the powdered leaves (Usunobun
and Okolie, 2015). Vitamins E and A, starch (only the stem),
protein, ash, fat, zinc, iron, copper, ascorbic acid, thiamin,
riboflavin, and nicotinamide are abundant in the stems and roots
(Okeke et al., 2015; Ojimelukwe and Amaechi, 2019). Additionally,
the proximal composition of ash, moisture, crude fat, crude fiber,

frontiersin.org


https://www.frontiersin.org/journals/natural-products
https://www.frontiersin.org
https://doi.org/10.3389/fntpr.2024.1347855

Degu et al.

TABLE 1 Nutritional composition of Vernonia amydalina leaves.

Class of nutrients and Range of

concentration

compositions

10.3389/fntpr.2024.1347855

References

Proximates (in %)

Moisture 3.27-20.06 Ifesan et al. (2014), Adewole and Olabiran (2015), Ali et al. (2020), Oboh and Masodje
(2009)

Fat 2.08-6.37 Ifesan et al. (2014), Adewole and Olabiran (2015), Ali et al. (2020)

Ash 4.28-14.69 Ifesan et al. (2014), Adewole and Olabiran (2015), Ali et al. (2020), Oboh and Masodje
(2009)

Protein 18.57-29.47 Ifesan et al. (2014), Adewole and Olabiran (2015), Ali et al. (2020), Oboh and Masodje
(2009)

Fiber 3.06-16.08 Ifesan et al. (2014), Adewole and Olabiran (2015), Ali et al. (2020)

Carbohydrate 37-52.56 Ifesan et al. (2014), Adewole and Olabiran (2015), Ali et al. (2020)

Minerals (in mg/100 g)

Sodium 7.32-180.36 Ifesan et al. (2014), Okolie et al. (2021)

Potassium 11.54-949.35 Ifesan et al. (2014), Okolie et al. (2021), Adewole and Olabiran (2015)

Manganese 1.30-5.56 Ifesan et al. (2014), Ojimelukwe and Amaechi (2019)

Magnesium 1.89-162.54 Ifesan et al. (2014), Okolie et al. (2021)

Iron 1.13-6.42 Ifesan et al. (2014), Okolie et al. (2021)

Calcium 9.87-73.25 Ifesan et al. (2014), Okolie et al. (2021)

Zinc 0.48-4.74 Ifesan et al. (2014), Okolie et al. (2021)

Copper 1.90-10.20 Ifesan et al. (2014), Adewole and Olabiran (2015), Ojimelukwe and Amaechi (2019)

Phosphorus 6.55-27.87 Frederick Eleyinmi et al. (2008), Okolie et al. (2021), Oboh and Masodje (2009)

Selenium 0.08-0.14 Shokunbi et al. (2011)

Todine 0.04 Ojimelukwe and Amaechi (2019)

Vitamins (in mg/100 g)

Vitamin A 0.11-0.29 Okolie et al. (2021)

VitaminB1 (thiamin) 0.15-0.16 Okolie et al. (2021)

Vitamin B2 (riboflavin) 0.19-0.22 Okolie et al. (2021)

Vitamin B3 (niacin) 0.14-0.15 Okolie et al. (2021)

Vitamin C (ascorbic acid) 6.43-8.54 Ifesan et al. (2014)

Vitamin E (tocopherol) 0.12-0.32 Okolie et al. (2021)

Carotenoids 30.00 Ojimelukwe and Amaechi (2019)

Pyridoxine 2.6 Ojimelukwe and Amaechi (2019)

protein, and carbohydrate was found in another study that intends
to explore the nutritional value of the stem, root, and seed (Okeke
et al., 2015; Adebayo et al., 2019). Moreover, vitamin C, vitamins
B1 and B2, sodium, potassium, calcium, magnesium, iron, zinc, and
manganese are present in the seeds (Adebayo et al., 2019).

These results show that VA is a rich source of important
nutrients, with varying quantities throughout various trials. There
are numerous reasons for the variance in the outcome. For example,
the nutritional composition of the VA varies according on the kind
of soil, environmental conditions, and by geographic locations
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(Okolie et al., 2021; Olowoyeye et al., 2022). There was difference
in the content of nutritious components between dried and fresh
leaves as well. Most of the proximate ingredients’ concentrations
increased noticeably with drying. Drying significantly increased the
ash, fiber, and lipid contents, which improved from 2.56%, 1.62%,
and 0.62% in the fresh sample to 11.20%, 4.02%, and 2.64% in the
dried sample, respectively. The results of this study’s mineral
analysis showed that calcium and iron were high in the dried
sample whereas magnesium, copper, and lead were high in the
fresh sample (Garba and Oviosa, 2019).
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TABLE 2 Plant parts, ethno-medicinal claims, and method of preparation, along with the application site.

10.3389/fntpr.2024.1347855

Ethnomedicinal uses part(s) Method of preparation and application References
Abdominal pain (H) Leaf Preparation: grinding and, dissolving with water Getaneh and Girma (2014)
Application: drinking
Abdominal pain (L) Seed Preparation: blending the seeds and dissolve with water and then = Hassen et al. (2021)
filtration
Application: oral or intranasal
Ameba and Giardia (H) leaf Preparation: Crushing leaves and soaking in honey Cheklie (2020)
Application: oral
Anthrax (H) Leaf Preparation: blending the leaves with Justicia schimperiana, Croton = Kassa et al. (2016)
macrostachyus, Teclea nobilis, and Achyranthes aspera leaves
Application: Through left side intranasal and left ear
Anthrax (L) leaf and Preparation: crushing the leaf and root followed by dissolving with = Haile (2022)
Root water
Application: orally to Cattles
Ascariasis Leaf Preparation: pulverizing leaves Tsegay et al. (2019)
Application: oral consumption
Athletes foot (H) Leaf Preparation: crushing and squeezing Abebe (2011), Amsalu (2020)
Leaf Application: topical
Bladder distention Leaf Preparation: Pulverizing the leaf in water Wubetu et al. (2017)
Application: oral
Bloating (H) Leaf Preparation: crushing fresh leaves Chekole et al. (2015)
Application: orally with water
Bloating (L) Leaf Preparation: crushing fresh leaves and combined with water Lulekal et al. (2014), Beyi (2018),
Molla (2019), Kindie (2023)
Application: orally to the cattle
Leaf Preparation: Mashing the leaves and blending with Justicia Kassa et al. (2016)
schiperiana and salt
Application: orally to cattle
Bloating and malaria (H) Leaf Preparation: crushing fresh leaves and combining with water Girma et al. (2022), Mekonnen et al.
(2022)
Application: orally
Bloating and urine retention (L) Leaf Preparation: squeezing and mixing with water Amde (2017), Melkamu (2021)
Application: orally to the cattle in the morning and at night until recovery
Blood clotting (H) Leaf Not described Girma et al. (2022)
Dandruff (H) Leaf Preparation: freshly pounding to obtain creamy texture Chekole et al. (2015)
Application: topically on the affected area
Diarrhea (H) Leaf Preparation: Chopping the leaf, combining with coffee grounds and = Kindie (2023)
blending with butter
Application: orally
Leaf and Preparation: combining fresh leaves with pounded seeds and Lulekal et al. (2014)
seed blending with butter
Application: orally
Leaf and Preparation: combining fresh leaves with pounded seeds and Beyi (2018)
seed blending with butter
Application: orally
Dyspepsia (H) Leaf Not described Girma et al. (2022)

Frontiers in Natural Products

05

(Continued on following page)

frontiersin.org


https://www.frontiersin.org/journals/natural-products
https://www.frontiersin.org
https://doi.org/10.3389/fntpr.2024.1347855

Degu et al.

TABLE 2 (Continued) Plant parts, ethno-medicinal claims, and method of preparation, along with the application site.

10.3389/fntpr.2024.1347855

Ethnomedicinal uses part(s) Method of preparation and application References
Evil eye (H) Root Preparation: Drying and grinding the root in to powder Gebeyehu (2020)
Application: inhaling the smoked powder
Evil spirit (H) Shoot Preparation: Pulverizing and combining with water Wendimu et al. (2021)
Application: placing in a beaker before being displayed in front of
the room. When an evil spirited person enters to the home, the water
in the beaker falls and the patient is identified
Expelling leeches (L) Leaf Preparation: Crushing and squeezing the fresh leaves Abrha et al. (2020)
Application: oral ingestion
Febrile illness (H) Leaf Preparation: boiling a fresh leaf in water Tahir et al. (2021)
Application: fumigating the steam
Febrile malaria and helminthiasis Leaf Preparation: Maceration with water Tuasha et al. (2018)
Application: orally
Gastro-intestinal disorder (H) Leaf Preparation: crushing Asfaw et al. (2021), Asfaw et al.
(2023a)
Application: orally
Gout (H) Leaf Preparation: boiling the leaves with water Chekole (2017)
Application: Fumigating through oral, nasal, and dermal
Headache (H) Leaf Preparation: crushing ten leaves Jima and Megersa (2018)
Application: applying to the head for 3 days
Headache and eye disease (H) Leaf Preparation: Pulverizing, and powdering Assefa et al. (2021)
Application: fumigating the smoke in the nose and mouth
Herpes (H) Leaf Preparation: Drying, pulverizing and powdering Abebe (2011)
Application: fumigating through the nose and mouth
Impotency (H) Root Preparation: concocting of fresh root Chekole et al. (2015)
Application: Drinking with “tella”
Intestinal parasite (H) Root (H, L) = Preparation and Application: Fresh plant consumed orally Bogale et al. (2023)
Leaf Preparation: decocting Jima and Megersa (2018)
Application: consuming three to seven leaves together with one cup
of coffee for adults and half for children
Leaf Preparation: extracting a juice Kindie et al. (2021)
Application: one cup orally
Leaf Preparation: extracting a juice Amsalu et al. (2018)
Application: one cup orally
Intestinal parasite(L) Leaf Preparation: extracting a juice and combining with salt and “local = Kindie (2023)
beer”
Application: fed to the animal
Leaf Preparation: extracting a juice and combining with salt and “local = Beyi (2018)
katikala”
Application: fed to the animal
Intestinal parasites, abdominal pain, malaria, Leaf and Preparation and Application: Infusion taken orally Teka et al. (2020)
gastritis, retained placenta (H) steam
Intestinalparasites (H) and Stomach problem (L) = Leaf Preparation: crushing fresh leaves and combining with water Kebebew and Mohamed (2017)
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TABLE 2 (Continued) Plant parts, ethno-medicinal claims, and method of preparation, along with the application site.

10.3389/fntpr.2024.1347855

Ethnomedicinal uses part(s) Method of preparation and application References
Jaundice (H) Leaf Preparation: pounding fresh or dry leaves Kassa et al. (2016)
Application: topically with butter
Leaf Preparation: pulverizing and combining with water Beyi (2018)
Application: filtering and drinking
Leaf Preparation: Crushing and combining fresh leaf with water Kindie (2023)
Application: filtering and drinking
Leeches (L) Leaf Preparation: blending pounded leaves with Premna schimperi, Kassa et al. (2016)
Nicotiana tabacum, Calpurnia aurea, and Croton macrostachyus
Application: orally feeding the cattle
Malaria (H) Leaf Preparation: Combining Ruta chalepensis leaves combined with Amde (2017), Melkamu (2021)
crushed VA leaves
Application: serving as one cup as a beverage for three to 5 days, in
the morning with cold water
Roots/Leaf  Preparation: and crushing and mixing with water Girmay and Teshome (2017)
Application: orally
Leaf and Preparation: crushing, mixing with water and filtering either the Molla (2019)
root fresh roots or leaves
Application: drinking
Menstrual pain (H) Leaf Preparation: Crushing, boiling, and combing with honey in water = Tassew (2019)
Application: one tea cup taken orally (each day for 3 days)
Neck swelling (L) Leaf Preparation: Squeezing Abrha et al. (2020)
Application: apply topically
Nematodes (H) Leaf Preparation and Application: Orally Agisho et al. (2014)
Retained placenta (L) Root Preparation: crushing and mixing the fresh root with cold water Lulekal et al. (2014)
Application: allowing the animal to consume it orally
Snake bite (H) Leaf Preparation: Crushing the leaves Amde (2017), Melkamu (2021)
Application: washing the patient’s body, or area that has been
infected
Stomach ache and worm expulsion (H and L) Leaf and Preparation: Combining the root and leaves combined to make a = Wondimu et al. (2007)
root beverage
Application: orally
Stomach disorder (L) leaf Preparation: Crushing and soaking in water Cheklie (2020)
Application: one bottle orally
Stomachache (H) Leaf Preparation: Squeezing leaves Birhan et al. (2017)
Application: Consume orally
Leaf Preparation: crushing, squeezing, and mixing fresh leaf with water = Kindie (2023)
Application: orally
Leaf Preparation and Application: crushing, squeezing, and combining = Amsalu et al. (2018)
with water then decanted
Application: Orally
Leaf Preparation: Crushing and mixing with water Teklehaymanot et al. (2007)
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TABLE 2 (Continued) Plant parts, ethno-medicinal claims, and method of preparation, along with the application site.

Ethnomedicinal uses part(s) Method of preparation and application References
Stomachache and malaria(H) Leaf Preparation: Blending fresh leaves with Rumex nervosus and Justicia = Wendimu et al. (2021)
schimperiana leaves. Then, squeezing together with water and the
resulting juice
Application: orally
Tapeworm and Ascaris (H) Leaf Preparation: crushing and mixing with water Teklehaymanot et al. (2007)
Application: orally
Tonsilitis (H) Root Preparation: crushing and mixing the root with salt Gebeyehu (2020)
Application: orally
Toothache (H) leaf Preparation and Application: chewing of the leaves Amenu (2007), Getaneh and Girma
(2014)
Urinary problems (H and L) Leaf Preparation: Blending crushed fresh leaf of with leaf of Eucalyptus = Molla (2019), Mekonnen et al. (2022)
globulus (concoction)
Application: orally
Urinating problem and bloating (H and L) Leaf and Preparation: crushing and pounding fresh leaf Abdela and Sultan (2018)
shoot
Application: orally
Vomiting and stomach-ache (H) Leaf Preparation: Crushing one feast of leaves cut from seven different =~ Amsalu (2020)
parts, with small amount of water followed by filtering
Application: Orally drinking
Worms, malaria, fever and, indigestion Leaf and Preparation: decoction Tugume and Nyakoojo (2019)
root
Application: drinking
Wound (H) leaf Preparation: Crushing one spoonful powder of leaf Cheklie (2020)
Application: Dressing on the wound
Leaf Preparation: crushing Teka et al. (2020)
Application: topical application
Leaf Preparation: crushing fresh leaves Wendimu et al. (2021)
Application: topical application to a wound to halt bleeding

3.1 Effect of different processing methods
on nutritional composition of bitter leaf

Some proximate, calcium, iron, potassium, and vitamin C
are lost when processed traditionally, which includes boiling,
squeeze washing, and salting, or squeeze washing and boiling
(Tsado et al., 2015). Nutrients are lost when leaves are de-
bittered to make them more palatable; conversely, when
leaves are boiled in water (without being squeezed) to
increase beta-carotene concentration, water-soluble vitamins
are lost (Nkechi, 2023). A 2016 study by Agomuo et al.
(2016) found that squeezing bitter leaves with palm oil
improves nutrient retention, which may be a loss-preventing
solution. The study by Yakubu et al. (2012) found that different
processing methods, like soaking in water for an entire night,
blanching, and abrasion with and without salt (Nacl), reduced
the antioxidant capacity, protein content, and moisture content
of the leaves. Blanching and abrasion without salt resulted in a
decrease in fat content, but soaking and abrasion with salt
enhanced it. Soaking resulted in reduced crude fiber content,
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whereas salt abrasion increased it. Abrasions increased the
of the ash, whereas blanching soaking
significantly reduced them. Additionally, the vegetable’s
mineral, tannin, and phytate contents were significantly

contents and

reduced by the processing techniques of overnight soaking,
blanching, and abrasion (Yakubu et al., 2012).

In a different study, the amount of nutrients and
antinutrients (phytate and tannin) in the leaf significantly
decreased when it was abraded. It results in a large decrease in
the proximate and mineral composition with the exception of
magnesium and carbohydrates, which saw a considerable rise and
no significant change, respectively (Oboh, 2006). Therefore, the
nutrient content of VA is reduced when they are abraded to
remove the bitter flavor during soup and other meal preparation.
Moreover, study on fresh leaf and on the leaf subjected to
spontaneous fermentation for 5 days at room temperature
revealed a significant amount of mineral content that appeared
stable after fermentation. However, significant losses in vitamins
and a noticeable rise in ash and fiber content were observed
(Ifesan et al., 2014).
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TABLE 3 Phytochemical classes isolated in Vernonia amygdalina plant-parts.

Phytochemical Plant parts that contain the References
classes phytochemicals
Alkaloides Leaf Tula et al. (2012), Paul et al. (2018), Alara et al. (2019), Adebayo et al. (2014), Aremu
et al. (2018), Adu et al. (2018), Zubairu et al. (2019), Oluyege (2019), Momoh et al.
(2012), Ogunnowo and Alao-Sanni (2010), Okeke et al. (2015), Johnson et al. (2015), Ali
et al. (2019), Udochukwu et al. (2015)
Root Tula et al. (2012), Inusa et al. (2018), Oluyege (2019), Okeke et al. (2015), Andrew
(2021)
Stem Tula et al. (2012), Inusa et al. (2018), Oluyege (2019), Okeke et al. (2015), Andrew
(2021)
Anthocyanins Leaf Okeke et al. (2015)
Root Okeke et al. (2015)
seed Adebayo et al. (2019)
Stem Okeke et al. (2015)
Anthraquinones Leaf Kaur et al. (2019), Johnson et al. (2015), Udochukwu et al. (2015)
Root Tula et al. (2012)
Stem Tula et al. (2012)
Cardenolides Leaf Johnson et al. (2015)
Glycosides Leaf Ogunnowo and Alao-Sanni (2010), Tula et al. (2012), Alara et al. (2019), Adebayo et al.
(2014), Aremu et al. (2018), Adu et al. (2018), Zubairu et al. (2019), Momoh et al. (2012),
Johnson et al. (2015), Udochukwu et al. (2015)
Root Tula et al. (2012), Inusa et al. (2018)
Seed Adebayo et al. (2019)
Stem Tula et al. (2012), Inusa et al. (2018)
Coumarins Lea Kaur et al. (2019)
Flavonoids Leaf Ogunnowo and Alao-Sanni (2010), Tula et al. (2012), Kaur et al. (2019), Paul et al.
(2018), Alara et al. (2019), Adebayo et al. (2014), Aremu et al. (2018), Adu et al. (2018),
Zubairu et al. (2019), Oluyege (2019), Momoh et al. (2012), Okeke et al. (2015), Johnson
et al. (2015), Ali et al. (2019), Udochukwu et al. (2015)
Root Tula et al. (2012), Inusa et al. (2018), Okeke et al. (2015), Andrew (2021)
Seed Adebayo et al. (2019)
Stem Inusa et al. (2018), Oluyege (2019), Okeke et al. (2015), Andrew (2021)
Oxalate Leaf Udochukwu et al. (2015), Paul et al. (2018)
Phlobatannins Leaf Ogunnowo and Alao-Sanni (2010), Johnson et al. (2015), Tula et al. (2012)
Root Tula et al. (2012), Inusa et al. (2018)
Stem Tula et al. (2012), Inusa et al. (2018)
Phytates Leaf Udochukwu et al. (2015), Paul et al. (2018)
Polyphenols Leaf Ogunnowo and Alao-Sanni (2010), Kaur et al. (2019), Alara et al. (2019), Adebayo et al.
(2014), Oluyege (2019), Johnson et al. (2015), Udochukwu et al. (2015)
Root Tula et al. (2012), Oluyege (2019), Andrew (2021)
Seed Adebayo et al. (2019)
Stem Tula et al. (2012), Inusa et al. (2018), Oluyege (2019), Andrew (2021)
Saponins Leaf Ogunnowo and Alao-Sanni (2010), Tula et al. (2012), Kaur et al. (2019), Paul et al.
(2018), Adebayo et al. (2014), Aremu et al. (2018), Zubairu et al. (2019), Oluyege (2019),
Momoh et al. (2012), Okeke et al. (2015), Johnson et al. (2015), Ali et al. (2019),
Udochukwu et al. (2015)
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TABLE 3 (Continued) Phytochemical classes isolated in Vernonia amygdalina plant-parts.

Phytochemical

Plant parts that contain the
classes

References

phytochemicals

Root Tula et al. (2012), Inusa et al. (2018), Oluyege (2019), Okeke et al. (2015), Andrew
(2021)
Seed Adebayo et al. (2019)
Stem Tula et al. (2012), Inusa et al. (2018), Oluyege (2019), Okeke et al. (2015), Andrew
(2021)
Steroids Leaf Ogunnowo and Alao-Sanni (2010), Tula et al. (2012), Kaur et al. (2019), Alara et al.
(2019), Adebayo et al. (2014), Adu et al. (2018), Ali et al. (2019), Udochukwu et al.
(2015)
Root Tula et al. (2012), Inusa et al. (2018), Alara et al. (2019), Andrew (2021)
Stem Tula et al. (2012), Inusa et al. (2018), Andrew (2021)
Tanins Leaf Ogunnowo and Alao-Sanni (2010), Paul et al. (2018), Alara et al. (2019), Adebayo et al.
(2014), Aremu et al. (2018), Zubairu et al. (2019), Oluyege (2019), Momoh et al. (2012),
Okeke et al. (2015), Johnson et al. (2015), Ali et al. (2019), Udochukwu et al. (2015)
Root Oluyege (2019), Okeke et al. (2015), Andrew (2021)
Seed Adebayo et al. (2019)
Stem Inusa et al. (2018), Oluyege (2019), Andrew (2021)
Terpenes/Terpenoids Leaf Kaur et al. (2019), Alara et al. (2019), Adebayo et al. (2014), Johnson et al. (2015), Ali
et al. (2019), Udochukwu et al. (2015)
Seed Adebayo et al. (2019)
Xanthones Leaf Kaur et al. (2019)

Vital minerals and nutrients, which are present in the VA, are
beneficial to the body. Nevertheless, the concentrations of Pb, Cr,
Zn, Co, and Ni in VA leaves are higher than those recommended
by the WHO (Ssempijja et al., 2020); therefore, these materials
may need to be reduced or removed before feeding. Various
methods, such as blanching and abrasion, are used to lessen the
anti-nutritional components of bitter leaves, such as tannin and
phylate (Yakubu et al., 2012). Few attempts have been made to
preserve this vegetable, despite its excellent nutritional value.
Therefore, to prevent any changes in flavor, color, or nutritional
content, it is imperative that dried leaves be packaged
appropriately (Degu et al., 2021b) and kept at the proper
temperature when consumed out of their extremely fresh
form. VA maintained at 4°C preserves more of its nutritional
and therapeutic characteristics than when stored at —20°C,
according to a study on the effect of preservation on two
different types of bitter leaves (Tonukari et al,, 2015).

4 Ethnomedicinal uses

VA has a wide range of traditional medical applications
worldwide. The plant is used in traditional and herbal
medicine to treat a variety of conditions, including intestinal
worms, headaches, bloating, malaria, urinary problems, herpes,
athletes foot, blood clotting, dyspepsia, menstrual pain, gout,
wounds, tonsillitis, evil eye, skin infections, and other conditions
affecting humans and animals (Abebe, 2011; Jima and Megersa,
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2018; Girma et al,, 2022; Mekonnen et al,, 2022). According to
reviewed ethnobotanical studies, the leaf is the part most
frequently claimed for various diseases, followed by the root,
shoot, stem, and seed. These medicinal plants are used either
separately or in combination to cure a variety of diseases. Table 2
displays the plant parts, ethno-medicinal claims, and method of
preparation, along with the application site.

It has been demonstrated that the synergistic effects of
combining this medicinal plant part with other plant parts, local
preparations, and animal byproducts in the formulation of herbal
medicines boost the effectiveness of the cures. The leaf, for example,
is combined with butter and coffee seeds (Beyi, 2018; Kindie, 2023),
leaves of Ruta chalepensis (Melkamu, 2021), leaves of Eucalyptus
globules  (Molla, 2019), nobilis,
macrostachyus, Justicia schimperiana, and Achyranthes aspera are
pounded together and administered through the left ear and left
noisetril (Kassa et al., 2016); and with local “katukala” and salt (Beyi,
2018) as treatments for diarrhea, malaria, urinary issues, anthrax,

leaves of Teclea Croton

and internal parasites, respectively. Furthermore, fresh root infused
with “tella” is utilized as an impotence cure (Chekole et al.,, 2015).

5 Phytochemical constituents
5.1 Phytochemical classes

Numerous phytochemicals from VA with a variety of
pharmacological and biochemical effects were investigated such
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TABLE 4 List of compounds isolated from Vernonia amygdalina.

10.3389/fntpr.2024.1347855

Compound name Str. No Plant parts Ref
Tricosane 1 F Habtamu and Melaku (2018)
Vernolid 2 F Habtamu and Melaku (2018)
Isorhamnetin 3 F Habtamu and Melaku (2018)
Luteolin 4 F Habtamu and Melaku (2018)
1, 8 Cineole 5 L Asawalam and Hassanali (2006)
beta-Pinene 6 L Asawalam and Hassanali (2006)
Myrtenal 7 L Asawalam and Hassanali (2006)
Vernolide 8 L Abay et al. (2015)
vernodalol 9 L Abay et al. (2015)
vernodalinol 10 L Luo et al. (2011)
vernoamyoside A 11 L Quasie et al. (2016)
Vernoamyoside B 12 L Quasie et al. (2016)
Vernoamyoside C 13 L Quasie et al. (2016)
Vernoamyoside D 14 L Quasie et al. (2016)
Vernolide 15 L Erasto et al. (2006)
Vernodalol 16 L Erasto et al. (2006)
Epivernodalol 17 L Oluyege (2019)
Luteolin 18 L Djeujo et al. (2023)
Vernodalol 19 RT Djeujo et al. (2023)
5-O-caffeoylquinic acid 20 L Nowak et al. (2022)
luteolin hexoside 21 L Nowak et al. (2022)
3,4-O-dicaffeoylquinic acid 22 L Nowak et al. (2022)
1,5-O-dicaffeoylquinic acid 23 L Nowak et al. (2022)
3,5-O-dicaffeoylquinic acid 24 L Nowak et al. (2022)
4,5-O-dicaffeoylquinic acid 25 L Nowak et al. (2022)
Ethyl-2-O-benzyl-d-arabinofuranoside 26 L Oladunmoye et al. (2019)
-9, 12, 15, octadecatrienoic acid 27 L Oladunmoye et al. (2019)
Squalene 28 L Oladunmoye et al. (2019)
Phytol 29 L Oladunmoye et al. (2019)
Hexadecanoic acid ethyl ester 30 L Olusola-Makinde et al. (2021)
luteolin-7-O-gluc-glucopyranoside (cynaroside) 31 L Nguyen et al. (2021)
Vernonioside V 32 L Nguyen et al. (2021)
Glucuronolactone 33 ST IfedibaluChukwu et al. (2020)
10-Geranilanyl-O-B-D-xyloside 34 ST IfedibaluChukwu et al. (2020)
11a-Hydroxyurs-5,12-dien-28-oic acid-3a,25-olide 35 ST IfedibaluChukwu et al. (2020)
6(3,10p,14B-Trimethylheptadecan-15a-olyl-15-O-f-D-glucopyranosyll,5p-olide 36 ST IfedibaluChukwu et al. (2020)
1-Heneicosenol O-B-D-glucopyranoside 37 ' ST IfedibaluChukwu et al. (2020)
F: flower, ST: stem, L: leaf, RT: root, Str No: structure number; Ref: Reference.
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FIGURE 2
Chemical structures of isolated compounds from Vernonia

amygdalina.

as alkaloids, glycosides, sesquiterpene lactones, steroids, flavonoids,
proanthocyanidins, tannins, terpenoids, phenylpropanoids, resins,
lignans, furocoumarines, naphthodianthrones, proteins, and
peptides (Erasto et al, 2006; Senthilkumar et al., 2018; Tian

et al., 2023). For instance, phytochemical screening of ethanol
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and aqueous leaf extracts revealed the presence of flavonoids,
alkaloids, saponins, tannins, triterpenoids, steroids, and cardiac
glycosides (Asaolu et al, 2010; Usunomena and Ngozi, 2016).
Furthermore, the presence of phytate, oxalate, cyanogenic
glycosides, anthraquinone (Ugwoke et al, 2010; Udochukwu
et al., 2015), and phenol (Asaolu et al, 2010; Ali et al, 2019)
have been revealed (Table 3).

According to Ali et al. (2019), the plant leaves’ aqueous extract
contained 27 mg/g of saponins, 46 mg/g of alkaloids, 122 mg/g of
flavonoids, 17 mg/g of terpenoids, 12 mg/g of tannins, 48 mg/g of
steroids, and 36 mg/g of phenols. In another study, the ethanol
extract contained tannins (99 mg/g), flavonoids (70 mg/g), saponins
(64 mg/g), phenols (36 mg/g), and alkaloids (32 mg/g) (Lyumugabe
Loshima et al., 2017). In accordance with the Imohiosen et al. (2021)
findings, bitter leaf has 139 mg/g of alkaloids, 180 mg/g of
flavonoids, 60 mg/g of saponin, 2.3 mg/g of oxalate, and 167 mg/
g of phytate. A further investigation reported 305 mg/g flavonoids,
104 mg/g phytate, 6 mg/g saponin, 1.7 mg/mL tannin, and 20 mg/
mL alkaloids (Olumide et al., 2019). As mentioned above, the
outcomes of many investigations demonstrated notable chemical
variations between plant preparations or extracts, both in terms of
kind and quantity.

As already stated, alkaloids, tannins, phenolics, saponins, and
other significant groups of chemicals were present in various
amounts, as demonstrated by the screening and quantification
tests. These phytochemicals have been found to have a wide
variety of biological activities, showing the plant’s potential as a
medicine. Alkaloids, flavonoids, terpenoid, phenolics, tannin are
known by their antimicrobial activity (Usunomena and Ngozi,
2016), antioxidants (Erdman et al., 2007), prevention and therapy
of several diseases (Rabi and Bishayee, 2009), free radical scavengers
and strong anticancer activities (Ugwu et al, 2013), potentials
(Cheng 2002)
(Narayanan et al., 1999), respectively. Consequently, the existence

antiviral et al, and anticancer activities
of these and other phytochemicals in VA could account for their use

as medicine.

5.2 Compounds isolated from Vernonia
amygdalina

Medicinal plants are the primary source of a broad variety of
chemical structures that aid in the development of novel therapeutic
medications. Numerous compounds have been identified from the
leaves, flowers, stems, and other parts of VA through different NMR
techniques and GC-MS analysis. The list of compounds isolated
from Vernonia amygdalina along with their compound name, plant
part and literature references are presented (Table 4; Figure 2).

ical activity of

6 Biolo
dgcompounds

isolate

People all over the world, including modern medicine
professionals, have used bitter leaf as traditional medicine.
Common illnesses are treated with a variety of plant parts,
including the leaves, roots, seeds, shoots, and stems (Ugbogu
et al,, 2021). Nowadays, phytochemicals from plants are used in
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TABLE 5 The pharmacological activity of compounds isolated from Vernonia amygdalina.

Isolated compounds

Vernolide

Vernodalol

Vernodalinol

Vernonioside V

Vernoamyoside D

Vernoamyoside C

Vernoamyoside B

Pharmacological activities

Antioxidant activity (ICso = 0.04 mg/mL for DPPH scavenging capabilities)

References

Erasto et al. (2007)

Antibacterial activity (zone of inhibition at 1 mg/mL dosage range from 10 to 19 mm)

Habtamu and Melaku
(2018)

It exhibited bactericidal activity against five strains of Gram-positive bacteria but was
ineffective against strains of Gram-negative bacteria. The antifungal activity
demonstrated with LCs values of 0.2, 0.3, and 0.4 mg/mL against Penicillium notatum,
Aspergillus flavus, Aspergillus niger, and Mucor hiemalis, respectively. However, it is
ineffective against Fusarium oxysporum

Bactericidal activity against five g-positive bacteria while lacking efficacy against the
gram-negative strains. The antifungal activity was moderate inhibitions with LCs
values of 0.2, 0.3 and 0.4 mg/mL against Penicillium notatum, Aspergillus flavus,
Aspergillus niger and Mucor hiemalis, respectively.But, ineffective against Fusarium
oxysporum

Anti-cancer (inhibited HT-29 cell viability with ICs of 5.7 uM) and antioxidant activity
with a scavenger effect comparable to ascorbic acid

Antioxidant activities as manifested through their DPPH scavenging properties (ICso =
0.03 mg/ml)

At 25 and 50 pg/mL, vernodalinol reduced the proliferation of breast malignant cells
(DNA synthesis) by 34% and 40%, respectively

Anti-inflammatory effect: TNF-a, IL-6, and IL-8 inflammatory cytokine production in
LPS-activated Raw 264.7 was suppressed at a dose of 30 mg/mL

Anti-inflammatory effect: In vitro, LPS-induced RAW264.7 macrophages at 50 uM
showed a 37.6% inhibition of nitric oxide production, while the positive control
(N-monomethylL-arginine) exhibited a 57.34% inhibition

Anti-inflammatory effect: In vitro, LPS-induced RAW264.7 macrophages at 50 uM
showed a 50.0% inhibition of nitric oxide production, while the positive control
(N-monomethylL-arginine) exhibited a 57.34% inhibition

Anti-inflammatory effect: In vitro, LPS-induced RAW264.7 macrophages at 50 uM
showed a 24.5% inhibition of nitric oxide production, while the positive control
(N-monomethylL-arginine) exhibited a 57.34% inhibition

Erasto et al. (2006)

Erasto et al. (2006)

Djeujo et al. (2023)

Erasto et al. (2007)

Luo et al. (2011)

Nguyen et al. (2021)

Quasie et al. (2016)

Quasie et al. (2016)

Quasie et al. (2016)

Vernoamyoside A

Luteolin-7-O-gluc-glucopyranoside (cynaroside)

Anti-inflammatory effect: In vitro, LPS-induced RAW264.7 macrophages at 50 uM
showed a 20.5% inhibition of nitric oxide production, while the positive control
(N-monomethylL-arginine) exhibited a 57.34% inhibition

On LPS-induced raw 264.7 cells, cynaroside did not exhibit an anti-inflammatory effect
(cytokines did not decrease in raw 264.7 cells incubated with cynaroside)

Quasie et al. (2016)

Nguyen et al. (2021)

Luteolin Anti-oxidant activity (Luteolin showed a 49% DPPH radical scavenging potential) Habtamu and Melaku
(2018)

Its strong capacity to scavenge free radicals and decrease HT-29 cell viability with an = Djeujo et al. (2023)
ICsp of 22.2 uM, respectively, indicate its antioxidant and anti-cancer properties

Isorhamnetin Antioxidant capacity notably reduced lipid peroxidation by 80% and scavenged the  Habtamu and Melaku
DPPH radical by 94%. Moreover, it exhibited antibacterial activity against Gram (2018)
positive and negative bacteria at a concentration of 1 mg/mL, with an inhibition zone
ranging from 9 to 14 mm

Glucuronolactone Anti-helminthiceffect:witha total paralysis and death periods (in minutes) of 154, 85, | IfedibaluChukwu et al.

and 53 against adult Eisenia foetida, the anti-helminthic efficacy was found to be less
effective to that of the conventional treatment (albendazole) at 30, 50, and 70 mg, which
was 17, 11 and 8 min. Moreover demonstrated a certain amount of anti-oxidation effect

(2020)

6(3,10p,14p-Trimethylheptadecan-15a-olyl-15-O-f-D-
glucopyranosyl1,5p-olide

1-Heneicosenol O-B-D-glucopyranoside

11a-Hydroxyurs-5,12-dien-28-oic acid-3a,25-olide

Frontiers in Natural Products

Anti-diabetic potency showed a substantial decrease in blood glucose during therapy
and a moderate anti-oxidation impact. Did not exhibit any anti-helminthic activity at
dosages of 30, 50, or 70 mg against adult Eisenia foetida

At doses of 30, 50, and 70 mg, there was a slight antioxidation effect, but no anti-
helminthic alters against adult Eisenia foetida

At doses of 30, 50, and 70 mg, there was a slight antioxidation effect, but no anti-
helminthic alters against adult Eisenia foetida

(Continued on following page)
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IfedibaluChukwu et al.
(2020)

IfedibaluChukwu et al.
(2020)

IfedibaluChukwu et al.
(2020)
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TABLE 5 (Continued) The pharmacological activity of compounds isolated from Vernonia amygdalina.

Isolated compounds

10-Geranilanyl-O-B-D-xyloside

Pharmacological activities References
At doses of 30, 50, and 70 mg, there was a slight antioxidation effect, but no anti- IfedibaluChukwu et al.
helminthic alters against adult Eisenia foetida (2020)

Epivernodalol
(HT-144 cell line)

LC50 of the compound was 22 # 1.2 ug/mL against human melanoma skin cancer cells

Owoeye et al. (2010)

herbal medicine; hence, it is essential to know about and explain the
compounds present in medicinal plants in order to ensure their
successful utilization and preservation. To date, not many
the
pharmacological activity of the isolated chemicals from VA using

investigations have been conducted to evaluate
a variety of in vitro and/or in vivo techniques. Few studies have
reported the anti-inflammatory (Nguyen et al., 2021), antioxidant
(Erasto et al., 2007), antibacterial, antifungal (Erasto et al., 2006),
anti-cancer (Luo et al, 2011), anti-diabetic, and anti-helminthic
(IfedibaluChukwu 2020) of
compounds from VA.

Vernolide and Vernodalol have antioxidant (Erasto et al., 2007;
Djeujo et al,, 2023), antibacterial (Erasto et al., 2006; Habtamu and
Melaku, 2018), and antifungal (Erasto et al, 2006) properties.

Vernodalol'sin silico pharmacokinetics and toxicity profile, as

et al, activities isolated

reported by Djeujo et al. (2023), indicate that the compound could
be a good drug candidate due to its appropriate pharmacokinetic
characteristics. Glucuronolactone, 63,103,143-Trimethylheptadecan-
15a-olyl-15-O-p-D-glucopyranosyll,5p-olide, Vernodalinol, and
Vernonioside V have anti-helmintic healing (IfedibaluChukwu
et al, 2020), anti-diabetic potency (IfedibaluChukwu et al., 2020),
inhibition of breast cancerous cells (Luo et al, 2011), and
inflammation-treating ability (Nguyen et al.,, 2021), respectively.
Four other isolated compounds, Vernoamyoside A, B, C, and D,
demonstrated an anti-inflammatory effect by inhibiting the
production of nitric oxide when tested in vitro in LPS-induced
RAW264.7 macrophages (Quasie et al., 2016). However, luteolin-7-
O-gluc-glucopyranoside, also known as cynaroside, did not show
any effects. Luteolin (Djeujo et al., 2023), isorhamnetin (Habtamu
and Melaku, 2018),6,108,143-Trimethylheptadecan-15a-olyl-15-
O-pB-D-glucopyranosyll,5p-olide, O-B-D-
glucopyranoside, 1la-Hydroxyurs-5,12-dien-28-oic acid-3a,25-
olide, 10-Geranilanyl-O-B-D-xyloside, and Glucuronolactone
(IfedibaluChukwu et al., 2020) also showed antioxidant efficacy.
The toxicity and pharmacokinetics study on luteolin indicates that

1-Heneicosenol

the compound is safe and has adequate pharmacokinetic good
manners (Djeujo et al., 2023). Isorhamnetin also had antibacterial
activity with an inhibition zone of 9-14 mm against gram-positive
and gram-negative bacteria at a 1 mg/mL dose (Habtamu and
Melaku, 2018) (Table 5).

7 General discussion

VA, commonly known as bitter leaf, is a medicinal plant that has
been used traditionally for its therapeutic properties in many
different cultures. This review paper provides emphasis on the
plant’s possible health implications and therapeutic applications
by offering a thorough investigation of its nutritional makeup,
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phytochemical components, and pharmacological activities. VA
has been used traditionally for a variety of medical purposes,
including but not restricted to its supposed antioxidant,
antibacterial, anti-diabetic, anticancer, and anti-inflammatory
effects. A wide range of conditions, from infectious to digestive
issues, have been treated using the plant’s leaves, roots, seeds, and
stems, demonstrating the plant’s adaptable therapeutic profile as a
natural treatment. VA’s nutritional composition is noteworthy as it
is rich in vital nutrients, vitamins, and minerals, all of which support
the plant’s benefits for health. The biological activities and
of the

determined by its phytochemical makeup, which includes

pharmacological ~characteristics plant are mostly
bioactive substances including flavonoids, alkaloids, terpenoids,
and phenolic compounds. By applying phytochemical compound
isolation and analysis from VA, researchers have discovered a
multitude of pharmacological characteristics linked to these
chemicals. These highlight the plant’s potential as a source of
bioactive molecules with therapeutic potential in a variety of
health conditions. These include potential anti-inflammatory
2021), 2007),
antibacterial, antifungal (Erasto et al, 2006), anti-cancer (Luo

et al., 2011), anti-diabetic, and anti-helminthic effects.

(Nguyen et al, antioxidant (Erasto et al,

8 Conclusion

The review provides compiled information about VA’s
therapeutic role, nutritional and phytochemical makeup, and the
pharmacological characteristics of its isolated compounds. Its
chemical and nutritional content offers significant promise for
the prevention and treatment of numerous illnesses, as well as
for enhancing food security being an alternative nutrition.
Different studies investigated various phytochemicals/compounds
from VA that exhibit effective pharmacological activities. Moreover,
several investigations have also shown that the leaves possess
different concentrations of protein, moisture, carbohydrates, ash,
fat, minerals, oils, and vitamins. However, the literature still show
that not many researches’ have been conducted to date to evaluate
the pharmacological activity of the extracted chemicals from VA
using a variety of in vitro and/or in vivo techniques. Consequently,
additional research is still needed to investigate the therapeutic
potential of the phytochemicals and compounds within VA as
well as to address many of the obstacles that still stand in the
path of a meticulous scientific study about their medical uses. This is
because an in-depth knowledge and characterization of the
phytochemicals present in medicinal plants is essential for
efficient usage. Thus, in order to maximize the benefits, bitter
leaf’s safety profile and therapeutic potential must be thoroughly
investigated and evaluated.
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8.1 Limitations

Despite rigorous efforts to collect extensive data, the review’s analysis
may have been limited in scope and depth due to the lack of some data
points. The differences in the study designs, approaches, and reporting
standards of the primary studies included in the review could have had
an impact on the review’s results’ accuracy and consistency.

8.2 Future perspectives

Future studies should clarify the mechanisms of action of
important phytochemicals, carry out clinical trials to support
conventional claims, investigate possible synergistic effects of
compounds, and create standardized formulations for therapeutic
applications as Vernonia amygdalina research continues to
develop. Through the use of multidisciplinary methods and
cooperative projects, there is still hope for utilizing Vernonia
amygdalina’s medicinal properties in contemporary health care.
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