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ABSTRACT 

	
Global health and medical practices aim to integrate alternative medicine with evidence-based approaches to deepen our understanding of metabolic processes and their impacts on the human body. Neem (Azadirachta indica), a member of the Meliaceae family, is recognized for its health-promoting properties, largely due to its rich antioxidant content. Various parts of the plant, including its bark, leaves, seeds, fruits, and flowers, are widely utilized in medicinal treatments, owing to the presence of bioactive secondary metabolites. These include limonoids and tetranortriterpenoids, with azadirachtin being a prominent compound. A. indica has been extensively studied for its potential roles as an anticancer, antiseptic, anti-inflammatory, and chemopreventive agent, as well as its effectiveness as a biopesticide. This review focuses on recent research concerning A. indica, emphasizing its chemical composition and Pharmacological activities.
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1. INTRODUCTION 
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tree—roots, gum, leaves, flowers, and fruits—has applications in agriculture, medicine, and cosmetology. The seeds and leaves, in particular, contain higher concentrations of secondary metabolites, which can be extracted using various methods. Its beneficial properties are attributed to one or more phytochemicals, such as flavonoids, and are often enhanced by the synergistic interactions of its constituents (Mossini et al.,2005). The concentration of these phytochemicals can vary depending on factors such as harvesting methods, storage conditions, moisture levels, exposure to light, temperature, and pH fluctuations.

The Neem tree has traditionally been used for various purposes, including as a natural pesticide, for planting and afforestation as shade trees, erosion control, and medicinal applications (Dev, 1999). Neem kernels contain 30–50% oil, which is widely utilized in the soap, pesticide, and pharmaceutical industries. These kernels are rich in active compounds collectively known as triterpenes or limonoids (Djenontin et al.,2012). The four most significant limonoid compounds are Azadirachtin, Salannin, Meliantriol, and Nimbin, which possess strong insecticidal and pesticidal properties (Debashri & Tamal, 2012). 
Neem seed oil is toxic to ectoparasites like ticks and mites commonly found on cattle, equines, sheep, goats, wild ungulates, and dogs (Choudhury,2003). Alcoholic and aqueous extracts from neem flowers are effective against cattle filarial parasites (Mishra et al., 2005). The leftover plant material after oil extraction serves as a valuable organic manure, and neem leaves can be used to create compost with both fertilizing and pesticidal benefits (Gajalakshmi & Abbasi, 2004). Instead of killing pests outright, neem compounds disrupt their life cycles. Neem's antifeedant properties protect plants when applied and are used in the production of environmentally friendly bio-insecticides that do not harm plants or soil (Vethanayagam & Rajendran, 2010).
Neem twigs are widely used for dental hygiene, acting as natural toothbrushes in traditional medicine, despite their slightly unpleasant taste. These twigs and branches offer an effective alternative to modern dental care products (Brahmachari, 2004). Neem leaves are also a natural remedy for acne (Prashant et al.,2007), infected eyes, and sore throats. Infusions and teas made from neem leaves are used to alleviate malaria symptoms, intestinal issues, dental pain, headaches, and heartburn, while also serving as insect repellents, diuretics, and treatments for diabetes and other febrile illnesses. Neem is further utilized in treating various skin conditions, including eczema and boils, and has antiseptic properties. Neem oil, in particular, is applied to address skin complaints and intestinal worm infections (Debjit et al.,2010). Traditional use has demonstrated the numerous benefits of consuming Neem (Yerima et al., 2012; Ghonmode et al., 2013; Akeel et al., 2017;). This has sparked significant interest among various communities and researchers in utilizing different parts of the Neem tree to produce extracts. This review aims to highlight recent advancements in research on Neem extracts, with a focus on their chemical composition, medicinal properties, and various applications of the Neem tree.
2. BOTANICAL DESCRIPTION & CLASSIFICATION OF NEEM:

Neem is a fast-growing tree that reaches a height of 20–23 meters, with a straight trunk approximately 4–5 feet in diameter. It thrives in tropical and semi-tropical regions, even in areas with poor soils and annual rainfall of 400–800 mm. The leaves are compound and imparipinnate, each consisting of 5–15 leaflets (Fig 1.). The tree produces an abundance of white flowers during spring (Uzzaman, 2020). Its fruits are green drupes that ripen into a golden-yellow color between June and August. The taxonomic classification of A. indica is presented in Table 1.
Table 1: Botanical classification of Neem

	Order
	Rutales

	Suborder
	Rutinae

	Family
	Meliaceae

	Subfamily
	Melioideae

	Tribe
	Melieae

	Genus
	Azadirachta

	Species
	indica

	Scientific Name
	Azadirachta indica
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Fig 1. Neem: Leaves, Seed & Bark





3. BIOACTIVE COMPOUNDS PRESENT IN A. INDICA:
Neem contains a diverse range of bioactive compounds in its various parts, with azadirachtin being the most notable. Other significant constituents include nimbolinin, nimbin, nimbidin, nimbidol, sodium nimbinate, gedunin, salannin, and quercetin. Among these, nimbin, a triterpene, exhibits antipyretic, fungicidal, antihistaminic, and antiseptic properties. Additionally, it demonstrates anti-inflammatory and antioxidant effects by mitigating the production of reactive oxygen species, thereby reducing cellular damage (Schumacher et al., 2011; Naik et al., 2014). 
Neem leaves contain compounds such as nimbin, nimbanene, 6-desacetylnimbinene, nimbandiol, nimbolide, ascorbic acid, n-hexacosanol, amino acids, 7-desacetyl-7-benzoylazadiradione, 7-desacetyl-7-benzoylgedunin, 17-hydroxyazadiradione, and nimbiol (Hossain et al.,2011). Flavonoids, present in neem, are known to inhibit prostaglandin biosynthesis, endoperoxides, and enzymes like protein kinases and phosphodiesterases, all of which are involved in inflammatory processes (Naik et al., 2014; Batista et al., 2018; Hernández-Aquino & Muriel, 2018). Quercetin and β-sitosterol, polyphenolic flavonoids purified from neem leaves, exhibit antibacterial and antifungal properties (Govindachari et al.,1998).
Neem oil extracts, commonly used for various applications, are rich in triterpenes, flavonoids, and saponins, with smaller amounts of catechins and nimbins (Schumacher et al., 2011; Naik et al., 2014). Other metabolites identified in neem extracts include limonoids, tannins, alkaloids, terpenoids, reducing sugars, catechins, sterols, and gallic acid (Schumacher et al., 2011; Naik et al., 2014; Roma et al., 2015; Saleem et al., 2018;).
4. PHARMACOLOGICAL ACTIVITIES OF   NEEM (Fig 2; Table 2)
4.1. Antioxidants:
Free radicals, or reactive oxygen species (ROS), are major contributors to the development of various diseases. Neutralizing free radicals is a crucial step in disease prevention. Antioxidants work by stabilizing or deactivating free radicals, often before they can damage biological cells. Additionally, they support the activation of antioxidative enzymes, which help control the damage caused by free radicals or ROS (Nunes et al., 2012).
Extracts containing flavonoids, known for their antioxidant properties, have demonstrated significant potential in counteracting free radical activity. Notably, extracts from A. indica flowers and young leaves have shown strong antioxidant activity (Biswas et al., 2002). Among neem-derived products, the aqueous fraction of neem bark exhibits greater antioxidant activity than leaf extracts due to its higher concentration of phenolic compounds (Ghimeray et al.,2009).
[image: ]
Fig 2. Pharmacological activities of Neem


4.2. Anticancer Activity:
Extensive anticancer applications have been reported for A. indica. Research involving aqueous neem leaf extract demonstrated its ability to inhibit the initial stages of cancer in an in vivo murine model against 3H-B-a-P (Moga et al., 2018). The enzyme O-6-methylguanine-DNA methyltransferase (MGMT), which detoxifies carcinogenic O-6-alkyl guanines and helps maintain cell integrity, was shown to have increased activity in response to neem aqueous and ethanolic extracts. Additionally, neem contains bioactive compounds such as azadirachtin, nimbolide, and nimbidin, which exhibit notable anticancer properties (Patel et al., 2016).
4.3. Anti-inflammatory Activity:
Neem extracts possess notable anti-inflammatory properties (Rupani & Chavez, 2018). A key bioactive compound in neem is limonoid, a furanolactone known for its ability to inhibit the production of inflammatory mediators. Limonoid also acts as a pain anesthetizer by stimulating the activation of endogenous opioid pathways (Schumacher et al., 2011; Soares et al., 2014).
4.4. Antibacterial Activity:
The in-vitro and in-silico antibacterial activities of the methanolic extract of neem leaves were investigated. The study revealed that the extract exhibited strong antibacterial activity against various bacterial strains. Among the identified compounds, Beta-D-Mannofuranoside, O-geranyl was the most active and met all five criteria for drug-likeness properties (Altayb et al., 2022).
4.5. Antimalarial Activity:
A study investigating the antiplasmodial activity of A. indica in albino mice infected with Plasmodium berghei revealed that the ethanolic extract of A. indica possesses significant antiplasmodial properties. These findings highlight its potential as an herbal treatment for malaria infection (Afolabi et al., 2021).
4.6. Hepatoprotective Effect:
The hepatoprotective activity of neem leaf extract was evaluated in a model of rifampin-induced acute hepatic failure in rats. The results demonstrated that neem leaf extract, administered at two dosage levels, significantly reduced serum liver enzyme levels and MDA, while markedly increasing the activities of GSH and SOD. Additionally, it exhibited anti-inflammatory effects, as evidenced by a significant reduction in TNF-α and IL-1α levels compared to the rifampin group. Histopathological examination also revealed notable improvements in liver tissue alterations in hepatotoxic rats (Althaiban, 2019).
4.7. Nephroprotective Effect:
The curative effects of the aqueous leaf extract of A. indica on ibuprofen-induced nephrotoxicity in Wistar rats were investigated. Ibuprofen administration resulted in elevated serum creatinine levels, along with Bowman’s capsule enlargement and glomerular degeneration. Treatment with A. indica leaf extract significantly reduced serum creatinine levels, and the histoarchitecture of the kidney progressively returned to normal (Abireh et al., 2020).
4.8. Immunomodulatory Effect:
A study on the immunomodulatory activities of neem aimed to evaluate the effects of neem leaf extract on immunocompetent cells. The findings demonstrated that neem leaf extract exhibits significant immunomodulatory properties, particularly at a concentration of 500 ppm. The extract was shown to enhance T cell activity (CD4+ and CD8+), increase the anti-inflammatory cytokine IL-10, and reduce the pro-inflammatory cytokine IL-17 (Supriyanto et al., 2021).
















Table 2. Pharmacological activity of various parts of Neem source

	Parts used

	Medicinal properties


	Leaves

	Eye problem, epistaxis, anorexia, biliousness, skin ulcer, intestinal worms


	Flowers

	Bile suppression, elimination of intestinal worms and phlegm


	Fruits

	Intestinal worms, diuretic, piles, phlegm, eye problem, diabetes, wounds and leprosy, epistaxis,


	Gum

	Ulcers, skin diseases, wounds, scabies,


	Seeds

	Leprosy and intestinal worms


	Oil

	Leprosy and intestinal worms


	Barks

	Analgesic, antipyretic, diuretic




5. CONCLUSION
The global popularity of natural products and their derivatives in disease prevention and treatment continues to grow, primarily due to their minimal side effects. Neem (contains a variety of phytochemical constituents with pharmacological activities against numerous diseases. Clinical studies have highlighted neem's pivotal role in disease prevention, particularly through the chemo-preventive effects of its active ingredients, which modulate various cell signalling pathways in tumours. Research to date emphasizes neem's most notable benefits, including its anti-cancer and anti-diabetic properties, largely attributed to the anti-inflammatory compounds it contains. Additionally, neem's antioxidant activity, which inhibits reactive oxygen species (ROS), plays a crucial role in preventing and mitigating metabolic diseases. Compounds such as limonoids found in neem further contribute to reducing inflammation. Over the past few decades, significant research has been conducted on the chemical composition of different parts of neem. However, extensive research and development are still needed to optimize the economic and therapeutic potential of neem and its derivatives.
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