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Azadirachta indica, commonly known as neem, is a tropical evergreen tree widely recognized for its
medicinal, agricultural, and industrial applications. Native to the Indian subcontinent, neem contains over 300
bioactive compounds including limonoids, triterpenoids, flavonoids, glycosides, and polyphenols. These
compounds contribute to antioxidant, antimicrobial, anti-inflammatory, antidiabetic, anticancer,
hepatoprotective, and wound-healing properties. Traditional systems like Ayurveda, Unani, and Siddha have
utilized neem for centuries for skin infections, fevers, ulcers, diabetes, and gastrointestinal disorders. Modern
pharmacology has isolated key phytochemicals such as azadirachtin, nimbolide, nimbin, and quercetin, which
act via apoptosis induction, inflammatory pathway modulation, and microbial growth inhibition. Beyond
healthcare, neem supports sustainable agriculture as a natural pesticide and soil enhancer. This review covers
neem’s botanical traits, ethnobotanical importance, phytochemistry, pharmacology, agricultural significance,
industrial applications, extraction techniques, toxicology, clinical trials, and prospects. The study bridges
traditional knowledge with modern research, highlighting neem’s potential in health, environment, and
industry.

Keywords: Azadirachta indica, Phytochemistry, Antimicrobial, Antioxidant, Antidiabetic, Anti-inflammatory,
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1. Introduction biopesticide, soil enhancer, and eco-friendly
fertilizer. Its

importance,

Neem (Azadirachta indica A. Juss) is a ecological and medicinal

medium-to-large evergreen tree in the family combined with industrial

Meliaceae, widely referred to as the ‘Village
Pharmacy’ in India. Every part of the tree—
leaves, bark, seeds, fruits, flowers, and roots—
possesses medicinal properties. Ancient
Ayurvedic texts describe neem as bitter,
cooling, and detoxifying. Traditionally, neem
has treated ailments like skin disorders,
malaria, fever, ulcers, gastrointestinal issues,
diabetes, and dental problems. Twigs are used
as natural toothbrushes (datun), and leaves as
antiseptics. Modern research confirms neem’s
bioactive compounds, including azadirachtin,
nimbolide, nimbin, and quercetin, which have
antimicrobial, anti-inflammatory, anticancer,
and antioxidant activities. Neem also plays a

significant role in sustainable agriculture as a

potential, makes it a focus of pharmacological,
agricultural, and environmental research. This
paper reviews neem’s botany, ethnobotany,
pharmacology, industrial use, extraction
techniques, toxicology, clinical trials, and

future prospects.

2. Botanical Characteristics

Neem is a medium-to-large evergreen tree
reaching 20-23 meters in height, with a wide-
spreading canopy and straight trunk. The
greyish-brown bark is fissured and durable.
Leaves are compound, imparipinnate, with 5—
15 serrated leaflets. Flowers are small, white,
fragrant, and arranged in axillary panicles,

blooming January—May. Fruits are smooth,
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ellipsoid drupes ripening to yellow with a
single seed. Neem has a deep taproot system,
allowing  drought survival and soil
stabilization. The tree thrives in tropical and
subtropical climates and adapts to poor, rocky
soils. Neem reproduces through seeds and is
insect-pollinated. Its high genetic diversity
makes it valuable for breeding programs.
Neem trees can live over 150 years, providing
ecological benefits such as nitrogen fixation,
soil enrichment, and habitat for beneficial
insects and birds.

3. Ethnobotanical and  Historical
Significance

Neem has been used for over 2000 years in
India, Southeast Asia, and Africa. Known as
‘Nimba’ in Sanskrit, it means a healer of
diseases. Leaves, bark, seeds, flowers, and
roots treat skin infections, fever, malaria,
diabetes, and digestive disorders. Twigs are
used as natural toothbrushes, while oil and leaf
paste are applied to wounds, burns, and insect
bites. Historically, neem leaves preserved
grains, bark and oil served as pesticides, and
were used in rituals.

twigs religious

Ethnobotanical surveys reveal neem’s

widespread use in rural communities, forming
the foundation of self-reliant healthcare
practices. Modern pharmacology has validated
traditional neem’s

claims, confirming

antimicrobial,  antioxidant, and  anti-

inflammatory effects. The preservation of
ethnobotanical knowledge is essential for
scientific sustainable

future discovery,

utilization, and industrial applications.

4. Phytochemical Profile

Neem contains over 300 bioactive compounds,
including limonoids (azadirachtin, gedunin,
salannin, nimbin), triterpenoids (nimbolide,
nimbin), flavonoids (quercetin, kaempferol),
glycosides, steroids, and polyphenols. Seeds
are rich in azadirachtin and fatty acids, leaves
in nimbin, nimbolide, and vitamins. Bark
with
antimicrobial and wound-healing properties.

contains tannins and triterpenoids
Extraction methods include ethanol, methanol,
aqueous, and supercritical fluid extraction.
HPLC, GC-MS, and NMR analyses ensure

compound standardization.

Compound Chemical Biological
Class Activity
Azadirachtin Limonoid Insect  growth
regulator,
antifeedant
Nimbin Triterpenoid Antimicrobial,
anti-
inflammatory
Gedunin Limonoid Antimalarial,
anticancer
Quercetin Limonoid Antioxidant,
antiviral

Table: Major Phytochemicals in Neem and
Their Biological Activities

5. Mechanisms of Action
Neem’s compounds act through multiple
mechanisms. Antioxidants neutralize free

radicals, reducing oxidative stress.
Antimicrobial activity disrupts microbial cell
and  biofilm Anti-

inflammatory effects involve suppression of

(TNF-a, IL-6),

walls formation.

cytokines cyclooxygenase

inhibition, and NF-kB modulation. Anticancer

activity includes apoptosis induction, p53
regulation, and inhibition of angiogenesis.
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Antidiabetic effects involve enhanced insulin

secretion, a-glucosidase inhibition, and
glucose transporter modulation. The synergy
of neem’s phytochemicals allows multitarget
action with minimal resistance, enhancing

therapeutic efficacy.

6. Pharmacological Activities

Neem (Azadirachta indica) demonstrates a
broad spectrum of pharmacological activities
that make it a true “multi-target therapeutic
agent.” Its bioactive compounds act on several
biochemical and molecular pathways, making
it relevant for preventive as well as curative
medicine. The major pharmacological
activities include antioxidant, antimicrobial,
antidiabetic, anti-inflammatory, anticancer,
hepatoprotective, and wound-healing effects.
Each of these activities has been validated by
in vitro studies, animal models, and some
human trials. Below, each activity is discussed

in detail:

6.1 Antioxidant Activity

Neem’s antioxidant property is among its most
widely studied pharmacological effects. Its
leaves and bark are rich in polyphenols,
flavonoids, vitamin C, and other phenolic
compounds that can neutralize free radicals
and prevent oxidative stress. Reactive oxygen
species (ROS) are known to damage DNA,
proteins,

and lipids, leading to chronic

diseases such as cancer, diabetes, and
neurodegeneration. Neem extracts lower lipid
peroxidation, raise glutathione levels, and
improve the activity of antioxidant enzymes
like superoxide dismutase and catalase.

Studies in animals have found that neem

supplementation protects against oxidative
damage in the liver, kidneys, and brain. This
benefit heart-
protective, and brain-protective effects. Daily

supports its  anti-aging,
use of neem-based products may boost
immunity by lowering oxidative stress and

enhancing the body’s natural defense systems.

6.2 Antimicrobial Activity

Neem has strong antimicrobial effects against
bacteria, fungi, viruses, and parasites. Ethanol
and methanol extracts from neem leaves can
inhibit both Gram-positive bacteria like
Staphylococcus aureus and Gram-negative
Escherichia coli and

bacteria such as

Pseudomonas  aeruginosa. Neem  also
effectively fights fungi, including Candida
albicans, Aspergillus niger, and
dermatophytes that lead to skin infections. The
antimicrobial action occurs by breaking down
microbial cell walls, preventing biofilm
formation, and changing quorum-sensing
mechanisms. Neem oil is commonly used as a
topical treatment for acne, eczema, and other
skin infections because of its antibacterial and
antifungal properties. There is also evidence of
antiviral activity against herpes simplex virus
and coxsackievirus, suggesting potential for
developing neem-based antiviral treatments in

the future.

6.3 Antidiabetic Activity

Neem has been widely studied for its ability to
lower blood sugar and its potential to treat
diabetes. Extracts from neem leaves and bark
help reduce fasting blood glucose, improve
glucose tolerance, and influence important
metabolic enzymes that aid in breaking down
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carbohydrates. The way it works includes
boosting pancreatic beta cells to release more
insulin, blocking intestinal glucosidases to
slow down glucose absorption, and improving
how the body uses glucose. Research on
treated with
showed notable

diabetic rats streptozotocin

improvements in lipid
profiles, glycated hemoglobin levels (HbA1c),
and decreases in oxidative stress markers after
neem treatment. This combined effect on
blood sugar control and oxidative stress makes
neem a promising addition to managing type 2
diabetes and preventing complications like

neuropathy, nephropathy, and retinopathy.

6.9 Anti-inflammatory Activity

Neem has strong anti-inflammatory properties
that are highly valuable for treatment. Active
compounds like nimbidin and nimbin block
such as

pro-inflammatory  substances

cyclooxygenase (COX), lipoxygenase (LOX),
tumor necrosis factor-alpha (TNF-a), and
interleukin-6 (IL-6). This leads to a significant
decrease in swelling, redness, and pain. Neem
extracts have shown effectiveness in animal
studies of arthritis, where they lower joint
inflammation and cartilage damage. Topical
neem products relieve inflammatory skin
issues like psoriasis, dermatitis, and acne.
Moreover, its ability to influence the immune
system suggests that neem could be useful for
autoimmune and chronic inflammatory
diseases.By regulating cytokine expression,
neem not only alleviates symptoms but may

also slow disease progression.

6.5 Anticancer Activity

Neem and its bioactive constituents have
demonstrated significant anticancer potential
in preclinical studies. Neem leaf extracts
inhibit proliferation of various cancer cell lines
including breast, prostate, colon, and liver
cancers. The mechanisms include induction of
apoptosis via mitochondrial pathways,
upregulation of pro-apoptotic genes (p53, Bax),
downregulation of anti-apoptotic proteins
(Bcl-2), and suppression of angiogenesis by

inhibiting VEGF signaling. Neem compounds
also inhibit NF-kB activation, which is often

constitutively active in cancer cells and
responsible for tumor growth and resistance to
chemotherapy. Studies suggest that neem can
sensitize cancer cells to conventional
chemotherapeutic drugs, potentially reducing
required doses and associated toxicity. These
findings make neem a promising adjunct

therapy in integrative oncology.

6.6 Hepatoprotective Activity

Neem 1is recognized for its liver-protective
(hepatoprotective)  effects.  Experimental
studies have shown that neem leaf and seed
extracts restore normal levels of liver enzymes
(ALT, AST, ALP)

after exposure to

hepatotoxins like carbon tetrachloride (CCl,)
and paracetamol overdose. Histopathological
examinations reveal that neem-treated animals
have reduced necrosis, fatty degeneration, and
inflammation in liver tissue compared to
untreated controls. The hepatoprotective effect
is attributed to neem’s antioxidant capacity,
free radical scavenging, and membrane-
stabilizing properties. This makes neem useful
for individuals

exposed to hepatotoxic
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chemicals, alcohol, or long-term medication

that can strain the liver.

6.7 Wound-Healing Activity

Neem promotes wound healing through
multiple mechanisms. Its antimicrobial
property prevents infection, while its anti-

inflammatory effect reduces swelling and

angiogenesis, leading to faster wound
contraction and epithelialization. Animal
studies show significantly reduced wound-
healing time when neem ointments are applied
compared to controls. Additionally, neem
reduces scar formation and improves tensile
strength of healed tissue. This has led to the use

of neem in herbal gels, bandages, and modern

pain. Neem extracts stimulate collagen wound dressings, especially for diabetic ulcers
synthesis, fibroblast proliferation, and and chronic non-healing wounds.
| | |
Wound Healing
Hepatoprotective
Wound Healing
Antidiabetic ]
- W Hepatoprotective
x
2 Anticancer H Antidiabetic
(8]
<

Anti-inflammatory

W Anticancer

Antimicrobial

 Anti-inflammatory
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Chart: Pharmacological Activity of Neem (Bar
Chart Data)

7.Agricultural and Environmental
Importance
Neem is widely acknowledged as a

cornerstone of sustainable agriculture and eco-
friendly pest management. Neem oil and
azadirachtin-based biopesticides disrupt insect
growth by acting as feeding deterrents, growth
regulators, and oviposition inhibitors. They
are effective against more than 200 species of
whiteflies, and

pests, including aphids,

nematodes, without causing harm to beneficial

insects like bees. Neem cake, a byproduct of
oil extraction, is a rich source of nitrogen and
other micronutrients, making it an excellent
organic fertilizer that improves soil health,
enhances microbial activity, and increases
crop yield.

Neem leaves and bark are used as composting
material and green manure, enhancing soil
fertility naturally. Neem extracts are also being
explored for their nematicidal effects, helping
control root-knot nematodes that damage
crops. Environmentally, neem contributes to
air purification, carbon sequestration, and

prevention of soil erosion due to its deep root
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system. Its application in bioremediation
projects shows promise in detoxifying heavy-
metal-contaminated soils. Thus, neem not only
supports sustainable agriculture but also helps
reduce

dependency on synthetic

agrochemicals, contributing to climate-

resilient farming systems.

Neem Leavels / Qil / Cake
| | |

Pesticide

Insect Control

Fertilizer Soil Conditioner

Nutrient Enrichment  Bioremediation

Fig: Agricultural Applications (Flow Diagram
)

8. Extraction Techniques and Compound
Isolation

The extraction of neem’s bioactive
compounds is critical for ensuring therapeutic
efficacy and product standardization.
Traditionally, aqueous decoctions and cold-
press oil extraction have been used. Modern
techniques include Soxhlet extraction with
solvents like ethanol, methanol, and hexane,
which allow selective recovery of compounds
such as azadirachtin, nimbin, and quercetin.

Steam distillation is often employed for

essential oil isolation, while supercritical CO,
extraction has gained popularity for producing
high-purity neem oil without solvent residues,
making it ideal for pharmaceutical and
cosmetic use.

High-Performance Liquid Chromatography
(HPLC), Gas Chromatography-Mass
(GC-MS), and

Spectrometry Fourier-

Transform Infrared Spectroscopy (FTIR) are
used to profile and quantify bioactive
constituents. Recent advancements involve
microwave-assisted and ultrasound-assisted
extraction methods, which reduce time,
improve yield, and maintain thermolabile
compound integrity. The challenge remains in
developing cost-effective and scalable
methods for industrial production while
maintaining bioactivity and meeting quality
control standards. Standardization of neem
extracts is essential to ensure reproducibility
of pharmacological effects and safety in

clinical applications.

9. Industrial and Commercial Applications
Neem has become a valuable plant due to its
wide range of uses in various industries.
Nearly every part of the tree—leaves, bark,
seeds, fruits, and oil—finds application in
fields like

cosmetics, animal care, and environmental

pharmaceuticals, agriculture,
management. Neem-based products are in
high demand worldwide because they are eco-
friendly and non-toxic, making them suitable
for sustainable development. Below are the
main industrial and commercial applications
of neem, under

explained separate

subheadings.

9.1 Pharmaceutical Applications

Neem plays an important role in the

pharmaceutical industry because of its
antimicrobial, anti-inflammatory, and
immune-boosting properties. Extracts from
neem leaves, bark, and seeds are used to create
tablets, capsules, syrups, and herbal tonics.

Neem oil is a key ingredient in antiseptic
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creams and ointments for treating skin
infections, wounds,
Dental

toothpaste and mouthwash have become

and fungal diseases.

care products like neem-based
popular for preventing plaque, gingivitis, and
bad breath. Its immune-boosting effects make
neem a favored ingredient in immune-support
formulations, especially in traditional
medicine systems such as Ayurveda, Siddha,
Additionally,

supplements are marketed as liver protectants,

and  Unani. neem-based
blood purifiers, and detox aids. These uses
meet healthcare needs and reflect a growing
market for natural alternatives to synthetic

medications.

9.2 Agricultural and Pesticide Industry

The agricultural sector is one of the largest
users of neem-derived products. Neem oil and
azadirachtin-based formulations are used to
create eco-friendly biopesticides, insect
repellents, and fungicides. These products act
as growth regulators and feeding deterrents,
helping farmers protect crops without harming
beneficial insects like bees and earthworms.
Neem cake, a byproduct of oil extraction,
serves as an excellent organic fertilizer and
soil conditioner, enriching soil with nitrogen
and micronutrients. It also helps reduce root-
knot nematode infestations and boosts crop
yield. The slow-release neem-coated urea
developed for fertilizers reduces nitrogen loss
from volatilization and leaching, improving
fertilizer efficiency. As consumers seek

organic and residue-free produce, the
popularity of neem-based bio-inputs is rising

globally, supporting sustainable agriculture.

9.3 Cosmetic and Personal Care Industry

Neem has a strong presence in the cosmetic
and personal care market. Neem oil, leaf
extract, and bark powder are used in making
herbal soaps, shampoos, face washes, and
lotions. Its antibacterial and antifungal
properties make it effective for treating acne,
dandruff, eczema, and other skin conditions.
Neem oil’s natural moisturizing properties
while its anti-
help

irritation. Ayurvedic beauty products often

also benefit dry skin,

inflammatory = compounds soothe
include neem for detoxifying and clearing the
skin. The growing consumer preference for
herbal and chemical-free products has led to a
rise in demand for neem-based cosmetics, with
major brands incorporating neem as a key
ingredient.

9.4 Veterinary and Animal Health
Applications

Neem-based products are effective in
veterinary medicine and animal care. Neem oil
and leaf extracts are used to create sprays,
shampoos, and powders for controlling ticks,
fleas, lice, and other parasites in livestock and
pets. Regular use of neem formulations
improves skin health, reduces inflammation,
and speeds up wound healing in animals.
Neem cake is also added to animal feed as a
natural growth promoter and immune booster,
enhancing feed efficiency and disease
resistance. These uses are especially beneficial
for organic livestock farming, where the use of

synthetic pesticides and antibiotics is limited.

9.5 Industrial and Environmental Uses
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Neem also finds applications in industrial
sectors beyond agriculture and healthcare.
Neem oil is used in the manufacture of bio-
lubricants, natural detergents, and even bio-
based polymers, contributing to the green
chemistry movement. Neem extracts are being
explored for water purification due to their
ability to remove bacteria and heavy metals
from contaminated water. Neem’s potential in
bioremediation projects is gaining interest,
especially for restoring polluted soils.
Additionally, neem-based mosquito repellents
(coils, sprays, and creams) are commercially
produced on a large scale to help control
vector-borne diseases such as malaria and
These

environmental

diverse industrial and
highlight

importance as a sustainable resource for

dengue.
uses neem’s

multiple sectors.

10. Toxicological Studies and Safety

Safety profiling of neem and its derivatives is
crucial for their therapeutic acceptance. Most
studies confirm that neem leaf, bark, and oil
are safe at therapeutic doses when used
topically or orally. However, high doses of
neem seed oil have been associated with
hepatotoxicity, encephalopathy, and
metabolic acidosis, especially in infants and
young children. Animal studies have shown
that neem leaf extract does not induce
significant organ toxicity even after chronic
administration, suggesting a wide margin of
safety.
Nonetheless, caution is recommended in
pregnant women, as neem extracts have been
reported to induce abortion in animal models

due to their antifertility effects. Clinical trials

highlight the need for consistency in dose and
extract preparation because inconsistency can
affect the results. Regulatory agencies back
Good Manufacturing Practices (GMP) and
quality controls to ensure extract purity and
reduce the risk of contamination from
aflatoxins or pesticide residues. Because of
this, neem is mostly safe. Standardized dosing
and careful administration of the extract can
help prevent possible side effects.

11. Current Challenges and Knowledge
Gaps

Despite neem’s proven benefits, several
challenges make it hard for it to gain
widespread acceptance. One major issue is the
lack of large-scale, randomized, placebo-
controlled clinical trials to back up its
therapeutic claims in humans. Most existing
studies are preclinical, which leaves gaps in
understanding how different doses affect
Another
in bioactive
This

comes from differences in plant age, growing

response and long-term safety.

problem is the variation
compound concentrations. variation
conditions, and extraction methods, resulting
in inconsistent outcomes. The commercial use
of neem also raises concerns about
sustainability, as overharvesting could harm
biodiversity. It is essential to develop standard
methods for cultivation, harvesting, and
extraction to ensure both quality and
ecological balance. Additionally, we need to
improve public awareness and regulatory
frameworks to help integrate neem products
into formal healthcare and agricultural
systems. Future research should focus on
molecular

understanding mechanisms,
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improving drug delivery through
nanotechnology, and conducting clinical trials
to unlock neem’s full potential as a therapeutic

and environmental resource.

12. Recent Advances and Clinical Trials

Recent research on neem has looked into its
various bioactive compounds for therapeutic,
agricultural, and industrial uses. Clinical trials
have examined neem’s effectiveness in
treating skin conditions like psoriasis, eczema,
and dermatitis. The studies showed significant
improvements in lesion size and inflammation,
thanks to its

antimicrobial properties. In dentistry, neem-

anti-inflammatory  and

based mouthwashes and gels have proven
effective in reducing plaque, gingivitis, and
harmful bacteria like Streptococcus mutans.
This helps improve oral hygiene for both
children and adults.

In metabolic disorders, studies of neem leaf
extracts indicate better blood glucose control,
lipid levels, and insulin sensitivity. This
highlights its possible role in managing type 2
diabetes. Researchers have developed neem-
derived nanoparticles to improve drug
delivery and bioavailability. This approach
boosts therapeutic results while reducing
toxicity.

Agricultural research has produced neem-
based bio-pesticides that control pests,
nematodes, and fungal infections without
harming beneficial insects or the environment.
Neem oil nano emulsions have also been tested
for better stability and insecticidal
effectiveness in crop protection.
Environmental applications include using

neem cake and leaves to enrich soil and help

clean up contaminated sites. Recent
advancements in biotechnology focus on
extracting pure limonoids and other plant
chemicals for large-scale production in the
pharmaceutical and agrochemical sectors.
These studies showcase neem’s potential in
modern medicine, sustainable farming, and
environmental

protection, affirming

traditional knowledge with solid research.

13. Future Prospects

The future of neem research involves blending
traditional knowledge with modern scientific
methods. Neem, with over 300 bioactive
compounds, has significant potential for
discovering new drugs that target cancer,
diabetes,

inflammatory disorders. Progress in molecular

microbial infections, and
biology, genomics, and metabolomics can
help find new phytochemicals and clarify how
they work. Sustainable agriculture can
improve with the creation of eco-friendly,
neem-based bio-pesticides, fertilizers, and soil
conditioners. This can reduce reliance on
synthetic chemicals and lessen environmental
harm. Nanotechnology can help enhance the
delivery, stability, and effectiveness of neem
extracts, creating opportunities for targeted
therapies and new products. Furthermore,
combining neem with other medicinal plants
could lead to stronger therapeutic effects.
Environmental sustainability projects can use
neem for cleaning soil, purifying water, and
reforestation. Overall, thorough research,
clinical testing, and industry scaling are
essential to fully use neem’s benefits while
ensuring ethical and sustainable use of natural

resources.
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