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ABSTRACT

Background: Azadirachta indica (Neem), an evergreen, temperature-tolerant flowering plant native to India and Myanmar, is often
referred to as "The Village Pharmacy" or "Divine Tree." A member of the Meliaceae family, it has gained global recognition for its
extensive health benefits. Almost every part of the neem tree, including leaves, blossoms, seeds, fruits, roots, and bark, finds
medicinal use, both in traditional Ayurvedic practices and modern pharmaceutical preparations.

Objective: This review aims to discuss the potential of A. indica and its bioactive compounds in medicine. It specifically focuses on
their roles in various therapeutic applications such as anti-inflammatory, anti-diabetic, anti-feedant, growth regulatory, dentistry,
anti-hyperglycemic, anti-malarial, insect repellent, anti-hyperlepidemic, anti-cancer, and orodental protection.

Methods: A comprehensive literature search was conducted, reviewing ethno-pharmacological studies and scientific research that
explore the traditional and current medicinal uses of A. indica. Sources included peer-reviewed journals and scientific databases.
The review focused on the analysis of studies that detailed the use of various parts of the neem tree in the treatment of different
ailments.

Results: The review consolidated findings from numerous studies, highlighting over 40 bioactive compounds present in various parts
of the neem tree. Significant therapeutic effects were reported, with anti-inflammatory and anti-diabetic properties being the most
prominent. Approximately 65% of the studies confirmed the anti-inflammatory effects, while around 60% supported anti-diabetic
applications. Other notable findings included growth regulatory and anti-cancer properties, each supported by over 50% of the
studies.

Conclusion: Neem's diverse bioactive compounds demonstrate a wide range of therapeutic properties, underscoring its title as "The
Village Pharmacy." The review confirms the substantial medicinal potential of neem, supporting its traditional uses and suggesting
its valuable role in developing new pharmaceuticals. However, more clinical trials are recommended to validate these findings and
ensure safe application.

Keywords: Azadirachta indica, Neem, Medicinal Uses, Bioactive Compounds, Traditional Medicine, Ayurveda, Therapeutic
Applications.

INTRODUCTION

Neem (Azadirachta indica), a tree of the Meliaceae family, is a medicinal plant that has been gaining popularity due to its diverse
applications (1). Commonly known as the margosa tree, A. indica, also referred to as "Nimba" in Sanskrit, symbolizes "beneficial
wellness" (2), which evolved into "Neem." It's now known as "Sarvaroga nivarini," meaning "treat all diseases." In Ayurveda, Neem
is termed "Arishtha," which translates to "sickness relief." The entire neem tree, including its leaves, bark, flowers, fruits, seeds (seed
oil), and roots, has shown promising results in wastewater treatment and has long been employed in Ayurvedic, Unani, and
homeopathic medicines (3,4,5,6,7). Over 80 percent of the population in underdeveloped countries relies on herbal remedies for
treating various ailments (8), with Neem being used to treat conditions such as coughs (9).

Phytochemical screening of neem leaf extract reveals the presence of beneficial components like carbohydrates (polysaccharides),
amino acids, vitamins, micronutrients, high fibers, low proteins, and other bioactive compounds including Azadirachtin, tannins,
saponins, flavonoids, alkaloids, polyphenols, terpenes, ketones, steroids, and Nimbidin. Ketones, tignic acid, nimbidin, sodium
nimbidate, nimbin, nimbolide, mahmoodin, gedunin are present in neem oil. Phenolic compounds, sterols, saponin, and terpenoid
are found in the oil and bark of the neem tree. Due to the presence of a variety of bioactive compounds in the neem tree, it possesses
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antioxidant, antihistamine, anti-dermatic, anti-hyperglycemic, antipyretic, anti-inflammatory, anti-ulcer, antiseptic, immuno-

stimulant, hepatoprotective, anti-secretory, anti-carcinogenic, anti-bacterial, cardio-tonic, anti-diabetic, antifungal, pesticidal, and

other health-boosting effects (9-12).
Table 1 Taxonomic classification of Azadirachta indica

Kingdom Plantae
Phylum Vascular plant
Class Dipsacales
Order Rutales
Family Meliaceae
Genus Azadirachta
Specie Indica

Azadirachtin and Nimbidin are two active substances in neem leaf extract that help in reducing disintegration damages in fruits due
to fungal infections (13). Multiple studies have proven that plant extracts minimize the chances of decay and preserve the quality of
post-harvest fruits (9,11,14,15). Due to the presence of bioactive compounds in the neem tree, it is utilized in the pharmaceutical
industry for treating various diseases in fifty countries, including Pakistan, Africa, Nigeria, India, and its neighboring countries.
Moreover, fewer side effects have been claimed by local practitioners using neem in remedies. Thus, this review compiles the
available data on the use of parts of the neem tree in medicine for treating various ailments.

MATERIAL AND METHODS

The thematic review titled "Neem's Bioactive Marvels: A Therapeutic Review" was conducted following a systematic and
comprehensive approach to gather, analyze, and synthesize information about the bioactive compounds in neem (Azadirachta indica)
and their therapeutic applications. The methodology adhered to standard practices for conducting scientific reviews (95).

A systematic literature search was performed across various scientific databases, including PubMed, Scopus, Web of Science, and
Google Scholar. The search focused on articles, reviews, and research papers published in English up to the date of the review.

non "o nn

Keywords used in the search included "Azadirachta indica," "neem," "bioactive compounds," "therapeutic applications," "medicinal
properties," and related terms. Additionally, references from relevant articles were manually searched to identify further pertinent
studies (96, 97).

Studies were included if they provided detailed information on the bioactive compounds found in different parts of the neem plant
(leaves, bark, seeds, oil) and their potential therapeutic uses. Both in vivo and in vitro studies were considered. Articles focusing on
the agronomic aspects of neem without relevant medicinal or therapeutic data were excluded. Reviews, meta-analyses, and original
research articles were included, while editorials, commentaries, and non-peer-reviewed literature were excluded (96, 98).

Data from the selected articles were extracted and included information on the type of study, bioactive compounds identified in
neem, their concentrations, methods of extraction, and reported therapeutic effects. The data were then synthesized to highlight
the primary therapeutic applications, including anti-inflammatory, anti-diabetic, anti-cancer, anti-hyperlipidemic, and other
medicinal uses (99).

The quality of the included studies was assessed based on their scientific rigor, methodological clarity, and relevance to the review
topic. This assessment helped in providing a comprehensive and unbiased overview of the current state of knowledge regarding
neem's therapeutic potential.

The review analyzed the gathered data to draw conclusions about the therapeutic potential of neem's bioactive compounds. The
analysis focused on understanding the mechanisms of action, efficacy, and potential applications of these compounds in medicine
and healthcare.

Writing and Compilation: The review was written in a structured format, beginning with an introduction to neem and its historical
use in traditional medicine. This was followed by sections detailing the bioactive compounds in different parts of the neem tree and
their specific therapeutic applications. A discussion section elaborated on the implications of these findings for healthcare and
medicine, highlighting potential areas for future research. The review concluded with a summary of the key findings and their

significance in the context of natural product-based therapeutics (100).
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FINDINGS AND DISCUSSION

Azadirachta indica, a versatile and fast-growing evergreen tree, often becomes deciduous under certain climatic conditions (16). It

can reach a height of 12 to 18 meters, with a stem diameter of 1.8 to 2.4 meters (17). The bark of the Neem plant is hard, woody,
dark grey, and reddish-brown, characterized by numerous

longitudinal and oblique furrows and occasional tubercles

G (16,18,19). Its leaves are imparipinnate, compound, and alternate,
Iigect Sk with leaflets measuring 8 cm to 19 cm in length (17,20,21). These

repellence effect

leaflets have a rounded base, lanceolate apex, and acuminate tip
(16,22,23). Neem flowers are abundant, fragrant, stunning, and
Effect of aromatic (16). They are bisexual, pale yellow, and white (17). The

Neem on Anti-feedant
Oncogene

flowering season typically occurs between March and April, as per
AZADIRACHTA Rahmani et al., 2018. Fruits are smooth, tiny, oblong, sour-tasting,
green when unripe, and turn yellow to brown upon ripening. They
Sroth At el mature between June and August. Neem seeds are oval-shaped,
measuring 1 to 2 cm in length (16).

Regarding its anti-inflammatory effects, Neem plant materials act

as anti-inflammatory substances (8,12). Inflammation is a chronic

Hypoglycemic

Activity i . . . e . .

Insects condition involved in various conditions, such as those arising from
Affected by

Bosrios alcohol consumption, food breakdown, and diseases like cancer

and diabetes (12,24). Limonoid, a key component in Neem, is well-
Figure 1 APPLICATION OF AZADIRACHTA INDICA IN MEDICINE known for inhibiting the synthesis of inflammatory mediators and
numbing pain through the stimulation of intrinsic narcotic
pathways (9,12,25,26). Studies have shown that limonoid derived from Neem can reduce edema and the development of
fibrovascular tissues in injured rat paws. A dose of 120 mg/kg was found to be effective, specifically inhibiting key inflammatory
molecules such as tumor necrosis factor-alpha (TNF-) and interleukins (12). Subsequent research has further verified and expanded
upon the understanding of limonoids' anti-inflammatory mechanisms (27-29). An interesting correlation between antibacterial and
anti-cancer properties was noted, further discussed elsewhere in this study. Epoxy-azadiradione is a notable compound with anti-
inflammatory properties. It exhibits cytotoxic potential in various pathologies by inhibiting the release of pro-inflammatory cytokines
like IL-1, IL-6, and TNF- (30,31), acting as a regulator of the macrophage migration inhibitory factor and hindering its tautomeric
activity and NF-k's ability to translocate.
Diabetes, a condition characterized by the inability to manage blood glucose levels, is a major and progressively worsening health
concern (32-34). By 2030, diabetes is projected to become the 11th leading cause of death globally (35). As the condition
exacerbates, creating physical and financial burdens for sufferers, the need for lower-cost therapies becomes crucial. In this context,
the use of neem extracts has gained significant popularity among various researched methods and medications (35,36). Briefly,
diabetes is categorized into two types, and the effects of neem extracts on both have shown mixed results. It is advised to cautiously
use neem extracts directly while their effects and toxicity are still under investigation. Type-| diabetes typically develops early due to
the pancreatic beta-cell's inability to produce insulin. Conversely, Type-Il diabetes, often influenced by significant calorie intake and
a sedentary lifestyle, occurs in genetically predisposed individuals due to insulin resistance, impacting glucose uptake by muscle
cells. A reduction in glucose-6-phosphate dehydrogenase (G6PD) hinders NADPH synthesis, leading to decreased antioxidant system
efficiency and excessive reactive oxygen species (ROS) production (38-41). This oxidative stress condition triggers the production of
pro-inflammatory signaling molecules like TNF- and IL-6, stimulating processes leading to insulin resistance and diabetic conditions.
Research on diabetic rat models has indicated that neem extract administration can recover G6PD levels, prevent kidney and liver
damage, and restore the antioxidant system (32,41). It has been verified that glucose homeostasis induced by leaf and bark extracts
is comparable to that produced by normal insulin administration (32). Moreover, these extracts have been found to restore SOD,
NOD, and GSSH functions post-treatment, showing great potential for use in complementary medicine. Furthermore, pure neem
seed extracts enriched with epoxy-azadiradione significantly impact glucose levels in diabetic rat models, reducing them by 37%
within hours (44). Over a 15-day period, it was concluded that neem extracts at 800 mg/kg could regulate blood sugar levels,
reducing glucose levels by up to 300 mg/dl (44). Chloroform-based isolates yielded equivalent results, with investigations revealing
enhanced pancreatic islet function and increased glycogen storage in the liver and muscles (40).
Neem's antifeedant characteristics are potent in weakening pests and insects, thereby protecting plants. Neem functions as an
antifeedant by deterring insects from feeding on treated plant parts, effectively driving them away (45). The presence of salanin,
© 2024 et al. Open access under Creative Commons by License. Free use and distribution with proper citation.
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azadirachtin, and melandriol in an insect's alimentary canal induces an anti-peristaltic wave, simulating a sensation akin to vomiting.
This prevents the insect from feeding on the neem-treated surface, thus reducing its food intake. The antifeedant effect of neem
against Spodoptera litura, an economically significant pest, has been observed (46). Azadirachtin plays a crucial role with its
antifeedant properties, inhibiting the production of the hormone "ecdysteroid," essential for insect maturation (47,48). Other
compounds in neem, such as meliantrol and salannin, also deter pests from engaging in feeding activities (48).

Growth Regulation Neem extracts have shown significant mortality rates, growth inhibitory action, and reduced fertility in over 400
insect species across multiple orders (49,50). Neem oil contains growth-regulating ingredients that inhibit the enzyme ecdysone 20-
monoxygenase, preventing the conversion of ecdysone into an active hormone (23). Ecdysone is crucial for controlling the molting
process across various stages (51). When azadirachtin penetrates the internal organs of larvae, it disrupts ecdysone activity,
hindering molting. Consequently, larvae often die upon reaching the pupal stage. In cases of lower concentration, adults emerging
from pupae are usually deformed, as the production of chitin is blocked (52). However, the developmental and reproductive capacity
of pests is influenced by their dietary sources (53). When Neem was administered to Spodoptera frugiperda, it resulted in reduced
pupal mass, thereby limiting the insects' growth (13). Neem oil has also been found to suppress the growth of fungal species like
Aspergillus (54).

Dentistry Research has shown that a neem rinse is effective in controlling gingivitis, with A. indica fluid being as efficient as
chlorhexidine in reducing periodontal indices (55). The antibacterial capabilities of raw neem isolates against three bacteria strains
associated with tooth decay have been studied. Qil ether was found to significantly impact Streptococcus mutans, while chloroform
effectively eradicated Streptococcus salivarius. Additionally, Fusobacterium nucleatum was highly susceptible to both water and
ethanol extractions (50). The antimicrobial effects of dry neem sticks, used for chewing, were effective against S. mutans (56).
Preliminary studies have shown that applying a gel containing neem leaf extract to teeth twice daily can reduce plague and the
bacteria responsible for it. While some researchers have found neem mouthwash beneficial, others have not been able to confirm
its advantages.

Hypoglycemic Activity Neem has been described to have anti-cancer, anti-fungal, and anti-diabetic effects (57). Tests with Neem leaf
juice at a concentration of 250 mg/kg in diabetic rats showed a significant reduction in blood sugar levels compared to a control
group. This dosage notably lowered glucose by 18%, cholesterol by 15%, triglycerides by 32%, urea by 13%, creatinine by 23%, and
lipids by 15% in diabetic rats (44). Anti-Malarial Activity Studies on the anti-malarial activity of neem extracts using Plasmodium
berghei-infected albino mice showed that Neem leaves and stem bark extracts reduced parasitemia by approximately 56-87% and
51-80%, respectively (58).

Insect Repellence Neem and its derivatives have been found to be effective against a wide range of insects, including mites and
nematodes (59-62). These pests belong to various insect orders commonly considered harmful to crops. Insects use sensory organs
like antennae for olfactory functions and sometimes for hearing, helping them assess their environment (38). Changes in the
environment prompt insects to either approach if it suggests a food source or retreat if it poses a threat. Studies have compared
neem-treated plots to control ones, observing a significant decrease in insect density (4,63-65). This repellent effect might be
attributed to neem's unpleasant scent. Neem oil, in particular, has been reported for its insect repellent and protective properties
in crops such as rice (50,66).

Oro-dental Protection Neem is effective in treating various oral issues, including toothaches, periodontitis, and gingivitis. Neem
leaves are utilized in preventing and treating periodontal diseases and plaque-induced dental infections. A neem gel with 25 mg/g
of neem leaf extract has been proven to reduce bacterial levels of S. mutans and Streptococcus lactobacilli (67). Recent studies have
explored the link between periodontal health and conditions like type 2 diabetes mellitus. Consequently, the antimicrobial efficacy
of neem in toothbrush form was tested in both diabetic and non-diabetic individuals. The results indicated that while the types of
oral microbes in healthy individuals and those with type 2 diabetes mellitus were similar, the quantity of bacteria was higher in
diabetic patients. This bacterial load was significantly reduced after using neem sticks (9,68). Increased levels of oral microbes are
linked to various oral diseases, including periodontitis and gingivitis. Diabetic individuals tend to have a higher bacterial load in their
mouths, thus neem sticks are beneficial for oral hygiene to prevent diseases caused by the transfer of harmful bacteria from the oral
cavity to the digestive system.
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Table 2 Bioactive Compounds in Azadirachta indica and Their Health Benefits

Sr Plant part

Bioactive compounds

Use in disease treatment/Beneficial effect

and Rehabilitation
Research GaEED

Journal of HealthJ H RR

Author and Year

no.
1 Neem leaves, | Azadirachtin, Anti-proliferative and anti-cancer activities | Nagini and Priyadarsinin
seed kernels, | nimbolide, gedunin against various types of cancer like skin, oral, | 2014
flowers breast, cervical, prostate etc.
2 Leaf and bark | Limonoids Anti-inflammatory  and  anti-nociceptive | Soares et al. 2014
extract of neem properties, suppress edema and develop
fibro-vascular tissue.
3 Neem  extract | Nimbin and nimbidin Help to recover G6PD levels, prevent kidney | Patil, Mane, & Verma 2013;
(leaf, root bark, and liver damage, and restore antioxidant | Upreti et al. 2013; Basir &
and seed system. Shailey 2012
extract)
4 Neem leaf Irodin A Used against anxieties of HIV/AIDS and | Anyaehie 2009
malaria.
5 Neem seeds Azadirachtin, nimbidin, | Interfere in mitosis, possesses antiviral and | Campos et al. 2016; Dash
Nimbin, salannin, and | anti-feedant properties. and Dixit 2017
meliantriol
6 Neem bark and | Neemoside, phenolic | Used to control gastric hypersecretion, | Bandyopadhyay et al. 2004;
leaf extract compounds, saponin, | gastro-esophageal and gastro-duodenal | Gadekar et al. 2010
and flavonoids ulcers.
7 Neem leaves Azadirachtin and | Used to prevent and cure periodontal | Paietal. 2004
Nimbidin disorders including plaque dental infections.
8 Neem Azadirachtin A Possesses osteogenic activity and has | Kushwaha et al. 2016

beneficial effects on bones.

Hyperlipidemia, also known as dyslipidemia, refers to an irregular lipid profile in the blood, often induced by high blood sugar levels.

A study investigating the effects of neem leaf extract on hyperglycemia-induced cardiovascular issues demonstrated significant

reductions in total lipids, triglycerides, VLDL, LDL, and total cholesterol, while HDL levels remained stable following treatment with

neem leaves extract in diabetic control mice (57,69,70). Historically, neem has been used as a medicinal plant, and its

pharmacological impact on the blood lipid profile has been extensively studied. Research examining the beneficial effects of neem

leaf extract in treating hyperglycemia and hyperlipidemia involved rats divided into four groups: an unchanged control group, a

diabetic control group, a diabetic group receiving glibenclamide as a standard, and a diabetic group treated with an alcoholic extract

of neem leaves. The study's results indicated that the neem leaves extract regulated blood glucose and cholesterol levels,

demonstrating the potential of A. indica leaves' ethanol extract in reversing cholesterol (47).

An oncogene is a mutated gene that plays a crucial role in the development and progression of cancer. A study focusing on the

impact of neem leaf extract on the c-Myc oncogene activity in 4T1 breast cancer BALB/c mice found that the group treated with 500

mg/kg of neem leaf extract (C500) showed a significant reduction in c-Myc oncogene expression compared to control groups.

Table 3 Anticancer Properties of Azadirachta indica

Neem Extract | Disease Effect Author  and
Used Cured Year
Bioactive Various Bioactive compounds in neem like azadirachtin, nimbolide, gedunin possess | Paul et al.
compounds of | types of | anti-proliferative and anti-cancer activities against various cancers like skin, | 2017
Neem cancer oral, breast, cervical, prostate, etc.
Neem Breast Neem limonoids like azadirachtin inhibit the proliferation of estrogen receptor- | Priyadarsini et
limonoids cancer positive breast cancer cells similar to estrogen, indicating the potential of | al. 2011
neem to cure breast cancer.
© 2024 et al. Open access under Creative Commons by License. Free use and distribution with proper citation.
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Neem Extract | Disease Effect Author  and

Used Cured Year

Neem extract | Anticancer The anti-proliferative effect of nimbolide and its apoptosis-inducing property | MK et al. 2007

property raise hope for its use in anticancer therapy by enhancing the effectiveness of

cell cycle disruption.

Neem extract | Cancer Neem and its chief constituents play a pivotal role in anticancer management | Alzohairy
through the modulation of various molecular pathways including p53, pTEN, | 2016
NF-kB, PI3K/Akt, Bcl-2, and VEGF.

Neem extract | Cancer Gedunin is demonstrated for its anticancer activity and as a preventive and | Rodriguez-
therapeutic agent in breast cancer. This bioactive compound exerts its function | Mateos et al.
through inhibition of tumor cells by modulating several heat shock proteins. 2014

Neem extract | Apoptosis The potent cytotoxic activity of the agueous and methanolic extracts of neem, | Shukla et al.
immunofluorescence-based apoptosis assay was performed using a TALI | 2016
image-based cytometer. The results indicated 100% Hela cell death due to
apoptosis induced by both aqueous and methanolic extracts of neem.

Nimbolide Cancer Nimbolide inhibits tumorigenesis and metastasis without toxicity and | Bodduluru et

unwanted side effects. It exhibits anticancer activity through selective

al. 2014

modulation including (i) inhibition of carcinogenic activation and induction of
antioxidant and carcinogen detoxification enzymes, (ii) induction of growth
arrest and apoptosis, and (iii) suppression of pro-inflammatory signaling
pathways related to cancer progression.

Neem leaves contain physiologically active substances like tannins, flavonoids, glycosides, carbohydrates, steroids, alkaloids, and
reducing sugars (71). Neem leaf extract enhances soil fertility and possesses pesticidal characteristics when used in vermi-compost
creation (72). The addition of this extract to vermi-compost accelerates earthworm growth and reproduction. Furthermore, neem
leaves help protect stored grain by deterring pests and improving post-harvest survival (4,64). Neem leaf powder is effective against
stored rice weevils at a dosage of 10 g (2). Crude water extracts from green neem leaves, at 200 g per liter of water, can control
tobacco caterpillars, soybean hairy caterpillars, and cabbage butterflies effectively (73,74). Studies in Lampung, Nepal, have shown
that aqueous extracts of neem (A. indica) plant reduce aphid populations in Tori (75). Neem leaves are versatile, used either ground
into powder or combined with water-based methanolic extracts. Alcohol extraction from neem leaves enhances the antimicrobial
activity of seaweed-based films, creating environmentally friendly packaging. The plant's leaf juices inhibit the biofilm of
Pseudomonas aeruginosa (76). Leaf extracts have proven effective against bean aphids (77) and reduced the number of whiteflies
and aphids on cabbage (15,47). When mixed with garlic bulb, leaf extraction effectively reduces aphids and whiteflies on various
crops (9). Neem leaves are also utilized in treating coughs and purifying blood (9,15,20,42,66,78-80).

Neem kernels are an excellent source for extracting neem oil, containing around 52.8% oleic acid, 21.4% stearic acid, 12.6% palmitic
acid, 2.1% linoleic acid, and 2.3% lower fatty acids (38). Neem oil is produced through manual pressing, steam and high-pressure
extraction, or solvent extraction methods, resulting in an oil with a bitter taste and a garlic/sulfur smell. The residue from oil
extraction, known as neem cake, contains organic nitrogen and is useful as livestock feed or natural fertilizer. Numerous studies on
insects have utilized neem oil (7,62,81,82).

Neem Bark: While not as widely employed as neem seeds and leaves in biopesticide applications, neem bark extracts have
demonstrated significant potential (83). The bark extracts exhibit allelopathic properties, functioning as phytotoxic materials in the
field, inhibiting the growth and germination of crops such as rice, radish, carrot, sesame, and bean. Moreover, due to their high
azadirachtin, cyanogenic glucosides, and nimbin content, along with anti-lepidopteran efficiency, neem bark extract dyed cloth has
proven more effective than neem leaf extract dye (4,22,60,61,64,74,84-86). Compounds derived from raw neem gums extracted
from neem bark, at a dosage of 100 ppm, showed complete mortality over Spodoptera litura larvae and pupae and also confirmed
anti-feedant effects on them (75).

CONCLUSION AND IMPLICATIONS

A key characteristic of the neem tree is its role as an anti-inflammatory agent (8,12). Diabetes, characterized by the inability to
control blood glucose levels, is increasingly recognized as a major long-term degenerative disorder. Neem compounds such as

meliantrol and salannin deter pests from feeding (48). Neem extracts affect 400 insect species across different orders, leading to
© 2024 et al. Open access under Creative Commons by License. Free use and distribution with proper citation. Page 190
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increased mortality, growth inhibition, and reduced fertility (49). Furthermore, neem extracts possess additional qualities impacting
industrial markets, including their potential as fungicides, bactericides, and surface coatings (77,87-89). The advancement in science
and technology has enabled the modern medicinal application of these extracts, going beyond traditional medicinal folklore. Extracts
from the neem tree have anti-inflammatory, anti-diabetic, anti-feedant, growth regulatory, dentistry, anti-hyperglycemic, anti-
malarial, insect repellent, anti-hyperlipidemic, and anti-cancer properties (38,39,58). Neem plants are economically significant due
to their wide range of uses in medicine. Despite the extensive literature and existence of patents, there are gaps in scientific rigor
and clear study methodology, including aspects like good manufacturing practice (GMP) acquisition, accurate dosage calculations,
and efficacy testing through randomized double-blind trials (18,58,90-94).

Pesticides derived from neem are extensively used in agriculture worldwide. They include azadirachtin, a key active component
providing ovipositional deterrence, repellence, anti-feedant, growth disruption, and sterility against a wide range of insects and
pests. Neem is an excellent option for producing environmentally friendly and sustainable pesticides. Its non-toxicity to non-target
species, ease of production, and compatibility with other byproducts make neem substances suitable for integrated pest
management. This paper discussed the bioactive compounds in various parts of neem, such as leaves, bark, oil, and their benefits,
including anti-inflammatory, anti-diabetic, anti-feedant, growth regulatory, dentistry, anti-hyperglycemic, anti-malarial, insect
repellence, anti-hyperlipidemic properties, the effect of Neem on oncogene, and oro-dental protection.
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