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1 | INTRODUCTION

Globally, cancer is the leading cause of mortality, accounting for almost
one in six deaths or almost 10 million deaths by 2020 (Cancer). The
most common types of cancer include breast, lung, colon, rectum, and

prostate (Cancer). In comparison with women, men are more likely to
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mother’s best friend,” “miracle tree,”
“horseradish tree,” “drumstick tree,” and “oil tree,” native of the sub-Himalayan region
of northern India, belongs to the Moringaceae family. The high nutritional value of M.
oleifera makes it suitable for both nutritional and medicinal purposes. Because of its
chemical constituents, M. oleifera is used to treat and combat malnutrition, especially
in infants and nursing mothers. These days, herbal medicine and its phytocompound
derivatives are also being recognized as effective complementary therapies for can-
cer treatment. So, in this study, M. oleifera is reviewed for its anticancer property.
By thoroughly scanning the PubMed, Embase, SinoMed, and China National Knowl-
edge Infrastructure databases, an extensive up-to-date report on its ethnomedicinal
use, nutritional, phytochemistry, and pharmacotherapeutic potential is done. It has
valuable nutrients such as vitamins, proteins, iron, calcium, antioxidants (flavonoids,
carotenoids, and phenols) and ascorbic acid. Additionally, it is used as an antioxidant,
anti-inflammatory, antispasmodic, antimicrobial, anticancer, and antidiabetic agent.
There are also concrete evidence that this plant’s bioactive constituents, numerous
extracts have a high biopotential in a number of cancer cells, through its antioxidative,
anti-inflammatory, antiproliferative, and cell cycle arresting properties. This extensive
literature review will provide insights into several mechanisms and signaling pathways
of its various phytoconstituents that can mitigate the growth of cancer cells in various

experimental models, safety and toxicity concerns, and drug-drug interactions.
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develop lung, prostate, colorectal, stomach, and liver cancer; however,
women are more likely to develop breast, colorectal, lung, cervical,
and thyroid cancers (Cancer). Prevalence of cancer among different
countries are stipulated in Figure 1. Cancer have characteristic of
uncontrollable growth of abnormal cells, invading adjoining parts of

the body and/or spreading to other parts of the body (Cancer). Almost

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Food Frontiers published by John Wiley & Sons Australia, Ltd and Nanchang University, Northwest University, Jiangsu University, Zhejiang

University, Fujian Agriculture and Forestry University.

164 wileyonlinelibrary.com/journal/fft2

Food Frontiers. 2023;4:164-206.


https://orcid.org/0000-0002-1879-2857
https://orcid.org/0000-0002-3682-3573
mailto:jyotitulsiss@gmail.com
mailto:drdnsgautam@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/fft2

SINGH ET AL. 165
Fropeo T fi 1 CEE]
§i7d
., # ' 16401
- -~ .
FIGURE 1 Prevalence rate of cancer in 2020 in different countries according to Globocan 2020

any organ or tissue of the body can develop cancer, which contributes
to a broad range of disorders (Cancer). The latter process, known as
metastasizing, is a significant contributor to cancer-related mortal-
ity (Cancer). The terms “neoplasm” and “malignant tumor” are also
used to describe cancer (Cancer). Though causes of cancer are numer-
ous, intricate, and only partially understood, some common causes
in development of cancer enlightened here includes external factors
(chemicals, tobacco, radiation, and infectious organisms) as well as
some internal factors (hormones, immune conditions, inherited muta-
tions, and random mutations) (Mathur et al., 2015). Also numerous
factors, such as dietary elements, specific diseases, lack of exercise,
obesity, and environmental toxins, are known to raise the risk of cancer
(Cancer). These elements may interact to start or encourage car-
cinogenesis in humans, making cancer (Figure 2) the main cause of
death (Mathur et al., 2015). Overall, among all human diseases, cancer
imposes the greatest clinical, social, and financial cost in terms of cause-
specific disability-adjusted life years (DALYs) (Mattiuzzi & Lippi, 2019).
The overall chance of developing cancer in people aged 0-74 years is
20.2% (24.4% in men and 18.2% in women, proportionately) (Mattiuzzi
& Lippi, 2019).1n 2019, it was projected that cancer would result in 250
million DALYs worldwide globally (Kocarnik et al., 2022).

There is a number of conventional treatment modalities that are
used to treat cancer, including surgery, chemotherapy, and radio-
therapy, while contemporary treatments include hormone therapy,
immunotherapy, antiangiogenic stem cell treatments, and dendritic
cell-based immunotherapy (Debela et al., 2021). The factors influenc-
ing the treatment options and progression include the type of cancer,
where it is located, and how severe it is (Debela et al., 2021). Despite
early discovery and advances in medical treatment, patient survival
rates have increased significantly over the past three decades due
to early discovery and advances in medicine (Desantis et al., 2014;
Siegel et al., 2014). A large number of cancer patients benefit from
treatment with anticancer medications and undergo chemotherapy or
chemoradiotherapy (Siegel et al., 2014). These anticancer medications,
however, cause a wide range of toxic side effects, such as anorexia, nau-

sea, vomiting, diarrhea, and oral mucositis. These side effects are all

caused by toxic effects on cells and normal tissues (Akin et al., 2010). As
aresult of these adverse reactions, patients often experience reduced
quality of life, which makes it challenging to continue chemotherapy
or chemoradiotherapy (Akin et al., 2010). Although many beneficial
techniques have been created to treat or avoid these adverse effects,
but they are still inadequate (Gibson et al., 2012; Jordan et al., 2014).
Hence, there is a need to find the alternative cure for the management
of cancer with minimal side effects.

The popularity of herbal medicine is rapidly increasing in today’s
time (Choudhari et al., 2020). A variety of ilinesses and diseases have
been treated with natural products (Sharma et al., 2022) especially
plant-based remedies, since ancient times and in folklore (Choudhari
et al., 2020; Dias et al., 2012). Also, traditional medicine is used by
80% of people worldwide (Lin et al., 2014). Natural products are an
important source of drug discovery in a variety of therapeutic domains,
notably cancer and infectious diseases, because to their medicinal
properties that have drawn researchers to pinpoint their bioactive
components (Atanasov et al., 2021). A majority (over 60%) of clinically
available anticancer drugs are derived from natural products (Yap et al.,
2021). In contemporary drug development, they provide inexpensive
material and good sources of lead compounds (Ali Abdalla et al., 2022).

Numerous medicinal herbs have been found to have the power to
prevent the growth or advancement of cancer, according to research
(Aung et al., 2017) and one such plant is Moringa oleifera Lam. (M.
oleifera) (Aung et al., 2017). Numerous names for M. oleifera exist,
including “Shigru,” “Mother’s best friend,” “the miracle tree,” “the

» o«

horseradish tree,” “the drumstick tree,” and “the oiltree” (Coppin,
2008). Small to medium-sized, deciduous or evergreen M. oleifera tree
is also referred as the “ben tree” in English (Toma & Deyno, 2014).
Early Romans, Greeks, and Egyptians employed this quickly growing
tree, and it is presently commonly grown in many tropical areas (Paikra
etal.). InIndia, it is known to be one of the most significant plant grown,
also known as Subhanjan (Sharif et al., 2016), Sainjna (Sharif et al., 2016),
and Munga (Paikra et al). M. oleifera nutritional and medicinal prop-
erties make it an essential multipurpose tropical tree (Coppin, 2008).

The plant is renowned for having a variety of therapeutic benefits,
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FIGURE 2 Representing the pathophysiology of cancer

including the ability to treat tumors, prevent infertility, lower blood
pressure, anticancer, antioxidant, anti-inflammatory, antiproliferative,
and have antimicrobial effects (Paikra et al). Various parts of M. oleifera
plant are also traditionally employed to treat a variety of diseases
including cancer (Mali et al.,, 2022; Paikra et al). Also there have been
several reports confirming that its myriad active phytoconstituents are
capable of a wide range of biological activities (Paikra et al).

There are many reviews present on M. oleifera suggesting its vari-
ous activities but it is believed that no review is available on M. oleifera
that specifically deals with its role as an anticancer entity and also

explaining possible mechanism involved in its action. So, this study is

undertaken to review and compile prevalence of cancer, epidemiology,
geographical distribution, ethnopharmacology, phytochemistry, mech-
anism of action, and preclinical and clinical claims pertaining to the
management of cancer by M. oleifera. This paper will help in generat-
ing new leads toward developing a new formulations for management

of cancer and identifying new directions for further studies.

2 | MATERIALS AND METHODS

The search was extended from its availability till July 20, 2022.
The available classical ayurvedic literature, online published arti-
cles of PubMed, Web of Science, Scopus, and Google scholar were
explored for prevalence of breast cancer, epidemiology, phytochemical,
industrial importance, nutritive value, ethnomedicinal uses, antioxi-
dant, anti-inflammatory, anticancer study on breast, in vitro, in vivo

model, and clinical studies by applying following key words: “Shigru,”

» o« » o«

“Moringa oleifera,” “breast cancer,” “antioxidant,” “anti-inflammatory,”
“antiproliferative,” using conjunctions OR/AND with corresponding
medical subject headings terms. Search was restricted to English
language only. Research articles reporting in vitro, in vivo, clin-
ical studies, and review articles related to cancer studies were
included. In addition, the review also examined studies describing
extract’s anticancer effects, isolated compounds, and nanoparticles
on cancer. We did not include conference proceedings, letter to
the editor, gray literature, unpublished data, newspaper articles, eth-
nobotanical assessments with little or no support, abstracts and
full texts that could not be retrieved, studies published in a lan-
guage other than English, and studies not relevant to the present

review.

3 | GEOGRAPHICAL DISTRIBUTION

Fast-growing softwood tree M. oleifera is a native of sub-Himalayan
regions of northern India and belongs to the monogeneric Moringaceae
family (Leone et al., 2015; Paliwal & Sharma, 2011; Pandey et al., 2011).
It has a wide geographic distribution throughout tropical and subtrop-
ical climates at altitudes of up to 2000 m and shares the same genus
as of 13 other species (Leone et al., 2015; Paliwal & Sharma, 2011;
Pandey et al., 2011). It is a tropical deciduous perennial dicotyledonous
(Leone et al., 2015; Pandey et al., 2011). The brittle, corky, whitish-
gray stem of M. oleifera has branches that are drooping (Leone et al.,
2015; Pandey et al., 2011). Its leaves are pale green in color and bipin-
nate or more commonly tripinnate leaves with opposite, ovate leaflet
(Figure 3) (Leone et al., 2015; Paliwal & Sharma, 2011; Pandey et al.,
2011). Although it can endure high temperatures up to 48°C, frost in
the winter, altitude, and a wide range of soil conditions, but thrives best
in 25-35°C range, under direct sunlight, at a height of 500 m, and in
mildly acidic to alkaline soil (pH 5.0-9.0) (Saini et al., 2016). M. oleifera
seeds can be sown as soon as they reach maturity, since they do not go
into dormancy and maintain their vitality for a year (Saini et al., 2016).

Approximately 6-8 months after the tree is planted, it begins to bear
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FIGURE 3 M. oleifera; (a) natural habitat, (B) leaves, (c) dried pods, (d) dried seeds

fruit (Saini et al., 2016). The first 1-2 years of fruit production are very
slow, but later years see arise in productivity (Saini et al., 2016).

The months of June and July are the most common times in India for
this plant to be propagated using cuttings (1-2 m long). To make it eas-
ier to harvest the pods and leaves when it is being grown commercially,
it is clipped up to 3 m (Autonoumus body, 1962). Northern and east-
ern parts of the country see leaves falling off in December and January,
and new leaves and flowers appearing in March and May, with fruiting
beginning in April and June (Autonoumus body, 1962). The southern
states also produce fruit and flowers throughout the year, with prime
harvest times in July-September and March-April (Autonoumus body,
1962). When seeds are separated from ripe pods, there is no dormancy
period before they can be sowed (Pandey et al., 2011). Plant remains
viable for 3-4 months in ambient conditions. Itches are caused by the
gum leaked from the trunks of old trees (1-2 m) that supports swarms
of hairy caterpillars (Pandey et al., 2011). Although M. oleifera originally
came from northern India, it is now found worldwide throughout the
Americas, Africa, Europe, Oceania, and Asia (Brilhante et al., 2017).

In addition, Figure 4 illustrates the distributions of this plant
throughout the world, including in India, based on records from the
Global Biodiversity Information Facility (Anwar et al., 2007).

4 | ETHNOMEDICINAL UPDATES ON M. oleifera

M. oleifera also known as miracle tree have been in use as a traditional
medicine among many cultures around the world from centuries for
treating various ailments such as anemia, skin infections, psoriasis, anx-
iety, asthma, pimples, blackheads, blood impurities, bronchitis, catarrh,
cholera, conjunctivitis, cough, diarrhea, eye and ear infections, chest
congestion, fever, glandular swelling, headaches, abnormal blood pres-
sure, hysteria, and pain in joints. Also, ancient cultures have preserved
medicinal benefiting evidence of moringa oil as a skin conditioner and
moisturizer for the body and hair, it is highly valued for its beauty prop-

erties (Mahmood et al., 2010). Since ancient times, in Egypt, moringa

oil ointments and treatments for the skin have been in use (Mahmood
etal., 2010).

Every part of this plant is in use from times as a therapeutic and
nutraceutical entity. Some of the ethnomedicinal uses of its different

parts are stipulated in Table 1.

5 | PHYTOCHEMISTRY

The therapeutic potency of medicinal plants depends on phytochemi-
cal constituents (Fidrianny et al., 2021). The leaves, stems, bark, roots,
seeds, pods, and oil of M. oleifera contain a variety of phytochem-
ical components, including alkaloids, anthraquinone, saponins, tan-
nins, steroids, terpenoids phenolic acids, anthocyanin, glucosinolates,
flavonoids, terpenes, and carotenoids. Some of the important phyto-
constituents along with its chemical structure and formula responsible
for its anticancer properties are stipulated in Table 2 Figures 5, 6a
and 6b.

A number of reports have shown that cinnamic acid and its deriva-
tives have potent antimicrobial, antifungal, antioxidant, anticancer,
antituberculosis, and antiatherogenic properties (Rai et al., 2021). In
an in vitro and in silico study of phenolic compounds from M. oleifera
leaves, Mumtaz et al. determined quercetin, gallic acid, P-coumaric
acid, and 4-hydroxy 3-methoxy cinnamic acid displayed potent anti-
cancer activity. When compared with all other phenolic compounds,
quercetin displayed the best docking energy values and good interac-
tion behavior (Zahid Mumtaz et al).

Cancer cells were found to be inhibited from proliferating, pro-
moted from apoptosis, and metastasizing when treated with M. oleifera
isothiocyanates (MIC-1). The cell viability examination of HepG2,
Caco-2, and HEK293 after treatment with MIC-1 showed targeted
cytotoxic and apoptotic responses in both human and noncancer cells.
In addition, MIC-1 inhibits the growth of cancer cells by downregulat-
ing some signaling pathways involved in cell proliferation (Wu et al.,
2021).
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FIGURE 4 Worldwide geographical distribution of M. oleifera

TABLE 1

Country

India

Part used/dosage
form

Root

Leaves

Poultice

Leavesdry powder

Leaves paste

Stem bark

Root bark juice

Route of
administration

Oral

Oral

Locally applied

Rubbed on
temples

Local application

Pour in ear

FEESFEFEEZES

EEEEEEEEER K

Ethnomedicinal uses of different parts/dosage forms of M. oleifera in various countries

Uses

Antilithic, rubefacient, vesicant,
carminative, antifertility,
anti-inflammatory, act as a
cardiac/circulatory tonic, used as a
laxative, abortifacient, treat rheumatism,
articular pains, and lower back or kidney
pain, stimulant in paralytic afflictions

Fever, sore throat, bronchitis, eye and ear
infections, scurvy and catarrh, stabilize
blood pressure, control glucose levels,
treat hyperthyroidism, piles, act as an
anti-Herpes Simplex Virus Type-1, used as
purgative

Sores

Headaches

Reduce glandular swelling

Rubefacient, vesicant, cure eye disease,
prevent spleen enlargement, formation of
tuberculous glands of the neck, helps to
destroy tumors, heal ulcers

Relieve earaches

References

Anwar et al. (2007)

(Anwar et al., 2007)

(Anwar et al., 2007)
(Anwar et al., 2007)

(Anwar et al., 2007)
(Anwar et al., 2007)

(Continues)
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TABLE 1 (Continued)

Part used/dosage Route of
Country form administration Uses References

Place at tooth Acts as pain killer
cavity

Seeds Oral Antipyretic, antimicrobial activity against (Anwar et al., 2007)
bacteria and fungus, larvicidal activity
against the mosquito that transmits
dengue and yellow fever,
anti-inflammatory, antispasmodic,
diuretic

Pods Oral Antihypertensive (Anwar et al., 2007)

USA, Leaves Oral Antimicrobial, antibacterial, antiviral,

Mary- antiparasitic, antipathogenic, antitumor,

land prostate cancer, radioprotective,

region antihypertensive, antidiabetic, diuretic,
used in colitis, diarrhea, dysentery,
ulcer/gastritis, anemia, anti-inflammatory,
antirheumatic, lactation enhancer,
antiseptic, used in catarrh, scurvy

(Fahey & Sc,
2021)

Flowers Oral Anti-inflammatory, antitumor, antimicrobial, (Fahey & Sc, 2021)
antibacterial, anti-infective, antiviral,
antirheumatic, used in ulcers, throat
infection, diuretic, antihysteric,
abortifacient

Seeds Oral Antimicrobial, antibacterial, antiparasitic,
antipathogenic, antitumor,
anti-inflammatory, antirheumatic,
antispasmodic, used in ulcer, gastritis,
bladder disorder, scurvy

Pods Oral Antimicrobial, anthelminthic,
antihypertensive, antidiabetic,
anti-inflammatory, antirheumatic, skin
cancer

Roots Oral Antimicrobial, antiviral, antiparasitic,
antiasthmatic, antidiarrheal,
anti-inflammatory, antirheumatic,
antispasmodic cardiotonic, diuretic,
oedema, used in dental caries, ulcers,
fever

Bark Oral Antimicrobial, antiviral, antitumor,
antiepileptic, antihysteric, used in dental
caries, ulcers, snake bite, scorpion bite,
scurvy, aphrodisiac, abortifacient

Gum Oral

Antimicrobial,
antiasthmatic,
antirheumatic,
diuretic, used in
syphilis,
typhoid,
earache, fever,
dysentery

Qil (from seeds) Oral Antimicrobial, antifungal, antihysteric,
purgative, used in skin disorder, bladder
disorder, prostate function

(Continues)
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TABLE 1 (Continued)

Part used/dosage
Country form
Africa, Leaves powder
Kam-
pala,
Uganda

region/Senegal
region/Tanzania

region
Leavesjuice mixed
with honey
followed by
coconut milk
two to three
times a day
Leaves
Bark
Seeds
Roots Oral
Nigeria, Leaves
Nsukka,
Enugu
State
region
Stem
Root
Whole plant
Philippines
Thailand, Leaves
Bangkok
region

Leavespowder in
capsules

Spray-dried plant
extractsin
capsules

Herbal tea from
leaves or seeds

Route of
administration

Oral

Oral

Detoxification,
skin diseases,
rheumatism,
headache,
inflammation

Oral

Oral

Oral

Oral

Oral

SINGH ET AL.

Uses

Malnutrition, antihypertensive, antiseptic,
antiasthmatic, diabetes mellitus,
malaria/fever, syphilis and skin disease,
bronchiasis, (human immunodeficiency
virus)/(acquired immunodeficiency
syndrome)-related symptoms, external
sores, colitis, gastritis, impotence, syphilis,
flu, heart burn, bone setting, stress, used
to deworm

Cure diarrhea, dysentery, colitis

(A.&K.,2012)

Cure fever malaria, typhoid ear infections,
lower blood sugar, hypertension, common
cold cough, diarrhea, cure male
impotency, cure skin infection, decrease
viral load in HIV positive, lactation
enhancer in newly delivered mothers,
treat indigestion, used in snake bite
poison

Cure typhoid, malaria, ear infection, eye
infection, tooth ache, common cold cough,
diarrhea, catarrh, viral load in HIV
positive, worm expeller, cure male
impotency, lactation enhancer in newly
mother, treat indigestion, used in snake
bite poison

Cure typhoid, malaria, eye infection, ear
infection, tooth ache, purgative, common
cold cough and catarrh, decrease viral
load in HIV positive, worm expeller, cure
male impotency, lactation enhancer in
newly mother, treat indigestion, used in
snake bite poison

Helps in milk production in lactating women,
anemia

Antipyretic, antihypertensive, poisons
antidote

References

(phytochemicals &
uses of moringa
oleiferaleavesin
ugandan rural
communities -
Google Search
2022)

(Silver)

(Stevens et al., 2013)

(Pandey et al., 2019)

(Sahakitpichan et al.,
2011)

(Continues)
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TABLE 1 (Continued)

Route of
administration

Part used/dosage

Country form

Root Oral
Bark

Gum

Leaves

fruit (pods)

Flowers

Seed

Seed oil

Pakistan,
Faisal-
abad
region
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FIGURE 5

6 | PHARMACOLOGICAL PROFILE

M. oleifera leaves have been utilized as tonic, antibacterial, anti-herpes
simplex virus, anti-infection, antipyretic, hepatic, headache, antioxi-
dant, antitumor, lactation, scurvy, and antiseptic since ancient times
(Toma & Deyno, 2014). The flowers of M. oleifera are traditionally used
as a tonic, cure throat infection, antitumor, anthelmintic, and a rem-
edy for rheumatism and common colds. Traditional applications of M.
oleifera roots include dental caries, common cold, cardiotonic, antispas-
modic, diuretic, epilepsy, headache, carminative, and gout (Rani et al.,
2018). M. oleifera bark is traditionally used for toothache, dental caries,
common cold, abortifacient, birth control, snakebite, scorpion bite, as
well as scurvy (Aney et al., 2009). M. oleifera pods have pharmacolog-
ical effects that include anthelmintic, antihypertensive, antidiabetic,
and joint pain. They are also helpful nutritionally (Mali et al., 2022)
(Figure 7).

7 | ANTICANCER PROFILE OF M. oleifera

Many different forms of cancer have been successfully treated using
appropriate therapeutic strategies; nevertheless, toxicity and/or resis-

Uses References

Used to treat inflammation, infectious (Anwar et al., 2007)
diseases, cardiovascular, gastrointestinal,

hematological, hepatorenal disorders

dipparda, [Bages sond |

Sumreain, Latiglhn, byt
. Rlawirgin, @ - crnpisng

Phytoconstituents responsible for anticancer activity of M. oleifera

tance make it necessary to find new, more potent therapies. Breast,
pancreatic, and colorectal cancer cell growth has been successfully
inhibited by leaf and bark extracts of M. oleifera (Al-Asmari et al., 2015;
Berkovich et al., 2013).

Al-Asmariet al. (2015) revealed that M. oleifera contains 12 different
compounds by gas chromatography-mass spectrometry (GC-MS) and
three of these have anticancer properties. The precursor form of isoth-
iocyanates, glucosinolates, which has been identified as a powerful
anticancer agent, is found naturally in an entire plant. Isothiocyanates,
which have been claimed as a powerful anticancer chemical, are the
precursor form of glycosylates that occur naturally in the M. oleifera.
When the intact plant is disrupted, glucosinolates are hydrolyzed
to create isothiocyanate in a mechanism mediated by the enzyme
myrosinase (Fahey et al., 2001).

The anticancer effects of isothiocyanates have been thoroughly
investigated. According to Xiao et al. (2003), Alyl isothiocyanates
(AITC) inhibit both androgen-dependent (LNCaP) and androgen-
independent (PC-3) human prostate cancer cells.

In the presence of AITC, gap2/mitosis (G2/M) cells accumulated
along with apoptosis, resulting in reduced PC-3 cell growth. A reduc-
tion in the levels of cyclin-dependent kinase CDK1 (cyclin-dependent
kinase 1), cell division cycle protein 25B (CDC25B), and CDC25C was
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FIGURE 6 (a) Chemical structure of key phytoconstituents of M. oleifera. (b) Chemical structure of phytoconstituent of M. oleifera
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FIGURE 7 Pharmacological and anticancer profile of M. oleifera

observed following treatment with AITC for 24 h for PC-3 and LNCaP
cells. Benzyl isothiocyanates (BITCs) slowed the growth of tumors in
mice implanted with BxPC-3 tumor xenografts by 43%, according to
(Boreddy et al., 2011) BITC treatment also reduced protein kinase
B (AKT), mammalian target of rapamycin, forkhead box O3A, phos-
phorylation of phosphatidylinositide 3-kinase, FOXO1, and pyruvate
dehydrogenase kinase. By inhibiting AKT, phenyethyl isothiocyanates
have been proven to decrease the growth of cancer (Gao et al.,, 2011).
Moringa isothiocyanates have been studied extensively in vitro but
our preliminary in vitro studies, as well as studies involving other
isothiocyanates, suggest they may be useful as cancer therapeutics.
Some important in vitro and in vivo studies conducted on different
parts, extracts, and isolated compounds from M. oleifera for evaluating
its anticancer properties are stipulated in Tables 3 and 4 respectively.

7.1 | Antioxidant potential of M. oleifera

In the multistage process of carcinogenesis, oxidative stress plays
a key role in tying environmental toxicities to carcinogenesis. In
response to both endogenous and exogenous stimuli, reactive oxygen
species (ROS) are generated (Ziech et al., 2010). Environmental fac-
tors like radiation, chlorinated chemicals, and xenobiotics have been
shown to be important inducers of cellular damage via ROS-mediated
toxicity in both in vitro and in vivo investigations (Marnett, 2000).
Superoxide dismutase, catalase, and glutathione peroxidase are exam-
ples of endogenous enzymatic antioxidant defences that can balance
out oxidative microenvironments by various peroxides and chelating

superoxide (Marnett, 2000). Additionally, nonenzymatic endogenous

NF-kB, CON-2, |
% P53, INOS, CRE,

o

By = Apgpmﬂ:lx

o
aupindis, phiy,
ik, RE, THE

=

antioxidants such coenzyme Q, glutathione, vitamins E and C, and b-
carotene can reduce ROS activity (Marnett, 2000). Ting with other
cellular elements, such as phospholipids, leads to the production of
secondary reactive intermediates, which then irreversibly link to DNA
bases to form DNA adducts (Marnett, 2000). The process of creating
DNA adducts is essential for the development of cancer because these
adducts could result in mutations if they evade cellular repair mecha-
nisms and persist (Wogan et al., 2004). The etiology of cancer has been
linked to oxidative damages. The (8-oxo-dG) lesions are an important
biomarker of oxidative DNA damage (Cooke et al., 2003; Dizdaroglu
et al,, 2008; Evans et al., 2004; Valko et al., 2004).

Numerous studies demonstrate that antioxidant supplementation
leads to longer survival times, improved tumor response, or both, as
well as less toxicities than controls; in some recent systematic reviews
on this subject, there is no evidence that antioxidants interfere with
chemotherapy mechanisms, with a potential that antioxidants may
potentially enhance tumor response or patient survival (Block et al.,
2007).

Free radicals are one of the main elements required for DNA
mutation in the etiology of cancer, which then initiates the car-
cinogenesis stage (Johnson, 2004). The endogenous antioxidant
system, which guards against free radicals in the body, can per-
form better when exogenous antioxidants from natural sources are
used (Johnson, 2007). Polyphenol contents of M. oleifera extracts
are reported to exhibit potent antioxidant activities (Lugman
et al., 2012; Santos et al., 2012). Polyphenols and DPPH rad-
ical scavenging activities in the aqueous extract of M. oleifera
leaves have been recently discovered (Lugman et al, 2012; San-

tos et al., 2012). Additionally, some research asserts that M. oleifera
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leaves are abundant in polyphenols and flavonoids and possess
antioxidant action (Lugman et al, 2012; Santos et al., 2012). In
accordance with the previous works, M. oleifera leaves extracted
with methanol and dichloromethane also showed antioxidant activity
(Santos et al.,, 2012).

Free radicals can be successfully scavenged by phenolic acids and
flavonoids, which often have antioxidant properties in vitro (Zhang
et al., 2015). There was a significant positive study found that leaf
extracts had the highest content of phenolic compounds, such as gallic
acid, kaempferol, ellagic acid, chlorogenic acid, catechin, isoquercitrin
(Oboh et al., 2018), quercetin, and epicatechin (Saini et al., 2016). This
suggested that the phenolic acids might mainly be responsible for the

antioxidant properties of leaves.

7.2 | Anti-inflammatory potential of M. oleifera

Inflammation plays a critical role in cancer management (Rayburn
et al,, 2009). Inflammation is also linked to various cancers, indicating
that reducing inflammation is a viable method to prevent or treat
cancer (Rayburn et al., 2009). Chronic inflammation causes an increase
in angiogenic factors, tissue destruction, fibrosis, and infiltration of
mononuclear immune cells (Rayburn et al., 2009). Chronic inflamma-
tion also results in an increase in angiogenesis and invasion, genomic
damage, DNA synthesis, cellular proliferation, disruption of DNA
repair pathways, and suppression of apoptosis (Rayburn et al., 2009).
A number of these processes are implicated in the initiation and
progression of cancer. Proinflammatory molecules, such as cytokines,
inducible nitric oxide synthase, ROS, and NF-kB, are also upregulated
during chronic inflammation (Rayburn et al., 2009). Together, malig-
nant cells grow exponentially in a microenvironment favored by these
processes. It might therefore be possible that inflammation produces
both key mutations and provides an appropriate environment for
tumor development (Rayburn et al., 2009). Many studies show that
cancer incidences and recurrences can be reduced and patients’
prognoses can be improved by using anti-inflammatory agents
(Rayburn et al., 2009). A new therapeutic approach to cancer treat-
ment may be proposed by combining anti-inflammatory agents
with traditional anticancer therapies (Rayburn et al, 2009). M.
oleifera’s different parts, extracts, and isolated compounds exhibit
anti-inflammatory properties in various experiments (Aboulthana &
undefined, 2022; Anti-inflammatory & antitumor activities of seed
extracts of malunggay, 2022; Rajan et al., 2016; Shah et al., 2021;
Sulaiman et al., 2009) indicating its demonstrating as an anticancer

agent.

7.3 | Regulation of cell proliferation
The growth and spread of cancer rely greatly on proliferation. Cells
with a high basal level of proliferation and regeneration are killed by
cytotoxic medicines used in cancer therapy.

The antiproliferative activity of M. oleifera has been demonstrated in

previous studies, including the proliferation of breast cancer MDA-MB-

23, human liver cancer HepG2, colon cancer HCT-8, and lung cancer
A549 cells (Al-Asmari et al., 2015; Karim et al., 2016).

Interestingly, up to 95% of the proliferation of neuroblastoma SH-
SY5Y cells are inhibited by M. oleifera. A remarkable 95% inhibition
rate is observed when M. oleifera is applied to neuroblastoma SH-
SY5Y cells. Additionally, the leaves extract also inhibited proliferation
of KB cells, as assessed by changes in viability and cell morphology, and
by fragmentation of DNA (Sharma & Martins, 2020; Sreelatha et al.,
2011).

7.4 | Cycle arrest and apoptosis

It has been shown that apoptosis plays animportant role in maintaining
homeostasis by eliminating damaged cells. One important mechanism
of some antitumor medications is their capacity to induce apoptosis.
Previous researches have demonstrated that M. oleifera leaf extract
isolated isothiocyanates induce apoptosis in various cancer cells (Sree-
lathaetal., 2011; Waterman et al., 2014). M. oleifera extract inhibits the
proliferation of cancer cells, according to these studies, although the
underlying mechanisms are unclear. When M. oleifera is used, a strong
correlation is shown between the activation of caspase signaling and
other apoptosis-related signaling pathways or related mechanisms.
The average sub-G1 populations in A549 lung cancer cells can increase
after 6 h of treatment of M. oleifera extract at different concentra-
tions. When M. oleifera leaf extract is administered, cleaved caspase-3 is
upregulated and caspase-3 is downregulated in a dose-dependent way
(Jung, 2014). Furthermore, the application of M. oleifera leaf extract
engendered a time-dependent rise in phosphor-extracellular signal-
related kinase (p-ERK) and, phosphor-c-Jun N-terminal kinase (p-JNK)
without affecting total JNK or ERK protein, suggesting that M. oleifera
induces apoptosis in human melanoma A2058 cells via activating
these kinases (Guon & Chung, 2017). Cholangiocarcinoma (CCA) cells
treated with M. oleifera seed extract showed enhanced activation of
hosphor-p44/42 MAPK (ERK1/2) and hosphor-p38 MAPK, suggesting
that the concentration of pro- and antiapoptotic signaling proteins may
define the apoptotic characteristics of this drug (Leelawat & Leelawat,
2017).

MDA-MB-231 (breast cancer cell line) and HCT-8 cells (colorectal
cancer cell lines) were treated with M. oleifera bark and leaves extracts
that increased apoptosis and effectively arrested cell cycle progression
at the G2/M phase. Isopropyl isothiocynate, eugenol, hexadeconoic
acid ethyl ester, and D-allose are some of the compounds that are
responsible for its bioactivity (Al-Asmari et al., 2015).

A failure of the cell cycle’s checkpoint frequently results in DNA
mutations and genomic rearrangements, contributing to cancer devel-
opment through genetic instability. Numerous anticancer drugs have
been found to cause apoptosis in cancer cells by arresting cell cycle at
a specific junction (Khan et al., 2012; Khan et al., 2012). In addition,
Jungdiscovered that there was a dose-dependent decrease in cyclin D1
was discovered in cells treated with aqueous leaf extract of M. oleifera.
Observations show that leaf extract of M. oleifera is capable of arresting
cell cycle in human pancreatic cancer cells (PANC-1 cells) and reduc-

ing the expression of p65, p-IkB, and 1kB proteins in a dose-dependent
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manner suggests the leaf extract of M. oleifera has potential as a phy-
tochemical for targeting cancer cells by arresting cell cycle (Kou et al.,;
Raietal., 2021).

7.5 | Effect on chemotherapeutic drugs

The major cause of chemotherapy failure is multidrug resistance
(MDR). As a result of MDR to chemotherapy drugs, treatment efficacy
is often reduced and the likelihood of cancer recurrence is increased
(Kou et al.,, 2017). There are many advantages to phytochemical com-
pounds, such as their low toxicity, minimal side effects, numerous
targets, and low tumor resistance, as well as their ability to inhibit
tumor growth and regulate the immune system (Kou et al., 2017).
Research into natural compounds that have reversed MDR has become
a focus in the fight against cancer. When doxorubicin is combined
with M. oleifera callus and leaf extracts, a strong interaction occurs
over cell proliferation inhibition, which is also associated with trigger-
ing apoptosis. There are no commercially available chemo-preventive
agents derived from M. Oleifera (Jafarain et al., 2014). Employing M.
oleifera along with currently available anticancer medications could be

a potential therapeutic approach for cancer.

7.6 | Regulating enzyme activity

Maintaining a balance and activating drug metabolizing enzymes in
phase | and Il is a well-known way to protect against chemical car-
cinogens (Singh et al., 2000). The pod extract of M. oleifera, which has
a significant protective role in carcinogenesis, is capable of restor-
ing lost activity of GSH and GST (glutathione s-transferase) (Sharma
et al.,, 2012; Singh et al., 2000). An extract of hydro-alcoholic Drum-
stick M. oleifera is able to induce not only phase | but phase Il enzyme
production in the liver, increasing cytochrome B5 levels, cytochrome
P450 levels, and GST levels (Dasgupta et al., 2003). Additionally, it has
been shown that M. oleifera’s potential as a chemo-preventive agent is
strongly associated with its antioxidant activity. Additionally, by suc-
cessfully reducing renal oxidative stress and toxicity, it has been shown
in mice that pod extracts M. oleifera (200 and 400 mg/kg body weight;
p.o0.) and its saponin isolated from its pods (50 mg/kg body weight; p.o.)
can reduce DMBA-induced kidney carcinogenesis (Sharma & Paliwal,
2014).

According to the above thorough analysis from various angles, a
wide range of signaling pathways may be involved in the antitumor
effect of M. oleifera, such as the induction of cell apoptosis, cell cycle
arrest, inhibition of cell proliferation, inhibition of angiogenesis, and

collaboration with chemotherapeutic agents (Kou et al., 2018).
7.7 | Potential of M. oleifera microRNA in
anticancer

MicroRNA (miRNA) are small noncoding RNAs (ncRNAs) measuring
about 22 nucleotides in length (He et al., 2020). miRNA plays an impor-

tant role in gene regulation, and their dysregulation is implicated in
cancer (He et al., 2020). Since an imbalance in miRNA expression
levels is associated with tumorigenesis, miRNA-based cancer thera-
pies are primarily focused on restoring miRNA function and inhibiting
overexpressed miRNA (Fu et al).

Authors found presence of miRNA in leaves, callus, and seeds (Pirra
et al., 2019). Besides providing essential nutrients, plants can also reg-
ulate human gene expression in a cross-kingdom manner (Minutolo et
al). Gismondi et al. (2022) found that developingin vitro cultures able to
accumulate miRNAs with high nutraceutical properties may be crucial
for the understanding of the parameters that can modify miRNA pools
in M. oleifera tissues, since plant miRNAs have cross-kingdom activity
on human organisms which are introduced by diet.The bioinformatic
analysis of miRNA in M. oleifera, belonging to 18 conserved families,
found that they target BCL2 (B-cell ymphoma 2), IL2RA (interleukin-2
(IL-2) receptor alpha), TNF (tumor necrosis factor), and VAV1 (proto-
oncogene vav) at high affinity, all of which regulate apoptosis, cell cycle,
and immune responses (Minutolo et al). Pirra et al. (2019) reported in
their research that miR159 miRNA levels were high under all experi-
mental conditions. A study by Chin et al. (2016) reported that miR159
inhibited breast cancer growth. In another study, computer-based
approaches were used to investigate the mechanistic action and influ-
ence of M. oleifera seed miRNA on vital human target genes (Bhadresha
et al., 2022). Bhadresha et al. (2022) found that there is promising role
for M. oleifera seed-derived miRNA-targeted genes in bone-associated
biological processes, with notable bone disease implication and the
ability to control vigorous downstream signaling pathways in various
functional processes and bone.

Researchers found a total of 48 genes are regulated by miRNA
derived from M. oleifera seeds among 12 genes that are associated with
epidemiologically prevalent malignancies such as pancreatic cancer,
cervical cancer, neuroendocrine tumors, tongue cancer, somatic, hep-
atocellular carcinoma, squamous cell carcinoma, breast cancer, ovarian
cancer, prostate cancer, systemic sclerosis, and lung cancer (Hou et al.,
2017; Ju et al., 2007; Kreis et al., 2019; Meng et al., 2006). The results
of these studies pave the way for future research that could uncover
a role for M. oleifera miRNA in inhibiting cross-kingdom regulation in

cancer prevention and treatment.

7.8 Proteins inhibited by M. oleifera-molecular
docking

M. oleifera phytocompounds with affinities for inhibiting DHFR and
BCL-2, known as disease proteins in cancer proliferation, were shown
to have therapeutic potential in a molecular docking study using a
computational approach (Aslam, 2005).

The ADMET profiling is carried out to provide insight into the
efficacy of these inhibitors as prospects for new medication develop-
ment. By not breaking the Lipski Rule of Five (RO5), ML2 and ML4
also demonstrated the best drug-likeness in their ADMET profiles.
Small molecules drug-likeness can be determined by Lipinski ROS5.
Comparatively, MS2, ML5, and ML13 are less harmful than other pos-

sible inhibitors, according to a wealth of information on hazardous
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FIGURE 8 Mechanisms underlying the bioactivity of M. oleifera against cancer

endpoints and lethal dose values. In the compound, TPSA (topological
polar surface area) describes the surface of polar atoms. It has been
shown that compounds with higher TPSA have a reduced permeabil-
ity to membranes and are more effective substrates for p-glycoprotein
(evidence for drug efflux from the cell) than those with lower TPSA
(Blake 2000). Therefore, lower TPSA was favorable for drug-like prop-
erties among potential inhibitors. It has also been predicted that a
molecule that is more effective at permeating the BBB should also have
a lower TPSA value (Chico et al., 2009). In the light of these, the Lipin-
ski RO5 is not violated by ML4 and ML5, so ML4 and ML5 may be more
likely to be effective therapeutically than all possible inhibitor (Aslam,
2005).

8 | MECHANISTIC ROLE OF M. oleifera AS AN
ANTICANCER DRUG

Recent studies have demonstrated the anticancer potential of various
M. oleifera extracts in a variety of animal models by potentially inter-
vening multiple mechanisms such as the expression of TNF-a, CRP,
MPO,CD133,CD24,S0X2,and NANOG markers, change in mitochon-
drial membrane potential, ROS generation, downregulation of COX-2,
Wnt and B-catenin, NF-xB (nuclear factor kappa B), catalase activ-
ity, superoxide dismutase, glutathione reductase activity, glutathione
peroxidase and BCL-2 expression, G2/M enrichment and upregulation
of BAX, 8-oxo-dG, apurinic sites, p53, GST, p-ERK1/2, AKT and QR

expression (Figures 7 and 8).

The growth, differentiation, oncogenesis, invasion, and metasta-
sis of tumors are all significantly influenced by the COX-2, Wnt, and
B-catenin signaling system. Previous research found that therapy sup-
pressed the Wnt and j-catenin signaling pathway, which reduced
cancer cell proliferation and elevated apoptosis. Additionally, antipro-
liferative and apoptotic activities are observed in the M. oleifera plant,
which is related to the downregulation of the COX-2, Wnt, and
B-catenin signaling pathways (Han et al., 2020).

Because TNF-a has a cytotoxic effect on a variety of tumor cells,
it has been found to be an effective anticancer therapy. TNF-a has
prometastatic properties and unfavorable effects of activating NF-xB
signaling, however, restrict its therapeutic use in the treatment of can-
cer. The use of TNF-a-mediated apoptosis therapy for cancer patients
must therefore be made possible by sensitizing drugs that can miti-
gate this unfavorable effect. A variety of pharmacological activities,
including anti-inflammation, antibacterial, antivirus, and anticancer,
have been demonstrated for the M. oleifera plant. We found that the
M. oleifera plant could suppress NF-xB signaling and thus inhibit the
activated T lymphocytes. Here, we demonstrated that M. oleifera plant
significantly reduced TNF-a-induced NF-xB activation and the expres-
sion of its target genes involved in cancer cell proliferation, thereby
potentiating TNF-a-mediated cell death in cancer (Akanni et al., 2014;
Kam et al., 2013; Mihanfar et al., 2021). Ethanolic extracts of M.
oleifera were able to stimulate GST and QR activity, which are both
protective mechanisms against chemically induced carcinogenesis and
can be employed to lessen the toxicity and side effects of various

chemotherapy drugs (Fuel et al., 2021).
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Furthermore, M. oleifera ethanolic extracts reduced the expression
of cancer stem cell markers like CD133, CD24, SOX2, and NANOG
(Fuel et al., 2021). Cancer stem cell removal is thought to have the
potential to completely remove the disease. By employing therapeutic
antibodies, cancer stem cell surface markers offer molecularly targeted
treatments for a variety of cancers (Kamet al., 2013).

CRP is a positive protein during the acute phase of tissue damage
and inflammation, and anincrease inits level correctly indicated persis-
tent tissue damage and inflammation compared with other biochemical
markers. Additionally, the MPO activity is a reliable indicator of tissue
damage brought on by inflammatory responses. According to research,
M. oleifera significantly reduced the levels of these inflammatory mark-
ers (CRP level and MPO activity) (Aboulthana & undefined, 2022; Hall
et al).

Many oxygen-centered free radicals, as well as other physiological
and biochemical activities within the human body, can result in the pro-
duction of ROS. High concentrations of these free radicals can lead
to oxidative stress, which eventually causes a number of chronic dis-
eases in people, including diabetes, cancer, atherosclerosis, and other
degenerative conditions. Because of their higher metabolic rate, gene
mutations, and relative hypoxia, tumor cells produce more ROS than
normal, which are then suppressed by the cells’ enhanced antioxidant
enzymatic and nonenzymatic mechanisms. But ROS can also cause cell
death that has been specifically programmed. Therefore, medications
can be created as part of therapeutic approaches based on controlling
ROS levels to treat cancer. Compelling evidence indicate the role of M.
oleifera in modulating the ROS levels to treat cancer (Fuel et al., 2021;
Perillo et al., 2020).

9 | ANTICANCER CLAIMS OF M. oleifera BASED
ON CLINICAL STUDIES

Though many clinical studies are available on different parts, extract,
and isolated compounds from M. oleifera, but only few are related to
anticancer evaluation. Clinical studies related to anticancer proper-
ties are only discussed here. A phase | clinical trial was conducted on
flavonoid quercetin. In this study, patients of median age 56 (range
23-78 years) years having history of tumor histologies in large bowel
(14), ovary (10), pancreas (seven), melanoma (six), stomach (five), renal
(two), hepatoma (three), nonsmall cell lung cancer (two), testicular
teratoma (one), and gastrinoma (one) were treated with quercetin,
intravenously at different doses (60,120, 200,300, 420, 630, 945,
1400,1400, 1700, and 2000 mg/m2) (Phase | clinical trial of the
flavonoid quercetin: pharmacokinetics & evidence for in vivo tyrosine
kinase inhibition - PubMed, 2022).

A moderate level of local pain was observed at the initial dose level
(60 mg/m2) at the site of injection for 10 s, which is further followed
by brief period of flushing, affecting the whole body accompanied by
sweating for 3 min but there was no drop in blood pressure observed.
Quercetin at 945 mg/m?2 and above doses concentration produced
severe pain on site of injection in the upper arm. Two patients who

received 50 ml RIMSO bolus injections suffered from pain and flush-

ing as a result of this injection. A dose of 630 mg/m? of quercetin
administered via a Hickman catheter causes no pain, but a slight flush
when administered. A further dose increases to 1400 mg/m? caused
dyspnea during and for a few minutes, but a dose increases to 2000
mg/m? caused severe dyspnea that lasted for 5 min. At 1400 mg/m?
dose, two out of 10 treated patients had shown renal toxicity, one at
grade 2 and one at grade 4. In nine out of 11 patients, quercetin treat-
ment at 1 h demonstrated a significant reduction in lymphocyte protein
tyrosine phosphorylation that lasted 16 h after treatment. An ovar-
ian cancer patient who was refractory to cisplatin after two courses of
quercetin (420 mg/m?) showed a decline in CA 125 from 295 to 255
units/ml following two courses of quercetin, and a similar decrease in
serum a-fetoprotein in another patient with hepatocellular carcinoma.
It is safe to administer quercetin intravenously. Interestingly, it was
found that the plasma levels achieved inhibited lymphocyte tyrosine
kinase activity and inhibited tumor growth (Phase | clinical trial of the
flavonoid quercetin: pharmacokinetics & evidence for in vivo tyrosine
kinase inhibition - PubMed, 2022).

For a thorough understanding of the efficacy of M. oleifera, a mul-
ticentric study is required, which is crucial to understand its efficacy.
The traditional medical systems of Ayurveda, Chinese medicine, and
Iranian medicine follow an individual approach to treatment accord-
ing to the constitution of the patient, which is based on the physician’s
well-defined wisdom. While personalized medicine has gained popular-
ity in the last decade, it is not a new concept since it is based on ancient
medicinal practices. As a rapidly advancing therapeutic approach, per-
sonalized medicine is poised to revolutionize and improve healthcare
systems across the globe. In personalized medicine, treatment strate-
gies are tailored to each individual based on their clinical, genomic,
epigenetic, proteomic, and environmental profiles. Modern biomedi-
cal science offers hope that symptomatic treatment approaches can be
transformed into personalized, predictive therapies based on genetic
makeup. To shape the future of medicine, M. oleifera should be studied
for personalized medicine (Sharma & Prajapati, 2020).

10 | INDUSTRIAL SIGNIFICANCE

Almost every part of the moringa tree is edible and has been consumed
by humans for centuries. There are many applications for it, including
pharmaceuticals, nutraceuticals, functional foods, biodiesel produc-
tion, and water purification (Saini, 2022). Additionally, it is among the
finest solutions for treating malnutrition in children under the age of 3
years (Global Moringa Products Market Size & Share | Industry Report,
20252022). Biodiesel can be made from moringa seed oil, which meets
all the main specifications of US, German, and European standards
(Mofijur et al., 2014). Moringa seed oil contains high levels of monoun-
saturated fatty acids in the form of oleic acid (C18:1) and is used in the
manufacture of biodiesel as a source of fatty acids. It is also known as
“Ben oil” and can yield 30-40% of weight (Azam et al., 2005; Rashid
et al,, 2008). The unique properties of moringa oil have made it highly
valued in cosmetic industry for its ability to spread easily on the skin.

Consequently, it is a good choice for massage and aromatherapy. Since
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the oil has such a strong ability to capture and hold even the most
elusive odours, perfume makers highly regard it. In order to meet the
growing industrial demand for gums, it has been required to investigate
newer sources of gum. It has been claimed that the tree M. oleifera’s
gum has the ability to produce gel when applied topically (Rashid et al.,
2008). Due to the plant’s widespread availability, the exudates from the
M. oleifera tree’s stem were looked into for potential use as a suspend-
ing agent in pharmaceutical formulations (Mulugeta & Fekadu, 2014).
The wood provides a pulp that is regarded as good for newsprint, wrap-
ping, printing, and writing sheets. Moringa seed has oil in it. In the food
industry, it serves as a preservative. It makes a great salad dressing
oil. M. oleifera leaves and seeds are used as animal forage. The mar-
ket is seeing an increase in demand for these items because of all the
aforementioned considerations (Global Moringa Products Market Size
& Share | Industry Report, 20252022). There are several classes of sec-
ondary metabolites found in plants that determine bioactivity of M.
oleifera (Kou et al., 2018). Using standardized growth conditions for
M. oleifera in vitro cultures, researchers developed a biotechnological
system that could be used to produce antioxidant molecules in a con-
trolled, rapid, and guaranteed manner for pharmaceutical applications
(Hassanein et al., 2019; Zanella et al., 2019). As a result, it is quite
important from a commercial and industrial standpoint. Some of the
important formulations available in the market along with their uses

are stipulated in Table 5.

11 | NUTRITIONAL PROFILE

Leaves, flowers, immature pods, and fruits of M. oleifera’s are tradi-
tionally eaten as a highly nutritious vegetable in a variety of cultures,
especially in India, Pakistan, Hawaii, Philippines, and several African
countries (Table 6) (Valdez-Solana et al., 2015). In developing coun-
tries, M. oleifera is used to treat and combat malnutrition, especially in
infants and nursing mothers, due to its chemical constituents. Vitamins,
minerals, protein, antioxidants, and other vital substances that your
body needs to keep healthy are all naturally found in moringa, a whole-
food source (Dhakar et al., 2011). Minerals like calcium, potassium, zinc,
magnesium, iron, and copper are abundant in M. oleifera leaves (Kasolo
et al., 2010). M. oleifera also contains vitamins such beta-carotene of
vitamin A, vitamin B such as pyridoxine, nicotinic acid, and folic acid,
vitamins C, D, and E (Mbikay, 2012). Saini et al. (2012) found in their
study that M. oleifera derived from tissue culture had a higher lutein,
b-carotene, a-tocopherol, and total carotene content than convention-
ally grown plants. M. oleifera contains phytochemicals like flavonoids,
sterols, alkaloids, terpenoids, tannins, saponins, anthraquinones, and
reducing sugar (Berkovich et al., 2013). According to claims, moringa
has 15 times more potassium than bananas, seven times more vitamin
C than oranges, 10 times more vitamin A than carrots, 17 times more
calcium than milk, 25 times more iron than spinach, and nine times
more protein than yoghurt (Rockwood et al., 2013). The tiny leaves
of moringa pack a powerful nutritional punch, containing more cal-
cium than milk, more iron than spinach, and more protein than eggs
(Islam et al., 2021). Palmitic acid is saturated fatty acid (Carta et al.,

2017). Researchers have found that all parts of moringa leaf, seed, and
bark contain palmitic acid, which shows cytotoxicity against human
leukemic cells as well as antitumor activity in mice (Harada et al., 2002).
High fiber content in moringa leaves facilitates digestion and prevents
colon cancer (Gopalakrishnan et al., 2016). Moringa tea, tablets, cap-
sules, powder, soaps, and face washes are just a few of the many items
made from the moringa plant by several companies throughout the
globe (Singh & Singh, 2022). It is referred as the miracle tree because
of its nutritional properties.

There is no doubt that nutrient content varies with plantation site
(Aslam, 2005) and season (Meireles et al., 2020).

12 TOXICITY AND SAFETY CONCERNS OF M.
oleifera

As of yet, no adverse effects have been reported in any human studies,
which will be discussed in greater detail in the text. Additionally, vari-
ous preparations continue to be used around the world as food and as
medicine with no reports of adverse effects. M. oleifera have also been
subjected to multiple studies on the potential toxicity of various prepa-
rations. Results of different studies are stipulated in Table 8. Overall

studies depict no adverse upto the dose of 2000 mg/kg orally.

12 | ABSORPTION, DISTRIBUTION, AND
EXCRETION OF M. oleifera

No study on pharmacokinetic profile of complete M. oleifera plant is
available; however, various studies are conducted to study the absorp-
tion, metabolism, and excretion of its isolated compound. Some of the
important studies are discussed below.

In a study, four male and two female volunteers received 4 g of
quercetin orally over a 24-h period. Within 24 h, neither quercetin
nor its derivatives were detected in blood or urine. However, 53% was
recovered in feces within 72 h. The blood plasma levels of six volun-
teers were decreased biphasically with half-lives of 8.8 min and 2.4 h
after receiving 100 mg of quercetin intravenously. Protein binding was
greater than 98%.

Within 9 h after the injection, 0.65% of the intravenous dose
was excreted unchanged, while 7.4% was excreted as conjugate; no
other excretion took place for 24 h after the injection (Quercetin |
C15H1007 - PubChem, 2022).

In another study, ACI rats were administered 14C-quercetin orally,
and absorbed about 20% of the dose, decomposed more than 30%
into 14-CO2, and excreted unchanged about 30% in feces (Quercetin
| C15H1007 - PubChem, 2022). The glucosides of quercetin in a diet
(64.2 mg expressed as aglycone) were administered to both males and
females in a separate study. After 2.9 h of ingestion, quercetin reached
its peak plasma concentration of 196 ng/ml. The plasma concentration
of quercetin had a biphasic time-course. During the distribution phase
of quercetin’s plasma concentration, the half-life was 3.8 h and during
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TABLE 5 Formulations containing M. Oleifera

Dosage form

Shigru churna

Shigru lepa
Vyoshadya Saktu
Shigru tail

Kanak kshiri tail

Agurvadya Taila
Shigru varti
Mulakadya Taila

Sanjivana Agada

Vasisth Haritaki
Kshara taila

Shigru ghrita

Moringa tea

Naturinga Moringa capsules

Moringa kids multivitamin
complex

Moringa powder

Bio-hera Moringa capsules

Moringa syrup

Moringa powder organic

Moringa organic tea

Organic Moringa superfood
supplements—capsules

Iswari Moringa Superfood
Powder Bio

Nutrabasics—Moringa

Route of
adminis-
tration

Oral

Topical
Oral

Topical
Topical

Topical
Topical
Topical

Topical/oral
Oral
Topical
Oral

Oral

Oral

Oral

Oral

Oral

Oral

Oral

Oral

Oral

Oral

Oral

Aliment/use

Worms, headache, running
nose

Swelling, itching, skin disease
Diabetes
Skin diseases, itching

Helps in deworming, different
skin disease, itching

Fever
Eye diseases
Reduce joint pain

Poisoning

Reduce cough
Mouth, ear, throat disease

Epilepsy, schizophrenia,
weakness

Antioxidant, helps in digestion,
healing, delay aging,

Anti-inflammatory, helps in
lowering cholesterol level,
helps to improve diabetic
condition

Immunomodulatory, rich
source of vitamins and
minerals

Improves physical condition,
rich source mineral,
vitamins, fibers

Increase natural body defence,
improves skin health, helps
to reverse aging process

Improve immunity, general
health

Boost energy level, rich source
of vitamin C, amino acid,
iron, calcium

Reduces stress, antioxidant,
build stamina

Nutritional whole food,
restore diet imbalances

Nutrient-rich super food

Helps to maintain blood
glucose levels

References
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(Meireles et al., 2020)
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TABLE 6 Edible plant parts and their usage

Country Form of usage

Herbal tea
Vegetable soup
Leaves are chewed as snack
Salad
Spice

Nigeria

Mixed in chicken or shellfish
soups to enhance breast
milk production

Philippines

India Used as vegetable
Moringa squash
Use as a pickle
Cooked roasted seed as a
snacks
Immature green pods
prepared as green bean
Moringa chocolate bars
Salad dressing
Moringa seed flour added in
wheat/rice flour
Cooked leaves as Bhaaji
Smoothies

Mexico Vegetable
Snacks such as Sopes,

Tortillas
Pakistan Soups, tea, salad, juices
Bangladesh Uses as vegetable

Philippines Uses as vegetable

Parts of plant Reference

Leaves, stem, roots (Stevens et al., 2013)

([PDF] A double-blind,
randomized controlled trial
on the use of malunggay
(Moringa oleifera) for
augmentation of the volume
ofbreastmilk among
non-nursing mothers of
preterm infants | Semantic
Scholar 2022)

Leaves

(Drumstick (Moringa oleifera):
A Multipurpose Indian
Vegetable on JSTOR 2022;
Sonewane et al., 2022)

Tender pods, flowers,
young leaves

Leaves (Chiuetal., 2021)

(Anwar et al., 2007)
(Islam et al., 2021)
(Anwar et al., 2007)

Leaves
Leaves pods

leaves, fruit, flowers,
immature pods

According to the United States Department of Agriculture (USDA) database, nutritional values of edible plant parts leaves and raw pods are mentioned in

Table 7 (Meireles et al., 2020).

the elimination phase, it was 16.8 h. Forty-eight hours after ingesting
quercetin, it was still present in plasma (Quercetin | C15H1007 - Pub-
Chem, 2022). Autoradiography of a fasted rat revealed that although
most of the radiolabel remained in the digestive tract, it also appeared
in the blood, lungs, kidneys, liver, and ribs 3 h after the oral dose
of 2.3 mg/kg (4-(14)C)quercetin (Quercetin | C15H1007 - PubChem,
2022). In another study, rats were given 630 mg/kg of the labeled com-
pound orally. Within 24 h, 34% of the radiolabel was expelled as expired
CO,, 12% as bile, and 9% as urine, 45% was recovered in the feces
within 48 h. Unmetabolized quercetin accounted for roughly 60% of
the radiolabel found in the feces (Quercetin | C15H1007 - PubChem,
2022).

Study on its compound, kaempferol, was also conducted in healthy
individuals following eating of beans (Phaseolus vulgaris L.) by track-
ing excretion in response to intake. From cooked bean, kaempferol
was given to healthy seven subjects. After 2-8 h, there was the high-
est excretion of hydrolyzed flavonol. It was observed that women
and men excreted 6.10 + 5.50% and 5.40 + 5.40% of the kaempferol

dose, respectively, as intersexual differences. The highest and lowest
excretion concentrations were observed to vary amongst people by
6.72-fold, while the excretion profiles of all the individuals were similar.
Additionally, a 0.80 correlation score was found to show a direct associ-
ation between the participants’ body mass index and the percentage of
kaempferol excreted. Two hours after ingestion, all individuals showed
a first peak in kaempferol excretion except two individuals. After
kaempferol consumption, the study provides details on interindivid-
ual excretion capacity (Kaempferol | C15H1006 - PubChem, 2022).
Furthermore, the pharmacokinetics of kaempferol were assessed in
a study of four healthy males and four healthy females. Kaempferol
(9 mg) was absorbed from endive in a time-dependent manner with
a mean maximal plasma concentration (0.1 M) after 5.8 h, suggesting
that it was absorbed from the small intestine or colon. Despite the fact
that there was a 7.5-fold interindividual variance between the high-
est and lowest maximum plasma concentration, the majority of people
had extremely consistent pharmacokinetic profiles. Flavonoids such
as rutin, which are absorbed primarily from the large intestine, have
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TABLE 7 Nutritional values of the edible portion of M. oleifera leaves and pods per 100 g

Components Raw leaves
Protein (g) 9.40
Energy (kcal) 64
Carbohydrate, by difference (g) 8.28
Water 78.66
Total lipid (g) 1.40
Fiber, total dietary 2.0
Fatty acids, total monounsaturated (g) -
Fatty acids, total monounsaturated (g) -
Fatty acids, total saturated (g) -
Fatty acids, total trans (g) 0.000
Vitamin A (RAE) (ug) 378
Vitamin D (IU) 0
Vitamin D (D2+D3) (ug) 0
Cholesterol(mg) 0
Riboflavin (mg) 0.660
Thiamin (mg) 0.257
Niacin (mg) 2.220
Vitamin B-6 (mg) 1.200
Vitamin B-12 (ug) 0.00
Vitamin C, total ascorbic acid (mg) 517
Vitamin E (mg) -
Folic acid (ug) 0
Folate total (ug) 40
Iron (mg) 4.00
Phosphorus (mg) 112
Magnesium (mg) 42
Potassium (mg) 337
Sodium (mg) 9
Calcium (mg) 185
Manganese (mg) 1.063
Iron (mg) 4.00
Copper (mg) 0.105
Selenium (ug) 0.9
Zinc (mg) 0.60

-:No published data
*: Only two values were found.

different profiles. In addition to the endive containing 14% kaempferol-
3-glucoside, early absorption was also noted in most subjects. The main
compound found in plasma and urine was kaempferol-3-glucuronide.
Quercetinin plasma or urine indicates that kaempferol was not hydrox-
ylated in phase |. Even at modest oral doses, kaempferol is more well
absorbed by humans than quercetin. In plasma, 3-glucuronide con-
jugates dominate, and interindividual differences in absorption and
excretion are low, suggesting that for exposure urinary kaempferol
could serve as a biomarker.

Dried leaves Raw pods
24+5.8 210
304 + 87 37
36+9.2 8.53
0.0074 +0.0029 88.20
6+25 0.20
20.6-28.6* 3.2

- 0.102
= 0.033
- 0.033
= 0.000
3639 +1979.8 4

= 0

- 0.0

= 0
1.29-20.5* 0.074
2.6 0.053
8.2 0.620
24 0.120
- 0.00
172+37.7 141.0
56-113* -

= 0
540 44
32.5+10.78 0.36
297 +149.0 50
473 +429.4 45
1467 + 636.7 461
220+ 180.0 42
1897 +748.4 30

= 0.259
32.5+10.78 0.36
0.9+0.48 0.084
- 0.7
24+112 0.45

Using liquid chromatography coupled to electrospray mass spec-
trometry (LC-ESI-MS), the flavonoids quercetin and kaempferol
metabolism were analyzed by rat hepatocytes. After incubation it is
detected that with the compounds, four glucuronides of quercetin and
two of kaempferol, quercetin and kaempferol were metabolized exten-
sively. Quercetin and kaempferol glucuronides were identified as being
the same ones that emerged following incubation with rat hepatocytes
with UDP-glucuronosyltransferase 1A9. Additionally, human volun-

teers who had consumed Ginkgo biloba capsules, a plant abundant in
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flavonoid glycosides were analyzed for their plasma samples by LC-
MS. Flavonoid glycosides are present in samples of plasma is reported
evidence. For the metabolism of flavonoids, UGT1A9 is a key UDP-
glucurosyltransferase isoform and that it is possible to absorb intact
flavonoid glycosides (Kaempferol | C15H1006 - PubChem, 2022).

In the absence of external metabolizing systems, kaempferol, a
flavonoid that is extensively present in food plants, has been demon-
strated to be genotoxic to V79 cells. Its genotoxicity increases in
the presence of an external metabolizing system, such as rat liver
homogenates (S9 mix), as a result of quercetin’s biotransformation
into a more genotoxic flavonoid via the cytochrome P450 (CYP) mono-
oxygenase system. The human metabolites of kaempferol include
(2S,35,45,5R)-6-[3,5-dihydroxy-2-
(4-hydroxyphenyl)-4-oxochromen-7-ylJoxy-3,4,5-trihydroxyoxane-
2-carboxylic acid (Kaempferol | C15H1006 - PubChem, 2022). A
known human metabolite of galangin and kaempferide is kaempferol
(Kaempferol | C15H1006 - PubChem, 2022).

kaempferol-3-glucuronide and

13 | DRUG-DRUG INTERACTION

As these plants remedies not use singly for the treatment, so it become
necessary to study;, if it interacts with some other medications. So, stud-
ies in which it is used as a combination therapy are discussed here. An
intensive pharmacokinetics sampling was performed in adults taking
steady-state doses of nevirapine after a 21-day washout period with
herbal medicines. A repeat blood sampling was conducted after 14
days of coadministration of moringa (1.85 g leaf powder per day) and
nevirapine. Liquid chromatography-tandem mass spectrometry was
used to determine the plasma concentration of nevirapine. In order to
assess the influence of moringa on nevirapine pharmacokinetics, the
change in nevirapine’s AUC (area under the plasma concentration-time
curve) was determined. There was no clinically significant interac-
tion between nevirapine and moringa found following concomitant
administration over 14 days. Adding M. oleifera leaf powder to nevirap-
ine at the usual dose did not change its long-term pharmacokinetics
significantly (Monera-Penduka et al., 2017).

M. oleifera is frequently utilized even by those who test pos-
itive for HIV. A study evaluates whether extracts of M. oleifera
influence CYP3A4-mediated 6B-hydroxylation of testosterone, since
herbal components might inhibit the metabolizing enzymes involved
in medication metabolism. Testosterone and mixed-sex human liver
microsomes were treated with methanolic and aqueous extracts of the
leaves and roots of M. oleifera at doses ranging from 0.01 to 10 mg/ml
in the presence of NADPH. HPLC was used to measure the amounts
of metabolites in which significant CYP3A4 inhibitory actions were
discovered. Cytotoxicity was only observed in the leaf-water extract
(IC50 = 6 mg/ml). It is unclear from in vitro research if giving M.
oleifera to HIV/AIDS patients concurrently with antiretroviral med-
ication would cause a clinically relevant interaction (Monera et al.,
2008).

In another study, effects of M. oleifera leaves powder on the phar-
macokinetics of amodiaquine in human subjects were examined in a
different investigation. The three-period study included 20 healthy

volunteers. After an overnight fast, a single dose of amodiaquine
(10 mg/kg) was given during the first phase. Amodiaquine was coad-
ministered with M. oleifera after a 7-day washout period. Each subject
took 3 g M. oleifera once daily for 7 days and M. oleifera was coadminis-
tered with amodiaquine on the 8th day for the third period. There was
a significant decrease in amodiaquine C,, after concurrent adminis-
tration with M. oleifera. There was a 32% decrease in amodiaquine Cy,ax
after pretreatment. The study discovered a pharmacokinetic interac-
tion of amodiaquine and M. oleifera with concurrent administration and
pretreatment that may have clinical implications for the treatment of
malaria. The study also revealed that the interaction may have more to
do with metabolic regulation than with amodiaquine absorption, which
made it necessary to look into the enzymes that might be involved in
the metabolic regulation (Olawoye et al., 2018).

According to some reports, quercetin slows down the prolifera-
tion of human myelogenous leukemia cells by enhancing the uptake of
the chemotherapeutic drug vincristine (Quercetin | C15H1007 - Pub-
Chem, 2022). Also, in in vitro study quercetin binds to the DNA gyrase
site. Potentially, it could act as an inhibitor of quinolone antibiotics that
bind here as well. Those taking cisplatin in combination with quercetin
should avoid quercetin supplements due to the risk of genotoxic-
ity. In general, bromelain and papain promote quercetin absorption
(Quercetin| C15H1007 - PubChem, 2022). Due to its prooxidant prop-
erties, quercetin will increase the bleomycin-induced iron-dependent
DNA damage. In order for bleomycin to more easily combine with oxy-
gen and cause more effective DNA damage, qurecetin may convertiron
to the ferrous form. It has been shown that bleomycin has a biphasic
prooxidant action. DNA damage was identified at low concentrations,
while at increasing levels, less DNA damage was observed (Quercetin |
C15H1007 - PubChem, 2022).

Also, kaempferol suppressed the expression of inflammatory
cytokines IL-6, monocyte chemoattractant protein-1, and chemokine
IL-8, and on activation, normal T-cells were expressed and secreted.
In a ROS-dependent manner, kaempferol reduced the migration of
glioma cells. It was found that kaempferol increased ROS toxicity and
decreased doxorubicin efflux, which potentiated the toxic effects of
doxorubicin. Kaempferol and doxorubicin both are toxic when they are
used together; their toxic effects are amplified. It is suggested that
using redox perturbation as an approach to kill glioma cells could be the
basis for combinatorial therapy (Kaempferol | C15H1006 - PubChem,
2022).

14 | GREEN NANOPARTICLES

In recent years, nanobiotechnology has become an important interdis-
ciplinary area of research (Deepak et al., 2019). Various varieties of life-
threatening cancers can be treated more effectively with it (Ratanpal,
2022). There are numerous drawbacks and adverse effects associated
with conventional cancer treatments (Ratanpal, 2022). Nanomateri-
als can be utilized in place of these conventional approach (Ratanpal,
2022). In the study by Kiran et al. (2021), in order to synthesize gold
nanoparticles (AuNPs), M. oliefera leaf extract was used as a biore-

ductant. An antioxidant activity of M. oliefera leaf extract-mediated
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AuNPs (MO-AuNPs) has been demonstrated. According to the find-
ings of cytotoxicity studies on MCF-7 (Michigan Cancer Foundation-7)
cells, MO-AuNPs have an IC50 value of 67.92 ug/ml and are potent
anticancer agents (Kiran et al., 2021).

In another study, an MTT assay was used to test the cytotoxicity
of M. oleifera leaf extract and M. oleifera-AgNPs against HTC116 and
SW480 (colon-cancer cells). Cell viability was reduced by both solu-
tions in a dose-dependent manner with increasing concentrations. A
70 ug/ml 1IC50 was recorded for M. oleifera-AgNP against HTC116
while a 100 ug/ml 1C50 was recorded for SW480. As a result of regulat-
ing the expression of many of the key genes associated with oxidative
stress, cell proliferation, DNA damage, as well as the arrest of can-
cer cell cycle, AgNPs possess excellent antitumor potential (Althomali
et al,, 2022). These studies suggested that M. oleifera nanoparticle may
be a useful tool in cancer therapeutics.

15 | FUTURE PERSPECTIVE

The current review offers a wealth of details regarding ethnomedic-
inal applications, commercial formulations, geographical distribution,
chemical components, toxicological profile, nutritional significance,
pharmacological effects of crude, methanolic, ethanolic, aqueous
extracts, hydro-alcoholic, n-hexane, ethyl acetate, as well as pure com-
pounds, and clinical research coupled with M. oleifera’s effect on cancer.
Various signaling pathways were found to be involved in M. oleifera
extracts and compounds’ anticancer activity, but the specific mecha-
nism of action remains unclear. Therefore, more research is needed to
explain the potential mechanisms. Its anticancer effects are also rec-
ognized to exist in some of its compounds. Although it is necessary
to conduct scientific research on more substances in order to deter-
mine their molecular mechanisms of action and potential bioactivities,
which could lead to the development of new treatments. Despite hav-
ing achieved such remarkable outcomes in animal models, there is
paucity of information available from clinical trials about M. oleifera’s
anticancer properties so it is necessary to conduct additional sys-
tematic, well-planned, multicenter clinical studies to assess M. oleifera
anticancer properties therapeutically. This could spur the discovery of
novel therapeutic anticancer drug and also it could be employed as an
adjuvant to the recognized targeted medications.

One another focus of M. oleifera research is its industrial use as a
biocoagulant and a fortifier for snacks. Using the tree’s potential as a
source of extremely nutritious food and conducting additional research
to support previous studies, researchers and industries can make it a
significant source of wealth for India.

16 | CONCLUSION

Presently, extensive research identifies and characterizes the M.
oleifera and its functions. A rich source of phytoconstituents with nutri-
tional value that can be used to make nutraceuticals and functional
foods has been found in M. oleifera. The M. oleifera plant is the most
affordable, practical choice. It is a highly valued plant that is pro-

duced globally and used in many food compositions. Also, it is used for

industrial purposes and for the treatment and prevention of various
diseases. All parts of this plant exhibit a broad spectrum of anticancer
capabilities through the inhibition of cancer cells as well as through
anti-inflammatory, apoptotic, antiproliferative, and cell cycle arrest-
ing effects. The M. oleifera plant’s leaves, however, are the component
that has been examined the most. M. oleifera extracts and its isolated
phytoconstituents have also exhibited anticancer properties in various
experimental models. Application of M. oleifera as a natural component
for medicine supplements may encourage the discovery of new drugs.
Combining synthetic drug use with M. oleifera could reduce its adverse
effects. M. oleifera could be used safely as many toxicity studies have

found that doses up to 2000 mg/kg have no harmful effects.

AUTHOR CONTRIBUTION
Conceptualization and writing the original draft: J. S.; supervision: D. N. S.
G.; Editing and proof reading: S.S.and R. S.

ACKNOWLEDGMENT
1, hereby, acknowledge and thank Banaras Hindu University, Varanasi

for providing me all the facilities.

CONFLICT OF INTEREST

All authors declared that there is no conflict of interest.

ORCID
Jyoti Singh
Rohit Sharma

https://orcid.org/0000-0002-1879-2857
https://orcid.org/0000-0002-3682-3573

REFERENCES

“(-)-Epicatechin | C15H1406 - PubChem.” https://pubchem.ncbi.nlm.nih.
gov/compound/Epicatechin#section=Structures (accessed Jun. 17,
(2022)

“(No Title)", https://doi.org/10.1177/11779322211010703

“(PDF) AYURVEDIC MEDICINE: A REVIEW ON MEDICINAL IMPOR-
TANCE OF SHIGRU (Moringa oleifera Lam) IN SAMHITAS.
https://www.researchgate.net/publication/332012413_AYURVEDIC_
MEDICINE_A_REVIEW_ON_MEDICINAL_IMPORTANCE_OF_SHIGRU_
Moringa_oleifera_Lam_IN_SAMHITAS (accessed Jun. 30, (2022)

“[PDF] A double-blind, randomized controlled trial on the use of
malunggay (Moringa oleifera) for augmentation of the volume
ofbreastmilk among non-nursing mothers of preterm infants | Semantic
Scholar.” https://www.semanticscholar.org/paper/A-double-blind%2C-
randomized-controlled-trial-on-the-Estrella-Bias/7d57c8d9472e2903
ccdd59b58999a3dfb630f700 (accessed Jul. 07, (2022)

“4-(4-O-Acetyl-alpha-L-rhamnopyranosyloxy)benzyl isothiocyanate |
C16H19NO6S -  PubChem.”  https://pubchem.ncbi.nim.nih.gov/
compound/10291650 (accessed Jul. 12, (2022)

“4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- | C6H804 - Pub-
Chem.” https://pubchem.ncbi.nlm.nih.gov/compound/3_5-dihydroxy-6-
methyl-2_3-dihydropyran-4-one (accessed Jun. 21, (2022)

Amri, E., & Kisangau, D. P. (2012). Ethnomedicinal study of plants used
in villages around Kimboza forest reserve in Morogoro, Tanzania.
Journal of Ethnobiology and Ethnomedicine, 8(1), 1. [Online]. Available:
http://www.embase.com/search/results?subaction=viewrecord&from=
export&id=L364818597%5Cn. http://sfx.library.uu.nl/utrecht?
sid=EMBASE&issn=17464269&id=10.1186%2F1746-4269-8-
1&atitle=Ethnomedicinal+study+of+plant


https://orcid.org/0000-0002-1879-2857
https://orcid.org/0000-0002-1879-2857
https://orcid.org/0000-0002-3682-3573
https://orcid.org/0000-0002-3682-3573
https://pubchem.ncbi.nlm.nih.gov/compound/Epicatechin#section=Structures
https://pubchem.ncbi.nlm.nih.gov/compound/Epicatechin#section=Structures
https://doi.org/10.1177/11779322211010703
https://www.researchgate.net/publication/332012413_AYURVEDIC_MEDICINE_A_REVIEW_ON_MEDICINAL_IMPORTANCE_OF_SHIGRU_Moringa_oleifera_Lam_IN_SAMHITAS
https://www.researchgate.net/publication/332012413_AYURVEDIC_MEDICINE_A_REVIEW_ON_MEDICINAL_IMPORTANCE_OF_SHIGRU_Moringa_oleifera_Lam_IN_SAMHITAS
https://www.researchgate.net/publication/332012413_AYURVEDIC_MEDICINE_A_REVIEW_ON_MEDICINAL_IMPORTANCE_OF_SHIGRU_Moringa_oleifera_Lam_IN_SAMHITAS
https://www.semanticscholar.org/paper/A-double-blind%2C-randomized-controlled-trial-on-the-Estrella-Bias/7d57c8d9472e2903ccdd59b58999a3dfb630f700
https://www.semanticscholar.org/paper/A-double-blind%2C-randomized-controlled-trial-on-the-Estrella-Bias/7d57c8d9472e2903ccdd59b58999a3dfb630f700
https://www.semanticscholar.org/paper/A-double-blind%2C-randomized-controlled-trial-on-the-Estrella-Bias/7d57c8d9472e2903ccdd59b58999a3dfb630f700
https://pubchem.ncbi.nlm.nih.gov/compound/10291650
https://pubchem.ncbi.nlm.nih.gov/compound/10291650
https://pubchem.ncbi.nlm.nih.gov/compound/3_5-dihydroxy-6-methyl-2_3-dihydropyran-4-one
https://pubchem.ncbi.nlm.nih.gov/compound/3_5-dihydroxy-6-methyl-2_3-dihydropyran-4-one
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L364818597%5Cn
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L364818597%5Cn
http://sfx.library.uu.nl/utrecht?sid=EMBASE&issn=17464269&id=10.1186%2F1746-4269-8-1&atitle=Ethnomedicinal%2Bstudy%2Bof%2Bplant
http://sfx.library.uu.nl/utrecht?sid=EMBASE&issn=17464269&id=10.1186%2F1746-4269-8-1&atitle=Ethnomedicinal%2Bstudy%2Bof%2Bplant
http://sfx.library.uu.nl/utrecht?sid=EMBASE&issn=17464269&id=10.1186%2F1746-4269-8-1&atitle=Ethnomedicinal%2Bstudy%2Bof%2Bplant

200 |

SINGH ET AL.

Aboulthana, W. M., Shousha, W. G, Essawy, E. A. R,, Saleh, M. H., & Salama,
A. H. (2021). Assessment of the anti-cancer efficiency of silver Moringa
oleifera leaves nano-extract against colon cancer induced chemically in
rats. Asian Pacific Journal of Cancer Prevention, 22(10), 3267-3286. 10.
31557/APJCP.2021.22.10.3267

Adedapo, A. A., Mogbojuri, O. M., & Emikpe, B. O. (2009). Safety evaluations
of the aqueous extract of the leaves of Moringa oleifera in rats. Jour-
nal of Medicinal Plants Research, 3(8), 586-591. Accessed: Jun. 29, 2022.
[Online]. Available: http://www.academicjournals.org/JMPR

Ajibade, T. O., Arowolo, R, & Olayemi, F. O. (2013). Phytochemi-
cal screening and toxicity studies on the methanol extract of the
seeds of moringa oleifera. Journal of Complementary and Integra-
tive Medicine, 10(1), 11-16. https://doi.org/10.1515/JCIM-2012-
0015/MACHINEREADABLECITATION/RIS

Akanni, E., Adedeji, A., Akanni, R., & Rrj, J. O. (2014).2014b, and unde-
fined 2014. Up-regulation of TNF-a by ethanol extract of Moringa
oleifera in benzene-induced leukemic wister rat: A possible mecha-
nism of anticancer property. Researchgate.net. https://doi.org/10.1158/
1538-7445.AM2014-3792

Akin, S., Can, G., Aydiner, A., Ozdilli, K., & Durna, Z. (2010). Quality of life,
symptom experience and distress of lung cancer patients undergoing
chemotherapy. European Journal of Oncology Nursing, 14(5), 400-409.
https://doi.org/10.1016/J.EJON.2010.01.003

Al-Asmari, A. K., Albalawi, S. M., Athar, M. T., Khan, A. Q., Al-Shahrani, H., &
Islam, M. (2015). Moringa oleifera as an anti-cancer agent against breast
and colorectal cancer cell lines. PLoS One, 10(8), https://doi.org/10.1371/
JOURNAL.PONE.0135814

Al-Asmari, A. K., Albalawi, S. M., Athar, M. T., Khan, A. Q., Al-Shahrani, H., &
Islam, M. (2015). Moringa oleifera as an anti-cancer agent against breast
and colorectal cancer cell lines. Plos One, 10(8). https://doi.org/10.1371/
JOURNAL.PONE.0135814

Ali Abdalla, Y. O., Subramaniam, B., Nyamathulla, S., Shamsuddin, N., Arshad,
N. M., Mun, K. S., Awang, K., & Nagoor, N. H. (2022). Natural products for
cancer therapy: A review of their mechanism of actions and toxicity in the
past decade. Journal of Tropical Medicine, 2022, https://doi.org/10.1155/
2022/5794350

Althomali, A., Daghestani, M. H., Almukaynizi, F. B., Al-Zahrani, S. A., Awad,
M. A, Merghani, N. M., Bukhari, W. I, Ibrahim, E. M., Alzahrani, S.
M., Altowair, N., AL-Ghamdi, A. S., AlQahtani, A. M., Ramadan, R., &
Bhat, R. S. (2022). Anti-colon cancer activities of green-synthesized
Moringa oleifera-AgNPs against human colon cancer cells. Green
Process Synthesis, 11(1), 545-554. https://doi.org/10.1515/gps-2022
-0052

Ambi, A. A., Abdurahman, E. M., Katsayal, U. A, Sule, M. I,, Pateh, U. U., &
Ibrahim, N. D. G. (2011). Toxicity evaluation of Moringa oleifera leaves.
International Journal of Innovative, 4, 22-24.

Aney, J., Tambe, R., Kulkarni, M., & Bhise, K. S. (2009). Pharmacological
and pharmaceutical potential of Moringa oleifera: A review. Journal of
Pharmacy Research, 2, 1424-1426.

“Anti-inflammatory and antitumor activities of seed extracts of malunggay,
Moringa oleifera L. (Moringaceae).” https://agris.fac.org/agris-search/
search.do?recordID=PH1998010416 (accessed Jun. 28, (2022)

Anwar, F, Latif, S., Ashraf, M., & Gilani, A. H. (2007). Moringa oleifera: A food
plant with multiple medicinal uses. Phytotherapy Research, 21(1), 17-25.
https://doi.org/10.1002/PTR.2023

Anwar, F, Latif, S., Ashraf, M., & Gilani, A. H. (2007). Moringa oleifera: A
food plant with multiple medicinal uses. Phyther Research, 21(1), 17-25.
https://doi.org/10.1002/PTR.2023

Anzano, A., Ammar, M., Papaianni, M., Grauso, L., Sabbah, M., Capparelli,
R., & Lanzotti, V. (2021). Moringa oleifera Lam.: A phytochemical and
pharmacological overview. Hortic, 7(10), 409. https://doi.org/10.3390/
HORTICULTURAE7100409

“Apigenin | C15H1005 - PubChem.” https://pubchem.ncbi.nIm.nih.gov/
compound/Apigenin#section=Associated-Disorders-and-Diseases
(accessed Jun. 17, (2022)

Aradjo, L. C. C., Aguiar, J. S.,, Napoledo, T. H., Mota, F. V. B,, Barros, A. L. S.,
Moura, M. C., Coriolano, M. C., Coelho, L. C. B. B, Silva, T. G., & Paiva, P.
M. G. (2013). Evaluation of cytotoxic and anti-inflammatory activities of
extracts and lectins from Moringa oleifera seeds. PLoS One, 8(12), https://
doi.org/10.1371/JOURNAL.PONE.0081973

Arif, M., Yustisia, |., & Padlianah (2020). The combination from ethanol
extract of moringa leaves (Moringa oleifera L.) and ethanol extract of
papaya leaves (Carica papaya L.) slows the tumor growth in sprague daw-
ley rats induced 7,12-dimethylbenz(a)anthracene. Med. Clinica Prdctica,
3,100100. https://doi.org/10.1016/j.mcpsp.2020.100100

Asare, G. A, Gyan, B., Bugyei, K., Adjei, S., Mahama, R., Addo, P, Otu-
Nyarko, L., Wiredu, E. K., & Nyarko, A. (2012). Toxicity potentials of the
nutraceutical Moringa oleifera at supra-supplementation levels. . Journal
of Ethnopharmacology, 139(1), 265-272. https://doi.org/10.1016/J.JEP.
2011.11.009

Asiedu-Gyekye, I. J., Frimpong-Manso, S., Awortwe, C., Antwi, D. A, &
Nyarko, A. K. (2014). Micro-and macroelemental composition and safety
evaluation of the nutraceutical Moringa oleifera leaves. Journal of Toxicol-
ogy, 2014, https://doi.org/10.1155/2014/786979

Aslam, M. (2005).F.A,,.R.N,,.U.R,,.T.G.K,,and . M. N. Mineral Composition
of Moringa oleifera Leaves and Pods from Different Regions of Punjab,
Pakistan. Asian Journal of Plant Sciences, 4(4), 417-421. https://doi.org/
10.3923/ajps.2005.417.421

Atanasov, A. G., Zotcheyv, S. B., Dirsch, V. M., & the International Natural
Product Sciences Taskforce & Claudiu T. Supuran. (2021). Natural prod-
ucts in drug discovery: Advances and opportunities. Nature Reviews Drug
Discovery 2021 203, 20(3), 200-216. https://doi.org/10.1038/s41573-
020-00114-z

Atta, A, Nasr, S., Almaweri, A., Sedky, D., Mohamed, A., Desouky, H.,
& Shalaby, M. (2018). Phytochemical, antioxidant and hepatoprotec-
tive effects of different fractions of Moringa oleifera leaves methanol
extract against liver injury in animal model. Asian Pacific Journal of Trop-
ical Medicine, 11(7), 423-429. https://doi.org/10.4103/1995-7645.237
186

Aung, T. N., Qu, Z., Kortschak, R. D., & Adelson, D. L. (2017). Understand-
ing the effectiveness of natural compound mixtures in cancer through
their molecular mode of action. International Journal of Molecular Sciences,
18(3), . https://doi.org/10.3390/1JMS18030656

Autonoumus body. (1962). Wealth of India. New Delhi: Publication and
Information Directorate, CSIR.

Awodele, O., Oreagba, |. A,, Odoma, S., Teixeira Da Silva, J. A, & Osunkalu, V.
0.(2012). Toxicological evaluation of the aqueous leaf extract of Moringa
oleifera Lam. (Moringaceae). Journal of Ethnopharmacology, 139(2), 330-
336. https://doi.org/10.1016/J.JEP.2011.10.008

Azam, M. M., Waris, A., & Nahar, N. M. (2005). Prospects and potential
of fatty acid methyl esters of some non-traditional seed oils for use as
biodiesel in India. Biomass and Bioenergy, 29(4), 293-302. https://doi.org/
10.1016/J.BIOMBIOE.2005.05.001

Bakre, A. G., Aderibigbe, A. O., & Ademowo, O. G. (2013). Studies on neu-
ropharmacological profile of ethanol extract of Moringa oleifera leaves
in mice. Journal of Ethnopharmacology, 149(3), 783-789. https://doi.org/
10.1016/J.JEP.2013.08.006

Barhoi, D., Upadhaya, P, Barbhuiya, S. N., Giri, A., & Giri, S. (2020). Aqueous
extract of Moringa oleifera exhibit potential anticancer activity and can
be used as a possible cancer therapeutic agent. A Study Involving In Vitro
and In Vivo Approach, 40(1), 70-85. https://doi.org/10.1080/07315724.
2020.1735572

Barhoi, D., Upadhaya, P, Barbhuiya, S. N., Giri, A., & Giri, S. (2021). Aque-
ous extract of Moringa oleifera exhibit potential anticancer activity and
can be used as a possible cancer therapeutic agent: A study involving in
vitro and in vivo approach. Journal of the American Nutrition, 40(1), 70-85.
https://doi.org/10.1080/07315724.2020.1735572

Berkovich, L., Earon, G., Ron, |., Rimmon, A., Vexler, A., & Lev-Ari, S. (2013).
Moringa Oleifera aqueous leaf extract down-regulates nuclear factor-
kappaB and increases cytotoxic effect of chemotherapy in pancreatic


https://doi.org/10.31557/APJCP.2021.22.10.3267
https://doi.org/10.31557/APJCP.2021.22.10.3267
http://www.academicjournals.org/JMPR
https://doi.org/10.1515/JCIM-2012-0015/MACHINEREADABLECITATION/RIS
https://doi.org/10.1515/JCIM-2012-0015/MACHINEREADABLECITATION/RIS
https://doi.org/10.1158/1538-7445.AM2014-3792
https://doi.org/10.1158/1538-7445.AM2014-3792
https://doi.org/10.1016/J.EJON.2010.01.003
https://doi.org/10.1371/JOURNAL.PONE.0135814
https://doi.org/10.1371/JOURNAL.PONE.0135814
https://doi.org/10.1371/JOURNAL.PONE.0135814
https://doi.org/10.1371/JOURNAL.PONE.0135814
https://doi.org/10.1155/2022/5794350
https://doi.org/10.1155/2022/5794350
https://doi.org/10.1515/gps-2022-0052
https://doi.org/10.1515/gps-2022-0052
https://agris.fao.org/agris-search/search.do?recordID=PH1998010416
https://agris.fao.org/agris-search/search.do?recordID=PH1998010416
https://doi.org/10.1002/PTR.2023
https://doi.org/10.1002/PTR.2023
https://doi.org/10.3390/HORTICULTURAE7100409
https://doi.org/10.3390/HORTICULTURAE7100409
https://pubchem.ncbi.nlm.nih.gov/compound/Apigenin#section=Associated-Disorders-and-Diseases
https://pubchem.ncbi.nlm.nih.gov/compound/Apigenin#section=Associated-Disorders-and-Diseases
https://doi.org/10.1371/JOURNAL.PONE.0081973
https://doi.org/10.1371/JOURNAL.PONE.0081973
https://doi.org/10.1016/j.mcpsp.2020.100100
https://doi.org/10.1016/J.JEP.2011.11.009
https://doi.org/10.1016/J.JEP.2011.11.009
https://doi.org/10.1155/2014/786979
https://doi.org/10.3923/ajps.2005.417.421
https://doi.org/10.3923/ajps.2005.417.421
https://doi.org/10.1038/s41573-020-00114-z
https://doi.org/10.1038/s41573-020-00114-z
https://doi.org/10.4103/1995-7645.237186
https://doi.org/10.4103/1995-7645.237186
https://doi.org/10.3390/IJMS18030656
https://doi.org/10.1016/J.JEP.2011.10.008
https://doi.org/10.1016/J.BIOMBIOE.2005.05.001
https://doi.org/10.1016/J.BIOMBIOE.2005.05.001
https://doi.org/10.1016/J.JEP.2013.08.006
https://doi.org/10.1016/J.JEP.2013.08.006
https://doi.org/10.1080/07315724.2020.1735572
https://doi.org/10.1080/07315724.2020.1735572
https://doi.org/10.1080/07315724.2020.1735572

SINGH ET AL.

201

cancer cells. BMC Complement Alternative Medicine, 13(1), 1-7. https://
doi.org/10.1186/1472-6882-13-212/TABLES/1

Berkovich, L., Earon, G., Ron, |., Rimmon, A., Vexler, A., & Lev-Ari, S. (2013).
Moringa Oleifera aqueous leaf extract down-regulates nuclear factor-
kappaB and increases cytotoxic effect of chemotherapy in pancreatic
cancer cells. BMC Complementary and Alternative Medicine, 13, https://doi.
org/10.1186/1472-6882-13-212

“beta-Sitosterol | C29H500 - PubChem.” https://pubchem.ncbi.nlm.nih.
gov/compound/beta-Sitosterol (accessed Jun. 18, (2022)

Bhadresha, K., Patel, M., Brahmbhatt, J., Jain, N., & Rawal, R. (2022).
Targeting bone metastases signaling pathway using Moringa oleifera
seed nutri-miRs: A cross kingdom approach targeting bone metastases
signaling pathway using Moringa oleifera. Nutrition and Cancer, 74(7),
2522-2539. https://doi.org/10.1080/01635581.2021.2001547

Bhalla, N., Ingle, N., Patri, S. V., & Haranath, D. (2021). Phytochemical anal-
ysis of Moringa oleifera leaves extracts by GC-MS and free radical
scavenging potency for industrial applications. Saudi Journal of Biolog-
ical Sciences, 28(12), 6915-6928. https://doi.org/10.1016/).5JBS.2021.
07.075

Block, K. I., Koch, A.C.,Mead, M. N., Tothy, P. K., Newman, R. A., & Gyllenhaal,
C. (2007). Impact of antioxidant supplementation on chemotherapeutic
efficacy: A systematic review of the evidence from randomized con-
trolled trials. Cancer Treatment Reviews, 33(5), 407-418. https://doi.org/
10.1016/j.ctrv.2007.01.005

Borgonovo, G., De Petrocellis, L., Schiano Moriello, A., Bertoli, S., Leone, A,
Battezzati, A., Mazzini, S., & Bassoli, A. (2020). Moringin, a stable isoth-
iocyanate from Moringa oleifera, activates the somatosensory and pain
receptor TRPA1 channel in vitro. Molecules (Basel, Switzerland), 25(4),
https://doi.org/10.3390/MOLECULES25040976

Blake, J. F. (2000). Chemoinformatics - predicting the physicochemical
properties of ‘drug-like’ molecules. Curr Opin Biotechnol, Feb;11(1),
104-7. doi: http://10.1016/s0958-1669(99)00062-2

Boreddy, S. R, Sahu, R. P, & Srivastava, S. K. (2011). Benzyl isothiocyanate
suppresses pancreatic tumor angiogenesis and invasion by inhibiting
HIF-a/VEGF/Rho-GTPases: Pivotal role of STAT-3. PLoS One, 6(10),
:e25799. doi: http://10.1371/journal.pone.0025799. Epub 2011 Oct
10.

Brilhante, R. S. N, Sales, J. A, Pereira, V.S., de Souza Collares Maia Castelo-
Branco, D., de Aguiar Cordeiro, R., Sampaio, C. M. S., de Aratjo Neto
Paiva, M., dos Santos, J. B. F, Sidrim, J. J. C.,, & Rocha, M. F. G. (2017).
Research advances on the multiple uses of Moringa oleifera: A sustain-
able alternative for socially neglected population. Asian Pacific Journal of
Tropical Medicine, 10(7), 621-630. https://doi.org/10.1016/j.apjtm.2017.
07.002

“Caffeic acid | C9H804 - PubChem.” https://pubchem.ncbi.nlm.nih.gov/
compound/Caffeic-acid (accessed Jun. 18, (2022)

“Cancer.”https://www.who.int/health-topics/cancer#tab=tab_1 (accessed
Jul.09,2022)

“Cancer.” https://www.who.int/news-room/fact-sheets/detail/cancer
(accessed May 06, 2022)

Carta, G., Murru, E., Banni, S., & Manca, C. (2017). Palmitic acid: Physiolog-
ical role, metabolism and nutritional implications. Frontiers in Physiology,
8, https://doi.org/10.3389/FPHYS.2017.00902/FULL

Chico, L. K., Van Eldik, L. J., & Watterson, D. M. (2009). Targeting pro-
tein kinases in central nervous system disorders. Nat Rev Drug Discov,
Nov;8(11),:892-909. doi: http://10.1038/nrd2999

“Chemomodulatory effect of Moringa oleifera, Lam, on hepatic car-
cinogen metabolising enzymes, antioxidant parameters and skin
papillomagenesis in mice - PubMed.” https://pubmed.ncbi.nIm.nih.gov/
12875626/(accessed Jun. 26, (2022)

Chin, A. R,, Fong, M. Y., Somlo, G., Wu, J.,, Swiderski, P, Wu, X., & Wang,
S. E. (2016). Cross-kingdom inhibition of breast cancer growth by plant
miR159. Cell Research, 26,217-228.

Chiu, B. C., Olson, M. E., & Fahey, J. W. (2021). Exploring the use of Moringa
oleifera as a vegetable in Agua Caliente Nueva, Jalisco, Mexico: A qual-

itative study. Food Front, 2(3), 294-304. https://doi.org/10.1002/FFT2.
103

“Chlorogenic acid | C16H1809 - PubChem.” https://pubchem.ncbi.nlm.nih.
gov/compound/Chlorogenic-acid#section=Associated-Disorders-and-
Diseases (accessed Jun. 18, (2022)

Choudhari, A. S., Mandave, P. C., Deshpande, M., Ranjekar, P, & Prakash, O.
(2020). Phytochemicals in cancer treatment: From preclinical studies to
clinical practice. Frontiers in Pharmacology, 10, https://doi.org/10.3389/
FPHAR.2019.01614

Cooke, M. S., Evans, M. D., Dizdaroglu, M., & Lunec, J. (2003). Oxidative
DNA damage: Mechanisms, mutation, and disease. Faseb Journal, 17(10),
1195-1214. https://doi.org/10.1096/FJ.02-0752REV

Coppin, J. (2008). A study of the nutritional and medicinal values of Moringa
oleifera leaves from sub-Saharan Africa: Ghana, Rwanda, Senegal and
Zambia. https://doi.org/10.7282/T3MG7PVN

“Cytotoxic Effect of Moringa oleifera Leaf Extracts on Human Multiple
Myeloma Cell Lines.” https://scialert.net/abstract/?doi=tmr.2007.44.50
(accessed Jun. 30, (2022)

“Daidzein | C15H1004 - PubChem.” https://pubchem.ncbi.nlm.nih.gov/
compound/Daidzein#section=Associated-Disorders-and-Diseases
(accessed Jun. 17, (2022)

“D-Allose | C6H1206 - PubChem.” https://pubchem.ncbi.nim.nih.gov/
compound/D-Allopyranose (accessed Jun. 18, (2022)

Dasgupta, T.,, Rao, A. R, & Yadava, P. K. (2003). Modulatory effect of
Henna leaf (Lawsonia inermis) on drug metabolising phase | and phase
Il enzymes, antioxidant enzymes, lipid peroxidation and chemically
induced skin and forestomach papillomagenesis in mice.

Debela, D. T., Muzazu, S. G. vy, Heraro, K. D., Ndalama, M. T., Mesele,
B. W, Haile, D. C, Kitui, S. K, & Manyazewal, T. (2021). New
approaches and procedures for cancer treatment: Current perspectives.
SAGE Open Medicine, 9, 205031212110343. https://doi.org/10.1177/
20503121211034366

Deepak, P, Amutha, V., Kamaraj, C., Balasubramani, G., Aiswarya, D., &
Perumal, P. (2019). Chemical and green synthesis of nanoparticles and
their efficacy on cancer cells. Green Synthesis of Metals and Their Oxide
Nanoparticles, 369-387. https://doi.org/10.1016/B978-0-08-102579-
6.00016-2

Desantis, C. E., Lin, C. C., Mariotto, A. B,, Siegel, R. L., Stein, K. D., Kramer,
J. L., Alteri, R., Robbins, A. S., & Jemal, A. (2014). Cancer treatment and
survivorship statistics, 2014. CA: A Cancer Journal for Clinicians, 64(4),
252-271. https://doi.org/10.3322/CAAC.21235

Deschner, E. E., Ruperto, J., Wong, G., & Newmark, H. L. (1991). Quercetin
and rutin as inhibitors of azoxymethanol-induced colonic neoplasia. Car-
cinogenesis, 12(7), 1193-1196. https://doi.org/10.1093/CARCIN/12.7.
1193

Dhakar, R., Pooniya, B., Gupta, M., Maurya, S., Bairwa, N., & Sanwarmal
(2011). Moringa: The herbal gold to combat malnutrition. Chronicles of
Young Scientists, 2(3), 119. https://doi.org/10.4103/2229-5186.90887

Dias, D. A, Urban, S., & Roessner, U. (2012). A Historical overview of natural
products in drug discovery. Metabolites, 2(2), 303-336. https://doi.org/
10.3390/METABO2020303

Dizdaroglu, M., Kirkali, G., & Jaruga, P. (2008). Formamidopyrimidines
in DNA: Mechanisms of formation, repair, and biological effects. Free
Radical Biology & Medicine, 4512, 1610-1621.

“Drumstick (Moringa oleifera): A Multipurpose Indian Vegetable on JSTOR.”
https://www.jstor.org/stable/4254186 (accessed Jul. 07, (2022)

“Ellagic acid | C14H608 - PubChem.” https://pubchem.ncbi.nlm.nih.gov/
compound/Ellagic-acid (accessed Jun. 18, (2022)

“Espacenet - Bibliographic data.” https://worldwide.espacenet.com/
publicationDetails/biblio?FT=D&locale=en_EP&CC=CN&NR=
112843049A&KC=A (accessed Jun. 17,(2022)

Evans, M. D., Dizdaroglu, M., & Cooke, M. S. (2004). Oxidative DNA damage
and disease: Induction, repair and significance. Mutation Research Toxi-
cology and Environmental, 567(1), 1-61. https://doi.org/10.1016/j.mrrev.
2003.11.001


https://doi.org/10.1186/1472-6882-13-212/TABLES/1
https://doi.org/10.1186/1472-6882-13-212/TABLES/1
https://doi.org/10.1186/1472-6882-13-212
https://doi.org/10.1186/1472-6882-13-212
https://pubchem.ncbi.nlm.nih.gov/compound/beta-Sitosterol
https://pubchem.ncbi.nlm.nih.gov/compound/beta-Sitosterol
https://doi.org/10.1080/01635581.2021.2001547
https://doi.org/10.1016/J.SJBS.2021.07.075
https://doi.org/10.1016/J.SJBS.2021.07.075
https://doi.org/10.1016/j.ctrv.2007.01.005
https://doi.org/10.1016/j.ctrv.2007.01.005
https://doi.org/10.3390/MOLECULES25040976
http://10.1016/s0958-1669(99)00062-2
http://10.1371/journal.pone.0025799
https://doi.org/10.1016/j.apjtm.2017.07.002
https://doi.org/10.1016/j.apjtm.2017.07.002
https://pubchem.ncbi.nlm.nih.gov/compound/Caffeic-acid
https://pubchem.ncbi.nlm.nih.gov/compound/Caffeic-acid
https://www.who.int/health-topics/cancer#tab=tab_1
https://www.who.int/news-room/fact-sheets/detail/cancer
https://doi.org/10.3389/FPHYS.2017.00902/FULL
http://10.1038/nrd2999
https://pubmed.ncbi.nlm.nih.gov/12875626/
https://pubmed.ncbi.nlm.nih.gov/12875626/
https://doi.org/10.1002/FFT2.103
https://doi.org/10.1002/FFT2.103
https://pubchem.ncbi.nlm.nih.gov/compound/Chlorogenic-acid#section=Associated-Disorders-and-Diseases
https://pubchem.ncbi.nlm.nih.gov/compound/Chlorogenic-acid#section=Associated-Disorders-and-Diseases
https://pubchem.ncbi.nlm.nih.gov/compound/Chlorogenic-acid#section=Associated-Disorders-and-Diseases
https://doi.org/10.3389/FPHAR.2019.01614
https://doi.org/10.3389/FPHAR.2019.01614
https://doi.org/10.1096/FJ.02-0752REV
https://doi.org/10.7282/T3MG7PVN
https://scialert.net/abstract/?doi=tmr.2007.44.50
https://pubchem.ncbi.nlm.nih.gov/compound/Daidzein#section=Associated-Disorders-and-Diseases
https://pubchem.ncbi.nlm.nih.gov/compound/Daidzein#section=Associated-Disorders-and-Diseases
https://pubchem.ncbi.nlm.nih.gov/compound/D-Allopyranose
https://pubchem.ncbi.nlm.nih.gov/compound/D-Allopyranose
https://doi.org/10.1177/20503121211034366
https://doi.org/10.1177/20503121211034366
https://doi.org/10.1016/B978-0-08-102579-6.00016-2
https://doi.org/10.1016/B978-0-08-102579-6.00016-2
https://doi.org/10.3322/CAAC.21235
https://doi.org/10.1093/CARCIN/12.7.1193
https://doi.org/10.1093/CARCIN/12.7.1193
https://doi.org/10.4103/2229-5186.90887
https://doi.org/10.3390/METABO2020303
https://doi.org/10.3390/METABO2020303
https://www.jstor.org/stable/4254186
https://pubchem.ncbi.nlm.nih.gov/compound/Ellagic-acid
https://pubchem.ncbi.nlm.nih.gov/compound/Ellagic-acid
https://worldwide.espacenet.com/publicationDetails/biblio?FT=D&locale=en_EP&CC=CN&NR=112843049A&KC=A
https://worldwide.espacenet.com/publicationDetails/biblio?FT=D&locale=en_EP&CC=CN&NR=112843049A&KC=A
https://worldwide.espacenet.com/publicationDetails/biblio?FT=D&locale=en_EP&CC=CN&NR=112843049A&KC=A
https://doi.org/10.1016/j.mrrev.2003.11.001
https://doi.org/10.1016/j.mrrev.2003.11.001

SINGH ET AL.

Fahey, J. W. (2017). Moringa oleifera: A review of the medicinal poten-
tial. Acta Horticulturae, 1158, 209-224. 10.17660/ACTAHORTIC.2017.
1158.25

Fahey, J. W.,, & Sc, D. (2021). Moringa oleifera: A review of the medical evi-
dence for its nutritional, therapeutic, and prophylactic properties .. Part 1
.no. July. https://doi.org/10.1201/9781420039078.ch12

Fahey, J. W,, Zalcmann, A. T., & Talalay, P. (2001). The chemical diversity and
distribution of glucosinolates and isothiocyanates among plants. Phyto-
chemistry, 56(1), 5-51. https://doi.org/10.1016/S0031-9422(00)00316-
2

“Ferulic acid | CIOH1004 - PubChem.” https://pubchem.ncbi.nlm.nih.gov/
compound/Ferulic-acid (accessed Jun. 18, (2022)

Fidrianny, I., Kanapa, I., & Singgih, M. (2021). Phytochemistry and Pharma-
cology of Moringa Tree: An Overview, 11(3), 10776-10789. 10.33263/
BRIAC113.1077610789

Fu, Z., Wang, L., Li, S., Chen, F,, Au-Yeung, K. K. a.-W., & Shi, C. MicroRNA as
an Important Target for Anticancer Drug Development. https://doi.org/
10.3389/fphar.2021.736323

Fuel, M., Mesas, C., Martanez, R., Ortiz, R., Quidonero, F., Prados, J.,
Porres, J. M., & Melguizo, C. (2021). Antioxidant and antiprolifera-
tive potential of ethanolic extracts from Moringa oleifera, Tropaeolum
tuberosum and Annona cherimolain colorrectal cancer cells. Biomedicine
& Pharmacotherapy, 143, 112248. https://doi.org/10.1016/J.BIOPHA.
2021.112248

Fujii, Y., Kimura, M., Ishii, Y., Yamamoto, R., Morita, R., Hayashi, S. -., Suzuki,
K., & Shibutani, M. (2013). Effect of enzymatically modified isoquercitrin
on preneoplastic liver cell lesions induced by thioacetamide promotionin
a two-stage hepatocarcinogenesis model using rats. Toxicology, 305, 30—
40. https://doi.org/10.1016/).TOX.2013.01.002

“Gallic acid | C7H605 - PubChem.” https://pubchem.ncbi.nlm.nih.gov/
compound/Gallic-acid#section=Associated-Disorders-and-Diseases
(accessed Jun. 18, (2022)

Galuppo, M., Giacoppo, S., De Nicola, G.R,, lori,R.,Navarra, M., Lombardo, G.
E., Bramanti, P, & Mazzon, E. (2014). Antiinflammatory activity of gluco-
moringin isothiocyanate in a mouse model of experimental autoimmune
encephalomyelitis. Fitoterapia, 95, 160-174. https://doi.org/10.1016/J.
FITOTE.2014.03.018

Gao, N., Budhraja, A, Cheng, S., Liu, E.-. H., Chen, J., Yang, Z., Chen, D., Zhang,
Z.,&Shi, X.(2011). Phenethyl isothiocyanate exhibits antileukemic activ-
ity in vitro and in vivo by inactivation of Akt and activation of JNK
pathways. Cell Death & Disease, 2(4), . https://doi.org/10.1038/CDDIS.
2011.22

“Genistein | C15H1005 - PubChem.” https://pubchem.ncbi.nim.nih.gov/
compound/Genistein#section=Associated-Disorders-and-Diseases
(accessed Jun. 17,(2022)

Gibson, R. J., Keefe, D. M. K,, Lalla, R. V., Bateman, E., Blijlevens, N., Fijlstra,
M., King, E. E., Stringer, A. M., van der Velden, W. J. F. M., Yazbeck,
R, Elad, S., & Bowen, J. M. (2012). Systematic review of agents for
the management of gastrointestinal mucositis in cancer patients. Sup-
port. Care Cancer 2012, 211, 21(1), 313-326. https://doi.org/10.1007/
S00520-012-1644-7

Gismondi, A., Di Marco, G., Camoni, L., Montesano, C., Braglia, R., Marra,
M., & Canini, A. (2022). MicroRNA expression profiles in Moringa
oleifera Lam. seedlings at different growth conditions. Journal of Plant
Growth Regulation, no. (0123456789), https://doi.org/10.1007/s00344-
022-10686-2

“Global Moringa Products Market Size & Share | Industry Report, 2025.”
https://www.grandviewresearch.com/industry-analysis/moringa-
products-market accessed Jun. 30 (2022)

“Glucomoringin | CAS:316165-49-8 | Miscellaneous | High Purity |
Manufacturer BioCrick.” https://www.biocrick.com/Glucomoringin-
BCN8979.html (accessed Jul. 12, (2022)

Gopalakrishnan, L., Doriya, K., & Kumar, D. S. (2016). Moringa oleifera: A
review on nutritive importance and its medicinal application. https://doi.
org/10.1016/j.fshw.2016.04.001

Guevara, A. P, Vargas, C., Sakurai, H., Fujiwara, Y., Hashimoto, K., Maoka,
T., Kozuka, M., Ito, Y., Tokuda, H., & Nishino, H. (1999). An antitu-
mor promoter from Moringa oleifera Lam. Mutation Research Toxicology
and Environmental Mutagen, 440(2), 181-188. https://doi.org/10.1016/
$1383-5718(99)00025-X

Guon, T. E., & Chung, H. S. (2017). Moringa oleifera fruit induce apoptosis
via reactive oxygen species-dependent activation of mitogen-activated
protein kinases in human melanoma A2058 cells. Oncology Letters, 14(2),
1703-1710. https://doi.org/10.3892/0L.2017.6288

Hall, W. A., Nickleach, D. C., Master, V. A, Prabhu, R. S., Rossi, P. J., Godette,
K., Cooper, S., & Jani, A. B. The Association Between C-Reactive Pro-
tein (CRP) level and biochemical failure-free survival in patients after
radiation therapy for nonmetastatic adenocarcinoma of the prostate.
https://doi.org/10.1002/cncr.28185

Han, L., Fang, S., Li, G., Wang, M., & Yu, R. (2020). Total flavonoids suppress
lung cancer growth via the COX-2-mediated Wnt/B-catenin signaling
pathway. Oncology Letters, 19(3), 1824-1830. https://doi.org/10.3892/
0OL.2020.11271/HTML

Harada, H., Yamashita, U., Kurihara, H., Fukushi, E., Kawabata, J., & Kamei, Y.
(2002). Antitumor activity of palmitic acid found as a selective cytotoxic
substance in a marine red alga. Anticancer Research, 22(5), 2587-2590.
[Online]. Available: http://europepmc.org/abstract/MED/12529968

Hassanein, A., Salem, J., Faheed, F., & EI-Nagish, A. (2019). Some important
aspects in Moringa oleifera Lam. Micropropagation. Acta Agriculturae
Slovenica, 113(1), 13-27.10.14720/2as.2019.113.1.02

He, B., Zhao, Z., Cai, Q,, Zhang, Y., Zhang, P, Shi, S., Xie, H., Peng, X., Yin,
W, Tao, Y., & Wang, X. (2020). miRNA-based biomarkers, therapies, and
resistance in Cancer. International Journal of Biological Sciences, 2020(14),
2628-2647. https://doi.org/10.7150/ijbs.47203

“Hepatoprotective and antioxidant potential of Moringa oleifera pods
against DMBA-induced hepatocarcinogenesis in male mice - Google
Search.”  https://www.google.com/search?q=Hepatoprotective+and+
antioxidant+potential+of+Moringa+oleifera+pods+against+DMBA-
induced+hepatocarcinogenesis+in+male+mice&oq=Hepatoprotective+
and+antioxidant+potential+of+Moringa+toleifera+pods+against+
DMBA-induced+hepatocarcinogenesis+in+male+mice&ags=chrome.
69i57.1461j0j15&sourceid=chrome&ie=UTF-8 (accessed Jun. 26,
(2022)

Hou, G. X,, Liu, P, Yang, J., & Wen, S. (2017). Mining expression and prog-
nosis of topoisomerase isoforms in non-small-cell lung cancer by using
Oncomine and Kaplan-Meier plotter. Plos One, 12(3), https://doi.org/10.
1371/JOURNAL.PONE.0174515

“In vivo anticancer activity of the leaves and fruits of Moringa oleifera
on mouse melanoma.” https://www.researchgate.net/publication/
287690100_In_vivo_anticancer_activity_of_the_leaves_and_fruits_of_
Moringa_oleifera_on_mouse_melanoma (accessed Jun. 24, (2022)

Islam, Z., Islam, S. M. R., Hossen, F., Mahtab-Ul-Islam, K., Hasan, M. R., &
Karim, R. (2021). Moringa oleifera is a prominent source of nutrients
with potential health benefits. International Journal of Food Science, 2021,
https://doi.org/10.1155/2021/6627265

Islam, Z., Rashadul Islam, S. M., Hossen, F., Mahtab-ul-Islam, K., Rakibul
Hasan, M., & Karim, R. (2021). Moringa oleifera is a prominent source of
nutrients with potential health benefits. https://doi.org/10.1155/2021/
6627265

“Isoquercitrin | C21H20012 - PubChem.” https://pubchem.ncbi.nlm.nih.
gov/compound/Isoquercitrin#section=Associated-Disorders-and-
Diseases (accessed Jun. 17, (2022)

Jafarain, A., Asghari, G., & Ghassami, E. (2014). Evaluation of cytotoxi-
city of Moringa oleifera Lam. callus and leaf extracts on Hela cells.
Advanced Biomedical Research, 3, 194. https://doi.org/10.4103/2277-
9175.140668

Johnson, I. T. (2004). New approaches to the role of diet in the prevention
of cancers of the alimentary tract. Mutation Research: Fundamental and
Molecular Mechanisms Mutagen, 551(1), 9-28. https://doi.org/10.1016/i.
mrfmmm.2004.02.017


https://doi.org/10.17660/ACTAHORTIC.2017.1158.25
https://doi.org/10.17660/ACTAHORTIC.2017.1158.25
https://doi.org/10.1201/9781420039078.ch12
https://doi.org/10.1016/S0031-9422(00)00316-2
https://doi.org/10.1016/S0031-9422(00)00316-2
https://pubchem.ncbi.nlm.nih.gov/compound/Ferulic-acid
https://pubchem.ncbi.nlm.nih.gov/compound/Ferulic-acid
https://doi.org/10.33263/BRIAC113.1077610789
https://doi.org/10.33263/BRIAC113.1077610789
https://doi.org/10.3389/fphar.2021.736323
https://doi.org/10.3389/fphar.2021.736323
https://doi.org/10.1016/J.BIOPHA.2021.112248
https://doi.org/10.1016/J.BIOPHA.2021.112248
https://doi.org/10.1016/J.TOX.2013.01.002
https://pubchem.ncbi.nlm.nih.gov/compound/Gallic-acid#section=Associated-Disorders-and-Diseases
https://pubchem.ncbi.nlm.nih.gov/compound/Gallic-acid#section=Associated-Disorders-and-Diseases
https://doi.org/10.1016/J.FITOTE.2014.03.018
https://doi.org/10.1016/J.FITOTE.2014.03.018
https://doi.org/10.1038/CDDIS.2011.22
https://doi.org/10.1038/CDDIS.2011.22
https://pubchem.ncbi.nlm.nih.gov/compound/Genistein#section=Associated-Disorders-and-Diseases
https://pubchem.ncbi.nlm.nih.gov/compound/Genistein#section=Associated-Disorders-and-Diseases
https://doi.org/10.1007/S00520-012-1644-Z
https://doi.org/10.1007/S00520-012-1644-Z
https://doi.org/10.1007/s00344-022-10686-2
https://doi.org/10.1007/s00344-022-10686-2
https://www.grandviewresearch.com/industry-analysis/moringa-products-market
https://www.grandviewresearch.com/industry-analysis/moringa-products-market
https://www.biocrick.com/Glucomoringin-BCN8979.html
https://www.biocrick.com/Glucomoringin-BCN8979.html
https://doi.org/10.1016/j.fshw.2016.04.001
https://doi.org/10.1016/j.fshw.2016.04.001
https://doi.org/10.1016/S1383-5718(99)00025-X
https://doi.org/10.1016/S1383-5718(99)00025-X
https://doi.org/10.3892/OL.2017.6288
https://doi.org/10.1002/cncr.28185
https://doi.org/10.3892/OL.2020.11271/HTML
https://doi.org/10.3892/OL.2020.11271/HTML
http://europepmc.org/abstract/MED/12529968
https://doi.org/10.14720/aas.2019.113.1.02
https://doi.org/10.7150/ijbs.47203
https://www.google.com/search?q=Hepatoprotective%2Band%2Bantioxidant%2Bpotential%2Bof%2BMoringa%2Boleifera%2Bpods%2Bagainst%2BDMBA-induced%2Bhepatocarcinogenesis%2Bin%2Bmale%2Bmice&oq=Hepatoprotective%2Band%2Bantioxidant%2Bpotential%2Bof%2BMoringa%2Boleifera%2Bpods%2Bagainst%2BDMBA-induced%2Bhepatocarcinogenesis%2Bin%2Bmale%2Bmice&aqs=chrome.69i57.1461j0j15&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Hepatoprotective%2Band%2Bantioxidant%2Bpotential%2Bof%2BMoringa%2Boleifera%2Bpods%2Bagainst%2BDMBA-induced%2Bhepatocarcinogenesis%2Bin%2Bmale%2Bmice&oq=Hepatoprotective%2Band%2Bantioxidant%2Bpotential%2Bof%2BMoringa%2Boleifera%2Bpods%2Bagainst%2BDMBA-induced%2Bhepatocarcinogenesis%2Bin%2Bmale%2Bmice&aqs=chrome.69i57.1461j0j15&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Hepatoprotective%2Band%2Bantioxidant%2Bpotential%2Bof%2BMoringa%2Boleifera%2Bpods%2Bagainst%2BDMBA-induced%2Bhepatocarcinogenesis%2Bin%2Bmale%2Bmice&oq=Hepatoprotective%2Band%2Bantioxidant%2Bpotential%2Bof%2BMoringa%2Boleifera%2Bpods%2Bagainst%2BDMBA-induced%2Bhepatocarcinogenesis%2Bin%2Bmale%2Bmice&aqs=chrome.69i57.1461j0j15&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Hepatoprotective%2Band%2Bantioxidant%2Bpotential%2Bof%2BMoringa%2Boleifera%2Bpods%2Bagainst%2BDMBA-induced%2Bhepatocarcinogenesis%2Bin%2Bmale%2Bmice&oq=Hepatoprotective%2Band%2Bantioxidant%2Bpotential%2Bof%2BMoringa%2Boleifera%2Bpods%2Bagainst%2BDMBA-induced%2Bhepatocarcinogenesis%2Bin%2Bmale%2Bmice&aqs=chrome.69i57.1461j0j15&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Hepatoprotective%2Band%2Bantioxidant%2Bpotential%2Bof%2BMoringa%2Boleifera%2Bpods%2Bagainst%2BDMBA-induced%2Bhepatocarcinogenesis%2Bin%2Bmale%2Bmice&oq=Hepatoprotective%2Band%2Bantioxidant%2Bpotential%2Bof%2BMoringa%2Boleifera%2Bpods%2Bagainst%2BDMBA-induced%2Bhepatocarcinogenesis%2Bin%2Bmale%2Bmice&aqs=chrome.69i57.1461j0j15&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=Hepatoprotective%2Band%2Bantioxidant%2Bpotential%2Bof%2BMoringa%2Boleifera%2Bpods%2Bagainst%2BDMBA-induced%2Bhepatocarcinogenesis%2Bin%2Bmale%2Bmice&oq=Hepatoprotective%2Band%2Bantioxidant%2Bpotential%2Bof%2BMoringa%2Boleifera%2Bpods%2Bagainst%2BDMBA-induced%2Bhepatocarcinogenesis%2Bin%2Bmale%2Bmice&aqs=chrome.69i57.1461j0j15&sourceid=chrome&ie=UTF-8
https://doi.org/10.1371/JOURNAL.PONE.0174515
https://doi.org/10.1371/JOURNAL.PONE.0174515
https://www.researchgate.net/publication/287690100_In_vivo_anticancer_activity_of_the_leaves_and_fruits_of_Moringa_oleifera_on_mouse_melanoma
https://www.researchgate.net/publication/287690100_In_vivo_anticancer_activity_of_the_leaves_and_fruits_of_Moringa_oleifera_on_mouse_melanoma
https://www.researchgate.net/publication/287690100_In_vivo_anticancer_activity_of_the_leaves_and_fruits_of_Moringa_oleifera_on_mouse_melanoma
https://doi.org/10.1155/2021/6627265
https://doi.org/10.1155/2021/6627265
https://doi.org/10.1155/2021/6627265
https://pubchem.ncbi.nlm.nih.gov/compound/Isoquercitrin#section=Associated-Disorders-and-Diseases
https://pubchem.ncbi.nlm.nih.gov/compound/Isoquercitrin#section=Associated-Disorders-and-Diseases
https://pubchem.ncbi.nlm.nih.gov/compound/Isoquercitrin#section=Associated-Disorders-and-Diseases
https://doi.org/10.4103/2277-9175.140668
https://doi.org/10.4103/2277-9175.140668
https://doi.org/10.1016/j.mrfmmm.2004.02.017
https://doi.org/10.1016/j.mrfmmm.2004.02.017

SINGH ET AL.

203

Johnson, I. T. (2007). Phytochemicals and cancer. Proceedings of the Nutrition
Society, 66,207-215. https://doi.org/10.1017/50029665107005459
Jordan, K., Gralla, R, Jahn, F, & Molassiotis, A. (2014). International
antiemetic guidelines on chemotherapy induced nausea and vomiting
(CINV): Content and implementation in daily routine practice. Euro-
pean Journal of Pharmacology, 722(1), 197-202. https://doi.org/10.1016/

J.EJPHAR.2013.09.073

Ju, X. et al. (2007). Akt1 governs breast cancer progression in vivo. Proceed-
ings of the National Academy of Sciences of the United States of America,
104(18), 7438-7443. https://doi.org/10.1073/PNAS.0605874104

Jung, I. L. (2014). Soluble extract from Moringa oleifera leaves with a new
anticancer activity. Plos One, 9(4), https://doi.org/10.1371/JOURNAL.
PONE.0095492

Jung, I. L, Lee, J. H., & Kang, S. C. (2015). A potential oral anticancer drug
candidate, Moringa oleifera leaf extract, induces the apoptosis of human
hepatocellular carcinoma cells. Oncology Letters, 10(3), 1597-1604.
https://doi.org/10.3892/0L.2015.3482/HTML

“Kaempferol | C15H1006 - PubChem.” https://pubchem.ncbi.nim.nih.
gov/compound/Kaempferol#section=Pharmacology-and-Biochemistry
(accessed Jul. 05, (2022)

“Kaempferol | C15H1006 - PubChem.” https://pubchem.ncbi.nim.nih.gov/
compound/Kaempferol#section=Use-and-Manufacturing (accessed
Jun. 17,(2022)

Kam, V., Zhang, M. M., Zhou, H., Ching Lam, K. Y., Chan, P. L, Law, C. K. a.
M., Yue, P.Y. K., & Liu, L. (2013). Saikosaponin-d enhances the anticancer
potency of TNF-i ui»¥ via overcoming its undesirable response of acti-
vating NF-kappa B signalling in cancer cells. Evidence-Based Complement.
Alternative Medicine, 2013, 14. https://doi.org/10.1155/2013/745295

Karim, N., Ibrahim, M. D., Kntayya, S. B., Rukayadi, Y., Hamid, H. A., & Razis,
A. F. A. (2016). Moringa oleifera Lam: Targeting chemoprevention. Asian
Pacific Journal of Cancer Prevention, 17(8), 3675-3686.

Kasolo, J. N., Bimenya, G. S., Ojok, L., Ochieng, J., & Ogwal-Okeng, J. W.
(2010). Phytochemicals and uses of Moringa oleifera leaves in Ugandan
rural communities. Journal of Medicinal Plants Research, 4(9), 753-757.
https://doi.org/10.5897/JMPR10.492

Khalafalla, M. M., Abdellatef, E., Daffalla, H. M., & Nassrallah, A. (2010).
Active principle from Moringa oleifera Lam leaves effective against two
leukemias and a hepatocarcinoma. African Journal of Biotechnology, 9(49),
8467-8471. https://doi.org/10.5897/AJB10.996

Khalil, S. R., El Bohi, K. M., Khater, S., Abd El-fattah, A. H., Mahmoud, F. A,
& Farag, M. R. (2020). Moringa oleifera leaves ethanolic extract influ-
ences DNA damage signaling pathways to protect liver tissue from cobalt
-triggered apoptosis in rats. Ecotoxicology and Environmental Safety, 200,
110716. https://doi.org/10.1016/J.ECOENV.2020.110716

Khan, M., Yu, B.,Rasul, A., Shawi,A. A.1.,Yi,F, Yang, H.,&Ma, T.(2012). Jaceo-
sidin induces apoptosis in U87 glioblastoma cells through G2/M phase
arrest. Artic. ID, 2012, https://doi.org/10.1155/2012/703034

Khan, M., Zheng, B., Yi, F, Rasul, A, Gu, Z, Li, T., Gao, H., Qazi, J. I,
Yang, H., & Ma, T. (2012). Pseudolaric acid B induces caspase-dependent
and caspase-independent apoptosis in U87 glioblastoma cells. Evidence-
based Complement. Alternative Medicine, 2012, https://doi.org/10.1155/
2012/957568

Kiran, M. S., Rajith Kumar, C. R., Shwetha, U. R., Onkarappa, H. S., Betageri,
V.S, & Latha, M. S. (2021). Green synthesis and characterization of gold
nanoparticles from Moringa oleifera leaves and assessment of antioxi-
dant, antidiabetic and anticancer properties. Chemical Data Collections,
33, 100714. https://doi.org/10.1016/j.cdc.2021.100714

Kocarnik, J. M., Compton, K., Dean, F. E., Fu, W., Gaw, B. L., Harvey, J. D.,
Henrikson, H. J,, Lu, D., Pennini, A., Xu, R., Ababneh, E., Abbasi-Kangevari,
M., Abbastabar, H., Abd-Elsalam, S. M., Abdoli, A., Abedi, A., Abidi, H.,
Abolhassani, H., Adedeji, I. A., & Sakilah Adnani, Q. E. (2022). Cancer
incidence, mortality, years of life lost, years lived with disability, and
disability-adjusted life years for 29 cancer groups from 2010 to 2019:
A systematic analysis for the global burden of disease study 2019. JAMA
Oncology, 8(3), 420-444. https://doi.org/10.1001/jamaoncol.2021.6987

Kou, X.,Fan, J., & Chen, N. (2017). Potential molecular targets of ampelopsin
in prevention and treatment of cancers. Anticancer Agents Medicine Chem-
istry, 17(12), https://doi.org/10.2174/1871521409666170412130529

Kou, X, Li, B, Olayanju, J. B., Drake, J. M., & Chen, N. Nutraceutical or Phar-
macological Potential of Moringa oleifera Lam”, https://doi.org/10.3390/
nu10030343

Kou, X., Li, B., Olayanju, J. B, Drake, J. M., & Chen, N. (2018). Nutraceutical
or pharmacological potential of Moringa oleifera Lam. Nutrients, 10(3),
https://doi.org/10.3390/nu10030343

Kou, X., Li, B., Olayanju, J. B., Drake, J. M., & Chen, N. (2018). Nutraceutical or
pharmacological potential of Moringa oleifera Lam. Nutrients 2018, Vol.
10, Page 343, 10(3), 343. https://doi.org/10.3390/NU10030343

Kreis, F., Ritter, R, & Rolle Louwen, Y. (2019). Function of p21
(Cip1/Waf1/CDKN1A) in migration and invasion of cancer and
trophoblastic cells. Cancers (Basel), 11(7), https://doi.org/10.3390/
cancers11070989

Krishnamurthy, P. T,, Vardarajalu, A., Wadhwani, A., & Patel, V. (2015). Identi-
fication and characterization of a potent anticancer fraction from the leaf
extracts of Moringa oleifera L. Indian Journal of Experimental Biology, 53,
98-103. Accessed: Jun. 27, 2022. [Online]. Available: http://nopr.niscpr.
res.in/handle/123456789/30440

Lee,J.H.,Zhou,H.Y.,Cho,S. Y., Kim,Y.S,, Lee, Y.S., & Jeong, C.S. (2007). Anti-
inflammatory mechanisms of apigenin: Inhibition of cyclooxygenase-2
expression, adhesion of monocytes to human umbilical vein endothelial
cells, and expression of cellular adhesion molecules. Archives of Phar-
macal Research, 30(10), 1318-1327. https://doi.org/10.1007/bf02980
273

Leelawat, S., & Leelawat, K. (2017). Molecular mechanisms of cholangio-
carcinoma cell inhibition by medicinal plants. Oncology Letters, 13(2),
961-966. https://doi.org/10.3892/0L.2016.5488

Leone, A, Spada, A, Battezzati, A., Schiraldi, A., Aristil, J., & Bertoli, S.
(2015). Cultivation, genetic, ethnopharmacology, phytochemistry and
pharmacology of Moringa oleifera Leaves: An overview. International
Journal of Molecular Sciences, 16(6), 12791. https://doi.org/10.3390/
1JMS160612791

Lin, F. R., Niparko, J. K., & Ferrucci, L. (2014). F: X A ZENIH Public Access.
Bone, 23(1), 1-7. https://doi.org/10.1142/S0192415X12500498.Herbal

Lugman, S., Srivastava, S., Kumar, R., Maurya, A. K., & Chanda, D. (2012).
Experimental assessment of Moringa oleifera leaf and fruit for its anti-
stress, antioxidant, and scavenging potential using in vitro and in vivo
assays. Evidence-based Complement Alternet Medicine, 2012, https://doi.
org/10.1155/2012/519084

“Luteolin | C15H1006 - PubChem.” https://pubchem.ncbi.nim.nih.gov/
compound/Luteolin#section=Patents (accessed Jun. 17, (2022)

Mahmood, K. T.,, Mugal, T., & Hagq, I. U. (2010). Moringa oleifera: A natural
gift-a review. Journal of Pharmaceutical Sciences and Research, 2(11), 775-
781.

Mali, S., Bendre, S., & Patil, S. (2022). Overview of Pharmacognostical
and Pharmacological properties of Moringa oleifera. Asian Journal of
Pharmacy and Technology, 12(1), 77-83. 10.52711/2231-5713.2022.
00013

Marnett, L. J. (2000). Oxyradicals and DNA damage. Carcinogenesis, 21(3),
361-370. https://doi.org/10.1093/CARCIN/21.3.361

Mathur, G., Nain, S., & Sharma, P. (2015). Cancer : An overview cancer: An
overview. Academic Journal of Cancer Research, 8(1), 1-9. https://doi.org/
10.5829/idosi.ajcr.2015.8.1.9336

Mattiuzzi, C., & Lippi, G. (2019). Current cancer epidemiology. Journal of
Epidemiology and Global Health, 9(4), 217-222. https://doi.org/10.2991/
JEGH.K.191008.001

Mbikay, M. (2012). Therapeutic potential of Moringa oleifera leaves in
chronic hyperglycemia and dyslipidemia: A review. Frontiers in Pharma-
cology, 3, https://doi.org/10.3389/FPHAR.2012.00024

Meireles, D., Gomes, J., Lopes, L., Hinzmann, M., & Machado, J. (2020).
A review of properties, nutritional and pharmaceutical applications
of Moringa oleifera: Integrative approach on conventional and tradi-


https://doi.org/10.1017/S0029665107005459
https://doi.org/10.1016/J.EJPHAR.2013.09.073
https://doi.org/10.1016/J.EJPHAR.2013.09.073
https://doi.org/10.1073/PNAS.0605874104
https://doi.org/10.1371/JOURNAL.PONE.0095492
https://doi.org/10.1371/JOURNAL.PONE.0095492
https://doi.org/10.3892/OL.2015.3482/HTML
https://pubchem.ncbi.nlm.nih.gov/compound/Kaempferol#section=Pharmacology-and-Biochemistry
https://pubchem.ncbi.nlm.nih.gov/compound/Kaempferol#section=Pharmacology-and-Biochemistry
https://pubchem.ncbi.nlm.nih.gov/compound/Kaempferol#section=Use-and-Manufacturing
https://pubchem.ncbi.nlm.nih.gov/compound/Kaempferol#section=Use-and-Manufacturing
https://doi.org/10.1155/2013/745295
https://doi.org/10.5897/JMPR10.492
https://doi.org/10.5897/AJB10.996
https://doi.org/10.1016/J.ECOENV.2020.110716
https://doi.org/10.1155/2012/703034
https://doi.org/10.1155/2012/957568
https://doi.org/10.1155/2012/957568
https://doi.org/10.1016/j.cdc.2021.100714
https://doi.org/10.1001/jamaoncol.2021.6987
https://doi.org/10.2174/1871521409666170412130529
https://doi.org/10.3390/nu10030343
https://doi.org/10.3390/nu10030343
https://doi.org/10.3390/nu10030343
https://doi.org/10.3390/NU10030343
https://doi.org/10.3390/cancers11070989
https://doi.org/10.3390/cancers11070989
http://nopr.niscpr.res.in/handle/123456789/30440
http://nopr.niscpr.res.in/handle/123456789/30440
https://doi.org/10.1007/bf02980273
https://doi.org/10.1007/bf02980273
https://doi.org/10.3892/OL.2016.5488
https://doi.org/10.3390/IJMS160612791
https://doi.org/10.3390/IJMS160612791
https://doi.org/10.1142/S0192415X12500498.Herbal
https://doi.org/10.1155/2012/519084
https://doi.org/10.1155/2012/519084
https://pubchem.ncbi.nlm.nih.gov/compound/Luteolin#section=Patents
https://pubchem.ncbi.nlm.nih.gov/compound/Luteolin#section=Patents
https://doi.org/10.52711/2231-5713.2022.00013
https://doi.org/10.52711/2231-5713.2022.00013
https://doi.org/10.1093/CARCIN/21.3.361
https://doi.org/10.5829/idosi.ajcr.2015.8.1.9336
https://doi.org/10.5829/idosi.ajcr.2015.8.1.9336
https://doi.org/10.2991/JEGH.K.191008.001
https://doi.org/10.2991/JEGH.K.191008.001
https://doi.org/10.3389/FPHAR.2012.00024

204

SINGH ET AL.

tional Asian medicine. 20, 495-515. https://doi.org/10.1007/s13596-
020-00468-0

Meng, F., Henson, R., Lang, M., Wehbe, H., Maheshwari, S., Mendell, J. T,
Jiang, J., Schmittgen, T. D., & Patel, T. (2006). Involvement of human
micro-RNA in growth and response to chemotherapy in human cholan-
giocarcinoma cell lines. Gastroenterology, 130(7),2113-2129. https://doi.
org/10.1053/j.gastro.2006.02.057

Michl, C., Vivarelli, F., Weigl, J., De Nicola, G. R, Canistro, D., Paolini,
M., lori, R., & Rascle, A. (2016). The chemopreventive phytochemi-
cal moringin isolated from Moringa oleifera seeds inhibits JAK/STAT
signaling. Plos One, 11(6), . https://doi.org/10.1371/JOURNAL.PONE
0157430

Mihanfar, A. Darband, S. G. Sadighparvar, S., Kaviani, M., Mirza-
Aghazadeh-Attarid, M., Yousefi, B., & Majidinia, M. (2021). In vitro
and in vivo anticancer effects of syringic acid on colorectal cancer:
Possible mechanistic view. Chemico-Biological Interactions, 337, 109337.
https://doi.org/10.1016/J.CBI.2020.109337

Minutolo, A., Potesta, M., Roglia, V., Cirilli, M., lacovelli, F., Cerva, C., Fokam,
J., Desideri, A., Andreoni, M., Grelli, S., Colizzi, V., Muleo, R., & Montesano,
C. Plant microRNAs from Moringa oleifera regulate immune response
and HIV infection. https://doi.org/10.3389/fphar.2020.620038

Mofijur, M., Masjuki, H. H., Kalam, M. A, Atabani, A. E., Fattah, |. M. R,
& Mobarak, H. M. (2014). Comparative evaluation of performance and
emission characteristics of Moringa oleifera and Palm oil based biodiesel
in a diesel engine. Industrial Crops and Products, 53, 78-84. https://doi.
org/10.1016/J.INDCROP.2013.12.011

Monera, T. G., Wolfe, A. R., Maponga, C. C., Benet, L. Z., & Guglielmo, J.
(2008). Moringa oleifera leaf extracts inhibit 6p3-hydroxylation of testos-
terone by CYP3A4. Journal of Infection in Developing Countries, 2(5), 379.
https://doi.org/10.3855/JIDC.201

Monera-Penduka, T. G., Maponga, C. C., Wolfe, A. R., Wiesner, L., Morse,
G. D., & Nhachi, C. F. B. (2017). Effect of Moringa oleifera Lam. leaf
powder on the pharmacokinetics of nevirapine in HIV-infected adults:
a one sequence cross-over study. AIDS Research and Therapy, 14(1), 12.
https://doi.org/10.1186/512981-017-0140-4

Moodley, I. (2017). Acute toxicity of Moringa oleifera leaf powder in
rats Indres Moodley. ~ 180 ~ Journal of Medicinal Plants Studies, 5(5),
180-185.

“Moringin | C14H17NOS5S - PubChem.” https://pubchem.ncbi.nIm.nih.gov/
compound/Moringin#section=Information-Sources (accessed Jun. 18,
(2022)

Mulugeta, G., & Fekadu, A. (2014). Industrial and Agricultural Potentials of
Moringa. Journal of Natural Sciences Research www.iiste.org ISSN, 4(14), .
Accessed: Jun. 30, 2022. [Online]. Available: Www.iiste.org

Mumtaz, M. Z., Kausar, F., Hassan, M., Javaid, S., & Malik, A. (2021). Anti-
cancer activities of phenolic compounds from Moringa oleifera leaves: In
vitro and in silico mechanistic study. Beni-Suef University Journal of Basic
and Applied Sciences, 10(1), 1-11. https://doi.org/10.1186/543088-021-
00101-2/FIGURES/8

“Myricetin | C15H1008 - PubChem.” https://pubchem.ncbi.nim.nih.gov/
compound/Myricetin (accessed Jun. 18, (2022)

Oboh, G., Oyeleye, S. ., 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. Metabolic
Brain Disease, 33(2), 457-466. https://doi.org/10.1007/s11011-018-
0198-2

Okumu, M., Mbaria, J. M,, Kanja, L. W., Gakuya, D. W.,, Kiama, S. G., Ochola,
F. O., & Okumu, P. O. (2016). Acute toxicity of the aqueous-methanolic
Moringa oleifera (Lam) leaf extract on female Wistar albino rats. Inter-
national Journal of Basic & Clinical Pharmacology, 5(5), 1856-1861. 10.
18203/2319-2003.ijbcp20163153

Olawoye, O. S., Adeagbo, B. A., & Bolaji, O. O. (2018). Moringa oleifera leaf
powder alters the pharmacokinetics of amodiaquine in healthy human
volunteers. Journal of Clinical Pharmacy and Therapeutics, 43(5), 626-632.
https://doi.org/10.1111/JCPT.12725

Oyagbemi, A. A, Omobowale, T. O., Azeez, I. O., Abiola, J. O., Adedokun, R.
A. M., & Nottidge, H. O. (2013). Toxicological evaluations of methanolic
extract of Moringa oleifera leaves in liver and kidney of male Wistar rats.
Journal of Basic and Clinical Physiology and Pharmacology, 24(4), 307-312.
https://doi.org/10.1515/JBCPP-2012-0061

Paikra, B. K., Kumar, H., Dhongade, J., & Gidwani, B. Phytochemistry and
Pharmacology of Moringa oleifera Lam. https://doi.org/10.3831/KPI.
2017.20.022

Paliwal, R., & Sharma, V. (2011). A review on horse radish tree (Moringa
oleifera): A multipurpose tree with high economic and commercial
importance. Asian Journal of Pharmacy and Technology, 3(4), 317-328.
https://doi.org/10.3923/AJBKR.2011.317.328

“Palmitic acid | C16H3202 - PubChem.” https://pubchem.ncbi.nlm.nih.gov/
compound/Palmitic-acid (accessed Jun. 21, (2022)

Pandey, A., Pradheep, K., Gupta, R, Nayar, E. R., & Bhandari, D. C. (2011).
‘Drumstick tree’ (Moringa oleifera Lam.): A multipurpose potential
species in India. Genetic Resources and Crop Evolution, 58(3), 453-460.
https://doi.org/10.1007/510722-010-9629-6

Pandey, V. N., Chauhan, V., Pandey, V. S., Upadhyaya, P, & Kopp, O. R.
(2019). Moringa oleifera Lam.: A biofunctional edible plant from India,
phytochemistry and medicinal properties. Journal of Plant Studies, .

Pangastuti, A., Amin, I. F., Amin, A. Z., & Amin, M. (2016). Natural bioac-
tive compound from Moringa oleiferaagainst cancer based on in sil-
ico screening. Journal Teknologi, 78(5), 315-318. 10.11113/JT.V78.8
328

Patriota, L. L. S., Ramos, D. B. M,, Santos, A. C. L. A, Silva, Y. A, Silva, M. G.,
Torres, D. J. L., Procépio, T. F,, Oliveira, A. M., Coelho, L. C. B. B, Pontual,
E. V, Silva, D. C. N,, Paiva, P. M. G,, Lorena, V. M. B., Mendes, R. L., &
Napoledo, T. H. (2020). Antitumor activity of Moringa oleifera (drum-
stick tree) flower trypsin inhibitor (MoFTI) in sarcoma 180-bearing mice.
Food and Chemical Toxicology, 145, 111691. https://doi.org/10.1016/J.
FCT.2020.111691

Paul, C.W., & Didia, B. C. (2012). The effect of methanolic extract of Moringa
oleifera Lam roots on the histology of kidney and liver of guinea pigs.
Asian Journal of Medical Sciences, 4(1), 55-60. Accessed: Jul. 02, 2022.
[Online]. Available: Www.himalayahealthcare.com/

“p-coumaric acid pubchem - Google Search.” https:/www.google.com/
search?q=p-coumaric+acid+pubchem&oq=p-coumaric+acid&aqs=
chrome.1.69i57j0i51219.2624j0j15&sourceid=chrome&ie=UTF-8
(accessed Jul. 18, (2022)

Perillo, B., Di Donato, M., Pezone, A., Di Zazzo, E., Giovannelli, P, Galasso,
G., Castoria, G., & Migliaccio, A. ROS in cancer therapy: The bright side of
the moon. https://doi.org/10.1038/512276-020-0384-2

“Phase | clinical trial of the flavonoid quercetin: Pharmacokinetics and evi-
dence for in vivo tyrosine kinase inhibition - PubMed.” https://pubmed.
ncbi.nlm.nih.gov/9816216/(accessed Jun. 29, (2022)

“phytochemicals and uses of moringa oleifera leaves in ugandan rural
communities - Google Search.” https://www.google.com/search?q=
phytochemicals+and+uses+of+moringa+oleifera+leaves+in+ugandan+
rural+communities&oq=Phytochemicals+and+uses+of+Moringa+
oleifera+leaves+in+Ugandan+rural+communities&ags=chrome.0.
0i512j69i61.1833j0j15&sourceid=chrome&ie=UTF-8 (accessed Jun.
12,(2022)

Pirr3, S., Matic, |., Guidi, A., Zanella, L., Gismondi, A., Cicconi, R., Bernardini,
R., Colizzi, V., Canini, A., Mattei, M., & Galgani, A. (2019). Identification
of microRNAs and relative target genes in Moringa oleifera leaf and cal-
lus. Scientific Reports, 9(1), 18573. https://doi.org/10.1038/s41598-019-
55237-0

“Quercetin | C15H1007 - PubChem.” https://pubchem.ncbi.nlm.nih.gov/
compound/Quercetin (accessed Jun. 17, (2022)

Rai, S. N, Tiwari, N., Singh, P, Mishra, D., Singh, A. K., Hooshmandi, E.,
Vamanu, E., & Singh, M. P. (2021). Therapeutic potential of vital tran-
scription factors in Alzheimer’s and Parkinson’s disease with particular
emphasis on transcription factor EB mediated autophagy. https://doi.
org/10.3389/fnins.2021.777347


https://doi.org/10.1007/s13596-020-00468-0
https://doi.org/10.1007/s13596-020-00468-0
https://doi.org/10.1053/j.gastro.2006.02.057
https://doi.org/10.1053/j.gastro.2006.02.057
https://doi.org/10.1371/JOURNAL.PONE.0157430
https://doi.org/10.1371/JOURNAL.PONE.0157430
https://doi.org/10.1016/J.CBI.2020.109337
https://doi.org/10.3389/fphar.2020.620038
https://doi.org/10.1016/J.INDCROP.2013.12.011
https://doi.org/10.1016/J.INDCROP.2013.12.011
https://doi.org/10.3855/JIDC.201
https://doi.org/10.1186/S12981-017-0140-4
https://pubchem.ncbi.nlm.nih.gov/compound/Moringin#section=Information-Sources
https://pubchem.ncbi.nlm.nih.gov/compound/Moringin#section=Information-Sources
http://Www.iiste.org
https://doi.org/10.1186/S43088-021-00101-2/FIGURES/8
https://doi.org/10.1186/S43088-021-00101-2/FIGURES/8
https://pubchem.ncbi.nlm.nih.gov/compound/Myricetin
https://pubchem.ncbi.nlm.nih.gov/compound/Myricetin
https://doi.org/10.1007/s11011-018-0198-2
https://doi.org/10.1007/s11011-018-0198-2
https://doi.org/10.18203/2319-2003.ijbcp20163153
https://doi.org/10.18203/2319-2003.ijbcp20163153
https://doi.org/10.1111/JCPT.12725
https://doi.org/10.1515/JBCPP-2012-0061
https://doi.org/10.3831/KPI.2017.20.022
https://doi.org/10.3831/KPI.2017.20.022
https://doi.org/10.3923/AJBKR.2011.317.328
https://pubchem.ncbi.nlm.nih.gov/compound/Palmitic-acid
https://pubchem.ncbi.nlm.nih.gov/compound/Palmitic-acid
https://doi.org/10.1007/S10722-010-9629-6
https://doi.org/10.11113/JT.V78.8328
https://doi.org/10.11113/JT.V78.8328
https://doi.org/10.1016/J.FCT.2020.111691
https://doi.org/10.1016/J.FCT.2020.111691
http://Www.himalayahealthcare.com/
https://www.google.com/search?q=p-coumaric%2Bacid%2Bpubchem&oq=p-coumaric%2Bacid&aqs=chrome.1.69i57j0i512l9.2624j0j15&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=p-coumaric%2Bacid%2Bpubchem&oq=p-coumaric%2Bacid&aqs=chrome.1.69i57j0i512l9.2624j0j15&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=p-coumaric%2Bacid%2Bpubchem&oq=p-coumaric%2Bacid&aqs=chrome.1.69i57j0i512l9.2624j0j15&sourceid=chrome&ie=UTF-8
https://doi.org/10.1038/s12276-020-0384-2
https://pubmed.ncbi.nlm.nih.gov/9816216
https://pubmed.ncbi.nlm.nih.gov/9816216
https://www.google.com/search?q=phytochemicals%2Band%2Buses%2Bof%2Bmoringa%2Boleifera%2Bleaves%2Bin%2Bugandan%2Brural%2Bcommunities&oq=Phytochemicals%2Band%2Buses%2Bof%2BMoringa%2Boleifera%2Bleaves%2Bin%2BUgandan%2Brural%2Bcommunities&aqs=chrome.0.0i512j69i61.1833j0j15&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=phytochemicals%2Band%2Buses%2Bof%2Bmoringa%2Boleifera%2Bleaves%2Bin%2Bugandan%2Brural%2Bcommunities&oq=Phytochemicals%2Band%2Buses%2Bof%2BMoringa%2Boleifera%2Bleaves%2Bin%2BUgandan%2Brural%2Bcommunities&aqs=chrome.0.0i512j69i61.1833j0j15&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=phytochemicals%2Band%2Buses%2Bof%2Bmoringa%2Boleifera%2Bleaves%2Bin%2Bugandan%2Brural%2Bcommunities&oq=Phytochemicals%2Band%2Buses%2Bof%2BMoringa%2Boleifera%2Bleaves%2Bin%2BUgandan%2Brural%2Bcommunities&aqs=chrome.0.0i512j69i61.1833j0j15&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=phytochemicals%2Band%2Buses%2Bof%2Bmoringa%2Boleifera%2Bleaves%2Bin%2Bugandan%2Brural%2Bcommunities&oq=Phytochemicals%2Band%2Buses%2Bof%2BMoringa%2Boleifera%2Bleaves%2Bin%2BUgandan%2Brural%2Bcommunities&aqs=chrome.0.0i512j69i61.1833j0j15&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=phytochemicals%2Band%2Buses%2Bof%2Bmoringa%2Boleifera%2Bleaves%2Bin%2Bugandan%2Brural%2Bcommunities&oq=Phytochemicals%2Band%2Buses%2Bof%2BMoringa%2Boleifera%2Bleaves%2Bin%2BUgandan%2Brural%2Bcommunities&aqs=chrome.0.0i512j69i61.1833j0j15&sourceid=chrome&ie=UTF-8
https://doi.org/10.1038/s41598-019-55237-0
https://doi.org/10.1038/s41598-019-55237-0
https://pubchem.ncbi.nlm.nih.gov/compound/Quercetin
https://pubchem.ncbi.nlm.nih.gov/compound/Quercetin
https://doi.org/10.3389/fnins.2021.777347
https://doi.org/10.3389/fnins.2021.777347

SINGH ET AL.

205

Rajan, T. S., De Nicola, G. R, lori, R., Rollin, P, Bramanti, P, & Mazzon, E.
(2016). Anticancer activity of glucomoringin isothiocyanate in human
malignant astrocytoma cells. Fitoterapia, 110, 1-7. https://doi.org/10.
1016/J.FITOTE.2016.02.007

Rajan, T. S., Giacoppo, S., lori, R., De Nicola, G. R,, Grassi, G., Pollastro,
F., Bramanti, P, & Mazzon, E. (2016). Anti-inflammatory and antiox-
idant effects of a combination of cannabidiol and moringin in LPS-
stimulated macrophages. Fitoterapia, 112, 104-115. https://doi.org/10.
1016/J.FITOTE.2016.05.008

Rajeshkanna, A., Senthamilselvi, M. M., & Prabhakaran, D. (2020). Anti-
oxidant and anti-inflammatory activity of ethyl acetate fraction of
Moringa oleifera flowers. European Journal of Medicinal Plants, 1-8.
https://doi.org/10.9734/EJMP/2019/V301430184

Rani, N. Z. A, Husain, K., & Kumolosasi, E. (2018). Moringa genus: A review
of phytochemistry and pharmacology. Frontiers in Pharmacology, 9, 108.
https://doi.org/10.3389/FPHAR.2018.00108/BIBTEX

Rashid, U., Anwar, F., Moser, B. R.,, & Knothe, G. (2008). Moringa oleifera
oil: A possible source of biodiesel. Bioresource Technology, 99(17), 8175-
8179. https://doi.org/10.1016/J.BIORTECH.2008.03.066

Ratanpal, S. (2022).Therapeutic uses of green synthesized nanoparticles in
cancer treatment - for Merge. no. April.

Rayburn, E. R, Ezell, S. J., & Zhang, R. (2009). Anti-inflammatory agents for
cancer therapy. Molecular and Cellular Pharmacology, 1(1), 29-43. https://
doi.org/10.4255/mcpharmacol.09.05

Robaszkiewicz, A., Balcerczyk, A., & Bartosz, G. (2007). Antioxidative and
prooxidative effects of quercetin on A549 cells. Cell Biology International,
31(10), 1245-1250. https://doi.org/10.1016/J.CELLBI.2007.04.009

Rockwood, J., Anderson, B. G., & Casamatta, D. A. (2013). Potential uses
of Moringa oleifera and an examination of antibiotic efficacy conferred
by m. oleifera seed and leaf extracts using crude extraction techniques
available to underserved indigenous populations. .

“Rutin | C27H30016 - PubChem.” https://pubchem.ncbi.nim.nih.gov/
compound/Rutin#section=Uses (accessed Jun. 17, (2022)

Sadek, K. M., Abouzed, T. K., Abouelkhair, R., & Nasr, S. (2017). The chemo-
prophylactic efficacy of an ethanol Moringa oleifera leaf extract against
hepatocellular carcinoma in rats. 55(1), 1458-1466. https://doi.org/10.
1080/13880209.2017.1306713

Sahakitpichan, P, Mahidol, C., Disadee, W., Ruchirawat, S, &
Kanchanapoom, T. (2011). Unusual glycosides of pyrrole alkaloid
and 4’-hydroxyphenylethanamide from leaves of Moringa oleifera. Phy-
tochemistry, 72(8), 791-795. https://doi.org/10.1016/J.PHYTOCHEM.
2011.02.021

Saini, R. (2022). Studies on enhancement of carotenoids, folic acid, iron
and their bioavailability in Moringa oleifera and in vitro propaga-
tion" 2013, Accessed: Jun. 30 [Online]. Available: https://ir.cftri.res.in/id/
eprint/11767

Saini, R. K., Shetty, N. P, Giridhar, P, & Ravishankar, G. A. (2012). Rapid in
vitro regeneration method for Moringa oleifera and performance evalua-
tion of field grown nutritionally enriched tissue cultured plants. 3 Biotech,
2(3), 187-192. https://doi.org/10.1007/s13205-012-0045-9

Saini, R. K., Sivanesan, |., & Keum, Y. S. (2016). Phytochemicals of Moringa
oleifera: A review of their nutritional, therapeutic and industrial sig-
nificance. 3 Biotech, 6(2), 1-14. https://doi.org/10.1007/s13205-016-
0526-3

Saini, R. K., Sivanesan, |., & Keum, Y. S. (2016). Phytochemicals of Moringa
oleifera: A review of their nutritional, therapeutic and industrial sig-
nificance. 3 Biotech, 6(2). https://doi.org/10.1007/513205-016-0526-
3

Santos, A. F. S., Argolo, A. C. C,, Paiva, P. M. G., & Coelho, L. C. B. B. (2012).
Antioxidant activity of Moringa oleifera tissue extracts. https://doi.org/
10.1002/ptr.4591

Shah, D., Gandhi, M., Kumar, A., Cruz-Martins, N., Sharma, R., & Nair,
S. (2021). Current insights into epigenetics, noncoding RNA interac-
tome and clinical pharmacokinetics of dietary polyphenols in cancer

chemoprevention. https://doi.org/10.1080/10408398.2021.1968
786

Sharif, H., Tiwari, P, Sahu, P. K., & Kumar, S. (2016). A review of phyto-
chemical and pharmacological profile of Moringa. Journal of Life Sciences
Biotechnology, 5, 31-39.

Sharma, R., Kakodkar, P, Kabra, A., & Prajapati, P. K. (2014). Golden ager
chyawanprash with meager evidential base from human clinical trials.
Evidence-Based Complementary and Alternative Medicine, 2022(1), 1-6.
https://doi.org/10.1155/2022/9106415

Sharma, R., & Martins, N. (2020). Telomeres, DNA damage and ageing:
Potential leads from ayurvedic rasayana (anti-ageing) drugs. Journal of
Clinical Medicine, 9(8), 1-7. https://doi.org/10.3390/JCM9082544

Sharma, R., & Prajapati, P. K. (2020). Predictive, preventive and personalized
medicine: Leads from ayurvedic concept of prakriti (Human Constitu-
tion). Current Pharmacology Reports, 6(6), 441-450. https://doi.org/10.
1007/s40495-020-00244-3

Sharma, V., & Paliwal, R. (2014). Potential chemoprevention of 7,12-
Dimethylbenz[a]anthracene induced renal carcinogenesis by Moringa
oleifera pods and its isolated saponin. Indian Journal of Clinical Bio-
chemistry, 29(2), 202-209. https://doi.org/10.1007/512291-013-0335-
Y

Sharma, V. Paliwal, R, Janmeda, P, & Sharma, S. (2012). Chemo-
preventive efficacy of Moringa oleifera pods against 7,
12-dimethylbenz[a]anthracene induced hepatic carcinogenesis in mice.
Asian Pacific Journal of Cancer Prevention, 13(6), 2563-2569. https://doi.
org/10.7314/APJCP.2012.13.6.2563

Siegel, R., Ma, J., Zou, Z., & Jemal, A. (2014). Cancer statistics, 2014. CA: A
Cancer Journal for Clinicians, 64(1), 9-29. https://doi.org/10.3322/CAAC.
21208

Silver, J. Moringa oleifera: The Future of Health”, Accessed: Jun. 13,
2022. [Online]. Available: http://www.mobot.org/gradstudents/olson/
moringahome.html

Singh, P, & Singh, S. (2022). Processing of Moringa oleifera leaves for human
consumption. 2014, Accessed: Jul. 07, . [Online]. Available: Www.bepls.
com

Singh, R. P, Padmavathi, B., & Rao, A. R. (2000). Modulatory influence of
Adhatoda vesica (Justicia adhatoda) leaf extract on the enzymes of xeno-
biotic metabolism, antioxidant status and lipid peroxidation in mice.
Molecular and Cellular Biochemistry, 213(1-2), 99-109. https://doi.org/10.
1023/A:1007182913931

Singhal, S. S., Jain, D., Singhal, P, Awasthi, S., Singhal, J., & Horne, D. A.
(2017). Targeting the mercapturic acid pathway and vicenin-2 for pre-
vention of prostate cancer. Biochimica et Biophysica Acta - Reviews on
Cancer, 1868(1), 167-175.

Sonewane, K., Chouhan, S. S., Rajan, M., & Chauhan, N. S. (2022). Phar-
macological, ethnomedicinal, and evidence-based comparative review of
Moringa oleifera Lam. (Shigru) and its potential role in the management
of malnutrition in tribal regions of India, especially Chhattisgarh. World
Journal of Traditional Chinese Medicine, 0(0), 0. https://doi.org/10.4103/
WITCMWJTCM_69 21

Sreelatha, S., Jeyachitra, A., & Padma, P. R. (2011). Antiproliferation and
induction of apoptosis by Moringa oleifera leaf extract on human cancer
cells. Food and Chemical Toxicology, 49(6), 1270-1275. https://doi.org/10.
1016/J.FCT.2011.03.006

Stevens, G. C., Baiyeri, K. P,, & Akinnnagbe, O. (2013). Journal of medicinal
plants research ethno-medicinal and culinary uses of Moringa oleifera
Lam. Nigeria, 7(13), 799-804. https://doi.org/10.5897/JMPR12.1221

Stevens, G. C., Baiyeri, K. P, & Akinnnagbe, O. (2013). Ethno-medicinal and
culinary uses of Moringa oleifera Lam. in Nigeria. Journal of Medicinal
Plants Research, 7, 799-804.

Sulaiman, M. R, Zakaria, Z. A., Bujarimin, A. S., Somchit, M. N,, Israf, D.
A., & Moin, S. (2009). Evaluation of Moringa oleifera Aqueous Extract for
Antinociceptive and Anti-Inflammatory Activities in Animal Models, 46(12),
838-845. https://doi.org/10.1080/13880200802366710


https://doi.org/10.1016/J.FITOTE.2016.02.007
https://doi.org/10.1016/J.FITOTE.2016.02.007
https://doi.org/10.1016/J.FITOTE.2016.05.008
https://doi.org/10.1016/J.FITOTE.2016.05.008
https://doi.org/10.9734/EJMP/2019/V30I430184
https://doi.org/10.3389/FPHAR.2018.00108/BIBTEX
https://doi.org/10.1016/J.BIORTECH.2008.03.066
https://doi.org/10.4255/mcpharmacol.09.05
https://doi.org/10.4255/mcpharmacol.09.05
https://doi.org/10.1016/J.CELLBI.2007.04.009
https://pubchem.ncbi.nlm.nih.gov/compound/Rutin#section=Uses
https://pubchem.ncbi.nlm.nih.gov/compound/Rutin#section=Uses
https://doi.org/10.1080/13880209.2017.1306713
https://doi.org/10.1080/13880209.2017.1306713
https://doi.org/10.1016/J.PHYTOCHEM.2011.02.021
https://doi.org/10.1016/J.PHYTOCHEM.2011.02.021
https://ir.cftri.res.in/id/eprint/11767
https://ir.cftri.res.in/id/eprint/11767
https://doi.org/10.1007/s13205-012-0045-9
https://doi.org/10.1007/s13205-016-0526-3
https://doi.org/10.1007/s13205-016-0526-3
https://doi.org/10.1007/S13205-016-0526-3
https://doi.org/10.1007/S13205-016-0526-3
https://doi.org/10.1002/ptr.4591
https://doi.org/10.1002/ptr.4591
https://doi.org/10.1080/10408398.2021.1968786
https://doi.org/10.1080/10408398.2021.1968786
https://doi.org/10.1155/2022/9106415
https://doi.org/10.3390/JCM9082544
https://doi.org/10.1007/s40495-020-00244-3
https://doi.org/10.1007/s40495-020-00244-3
https://doi.org/10.1007/S12291-013-0335-Y
https://doi.org/10.1007/S12291-013-0335-Y
https://doi.org/10.7314/APJCP.2012.13.6.2563
https://doi.org/10.7314/APJCP.2012.13.6.2563
https://doi.org/10.3322/CAAC.21208
https://doi.org/10.3322/CAAC.21208
http://www.mobot.org/gradstudents/olson/moringahome.html
http://www.mobot.org/gradstudents/olson/moringahome.html
http://Www.bepls.com
http://Www.bepls.com
https://doi.org/10.1023/A:1007182913931
https://doi.org/10.1023/A:1007182913931
https://doi.org/10.4103/WJTCM.WJTCM_69_21
https://doi.org/10.4103/WJTCM.WJTCM_69_21
https://doi.org/10.1016/J.FCT.2011.03.006
https://doi.org/10.1016/J.FCT.2011.03.006
https://doi.org/10.5897/JMPR12.1221
https://doi.org/10.1080/13880200802366710

206

SINGH ET AL.

Sung, K. J,, Lee, Ki W,, Byun, S., Kang, N. J,, Lim, S. H., Heo, VY. -. S,, Bode,
A. M., Bowden, G. T, Lee, H. J., & Dong, Z. (2008). Myricetin suppresses
UVB-induced skin cancer by targeting Fyn. Cancer Research, 68(14),
6021-6029. https://doi.org/10.1158/0008-5472.CAN-08-0899

Suphachai, C. (2014). Antioxidant and anticancer activities of Moringa
oleifera leaves. Journal of Medicinal Plants Research, 8(7), 318-325.
https://doi.org/10.5897/JMPR2013.5353

“Suppressive effects of Moringa oleifera Lam pod against mouse colon
carcinogenesis induced by azoxymethane and dextran sodium sulfate
- PubMed.” https://pubmed.ncbi.nlm.nih.gov/22471457/ (accessed Jun.
25,(2022)

“Syringic acid | C9H1005 - PubChem.” https://pubchem.ncbi.nIm.nih.gov/
compound/Syringic-acid#section=Use-and-Manufacturing  (accessed
Jun. 18,(2022)

Tiloke, C., Anand, K., Gengan, R. M., & Chuturgoon, A. A. (2018). Moringa
oleifera and their phytonanoparticles: Potential antiproliferative agents
against cancer. Biomedicine & Pharmacotherapy, 108, 457-466. https://
doi.org/10.1016/J.BIOPHA.2018.09.060

Toma, A, & Deyno, S. (2014). Phytochemistry and pharmacological activities
of Moringa oliefera. International Journal of Pharmaceutics, 1(4),222-231.
10.13040/1JPSR.0975-8232.1(4).222-31

Tragulpakseerojn, J., Yamaguchi, N., Pamonsinlapatham, P, &
Wetwitayaklung, P. (2017). Anti-proliferative effect of Moringa oleifera
Lam (Moringaceae) leaf extract on human colon cancer HCT116
cell line. Tropical Journal of Pharmaceutical Research, 16(2), 371-378.
https://doi.org/10.4314/tjpr.v16i2

Valdez-Solana, M. A, Mejia-Garcia, V. Y., & Sierra-Campos, E. (2015). Nutri-
tional content and elemental and phytochemical analyses of moringa
oleifera grown in Mexico. Journal of Chemistry, 2015, https://doi.org/10.
1155/2015/860381

Valko, M., Izakovic, M., Mazur, M., Rhodes, C. J., & Telser, J. (2004). Role
of oxygen radicals in DNA damage and cancer incidence. Kluwer Academic
Publishers.

“Vanillin | C8H803 - PubChem.” https://pubchem.ncbi.nim.nih.gov/
compound/Vanillin (accessed Jun. 18, (2022)

Varalakshmi, K., & Nair, S. (2011). Anticancer, cytotoxic potential of Moringa
oleifera extracts on Hela cell line. Journal of Natural Pharmaceutical, 2(3),
138. https://doi.org/10.4103/2229-5119.86260

Vergara-Jimenez, M., Almatrafi, M. M., & Fernandez, M. L. (2017). Bioac-
tive components in Moringa Oleifera leaves protect against chronic
disease. Antioxidants 2017, Vol. é, Page 91, 6(4), 91. https://doi.org/10.
3390/ANTIOX6040091

“vicenin-2 - Google Search.” https://www.google.com/search?q=
vicenin-2&oqg=Vicenin-2&ags=chrome.0.0i512j0i30I12j0i5i30.
1975j0j15&sourceid=chrome&ie=UTF-8 (accessed Jul. 18, (2022)

“Vitexin | C21H20010 - PubChem.” https://pubchem.ncbi.nIm.nih.gov/
compound/Vitexin (accessed Jun. 23, (2022)

W. Aboulthana, ... W. S.-... J. of C., and undefined 2021. Assessment
of the anti-cancer efficiency of silver Moringa oleifera leaves nano-
extract against colon cancer induced chemically in rats. nchi.nlm.nih.gov,
Accessed: Jun. 28, (2022). [Online]. Available: https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC8858244/

Wang, F, Long, S., Zhang, J., Yu, J., Xiong, Y., Zhou, W., Qiu, J., & Jiang, H.
(2020). Antioxidant activities and anti-proliferative effects of Moringa
oleifera L. extracts with head and neck cancer. Food Bioscience, 37,
100691. https://doi.org/10.1016/j.fbi0.2020.100691

Waterman, C., Cheng, D. M., Rojas-Silva, P, Poulev, A, Dreifus, J., Lila, M.
A., & Raskin, |. (2014). Stable, water extractable isothiocyanates from
Moringa oleifera leaves attenuate inflammation in vitro. Phytochemistry,
103, 114-122. https://doi.org/10.1016/J.PHYTOCHEM.2014.03.028

Wisitpongpun, P.,, Suphrom, N., Potup, P, Nuengchamnong, N., Calder, P.
C., & Usuwanthim, K. (2020). In vitro bioassay-guided identification of
anticancer properties from Moringa oleifera Lam. leaf against the MDA-

MB-231 cell line. Pharm. 2020, Vol. 13, Page 464, 13(12), 464. https://doi.
org/10.3390/PH13120464

Wogan, G. N, Hecht, S. S., Felton, J. S., Conney, A. H., & Loeb, L. A. (2004).
Environmental and chemical carcinogenesis. Seminars in Cancer Biology,
14(6), 473-486. https://doi.org/10.1016/j.semcancer.2004.06.010

Wy, Y. Y., Xu,Y.M,, & Lau, A. T. Y. (2021). Anti-cancer and medicinal poten-
tials of moringa isothiocyanate. Molecules (Basel, Switzerland), 26(24),
https://doi.org/10.3390/molecules26247512

Xiang, M., Su, H., Hu, Y., Hu, Y., Yang, T., & Shu, G. (2013). Chemical
composition of total flavonoids from Salvia chinensia Benth and their
pro-apoptotic effect on hepatocellular carcinoma cells: Potential roles
of suppressing cellular NF-xB signaling. Food and Chemical Toxicology, 62,
420-426. https://doi.org/10.1016/J.FCT.2013.09.008

Xiao, D., Srivastava, S. K,, Lew, K. L., Zeng, Y., Hershberger, P, Johnson, C.
S., Trump, D. L., & Singh, S. V. (2003). Allyl isothiocyanate, a constituent
of cruciferous vegetables, inhibits proliferation of human prostate can-
cer cells by causing G2/M arrest and inducing apoptosis. Carcinogenesis,
24(5),891-897. https://doi.org/10.1093/CARCIN/BGG023

Xie, J., Luo, F, Shi, C., Jiang, W., Qian, Y., Yang, M., Song, S., Dai, T., Peng, L.,
Gao, X, Tao, L., Tian, Y., & Sheng, J. (2020). Moringa oleifera alkaloids
inhibited PC3 cells growth and migration through the COX-2 mediated
Whnt/B-catenin signaling pathway. Frontiers in Pharmacology, 11, 1745.
https://doi.org/10.3389/FPHAR.2020.523962/BIBTEX

Yang, K., Lamprecht, S. A, Liu, Y., Shinozaki, H., Fan, K., Leung, D., Newmark,
H., Steele, V. E., Kelloff, G. J., & Lipkin, M. (2000). Chemoprevention stud-
ies of the flavonoids quercetin and rutin in normal and azoxymethane-
treated mouse colon. Carcinogenesis, 21(9), 1655-1660. https://doi.org/
10.1093/CARCIN/21.9.1655

Yap, K. M., Sekar, M., Fuloria, S., Wu, Y. S,, Gan, S. H., Mat Rani, N. N.
I., Subramaniyan, V., Kokare, C., Lum, P. T, Begum, M. Y., Mani, S.,
Meenakshi, D. U., Sathasivam, K. V., & Fuloria, N. K. (2021). Drug deliv-
ery of natural products through nanocarriers for effective breast cancer
therapy. A Comprehensive Review of Literature, https://doi.org/10.2147/
1JN.S328135

Zahid Mumtaz, M., Kausar, F., Hassan, M., Javaid, S., & Malik, A. Anticancer
activities of phenolic compounds from Moringa oleifera leaves: In vitro
and in silico mechanistic study”, https://doi.org/10.1186/s43088-021-
00101-2

Zanella, L., Gismondi, A., Di Marco, G., Braglia, R., Scuderi, F, Redi, E. L.,
Galgani, A., & Canini, A. (2019). Induction of antioxidant metabolites in
Moringa oleifera callus by abiotic stresses. Journal of Natural Products,
82(9), 2379-2386. https://doi.org/10.1021/acs.jnatprod.8b00801

Zhang, L., Tu, Z., Wang, H., Fu, Z., Wen, Q., & Fan, D. (2015). Metabolic pro-
filing of antioxidants constituents in Artemisia selengensis leaves. Food
Chemistry, 186, 123-132. https://doi.org/10.1016/j.foodchem.2015.03.
068

Zhang, Y., Chen, A. Y., Li, M,, Chen, C,, & Yao, Q. Ginkgo biloba extract
kaempferol inhibits cell proliferation and induces apoptosis in pancreatic
cancer cells”, https://doi.org/10.1016/j.jss.2008.02.036

Ziech, D., Franco, R., Georgakilas, A. G., Georgakila, S., Malamou-Mitsi,
V., Schoneveld, O., Pappa, A., & Panayiotidis, M. I. (2010). The role
of reactive oxygen species and oxidative stress in environmental car-
cinogenesis and biomarker development. Chemico-Biological Interactions,
188(2), 334-339. https://doi.org/10.1016/J.CBI.2010.07.010

How to cite this article: Singh, J., Gautam, D.N.S., Sourav, S., &
Sharma, R. (2023). Role of Moringa oleifera Lam. in cancer:
Phytochemistry and pharmacological insights. Food Frontiers, 4,
164-206. https://doi.org/10.1002/fft2.181


https://doi.org/10.1158/0008-5472.CAN-08-0899
https://doi.org/10.5897/JMPR2013.5353
https://pubmed.ncbi.nlm.nih.gov/22471457/
https://pubchem.ncbi.nlm.nih.gov/compound/Syringic-acid#section=Use-and-Manufacturing
https://pubchem.ncbi.nlm.nih.gov/compound/Syringic-acid#section=Use-and-Manufacturing
https://doi.org/10.1016/J.BIOPHA.2018.09.060
https://doi.org/10.1016/J.BIOPHA.2018.09.060
https://doi.org/10.13040/IJPSR.0975-8232.1(4).222-31
https://doi.org/10.4314/tjpr.v16i2
https://doi.org/10.1155/2015/860381
https://doi.org/10.1155/2015/860381
https://pubchem.ncbi.nlm.nih.gov/compound/Vanillin
https://pubchem.ncbi.nlm.nih.gov/compound/Vanillin
https://doi.org/10.4103/2229-5119.86260
https://doi.org/10.3390/ANTIOX6040091
https://doi.org/10.3390/ANTIOX6040091
https://www.google.com/search?q=vicenin-2&oq=Vicenin-2&aqs=chrome.0.0i512j0i30l2j0i5i30.1975j0j15&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=vicenin-2&oq=Vicenin-2&aqs=chrome.0.0i512j0i30l2j0i5i30.1975j0j15&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=vicenin-2&oq=Vicenin-2&aqs=chrome.0.0i512j0i30l2j0i5i30.1975j0j15&sourceid=chrome&ie=UTF-8
https://pubchem.ncbi.nlm.nih.gov/compound/Vitexin
https://pubchem.ncbi.nlm.nih.gov/compound/Vitexin
http://ncbi.nlm.nih.gov
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8858244/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8858244/
https://doi.org/10.1016/j.fbio.2020.100691
https://doi.org/10.1016/J.PHYTOCHEM.2014.03.028
https://doi.org/10.3390/PH13120464
https://doi.org/10.3390/PH13120464
https://doi.org/10.1016/j.semcancer.2004.06.010
https://doi.org/10.3390/molecules26247512
https://doi.org/10.1016/J.FCT.2013.09.008
https://doi.org/10.1093/CARCIN/BGG023
https://doi.org/10.3389/FPHAR.2020.523962/BIBTEX
https://doi.org/10.1093/CARCIN/21.9.1655
https://doi.org/10.1093/CARCIN/21.9.1655
https://doi.org/10.2147/IJN.S328135
https://doi.org/10.2147/IJN.S328135
https://doi.org/10.1186/s43088-021-00101-2
https://doi.org/10.1186/s43088-021-00101-2
https://doi.org/10.1021/acs.jnatprod.8b00801
https://doi.org/10.1016/j.foodchem.2015.03.068
https://doi.org/10.1016/j.foodchem.2015.03.068
https://doi.org/10.1016/j.jss.2008.02.036
https://doi.org/10.1016/J.CBI.2010.07.010
https://doi.org/10.1002/fft2.181

	Role of Moringa oleifera Lam. in cancer: Phytochemistry and pharmacological insights
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	3 | GEOGRAPHICAL DISTRIBUTION
	4 | ETHNOMEDICINAL UPDATES ON M. oleifera
	5 | PHYTOCHEMISTRY
	6 | PHARMACOLOGICAL PROFILE
	7 | ANTICANCER PROFILE OF M. oleifera
	7.1 | Antioxidant potential of M. oleifera
	7.2 | Anti-inflammatory potential of M. oleifera
	7.3 | Regulation of cell proliferation
	7.4 | Cycle arrest and apoptosis
	7.5 | Effect on chemotherapeutic drugs
	7.6 | Regulating enzyme activity
	7.7 | Potential of M. oleifera microRNA in anticancer
	7.8 | Proteins inhibited by M. oleifera-molecular docking

	8 | MECHANISTIC ROLE OF M. oleifera AS AN ANTICANCER DRUG
	9 | ANTICANCER CLAIMS OF M. oleifera BASED ON CLINICAL STUDIES
	10 | INDUSTRIAL SIGNIFICANCE
	11 | NUTRITIONAL PROFILE
	12 TOXICITY AND SAFETY CONCERNS OF M. oleifera
	12 | ABSORPTION, DISTRIBUTION, AND EXCRETION OF M. oleifera
	13 | DRUG-DRUG INTERACTION
	14 | GREEN NANOPARTICLES
	15 | FUTURE PERSPECTIVE
	16 | CONCLUSION
	AUTHOR CONTRIBUTION
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST
	ORCID
	REFERENCES


