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Abstract

summarized in this article.

Moringa olifera Lam, popularly known as ‘drumstick tree’ is a vital source of many phytochemicals having various
therapeutic properties. The high phenolic content present in the leaves and flowers of this plant is very effective against
liver dysfunction. Almost all plant parts of Moringa contain vitamins, polyphenols, and flavonoids effectively used to
care for anaemia, bronchitis, diarrhoea, asthma, cardiac problems, rheumatism, body aches, diabetes, and many more
diseases. This article will enrich the researcher's knowledge about the active phytochemicals in the Moringa plant parts
and their ethnopharmacological applications against different diseases. The morphological, and taxonomical description
of the plant, the presence of nutrient content, and the extraction procedure of the phytochemicals have also been
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Introduction

Due to nutritional deficiencies in vital nutrients, the great majority of people
in the world experience malnutrition. The Moringa oleifera Lam., (MO) high
resistance to arid conditions also called the "drumstick" or "horseradish" tree,
is a member of the Moringaceae family (2n = 28) and can completely erase
malnutrition and is a cost-effective and accessible source of important
critical nutrients including vitamins, minerals, protein, and essential amino
acids [1].

MO and the thirteen other Moringa species are widely distributed in Arabia,
Africa, India, South America, the Caribbean, and the Pacific Island [2]. They
are supplied to Sudan, the Philippines, Ethiopia, and Florida [ 3]. MO can
grow in tropical rainfall patterns to semi-dry soil and desert [4]. Almost all
parts of the MO like its leaves, flowers, pods, seeds, and bark are used for
various medicinal and therapeutic purposes as these are rich in alkaloids,
flavonoids, tannic acids, steroids, terpenoids, glycosides, saponins, and
essential oils [5-7]. With twice the protein of yogurt, four times the vitamin
A of carrots, three times the potassium of bananas, seven times the vitamin
C of oranges, and four times the calcium of milk, Moringa leaves are
extremely nutrient-dense [8]. MO contains large amounts of flavonoids,
including quercetin, apigenin, kaempferol, and isorhamnetin [9].

One well-known hepatoprotective substance found in MO is quercetin [10].

Within the flavone family, quercetin can either stop or postpone the body's
oxidative deterioration [11]. MO is thought to have protective effects against
hepatopathy as quercetin, a well-known hepatoprotective agent, present in it
[12]. MO is effectively used against cancer, infertility, high blood sugar, high

blood cholesterol, obesity, asthma, fibrosis, helminthiasis, toothache,
bacterial growth, etc., [13-17].

In addition to the plant's physical characteristics, taxonomical details. and
distribution, the current review paper identifies the specific phytochemicals
found in each plant region, their extraction procedure, and their potential for
treating various ailments.

Morphological and Taxonomical description of Moringa oleifera:

MO, a deciduous tree genus of the order Brassicales, family Moringaceae is
widely cultivated in several countries along with its 17 other species [18] M.
oleifera thrives on soil with a pH of 4-9, at altitudes up to 2000 meters, and
at heights ranging from 3 to 12 meters. MO stems can grow to be 20 to 40
cm in diameter, with whitish-grey bark. Furthermore, it’s leaves are green
and usually grow at the terminals of the branches [19]. The tree has fragile
branches having feathery foliage of tripinnate leaves. The leaves are typically
3-compound pinnate, with 4 to 10 pairs of pinnate leaves, 25-75 cm long,
and 3 to 9 opposing smooth whole leaflets; glue seeps out from the base of
the leaflet, leaving a white or milky white translucent egg [20]. Abundant
whitish flowers and elongated drooping fruits with many seeds are found
during flowering and fruiting season. MO flowers are panicle-shaped,
bisexual, and symmetrical on both sides, with fragrant white or creamy
yellow petals. MO seeds are roughly spherical and brown, with three-sided
margins that are covered in membrane white wings. The seeds are also
enclosed in long, slender pods [19, 20].

Nutrient content:
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Furthermore, dried leaves of MO contain 10 times more vitamin A than
carrots, 9 times more protein than yogurt, 25 times more iron than spinach,
17 times more calcium than milk, and 15 times more potassium than bananas
[21]. However, the dried leaves contain half as much vitamin C as oranges.
[22] Studies have demonstrated that MO contains little antinutrients like
saponins, oxalates, phytates, and tannins [23]. MO is popular in many
developing nations due to its high nutrient content and lack of antinutrients.
Surprisingly, fresh MO leaves have more protein, calcium, and potassium
than yogurt, milk, and bananas. Vitamin A levels in MO fresh leaves are four
times higher than in carrots, seven times higher in oranges, four times higher
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in hog meats, and six times higher in rapeseed oil. Furthermore, dried leaves
provide more nutrients than fresh MO leaves [21, 22].

Presence of phytochemicals in MO:

Different plant parts of different Moringa species are rich sources of
phytonutrients of diverse groups like tannin, steroids, glucosinolate,
saponins, flavonoids, etc. which are used to combat various diseases in both
traditional and conventional ways. Still, a total of a hundred and ten
bioactive compounds have been isolated from this plant [22]. Some common
and most useful components have been listed below in tabular form [Table
1].

Name of the
Phytochemical groups

Nature of phytochemicals

Effects of the phytochemicals References

Flavonoids

Flavonoids are a diverse group of
phytochemicals known for their antioxidant
and anti-inflammatory properties. Moringa
contains  several flavonoids including
quercetin, kaempferol, catechins, and rutin.

These compounds contribute to the plant's ability | 24
to scavenge free radicals and reduce oxidative
stress in the body.

Phenolic Acids

Phenolic acids such as chlorogenic acid and
caffeic acid, tannins are abundant in Moringa
leaves and seeds.

These compounds also possess antioxidant | 25
properties and contribute to the plant's overall
antioxidant capacity.

Isothiocyanates

Moringa is rich in various isothiocyanates,
including benzyl isothiocyanate and 4-(a-L-
rhamnopyranosyloxy) benzyl isothiocyanate

26
These compounds have been studied for their
antimicrobial, anti-inflammatory, and potential
anti-cancer effects

Glucosinolates

Glucosinolates are sulfur-containing
compounds found in cruciferous vegetables,
and Moringa is known to contain them as
well

These compounds can be hydrolyzed to form
bioactive compounds like isothiocyanates, | 27
contributing to Moringa's health benefits.

Carotenoids

Moringa leaves are rich in carotenoids,
including  beta-carotene, lutein, and
zeaxanthin.

Carotenoids are important antioxidants that
contribute to eye health and overall antioxidant | 28
defence

Triterpenoids

Moringa leaves contain lutein, Z-lutein,
luteoxanthin, E-Zeaxanthin like terpenoids

MO contains various triterpenoids, which have
been studied for their anti-inflammatory and | 29
hepatoprotective properties.

Alkaloids

N, a-L-rhamnopyranosyl vincosamide (VR),
Glycosides of pyrrole alkaloid are the most
common alkaloid present in Moringa leaves

While less studied compared to other compounds,
alkaloids are also present in Moringa and may | 30
contribute to its pharmacological properties. It
helps protecting cardiovascular diseases

Chlorogenic acid

Helps in lowering high cholesterol and blood
glucose, prevents obesity and fight against some | 31
carcinogenic gene expression

Table I: A list of some common phytochemicals present in MO along with their chemical nature and effects

Methods of Extraction of Phytochemicals:

Various methods are used to extract phytochemicals from MO to separate
and concentrate these beneficial substances for further research or
application in food, pharmaceutical, or other industries. Here are some
commonly used extraction methods:

1. Solvent Extraction: This conventional approach involves
combining dried Moringa plant material (e.g., leaves, seeds, or
bark) with an appropriate solvent (e.g., ethanol, methanol, water)
to dissolve the phytochemicals. The mixture is then filtered to
separate the solvent extract with the desired chemicals from the
solid residue. The solvent can be evaporated under lower
pressure to get a concentrated extract. Carotenoids and
chlorogenic acids present in MO are extracted by this method
[32].

2. Steam distillation: It is commonly used to extract essential oils
from Moringa seeds or leaves, which contain volatile
phytochemicals like terpenes. Steam passes through the plant
material, bringing the volatile compounds with it. The steam is
subsequently condensed, and the essential oil separates from the
resulting water [33].

3. Supercritical Fluid Extraction (SFE): Using carbon dioxide
(CO2) as the solvent, plant material is subjected to supercritical
conditions (high pressure and temperature), causing CO2 to
behave as both a gas and liquid [34]. This approach is selective,
allowing for the extraction of certain phytochemicals while
avoiding heat-sensitive molecules. Using this technique total
phenols can be isolated [35, 36].

4. Microwave-assisted extraction (MAE): It employs microwave
radiation to heat the solvent and speed up the extraction process.
It can be faster than typical solvent extraction and may increase
the output of specific phytochemicals [37-39].

5. Ultrasound-Assisted Extraction (UAE): Ultrasonic waves
agitate the solvent and improve its penetration into plant
material, increasing extraction efficiency. UAE is well-known
for its efficiency and shorter extraction times when compared to
traditional methods. Total flavonoids including polyphenols
present in Moringa are extracted via this technique [40, 41].

6. Pressurized Liquid Extraction (PLE): This process, also
known as accelerated solvent extraction (ASE), uses high
temperatures and pressures to enhance phytochemical solubility



International Journal of Biomed Research

in the solvent. It can be mechanized and is effective in extracting
a wide variety of chemicals [42].

7. Solid-Phase Extraction (SPE): It passes a liquid extract
through a solid sorbent material, such as silica gel or activated
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carbon, to selectively retain and concentrate particular
phytochemicals. This procedure is commonly used for
purification and concentration following initial extraction [43].
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Therapeutical potency of M. oliefera:
MO performed various therapeutic activities against different diseases.
Anticancer Activity

Moringa's fruits, leaves, flowers, and stems have all been found to be
effective in the fight against cancer, a terrible disease. Moringa's isolated
components thiocarbamate and isothiocyanate suppress tumour cell growth
[44, 45]. The dichloromethane fraction was cytotoxic to MCF7 breast cancer
cells [46]. Niazimincin has been proposed as a potent chemopreventive agent
in chemical carcinogenesis [47]. In the melanoma mouse model, alcoholic
and hydro-methanolic extracts of fruits and leaves significantly inhibited
tumor growth [48]. Soluble cold distilled Moringa water suppressed tumor
cell development and decreased ROS (reactive oxygen species) in cancer
cells [49]. A recent study based on computational modeling reveals that MO
has rutin with the highest binding affinity to BRAC-1 (Breast Cancer Gene-
1) [50].

Fertility and Antifertility Activity:

Moringa's many portions also have fertilization and abortion-inducing
characteristics, which adds to its list of benefits. The aqueous extract at doses
of 200 and 400 mg/kg has been shown to have higher abortifacient and anti-
fertility effects. Recent research on hot and cold extracts of MO leaves
suggests that consuming Moringa before, after, or during pregnancy may
harm fetal development by promoting severe constriction of the uterine wall
[51].

Cardiovascular activity:

The freeze-dried aqueous and alcoholic extracts of MO showed
cardioprotective action in mice induced with myocardial infarction by
isoproterenol [52]. Chronic therapy with MO enhanced isoproterenol-
induced hemodynamics and enzyme levels such as SOD, catalase, lactase
dehydrogenase, glutathione peroxidase, and creatine kinase. Butanolic
extract is an excellent source of antioxidants in rats with isoproterenol-
induced cardiac necrosis. The chemical N-a-rhamnopyranosyl vincosamide
has greatly reduced inflammation and cardiac necrosis [52]. Moringa leaves
drastically reduce cholesterol levels by protecting hypertensive rats. The
active elements responsible for this activity were identified as niazirmin A,
niazirimin B, and niazimincin [53].

Caroteny

Figure 1: Diagrammetic representation of some phytochemicals extracted from different parts of MO

Oxidative Stress

MO produced effects in mice that had been stimulated with methotrexate.
The study aims to investigate the potential palliative effect of MO extract on
mice. The mice were given the extract one week before receiving a
methotrexate injection, and the treatment was continued for 12 days. The
study found that pretreatment with an MO extract on mice poisoned with
methotrexate could protect them from oxidative stress [54]. The antioxidant
activity of ethanolic extract M. oleifera stems protected keratinocytes from
epidermal oxidative stress injury caused by H202. The results demonstrated
that the stems have antioxidant capacity, making them a good and
preventative source in animal epidermal oxidative stress injury [55].

Anti-ulcer/gastroprotective Activity:

Moringa leaves contain bisphenols and flavonoids, which lower ulcer index,
duodenal ulcer, and stress ulcer in an ibuprofen-induced stomach ulcer model
[56]. Moringa extract has been found to decrease free radicals, neutralize
acidic gastric juice, and prevent stomach ulcers [57]. Flavonoids found in
plants can protect against ulcer formation by enhancing capillary resistance
and boosting microcirculation, leading to less cell harm [58].

Anti-obesity activity:

A study demonstrated that oral therapy with MO leaf powder for 49 days
effectively reduced body mass index (BMI) in rats suffering from
Hypercholesterolemia [59]. In rats, down regulation of mMRNA expression of
resistin and leptin led to increased regulation of adiponectin. A recent study
found that MO has an anti-obesity impact through a specific mechanism. The
plant helped reduce body weight and enhance lipid profile. It controlled
genes related to adipogenesis, improved glucose tolerance, and lowered
hormone levels such as vaspin, leptin, and resistin [60].

Antimicrobial and Antifungal effects:

The water-soluble seed lectin and phenolic extract of MO seed flour are
highly sensitive to Escherichia coli and Staphylococcus aureus [61, 62].
Arora and Onsare in 2014 experimentally proved that the flavonoids and
diterpenoids of MO pod husks have antibacterial and antifungal properties
against both Gram-positive and Gram-negative bacteria and yeast [63]. One
year later they also showed that the flavonoid extract of seeds is effective
against the growth of Pseudomonas aeruginosa, Staphylococcus
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aureus, and Candida albicans [64]. In vitro, ethanol extracts show antifungal
properties against dermatophytes, including Microsporum canis,
Epidermophyton floccosum, Trichophyton rubrum, and Trichophyton
mentagrophytes [65].

Mechanism of actions of MO extract:

Numerous studies on MO have uncovered the functions and activities of
several phytochemicals that have been isolated from various MO sections.
Different possible ways of action of the phytochemicals have been
thoroughly investigated by molecular-level investigations. Some of these
effects with supporting data have been included below.

Failure of guanylyl cyclase activation does not initiate any biological
repercussions. This fact causes a rise in the production of cyclic guanosine
monophosphate (cGMP), which in turn triggers the activation of certain
proteins, leading to various effects such as endothelial permeability,
relaxation of smooth muscles, cardiac defence, and neural plasticity [66].
Extracts from M. oleifera reduced phosphodiesterase 5 (PDE-5) enzyme
activity which in turn can stop cGMP activity [67]. The ability of medicinal
plant extracts, particularly those with high flavonoid concentrations, to
suppress PDE-5 activity was demonstrated in earlier studies [64]. Therefore,
the essential flavonoid concentration of MO extract may be linked to its
capacity to inhibit PDE-5 activity [69].

Furthermore, another study demonstrated the anti-atherosclerotic and
hypolipidemic properties of MO leaves [70]. Serum malondialdehyde
(MDA) levels are directly linked to atherosclerosis, a chronic inflammatory
disease. An increase in oxygen radical levels is indicated by a rise in serum
MDA.. Therefore, endothelial cell damage is a crucial first step in the
pathophysiology of atherosclerosis. The pathophysiology of atherosclerosis
starts with "fatty streak™ lesions, which are caused by a buildup of high levels
of cholesterol and cholesteryl esters in macrophage "foam" cells found in the
artery's intima [71].

Another study revealed that the extract from MO leaves dramatically
inhibited the growth and formation of atherosclerotic plaque. It's interesting
to note that the extract's ability to stop atherosclerotic plaque from forming
was very similar to that of simvastatin, an oral antilipemic drug that is a
member of the statin class of drugs and is primarily used to control abnormal
lipid levels by preventing the liver's inherent generation of cholesterol [72].

Oxidative stress markers like MDA, Hydrogen peroxide, and protein
carbonyl were markedly decreased in the heart, liver, and kidney after
treatment with the MO extract. A study with diabetic people who received
MO extract treatment showed an increased rate of antioxidants than those
without treatment [73]. The histologies of the liver and pancreas showed
necrotic spots, congestion, and varying degrees of inflammatory cell
infiltration. In those treated with Moringa, these tissue damages were minor.
Additionally, MO extract increased the expression of glucose transporter 4
(GLUT 4), which is important for correcting insulin resistance like that of
the common antidiabetic drug pioglitazone [73].

By expanding colons, reducing colon weight/length ratios, and attenuating
disease activity index (DAI) scores, MO seed extract reduced the severity of
colitis [74]. Additionally, in cases of acute UC, the extract decreased
intestinal damage and histological scores. In both acute and chronic colitis,
it reduced the colon's production of pro-inflammatory cytokines, including
myeloperoxidase (MPO), nitric oxide (NO), and TNF-a [75]. It has been
demonstrated that M. oleifera seed extract treatment lowers fecal lipocalin-
2, downregulates the gene expression of pro-inflammatory interleukin (IL)-
1, IL-6, TNF-a, and inducible iNOS, and increases the expression of claudin-
1 and ZO-1 in both acute and chronic colitis. It also has been shown to
increase the expression of GSTP1, a Nrf2 key mediator of phase Il
detoxifying enzyme, in chronic UC [75].

Quercetin, an important phytochemical present in MO can reduce the gnes
associated with lipogenesis and by reducing fatty acid oxidation it can
decrease steatosis [76]. It has experimentally proved that both chlorogenic
acid and quercetin present in MO extract can modify gene expression and
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regulation of hepatic triglyceride and cholesterol synthesis and accumulation
[77, 78].

Concluding remarks:

This review article concludes that due to rich phytonutrient concentration,
the MO plant is a natural integrator for treating different therapeutic issues
and malnutrition. According to phytochemical analyses, various plant parts
of MO are a rich source of primary and secondary metabolites.
Pharmacological research validated the usage of the plant's nutraceutical
qualities and ability to treat a variety of illnesses, demonstrating bioactivities
such as antioxidant activity, antibacterial and anticancer qualities,
antifertility, antidiabetic properties, reducing blood cholesterol, and
antihypertensive effects, etc. Further exploitation of phytochemicals from
this magic plant will explore new roles in therapeutics and the latest
discoveries at the biochemical and molecular level will introduce a new era
in scientific convergence soon.

References:

1. Saini, R. K., Sivanesan, I, & Keum, Y. S. (2016).
Phytochemicals of Moringa oleifera: a review of their
nutritional,  therapeutic and industrial  significance. 3
Biotech, 6(2), 203.

2. Olson, M.E.; Fahey, JW. (2011). Moringa oleifera: Un &rbol
multiusos para las zonas tropicales secas. Rev. Mex.
Biodivers, 82, 1071-1082.

3. Olson, M.E. Moringaceae. (2010). In Flora of North America
North of Mexico. Flora N. Am. Assoc., 7, 167-169.

4. Yadava, U.L. (1996). Exotic horticultural plants with
commercial potential in the United States market: Introduction
to the workshop. HortScience, 31, 764-765.

5. Fahey, JW. (2017). Moringa oleifera: A review of the medicinal
potential. Acta Hortic., 1158, 209-224.

6. Renityas, N.N. (2018). The Effectiveness of Moringa Leaves
Extract and Cancunpoint Massage Towards Breast Milk VVolume
on Breastfeeding Mothers. J. Ners Kebidanan (J. Ners
Midwifery), 5, 150-153.

7.  Fahey, J.R. (2016). Microbiological monitoring of laboratory
mice. Genet. Eng. Mice Handb., 157-164.

8. Bazrafshan, E., Mostafapour, F. K., Faridi, H., and Zazouli, M.
A. (2012). Application of Moringa peregrina seed extract as a
natural coagulant forphenol removal from aqueous solutions.
Afr. J. Biotechnol. 11, 16758-6766.

9. Bhattacharya A, Tiwari P, Sahu P, Kumar S. (2018) A review of
the phytochemical and pharmacological characteristics of
Moringa oleifera. J Pharm Bioallied Sci. 10:181-191.

10. Pingili R, Pawar A, Research S. (2019) Quercetin reduced the
formation of N-acetylp- benzoquinone imine, a toxic metabolite
of paracetamol in rats and isolated rat hepatocytes. Wiley Online
Libr. 33:1770-1783.

11. Lesjak M, Beara I, Simin N, Pinta’c D,Majki’c T, Bekvalac K,
et al. (2018) Antioxidant and anti-inflammatory activities of
quercetin and its derivatives. J Funct Foods. 40:68-75.

12. Zhao L, Wang H, Du X. (2021) The therapeutic use of quercetin
in ophthalmology: recent applications. Biomed Pharmacother.
137:111371.

13. Choudhary M.K., Bodakhe S.H., Gupta S.K. (2013).
Assessment of the antiulcer potential of Moringa oleifera root-
bark extract in rats. J. Acupunct. Meridian Stud.; 6:214-220.

14. Posmontier B. (2011). The medicinal qualities of Moringa
oleifera. Holist. Nurs. Pr.; 25:80-87.

15. Aekthammarat D., Pannangpetch P., Tangsucharit P. (2019).
Moringa oleifera leaf extract lowers high blood pressure by
alleviating vascular dysfunction and decreasing oxidative stress
in L-NAME hypertensive rats. Phytomedicine.; 54:9-16.

16. Tayo G.M., Pone G.W., Komtangi M.C., Yondo G., Ngangout
A.M., Mbida M. (2014). Anthelminthic Activity of Moringa
oleifera Leaf Extracts Evaluated in Vitro on Four Developmental


https://link.springer.com/article/10.1007/s13205-016-0526-3
https://link.springer.com/article/10.1007/s13205-016-0526-3
https://link.springer.com/article/10.1007/s13205-016-0526-3
https://link.springer.com/article/10.1007/s13205-016-0526-3
https://www.scielo.org.mx/scielo.php?pid=s1870-34532011000400001&scr
https://www.scielo.org.mx/scielo.php?pid=s1870-34532011000400001&scr
https://www.scielo.org.mx/scielo.php?pid=s1870-34532011000400001&scr
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Olson%2C+M.E.+Moringaceae.+%282010%29.+In+Flora+of+North+America+North+of+Mexico.%C2%A0Flora+N.+Am.+Assoc.%2C%C2%A07%2C+167-169.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Olson%2C+M.E.+Moringaceae.+%282010%29.+In+Flora+of+North+America+North+of+Mexico.%C2%A0Flora+N.+Am.+Assoc.%2C%C2%A07%2C+167-169.+&btnG=
https://journals.ashs.org/hortsci/view/journals/hortsci/31/5/article-p764.xml
https://journals.ashs.org/hortsci/view/journals/hortsci/31/5/article-p764.xml
https://journals.ashs.org/hortsci/view/journals/hortsci/31/5/article-p764.xml
https://www.actahort.org/books/1158/1158_25.htm
https://www.actahort.org/books/1158/1158_25.htm
https://pdfs.semanticscholar.org/4366/99e2f9f17f894ae01428b5dbb078396e6898.pdf
https://pdfs.semanticscholar.org/4366/99e2f9f17f894ae01428b5dbb078396e6898.pdf
https://pdfs.semanticscholar.org/4366/99e2f9f17f894ae01428b5dbb078396e6898.pdf
https://pdfs.semanticscholar.org/4366/99e2f9f17f894ae01428b5dbb078396e6898.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Fahey%2C+J.R.+%282016%29.+Microbiological+monitoring+of+laboratory+mice.+Genet.+Eng.+Mice+Handb.%2C+157-164.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Fahey%2C+J.R.+%282016%29.+Microbiological+monitoring+of+laboratory+mice.+Genet.+Eng.+Mice+Handb.%2C+157-164.&btnG=
https://www.ajol.info/index.php/ajb/article/view/130041
https://www.ajol.info/index.php/ajb/article/view/130041
https://www.ajol.info/index.php/ajb/article/view/130041
https://www.ajol.info/index.php/ajb/article/view/130041
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Pingili+R%2C+Pawar+A%2C+Research+S.+%282019%29+Quercetin+reduced+the+formation+of+N-acetylp-+benzoquinone+imine%2C+a+toxic+metabolite+of+paracetamol+in+rats+and+isolated+rat+hepatocytes.%C2%A0Wiley+Online+Libr.+33%3A1770-1783.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Pingili+R%2C+Pawar+A%2C+Research+S.+%282019%29+Quercetin+reduced+the+formation+of+N-acetylp-+benzoquinone+imine%2C+a+toxic+metabolite+of+paracetamol+in+rats+and+isolated+rat+hepatocytes.%C2%A0Wiley+Online+Libr.+33%3A1770-1783.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Pingili+R%2C+Pawar+A%2C+Research+S.+%282019%29+Quercetin+reduced+the+formation+of+N-acetylp-+benzoquinone+imine%2C+a+toxic+metabolite+of+paracetamol+in+rats+and+isolated+rat+hepatocytes.%C2%A0Wiley+Online+Libr.+33%3A1770-1783.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Pingili+R%2C+Pawar+A%2C+Research+S.+%282019%29+Quercetin+reduced+the+formation+of+N-acetylp-+benzoquinone+imine%2C+a+toxic+metabolite+of+paracetamol+in+rats+and+isolated+rat+hepatocytes.%C2%A0Wiley+Online+Libr.+33%3A1770-1783.+&btnG=
https://www.sciencedirect.com/science/article/pii/S1756464617306588
https://www.sciencedirect.com/science/article/pii/S1756464617306588
https://www.sciencedirect.com/science/article/pii/S1756464617306588
https://www.sciencedirect.com/science/article/pii/S0753332221001566
https://www.sciencedirect.com/science/article/pii/S0753332221001566
https://www.sciencedirect.com/science/article/pii/S0753332221001566
https://www.sciencedirect.com/science/article/pii/S2005290113001544
https://www.sciencedirect.com/science/article/pii/S2005290113001544
https://www.sciencedirect.com/science/article/pii/S2005290113001544
https://journals.lww.com/hnpjournal/fulltext/2011/03000/the_medicinal_qualities_of_moringa_oleifera.6.aspx
https://journals.lww.com/hnpjournal/fulltext/2011/03000/the_medicinal_qualities_of_moringa_oleifera.6.aspx
https://www.sciencedirect.com/science/article/pii/S0944711318305440
https://www.sciencedirect.com/science/article/pii/S0944711318305440
https://www.sciencedirect.com/science/article/pii/S0944711318305440
https://www.sciencedirect.com/science/article/pii/S0944711318305440
https://www.scirp.org/html/22-2601438_46194.htm
https://www.scirp.org/html/22-2601438_46194.htm
https://www.scirp.org/html/22-2601438_46194.htm

International Journal of Biomed Research

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Stages of Haemonchus contortus from Goats. AJPS.; 5:1702-
1710.

Hannan M.A., Kang J.Y., Mohibbullah M., Hong Y.K., Lee H.,
Choi J.S., Choi LI.S., Moon 1.S. (2014). Moringa oleifera with
promising neuronal survival and neurite outgrowth promoting
potentials. J. Ethnopharmacol.; 152:142-150.

Mallenakuppe R., Homabalegowda H., Gouri M.D., Basavaraju
P.S., Chandrashekharaiah U.B. (2019). History, Taxonomy and
Propagation of Moringa oleifera-A Review. Int. J. Life Sci.;
5:2322-23217.

Chaudhary K., Chourasia S. (2017). Nutraceutical properties of
Moringa oleifera: A review. EJPMR.; 4:646-655.

Olson, M.E.; Fahey, JW. (2011). Moringa oleifera: Un arbol
multiusos para las zonas tropicales secas. Rev. Mex. Biodivers,
82, 1071-1082

Sultana S. (2020). Nutritional and functional properties
of Moringa oleifera. Metabol Open.; 8:100061.

Anwar F., Latif S., Ashraf M., Gilani A.H. (2007). Moringa
oleifera: a food plant with multiple medicinal uses. Phytother
Res, Phytotheraphy research: PT.;21:17-25.

Islam Z, Islam SMR, Hossen F, Mahtab-Ul-Islam K, Hasan MR,
Karim R. (2021). Moringa oleiferais a Prominent Source of
Nutrients with Potential Health Benefits. Int J Food Sci. 10;
2021:6627265.

Saini RK, Sivanesan |, Keum YS. (2016). Phytochemicals of
Moringa oleifera: a review of their nutritional, therapeutic and
industrial significance. 3 Biotech.;6(2):203.
Starzynska-Janiszewska A, Stodolak B, Ferndndez-Fernandez
C, Mickowska B, Verardo V, (2022). Gomez-Caravaca AM.
Phenolic Profile, Antioxidant Activity and Amino Acid
Composition of Moringa Leaves Fermented with Edible Fungal
Strains. Foods. 22;11(23):3762.

Borgonovo G, De Petrocellis L, Schiano Moriello A, Bertoli S,
Leone A, Battezzati A, Mazzini S, Bassoli A. Moringin, (2020).
A Stable Isothiocyanate from Moringa oleifera, Activates the
Somatosensory and Pain Receptor TRPA1 Channel In Vitro.
Molecules. 22;25(4):976.

Lopez-Rodriguez, N. A., Gaytan-Martinez, M., de la Luz Reyes-
Vega, M., & Loarca-Pifia, G. (2020). Glucosinolates and
Isothiocyanates from Moringa oleifera: Chemical and Biological
Approaches. Plant foods for human nutrition (Dordrecht,
Netherlands), 75(4), 447-457.

Muteeb G, Aatif M, Farhan M, Alsultan A, Alshoaibi A, Alam
MW. (2023). Leaves of Moringa oleifera Are Potential Source
of Bioactive Compound f-Carotene: Evidence from In Silico
and Quantitative Gene Expression Analysis. Molecules.
7;28(4):1578.

Bhattacharya A, Tiwari P, Sahu PK, Kumar S. (2018). A Review
of the Phytochemical and Pharmacological Characteristics
of Moringa oleifera. J Pharm Bioallied Sci. 10(4):181-191.

Xie J, Peng LJ, Yang MR, Jiang WW, Mao JY, Shi CY, Tian Y,
Sheng J. (2021). Alkaloid Extract of Moringa oleifera Lam.
Exerts Antitumor Activity in Human Non-Small-Cell Lung
Cancer via Modulation of the JAK2/STAT3 Signaling Pathway.
Evid Based Complement Alternat Med.:5591687.

Hamad, R. S., El Sherif, F., Al Abdulsalam, N. K., & Abd EI-
Moaty, H. I. (2023). Chlorogenic acid derived from Moringa
oleifera leaf as a potential antiinflammatory agent against
cryptosporidiosis in mice. Tropical biomedicine, 40(1), 45-54.
Chévez-Gonzélez, M. L.; Sepulveda, L.; Verma, D. K.; Luna-
Garcia, H. A.; Rodriguez-Duran, L. V.; llina, A.;Aguilar, C. N.
(2020). Conventional and Emerging Extraction Processes of
Flavonoids. Processes., 8(4), 434.

Haykal, et al. (2024), Extraction of Essential Oil fromMoringa
Oleifera Leaves Using Steam Distillation and Soxhlet Extraction
Method Jurnal Teknik Kimia dan Lingkungan, 8(1).
Rodriguez-Pérez, C.; Mendiola, J.; Quirantes-Piné, R.; Ibéafiez,
E.; Segura-Carretero, A. (2016). Green Downstream Processing

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 5 of 7

Using Supercritical Carbon Dioxide, CO2-Expanded Ethanol
and Pressurized Hot Water Extractions for Recovering Bioactive
Compounds from Moringa Oleifera Leaves. J. Supercrit.
Fluids., 116(open in a new window), 90-100.

Belo, Y. N.; Al-Hamimi, S.; Chimuka, L.; Turner, C. (2019).
Ultrahigh-Pressure  Supercritical ~ Fluid Extraction and
Chromatography of Moringa Oleifera and Moringa Peregrina
Seed Lipids. Anal. Bioanal. Chem. 411(open in a new
window)(16(open in a new window)), 3685-3693.

Abhari, K.; Khaneghah, A. M. (2020). Alternative Extraction
Techniques to Obtain, Isolate and Purify Proteins and Bioactive
from Aquaculture and By-Products. In Advances in Food and
Nutrition Research Aquaculture and By-Products: Challenges
and Opportunities in the Use of Alternative Protein Sources and
Bioactive Compounds, -. 35-52.

Anokwuru C.P., Anyasor G.N., Ajibaye O., Fakoya O.,
Okebugwu P. (2011). Effect of extraction solvents on phenolic,
flavonoid and antioxidant activities of three nigerian medicinal
plants. Nat. Sci. 9:53-61.

Bagade, S. B.; Patil, M. (2022). Recent Advances in Microwave
Assisted Extraction of Bioactive Compounds from Complex
Herbal Samples: A Review. Crit. Rev. Anal. Chem., 138-149.
Asaf, S.; Lubna; Asif, S.; Kim, K. M. Bioactivity and
Therapeutic Potential of Kaempferol and Quercetin: New
Insights for Plant and Human Health. Plants. 2623.

Routray, W.; Orsat, V. (2011). Microwave-Assisted Extraction
of Flavonoids: A Review. Food Bioprocess. Technol., 409-424.
Dadi, D. W.; Emire, S. A.; Hagos, A. D.; Eun, J. B. (2019).
Effect of Ultrasound-Assisted Extraction of Moringa
Stenopetala Leaves on Bioactive Compounds and Their
Antioxidant Activity. Food Technol. Biotechnol., 77-86.
Khataei, M. M., Epi, S. B. H., Lood, R., Spégel, P., Yamini, Y.,
& Turner, C. (2022). A review of green solvent extraction
techniques and their use in antibiotic residue analysis. Journal of
pharmaceutical and biomedical analysis, 209, 114487.

Xochitl Aparicio-Fernandez, Gad G. Yousef, Guadalupe Loarca-
Pina, Elvira de Mejia, and Mary Ann Lila, (2005).
Characterization of Polyphenolics in the Seed Coat of Black
Jamapa Bean (Phaseolus vulgaris L.) Journal of Agricultural and
Food Chemistry 53 (11), 4615-4622.

Guevara, A.P.; Vargas, C.; Sakurai, H.; Fujiwara, Y.
Hashimoto, K.; Maoka, T.; Kozuka, M.; Ito, Y.; Tokuda, H.;
Nishino, H. (1999). An antitumor promoter from Moringa
oleifera Lam. Mutat. Res. 440, 181-188.

Parvathy, M.V.S.; Umamaheshwari, A. (2007). Cytotoxic Effect
of Moringa oleifera Leaf Extracts on Human Multiple Myeloma
Cell Lines. Trends Medical Res., 2, 44-50.

Mohd Fisall, U.F.; Ismail, N.Z.; Adebayo, l.A.; Arsad, H.
(2021). Dichloromethane fraction of Moringa oleifera leaf
methanolic extract selectively inhibits breast cancer cells
(MCF7) by induction of apoptosis via upregulation of Bax, p53
and caspase 8 expressions. Mol. Biol. Rep., 48, 4465-4475.
Upadhyay, P.; Yadav, M.K.; Mishra, S.; Sharma, P.; Purohit, S.
(2015). Moringa oleifera: A review of the medical evidence for
its nutritional and pharmacological properties. Int. J. Res.
Pharm. Sci., 5, 12-16.

Bhattacharya, A.; Tiwari, P.; Sahu, P.K.; Kumar, S. (2018). A
review of the phytochemical and pharmacological
characteristics of Moringa oleifera. J. Pharm. Bioallied Sci., 10,
181-191.

Bhattacharya, A.; Tiwari, P.; Sahu, P.K.; Kumar, S. (2018). A
review of the phytochemical and pharmacological
characteristics of Moringa oleifera. J. Pharm. Bioallied Sci., 10,
181-191.

Bhattacharya, A.; Tiwari, P.; Sahu, P.K.; Kumar, S. (2018). A
review of the phytochemical and pharmacological
characteristics of Moringa oleifera. J. Pharm. Bioallied Sci., 10,
181-191.


https://www.scirp.org/html/22-2601438_46194.htm
https://www.scirp.org/html/22-2601438_46194.htm
https://www.sciencedirect.com/science/article/pii/S0378874113009185
https://www.sciencedirect.com/science/article/pii/S0378874113009185
https://www.sciencedirect.com/science/article/pii/S0378874113009185
https://www.sciencedirect.com/science/article/pii/S0378874113009185
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mallenakuppe+R.%2C+Homabalegowda+H.%2C+Gouri+M.D.%2C+Basavaraju+P.S.%2C+Chandrashekharaiah+U.B.+%282019%29.++History%2C+Taxonomy+and+Propagation+of+Moringa+oleifera-A+Review.%C2%A0Int.+J.+Life+Sci.%3B+5%3A2322-2327.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mallenakuppe+R.%2C+Homabalegowda+H.%2C+Gouri+M.D.%2C+Basavaraju+P.S.%2C+Chandrashekharaiah+U.B.+%282019%29.++History%2C+Taxonomy+and+Propagation+of+Moringa+oleifera-A+Review.%C2%A0Int.+J.+Life+Sci.%3B+5%3A2322-2327.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mallenakuppe+R.%2C+Homabalegowda+H.%2C+Gouri+M.D.%2C+Basavaraju+P.S.%2C+Chandrashekharaiah+U.B.+%282019%29.++History%2C+Taxonomy+and+Propagation+of+Moringa+oleifera-A+Review.%C2%A0Int.+J.+Life+Sci.%3B+5%3A2322-2327.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mallenakuppe+R.%2C+Homabalegowda+H.%2C+Gouri+M.D.%2C+Basavaraju+P.S.%2C+Chandrashekharaiah+U.B.+%282019%29.++History%2C+Taxonomy+and+Propagation+of+Moringa+oleifera-A+Review.%C2%A0Int.+J.+Life+Sci.%3B+5%3A2322-2327.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%C2%A0Chaudhary+K.%2C+Chourasia+S.+%282017%29.+Nutraceutical+properties+of+Moringa+oleifera%3A+A+review.%C2%A0EJPMR.%3B+4%3A646-655.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%C2%A0Chaudhary+K.%2C+Chourasia+S.+%282017%29.+Nutraceutical+properties+of+Moringa+oleifera%3A+A+review.%C2%A0EJPMR.%3B+4%3A646-655.&btnG=
https://www.scielo.org.mx/scielo.php?pid=s1870-34532011000400001&scr
https://www.scielo.org.mx/scielo.php?pid=s1870-34532011000400001&scr
https://www.scielo.org.mx/scielo.php?pid=s1870-34532011000400001&scr
https://www.sciencedirect.com/science/article/pii/S2589936820300414
https://www.sciencedirect.com/science/article/pii/S2589936820300414
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.2023
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.2023
https://onlinelibrary.wiley.com/doi/abs/10.1002/ptr.2023
https://onlinelibrary.wiley.com/doi/abs/10.1155/2021/6627265
https://onlinelibrary.wiley.com/doi/abs/10.1155/2021/6627265
https://onlinelibrary.wiley.com/doi/abs/10.1155/2021/6627265
https://onlinelibrary.wiley.com/doi/abs/10.1155/2021/6627265
https://link.springer.com/article/10.1007/s13205-016-0526-3
https://link.springer.com/article/10.1007/s13205-016-0526-3
https://link.springer.com/article/10.1007/s13205-016-0526-3
https://www.mdpi.com/2304-8158/11/23/3762
https://www.mdpi.com/2304-8158/11/23/3762
https://www.mdpi.com/2304-8158/11/23/3762
https://www.mdpi.com/2304-8158/11/23/3762
https://www.mdpi.com/2304-8158/11/23/3762
https://www.mdpi.com/1420-3049/25/4/976
https://www.mdpi.com/1420-3049/25/4/976
https://www.mdpi.com/1420-3049/25/4/976
https://www.mdpi.com/1420-3049/25/4/976
https://www.mdpi.com/1420-3049/25/4/976
https://www.mdpi.com/1420-3049/25/4/976
https://www.mdpi.com/1420-3049/25/4/976
https://www.mdpi.com/1420-3049/25/4/976
https://www.mdpi.com/1420-3049/25/4/976
https://www.mdpi.com/1420-3049/25/4/976
https://www.mdpi.com/1420-3049/28/4/1578
https://www.mdpi.com/1420-3049/28/4/1578
https://www.mdpi.com/1420-3049/28/4/1578
https://www.mdpi.com/1420-3049/28/4/1578
https://www.mdpi.com/1420-3049/28/4/1578
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://onlinelibrary.wiley.com/doi/abs/10.1155/2021/5591687
https://onlinelibrary.wiley.com/doi/abs/10.1155/2021/5591687
https://onlinelibrary.wiley.com/doi/abs/10.1155/2021/5591687
https://onlinelibrary.wiley.com/doi/abs/10.1155/2021/5591687
https://onlinelibrary.wiley.com/doi/abs/10.1155/2021/5591687
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hamad%2C+R.+S.%2C+El+Sherif%2C+F.%2C+Al+Abdulsalam%2C+N.+K.%2C+%26+Abd+El-Moaty%2C+H.+I.+%282023%29.+Chlorogenic+acid+derived+from+Moringa+oleifera+leaf+as+a+potential+antiinflammatory+agent+against+cryptosporidiosis+in+mice.%C2%A0Tropical+biomedicine%2C%C2%A040%281%29%2C+45-54.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hamad%2C+R.+S.%2C+El+Sherif%2C+F.%2C+Al+Abdulsalam%2C+N.+K.%2C+%26+Abd+El-Moaty%2C+H.+I.+%282023%29.+Chlorogenic+acid+derived+from+Moringa+oleifera+leaf+as+a+potential+antiinflammatory+agent+against+cryptosporidiosis+in+mice.%C2%A0Tropical+biomedicine%2C%C2%A040%281%29%2C+45-54.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hamad%2C+R.+S.%2C+El+Sherif%2C+F.%2C+Al+Abdulsalam%2C+N.+K.%2C+%26+Abd+El-Moaty%2C+H.+I.+%282023%29.+Chlorogenic+acid+derived+from+Moringa+oleifera+leaf+as+a+potential+antiinflammatory+agent+against+cryptosporidiosis+in+mice.%C2%A0Tropical+biomedicine%2C%C2%A040%281%29%2C+45-54.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hamad%2C+R.+S.%2C+El+Sherif%2C+F.%2C+Al+Abdulsalam%2C+N.+K.%2C+%26+Abd+El-Moaty%2C+H.+I.+%282023%29.+Chlorogenic+acid+derived+from+Moringa+oleifera+leaf+as+a+potential+antiinflammatory+agent+against+cryptosporidiosis+in+mice.%C2%A0Tropical+biomedicine%2C%C2%A040%281%29%2C+45-54.+&btnG=
https://www.mdpi.com/2227-9717/8/4/434
https://www.mdpi.com/2227-9717/8/4/434
https://www.mdpi.com/2227-9717/8/4/434
https://www.mdpi.com/2227-9717/8/4/434
http://jurnal.polinema.ac.id/index.php/jtkl/article/view/4995
http://jurnal.polinema.ac.id/index.php/jtkl/article/view/4995
http://jurnal.polinema.ac.id/index.php/jtkl/article/view/4995
https://www.sciencedirect.com/science/article/pii/S0896844616301188
https://www.sciencedirect.com/science/article/pii/S0896844616301188
https://www.sciencedirect.com/science/article/pii/S0896844616301188
https://www.sciencedirect.com/science/article/pii/S0896844616301188
https://www.sciencedirect.com/science/article/pii/S0896844616301188
https://www.sciencedirect.com/science/article/pii/S0896844616301188
https://link.springer.com/article/10.1007/s00216-019-01850-x
https://link.springer.com/article/10.1007/s00216-019-01850-x
https://link.springer.com/article/10.1007/s00216-019-01850-x
https://link.springer.com/article/10.1007/s00216-019-01850-x
https://link.springer.com/article/10.1007/s00216-019-01850-x
https://link.springer.com/article/10.1007/s00216-019-01850-x
https://www.sciencedirect.com/science/article/pii/S1043452619300841
https://www.sciencedirect.com/science/article/pii/S1043452619300841
https://www.sciencedirect.com/science/article/pii/S1043452619300841
https://www.sciencedirect.com/science/article/pii/S1043452619300841
https://www.sciencedirect.com/science/article/pii/S1043452619300841
https://www.sciencedirect.com/science/article/pii/S1043452619300841
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Anokwuru+C.P.%2C+Anyasor+G.N.%2C+Ajibaye+O.%2C+Fakoya+O.%2C+Okebugwu+P.+%282011%29.++Effect+of+extraction+solvents+on+phenolic%2C+flavonoid+and+antioxidant+activities+of+three+nigerian+medicinal+plants.+Nat.+Sci.+9%3A53-61.%C2%A0&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Anokwuru+C.P.%2C+Anyasor+G.N.%2C+Ajibaye+O.%2C+Fakoya+O.%2C+Okebugwu+P.+%282011%29.++Effect+of+extraction+solvents+on+phenolic%2C+flavonoid+and+antioxidant+activities+of+three+nigerian+medicinal+plants.+Nat.+Sci.+9%3A53-61.%C2%A0&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Anokwuru+C.P.%2C+Anyasor+G.N.%2C+Ajibaye+O.%2C+Fakoya+O.%2C+Okebugwu+P.+%282011%29.++Effect+of+extraction+solvents+on+phenolic%2C+flavonoid+and+antioxidant+activities+of+three+nigerian+medicinal+plants.+Nat.+Sci.+9%3A53-61.%C2%A0&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Anokwuru+C.P.%2C+Anyasor+G.N.%2C+Ajibaye+O.%2C+Fakoya+O.%2C+Okebugwu+P.+%282011%29.++Effect+of+extraction+solvents+on+phenolic%2C+flavonoid+and+antioxidant+activities+of+three+nigerian+medicinal+plants.+Nat.+Sci.+9%3A53-61.%C2%A0&btnG=
https://www.tandfonline.com/doi/abs/10.1080/10408347.2019.1686966
https://www.tandfonline.com/doi/abs/10.1080/10408347.2019.1686966
https://www.tandfonline.com/doi/abs/10.1080/10408347.2019.1686966
https://www.mdpi.com/2223-7747/11/19/2623
https://www.mdpi.com/2223-7747/11/19/2623
https://www.mdpi.com/2223-7747/11/19/2623
https://link.springer.com/article/10.1007/s11947-011-0573-z
https://link.springer.com/article/10.1007/s11947-011-0573-z
https://www.cabidigitallibrary.org/doi/full/10.5555/20193478544
https://www.cabidigitallibrary.org/doi/full/10.5555/20193478544
https://www.cabidigitallibrary.org/doi/full/10.5555/20193478544
https://www.cabidigitallibrary.org/doi/full/10.5555/20193478544
https://www.sciencedirect.com/science/article/pii/S0731708521005987
https://www.sciencedirect.com/science/article/pii/S0731708521005987
https://www.sciencedirect.com/science/article/pii/S0731708521005987
https://www.sciencedirect.com/science/article/pii/S0731708521005987
https://pubs.acs.org/doi/abs/10.1021/jf047802o
https://pubs.acs.org/doi/abs/10.1021/jf047802o
https://pubs.acs.org/doi/abs/10.1021/jf047802o
https://pubs.acs.org/doi/abs/10.1021/jf047802o
https://pubs.acs.org/doi/abs/10.1021/jf047802o
https://www.sciencedirect.com/science/article/pii/S138357189900025X
https://www.sciencedirect.com/science/article/pii/S138357189900025X
https://www.sciencedirect.com/science/article/pii/S138357189900025X
https://www.sciencedirect.com/science/article/pii/S138357189900025X
https://www.cabidigitallibrary.org/doi/full/10.5555/20083013146
https://www.cabidigitallibrary.org/doi/full/10.5555/20083013146
https://www.cabidigitallibrary.org/doi/full/10.5555/20083013146
https://link.springer.com/article/10.1007/s11033-021-06466-y
https://link.springer.com/article/10.1007/s11033-021-06466-y
https://link.springer.com/article/10.1007/s11033-021-06466-y
https://link.springer.com/article/10.1007/s11033-021-06466-y
https://link.springer.com/article/10.1007/s11033-021-06466-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Upadhyay%2C+P.%3B+Yadav%2C+M.K.%3B+Mishra%2C+S.%3B+Sharma%2C+P.%3B+Purohit%2C+S.+%282015%29.+Moringa+oleifera%3A+A+review+of+the+medical+evidence+for+its+nutritional+and+pharmacological+properties.%C2%A0Int.+J.+Res.+Pharm.+Sci.%2C%C2%A05%2C+12-16.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Upadhyay%2C+P.%3B+Yadav%2C+M.K.%3B+Mishra%2C+S.%3B+Sharma%2C+P.%3B+Purohit%2C+S.+%282015%29.+Moringa+oleifera%3A+A+review+of+the+medical+evidence+for+its+nutritional+and+pharmacological+properties.%C2%A0Int.+J.+Res.+Pharm.+Sci.%2C%C2%A05%2C+12-16.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Upadhyay%2C+P.%3B+Yadav%2C+M.K.%3B+Mishra%2C+S.%3B+Sharma%2C+P.%3B+Purohit%2C+S.+%282015%29.+Moringa+oleifera%3A+A+review+of+the+medical+evidence+for+its+nutritional+and+pharmacological+properties.%C2%A0Int.+J.+Res.+Pharm.+Sci.%2C%C2%A05%2C+12-16.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Upadhyay%2C+P.%3B+Yadav%2C+M.K.%3B+Mishra%2C+S.%3B+Sharma%2C+P.%3B+Purohit%2C+S.+%282015%29.+Moringa+oleifera%3A+A+review+of+the+medical+evidence+for+its+nutritional+and+pharmacological+properties.%C2%A0Int.+J.+Res.+Pharm.+Sci.%2C%C2%A05%2C+12-16.+&btnG=
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx

International Journal of Biomed Research

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Attah, A.F.; Moody, J.0.; Sonibare, M.A.; Salahdeen, H.H.;
Akindele, 0.0.; Nnamani, P.O.; Diyaolu, O.A.; Raji, Y. (2020).
Aqueous extract of Moringa oleifera leaf used in Nigerian
ethnomedicine alters conception and some pregnancy outcomes
in Wistar rat. S. Afr. J. Bot., 129, 255-262.

Panda, S.; Kar, A.; Sharma, P.; Sharma, A. (2012).
Cardioprotective potential of N,alpha-L-rhamnopyranosyl
vincosamide, an indole alkaloid, isolated from the leaves of
Moringa oleifera in isoproterenol induced cardiotoxic rats: In
vivo and in vitro studies. Bioorganic Med. Chem. Lett., 23, 959-
962.

Bhattacharya, A.; Tiwari, P.; Sahu, P.K.; Kumar, S. (2018). A
review of the phytochemical and pharmacological
characteristics of Moringa oleifera. J. Pharm. Bioallied Sci. , 10,
181-191.

Soliman, M.M.; Al-Osaimi, S.H.; Hassan Mohamed, E.;
Aldharani, A.; Alkhedaide, A.; Althobaiti, F.; Mohamed, W.A.
(2020). Protective effects of Moringa oleifera Leaf Extract
against Methotrexate-Induced Oxidative Stress and Apoptosis
on Mouse Spleen. Evid. -Based Complement. Altern.
Med. 6738474,

Soliman, M.M.; Al-Osaimi, S.H.; Hassan Mohamed, E.;
Aldharani, A.; Alkhedaide, A.; Althobaiti, F.; Mohamed, W.A.
(2020). Protective effects of Moringa oleifera Leaf Extract
against Methotrexate-Induced Oxidative Stress and Apoptosis
on Mouse Spleen. Evid. -Based Complement. Altern.
Med. 6738474,

Bhattacharya, A.; Tiwari, P.; Sahu, P.K.; Kumar, S. (2018). A
review of the phytochemical and pharmacological
characteristics of Moringa oleifera. J. Pharm. Bioallied Sci., 10,
181-191.

ljioma, S.N.; Nwaogazi, E.N.; Nwankwo, A.A.; Oshilonya, H.;
Ekeleme, C.M.; Oshilonya, L.U. (2018). Histological exhibition
of the gastroprotective effect of Moringa oleifera leaf extract.
Comp. Clin. Pathol., 27, 327-332.

Mallya, R.; Chatterjee, P.K.; Vinodini, N.A.; Chatterjee, P.;
Mithra, P. Moringa oleifera Leaf Extract: (2017). Beneficial
Effects on Cadmium Induced Toxicities—A review. J. Clin.
Diagn. Res., 11,

Bais, S.; Singh, G.S.; Sharma, R. (2014). Anti-obesity and
hypolipidemic activity of Moringa oleifera leaves against high
fat diet-induced obesity in rats. Adv Biol., 162914.

Redha, A.A.; Perna, S.; Riva, A.; Petrangolini, G.; Peroni, G.;
Nichetti, M.; lannello, G.; Naso, M.; Faliva, M.A.; Rondanelli,
M. (2021). Novel insights on the anti-obesity potential of the
miracle tree, Moringa oleifera: A systematic review. J. Funct.
Foods, 84, 104600.

Ferreira RS, Napoledo TH, Santos AFS, et al. (2011). Coagulant
and antibacterial activities of the water-soluble seed lectin from
Moringa oleifera. Lett Appl Microbiol.;53:186-192.

Govardhan Singh RS, Negi PS, Radha C. (2013). Phenolic
composition, antioxidant and antimicrobial activities of free and
bound phenolic extracts of Moringa oleifera seed flour. J Funct
Foods. 5:1883-1891.

Arora DS, Onsare JG. (2014). In vitro antimicrobial evaluation
and phytoconstituents of Moringa oleifera pod husks. Ind Crops
Prod.; 52:125-135.

Onsare JG, Arora DS. (2015). Antibiofilm potential of
flavonoids extracted from Moringa oleifera seed coat against
Staphylococcus aureus, Pseudomonas aeruginosa and Candida
albicans. J Appl Microbiol.; 118:313-325.

Chuang P-H, Lee C-W, Chou J-Y, et al. (2007). Anti-fungal
activity of crude extracts and essential oil of Moringa oleifera
Lam. Bioresour Technol.; 98:232-236.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Page 6 of 7

Elhwuegi, A. (2016). The Wonders of Phosphodiesterase-5
Inhibitors: A Majestic History. Ann. Med. Heal. Sci. Res., 6,
139-145.

Adefegha, S.A.; Oboh, G.; lyoha, A.E.; Oyaghemi, A.A. (2019).
Comparative effects of horseradish (Moringa oleifera) leaves
and seeds on blood pressure and crucial enzymes relevant to
hypertension in rat. PharmaNutrition , 9, 100152.

Oboh, G.; Oyeleye, S.I.; Akintemi, O.A.; Olasehinde,
T.A. (2018). Moringa oleifera supplemented diet modulates
nootropic-related biomolecules in the brain of STZ-induced
diabetic rats treated with acarbose. Metab. Brain Dis., 33, 457-
466.

Singh, B.N.; Singh, B.R.; Singh, R.L.; Prakash, D.; Dhakarey,
R.; Upadhyay, G.; Singh, H.B. (2009). Oxidative DNA damage
protective activity, antioxidant and anti-quorum sensing
potentials of Moringa oleifera. Food Chem. Toxicol. , 47, 1109-
1116

Ramamurthy, S.; Varghese, S.; Sudarsan, S.; Muruganandhan,
J.; Mushtagq, S.; Patil, P.B.; Raj, A.T.; Zanza, A.; Testarelli, L.;
Patil, S.(2021). Moringa oleifera: Antioxidant, Anticancer,
Anti-inflammatory, and Related Properties of Extracts in Cell
Lines: A Review of Medicinal Effects, Phytochemistry, and
Applications. J. Contemp. Dent. Pract. , 22, 1483-1492.

Frak, W.; Wojtasinska, A.; Lisinska, W.; Mtynarska, E.;
Franczyk, B.; Rysz, (2022). J. Pathophysiology of
Cardiovascular Diseases: New Insights into Molecular
Mechanisms of Atherosclerosis, Arterial Hypertension, and
coronary artery disease. Biomedicines, 10, 1938.

Alia, F.; Putri, M.; Anggraeni, N.; A Syamsunarno, M.R.A.
(2022). The Potency of Moringa oleifera Lam. as Protective
Agent in Cardiac Damage and Vascular Dysfunction. Front.
Pharmacol. , 12, 724439.

Grundy, S.M.; Stone, N.J.; Bailey, A.L.; Beam, C.; Birtcher,
K.K.; Blumenthal, R.S.; Braun, L.T.; de Ferranti, S.; Faiella-
Tommasino, J.; Forman, D.E.; e al (2018).
AHA/ACC/AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/

ASPC/NLA/PCNA Guideline on the Management of Blood
Cholesterol: A Report of the American College of
Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines. Circulation, 139, 1082-1143.

Gholap, P.A.; Nirmal, S.A.; Pattan, S.R.; Pal, S.C.; Mandal, S.C.
(2012).  Potential  of Moringa  oleiferaroot and Citrus
sinensis fruit rind extracts in the treatment of ulcerative colitis in
mice. Pharm. Biol., 50, 1297-1302

Kim, Y.; Wu, A.G.; Jaja-Chimedza, A.; Graf, B.L.; Waterman,
C.; Verzi, M.P.; Raskin, 1. (2017). Isothiocyanate-enriched
moringa seed extract alleviates ulcerative colitis symptoms in
mice. PLoS ONE, 12, 0184709

Asgari-Kafrani, A.; Fazilati, M.; Nazem, H. (2019).
Hepatoprotective and antioxidant activity of aerial parts
of Moringa oleifera in prevention of non-alcoholic fatty liver
disease in Wistar rats. S. Afr. J. Bot., 129, 82-90.

Singh, B.N.; Singh, B.R.; Singh, R.L.; Prakash, D.; Dhakarey,
R.; Upadhyay, G.; Singh, H.B. (2009). Oxidative DNA damage
protective activity, antioxidant and anti-quorum sensing
potentials of Moringa oleifera. Food Chem. Toxicol., 47, 1109-
1116.

Sultan, R.; Ahmed, A.; Wei, L.; Saeed, H.; Islam, M.; Ishag, M.
(2023). The anticancer potential of chemical constituents
of Moringa oleifera targeting CDK-2 inhibition in estrogen
receptor-positive breast cancer using in-silico and in vitro
approaches. BMC Complement. Med. Ther., 23, 396.


https://www.sciencedirect.com/science/article/pii/S0254629919305526
https://www.sciencedirect.com/science/article/pii/S0254629919305526
https://www.sciencedirect.com/science/article/pii/S0254629919305526
https://www.sciencedirect.com/science/article/pii/S0254629919305526
https://www.sciencedirect.com/science/article/pii/S0254629919305526
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Panda%2C+S.%3B+Kar%2C+A.%3B+Sharma%2C+P.%3B+Sharma%2C+A.+%282012%29.+Cardioprotective+potential+of+N%2Calpha-L-rhamnopyranosyl+vincosamide%2C+an+indole+alkaloid%2C+isolated+from+the+leaves+of+Moringa+oleifera+in+isoproterenol+induced+cardiotoxic+rats%3A+In+vivo+and+in+vitro+studies.%C2%A0Bioorganic+Med.+Chem.+Lett.%2C%C2%A023%2C+959-962.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Panda%2C+S.%3B+Kar%2C+A.%3B+Sharma%2C+P.%3B+Sharma%2C+A.+%282012%29.+Cardioprotective+potential+of+N%2Calpha-L-rhamnopyranosyl+vincosamide%2C+an+indole+alkaloid%2C+isolated+from+the+leaves+of+Moringa+oleifera+in+isoproterenol+induced+cardiotoxic+rats%3A+In+vivo+and+in+vitro+studies.%C2%A0Bioorganic+Med.+Chem.+Lett.%2C%C2%A023%2C+959-962.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Panda%2C+S.%3B+Kar%2C+A.%3B+Sharma%2C+P.%3B+Sharma%2C+A.+%282012%29.+Cardioprotective+potential+of+N%2Calpha-L-rhamnopyranosyl+vincosamide%2C+an+indole+alkaloid%2C+isolated+from+the+leaves+of+Moringa+oleifera+in+isoproterenol+induced+cardiotoxic+rats%3A+In+vivo+and+in+vitro+studies.%C2%A0Bioorganic+Med.+Chem.+Lett.%2C%C2%A023%2C+959-962.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Panda%2C+S.%3B+Kar%2C+A.%3B+Sharma%2C+P.%3B+Sharma%2C+A.+%282012%29.+Cardioprotective+potential+of+N%2Calpha-L-rhamnopyranosyl+vincosamide%2C+an+indole+alkaloid%2C+isolated+from+the+leaves+of+Moringa+oleifera+in+isoproterenol+induced+cardiotoxic+rats%3A+In+vivo+and+in+vitro+studies.%C2%A0Bioorganic+Med.+Chem.+Lett.%2C%C2%A023%2C+959-962.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Panda%2C+S.%3B+Kar%2C+A.%3B+Sharma%2C+P.%3B+Sharma%2C+A.+%282012%29.+Cardioprotective+potential+of+N%2Calpha-L-rhamnopyranosyl+vincosamide%2C+an+indole+alkaloid%2C+isolated+from+the+leaves+of+Moringa+oleifera+in+isoproterenol+induced+cardiotoxic+rats%3A+In+vivo+and+in+vitro+studies.%C2%A0Bioorganic+Med.+Chem.+Lett.%2C%C2%A023%2C+959-962.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Panda%2C+S.%3B+Kar%2C+A.%3B+Sharma%2C+P.%3B+Sharma%2C+A.+%282012%29.+Cardioprotective+potential+of+N%2Calpha-L-rhamnopyranosyl+vincosamide%2C+an+indole+alkaloid%2C+isolated+from+the+leaves+of+Moringa+oleifera+in+isoproterenol+induced+cardiotoxic+rats%3A+In+vivo+and+in+vitro+studies.%C2%A0Bioorganic+Med.+Chem.+Lett.%2C%C2%A023%2C+959-962.+&btnG=
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://onlinelibrary.wiley.com/doi/abs/10.1155/2020/6738474
https://onlinelibrary.wiley.com/doi/abs/10.1155/2020/6738474
https://onlinelibrary.wiley.com/doi/abs/10.1155/2020/6738474
https://onlinelibrary.wiley.com/doi/abs/10.1155/2020/6738474
https://onlinelibrary.wiley.com/doi/abs/10.1155/2020/6738474
https://onlinelibrary.wiley.com/doi/abs/10.1155/2020/6738474
https://onlinelibrary.wiley.com/doi/abs/10.1155/2020/6738474
https://onlinelibrary.wiley.com/doi/abs/10.1155/2020/6738474
https://onlinelibrary.wiley.com/doi/abs/10.1155/2020/6738474
https://onlinelibrary.wiley.com/doi/abs/10.1155/2020/6738474
https://onlinelibrary.wiley.com/doi/abs/10.1155/2020/6738474
https://onlinelibrary.wiley.com/doi/abs/10.1155/2020/6738474
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://journals.lww.com/jpbs/fulltext/2018/10040/A_Review_of_the_Phytochemical_and_Pharmacological.2.aspx
https://link.springer.com/article/10.1007/s00580-017-2594-0
https://link.springer.com/article/10.1007/s00580-017-2594-0
https://link.springer.com/article/10.1007/s00580-017-2594-0
https://link.springer.com/article/10.1007/s00580-017-2594-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5449781/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5449781/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5449781/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5449781/
https://onlinelibrary.wiley.com/doi/abs/10.1155/2014/162914
https://onlinelibrary.wiley.com/doi/abs/10.1155/2014/162914
https://onlinelibrary.wiley.com/doi/abs/10.1155/2014/162914
https://www.sciencedirect.com/science/article/pii/S1756464621002498
https://www.sciencedirect.com/science/article/pii/S1756464621002498
https://www.sciencedirect.com/science/article/pii/S1756464621002498
https://www.sciencedirect.com/science/article/pii/S1756464621002498
https://www.sciencedirect.com/science/article/pii/S1756464621002498
https://academic.oup.com/lambio/article-abstract/53/2/186/6702917
https://academic.oup.com/lambio/article-abstract/53/2/186/6702917
https://academic.oup.com/lambio/article-abstract/53/2/186/6702917
https://www.sciencedirect.com/science/article/pii/S1756464613002089
https://www.sciencedirect.com/science/article/pii/S1756464613002089
https://www.sciencedirect.com/science/article/pii/S1756464613002089
https://www.sciencedirect.com/science/article/pii/S1756464613002089
https://www.sciencedirect.com/science/article/pii/S092666901300527X
https://www.sciencedirect.com/science/article/pii/S092666901300527X
https://www.sciencedirect.com/science/article/pii/S092666901300527X
https://academic.oup.com/jambio/article-abstract/118/2/313/6716765
https://academic.oup.com/jambio/article-abstract/118/2/313/6716765
https://academic.oup.com/jambio/article-abstract/118/2/313/6716765
https://academic.oup.com/jambio/article-abstract/118/2/313/6716765
https://www.sciencedirect.com/science/article/pii/S0960852405005286
https://www.sciencedirect.com/science/article/pii/S0960852405005286
https://www.sciencedirect.com/science/article/pii/S0960852405005286
https://www.ajol.info/index.php/amhsr/article/view/139116
https://www.ajol.info/index.php/amhsr/article/view/139116
https://www.ajol.info/index.php/amhsr/article/view/139116
https://www.sciencedirect.com/science/article/pii/S2213434419300222
https://www.sciencedirect.com/science/article/pii/S2213434419300222
https://www.sciencedirect.com/science/article/pii/S2213434419300222
https://www.sciencedirect.com/science/article/pii/S2213434419300222
https://link.springer.com/article/10.1007/s11011-018-0198-2
https://link.springer.com/article/10.1007/s11011-018-0198-2
https://link.springer.com/article/10.1007/s11011-018-0198-2
https://link.springer.com/article/10.1007/s11011-018-0198-2
https://link.springer.com/article/10.1007/s11011-018-0198-2
https://www.sciencedirect.com/science/article/pii/S0278691509000611
https://www.sciencedirect.com/science/article/pii/S0278691509000611
https://www.sciencedirect.com/science/article/pii/S0278691509000611
https://www.sciencedirect.com/science/article/pii/S0278691509000611
https://www.sciencedirect.com/science/article/pii/S0278691509000611
https://iris.uniroma1.it/handle/11573/1635529
https://iris.uniroma1.it/handle/11573/1635529
https://iris.uniroma1.it/handle/11573/1635529
https://iris.uniroma1.it/handle/11573/1635529
https://iris.uniroma1.it/handle/11573/1635529
https://iris.uniroma1.it/handle/11573/1635529
https://www.mdpi.com/2227-9059/10/8/1938
https://www.mdpi.com/2227-9059/10/8/1938
https://www.mdpi.com/2227-9059/10/8/1938
https://www.mdpi.com/2227-9059/10/8/1938
https://www.mdpi.com/2227-9059/10/8/1938
https://www.frontiersin.org/articles/10.3389/fphar.2021.724439/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.724439/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.724439/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.724439/full
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Grundy%2C+S.M.%3B+Stone%2C+N.J.%3B+Bailey%2C+A.L.%3B+Beam%2C+C.%3B+Birtcher%2C+K.K.%3B+Blumenthal%2C+R.S.%3B+Braun%2C+L.T.%3B+de+Ferranti%2C+S.%3B+Faiella-Tommasino%2C+J.%3B+Forman%2C+D.E.%3B+et+al.+%282018%29.++AHA%2FACC%2FAACVPR%2FAAPA%2FABC%2FACPM%2FADA%2FAGS%2FAPhA%2FASPC%2FNLA%2FPCNA+Guideline+on+the+Management+of+Blood+Cholesterol%3A+A+Report+of+the+American+College+of+Cardiology%2FAmerican+Heart+Association+Task+Force+on+Clinical+Practice+Guidelines.%C2%A0Circulation%2C%C2%A0139%2C+1082-1143.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Grundy%2C+S.M.%3B+Stone%2C+N.J.%3B+Bailey%2C+A.L.%3B+Beam%2C+C.%3B+Birtcher%2C+K.K.%3B+Blumenthal%2C+R.S.%3B+Braun%2C+L.T.%3B+de+Ferranti%2C+S.%3B+Faiella-Tommasino%2C+J.%3B+Forman%2C+D.E.%3B+et+al.+%282018%29.++AHA%2FACC%2FAACVPR%2FAAPA%2FABC%2FACPM%2FADA%2FAGS%2FAPhA%2FASPC%2FNLA%2FPCNA+Guideline+on+the+Management+of+Blood+Cholesterol%3A+A+Report+of+the+American+College+of+Cardiology%2FAmerican+Heart+Association+Task+Force+on+Clinical+Practice+Guidelines.%C2%A0Circulation%2C%C2%A0139%2C+1082-1143.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Grundy%2C+S.M.%3B+Stone%2C+N.J.%3B+Bailey%2C+A.L.%3B+Beam%2C+C.%3B+Birtcher%2C+K.K.%3B+Blumenthal%2C+R.S.%3B+Braun%2C+L.T.%3B+de+Ferranti%2C+S.%3B+Faiella-Tommasino%2C+J.%3B+Forman%2C+D.E.%3B+et+al.+%282018%29.++AHA%2FACC%2FAACVPR%2FAAPA%2FABC%2FACPM%2FADA%2FAGS%2FAPhA%2FASPC%2FNLA%2FPCNA+Guideline+on+the+Management+of+Blood+Cholesterol%3A+A+Report+of+the+American+College+of+Cardiology%2FAmerican+Heart+Association+Task+Force+on+Clinical+Practice+Guidelines.%C2%A0Circulation%2C%C2%A0139%2C+1082-1143.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Grundy%2C+S.M.%3B+Stone%2C+N.J.%3B+Bailey%2C+A.L.%3B+Beam%2C+C.%3B+Birtcher%2C+K.K.%3B+Blumenthal%2C+R.S.%3B+Braun%2C+L.T.%3B+de+Ferranti%2C+S.%3B+Faiella-Tommasino%2C+J.%3B+Forman%2C+D.E.%3B+et+al.+%282018%29.++AHA%2FACC%2FAACVPR%2FAAPA%2FABC%2FACPM%2FADA%2FAGS%2FAPhA%2FASPC%2FNLA%2FPCNA+Guideline+on+the+Management+of+Blood+Cholesterol%3A+A+Report+of+the+American+College+of+Cardiology%2FAmerican+Heart+Association+Task+Force+on+Clinical+Practice+Guidelines.%C2%A0Circulation%2C%C2%A0139%2C+1082-1143.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Grundy%2C+S.M.%3B+Stone%2C+N.J.%3B+Bailey%2C+A.L.%3B+Beam%2C+C.%3B+Birtcher%2C+K.K.%3B+Blumenthal%2C+R.S.%3B+Braun%2C+L.T.%3B+de+Ferranti%2C+S.%3B+Faiella-Tommasino%2C+J.%3B+Forman%2C+D.E.%3B+et+al.+%282018%29.++AHA%2FACC%2FAACVPR%2FAAPA%2FABC%2FACPM%2FADA%2FAGS%2FAPhA%2FASPC%2FNLA%2FPCNA+Guideline+on+the+Management+of+Blood+Cholesterol%3A+A+Report+of+the+American+College+of+Cardiology%2FAmerican+Heart+Association+Task+Force+on+Clinical+Practice+Guidelines.%C2%A0Circulation%2C%C2%A0139%2C+1082-1143.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Grundy%2C+S.M.%3B+Stone%2C+N.J.%3B+Bailey%2C+A.L.%3B+Beam%2C+C.%3B+Birtcher%2C+K.K.%3B+Blumenthal%2C+R.S.%3B+Braun%2C+L.T.%3B+de+Ferranti%2C+S.%3B+Faiella-Tommasino%2C+J.%3B+Forman%2C+D.E.%3B+et+al.+%282018%29.++AHA%2FACC%2FAACVPR%2FAAPA%2FABC%2FACPM%2FADA%2FAGS%2FAPhA%2FASPC%2FNLA%2FPCNA+Guideline+on+the+Management+of+Blood+Cholesterol%3A+A+Report+of+the+American+College+of+Cardiology%2FAmerican+Heart+Association+Task+Force+on+Clinical+Practice+Guidelines.%C2%A0Circulation%2C%C2%A0139%2C+1082-1143.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Grundy%2C+S.M.%3B+Stone%2C+N.J.%3B+Bailey%2C+A.L.%3B+Beam%2C+C.%3B+Birtcher%2C+K.K.%3B+Blumenthal%2C+R.S.%3B+Braun%2C+L.T.%3B+de+Ferranti%2C+S.%3B+Faiella-Tommasino%2C+J.%3B+Forman%2C+D.E.%3B+et+al.+%282018%29.++AHA%2FACC%2FAACVPR%2FAAPA%2FABC%2FACPM%2FADA%2FAGS%2FAPhA%2FASPC%2FNLA%2FPCNA+Guideline+on+the+Management+of+Blood+Cholesterol%3A+A+Report+of+the+American+College+of+Cardiology%2FAmerican+Heart+Association+Task+Force+on+Clinical+Practice+Guidelines.%C2%A0Circulation%2C%C2%A0139%2C+1082-1143.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Grundy%2C+S.M.%3B+Stone%2C+N.J.%3B+Bailey%2C+A.L.%3B+Beam%2C+C.%3B+Birtcher%2C+K.K.%3B+Blumenthal%2C+R.S.%3B+Braun%2C+L.T.%3B+de+Ferranti%2C+S.%3B+Faiella-Tommasino%2C+J.%3B+Forman%2C+D.E.%3B+et+al.+%282018%29.++AHA%2FACC%2FAACVPR%2FAAPA%2FABC%2FACPM%2FADA%2FAGS%2FAPhA%2FASPC%2FNLA%2FPCNA+Guideline+on+the+Management+of+Blood+Cholesterol%3A+A+Report+of+the+American+College+of+Cardiology%2FAmerican+Heart+Association+Task+Force+on+Clinical+Practice+Guidelines.%C2%A0Circulation%2C%C2%A0139%2C+1082-1143.&btnG=
https://www.tandfonline.com/doi/abs/10.3109/13880209.2012.674142
https://www.tandfonline.com/doi/abs/10.3109/13880209.2012.674142
https://www.tandfonline.com/doi/abs/10.3109/13880209.2012.674142
https://www.tandfonline.com/doi/abs/10.3109/13880209.2012.674142
vhttps://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kim%2C+Y.%3B+Wu%2C+A.G.%3B+Jaja-Chimedza%2C+A.%3B+Graf%2C+B.L.%3B+Waterman%2C+C.%3B+Verzi%2C+M.P.%3B+Raskin%2C+I.+%282017%29.+Isothiocyanate-enriched+moringa+seed+extract+alleviates+ulcerative+colitis+symptoms+in+mice.%C2%A0PLoS+ONE%2C%C2%A012%2C+0184709&btnG=
vhttps://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kim%2C+Y.%3B+Wu%2C+A.G.%3B+Jaja-Chimedza%2C+A.%3B+Graf%2C+B.L.%3B+Waterman%2C+C.%3B+Verzi%2C+M.P.%3B+Raskin%2C+I.+%282017%29.+Isothiocyanate-enriched+moringa+seed+extract+alleviates+ulcerative+colitis+symptoms+in+mice.%C2%A0PLoS+ONE%2C%C2%A012%2C+0184709&btnG=
vhttps://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kim%2C+Y.%3B+Wu%2C+A.G.%3B+Jaja-Chimedza%2C+A.%3B+Graf%2C+B.L.%3B+Waterman%2C+C.%3B+Verzi%2C+M.P.%3B+Raskin%2C+I.+%282017%29.+Isothiocyanate-enriched+moringa+seed+extract+alleviates+ulcerative+colitis+symptoms+in+mice.%C2%A0PLoS+ONE%2C%C2%A012%2C+0184709&btnG=
vhttps://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kim%2C+Y.%3B+Wu%2C+A.G.%3B+Jaja-Chimedza%2C+A.%3B+Graf%2C+B.L.%3B+Waterman%2C+C.%3B+Verzi%2C+M.P.%3B+Raskin%2C+I.+%282017%29.+Isothiocyanate-enriched+moringa+seed+extract+alleviates+ulcerative+colitis+symptoms+in+mice.%C2%A0PLoS+ONE%2C%C2%A012%2C+0184709&btnG=
https://www.sciencedirect.com/science/article/pii/S0254629918319446
https://www.sciencedirect.com/science/article/pii/S0254629918319446
https://www.sciencedirect.com/science/article/pii/S0254629918319446
https://www.sciencedirect.com/science/article/pii/S0254629918319446
https://www.sciencedirect.com/science/article/pii/S0278691509000611
https://www.sciencedirect.com/science/article/pii/S0278691509000611
https://www.sciencedirect.com/science/article/pii/S0278691509000611
https://www.sciencedirect.com/science/article/pii/S0278691509000611
https://www.sciencedirect.com/science/article/pii/S0278691509000611
https://link.springer.com/article/10.1186/s12906-023-04198-z
https://link.springer.com/article/10.1186/s12906-023-04198-z
https://link.springer.com/article/10.1186/s12906-023-04198-z
https://link.springer.com/article/10.1186/s12906-023-04198-z
https://link.springer.com/article/10.1186/s12906-023-04198-z

International Journal of Biomed Research Page 7 of 7

& ClinicSearch

Ready to submit your research? Choose ClinicSearch and benefit from:

» fast, convenient online submission

> rigorous peer review by experienced research in your field
> rapid publication on acceptance

> authors retain copyrights

> unique DOI for all articles

> immediate, unrestricted online access

At ClinicSearch, research is always in progress.

Learn more https://clinicsearchonline.org/journals/international-journal-of-
biomed-research

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence,
and indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver
(http://creativeco mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless
otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://clinicsearchonline.org/journals/international-journal-of-biomed-research
https://clinicsearchonline.org/journals/international-journal-of-biomed-research

