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ABSTRACT:

Azadirachta indica commonly known as neem, is a medicinal tree belonging to the family Meliaceae. It has been widely used in traditional Indian medicine because
of its diverse biological properties and the availability of bioactive constituents in different parts of the plant. Leaves, bark, seeds, flowers, roots and fruits have
been investigated for their potential medicinal and industrial applications. Neem contains several classes of phytochemicals, including limonoids, flavonoids,
tannins, phenolic compounds and other secondary metabolites. Among its important constituents are azadirachtin, nimbin, nimbolide and gedunin. Scientific
investigations have reported antioxidant, antimicrobial, anti-inflammatory, antidiabetic and other pharmacological activities associated with neem extracts and
isolated compounds. In addition to its medicinal importance, neem is widely recognized for its insecticidal properties and applications in agricultural pest
management. However, the biological effects of neem depend on factors such as the plant part used, extraction method, concentration and chemical composition of
the preparation. Although experimental findings indicate considerable therapeutic potential, further research is required to establish appropriate doses, long-term
safety and clinical effectiveness in humans. This review discusses the botanical characteristics, phytochemical composition, traditional applications,
pharmacological activities, safety considerations and future prospects of Azadirachta indica as a potential source of natural therapeutic agents
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1. Introduction:

Medicinal plants have played an important role in healthcare systems for centuries. Their use is based on traditional knowledge, observations of biological
effects and the discovery of naturally occurring substances with potential therapeutic applications. Even with the development of modern pharmaceutical
technology, plants continue to attract scientific interest as sources of new chemical compounds, research leads and ingredients for healthcare products.
Investigations of medicinal plants also provide opportunities to understand the chemical basis of traditional remedies and to identify compounds that may
be useful in future drug development. Azadirachta indica A. Juss., commonly called neem, is an important medicinal tree belonging to the family
Meliaceae. It is widely cultivated in India and other tropical and subtropical regions. Neem is particularly valued for its adaptability to warm climates,
multiple practical uses and extensive history in traditional medicine. Different parts of the tree have been used in traditional preparations for skin problems,
oral hygiene, fever and other health complaints. Its leaves, bark, seeds, flowers and seed oil have also attracted attention in pharmaceutical, cosmetic and
agricultural research [1,2].

The medicinal importance of neem is closely associated with its complex phytochemical composition. Investigations have identified several groups of
secondary metabolites, including limonoids, flavonoids, tannins and phenolic compounds. Azadirachtin is particularly well known for its insecticidal
activity, whereas compounds such as nimbolide, nimbin and gedunin have been investigated for various biological effects. These constituents do not
necessarily occur in the same concentrations in every part of the plant. Their abundance and activity may vary with geographical origin, environmental
conditions, maturity and extraction procedures [1-3].

Several experimental studies have examined the pharmacological properties of neem extracts and individual compounds. Reported activities include
antimicrobial, antioxidant, anti-inflammatory and antidiabetic effects. Research has also investigated neem-derived substances in relation to cellular
signalling, oxidative stress and cancer-related biological processes. These findings have increased scientific interest in neem as a possible source of
pharmaceutical research leads [2,3]. Nevertheless, results obtained using isolated compounds, laboratory assays or animal models cannot automatically
be interpreted as proof of therapeutic effectiveness in humans. The study of neem is also relevant to pharmaceutical formulation and quality control.
Herbal preparations may contain multiple constituents that interact with one another, and their chemical composition can differ according to the method
of preparation. Therefore, correct botanical identification, suitable extraction procedures, phytochemical characterization and appropriate safety
assessment are important for developing reliable neem-based products. The present review summarizes the botanical characteristics, traditional uses,
major phytochemical constituents and reported pharmacological activities of Azadirachta indica. It also considers its safety limitations and the research
requirements that must be addressed before its medicinal potential can be translated into evidence-based healthcare applications
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2. Botanical Profile Of Azadirachta Indica:

2.1 Taxonomical Classification

The taxonomical classification of neem is presented in Table 1.

Table 1. Taxonomical classification of Azadirachta indica

Taxonomic category | Classification

Kingdom Plantae

Division Tracheophyta

Class Magnoliopsida

Order Sapindales

Family Meliaceae

Genus Azadirachta

Species Azadirachta indica A. Juss.
Common name Neem

2.2 Morphological Characteristics

Neem is an evergreen to semi-evergreen tree, although it may shed some of its leaves under unfavourable environmental conditions. It generally develops
a broad crown with numerous branches and can grow to a considerable height under suitable conditions. The bark is commonly greyish-brown and
becomes rougher as the tree matures.

The leaves are alternate and pinnately compound, with several leaflets arranged along a central axis. Individual leaflets are generally elongated, with
serrated margins and a pointed tip. Small, fragrant, whitish flowers occur in branched clusters. The fruit is a smooth, oval or ellipsoidal drupe that changes
from green to yellowish when ripe. It usually contains a seed surrounded by a fleshy outer layer.

Different plant parts have distinct chemical compositions and uses. Leaves and bark are commonly investigated for their phenolic constituents and
biological activities, while seeds are important sources of neem oil and limonoids. These differences should be considered when selecting plant material
for research or formulation development [1,2].

2.3 Geographical Distribution and Habitat

Neem is widely associated with the Indian subcontinent and is cultivated across many tropical and subtropical regions. It grows well in warm environments
and is known for its ability to tolerate relatively dry conditions. The tree is commonly found in agricultural areas, roadsides, gardens and other open
locations.

Its adaptability makes neem useful for shade, soil protection and various agricultural purposes. However, growth conditions and environmental stress can
influence the chemical composition of the plant. Consequently, plant material collected from different regions may not provide identical phytochemical
profiles or biological responses.

3. Traditional and Medicinal Uses:

Neem has a long history of use in traditional Indian healthcare practices. Different parts of the tree have been incorporated into preparations intended for
oral hygiene, skin care and the management of various common health complaints. The leaves, bark, seed oil and other plant materials have also been
used in household preparations and traditional formulations [1,2].

Neem leaves are commonly associated with traditional skin-care practices. Preparations containing neem-derived ingredients have been used externally,
although the benefits and safety of a particular preparation depend on its composition, concentration and method of application.

Neem twigs have traditionally been used for cleaning teeth. This practice has encouraged scientific interest in neem-containing oral-care products and
their possible effects on microorganisms associated with oral hygiene. Neem extracts and related preparations have also been investigated for potential
applications in toothpaste, mouthwash and other personal-care products.
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Neem seed oil is another important plant-derived material. In addition to traditional external applications, it is used in agricultural formulations because
of its effects on insects and other pests. Its composition differs from that of aqueous or alcoholic leaf extracts, and its safety cannot be assumed to be
identical to that of other neem preparations.

Although traditional use provides useful information for selecting plants for scientific investigation, it does not independently establish clinical efficacy.
Each proposed therapeutic application requires suitable evidence concerning effectiveness, dosage, formulation and safety.

4. Phytochemical Constituents Of Azadirachta Indica:

Phytochemical constituents are naturally occurring compounds that contribute to the chemical and biological properties of medicinal plants. Neem
contains a diverse range of secondary metabolites, and the distribution of these substances differs among its leaves, bark, flowers, fruits and seeds. Several
constituents have been isolated and studied to understand their potential biological activities [1-3].

Table 2. Major phytochemical groups reported in neem and their research significance

Phytochemical group | Representative constituents Research significance

Limonoids Azadirachtin, nimbolide, nimbin, gedunin Insecticidal and other investigated biological activities
Flavonoids Quercetin and related flavonoids reported in neem | Potential antioxidant and anti-inflammatory effects
Phenolic compounds Various phenolic constituents Antioxidant activity in experimental assays

Tannins Different tannin-type compounds Astringent and investigated antimicrobial effects
Sterols Plant sterols Chemical and biological significance

Fatty acids Fatty acids present in seed oil Properties relevant to oils and formulation development

Note: The presence and concentration of individual constituents depend on the plant part, geographical source and extraction method.

5. Pharmacological Activities:
5.1 Antimicrobial Activity

Antimicrobial activity is one of the widely investigated properties of neem. Extracts prepared from different plant parts have been studied against selected
bacterial and fungal organisms. The results of these investigations vary according to the microorganisms tested, the type of extract, the concentration
used and the experimental method [1,2].

The observed effects may be associated with multiple phytochemicals rather than a single active substance. Depending on the extract, these compounds
may affect microbial growth, cellular membranes or other biological processes. However, the presence of an inhibition zone in an agar diffusion assay
does not establish that an extract will be effective as a medicine in humans.

Further studies should determine minimum inhibitory concentrations, minimum bactericidal or fungicidal concentrations where appropriate,
reproducibility and activity against clinically relevant isolates. Comparisons with established antimicrobial agents and investigations of toxicity are also
necessary before therapeutic claims can be justified.

5.2 Antioxidant Activity
Oxidative stress occurs when the production of reactive species exceeds the capacity of biological antioxidant systems to maintain cellular balance.
Excessive oxidative stress can damage cellular components, including lipids, proteins and nucleic acids.

Neem extracts have been investigated for antioxidant activity in several laboratory models. Phenolic compounds and flavonoids may contribute to the
scavenging of free radicals under particular experimental conditions. Research has also examined the effects of neem-derived compounds on oxidative
stress-related pathways [2,3].

Common antioxidant assays measure different chemical reactions, so results from one method may not directly correspond to results from another. In
addition, antioxidant activity in a test tube does not necessarily indicate that a preparation will produce the same effect in the human body. Absorption,
metabolism, tissue distribution and achievable concentrations must be considered.

5.3 Anti-inflammatory Activity

Inflammation is a biological response that helps the body react to injury and infection. Although it is essential for normal defence and tissue repair,
excessive or persistent inflammation can contribute to disease.
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Neem extracts and selected constituents have been studied for their possible effects on inflammatory mediators and cellular signalling pathways.
Experimental investigations have reported changes in certain inflammatory responses, including pathways associated with the production of inflammatory
molecules [2,3].

These findings provide a basis for further pharmacological research. Nevertheless, the magnitude and relevance of the effects depend on the specific
compound, experimental model and dose. More controlled studies are required to establish the effectiveness and safety of standardized neem preparations
for inflammatory conditions.

5.4 Antidiabetic Activity

Diabetes mellitus is a metabolic disorder characterized by persistent abnormalities in blood glucose regulation. Researchers have investigated neem
extracts and individual constituents for possible effects on glucose metabolism, carbohydrate-digesting enzymes, oxidative stress and lipid-related
parameters.

A critical review by Patil and colleagues examined experimental evidence concerning the antidiabetic potential of Azadirachta indica. The reviewed
investigations included studies of blood glucose, glucose tolerance, lipid profiles and diabetic complications [4].

The available findings are promising for further investigation, but they do not establish neem as a replacement for standard antidiabetic treatment.
Differences in experimental design, plant preparations and doses make direct comparisons difficult. Well-designed human studies are needed to determine
clinical benefit, appropriate dosage, possible interactions with medicines and long-term safety.

6. Pharmaceutical and Industrial Applications:

Neem has potential applications across several fields because its plant parts provide chemically different materials. Its importance extends beyond
traditional medicine to personal-care products, agricultural preparations and pharmaceutical research.

6.1 Herbal Formulations

Neem-derived ingredients have been incorporated into various traditional and commercial preparations. Depending on their intended use, these may
include topical products and oral-care formulations. Product development requires appropriate selection of plant material, control of microbial
contamination, stability testing and assessment of local tolerability.

6.2 Cosmetic and Personal-Care Products

Neem extracts and oils are used in selected skin-care, hair-care and oral-care products. Their use is supported by traditional practices and interest in their
chemical properties. However, claims concerning the prevention or treatment of skin diseases should be supported by evidence appropriate to the specific
finished product.

6.3 Agricultural Products

Neem-derived materials are important in the development of botanical insecticides and other agricultural products. Azadirachtin is particularly relevant
because of its effects on insect feeding and development. Proper formulation and application are important to maintain effectiveness and reduce
unintended environmental effects.

6.4 Pharmaceutical Research

The chemical diversity of neem provides opportunities for the isolation and characterization of compounds with potentially useful biological activities.

Pharmaceutical research may focus on identifying active constituents, investigating their mechanisms, improving their stability and assessing whether
they can be developed into safe and effective products.

7. Toxicity And Safety Considerations

The natural origin of a substance does not automatically make it safe. Neem preparations differ in chemical composition, concentration, route of
administration and intended use. Consequently, the safety findings for one type of extract cannot necessarily be applied to all neem-derived products.

An updated review by Braga and colleagues examined the available in vivo toxicity evidence for Azadirachta indica and highlighted the importance of
evaluating both mammalian and environmental toxicity [5]. The available evidence indicates that safety depends on the preparation, dose and exposure
conditions.
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Neem seed oil requires particular caution when considering oral exposure. Ingestion of neem oil has been associated with serious poisoning, especially
in children. Therefore, neem oil should not be swallowed or used for self-treatment without appropriate medical guidance.

The use of neem during pregnancy also requires caution because adequate safety evidence is lacking for many preparations and routes of exposure.
Products intended for medicinal use should undergo appropriate reproductive and developmental toxicity assessment when relevant.

Important safety considerations include:
e  Correct identification and authentication of the plant material.
e  Evaluation of contaminants, adulterants and microbial quality.
e  Standardization of extraction and manufacturing procedures.
e  Assessment of acute and repeated-dose toxicity.
e Investigation of possible interactions with conventional medicines.
e  Evaluation of reproductive safety and risks in vulnerable populations.
e  Appropriate labelling, storage and control of the intended route of administration.

Further toxicological and clinical studies are necessary to establish the safety limits of specific standardized preparations. Traditional use alone is
insufficient to establish the safety of concentrated extracts or isolated compounds.

8. Conclusion

Azadirachta indica is an important medicinal tree with a long history of traditional use and a diverse range of phytochemical constituents. Its leaves, bark,
seeds and other plant parts contain compounds that have attracted scientific interest for their possible antimicrobial, antioxidant, anti-inflammatory,
antidiabetic and other biological activities. Neem is also important in agricultural pest management because of the insecticidal and antifeedant properties
of azadirachtin and related constituents. The available experimental evidence supports continued investigation of neem as a source of potentially useful
natural compounds. However, the biological activity of an extract depends on its composition, preparation and concentration. Findings from laboratory
assays and animal studies should not be treated as proof of clinical efficacy, and the safety of one neem product should not automatically be extended to
another. Further progress will depend on botanical authentication, chemical standardization, reproducible pharmacological testing, appropriate
toxicological assessment and well-designed clinical studies. With these measures, research may help distinguish traditional claims from scientifically
supported applications and identify neem-derived compounds suitable for future pharmaceutical development.
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