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Abstract

Moringa oleifera Lam, referred to as the horseradish or drumstick tree, has attracted much interest for its diverse pharmacological
properties and traditional uses across various cultures. This review provides an in-depth analysis of the pharmacological properties
of M. oleifera, focusing on its phytochemical composition, therapeutic potential, and safety profile. This study discusses various
pharmacological characteristics, including antidiabetic, anticancer, antimicrobial, anti-inflammatory, antioxidant, hepatoprotective,
and neuroprotective activities. This review also investigates the mechanisms of action responsible for the observed pharmacological
effects and provides insights into the molecular pathways involved. The safety and potentially harmful effects of M. oleifera
supplements are evaluated through preclinical and clinical trials. This review summarises the current understanding of M. oleifera’s
pharmacological properties and offers valuable insights for researchers, healthcare professionals, and policymakers seeking to
utilise the therapeutic potential of this plant. Overall, M. oleifera shows great promise as a natural source of bioactive compounds
with therapeutic applications. Future research should focus on M. oleifera therapeutic applications of M. oleifera, including clinical
trials, structure-activity relationships, and novel formulations to improve bioavailability and efficacy.

Major Findings: Moringa oleifera exhibits diverse pharmacological properties, including antidiabetic, anticancer, anti-inflammatory,
antioxidant, antimicrobial, hepatoprotective, and neuroprotective effects. Various plant parts have demonstrated therapeutic
potential with a favourable safety profile, though further research is needed to optimise formulations and validate clinical efficacy.
Future studies should focus on clinical trials, synergistic effects, and standardization to enhance its therapeutic applications.
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1. Introduction

A significant activity now utilising the potential
properties of bioactive compounds naturally found
in plants is the application of plant-derived products
in medicine. Numerous studies have explored the
potential properties of incorporating plant ingredients
into safe medications through synthetic methodologies,
as well as incorporating them into a daily diet. The
M. oleifera plant, sometimes known as a horseradish
or drumstick tree, is a member of the Moringaceae
family and is widely referred to as “pokok kelor” in
Malaysia. Numerous bioactive components are present
in it, which give the plant extract its pharmacological
properties and bolster its positive consequences on
humans'~. The leaves of M. oleifera are rich in bioactive
compounds such as carotenoids and polyphenols,
making them a valuable source of natural medicinal
benefits*. Several investigations have been conducted
to explore the potential medical benefits of bioactive
chemicals, which exhibit multiple biological activities
including antioxidant, anti-inflammatory, and anti-
microbe properties. Furthermore, the development of
an efficient extraction technique has changed the game
because it allows the extraction of useful substances
while preserving their original structure and content.
Thus, it has been demonstrated that real substances
work better than synthetic substances, which are
frequently hazardous and have a higher cancer risk.
However, even before its nutritional value and possible
medical benefits were identified, M. oleifera was utilised
practically and historically for a variety of reasons,
including food preparation, cosmetic value, and
traditional treatments for a wide range of ailments™®.
The perennial tree, M. oleifera is widely grown in
many tropical countries and can withstand difficult
growing environments. M. oleifera, sometimes referred
to as the miracle tree, has been used in traditional
medicine for several generations. Different portions
of M. oleifera are used to treat a variety of diseases,
including malnutrition, diabetes, blindness, anaemia,
hypertension, stress, depression, skin, arthritis, joints,
and kidney stones, with no documented adverse
effects at doses that can be consumed. Additionally,
this plant demonstrated the ability to support blood
glucose management and cardiovascular system health
and provided anti-oxidant, anti-inflammatory, and
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anti-cancer activities. It also demonstrated the ability to
support breastfeeding and urinary tract regulation”. Its
nutritional, therapeutic, and bioremediation qualities
allow its use in many culinary applications. Tree
seeds have historically been employed in wastewater
treatment as natural coagulants and flocculants. The
bark and leaves function as biosorbents to remove dyes
and heavy metals from the environment. Because of
the tree’s unique blend of different phytochemicals, it
offers treatments for various diseases and conditions.
Tree gum exudates are used in biodegradable drug
delivery systems, as well as treatments for intestinal
cancer, asthma, and diarrhoea. These applications
make them extremely valuable in medicine. The
multifaceted benefits of M. oleifera could lead to the
overuse of this tree, which may soon threaten the
current state of natural variability. The species must
be conserved for reasons related to ethnobotany,
pharmacology, nutraceuticals, and biodiversity®.
Because the components of M. oleifera are directly
linked to its safety, more researchers are concentrating
on identifying the active compounds to investigate their
pharmacological effects and potential mechanisms,
which are essential for the development of M. oleifera-
based medications and food products. Investigating
the relationship between the products components
and efficacy, identifying the essential constituents,
choosing various dose forms, and assessing M. oleifera
toxicity in humans are essential and valuable tasks.
These discoveries have led to the development of new
preparation techniques, pharmacological benefits, and
toxicological consequences for M. oleifera’. This review
provides an overview of the current understanding
of M. oleifera’s pharmacological properties, offering
valuable insights for researchers and healthcare
professionals to utilise the therapeutic potential of
this plant. To recognise the significance of M. oleifera’s
medicinal properties, it is important to first analyze its
botanical classification.

2. Plant Profile and Taxonomical
Classification

The plant M. oleifera belongs to the Kingdom
Plantae; Subkingdom: Tracheobionta; Super
Division: Spermatophyta; Division: Magnoliophyta;
Class: Magnoliopsida; Subclass: Dilleniidae; Order:
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Capparales; Family: Moringaceae; Genus: Moringa;

Species: oleifera'%12.

3. Morphology

Moringa oleifera biomass yield and quality in Southwest
China valleys using different planting densities
and cutting heights'®>. A typical tree has modest to
moderate dimensions, with naturally trifoliate leaves,
flowers that are born on an inflorescence that is 10 to
25 cm long'?, and fruits that are typically trifoliate and
called “pods”'’. The canopy has an umbrella form, the
branches are normally disorderly, the trunk develops
straight but occasionally becomes poorly formed, the
brown seeds possess a somewhat porous shell, and
the tree can produce between 15,000 and 25,000 seeds
annually'.

4. Phytochemical Constituents and
Phytochemistry

Simple sugars, rhamnose, glucosinolates, and

isothiocyanates, a rather uncommon class of
chemicals, are among several substances found in M.
oleifera'. The stem of M. oleifera has been used for
the isolation of octacosanoic acid, 4-hydroxymellin,

B-sitosterol, [-sitosterol 14, and vanillin'®

. Xylose,
mannose, L-rhamnose, glucuronic acid, galactose, and
L-arabinose were present in the cleansed whole-gum
exudate from M. oleifera. Mild acid hydrolysis of the
entire gum produced a homogenous, degraded gum
polysaccharide that included galactose, l-mannose,
glucuronic acid, quercetin, wax, D-glucose, sucrose,
nine amino acids, kaempferol, and traces of alkaloids
present in flowers. The ash contained a significant
amount of calcium and potassium. Certain flavonoid
pigments, including alkaloids, kaempferol, rhamnetin,
isoquercitrin, and kaempferitrin, have also been
reported present in them!®!”. A novel O-ethyl-4-
(d-Lrhamnosyloxy)benzyl carbamate 11 has been
separated from the Moringa seed’s ethanol extract!®,
together with seven recognised bioactive compounds
3-0-(6'-0O-oleoyl-B-D-glucopyranosyl)-p-sitosterol %,
such as niazimicin?’, and 4-(&- Lrhamnosyloxy)-benzyl
isothiocyanate”!.
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5. Traditional Uses

Although M. oleifera has historically been employed
for several reasons (Figure 1), its leaves are typically
the most utilised component of the plant’»*. They are
specifically utilised in traditional medicine and animal
and human nutrition. Proteins, minerals, beta-carotene,
and antioxidant compounds, all of which are frequently
deficient in populations in developing or undeveloped
nations, are abundant in leaves. Moringa leaves are
added to food preparations as dietary integrators. These
leaves are employed in conventional medicine to cure
various conditions, such as genitourinary disorders,
diabetes, arthritic conditions, typhoid fever, parasitic
diseases, swollen areas, wounds, and skin conditions.
Along with cardiac stimulants and contraceptive
methods, they are also utilised for lactation and
strengthening immunity (for managing complications
associated with HIV/AIDS)??%%, Raw, the extract from
water-based infusions, or dried leaves can be consumed
immediately. In a similar vein, the utilization of seeds
affects both traditional medicine and human nutrition.
Barks are simmered in water and steeped in alcohol to
form beverages and remedies for toothache, diabetes,
anaemia, hypertension, impaired vision, joint pain,
and stomach disorders (such as ulcers and stomach
pain)*?
filter out water pollutants®”. Finally, flowers are used
to make aphrodisiacs and to cure tumours, hysteria,

enlargement of the spleen, inflammation, and muscle
24,26

. Moringa seeds are a well-known method to

diseases

6. Pharmacological Activities

Moringa oleifera has various pharmacological activities
(Table 1).

6.1 Anti-diabetic Effects

Diabetes Mellitus (DM) is a condition related to
metabolism characterised by higher levels of blood
glucose because the organ system is insufficient to
produce an adequate amount of insulin, which is
necessary to control blood glucose levels. Many studies
have shown that M. oleifera has a high polyphenol
content, which helps lower blood sugar and improve
erectile dysfunction, makingita promising anti-diabetic
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medication®, It was discovered that M. oleifera leaf
powder contained fibres and quercetin-3-glucoside,
which have a moderating impact on impaired glucose
metabolism®. The leaves contain a lot of unique
Moringa Isoth1ocyanate (MIC) compounds, which
indicate significant biological activity and suggest
potential health advantages®”. Additionally, a potential
formulation for a wound dressing containing M.
oleifera extracts may help manage wounds that could
exacerbate diabetic symptoms®°. Using glucometer and
spectrophotometric techniques, oral administration of
M. oleifera leaf ethanolic extract has been studied for its
hypoglycemic and hepatic functionality parameters in
rats treated with alloxan®’. The glycemic concentration
in the rats that received treatment significantly
decreased, and the hepatic parameters ALT, AST, and

Anti-asthmatic Anti-diabetic

Anthelminthic \ /
Anti-inflammatory [REd Moringa oleifera

/\“

Anti-oxidant Anti-fertility

Figure 1. Pharmacological properties of M. oleifera.

ALP increased in a manner that varied according to
dosage. Additionally, it was shown that the levels of
bilirubin and albumin varied with dosage; for instance,
an increase in albumin level was observed at 200 mg/
kg, but a reduction in albumin levels was observed
at higher doses. It can be concluded that the extracts
have anti-diabetic properties in addition to protecting
against liver damage; the safest dose was found to be 400
mg/kg. In a different study, rats in the experiment were
administered M. oleifera leaves extracted in a mixture of
ethanol and 95%, 75%, 50%, 25% v/v, and 100% water to
explore the hypoglycemic activities and how it affected
the results of the Intraperitoneal Glucose Tolerance
Test (IPGTT)*. To further screen for strong anti-
diabetic effects, a 95% (v/v) ethanolic extract (at 1000
mg/kg) that showed the highest activity was presented
for liquid-liquid separation into water, butanol, ethyl
acetate, chloroform, and hexane®®. Following delivery
to diabetic rats, the 95% ethanolic extract and butanol
fraction were the only ones that demonstrated an
impact on blood glucose concentration. However, in
normal rats, no hyperglycemic effects were observed.
The extracts with antihyperglycemic potential were
found to contain cryptochlorogenic acid, kaempferol-
3-O-glucoside, and quercetin 3-B-D-glucoside, as
established by TLC and HPLC analysis. In addition
to the leaves, M. oleifera seed extracts have been
investigated for their possible anti-diabetic properties.
In streptozotocin-induced diabetic albino rats, the
oil and aqueous extracts of M. oleifera seeds showed

Table 1. Pharmacological action of M. oleifera-derived chemical compounds or extracts

Plant part Study model Disease Observed effect References
SBesttae-rcr?rotene-llnolelc acid Metabolic
Leaves 4 ’ N disease and Antioxidant 7
liposome peroxidation, and .
: : diabetes
liver microsomes
Leaves Cancer breast cells Cancer Inhibition of NF-kB signaling 27
Leaves RAW Macrophages Cardiovascular Reduced expression of inflammatory 28
markers
Seeds Raw264.7 cells Antl- Reduced the levels of TNF-q, IL-6, and 29
inflammatory IL-1B
Anti- Using the TNO Intestinal Model (TIM-1),
Seeds Rats inflammatory, bio-accessibility of 1 was found to be 61% 30
and anti- and 62% in the fed and fasted phases,
diabetic respectively.
Leaves High-fat-induced obesity rats Obesity Anti-obesity properties 31
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potential against many biochemical markers®”. Serum
levels of electrolytes (Cl-, K* and Na*), creatinine,
albumin, urea, body weight, blood glucose, and
enzyme indicators of hepatic injury (ALT and AST)
were measured. A substantial drop in blood glucose
was seen in rats with diabetes treated with aqueous
extract at dosages of 100 mg/kg and 200 mg/kg*’.

6.2 Anti-cancer Activity

The fruits, leaves, flowers, and stems of Moringa plants
are effective in preventing cancer, a fatal illness. Tumor
cell growth is inhibited by the extracted Moringa
chemicals, isothiocyanate and thiocarbamate'®*. The
dichloromethane fraction was cytotoxic to breast cancer
MCF7 cells*!. Niazimincin can effectively prevent
chemical carcinogenesis through chemoprevention®.
In a melanoma mouse model, hydromethanolic
and alcoholic leaf and fruit extracts significantly
inhibited tumor expansion®. In cancer cells, Reactive
Oxygen Species (ROS) are decreased and tumour cell
development is prevented by Moringa extract, which
is water-soluble at low temperatures**. According to a
recent computer modelling study, M. oleifera contains
rutin, which exhibits the greatest propensity for binding
with breast cancer gene-1 (BRAC-1)*.

6.3 Anti-Inflammatory Activity

Several sections of M. oleifera (roots, flowers, pods,
and leaves) have shown notable anti-inflammatory
activity. Nitric oxide inhibitory action was reported
for the separated chemical (4-[2-0-Acetyl-alpha
-l-rahamnoslyloxy) benzyl] thiocynate from Moringa,
and it was later discovered efficacious in Raw264.7
cell lines®. A substance obtained from the roots of
M. oleifera, aurnatiamide acetate and 1,3-dibenzyl-
urea, prevented the generation of TNF-a*’. Anti-
inflammatory effects are mediated by active substances
such as vanillin, moringin, B-sitosterol, alkaloids,
flavonoids, tannins, and phenols43. NF-«B translocation
was impeded by the fruit extract of M. oleifera, whereas
large amounts (500-1000 pg/mL) of the chloroform
extract were cytotoxic*®. Decreasing the levels of thymic
stromal lymphopoietin, mannose receptor mRNA, and
retinoic acid-related orphan receptor yT in ear tissues
was reported to be an effective treatment for atopic
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dermatitis in human keratinocytes using M. oleifera

leaf extract in mice®’.

6.4 Cardiovascular Activity

A study that looked at both the cardiotoxicity and lipid
profile of M. oleifera leaf aqueous extract in Wistar
albino rats assessed the cardioprotective function®.
This study included the administration of potassium
bromate to rats to induce cardiac tissue poisoning
and, subsequently, to examine the detoxifying
properties of Moringa extracts. Strong cardio-toxins
and potassium bromate lowered heart antioxidant
activity and increased lipid peroxidation. Increased
enzyme levels of cardiac biomarkers (AST, ALT, ALP,
and others) showed cardiac dysfunction solely in
potassium-bromate-induced rats. M. oleifera extract
exhibited cardioprotective capability against potassium
bromate-induced cardiac oxidative injury in rats by
reducing the loss of antioxidants and restoring heart
complications®®. The possibilities of powdered M.
oleifera seeds have been assessed in Spontaneously
Hypertensive Rats (SHRs) by administering chow
containing the seed powder orally to the SHRs and
observing the effects on their hearts®'. A higher risk of
cardiac issues is associated with hypertension. The rats’
blood pressure did not change after oral administration
of Moringa seed powder; however, their nocturnal
heart rate decreased and their cardiac diastolic function
improved. Additionally, scientists hypothesised that
the application of seed powder would have an impact

Moringa alefiera

&
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Figure 2. Interactions between bioactive
compounds of Moringa oleifera and their signalling
pathways.
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on the calcium-regulated mechanism and other
signalling pathways linked to pressure overload-
induced left ventricular hypertrophy. To clarify the
precise mechanism underlying the cardioprotective
properties of Moringa, more research is necessary. An
investigation into the impact of powdered M. oleifera
seeds on nitrosative and oxidative vascular stressors in
SHRs was conducted®?. Vascular p47phox and p22phox
expression, the elevation of SOD2, and a decrease in
the free 8-isoprostane circulating level were all linked
to the reduction in vascular strains in the SHR aortas
treated with Moringa. Decreased C-reactive proteins
and circulating nitrites, which are frequently increased
in normal SHRs, were observed following treatment due
to lower NF-kB and iNOS protein expression (Figure
2). Additionally, the study discovered that the arteries’
resistance to the endothelium-dependent carbachol-
induced relaxation functional test increased in the
treated SHR group. In a supplemental diet, this study
demonstrated the potential of M. oleifera seed powder
as an overall vascular antioxidant, anti-inflammatory,
and endothelial protective agent against cardiovascular
problems indicated by inflammation and oxidative
stress®®. Furthermore, the cardioprotective properties
of methanolic M. oleifera seed extract have been
investigated in Wistar albino rats that have experienced
isoproterenol-induced Myocardial Infarction (MI)>.
The potential of M. oleifera seeds for the treatment
of ischemic heart disorders was also assessed. Male
C57/BL6 wild-type mice were orally administered
M. oleifera seed powder by feeding a meal containing
the powdered seed. A study discovered that MI mice
treated with M. oleifera had less cardiac dysfunction
and a lower MI-related death rate>*.

6.5 Anti-Oxidant Activity

Strong free radical scavengers against free radicals
are present in aqueous extracts*’, Previous research
indicates that Kaempferol, which is mostly present in
plant leaves, maybe a source of antioxidant potential®.
In Wistar rats exposed to beryllium poisoning, the
combined effects of piperine and curcumin with
Moringa were found to have a synergistic effect™. By
regulating GSH levels, the plant’s alcoholic extract
prevented  glucose-induced  cataractogenesis  in
separated goateyelenses®’. Myricetin, which is extracted
from Moringa seeds, is a more potent antioxidant
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than alpha-tocopherol and Butylated Hydroxytoluene
(BHT). In HEK-293 cells, the leaf extract of M. oleifera
and its constituents, including crypto-chlorogenic acid,
astragalin, and isoquercetin, helped reduce ROS™. In
addition, compared to those given warm water, Moringa
helps lower plasma Monoaldehyde (MDA) levels in the
Fasting Plasma Glucose (FPG) in normal adults. With
the alcoholic extract of the plant, there was a dose-
dependent decrease in MDA levels and an increase in
GSH, with no harmful effects up to 100 mg/kg>”.

6.6 Anti-Fertility Activity

Testis, seminal vesicles, and epididymis weights all
significantly increased in response to leaf extract,
which also increased seminiferous tubule diameter
and scored higher on measures of epididymal maturity
and lumen development®. A potential underlying
the
damage model in the ethanolic extract of prepubertal
spermatogonial cells protected by leaves in Swiss male
albino mice could be the increase in c-Kit and Oct4
transcript expression, which occurs independently of
the p53-mediated pathway®!. There have been reports
on the impact of leaf extract on rats treated for ten days
following fertilization®?. The extract demonstrated an
inhibitory effect on progesterone and a synergistic effect
with estradiol®®. Approximately 11,300-23,000 IU of
vitamin A can be found in fresh MO leaves. Vitamin A
is important for several anatomical processes including

mechanism  for cyclophosphamide-induced

cell differentiation, immune development, growth and
5,64

development of the embryo, and reproduction
6.7 Antiepileptic Activity

After intraperitoneal administration of 200 and 400
mg/kg, M. oleifera leaves extracted with methanol
demonstrated =~ maximum electroshock-induced
and strong anti-convulsant action
against pentylenetetrazole. Phenytoin and diazepam
served as reference standards. At both dosage levels,
the methanolic extract dramatically decreased the
amount of hind limb extension in the MES test and
markedly delayed the onset of seizures in Ptz-induced
convulsions. This could be a result of the alkaloids,
flavonoids, and tannins in the extract®. The research
was conducted to determine how well an Moringa

convulsions

concanensis leaves administered intraperitoneally at a
dose of 200 mg/kg prevented seizures in Swiss albino
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mice caused by PTZ and MES. MES seizures and
inhibition of tonic hindlimb extension were observed.
It was observed that convulsions in PTZ seizures
stopped. Since the ethanolic extract of M. concanensis
leaves abolishes both seizures caused by PTZ and hind
limb extension generated by MES, the extract may have
numerous mechanisms underlying its anti-convulsant
properties®.

6.8 Anti-Asthmatic Activity

Test rats with intestinal spasms caused by acetylcholine
hydrochloride showed anti-spasmodic action with a
median effective dose of 65.6 mg/ml bath concentration
in M. oleifera seeds®’. This offers a rationale for the
science behind the conventional management of
gastrointestinal issues. M. oleifera has been used in
Ayurveda medicine to treat chronic rheumatism and
asthma®®. The alkaloid moringine is responsible for
its pharmacological action as it relaxes bronchioles®.
Furthermore, the ethanolic extract of M. oleifera seed
kernel displayed an anti-asthma effect in rats, based
on its capacity to block histamine release. Reduced
inflammatory cell infiltration has been observed in lung
sections according to histopathological investigations”’.
Clinical research has recently supported the use of
M. oleifera as a pharmacological agent and further
validated its anti-asthma action, providing Ayurveda, a
traditional Indian medicine, as a scientific foundation”’.
However, further research is required to establish M.
oleifera’s anti-asthma effectiveness of M. oleifera and
define the ideal dosage due to the limited sample size
of 20 patients.

6.9 CNS Activity

M. oleifera has considerable central nervous system
activity, including antidepressant, neuroprotective,
and memory-enhancing benefits, principally due to its
antioxidant and cholinergic characteristics. Research
indicates its capacity to diminish neurodegeneration,
enhance spatial memory, and alleviate neurotoxicity.
Extracts from the leaves of M. oleifera increase the brain
levels of monoamines, which may help treat Alzheimer’s
disease. The norepinephrine levels, dopamine, brain
serotonin (5-HT), locomotor behaviour, and penicillin-
induced convulsions were all studied in relation to the
in vitro anticonvulsant effects of the ethanolic and
aqueous Moringa oleifera root and leaf extracts’>.
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6.10 Anti-microbial Activity

Global scientific interest in plant-based sources of less
expensive, more dependable, and efficient antibiotics to
treat a wide range of infectious diseases in humans and
agriculture is growing. M. oleifera is a plant species with
a wealth of information that supports its antibacterial
potential'!. The anti-microbial characteristics of M.
oleifera seeds, leaves, bark, and roots were determined
by investigating the plant’s resistance to a variety of
microbes. The antibacterial properties of the plant have
been linked to the presence of 4-(4’-O-acetyl-alpha-L-
rhamnosyloxy)-benzyl isothiocyanate and 4-(alpha-L-
rhamnosyloxy) benzyl isothiocyanate”* . For example,
the bioactive complexes (isothiocyanates 1 and 2)
evaluated for antibacterial properties against some
microorganisms were found to impede the development
of gram-positive and other microorganisms’*. The
antibacterial activity of all the retained items was
attributed to isothiocyanate complexes. It was also
shown that M. oleifera leaf extracts are effective
against gram-negative bacteria that are resistant to
multiple drugs that cause infectious diseases’®. The
research carried out by Moura et al,”” demonstrated
the antibacterial properties of M. oleifera seed lectins,
which were discovered to impede bacterial growth and
reduce S. marcescens” ability to produce biofilms. In
addition, lectin inhibits the growth of Bacillus species.

6.11 Anthelminthic Activity

The anthelmintic activity of M. oleifera leaves is dose-
dependent and superior to Vitex negundo leaves’®. In
addition, an in vitro investigation revealed that the
leaf extracts caused death in the L1 and L2 larvae of
Haemonchus contortusand prevented egg embryonation
and highlighting”®. M. oleifera exhibits anthelminthic
activity. The biologically active components, however,
are neglected because these investigations can also be
used to form natural medications based on this feature
for toxicity and associated pharmacokinetic testing.

6.12 Hepatoprotective Activity

The in vivo hepatoprotective effects of M. oleifera
ethanolic leaf extract and alcoholic seed extract
were assessed in relation to liver damage caused by
isoniazid, rifampicin, and pyrazinamide. Reports on
the impact of the crude extract on the functioning of
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the kidneys and liver were provided as well, in addition
to the hepatorenal and haematological activities of the
methanolic extract of M. oleifera roots™.

6.13 Anti-hypertensive Activity

The consumption of extracts of M. oleifera or raw leaves
has been linked positively to lowered blood pressure in
test animals, according to articles that have investigated
the plant’s anti-hypertensive properties. Elevated blood
pressure increases the risk of cardiovascular problems,
stroke, and mortality and is a common indication

serious >1.80,

of hypertension with
According to data from several health interventions
conducted by the University College Hospital (UCH)
located in Ibadan, Nigeria, hypertension is the most
prevalent disease in individuals over 40%!. Heart arrest
and hypertension are difficult to treat and cure, often

requiring synthetic medications with unpleasant side

complications

effects. Therefore, natural medicines can alleviate
hypertension and reduce high blood pressure as
potentially investigated. Scientific evidence supporting
M. oleifera as an antihypertensive herb with potent
heart-protective properties has also been reported>>%.
Cheraghi et al,® studied the cardioprotective effects of
M. oleifera isolated magnetic hydrogel nanocomposites
loaded with N,a-Lrhamnopyranosyl vincosamide
(VR) isolated from M. oleifera. It was demonstrated
that heart failure biomarkers were suppressed and that
the VR levels of Superoxide Dismutase (SOD) and
Malondialdehyde (MDA) were decreased in cardiac
tissues. The M. oleifera’s cardioprotective properties
of M. oleifera in an Isoproterenol (ISP)-induced
myocardial infarction model were also highlighted in
previous studies®*.

6.14 Cholesterol-lowering Activity

In contrast to the obese control group, there was a
noteworthy decrease in body mass index following
oral administration of leaf powder®. Rats with
hypercholesterolemia treated for 49 days with MO
leaf methanolic extract of MO leaf had a significant
decrease in body weight, triglycerides, liver biomarkers,
and blood glucose levels, as well as a reduction in
total cholesterol and body weight®'**. Among these
mechanisms are the increase in adiponectin gene
expression and downregulation of leptin mRNA
expression in obese rats®’.
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6.15 Diuretic Activity

Urine production in rats was enhanced by extracts
from leaves, flowers, seeds, roots, and bark, and the
leaf extract had a dose-dependent diuretic activity
that was higher than that of the control, but lower
than that of hydrochlorothiazide. This action is
caused by campesterol, stigmasterol, 3-sitosterol, and
avenasterol”’.

6.16 Antispasmodic Activity

Antispasmodic ethanol extracts from the leaves and
roots exhibit antispasmodic properties, potentially via
calcium channel blockage. The plant’s traditional use in
gastrointestinal motility complications is scientifically
supported by the spasmolytic activity displayed by its

ingredients®”%,

6.17 Antiulcer Activity

Millions of people worldwide are afflicted with ulcers,

an overlooked tropical sickness®.

Mycobacterium
ulcerans infection was the reason for this finding. Using
M. oleifera ethanolic extract of bark root, cytoprotective,
anti-secretory, and anti-ulcer effects were demonstrated
in albino Wistar rats. These results are consistent with
the majority of ethnobotanical literature available on
the plant?>?. The anti-ulcerative qualities of M. oleifera
leaves and roots in alkaline solutions with medicinal
value have been reaffirmed’’. The utility of Moringa
oleiferaasan anti-ulcer medication was further validated
by testing a polyherbal mixture of Amaranthus tricolor,
Raphanus sativus, and Moringa oleifera leaf extractsin a
male albino Wistar rat experimental model of stomach
ulcer”. Their research revealed that the polyherbal
mixture had strong anti-ulcerative properties and
was effective in preventing stomach ulcers caused by
ischemia, reperfusion, ethanol, and indomethacin. In
a different study, the free acidity and total acidity of
gastric juice were reported to be greatly decreased by
both M. oleifera extract and famotidine, a medication
frequently used to treat ulcers®. Therefore, M. oleifera
formulations, especially in the alkaline form, are safe
and effective in treating and curing ulcers. M. oleifera’s
antiulcer properties have been linked to the presence of

both flavonoids and tannins®”-’*%3,
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6.18 Antibacterial Activity

Numerous bacterial species, including drug-resistant
bacteria, water-borne infections, and bacteria that cause
diarrhoea, have been tested against the powerful M.
oleifera. According to research, water-borne pathogens
such as Escherichia coli, Vibrio cholera, and Salmonella
typhii were inhibited by hexane and methanol seed
extracts of the plant’. As a result, the antibacterial
properties of M. oleifera could be used to treat
water-borne diseases caused by bacteria as a natural
antibacterial agent. A second study was conducted to
examine the antibacterial qualities of various M. oleifera
components to use the plant for natural dental care. The
ethanol extract of leaves demonstrated the strongest
antibacterial properties against Streptococcus and S.
aureus mutans development among the numerous
activities to form suitable components for a prototype
mouthwash and toothpaste, with the toothpaste
showing more efficacy than the mouthwash®*. Methanol
and ethanol extracts of M. oleifera leaves were found
to exhibit a substantially stronger (p <0.05) inhibitory
action against Pseudomonas aeruginosa, S. aureus, and
E. coli at an elevated dosage of 120 mg/mL compared to
an aqueous extract’®. Moringa leaves have antibacterial
characteristics that are effective against both gram-
negative (E. coli and P. aeruginosa) and gram-positive
(S. aureus) bacteria. In another study, the agar disc
diffusion method was used to test an M. oleifera leaf
extract against isolated Multidrug-Resistant (MDR) P
aeruginosa, S. aureus, and E. coli. The aqueous extract
had the lowest bactericidal activity (0.27 + 0.27 mm),
whereas the chloroform extract had the highest (9.32
+ 1.45 mm)”’.

6.19 Antifungal Activity

It has been demonstrated that some plant parts, such
as the seeds and leaves, have antifungal properties
against fungi, such as Penicillium, Aspergillus flavus,
and Trichophyton interdigitale. The ethanolic leaf
extract showed antifungal activity against a range
of dermatophytes, including Microsporum canis,
Trichophyton rubrum, Cladosporium cladosporioides,
Penicillium  sclerotigenum, R. izoctonia, Aspergillus
terreus, Aspergillus oryzae, and Aspergillus niger. The
ethyl acetate-based methanolic and MO leaf extracts
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were highly effective against both fungi. The study found
that MO extract worked well against the test fungus. For
this, both microorganisms and solvents are required.
MO extracts may have antifungal action against
dermatophytic fungi such as Gypsum microsporum. As
a result, MO is employed in the conventional treatment
of dermatological disorders and infectious diseases”®".

7. Phytopharmaceutical Formulations

Researchers have always been interested in plant
extracts because they can be used to produce various
therapeutic properties. Usually, this process produces
pharmaceuticals that can be distinguished by two
attributes: patient compliance and the formation of a
stable product. The benefit of extracts from the Moringa
plant is that, at the quantities and volumes often used
for medicinal eflicacy, they seem to be extremely
100 M. oleifera has gained widespread acceptance
in the field of research, and scientists have developed

safe

a variety of formulations using various techniques.
Phytopharmaceutical preparations of M. oleifera
employ its bioactive constituents, such as flavonoids,
phenolic acids, and glucosinolates, for therapeutic and
nutritional purposes. These compositions comprise
capsules, teas, oils, syrups, and topical treatments,
providing antioxidant, anti-inflammatory, and
antibacterial advantages. Standardisation, increase of
bioavailability, and clinical validation are essential for
optimising its therapeutic potential.

8. Toxicological Studies

Studies on humans conducted, so far have not revealed
Additionally,
preparations have been used as food and medication for

any negative consequences. many
a long time without any negative consequences. There
was no mortality in rats administered aqueous leaf
extract (400-2000 mg/kg body weight). Nonetheless,
during the three weeks of the trial, a dose-dependent
decrease in the rats’ body weight was noted'’’. In
another study, oral dosages of M. oleifera leaf extract
up to 6400 mg/kg did not result in mortality in albino
Wistar mice. However, an increase in the extract dosage

leads to dullness and reduced movement!2.
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9. Conclusion

In conclusion, this review highlights the extensive
pharmacological properties and therapeutic potential
of M. oleifera. The plant contains a wide array of
bioactive compounds that contribute to its diverse
medicinal effects, including anti-diabetic, anti-cancer,
anti-inflammatory,  cardioprotective, antioxidant,
antimicrobial, and hepatoprotective activities. Various
parts of the plant, including the leaves, seeds, roots, and
bark, have demonstrated beneficial effects in both in
vitro and in vivo studies. The safety profile of M. oleifera
appears favourable based on toxicological assessments.
However, furtherresearchisstillneeded to fully elucidate
the mechanisms of action, optimal dosing, and long-
term effects in humans. Overall, M. oleifera shows great
promise as a natural source of bioactive compounds
with  therapeutic applications. Its multifaceted
pharmacological properties make it a valuable plant for
developing novel phytopharmaceuticals and functional
food products to address various health conditions.
Continued scientific investigation of M. oleifera will
likely uncover additional medicinal uses and lead to
evidence-based applications in modern healthcare.

10. Future Perspectives

Future research on M. oleifera includes more clinical
trials to validate its therapeutic effects, studies on
synergistic with therapies,
standardised extracts and formulations, optimization of
cultivation, harvesting, and processing techniques, and

effects conventional

raising awareness about its health benefits. Addressing
these research gaps and challenges could lead to M.
oleifera becoming a versatile therapeutic agent for
health promotion and disease combating.
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