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Abstract

Moringa oleifera, native to India, grows in the tropical and subtropical regions of the world. It is commonly known as
‘drumstick tree’ or ‘horseradish tree’ and has gained attention in recent years for its nutritional and medicinal
properties. This review article aims to provide a comprehensive overview of the current scientific understanding of
Moringa oleifera. The review covers the plant's botany, nutritional composition, and phytochemical content. It also
discusses the plant's pharmacological and medicinal properties, including its anti-inflammatory, anti-cancer, anti-
diabetic, anti-viral and anti-microbial activities. Additionally, the review examines the potential applications of Moringa
oleifera in food and agriculture, as well as its industrial uses, such as in biofuel production. Summarizing, this review
article provides a comprehensive and scientific overview of Moringa oleifera, highlighting its potential as a valuable
plant resource with numerous applications and benefits for human health and well-being. The review article also
identifies areas for future research to further explore the plant's potential and unlock its full potential as a natural
resource.
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1. Introduction

Herbal drugs, also known as herbal medicines or botanicals, are medications made from plant extracts or whole plants.
They have been used for centuries to treat various health conditions and are still widely used today [1]. Herbal drugs are
a popular alternative to conventional medicine for many people. They can be effective in treating a wide range of health
conditions and are often perceived as natural and safer than prescription drugs. Herbal drugs can be obtained in various
forms, such as teas, tinctures, capsules, tablets, and topical ointments [2l. They are often marketed as natural alternatives
to conventional medicine and are sometimes perceived as safer than prescription drugs. Some of the most commonly
used herbal drugs include echinacea, ginkgo biloba, St. John's wort, and valerian root. Echinacea is believed to boost the
immune system and help prevent and treat the common cold, while ginkgo biloba is thought to improve cognitive
function and memory [3-61. Herbal drugs are generally considered safe, they can still have side effects and interactions
with other medications. It is important to talk to a healthcare professional before using any herbal drugs, especially if
you are taking prescription medications or have a medical condition [7].

One of such good herbal agents is Moringa oleifera. Moringa oleifera, also known as the drumstick tree or the horseradish
tree, is a fast-growing tree that is native to South Asia but is now widely cultivated in tropical and subtropical regions
around the world [8]. Moringa is known for its many health benefits, and almost all parts of the tree are edible or have
medicinal properties. The leaves, pods, seeds, and even the roots are used in traditional medicine to treat a variety of
health conditions, including inflammation, infections, diabetes, and high blood pressure [°12]. The leaves of the Moringa
tree are particularly rich in nutrients, including vitamins A, C, and E, as well as calcium, potassium, and protein. This has
led to Moringa being dubbed a "superfood" and its popularity has been increasing in recent years. In addition to its
nutritional value, Moringa is also used in agriculture and as a source of biofuel. Its ability to grow quickly and in dry,
arid regions makes it an important resource in combating food insecurity in developing countries [13-18], Overall, Moringa
oleifera is a versatile and valuable plant that has a wide range of uses in medicine, nutrition, and agriculture. Its many
health benefits and nutritional properties make it an attractive choice for people looking to improve their overall health
and well-being(9l.

Moringa oleifera is native to South Asia, particularly India, Pakistan, and Afghanistan. It is also found in other parts of
Asia, including Bangladesh, Nepal, and Sri Lanka. However, due to its many benefits, Moringa is now widely cultivated
in other tropical and subtropical regions around the world, including Africa, the Americas, and the Caribbean [20-24],

Moringa oleifera has a variety of pharmacological potential due to its bioactive compounds. It is known for its anti-
inflammatory and antioxidant effects, as well as its potential to lower blood sugar and cholesterol levels[25l. It has also
been found to have antibacterial and antifungal properties, and may have neuroprotective effects. These properties
make Moringa a promising candidate for further research into its potential therapeutic uses[26-27],

Table 1 Common Names of Moringa oleifera

Sr. No. | Language | Common Names

1. Ayurveda Raktaka, Akshiva, Haritashaaka

2. Hindi Sahjan, Saguna, Sainjna

3. Sanskrit Subhanjana

4, English Horsh reddish Tree, Drumstick tree
5. Tamil Mulaga, Munaga

6. Punjabi Soanjna

7. Malayalam | Murinna, Sigure
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2. Morphological Aspects

Moringa oleifera is a deciduous tree that belongs to the family Moringaceae. It is a fast-growing tree that can reach a
height of up to 10 meters (33 feet) and has a single, upright trunk that can have a diameter of up to 45 cm (18 inches).
The tree has a broad, spreading canopy with drooping branches and a rough, grey bark[28l.

Figure 1 Morphological Aspects of Moringa oleifera Plant, leaves, seeds and flowers.

2.1. Leaves

The leaves of Moringa oleifera are compound, meaning that they are composed of multiple leaflets that are arranged in
a pinnate pattern. Each leaf is about 30-60 cm (12-24 inches) long and has 3-5 pairs of leaflets that are lanceolate or
elliptical in shape. The leaflets are about 1-2 cm (0.4-0.8 inches) wide and 3-4 cm (1.2-1.6 inches) long. The leaves are
dark green and have a slightly bitter taste[29-32],

2.2. Flowers

The flowers of Moringa oleifera are small and white or cream-colored, with five petals that are about 1 cm (0.4 inches)
long. They are arranged in clusters or panicles that can be up to 25 cm (10 inches) long. The flowers are fragrant and
attract pollinators such as bees and butterflies [331.

2.3. Fruit

The fruit of Moringa oleifera is a long, slender pod that is about 30-60 cm (12-24 inches) in length and 1-2 cm (0.4-0.8
inches) in diameter. The pod is green when young and turns brown as it matures. It contains many small, round seeds
that are about 1 cm (0.4 inches) in diameter 34-36],

2.4. Roots

The roots of Moringa oleifera are shallow and wide-spreading, allowing the tree to tolerate a wide range of soil types
and conditions. The roots can grow up to twice the height of the tree and can reach depths of up to 10 meters (33 feet)
in search of water 371,
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Overall, Moringa oleifera is a hardy and adaptable tree with many uses in medicine, nutrition, and agriculture. Its unique
morphology allows it to thrive in a variety of environments and make it a valuable resource for communities around
the world.

3. Microscopic Aspects

Microscopic examination of Moringa oleifera can provide further insight into the structure and composition of its
various parts. Here is a brief overview of the microscopic features of Moringa oleifera:

3.1. Leaf

The leaf of Moringa oleifera is dorsiventral, meaning that it has two distinct sides: an upper adaxial surface and a lower
abaxial surface [38l. The adaxial surface is covered by a waxy cuticle layer and has a layer of epidermal cells with stomata,
which are specialized pores that allow for gas exchange [39-40], The abaxial surface has a layer of loosely packed cells and
lacks a cuticle layer. The leaflets of Moringa oleifera are composed of three main layers: the upper epidermis, the
mesophyll, and the lower epidermis [#1-44. The mesophyll is divided into two layers: the palisade mesophyll, which is
composed of elongated cells that are oriented perpendicular to the leaf surface, and the spongy mesophyll, which is
composed of loosely packed cells with many intercellular spaces.

3.2. Stem

The stem of Moringa oleifera is covered by a thin layer of epidermal cells with occasional stomata. Beneath the epidermis
is a layer of cortical cells, which make up the majority of the stem. The cortical cells contain chloroplasts, which give the
stem a green color. The central core of the stem, known as the pith, is composed of large, parenchyma cells with thin
cell walls [#5],

3.3. Root

The root of Moringa oleifera has a similar structure to the stem, with an outer layer of epidermal cells, a layer of cortical
cells, and a central pith. However, the root also has root hairs, which are specialized structures that increase the surface
area for water and nutrient absorption [46].

4. Phytochemistry

Moringa oleifera is a rich source of various phytochemicals, including alkaloids, flavonoids, phenolic acids, terpenoids,
and steroids. Here is a detailed overview of the phytochemicals found in Moringa oleifera:
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Figure 2 Majorly found Chemical Ingredients of Moringa oleifera

4.1. Alkaloids

Moringa oleifera contains several alkaloids, including moringine, moringinine, and moringanidine. These alkaloids have
been shown to have antihypertensive, anti-inflammatory, and antispasmodic properties[47l.

4.2. Flavonoids

Moringa oleifera is also rich in flavonoids, including quercetin, kaempferol, and rutin. These flavonoids have been shown
to have antioxidant, anti-inflammatory, and anticancer properties(48l.

4.3. Phenolic acids

Moringa oleifera contains several phenolic acids, including chlorogenic acid, caffeic acid, and ferulic acid. These phenolic
acids have been shown to have antioxidant, anti-inflammatory, and anticancer properties[4°.

4.4. Terpenoids

Moringa oleifera contains several terpenoids, including -sitosterol, campesterol, and stigmasterol. These terpenoids
have been shown to have anti-inflammatory, antitumor, and cholesterol-lowering properties(>°l.

4.5, Steroids

Moringa oleifera contains several steroids, including stigmasterol, 3-sitosterol, and campesterol. These steroids have
been shown to have anti-inflammatory, antitumor, and cholesterol-lowering properties(>l.

4.6. Carotenoids

Moringa oleifera contains several carotenoids, including (-carotene, lutein, and zeaxanthin. These carotenoids have
been shown to have antioxidant properties and may help to protect against age-related macular degeneration!(52.
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4.7. Vitamins and minerals

Moringa oleifera is also a rich source of vitamins and minerals, including vitamin C, vitamin 4, iron, calcium, and
potassium. These nutrients are essential for maintaining good health and can help to prevent nutrient deficiencies[s3l.

5. Pharmacological uses of Moringa oleifera

Moringa oleifera has been extensively studied for its pharmacological properties, and the bioactive compounds present
in the plant are responsible for its various therapeutic effects. Here is a detailed pharmacology of Moringa oleifera:

Nearodegenerative
Diseases

Figure 3 Pharmacological Applications of Moringa oleifera

5.1. Anti-inflammatory effects

Moringa oleifera has been shown to have significant anti-inflammatory effects due to its high content of bioactive
compounds like flavonoids, phenolic acids, and alkaloids. These compounds help to reduce inflammation by inhibiting
the production of inflammatory mediators like cytokines and prostaglandins. Studies have shown that Moringa oleifera
extract can inhibit the production of inflammatory cytokines like TNF-a and IL-6 in animal models[52l.

5.2. Antiviral activity of Moringa oleifera

The antiviral activity of Moringa oleifera is attributed to its bioactive compounds such as flavonoids, phenolic acids, and
alkaloids. These compounds have been shown to inhibit viral replication by interfering with viral entry, viral replication,
and virion release. Moringa oleifera has demonstrated promising antiviral activity against a range of viruses, including
influenza virus, herpes simplex virus, dengue virus, HIV, and hepatitis B virus. However, more studies are needed to
determine the clinical efficacy and safety of Moringa oleifera as an antiviral agentl52l. Here are some examples of the
antiviral activity of Moringa oleifera:
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5.2.1. Influenza virus

Moringa oleifera extract has been shown to inhibit the replication of influenza virus in vitro. A study reported that
Moringa oleifera leaf extract significantly reduced the viral load in mice infected with influenza virus.

5.2.2. Herpes simplex virus

Moringa oleifera extract has been shown to inhibit the replication of herpes simplex virus type 1 (HSV-1) and type 2
(HSV-2) in vitro. A study reported that Moringa oleifera leaf extract significantly reduced the viral load in mice infected
with HSV-1.

5.2.3. Dengue virus

Moringa oleifera extract has been shown to inhibit the replication of dengue virus in vitro. A study reported that Moringa
oleifera leaf extract reduced the viral load in mice infected with dengue virus.

5.2.4. Human immunodeficiency virus (HIV)

Moringa oleifera extract has been shown to inhibit the replication of HIV in vitro. A study reported that Moringa oleifera
leaf extract inhibited the reverse transcriptase activity of HIV-1.

5.2.5. Hepatitis B virus (HBV)

Moringa oleifera extract has been shown to inhibit the replication of HBV in vitro. A study reported that Moringa oleifera
leaf extract inhibited the surface antigen expression of HBV in HepG2.2.15 cells.

5.3. Antioxidant effects

Moringa oleifera has potent antioxidant properties due to its high content of phenolic compounds and vitamin C. These
compounds help to scavenge free radicals and reduce oxidative stress, which is associated with various chronic diseases
like cancer, diabetes, and cardiovascular diseases. Studies have shown that Moringa oleifera extract can increase the
activity of antioxidant enzymes like superoxide dismutase (SOD) and catalase in animal models!53].

5.4. Hypoglycemic effects

Moringa oleifera has been shown to have hypoglycemic effects, which make it useful in managing diabetes. The bioactive
compounds in Moringa oleifera help to regulate blood sugar levels by increasing insulin sensitivity and reducing glucose
absorption in the intestines. Studies have shown that Moringa oleifera extract can lower blood glucose levels in animal
models and humans[54l.

5.5. Anti-cancer effects

Moringa oleifera has been shown to have anti-cancer effects due to its high content of bioactive compounds like
flavonoids, phenolic acids, and terpenoids. These compounds help to inhibit the growth and spread of cancer cells by
inducing apoptosis (programmed cell death) and inhibiting angiogenesis (formation of new blood vessels). Studies have
shown that Moringa oleifera extract can inhibit the growth of various cancer cells like breast cancer, colon cancer, and
prostate cancer in vitro and in animal models[>3],

5.6. Anti-microbial effects

Moringa oleifera has been traditionally used for its anti-microbial properties. Studies have shown that the bioactive
compounds in Moringa oleifera have potent anti-bacterial, anti-viral, and anti-fungal effects, which make it useful in
treating various infections. Moringa oleifera extract has been shown to inhibit the growth of various bacteria like
Escherichia coli, Staphylococcus aureus, and Salmonella typhimurium in vitro and in animal models[¢l,

5.7. Neuroprotective effect

Moringa oleifera has been reported to possess neuroprotective effects, which means it has the potential to protect the
brain and nervous system from damage caused by various factors. The neuroprotective effects of Moringa oleifera are
attributed to its bioactive compounds such as flavonoids, phenolic acids, and alkaloids. These compounds have been
shown to protect against oxidative stress, reduce inflammation, and improve cognitive function. Moringa oleifera has
demonstrated promising neuroprotective effects, which may have potential therapeutic implications in the prevention
and treatment of various neurological disorders. However, more studies are needed to determine the clinical efficacy
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and safety of Moringa oleifera as a neuroprotective agent[>7l. Here are some examples of the neuroprotective effects of
Moringa oleifera:

5.7.1. Oxidative stress

Moringa oleifera has antioxidant properties that can help to reduce oxidative stress in the brain. A study reported that
Moringa oleifera leaf extract significantly reduced the levels of oxidative stress markers in the brain of rats exposed to
lead.

5.7.2. Neuroinflammation

Moringa oleifera has anti-inflammatory properties that can help to reduce neuroinflammation in the brain. A study
reported that Moringa oleifera leaf extract significantly reduced the levels of inflammatory markers in the brain of rats
exposed to lead.

5.7.3. Neurodegenerative diseases

Moringa oleifera has been shown to protect against neurodegenerative diseases such as Alzheimer's and Parkinson's. A
study reported that Moringa oleifera leaf extract reduced cognitive impairment and oxidative stress in rats with
Alzheimer's disease.

5.7.4. Cerebral ischemia

Moringa oleifera has been shown to protect against cerebral ischemia, which is a condition that occurs when there is a
shortage of blood supply to the brain. A study reported that Moringa oleifera leaf extract reduced brain damage and
improved neurological function in rats with cerebral ischemial58l.

5.8. Wound healing effects

Moringa oleifera has been shown to have wound healing effects due to its high content of vitamin C and bioactive
compounds like phenolic acids and flavonoids. These compounds help to promote tissue repair and regeneration and
reduce inflammation, which is essential for wound healing. Studies have shown that Moringa oleifera extract can
enhance wound healing and reduce inflammation in animal models[5°1.

Table 2 Pre-clinical Studies of Moringa oleifera

Plant Part | Species/Cells Protocol of Treatment Reported Results Reference
Leaves 50 male Albino Dose of 250 mg/kg or 500 | Significant decrease in the [60]
Wistar rats mg/kg administered for | total CHO, TG, LDL-C, and VLDL-C
60 days levels, and significant increase in the
HDL-C level
Leaves 24 adult Wistar Rats fed with HFD and | Improved the lipid profile (decrease | [61]
Albino rats orally administrated 200 | in CHO, TG,
or 400 mg/kg/ day of VLDL, and LDL, and increase in HDL),
extract for 3 weeks reducing waist size, Lee index, BMI,
and food intake. It also reversed HFD-
induced endothelium dysfunction
Leaves and | 40 adult male | Administrated with 20% | Gain in body weight and BMI while | [62]
arial parts | Albino leaf extract and HFD levels of CHO, TC, and LDL decreased
Wistar rats significantly. HLD levels increased in
the test group
Leaves 15 female | 1 capsule per The BMI, TC, and LDL decreased | [63]
extract in | overweight or | day containing 400 mg of significantly after 8 weeks
gelatin obese participants | axtract for 8 weeks
capsules (aged 44-55 years)
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Leaves

3T3-L1 cells

Measurement of
apoptosis and
adipoogenesis

Induced apoptosis by upregulating
BAX and down- regulating BCL-2
expression, enhanced caspase-3
activity, and showed nuclear
condensation while inhibited

adipogenesis by decreasing
triglyceride content and suppressing
adipogenesis marks (C/EBPg,
adiponectin, FABP4, and PPARYy)

[64]

Leaves

3T3-L1
preadipocytes

Glucose activity

Extract showed insulin-induced

glucose activity at a concentration of
50 pg/mL

[65]

Dried
Leaves

17 Saharawi
diabetic and 10
healthy people in
refugee camps

meal supplemented with
20 g of MO leaves powder

Alower increment of the postprandial
blood glucose in diabetic participants

[66]

Arial Parts

42 male Albino rats

Rats with HFD-induced
obesity orally
administered with 200 or
400 mg/kg body wt of
extract for one month

Significantly decreased the levels of
glucose, insulin, and HOMA-IR

[67]

Arial Parts

32 adult female
Wistar rats

Rats were fed with HCD
and extract of 600 mg/kg
body wt for 12 weeks

Down-regulated mRNA expression of
leptin and resistin, while upregulated
adiponectin genes expression,
decrease in body weight, enhanced
atherogenic index, coronary artery
index, glucose level, and insulin level

[68]

Leaves

51 female Sprague
Dawley rats

Rats with HFRD were
administered with 400
mg/kg extract for 10
weeks

No prevention of fructose-induced
hypertriglyceridemia

[69]

In summary, the pharmacological properties of Moringa oleifera are diverse and make it a valuable natural resource for
managing various diseases and promoting good health. The bioactive compounds present in Moringa oleifera have been
shown to have significant anti-inflammatory, antioxidant, hypoglycemic, anti-cancer, anti-microbial, and wound healing
effects. However, more research is needed to fully understand the pharmacological potential of Moringa oleifera and its
mechanisms of action.

6. Pharmaceutical Formulations of Moringa oleifera

Moringa oleifera is a popular medicinal plant and has been used in various traditional medicine systems for centuries.
Today, it is available in various market formulations such as:

6.1. Moringa oleifera powder

This is the most common form of Moringa oleifera available in the market. The leaves are dried and then ground into a
fine powder. It can be added to smoothies, juices, and other beverages, or used as a seasoning in cooking[70l.

6.2. Moringa oleifera capsules

Moringa oleifera is also available in the form of capsules, which contain dried leaf powder or extracts. Capsules are a
convenient way to consume Moringa oleifera as a dietary supplement [71].
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6.3. Moringa oleifera tea

Moringa oleifera leaves can also be used to make tea, which is a popular way to consume it. The leaves are dried and
then steeped in hot water to make a flavorful and healthy tea.

6.4. Moringa oleifera oil

The seeds of Moringa oleifera can be pressed to extract oil, which is rich in antioxidants and has numerous health
benefits. Moringa oleifera oil is used in cooking and as a skincare ingredient.

6.5. Moringa oleifera supplements

Moringa oleifera supplements are available in various forms such as tablets, gummies, and liquid extracts. They are

formulated to provide a concentrated dose of Moringa oleifera's bioactive compounds[72l.

In addition to these market formulations, Moringa oleifera is also used in the food industry to fortify food products and
as an ingredient in cosmetic and personal care products.It is important to note that the quality and efficacy of Moringa
oleifera products can vary depending on the source and manufacturing process. It is recommended to choose products
from reputable manufacturers and to consult with a healthcare professional before adding Moringa oleifera
supplements to your diet.

7. Topical Formulations of Moringa oleifera

Moringa oleifera is a versatile plant that has been used for various medicinal purposes. Topical formulations of Moringa
oleifera are also available in the market, discussed below:

7.1. Moringa oleifera oil

Moringa oleifera oil is extracted from the seeds of the plant and has been used for centuries in traditional medicine. It is
rich in antioxidants and has anti-inflammatory properties, making it an effective ingredient in skincare products.
Moringa oleifera oil is used in creams, lotions, and serums to hydrate, soothe, and protect the skin[73l.

7.2. Moringa oleifera leaf extract

The leaves of the Moringa oleifera plant are rich in bioactive compounds such as flavonoids and phenolic acids, which
have antioxidant and anti-inflammatory properties. Moringa oleifera leaf extract is used in skincare products to protect
the skin from environmental stressors and promote a healthy complexion.

7.3. Moringa oleifera soap

Moringa oleifera soap is made with Moringa oleifera oil and other natural ingredients such as coconut oil and shea butter.
Itis a gentle and moisturizing soap that is suitable for all skin types. Moringa oleifera soap is used to cleanse and nourish
the skin while providing antioxidant protection [741.

7.4. Moringa oleifera face mask

Moringa oleifera face masks are made with Moringa oleifera leaf powder and other natural ingredients such as honey
and yogurt. They are used to exfoliate, hydrate, and brighten the skin. Moringa oleifera face masks are suitable for all
skin types and are an effective way to incorporate the benefits of Moringa oleifera into your skincare routinel75l.

7.5. Moringa oleifera lip balm

Moringa oleifera lip balms are made with Moringa oleifera oil and other natural ingredients such as beeswax and coconut
oil. They are used to moisturize and protect the lips from environmental stressors. Moringa oleifera lip balms are
suitable for all skin types and are an effective way to keep your lips soft and healthy [76l.
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Figure 4 Different Topical Formulations of Moringa oleifera

Summarisingly, Moringa oleifera is a versatile plant that has numerous medicinal benefits. Topical formulations of
Moringa oleifera are available in the market and are effective in promoting healthy skin and hair. It is important to
choose products from reputable manufacturers and to consult with a healthcare professional before adding Moringa
oleifera supplements or topical formulations to your daily routine.

8. Marketed Formulations of Moringa oleifera

There are various Moringa oleifera topical gel formulations available in the market. Some of the popular brands are:

8.1. Moringa-02 Herbal Moisturizing Lotion

This lotion contains Moringa oleifera, olive oil, and omega from sunflower oil. It claims to nourish and moisturize the
skin, improve skin elasticity, and protect against UV rays[7>l.

8.2. Pure Moringa oleifera Oil

This oil is cold-pressed from Moringa oleifera seeds and claims to have anti-aging and anti-inflammatory properties. It
is suitable for all skin types and can be used as a moisturizer or as a base for DIY skincare formulations [76].

8.3. Organic Veda Moringa 0Oil

This oil is made from Moringa oleifera seeds and claims to have moisturizing, anti-inflammatory, and antioxidant
properties. It can be used for hair and skin care and can also be ingested as a dietary supplement.
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8.4. Moringa Infused Face & Body Lotion

This lotion contains Moringa oleifera, shea butter, and aloe vera. It claims to deeply moisturize and nourish the skin,
while also protecting against environmental stressors(77l.

9. Conclusion

In conclusion, Moringa oleifera is a versatile plant that has been used for centuries as a traditional medicine and food
source in various cultures. As a rich source of vitamins, minerals, and antioxidants, Moringa oleifera has been found to
have a variety of health benefits, including improving blood sugar control, reducing inflammation, and supporting heart
health.The various parts of the Moringa oleifera plant, including the leaves, seeds, and roots, have been studied
extensively for their potential therapeutic properties. Research suggests that the plant's bioactive compounds, such as
flavonoids and phenolic acids, may play a role in these health benefits.Additionally, Moringa oleifera has been found to
have a range of potential applications in agriculture and water purification due to its ability to remove pollutants from
soil and water.

While further research is needed to fully understand the health benefits and potential uses of Moringa oleifera, the
existing evidence suggests that it may be a valuable addition to the diet and traditional medicine practices of many
cultures. Its ability to grow in a variety of environments and its numerous potential uses make it a plant with great
potential for improving both human health and the health of the planet.
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