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Review Article

INTRODUCTION
Moringa oleifera also known as drumstick or horseradish tree,1 is  
native of western Himalaya, India, Pakistan, Africa, and Arabia2,3 the  
different types of species and their geographical distribution with trivial 
names are given in Table 1. Almost all parts of the plants are used as  
drug. Various phytochemicals viz. alkaloids, steroids, amino acids,  
flavonoids, carbamates, carotenoids, cyanates, isocyanates, phenolic 
esters, proteins and essential oils have been reported.6 Medicinally it 
possesses antitumor, antiulcer, antipyretic, antiepileptic, antibacterial, 
antifungal, antidiabetic, diuretic, hepatoprotective, antihypertensive, 
cholesterol lowering, antispasmodic, cardiac stimulant and antioxidant 
activities.6

Many researchers have found that moringa have varieties of central 
nervous system activities which includes anticonvulsant, antiepileptic,7 
anti-depressant,8 against Alzheimer’s disease,9 as cognitive enhancer,10 

while also increasing sleeping time by increasing serotonin level11 and 
also against neurotoxicity.12,13

CHEMISTRY OF MORINGA
Moringa is rich in nutrition owing to the presence of variety of phyto-
chemicals present in barks, leaves, seeds, flowers, roots and immature  
pods.14 Moringa contains phytochemicals such as tannins, sterols,  
terpenoids, flavonoids, saponins, and anthraquinones.14 Flavonoids  
present in M. oleifera leaves are kaempferol,  quercetin, isorhamnetin 
and apigenin are the most common flavonoids which exist in abundance 
as glycosides attached to a wide spectrum of sugar moieties (e.g., acetyl  
dihexose, hexose, and rutinoside).15 Alkaloids and reducing sugar present  
include glucosinolates, isothiocyanates, glycoside compounds and 
glycerol-1-9-octadecanoate.16 Different type of phytochemicals found in 
various parts of the plant is given in Table 2. Moringa oleifera leaf extract 
has been shown to regulate mono amine levels of brains, which may be 
useful in Alzheimer’s disease. Aqueous extracts of moringa oleifera can 
be used as anticonvulsant. Its leaves can be used for studying penicillin  
induced convulsion, locomotor behavior, brain serotonin (5-HT),  
dopamine and norepinephrine level is evaluated.20

MORINGA OLEIFERA AND CNS DISORDERS

Effect of Moringa on depression
Kaur et al. evaluated the antidepressant effects of Moringa oleifera  
(alcoholic extract of leaves was used) in mouse model of depression.8  
The authors concluded that oxidative stress in the brain can be the  
possible mechanism for anti-depressive activity of Moringa which was 
evaluated using forced swim, tail suspension tests.8

Effect of Moringa on spatial memory
Sutalangka et al. considering the antioxidant and nootropic effect of  
Moringa oleifera evaluated its effect on spatial memory and neuroprotec-
tion in animal model of age-related dementia using leaves extract of the 
plant.10 The study clearly showed that Moringa oleifera improved spatial  
memory and reduced neurodegeneration which could be due to its  
enhanced cholinergic action and reduction in oxidative stress.10 However,  
the main component of Moringa responsible for cognitive enhancement 
is yet to bet investigated. In other studies it was found that flavonoids 
are responsible for its anti neurodegeneration activity and helps in the 
normal functioning of the neurons.21

Moringa and neurotoxicity
Igado et al. observed the effect of methanolic extract of Moringa oleifera 
leaves on vanadium induced neurotoxicity in mice.13 This study indicates  
that Moringa oleifera leaves can work as a potential neuroprotective  
agent and can be used as an antidote in vanadium poisoning. In this  
study moringa reduced vanadium induced neuronal hypertrophy,  
myelin damage and increased oligodendrocyte density.

Effect of Moringa on neuronal development
Hannan et al. using primary hippocampal neuronal cultures observed  
the effects of ethanol extract of Moringa oleifera leaves. Neurite outgrowth  
was observed in Moringa oleifera leaf extract treated neuronal cell  
cultures in a dose dependent manner while increasing neuronal viability  
in vitro. It also accelerated neuronal differentiation and found to help  
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Table 1: Different types of Moringa species and their geographical distribution.

Species Country Trivial names

M. oleifera Lam.4 India Horseradish, Ben-oil, Drumstick, Kelor5

M. peregrina Forssk4 Red Sea, Arabia Ben tree5

M. longituba Engler4 Kenya, Southeast Ethiopia, Somalia Moringa tubiflora5

M. concanensis Nimmo4 India -

M. stenopetala (Baker f.) Cufodontis4 Kenya, Southwest Ethiopia, Somalia Cabbage tree, Haleko, Shelagda, Shiferaw5

M. hildebrandtii Engler 4 Southwest Madagascar Hildebrandt’s Moringa5

M. rivae Chiovenda4 Kenya, Ethiopia Swanjehro5

M. drouhardii Jumelle4 Southern Madagascar -

M. arborea Verdcourt4 Kenya, Somalia -

M. borziana Matte4 Kenya, Somalia -

M. ovalifolia Dinter ex Berger4 Namibia, Southwest Angola Phantom Tree, Ghost Tree, African Moringo5

Table 2: Phytochemicals present in different parts of the plant Moringa.17-19

Sr.no Plant part Extract Phytoconstituents

1. Leaves Aqueous and alcoholic Niazirin and niazirinin – nitrile glycoside,
4-[(4’-O-acetylalpha-L-rhamnosyloxy)benzyl isothiocyanate

Niaziminin A , Niaziminin B,
4-(alpha_1_rhamnopyranosyloxy)-benzylglucosinolate( Figure 1)

Quercetin-3-O-glucoside
Pyrrole alkaloid ( 40-hydroxyphenylethanamide)

Alpha and gamma-tocopherol

2. Seeds Aqueous and hydro-
alcoholic

4-(alpha-L-rhamnopyranosyloxy), Benzylglucosinolate,
Moringine (Figure 2), Methionine, cysteine

3. Pods Hydro-alcoholic Isothiocyanate, Nitrites, Thiocarbamates, Methyl-p-hydroxybenzoate, Beta-sitosterol(Figure 3)

4. Bark Alcoholic 4-(alpha-L-rhamnopyranosyloxy)benzylgiucosinolate

5. Flower Hydroalcholic D-glucose, Quercetin, Isoquercetin, Kaemopherol, Ascorbic acid, Protein, D-mannose

6. Root Alcoholic Moringine, Moringinine, Spirachin, 1,3-dibenzyl urea, Alpha-phellandrene, p-cymene(Figure 4)

7. Stem Aqueous and 
hydroalcoholic

4-hydroxyl mullein, Vanillin, Octacosonoic acid, Beta-sitosterone, Beta-sitosterol

Figure 1: 4-(alpha_1_rhamnopyranosyloxy)-benzylglucosinolate.

in synaptogenesis and increase the density of pre- and postsynaptic  
terminals. The study found that beta-carotene one of the major compo-
nents of Moringa was responsible for neurite outgrowth.22

Effect of Moringa on Alzheimer’s Disease
Mahaman et al. studied the effect of Moringa oleifera (MO) leaves extract 
on hyperhomocysteinemia (HHcy) induced Alzheimer’s disease like Figure 2: Moringine.
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of brain dysfunction after Rt. MCAO. It was observed that MCAO caused 
significant reduction of neurological scores this was reversed by Moringa 
leaf extract after 14 and 21 days of treatment. It improved motor perfor-
mance, decreased brain infarction volume in cortex and subcortex and 
reduced neuroinflammatory changes in a dose dependent manner.24 It 
was suggested that the decrease in oxidative stress by Moringa in cerebral 
cortex may be due to its anti-oxidant and anti-inflammatory actions.24-26

Effect of Moringa on Multiple Sclerosis
Omotoso et al. conducted research to evaluate the ameliorative capability 
of M. oleifera in cuprizon (CPZ) (animal models of Multiple Sclerosis)  
induced behavioral and histopathological (cortex and hippocampus)  
alterations of waster rats.27 CPZ reduced the short-term memory in mice. 
But when they were treated with M. oleifera they were able to restore the  
working memory of the experimental animal as measured by percentage  
correct alteration of animals using Y maze test.27 It was concluded that 
the antioxidant property of M. oleifera was primarily responsible for 
its neuroprotective actions. Giacoppo et al. studied the effect of topical 
moringin cream on neuropathic pain in Multiple sclerosis (MS) using  
EAE (Experimental autoimmune encephalomyelitis) mice.28 2% moringin  
cream protected the myelin sheath and showed a marked remyelination 
and reduced neuropathic pain.28 It also reduced spinal cord IL-17, TNF-α 
and IFN-γ expression while increasing IL-10 expression.28 The cream 
also enhanced the downregulation of glutamate transporters which are 
involved in neuropathic pain in EAE mice and MS patients.28

Effect of Moringa on Parkinson’s disease
Giapocco et al. conducted a research to estimate the possible neuro-
protective effect of isothiocyanate isolated from Moringa oleifera in the  
treatment and prevention of Parkinson’s disease. For this study Parkinson  
disease was induced in C57BL/6 mice by administering 1-methyl-
4-10-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP). For 1 week the mice 
were daily pretreated with moringin and glucomoringin (GMG) and 
behavior evaluation was done to record motor deficits in MPTP mice.29

Dendrites were clearly reduced in neurons from substantia nigra of  
MPTP mice. Moringin prevented this neuronal damage. It was also  
observed that moringin pretreatment protected dopaminergic neurons 
by restoring the tyrosine hydroxylase levels.29 The primary mechanisms  
involved in the given process was by reduction of proinflammatory  
cytokines, iNOS levels and eventual reduction of caspase activation.

Mechanisms of Action of Moringa
Many studies have directed the idea of mechanism of action of Moringa 
for its neuroprotective effect towards its antioxidant property as it has 
been shown to reduce oxidative stress in depression, neurodegeneration, 
Alzheimer’s disease and ischemic stroke.8,10,23,24

Antioxidants work as a neuroprotective agent in following ways:
•	 They prevent the generation of ROS (Reactive Oxygen Species),  

capture and block the generated free radicals and can work enzy-
matically and non-enzymatically.30,31 In the former system superoxide  
dismutase, glutathione peroxidase and catalase are included. In 
the latter system reduced thiol, lipo and hydro soluble metabolic  
compounds are included.30,32 Superoxide dismutase (SOD) of enzy-
matic defense system reduces the superoxide radical anion to H2O2 
through oxidative decay mechanism.30 And this H2O2 decompose  
into water and oxygen by catalase (CAT) and glutathione  
peroxidase (GPx),30 Moringa may potentiate this defense system by  
increasing the activity of SOD, CAT and GPx (Figure 5A).

•	 They repair the oxidatively damaged biomolecules (nucleic acids), 
oxidized lipids by specific enzymes. Remove oxidized proteins 
through the proteolytic systems.31 Proteasome is the major proteo-

Parts of plants that are used for various treatments.17

Part of plant Activity

Leaves

Roots

Bark

Seed

Antioxidant
Antiepileptic
Anti-diabetic

Cardiovascular
Anticancer

Antifertility
Anti-inflammatory

Anti urolithiatic
Anti-inflammatory

Anti-asthmatic
Hepatoprotective

Anticancer

Figure 3: Beta-sitosterol.

Figure 4: p-cymene.

pathology in rats. Moringa oleifera leaf extract reduced HHcy induced 
oxidative stress, tau hyperphosphorylation, amyloid beta accumulation. 
As a result, it increased synaptic protein levels and eventually reversed 
HHcy induced memory impairment.23

Effect of Moringa on ischemic stroke
Kirisattayakul et al. studied the effect of Moringa oleifera leaf extract on 
focal ischemic stroke induced by right middle cerebral artery occlusion 
(Rt. MCAO) in male Wistar rats.24 The study showed functional recovery 
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lytic system which is responsible for the degradation of oxidized 
cytosolic and nuclear proteins.33 Proteasome degrades the proteins 
through ubiquitin (Ub)- proteasome pathway (UPP), in this Ub 
conjugates to the oxidized proteins through an ATP- dependent  
pathway which includes three enzymes.34 The 26S proteasome  
recognizes the complex and the protein enters the proteasome  
detaching from Ub and get digested to peptides which are further 
degraded to amino acids by cytoplasmic peptidase,34 Moringa can 
show its action by potentiating the conjugation of Ub to oxidized 
protiens and may also increase the activity of 26S proteasome to 
degrade the oxidized proteins (Figure 5B).

Moringa is a rich source of flavonoids, phenols, carotenoids and  
β-sitosterol.22 Flavonoids in it may be involved in its neuroprotective action.  
Baicalein which is a flavonoid derived from Scutellaria baicalensis has 
been shown to attenuate neuronal damage in the hippocampus in global 
brain ischemia mice model by inhibiting MMP-9 activity.35 β-carotene 
was found to be the major component of MOE and it promotes neurite 
outgrowth.22 Chen et al. found β-carotene as neuroprotective and it also  
modulates the Nrf2/Keap 1 mediated antioxidant pathway hence  
alleviated oxidative stress in the traumatic brain injury model.36 It is found 
to potentiate Nrf2 nuclear translocation and increases the expression of 
downstream target genes which ultimately reduces Keap1 expression.36 

Keap1 is a negative regulator which tightly regulates Nrf2 activity and 
it binds to Nrf2 to retain it in the cytoplasm, oxidative stress induces  
Nrf2, it dissociates from Keap1 and translocate to the nucleus and  
activates ARE-dependent gene expression which produces antioxidant 
enzymes.37 β-carotene increases Nrf2 translocation and decreases Keap1 
expression.36 β-carotene being a major constituent of Moringa we may 
conclude that one of its antioxidant mechanisms include activation of 
NRf2 signaling (Figure 5C).

TOXICITY OF MORINGA
The complete toxicity profile of moringa is yet to be studied. However, 
the following toxicities of the plant has been reported. The root bark of 
Moringa contains moringinine as well as 2 alkaloids which are hypotensive  
in nature. Positive inotropic effect is produced at lower concentration 
while negative inotropic effect is produced at higher concentration 
which was revealed in the study by using isolated frog heart.38 Ethanolic 
fraction of Moringa oliefera was found to contain Niazinin A, Niazimicin  
and Niaziminin A+B.39 They produced bradycardia and hypotensive  
effects in rats while in isolated guinea pig atria it produced negative  
chronotropic and inotropic effects.38 The moringa tree bark may be  
lethal and causes violent uterine contractions. The methanolic extraction 
of moringa oleifera roots was found to have 0.2% alkaloids.40 In mice,  
hematologic parameter was studied by intraperitoneal doses of crude  
extract on liver and kidney by daily therapeutic dose (3.5, 4.6 and 7.0 mg/kg) 
and multiple weekly doses (35, 46, 70 mg/kg). The result indicated that  
daily therapeutic low dose (3.5, 4.6 mg/kg) and weekly low dose (3.5 mg/kg)  
did not produce adverse effects on liver and kidney whereas daily thera-
peutic high dose (7 mg/kg) and weekly moderate/high dose (>46 mg/kg) 
affected the liver and kidney functions.38,41 When extracts of root bark of 
Moringa oleifera were used intraperitoneally in rodents (mice), the LD50  
is 500 mg/kg while TDLo was found to be 184 mg/kg. Even after the  
removal of the root bark (toxic) the trunk contains the alkaloid spirochin 
which may cause nerve paralysis upon regular consumption.38

CONCLUSION
From the above review it can be concluded that Moringa oleifera is a  
plant having versatile applications, many researches indicate that  
Moringa have a great potential in treating various neurodegenerative 
diseases and other CNS anomalies. Most of the study used the alcoholic 
extract of the plant leaves but the specific phytochemical responsible for 
the effect on CNS is yet to be found more research is required to identify 
the phytoconstituents. Some studies suggests that it may be beta carotene 
which is responsible for helping neurite outgrowth. Antioxidant activity 
of Moringa may protect against neurodegenerative disorders however its 
detailed mechanism of action is yet to be determined.
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Figure 5: Mechanism of actions of Moringa. A: Enzymatic defense system  
of antioxidant, Moringa may increase the activity of SOD, CAT and GPx.  
B: Ubiquitin Proteasome Pathway (UPP), in this Moringa can act potentiate  
the conjugation of Ub and oxidized proteins and increases the activity of  
26S proteasome. C: Nrf2/ Keap1 pathway here Moringa decreases Keap1 
expression thus facilitates Nrf2 nuclear translocation.
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