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Abstract

Moringa oleifera Lam. (family: Moringaceae) is a fast-growing, deciduous plant native to the Indian
subcontinent. Commonly known as the “Miracle Tree” or “Drumstick Tree,” it has gained global attention due
to its rich nutritional composition and diverse medicinal properties. Every part of this plant—Ileaves, flowers,
fruits, bark, seeds, and roots—possesses valuable phytochemicals such as alkaloids, flavonoids, tannins,
saponins, glycosides, and terpenoids. These constituents are responsible for its broad spectrum of
pharmacological actions including antioxidant, anti-inflammatory, -antimicrobial, antidiabetic,
hepatoprotective, anticancer, and cardiovascular protective activities. This review compiles comprehensive
pharmacognostic details, phytochemical profiles, and pharmacological insights of Moringa oleifera, bridging
traditional ethnomedicinal knowledge with modern pharmacological validation.

Keywords Moringa oleifera, Pharmacognosy, Phytochemistry, Therapeutic potential, Phytoconstituents,
Pharmacological activities

1. Introduction cultivated and economically valuable species. The
plant is native to the sub-Himalayan regions of
India, Pakistan, Bangladesh, and Afghanistan, but it
is now widely distributed throughout tropical and
subtropical regions of the world due to its
remarkable adaptability to a variety of
environmental conditions.

Medicinal plants have been an integral part of
human civilization since ancient times and continue
to serve as a major source of therapeutic agents in
both traditional and modern systems of medicine.
Among these, Moringa oleifera Lam., commonly
known as the “Miracle Tree”, has gained worldwide
recognition for its diverse pharmacological and
nutritional significance. It belongs to the family
Moringaceae, which consists of 13 known species,
out of which Moringa oleifera is the most widely
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Fig. 1 Moringa oleifera

Commonly referred to as the Drumstick tree,
Horseradish tree, or Sahijan in India, Moringa
oleifera is a fast-growing, deciduous tree that has
been extensively utilized for centuries as both food
and medicine. Historical records and Ayurvedic
literature describe Moringa as a powerful remedy
capable of curing more than 300 diseases,
emphasizing its role in maintaining homeostasis
and vitality. The Ayurvedic Pharmacopoeia of India
refers to the plant as “Shigru,” highlighting its
properties as Tikta (bitter) and Katu (pungent) in
taste, with Laghu (light) and Tikshna (sharp)
qualities, making it effective in balancing the Vata
and Kapha doshas.

Nutritionally, Moringa oleifera is considered a
superfood due to its dense composition of essential
nutrients. The leaves are particularly rich in
proteins, amino acids, vitamins (A, B-complex, C,
E, and K), and minerals such as calcium, iron,
potassium, and zinc. Remarkably, Moringa leaves
provide seven times more vitamin C than oranges,
ten times more vitamin A than carrots, seventeen
times more calcium than milk, and twenty-five
times more iron than spinach. Because of this
exceptional nutritional content, it has been used as
a dietary supplement to combat malnutrition and
micronutrient deficiencies, especially in developing
countries.

From a pharmacognostic perspective, Moringa
oleifera is a multipurpose plant, as every part—
leaves, bark, roots, flowers, fruits, and seeds—
exhibits distinctive medicinal properties. The

leaves are used for their anti-inflammatory,
antioxidant, and hepatoprotective actions; the seeds
are rich in oil with antimicrobial and water-
purifying properties; the bark and roots are used as
stimulants and for the treatment of rheumatism and
joint pain; while the flowers are valued for their
tonic and aphrodisiac effects. The plant’s Ben oil,
obtained from seeds, is notable for its high
oxidative stability and use in pharmaceuticals,
cosmetics, and lubrication.

In recent decades, Moringa oleifera has been the
subject of extensive phytochemical and
pharmacological research, which has confirmed
many of its traditional claims. Modern scientific
studies have demonstrated that extracts from
different parts of the plant possess a wide range of
biological activities, including antioxidant, anti-
inflammatory, antidiabetic, = hepatoprotective,
antimicrobial, antitumor, cardioprotective, and
neuroprotective effects. These activities are
primarily attributed to the presence of bioactive
compounds such as alkaloids, flavonoids, phenolic
acids, tannins, glycosides, and terpenoids, which
play vital roles in neutralizing free radicals,
modulating enzymes, and.regulating metabolic
pathways.

Additionally, Moringa - oleifera has shown
significant promise in modern therapeutic
applications, including nanoparticle formulation,
drug delivery systems, and nutraceutical product
development. Due to its low toxicity, easy
cultivation, and renewable nature, it represents a
sustainable source for drug discovery and herbal
medicine research.

Overall, Moringa oleifera stands as a bridge
between traditional knowledge and modern
scientific innovation, offering a holistic approach to
health promotion and disease prevention. Its
pharmacognostic ~ attributes and  therapeutic
potential make it one of the most valuable
medicinal plants known to humankind, deserving of
continued exploration for its role in phytotherapy,
pharmacognosy, and pharmaceutical development.
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2. Pharmacognostic Characteristics [1]

Pharmacognostic studies play a crucial role in the
identification, authentication, and standardization
of crude drugs derived from natural sources. These
parameters ensure the purity, quality, and potency
of herbal materials and help to distinguish genuine
2.1 Taxonomical Classification [2]

plant material from possible adulterants or
substitutes. The pharmacognostic evaluation of
Moringa oleifera encompasses taxonomical,
morphological, microscopic, and physicochemical
characteristics, which collectively establish its
diagnostic identity as a medicinal plant.

Taxonomic Rank Classification
Kingdom Plantae

Division Magnoliophyta

Class Magnoliopsida

Order Brassicales

Family Moringaceae

Genus Moringa

Species Moringa oleifera Lam.

Botanical Name: Moringa oleifera Lam.
Common Names: Drumstick tree, Horseradish
tree, Sahijan, Shigru
Synonyms: Moringa pterygosperma Gaertn.

2.2 Botanical Description

Moringa oleifera is a fast-growing, deciduous tree
that typically reaches a height of 10—12 meters with
a trunk diameter of around 45 cm. It has a fragile,
softwood stem, with corky bark and drooping
branches that give the tree a graceful
appearance.[3]

e Root: The plant develops a deep taproot
system, with tuberous roots that emit a pungent
odor similar to horseradish due to the presence
of benzyl isothiocyanate. The roots are used as
a stimulant, diuretic, and anti-rheumatic agent.

e Bark: The bark is greyish-white, rough, and
thick, with longitudinal fissures. It contains
gum, alkaloids, and tannins, which exhibit anti-
inflammatory and cardiac stimulant properties.

e Leaves: The leaves are alternate, compound,
and tripinnate, with small, oval leaflets

measuring about 1-2 cm in length. The leaves
are green, tender, and highly nutritious, rich in
proteins, vitamins, and minerals.

e Flowers: The flowers are fragrant, bisexual,
and white or cream-colored with yellow
stamens. They are borne in axillary or terminal
panicles and are pollinated mainly by insects.

e Fruits: The fruits are long, slender, pendulous
capsules commonly called drumsticks. Each
fruit measures 20—50 cm in length and is three-
angled, containing numerous seeds arranged in
longitudinal rows.

o Seeds: The seeds are round, brown to black,
with three papery wings that aid in wind
dispersal. Each seed yields a fixed oil known as
Ben oil, which is odorless, non-drying, and
highly stable against rancidity due to its high
content of oleic acid (70-75%).
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Fig. 2 Botanical Description

2.3 Macroscopic Characters[4]

Macroscopic or organoleptic evaluation provides the first-line identification of crude plant materials.

Parameter | Description

Color Greenish to dark green (leaves), brownish-grey (bark), pale brown (seeds)
Odor Slightly characteristic, mild aromatic

Taste Slightly bitter and pungent

Texture Leaves are soft and flexible; bark is rough and fibrous

Shape & | Leaves are compound and pinnate; pods long and slender

Size

These features aid in the macroscopic identification
of Moringa oleifera parts in crude or powdered
form.

2.4 Microscopic Characters

Microscopic examination is an essential diagnostic
tool in pharmacognosy to identify plant tissues and
cellular structures. The transverse section (T.S.) and
powder microscopy of Moringa oleifera reveal
several diagnostic features:
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2.4.1 Transverse Section (Leaf)

The leaf shows a dorsiventral structure with an
upper and lower epidermis covered by a thin
cuticle.

Beneath the upper epidermis lies a single layer
of palisade parenchyma cells, rich in
chloroplasts for photosynthesis.

The spongy parenchyma consists of loosely

arranged cells containing numerous intercellular

spaces.

The midrib region contains collateral vascular

bundles surrounded by parenchymatous cells.

The presence of calcium oxalate crystals and

unicellular
feature.[5]

trichomes is a

characteristic

2.4.2 Transverse Section (Bark)

2.5 Physicochemical Constants

The outer cork layer is composed of tangentially
arranged brownish cork cells.

Beneath lies the secondary cortex made of
parenchymatous cells with scattered stone cells.

Phloem region contains phloem fibers and sieve
tubes, whereas xylem vessels show spiral and
pitted thickening.

2.4.3 Powder Microscopy

Powdered leaves and bark exhibit the following
diagnostic characters:

Fragments of epidermal cells with paracytic
stomata.

Unicellular trichomes and calcium oxalate
crystals.

Spiral and annular xylem vessels.

Green parenchymatous fragments containing
chlorophyll.

Fibers and oil globules in seed powder.

Physicochemical evaluation ensures the purity and quality of crude drugs and helps in the detection of

adulteration.
Parameter Standard Value Range | Significance
Total Ash 6—8% Indicates inorganic matter or earthy residue
Acid-insoluble Ash 1-2% Detects presence of silica and impurities
Water-soluble Ash 4-5% Reflects water-soluble mineral salts
Moisture Content Below 8% Prevents microbial growth
Alcohol-soluble Extractive | 15-20% Suggests presence of polar compounds
Water-soluble Extractive 20-25% Indicates water-soluble phytoconstituents
pH (1% solution) 6.5-7.0 Near neutral, suitable for formulations

These values are used as standardization parameters in the Indian Pharmacopoeia and WHO quality

guidelines for crude drugs.
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3. Phytochemical Profile[6]

Phytochemical analysis forms the core of
pharmacognostic evaluation as it identifies and
characterizes the bioactive constituents responsible
for the medicinal properties of the plant. Moringa
oleifera is a rich reservoir of diverse
phytochemicals that contribute to its extensive
pharmacological  activities.  These include
alkaloids, flavonoids, phenolic acids, glycosides,
terpenoids, tannins, saponins, vitamins, and amino
acids. Each of these chemical classes plays a
specific role in the therapeutic potential of the plant,
either individually or synergistically.

The wvariation in phytochemical composition
depends on factors such as geographical origin, part
of'the plant used, extraction solvent, and harvesting
season. Among all parts, the leaves, pods, and seeds
are reported to contain the maximum concentration
of active constituents. Both polar solvents
(methanol, ethanol, water) and non-polar solvents
(chloroform, hexane, petroleum ether) have been
employed for extraction and isolation studies.

3.1 Alkaloids

Alkaloids are nitrogenous organic compounds that
usually exhibit marked physiological activity on
humans and animals. In Moringa oleifera, the
principal alkaloids reported are moringine,
moringinine, and benzylamine.

e Moringine acts as a cardiac stimulant and mild
vasodilator. It helps regulate blood pressure and
improves peripheral circulation.

e Moringinine has shown sympathomimetic
properties similar to ephedrine, contributing to
the plant’s stimulant and decongestant effects.

e Benzylamine enhances insulin secretion and
glucose uptake, contributing to the plant’s
antidiabetic potential.

These alkaloids are mainly concentrated in the roots
and bark, and they play a crucial role in the
antihypertensive and bronchodilatory effects of
Moringa oleifera.

3.2 Flavonoids[7]

Flavonoids are  polyphenolic =~ compounds
responsible for color, aroma, and antioxidant
activity in plants. They are one of the most
pharmacologically active groups found in Moringa
oleifera.

Major flavonoids identified include quercetin,
kaempferol, myricetin, isorhamnetin, apigenin, and
rutin.

e Quercetin acts as a potent antioxidant,
neutralizing free radicals and reducing
oxidative stress. It also shows anti-
inflammatory and antihypertensive effects.

o Kaempferol is associated with anticancer,
cardioprotective, and neuroprotective

properties.

e Rutin strengthens capillaries, reduces vascular
permeability, and has strong anti-allergic
potential.

These compounds are primarily concentrated in
leaves and flowers, contributing to the plant’s
antioxidant and hepatoprotective activity. The
flavonoid fraction also -exhibits enzyme-
modulating properties, inhibiting lipoxygenase,
cyclooxygenase, and nitric oxide synthase.

3.3 Phenolic Compounds

Phenolics are aromatic secondary metabolites that
act as natural antioxidants and antimicrobial agents.
The major phenolic acids present in Moringa
oleifera are gallic acid, chlorogenic acid, ellagic
acid, ferulic acid, caffeic acid, and vanillic acid.

e @allic acid and chlorogenic acid possess strong
antioxidant properties and help protect cellular
membranes from peroxidative damage.

o Ellagic acid exhibits anticarcinogenic and
antiviral activity by modulating apoptosis.

e Ferulic acid contributes to anti-inflammatory
and UV-protective effects, making Moringa
valuable in cosmetic and dermatological
formulations.
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These phenolic compounds are predominantly
extracted from the leaf and seed portions using
hydroalcoholic solvents.

3.4 Glycosides and Isothiocyanates

Moringa oleifera contains unique glycosidic
compounds known as niaziminin A & B,
niazimicin, and glucomoringin. These are
thiocarbamate and isothiocyanate derivatives that
impart strong bioactivity.

e Niaziminin exhibits anti-tumor and hypotensive
effects by inhibiting nitric oxide production.

e Niazimicin has been shown to suppress
Epstein—Barr virus activation and acts as a
potent chemopreventive agent.

e Glucomoringin, a glucosinolate, releases
benzyl isothiocyanate upon hydrolysis, which
has antimicrobial and anticancer activities.

These glycosides are mostly found in leaves and
seeds and are considered key contributors to the
antiproliferative and cardioprotective effects of the
plant.

4. Pharmacological Activities of Moringa
oleifera[8]

Moringa oleifera is widely recognized as a
multipurpose medicinal plant exhibiting a broad
spectrum of pharmacological activities attributed to
its rich phytochemical composition. Various
extracts and isolated constituents from different
parts of the plant (leaves, roots, seeds, bark,
flowers, and pods) have been scientifically
evaluated for their therapeutic potential using

both  in wvitro and in vivo models.
The following subsections summarize the major
pharmacological properties of Moringa oleifera
with an emphasis on mechanisms of action,

experimental evidence, and medicinal implications.

3.5 Terpenoids and Sterols

Terpenoids are essential plant metabolites known
for their diverse biological activities. The
terpenoidal components identified in Moringa
oleifera include B-sitosterol, lupeol, a-amyrin, and
ursolic acid.

e -sitosterol acts as a cholesterol-lowering agent
by inhibiting intestinal absorption of
cholesterol.

e Lupeol and wursolic acid possess anti-
inflammatory, hepatoprotective, and anticancer
properties.

e o-amyrin exhibits analgesic and anti-ulcer
activities.

These compounds are concentrated in the stem
bark, roots, and seeds, contributing to the anti-
arthritic and anti-ulcer activities of the plant.

4.1 Antioxidant Activity

One of the most widely studied properties of
Moringa oleifera is its potent antioxidant activity,
which helps neutralize free radicals and protect
cells from oxidative damage.
The leaves and seeds are rich in flavonoids
(quercetin, kaempferol, rutin) and phenolic acids
(chlorogenic, gallic, ferulic acids) that act as

hydrogen donors and free radical scavengers.
Mechanism of Action:

e Inhibition of lipid peroxidation by scavenging
reactive oxygen species (ROS).

e Upregulation of endogenous antioxidant
enzymes such as superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase
(GPx).

o Chelation of transition metals that catalyze free
radical formation.
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Scientific Evidence:

Studies have demonstrated that ethanolic and
aqueous leaf extracts significantly reduce
malondialdehyde (MDA) levels and increase SOD
and CAT activity in oxidative stress models. This
suggests a strong cytoprotective and anti-aging
potential.

4.2 Anti-inflammatory Activity

Moringa oleifera exhibits significant anti-
inflammatory activity due to the presence of
isothiocyanates, quercetin, and B-sitosterol. These
compounds inhibit the release of inflammatory
mediators and cytokines.

Mechanism of Action:

e Inhibition of cyclooxygenase (COX-2) and
lipoxygenase (LOX) enzymes.

e Suppression of tumor necrosis factor-alpha
(TNF-a), interleukin-6 (IL-6), and
prostaglandin E2 (PGE2) production.

e Modulation of the NF-«kB signaling pathway,
which controls inflammatory gene expression.

Experimental
Ethanolic leaf extract of Moringa oleifera showed
a significant reduction in carrageenan-induced paw

Findings:

edema and cotton pellet-induced granuloma
formation in rats, comparable to standard drugs
such as indomethacin.

4.3 Antidiabetic Activity

Moringa oleifera has been shown to effectively
regulate blood glucose levels and improve insulin
sensitivity, making it a promising natural
antidiabetic agent.

Active Constituents:

Flavonoids (quercetin, rutin), phenolics, and
benzylamine (an alkaloid) are mainly responsible
for hypoglycemic activity.

Mechanism of Action:
e Stimulation of pancreatic B-cell regeneration.

e Enhancement of insulin secretion and glucose
uptake in peripheral tissues.

e Inhibition of oa-amylase and a-glucosidase
enzymes, delaying carbohydrate absorption.

e Reduction of oxidative stress in pancreatic
tissue.

Research Evidence:

Animal models have demonstrated a significant
decrease in fasting blood glucose and glycosylated
hemoglobin (HbA1c) levels upon administration of
Moringa leaf extract, comparable to metformin.

4.4 Antimicrobial Activity

Extracts of Moringa oleifera show strong
antibacterial, antifungal, and antiviral activities
against a wide range of pathogens.

Active Compounds:
Isothiocyanates (benzyl isothiocyanate),
flavonoids, tannins, and saponins are primarily
responsible.

Mechanism of Action:

o Disruption of microbial cell wall and membrane
integrity.

o Inhibition of bacterial enzyme systems.

o Generation of oxidative stress within microbial
cells.

Experimental Data:

Leafand seed extracts exhibited effective inhibition
zones against Staphylococcus aureus, Escherichia
coli, Salmonella typhi, and Candida albicans.
Isothiocyanates have also demonstrated antiviral
effects against herpes simplex and influenza
viruses.
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4.5 Antipyretic and Analgesic Activity
Mechanism of Action:

e Inhibition of prostaglandin synthesis
through COX inhibition.

e Reduction of inflammatory mediators
involved in pain perception.

Evidence:

Methanolic extracts reduced yeast-induced fever
and increased pain threshold in hot-plate and tail-
flick tests, confirming both central and peripheral
analgesic effects.

4.6 Immunomodulatory and Antianemic
Activity

Moringa oleifera enhances immune response and
improves hemoglobin synthesis.

Mechanism:

e Stimulation of macrophage and lymphocyte
activity.

e Increase in red blood cell count and
hemoglobin content due to high iron and
vitamin C levels.

This property makes Moringa valuable in treating
anemia, malnutrition, and immune deficiencies.

Immunonduatoly and Antianemic Activity

Therapeutic Applications:

Aowria, Iimetrane DdCencies

Fig. 3 Immunomodulatory and Antianemic
Activity
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4.7 Summary of Pharmacological Actions[9]

Activity Active Constituents

Mechanism / Effect

Antioxidant Flavonoids, Phenolics

Scavenges ROS, enhances SOD, CAT

Anti-inflammatory | Isothiocyanates, Quercetin

Inhibits COX, NF-kB, TNF-o,

Antidiabetic Benzylamine, Flavonoids

Stimulates insulin, inhibits a-amylase

Hepatoprotective Polyphenols, Vitamin C

Prevents lipid peroxidation

Anticancer Niaziminin, Niazimicin Induces apoptosis, suppresses NF-kB
Cardioprotective [-sitosterol, Moringine Lowers BP, improves NO levels
Neuroprotective Quercetin, Kaempferol Antioxidant, AChE inhibition
Antimicrobial Isothiocyanates, Tannins Disrupts cell membranes

Wound healing Flavonoids, Tannins Enhances collagen and fibroblasts

6. Conclusion

Moringa oleifera is truly a “miracle tree,” revered
since ancient times for its extensive medicinal and
nutritional benefits. Its diverse phytochemical
composition—encompassing alkaloids, flavonoids,
phenolic acids, tannins, saponins, and essential
vitamins—forms the basis of its wide
pharmacological spectrum. Traditional systems
such as Ayurveda, Unani, and Siddha have long
utilized various parts of the plant in the treatment of
inflammation, infections, anemia, diabetes,
hypertension, and skin disorders.

Modern scientific research has validated many of
these traditional claims, demonstrating Moringa
oleifera’s antioxidant, anti-inflammatory,
antidiabetic,  hepatoprotective,  antimicrobial,
cardioprotective, and anticancer activities. Its
nutritional richness, combined with
pharmacological potential, positions it as a vital
candidate for nutraceutical and pharmaceutical
formulation development.

Furthermore, Moringa oleifera offers promising
prospects for sustainable healthcare and global
nutrition due to its ease of cultivation, low cost, and
multipurpose use. Future research should focus on

standardization, clinical trials, and molecular
mechanism elucidation to establish its efficacy and
safety in evidence-based medicine.

In conclusion, Moringa oleifera stands as a bridge
between traditional wisdom and modern science,
embodying the holistic principle that food can be
medicine and medicine can be food. Its continued
exploration holds immense potential for improving
global health ‘and advancing the field of
phytopharmacology.
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