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Moringa oleifera is an ancient remedy plant, known as the miraculous plant due to its many prominent uses and significant
health benefits. It is a nutrient-rich plant, with exceptional bioactive compounds, such as polyphenols that possess several
medicinal properties. Many significant studies have been carried out to evaluate the ethnomedicinal and pharmacological
properties of M. oleifera in various applications.
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| 1. Introduction

Plant-based products in medical research are currently one of the significant initiatives utilizing the potential properties
carried by the bioactive compounds naturally found in plants. Many works have been carried out to incorporate plant
products into safe drugs by synthetic strategies as well as to incorporate their potential effect into a regular diet. The
Moringa oleifera plant, commonly known as ‘pokok kelor’ in Malaysia (natively known as drumstick tree or horseradish
tree), is a plant that belongs to the Moringaceae family. It contains a great number of bioactive compounds, providing the
pharmacological properties of the plant extract and contributing to the beneficial effects in humans [LI2IE],

Perpetually, this plant is a good source of naturally acquired medical benefits as most of them carry functional bioactive
compounds, such as polyphenols and carotenoids . Many studies have been carried out to investigate the medical
significance of the bioactive compounds, possessing several biological activities such as antimicrobe, anti-inflammation
and antioxidant. On top of that, the establishment of an optimized extraction method was also a game changer as the
functional compounds can be extracted while keeping the original composition and structure. This has thus shown the
authentic compounds to be better agents replacing synthetic compounds that are commonly toxic and have more
carcinogenic effects.

Yet, M. oleifera have been practically and traditionally used for many purposes such as traditional remedies for many
diseases, food consumption and cosmetic value preparation even long before its nutritional and potential medical
properties were discovered B8, Since the 1970s, many significant studies have been carried out with remarkable findings
that show the M. oleifera plant to be a nutrient-rich plant, with an exceptional combination of nutrients, amino acids and
many more properties that are valuable medically [®. Thus, the use of M. oleifera has been applied extensively in many
applications following its potential properties (Figure 1).
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Figure 1. The uses of M. oleifera in various applications.

Each part of the M. oleifera carries its own benefits, and the most widely studied parts are the leaves and seeds. The high
polyphenolic contents in M. oleifera have been suggested to be one of the significant contributory factors to its beneficial
effects on health. For instance, a study has reported that the ethanolic extract of M. oleifera leaves has been
characterized by a high content of flavonoid constituents, such as isoquercetin, quercetin and kaempferol [, These
compounds contribute to many of its pharmacological properties 8. The bioactive compounds of M. oleifera have
presented many remarkable medicinal properties with various potential biological activities.

| 2. Pharmacological Properties of M. oleifera

The pharmacological properties of M. oleifera have been studied for various potential biological properties, such as
cardio-protective, anti-oxidative, antiviral, antibacterial, anti-diabetic and anti-carcinogenic effects (Figure 2).
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Figure 2. The reported biological properties of M. oleifera.

2.1. Anti-Oxidative Effects of M. oleifera

The high antioxidant activities of M. oleifera are often associated with its high content of polyphenol compounds.
Antioxidant activities can be beneficial in many applications, and much evidence has shown that dietary polyphenols help
to alleviate the complications of many critical illnesses, such as cancer, cardiac diseases and chronic inflammation that
are commonly related to oxidative stress. Mechanistically, polyphenol compounds are secondary metabolites in plants
known to be potent antioxidant agents that complement and add value to the activities of antioxidant vitamins and
enzymes against oxidative stress 2. They can neutralize free radicals by donating an electron or hydrogen atom dubbed
as the main contributor to overall antioxidants in fruits, followed by vitamins 2. However, studies found that chlorophyll
has higher radical scavenger and reducing agent potential than phenolic compounds and flavonoids 1112

The nephroprotective and antioxidant effects of M. oleifera were appraised in paracetamol-induced nephrotoxic albino
rabbits 13, The research used the M. oleifera seed powder for oral administration in the treatment group at different doses
(200, 400 and 600 mg/kg). That research found that, at an optimum dose of 600 mg/kg, the seed-powder-treated group
demonstrated an alleviated damaging effect of paracetamol-induced renal damage in the rabbit. The authors stipulated
that the alleviated damage was due to an altered lipid peroxidation process, and this may suggest the promising potential
of M. oleifera in the treatment of renal failure or as an alternative to enhance the therapeutic value of the nephrotoxic
agent (131,

The antioxidant effect of Japanese M. oleifera products, which consist of the herbal leaf tea and stem, have been
investigated via free radical assays that target superoxide anion (O,") radical generation systems 4. This research used
Trolox as the control standard for the determination of free radical scavenging capacity in the sample as it is an analog of
a-tocopherol which is water soluble. Results show that the hot extracts of Moringa teas have lower scavenging activities
than the Trolox standard in the tested synthetic free radical models 4. However, the extracts also demonstrated an
elevated O,~ radical scavenging activity than Trolox in the phenazine methosulfate—-NADH-nitroblue tetrazolium and
xanthine oxidase assay systems. Other than that, the tea extracts potently suppressed the cellular O, radical generation
in incubated human neutrophils as compared to the Trolox standard. It was stipulated that, among the polyphenol



contents of M. oleifera, caffeic acid and chlorogenic acid are the two compounds that are crucial for O,~ specific radical
scavenging capacity that is stronger than Trolox. Thus, it was suggested that the tea extracts consisting of leaves and
stem parts of Moringa are a good alternative for natural antioxidants that help prevent O,~ radical mediated conditions.

The antioxidant activity of the M. oleifera leaf has been investigated across the age of the leaf (30, 45 and 60 days) and
extraction solvent (methanol, ethanol and aqueous) by using radical scavenging assays such as DPPH, 2, 2'-Azino-Bis-3-
Ethylbenzothiazoline-6-Sulfonic (ABTS) and anti-peroxide activity (APA) 121, The TPC, TFC and chlorophyll content of the
leaves was determined as part of the correlation in the research. The research found that total phenolic (TPC) and
flavonoid (TFC) content was increased with age as the highest readings were observed at 60 days of leaf maturation in
ethanol and methanol solvents but peaked at 45 days for the aqueous extract. The highest TPC was observed for the
methanolic extract while the highest TFC was observed in the ethanolic extract. On the other hand, the ethanol and
methanol extracts were observed to have similar chlorophyll contents that were significantly higher than in the agqueous
extract. However, the chlorophyll content remained constant or reduced after it peaked at 30 days for all three solvents.
Ethanolic leaf extracts showed the highest DPPH activity, while both ethanolic and methanolic extracts demonstrated
similar ABTS+ activity. However, the authors also proposed that chlorophyll is the main contributor to antioxidant activities
as there is evidence of a positive correlation between chlorophyll content and DPPH, ABTS and APA. The research
concluded that ethanolic and methanolic extracts showed higher antioxidant activity than the leaf aqueous extract and 45
days of age is the optimum condition for extraction with the highest antioxidant potential.

Aside from that, the phytochemical content and antioxidant activity for different types of extraction of M. oleifera seed
kernels (methanol, acetone and water) originating from Bangladesh were also appraised in a previous study 8. In
addition to the TPC, TFC and total tannin content evaluation, the in vitro antioxidant activities were determined by
performing DPPH, ABTS, NO (nitric oxide) free radical scavenging and FRAP assays 1€l It was observed that the
agueous extracts showed the highest activities for scavenging DPPH, ABTS and NO free radicals as well as significant
free radical scavenging activities and reducing power, higher TPC and TFC than the methanol and acetone extracts. This
is in contrast with the previous finding as the aqueous extract was dubbed the most potent natural antioxidant agent 22!,
However, the author also suggested that as future research, the study of the isolation of active compounds from the
extracts may elucidate more rationale on the current finding.

In another locality, a study has been conducted to systematically evaluate the anti-inflammatory and antioxidant activities
of ethanolic extracts of the leaves, seeds and roots of M. oleifera harvested in Kenya 2. |t was demonstrated that the
leaf extracts showed the highest DPPH and FRAP activities while the leaf and root extracts displayed potential ABTS
radical scavenging activities 7. In addition, the leaf and seed extracts exhibited anti-inflammatory activities by the
suppression of NO production. Phytochemical analysis via HPLC-UV/ESI-MS/MS found that the leaves of M. oleifera
contain substantial amounts of flavonoid and phenolic acids as compared to the seed and root parts. As the positive
correlation analysis found that flavonoid content is directly associated with antioxidant and anti-inflammatory activities, the
high TPC and TFC of the leaves thus suggest it is a more potent source of anti-inflammatory and antioxidant activities as
compared to other parts of the plant.

2.2. Antiviral Effects of M. oleifera

M. oleifera has been vastly studied as a potent antiviral agent. Years before the establishment of vaccine development
and advancement, Moringa plants were traditionally used to treat many viral infections such as smallpox and chickenpox.
Even though it has never been scientifically proven that M. oleifera plants are effective against viral infection due to the
inability to conduct extensive research as the World Health Organization (WHO) has declared the world free of smallpox
infection since May 1980, the potential of the plants as promising antiviral agents against other viral infection has
continually been studied 1819 Following the reports of many authors, M. oleifera extracts exhibited potent inhibitory
activities against many viral infections such as the influenza A virus (IAV) 29, Herpes simplex virus type 1 (HSV-1) [21122]
(23] foot and mouth disease virus (FMDV) 2423l hepatitis B virus (HBV) 282 human immunodeficiency virus (HIV) 28]
(291 Epstein—Barr virus (EBV) B2 and Newcastle disease virus (NDV) [B132],

A study has demonstrated that Moringa A, the new compound from the M. oleifera seed, is effective against IAVs as it
impedes the replication of the virus and protects the host cells from the cytopathic effect 29, |t was also found in the in
vitro study that the compound can disrupt the cellular protein transcription factor EB (TFEB) and in turn decelerate
autophagy in infected cells 29, The M. oleifera leaf extract has also been found to be effective in an in vitro study against
FMDV at 100 pg/mL, and it is toxic to the cells at a concentration of 200 pg/mL and higher 24123 |t has been proposed
that one of the thiocarbamate compounds, namely the niaziminin found in M. oleifera leaves, exhibits antiviral activities



against the FMDV. This niaziminin compound has been discovered before against EBV, where the reaction of the
compound and 4-[(4'-O-acetyl-alpha-L-rhamnose loxy) benzyl] isothiocyanate inhibited the activation of EBV [,

From the survey, it was found that the extracts of M. oleifera are often consumed as part of a supplementation diet as part
of an alternative to consuming conventional medicine. Even though research on the risk of the herb—drugs interaction is
still scarce, no adverse effect has ever been reported. As there are many claims suggesting the ability of Moringa to
improve the quality of life of people living with HIV/AIDS (PLWHA), a study has been carried out to investigate the in vitro
inhibitory activities of M. oleifera extracts on lentiviral vector infectivity 28, Results show that all ethanolic, methanolic and
water extracts of M. oleifera were active against the HIV-1 lentiviral vector, and the early event of viral replication was
inhibited. The potential of M. oleifera extracts in the selective inhibition of viral replication has suggested that they could
serve as potent antiretroviral lead molecules.

In addition, considering the recent COVID-19 outbreak that has now become a pandemic, there has also been an attempt
to investigate the potential of M. oleifera as a supplementary diet in enhancing the immune system. A review has
suggested that M. oleifera can be effective against COVID-19 in a comprehensive way such that the plant acts as an
immune booster and may increase the survival rate of people with SARS-CoV-2 infection B2l There are many bioactive
compounds of M. oleifera that show promising potential against COVID-19 infection such as kaempferol, quercetin,
morphine, pterygospermin and apigenin-7-O-rutinoside B3I34135] Among all, the apigenin compound showed the highest
activity against SARS-CoV-2- MPro, one of the main proteases of COVID-19, further concluding the potential of the
Moringa plant as an immune booster against SARS- CoV-2 (COVID-19).

2.3. Antibacterial Effects of M. oleifera

The bacterial species that have been tested against the potent M. oleifera include water-borne pathogens, diarrhea-
causing bacteria, drug-resistant bacteria and many more. A study has observed that the hexane and methanol seed
extract of the plants exhibited inhibition of water-borne pathogens such as Salmonella typhii, Vibrio cholera and
Escherichia coli 38, Therefore, it was proposed that the antibacterial effect of M. oleifera could serve as a natural
antibacterial agent in managing bacteria-caused water-borne diseases. Another study has also been carried out to
investigate the antibacterial properties of different parts of M. oleifera in an approach to create natural dental care from the
plant. Among the many attempts to formulate the right extracts into an experimental toothpaste and mouthwash, an
ethanol extract of the leaves showed the highest antibacterial activities against S. aureus and Streptococcus mutant
growth, with the experimental toothpaste exhibiting higher activities than the mouthwash BZ. The vast application of
antibacterial agents derived from natural products has been crucial as it is more environmentally friendly, less toxic and a
cheap and sustainable method for disease management and to improve the quality of life, especially in rural and
developing countries.

In one study, both ethanol and methanol extracts of M. oleifera leaves showed a significantly higher (p < 0.05) inhibitory
effect at a higher concentration of 120 mg/mL as compared to an aqueous extract against E. coli, S. aureus and
Pseudomonas aeruginosa 8. The finding suggests that the antibacterial activity of Moringa leaves is effective against
both Gram-positive bacteria (S. aureus) and Gram-negative bacteria (E. coli and P. aeruginosa). In another study, an M.
oleifera leaf extract was also tested against isolated multidrug-resistant (MDR) E. coli, S. aureus and P. aeruginosa by
using the agar disc diffusion method. The results show that the chloroform extract had the highest antibacterial activity
(9.32 + 1.45 mm), while the aqueous extract had the lowest activity (0.27 + 0.27 mm) B2, The antibacterial activity
observed against MDR bacteria added value to M. oleifera as a promising treatment alternative for infections caused by
MDR bacteria.

The antibacterial effect of M. oleifera is the most anticipated property due to the massive application of antibacterial
agents in various settings. M. oleifera is astonishing as a plant because every part of it, which includes the seed, root,
bark, stem and leaf, has been described to harbor its own potential, coupled with the best extraction method and solvents
that established its potency. Table 1 describes more studies from different authors that have investigated the antibacterial
properties of M. oleifera against various species in many applications.

Table 1. Extracts of M. oleifera and the extensive findings on antibacterial properties.



Extracts

70% Ethanol, 80%
methanol, petroleum
ether and
aqueous extracts of M.
oleifera leaves, flower,
pulp and seed

Aqueous, petroleum

ether and methanolic

(20, 40, 60%) extracts
of M. oleifera leaf

Methanol (99.9%), n-
hexane (98.9%) and
aqueous extracts of M.
oleifera and M.
ovalifolia seeds and
bark

Aqueous and ethanolic
M. oleifera leaf

Chloroform, ethyl
acetate, butanol and
aqueous extracts M.

oleifera leaf

Methanolic M. oleifera
leaf

Aqueous (hot and
cold), ethanolic and
methanolic extracts of
M. oleifera seeds

Application

Method: Agar-well diffusion method
Bacteria species: E. coli and S. aureus

Method: In vitro, cup-plate method and
disc diffusion method
Bacteria species: S. aureus, E. coli,
Klebsiella pneumonia, P. aeruginosa and
Proteus vulgaris

Method: Paper-disc diffusion method
Bacteria species: E. coli, Enterococcus
faecalis and Bacillus cereus

Method: Agar diffusion and microbroth
dilution methods
Bacteria species: S. aureus,
Streptococcus pyogenes, Bacillus
cereus, E. coli, P. aeruginosa, Shigella
sonnei, Shigella dysenteriae, Shigella
flexneri, Shigella boydii and Proteus
mirabilis

Method: In vitro, agar-well diffusion
method
Bacteria species: E. coli, P. vulgaris, K.
pneumoniae, Salmonella enterica, P.
aeruginosa, S. aureus, Staphylococcus
epidermidis and B. cereus

Method: In vitro, agar-well diffusion
method
Bacteria species: E. coli and Klebsiella

Method: In vitro, disc diffusion method
and broth dilution method
Bacteria species: S. aureus, E. coli and
P. aeruginosa

Finding

Maximum zone of inhibition:
Leaves: 80% methanol extract against E. coli
(28 mm) and S. aureus (26 mm).
Flower: 70% ethanol extract against E. coli
(23 mm) and S. aureus (17 mm).
Pulp: 80% methanol extract against E. coli
(15.33 mm).

Aqueous extracts against S. aureus (18.33
mm).

Seed: 80% methanol extract against E. coli
(18.33 mm).

70% ethanol extracts against S. aereus
(15.66 mm).

Methanolic extracts (20, 40, 60%) had high
inhibitory effects on S. aureus, K.
pneumoniae standard strains and S. aureus,
S. saprophyticus and E.coli isolated from
urinary tract infection.

Aqueous extract only showed effects on P.
vulgaris standard strain.
Petroleum ether extracts showed no
inhibitory activity at all.

M. oleifera extracts showed higher inhibitory
activities than M. ovolifolia.

Seed extracts of M. oleifera exhibit a wider
range of antibacterial activity than M.
ovalifolia.

M. oleifera bark extracts showed higher
antibacterial activity than M. ovalifolia
against all tested species.
n-hexane extracts for both M. ovalifolia and
M. oleifera showed similar inhibitory
activities but were generally lower than other
solvents.

All tested bacterial isolates were observed to
be susceptible to both extracts at 100 pg
concentration, but susceptibility decreased
as the extract concentration reduced.
M.oleifera leaf extract showed broad
spectrum of antibacterial activities as it
works on both Gram-positive and -negative
bacteria.

Ethanol extract exhibited higher inhibition
and minimal inhibitory concentrations.

Ethyl acetate extract observed the highest
antibacterial activity against S. epidermidis,
S. aureus, P. aeruginosa and B. cereus.
Butanol extract reacted against S.
epidermidis and S. aureus.
Aqueous and chloroform extract only
showed activity against S. epidermidis and
S. aureus, respectively.

The extracts showed activities against both
bacteria in dose-dependent manner, as such
highest activities were observed at dose of
200 mgl/L.

Methanol extract of M. oleifera was shown to
have minimum inhibitory concentration (MIC)
value against Kleibsilla at 45 mg %.

The MIC for different extracts was observed
as follows: aqueous (cold) extract showed
no MIC, but aqueous (hot) extract was 100

mg/mL.

The MIC for ethanolic and methanolic
extracts is also capped at 100 mg/mL, except
for E. coli and S. aureus with MIC of 50
mg/mL.

The minimum bactericidal concentration
(MBC) of aqueous (hot), ethanolic and
methanolic extracts on tested bacteria was
200 mg/mL, but methanolic extract showed
MBC of 100 mg/mL on E. coli.

Citation

[40]

[41]

[42]

[44]

[45]

[46]



Extracts Application Finding Citation

Acetone extracts showed highest
antibacterial activity against S. typhii and

Method: In vitro, agar-well diffusion least sensitivity with the aqueous extract.
Methanol, acetone and .
technique and MIC and MBC The most observed MIC value was 6.25 [471
aqueous extracts of M. - R b .
oleifera seeds Bacteria species: E. coli, Shigella typhii mg/mL, then 12.5 mg/mL.
and Shigella dysenteriae Acetone extract is the most potent in

exhibiting inhibitory activities at very low
concentration for Shigella typhii

Both leaf and seed extracts exhibit
antibacterial activity against all bacterial
ATCC strains, but for leaf extract, highest

activity was observed on S. typhi
(ATCC19430) while the seed extracts showed
on E. coli (ATCC25922).

Both extracts also showed activities in
clinically isolated bacterial strains, but for 48]
leaf extract, highest activity was observed

against S. aureus, and for seed extract,
highest activities was observed against K.

Method: In vitro, agar-well diffusion
method
Bacteria species: E. coli, s. typhi,
salmonella paratyphi- A, salmonella
paratyphi-B, shigella dysentriae, s.
aureus, streptococcus feacalis, p.
aeruginosa, Proteus mirabilis and k.

80% methanolic
extracts of M. oleifera
leaf and seeds

Pneumoniae pneumoniae, P. mirabilis and S. typhi.
Overall, the results show higher antibacterial
activity in leaf extract as compared to seed
extract.

Results show that the extract exhibits

Method: Bacteria inhibition microplate inhibitory effects on the growth of
assay phytopathogenic bacteria At, Cmm, Pst, Rs
Bacteria species: Agrobacterium and Xa in dose-dependent manner.
Ethanolic extracts of tumefeciens (At), Clavibacter Higher inhibition was observed at higher [49]
M. oleifera leaf michiganensis subsp. michiganensis concentration of extract.
(Cmm), Pseudomonas syringae pv. At was found to be most susceptible to the

tomato (Pst), Ralstonia solanacearum exact treatment while Rs was more resistant.
(Rs) and Xanthomonas axonopodis (Xa) Ethanolic extracts of M. oleifera leaf showed
prominent bio-bactericide potential.

2.4. Anti-Diabetic Effects of M. oleifera

Diabetes mellitus (DM) is a metabolic disease that causes high blood glucose due to the body’s inability to produce
sufficient or functional hormone insulin to regulate blood glucose. Many studies have demonstrated the potential of M.
oleifera as anti-diabetic agents for the treatment of this metabolic disease due to the high presence of polyphenols that
help to reduce blood glucose 29 and improve sexual dysfunction [21. The leaf powder of M. oleifera was found to have
quercetin-3-glucoside and fibers that give mitigating effects on glucose intolerance 221, In addition, the leaves are also rich
in unique Moringa isothiocyanate (MIC) compounds that possess high biological activities and evidence of therapeutically
active constituents 231, |t is also evidently suggested that a potential wound dressing formulation containing extracts of M.
oleifera may help with wound management that potentially aggravates diabetic conditions B4],

The oral administration of ethanolic extract of M. oleifera leaves has been investigated for the anti-diabetic and liver
function indices in Alloxan-induced diabetic rats via glucometer and spectrophotometric methods B2, The results show
that there is a significant decline in the glucose level of the treated rats and elevated levels of liver indices ALT, AST and
ALP in a dose-dependent manner. It was also demonstrated that the levels of albumin and bilirubin changed according to
doses; for example, a 200 mg/kg dose showed an increase in the albumin level, but at higher doses, the albumin levels
were reduced. It can be stipulated that aside from providing anti-diabetic potential, the extracts also help to protect from
liver damage, and 400 mg/kg was observed to be the safest dose.

In another study, the aqueous ethanolic extract (95, 75, 50, 25% v/v and 100% water) of M. oleifera leaves was fed orally
to experimental rats to investigate the hypoglycemic activities and contribution to intraperitoneal glucose tolerance test
(IPGTT) data 58, As a 95% (v/v) ethanolic extract (at 1000 mg/kg) showed the highest activities, it was submitted for
liquid-to-liquid fractionation into hexane, chloroform, ethyl acetate, butanol and water for more screening of potent anti-
diabetic activities 281, Among all extracts and fractions, the 95% ethanolic extract and only butanol fraction showed an
effect by alleviating blood glucose concentration after administration to diabetic rats. However, no hyperglycemic effect
was observed in normal rats. The TLC and HPLC analysis determined the presence of quercetin 3-B-D-glucoside,
kaempferol-3-O-glucoside and crypto chlorogenic acid in the extracts that stipulated antihyperglycemic potential. Thus,
the authors suggested the potential of the extract and fraction as alternative treatments for diabetes and recommended
further investigation for drug discovery.



Aside from the leaves, the seed extracts of M. oleifera have also been studied for their potential as anti-diabetics. There
was a potential of the aqueous extract and oil of M. oleifera seeds against several biochemical markers in streptozotocin-
induced diabetes mellitus albino rats 24, The serum was collected for the determination of blood glucose, body weight,
albumin, urea, creatinine, electrolytes (Na+, K+ and CI7)- and the levels of enzyme markers for liver damage (AST and
ALT). The results show that at 100 mg/kg and 200 mg/kg doses of aqueous extract treatment of diabetic rats, a significant
reduction in serum glucose was observed (57 Other than that, there was also a decrease in urea and creatinine levels
that were significant as compared to the diabetic untreated group. In addition to that, the extract was also observed to
ameliorate the hepatic function as low levels of enzyme markers were recorded in the treated group. Thus, this proposed
the potential of the M. oleifera seed extract as an anti-diabetic with remarkable nephron-protective activity.

In a more recent study, the effect of the ethanolic leaf extract at two different doses (250 and 500 mg/kg) on the metabolic
glucose, melatonin and lipid profile and liver and kidney function in Alloxan-induced diabetes was investigated 28l After 60
days of oral treatment of the extracts, results showed that there was a significant decline in blood glucose, total
cholesterol, triglycerides and the levels of low-density lipoprotein (LDL), ALP, ALT and AST. Elevated levels of serum
melatonin, lactate dehydrogenase (LDH) and high-density lipoprotein (HDL) were also recorded in the diabetic group as
compared to the control group. The authors thus stipulated that the ethanolic leaf extract treatment of diabetic rats helps
to reinstitute the metabolic changes to normal levels.

2.5. Anti-Carcinogenic Effects of M. oleifera

The anti-carcinogenic potential of M. oleifera is one of its medical benefits that is worth investigating due to the high
content of various phytochemicals, supported by much evidence of low toxicity that ensures the safe application of the
plant BAEAG  pg- ofejfera is rich in phenolic acids and flavonoid compounds that are known for their potential as
antioxidants and anti-cancer agents. As oxidative stress is one of the causative agents of cancer development, the
presence of compounds harboring antioxidant properties may interfere with the floating free radicals and reduce oxidative
stress. This will consequently help to prevent cancer.

The anti-carcinogenic effect of different parts of M. oleifera (leaf, bark and seed extracts) against the MDA-MB-231 and
HCT-8 cancer cell lines has been studied 2. The reesarch found that the leaf and bark extract showed significant anti-
cancer effects as compared to the seed extract. The leaf- and bark-extract-treated cell lines showed low cell survival with
a remarkable reduction in cell growth as well as cell motility. In addition, the apoptosis assays showed significant
increments of apoptotic cells for the two extract groups. The GC-MS analyses demonstrated the presence of many
targeted anti-cancer compounds such as eugenol, isopropyl isothiocyanate, D-allose and hexadeconoic acid ethyl ester
that indicated the anti-cancer properties of M. oleifera. The authors claimed that the research was the first to report the
anti-cancer potential of the bark. It was suggested that leaf and bark extracts of M. oleifera exhibited anti-cancer activity in
both cell lines, and thus new potent agents can be proposed in the treatment of breast and colorectal cancers €24,

The potential of M. oleifera leaves has been further investigated in another study, against different cell lines of human
hepatocellular carcinoma HepG2 cells 3. Following the analysis of apoptotic signals, results show that the leaf extract
triggers the apoptosis reaction in HepG2 cells. Moreover, the hollow fiber assay (HFA), using immunodeficient nude mice,
demonstrated a notable reduction in both HepG2 cells and A549 non-small cell lung cancer cell proliferation after the oral
administration of the leaf extract. It was proposed that the remarkable tumor inhibition activities may have resulted from

the high bioactive compound content in the extracts, thus suggesting its potential as a promising anti-carcinogenic agent
[63]

The ethanolic extract of M. oleifera has also been evaluated for its regulatory activity in leukemic Wistar rats via a tumor
necrosis factor-a (TNF-o) assay 84, The ethanolic extract was orally administered to the rats pre-, during and post-
leukemia induction, in a compelling 8 weeks of total duration. The plasma sample was collected for the TNF-a analysis by
using an enzyme-linked immunosorbent assay (ELISA). The level of TNF-a was the highest in the non-treated group,
followed by the M. oleifera-treated group, and the lowest was observed in the control group. TNF-a is a known pro-
inflammatory cytokine that is released upon the activation of macrophages or monocytes to mediate various cellular
events such as the stimulation of other functional cytokines, cell proliferation, differentiation and apoptosis. One previous
study has found that the reduction in the TNF-a level signifies the response against treatment while elevated TNF-a levels
are indicative of the active disease progress 82, Thus, the authors proposed that the TNF-a level may be a suitable
indicator for the clinical efficacy of anti-cancer therapy.

The extract of M. oleifera seeds, roots, stems and leaves in different ethanol concentrations (50, 70 and 90%) was
appraised for the antioxidant and anti-proliferative properties in different cell lines from a previously reviewed study, the
head and neck cancer (HNC) cell lines, CNE-1 and CAL27 (661 Prior to the investigation of the cell line, the TPC, TFC and



antioxidant levels were determined for all the different extracts. The results of this research suggest that the aqueous leaf
extract showed the highest antioxidant activities, but the 70% ethanolic extract recorded high antioxidant activity for the
other parts of the plants (seeds, roots and stems). In addition to that, all the extracts showed notable anti-cancer activities
in the tested cell line where the proliferations of HNC cells were impeded by the suspected apoptosis inducement.
Interestingly, the stem extracts exhibited the strongest apoptotic induction, followed by the leaf extracts. This thus
concluded that the M. oleifera extract possesses remarkable antioxidants and anti-proliferative potentials that may be
helpful in the management and treatment of head and neck cancer.

2.6. Cardio-Protective Effects of M. oleifera

Cardiovascular abnormalities are one of the most concerning conditions ever existing medically, and all related
complications have contributed to the high mortality throughout the world. The use of phytochemicals from natural
medicinal plants has been extended to various applications including as a cardio-protective agent as more evidence from
scientific research has suggested its potential. Bioactive compounds such as diosgenin, isoflavones, sulforaphane,
carotinized, catechin and quercetin have been determined to contribute to cardio-protection and alleviating cardiac-related
complications 4. M. oleifera has been studied as potent medicinal plants for cardio-protection due to their abundant
phytochemicals such as polyphenols that perform cardio-protection by impeding hepatic cholesterol and lipoprotein
metabolism and mitigating the inflammatory response 68, The ethanol and aqueous extracts were found to contribute
significantly to reduced systolic and diastolic blood pressure in spontaneously hypertensive rats €2,

A study has evaluated the cardio-protective effect of the aqueous extract of M. oleifera leaves on Wistar albino rats via
investigations of the lipid profile as well as the cardio-toxicity effect Z9. In this research, the rats were administered with
potassium bromate to induce toxicity on the cardiac tissue, and then Moringa extracts were applied to investigate the
detoxifying effect. Potassium bromate is a potent cardio-toxin that increases lipid peroxidation and reduces heart
antioxidant activities. In the potassium bromate-induced rats only, cardiac dysfunction was indicated by the elevated
cardiac biomarker enzymes AST, ALT, ALP and other tested components on cardiac tissues. Results show that the extract
of M. oleifera demonstrated cardio-protection potential on the potassium bromate- induced cardiac oxidative damage in
rats as the antioxidant loss was alleviated and the cardiac dysfunction was restored 79,

Other than that, the potential of M. oleifera seed powder has been evaluated in spontaneously hypertensive rats (SHRs)
where the SHRs were given oral administration of food containing the seed powder, and the cardiac effects were
determined /4. Hypertension is a condition of perpetuated high blood pressure that may result in cardiac complications
with an escalated risk of heart attack/heart failure. Upon oral treatment of Moringa seed powder, no changes were
observed in the rats’ blood pressure, except for a decrease in nocturnal heart rate with ameliorated cardiac diastolic
function. The authors also suggested that the seed powder treatment may have an effect on the signaling pathways
associated with pressure-overload-induced left ventricular hypertrophy such as the calcium-regulated mechanism.
However, an in-depth study is needed to elucidate the exact mechanism involved in the Moringa cardio-protective
potential.

A study has been conducted to investigate the effect of M. oleifera seed powder on the oxidative and nitrosative vascular
stresses in SHRs 721, Reduced vascular stresses were observed in the Moringa-treated SHR aortas, associated with a
decline in the free 8-isoprostane circulating level, vascular p22phox and p47phox expressions and the upregulation of
SOD2. After the treatment, it was found that there were decreased iINOS and NF-kB protein expressions, which resulted in
reduced circulating nitrites and C-reactive proteins that are often elevated in normal SHRs. The research also found that
the treated-SHR group showed an enhanced resistance of the arteries against the endothelium-dependent carbachol-
induced relaxation functional test. This research presented an overall vascular antioxidant, anti-inflammatory and
endothelial protective potential of M. oleifera seed powder in a supplementary diet against cardiovascular complications
indicated by oxidative stress and inflammation [Z2,

In addition, the cardio-protective effect of the methanolic M. oleifera seed extract has been studied in isoproterenol-
induced myocardial infarction (M) in Wistar albino rats 23, The treatment lasted for 32 days, the fasting blood samples
were collected for the determination of serum cardiac biomarker enzymes and the lipid profile, while the heart tissue was
collected for the evaluation of myocardial marker enzymes (LDH, CPK, AST, ALT and CK-MB) and antioxidant enzymes
(GSH and LPO). The research found that the rats treated with the methanolic seed extracts showed a positive effect that
reversed all the altered regulation of the tested biomarkers as compared to isoproterenol-induced rats. The positive
reversed effect of Moringa was observed as follows: the isoproterenol caused a significant increment in serum myocardial
enzymes (LDH, CPK, AST, ALT and CK-MB) and lipid profiling parameters, but the Moringa-treated group showed a



decrease in the levels. The isoproterenol reduced the myocardial enzymes in the heart tissue significantly, but the Moringa
pre-treated rats presented elevated biomarker enzyme levels in a dose-dependent manner.

The M. oleifera seed has also been evaluated for its potential in ischemic heart diseases. The M. oleifera seed powder
was orally administered to wild-type C57/BL6 male mice by feeding the mice a diet containing the seed powder. The
research found that the M. oleifera treated group had a reduced MI-induced mortality and alleviated cardiac dysfunctions
in MI mice 4. In addition, it was observed that post 28 days of MI inducement in mice, there was a significant increment
in ejection fraction and fractional shortening, with more data suggesting that the Moringa treatment attenuates Ml-induced
infarction size and cardiac remodeling. The research elucidated that the mechanistic role of M. oleifera seeds in ischemic
heart diseases is indicated by the inhibition of MI-induced apoptosis and subdued cardiac fibrosis. The authors concluded
that oral administration of M. oleifera seed powder potentially exhibits anti-apoptosis and antioxidant effects which are
critical for mitigating Ml damage to cardiac function in MI-induced mice model.
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