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In traditional medicine systems like Ayurveda, Siddha, and Unnani, many plants are well known for their wide range of healing qualities. People rely on plants for their everyday needs. These plants are used as food, to make herbal medicines, for treating illnesses, in various industrial uses, and for many other purposes. Moringa oleifera Lam. is a type of evergreen plant that grows mostly in hot and warm regions. It contains several useful chemicals such as tannins, alkaloids, steroids, triterpenoids, flavonoids, hydroxyanthraquinones, cardiac glycosides, saponins, and carbohydrates like glucose and fructose, along with proteins and amino acids. This plant is used to treat a variety of health issues including inflammation, diabetes, obesity, cancer, kidney protection, liver protection, immune support, high blood pressure, cholera, asthma, diarrhea, and nervous system disorders. This review looks closely at the plant's features, traditional medical uses, the chemicals it contains, and the proven ways these chemicals help in treating diseases.
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1. Introduction 
From ancient time plants have been used as source of food and as foundation for a variety of nutritional, medicinal and industrial goods. Worldwide, there are about 4,22,000 flowering plants, of which 50,000 are used medicinally. In India, more than 43% of flowering plants are used medicinally.  Numerous therapeutic plants are described in ancient India texts such as the Rigveda, Yajurveda and Athervaveda highlighting the importance of plants in conventional medicine (Bihari et al., 2024). The use of medicinal plants for both prevention and treatment has made thematic essential component of global healthcare. 70%of Indian would like herbal cosmetics for health reasons. With utilization of natural components in creams, lotions, perfumes, skincare products, herbal cosmetics have grown even more popular in the personal care industry. (Kumar et al., 2024). Indian medicinal plants are abundant in antioxidants that may prevent or delay diseases and give advantageous substances for functional diets. More than 70% of Indian's 1.1 billion employ non-allopathic medical systems. (Vaidya et al., 2007).
Natural products continue to serve as a vital resource in drug discovery, offering structurally diverse bioactive compounds. Of these Moringa oleifera Lam. (family: Moringaceae) have garnered a lot of interest because of their broad-spectrum pharmacological characteristics and safety profiles. The plant used extensively to treat metabolic disorders, inflammatory conditions, hepatic dysfunction, and renal diseases, despite coming from different botanical families.

Moringa oleifera Lam.
Moringa oleifera Lam. (MO), often referred to as Moringa, is called by various names across languages, including Moringa, Drumstick and horseradish in English, Sajan in Hindi, Surajana in Sanskrit and Punjabi and Sojnedanta in Bengali. It is also known as Swejan or Sajiwan in Nepali. MO, renowned for its numerous benefits and has been named a “wonder tree,” a “miracle tree,” tree of life,” god’s gift to man,” “savior of the poor,” and “mother’s best friend” (Martin et al.,2019). The figure of the plant and its taxonomical details are illustrated in Figure 1 and Table 1, respectively. 
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Figure 1: Moringa oleifera Lam.
Source: https://www.amazon.in/Moringa-Oleifera-Plant-Flowers-Growing/dp/B0CZ4DCMLJ
 
Description 
MO is a medium sized, evergreen to deciduous, fast growing perennial tree that usually grows to a height of 10-12m. Its bark is whitish grey and covered in a thick layer of cork and, its young shoot has purplish or greenish white bark. Its mature fruit is a hanging capsule that is 20-45 cm long and contains 15-20 dark brown globular seeds that are 1-1.2cm in diameter (Singh, 2018). MD can grow to a maximum height of 7-12 m up the crown, and it can be found growing naturally at elevations of up 1000 m above sea level (Makkar et al.,1997).  It grows well in variety of soil types and climates, with the exception of wet ones. It thrives in sandy loam and slightly alkaline clay soils that drain well. (Ramachandran et al.,1980).
Distribution
MD has spread widely all through the world, especially in warm countries like Malaysia and other tropical countries. It is though that the Agra and Oudh areas of northwest India, south of Himalayan mountains, are the birthplaces of Moringaceae family, which includes trees and shrubs. This plant was brought to Eastern Africa from India in early 1900s, and it is now widely grown throughout the Middle east anf tropical belt (Mallenakuppe, et al.,2019). There are approx. 33 species in Moringaceae family, 13 of which are well known and found all over the world. These species include M. arborea, M. borziana, M. concanensis, M. drouhardii, M. hildebrandtii, M. longituba, M. olefeifera, M. ovalifolia, M. peregrina, M. pygmaea, M. rivaae, M. ruspoliana, & M. stenopetala(Arora et al.,2013).

Table 1 : Taxonomy of the plants 
	Taxonomical hierarchy 
	Moringa oleifera Lam.
	Reference 

	Kingdom
	Plantae
	(Mallenakuppe, et al.,2019).

	Division
	Mangnoliophyta
	

	Class
	Mangnoliopsida 
	

	Sub class
	Dilleniidae
	

	Order
	Capparales
	

	Family 
	Moringaceae
	

	Genus 
	Moringa
	




2. Phytochemical constituents

Traditionally, all parts of the MO species have been used for different purposes, but the leaves are the most commonly used part worldwide. Proteins, flavonoids, saponins, phenolic acids, tannins, isothiocyanates, lipids, minerals, and vitamins are just a few of the bioactive compounds that make up its rich composition and contribute to its remarkable nutritional, nutraceutical, and therapeutic qualities (Dzuvor et al.,2021).
There are at least one or more benefits associated with MD’s parts, namely the roots, bark, leaves, flowers, fruits and seeds. The study evaluated the phytochemical components of the ethanolic and aqueous extracts of MD leaves in addition to the mineral and proximate composition of the whole leaf extract. The phytochemicals that were detected in both extracts were flavonoids, anthraquinones, alkaloids, saponins, steroids, terpenoids, cardiac glycosides, anthocyanins, tannins, and carotinoids; however, the amount of phytochemicals produced by the aqueous extract was higher. The level of these compounds varied significantly, according to quantitative analysis, with significant amounts of flavonoids (3.56±0.03 in aqueous and 3.83 ± 0.02 in ethanolic extract), anthraquinones (11.68 ±0.04 in aqueous and 10.86 ± 0.06 in ethanolic extract), Alkaloids (3.07±0.00 in aqueous and 2.26 ± 0.04 in ethanolic extract),  Saponins (1.46±0.03 in aqueous and 1.72 ± 0.05 in ethanolic extract), Steroids (3.21±0.00 in aqueous and 3.12 ± 0.02 in ethanolic extract), terpenoids (4.84±0.05 in aqueous and 4.26 ± 0.06 in ethanolic extract), cardiac glycosides(0.36±0.03 in aqueous and 0.19 ±0.02 in ethanolic extract), Anthocyanins (0.06±0.00 in aqueous and 0.05±0.00 in ethanolic extract), tannins (9.36±0.04 in aqueous and 9.19 ±0.02 in ethanolic extract), and carotinoids (1.16±0.05 in aqueous and 0.08 ±0.02 in ethanolic extract) all in g/100g. In this case, 0.00 indicates that the phytochemical content is less than 0.05 g/100g. MD leaves are high in carbohydrates (57.01±0.01 g/100g), proteins (18.92±0.02 g/100g), lipids (2.74±0.03 g/100g), and fibre (9.31±0.02 g/100 g), moisture (4.09±0.04 g/100g), and ash (7.95±0.04 g/100g), according to the proximate composition study. The mineral composition analysis also showed that the following elements were present: phosphorous (0.44±0.01 g/100 g), zinc (0.05±0.00 g/100 g), iron (0.03±0.00 g/100 g), copper (0.01±0.00 g/100 g), sulphur (0.85±0.01 g/100 g), calcium (2.09±0.01 g/100 g), magnesium (0.48±0.00 g/100 g), potassium (1.62±0.02 g/100 g), and nitrogen (3.03±0.02 g/100 g) (Onyekwere et al.,2014).
Roots, seeds, leaves, stems, flowers, and pods all contain phytochemicals. On the basis of chemistry and properties phytochemicals are divided into 04 major groups i,e. polyphenols (Caffeic acid, Chlorogenic acid, Coumaric acid, Gallic acid, Ellagic acid , Kaempferol , Quercetin, Myricetin, Epicatechin and Rutin),  alkaloids (N-α-L-rhamnopyranosyl vincosamide , Marumoside A,  Marumoside B , Moringinine (benzylamine) and Trigonelline), sulphur containing ( Glucomoringin , Benzyl glucosinolate , Niazidin,  Niazicin and Niazinin), and carotenoids ( all-E-β- carotene , 15-Z-β- carotene , 13-Z-lutein , all-E-zeaxanthin , all-E-lutein and all-E-luteoxanthin).  (Prabu et al.,2019; Ma et al.,2020). Tannins are found in highest amount in dried leaves of MO and also found in MO seed (Ma et al.,2020).
Some chemical constituents isolated from MD with other details are illustrated in table 2.









Table 2: chemical constituents isolated from MD
	Class 
	Sub-class
	Chemical structure of Bioactive chemicals
	Plant part
	Activity reported
	Reference

	Polyphenols
	Phenolic acids 
	

Caffeic acid
	Except root and seed found in various parts highest in leaves
	
Antioxidant


	Ma et al.,2020
	
Asgari-Kafrani et al.,2019 

	Polyphenols
	Phenolic acids
	

Chlorogenic acid
	
Leaves
	Hepatoprotective

	Almatrafi, et at. 2017


	Polyphenols
	Phenolic acids
	

Coumaric acid
	Leaves 
	Antioxidant


	  Ma, et al 2020. 

	Polyphenols
	Phenolic acids
	

Gallic acid
	Leaves 
	Antioxidant
	Asgari-Kafrani et al., 2019


	Polyphenols
	Phenolic acids
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Ellagic acid
	Leaves
	Antioxidant

	Ma et al.,2020

	Polyphenols
	Flavonoids 
	[image: ]
Kaempferol
	Leaves
Flower
	Antioxidant,
Anti-inflammatory

	Nejabati et al.,2022

Santos et al., 2012. 


	Polyphenols
	Flavonoids
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Quercetin
	Leaves 
	Antioxidant,
Hepatoprotective,
Anti-inflammatory, antibacterial, antioxidant, anticancer, anti-hepatitis C virus 

	Ezzat et al., 2019 

	Polyphenols
	Flavonoids
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Myricetin
	Leaves 
	Antioxidant
	Ma et al.,2020

Lalas et al.,2002


	Polyphenols
	Flavonoids
	[image: ]
Epicatechin
	Leaves 
	Prevent lipid peroxidation of liver
	Ma et al.,2020

Sinha et al.,2012

	Polyphenols
	Flavonoids
	[image: ]
Rutin
	Leaves
	Antioxidant
	Ma, et al 2020.

Habtemariam, et al 2015.


	Sulphur containing compound
	glucosinolates
	

Glucomoringin
	Leaves, stem, flower, pod, seed
	Antifungal and anti-bacterial 

	Kołodziejski, et al., 2019 


	Sulphur containing compound
	glucosinolates
	

Benzyl glucosinolate
	Roots, seed
	Antifungal and anti-bacterial 
Antibiotic 

	Kołodziejski, et al., 2019 
Giacoppo et al., 2015

	Sulphur containing compound
	Isothiocyanates 
	

Niazidin
	Leaves, pod 
	Hypotensive costituent
	Waterman et al., 2015

Faizi et al.,1997



	Sulphur containing compound
	Isothiocyanates 
	

Niazicin
	Leaves 

	Anti-hypertensive/ hypotensive activity 
	Haroen et al., 2022


	Sulphur containing compound
	Isothiocyanates 
	

Niazinin
	Leaves 

	Anti-hypertensive/ hypotensive activity 
	Haroen et al., 2022


	Carotenoids 
	Carotenes
	[image: ]
all-E-β- carotene  
	Flower, fruits, leaves 
	Antioxidant 
	Saini et al., 2014. 
Haroen et al., 2022
Muteeb et al., 2023 

	Carotenoids 
	Carotenes
	[image: ]
15-Z-β- carotene
	Flower, fruits, leaves
	Antioxidant 
	Saini et al., 2014

Haroen et al., 2022


	Alkaloids 
	Indole alkaloid
	

N-α-L-rhamnopyranosylvincosamide
	Leaves 
	Cardioprotective 
	Saini et al., 2014

Panda et al., 2013

	Alkaloids 
	Other alkaloid
	

Moringinine (benzylamine)
	Leaves 
Stem 

	
Reduce plasma cholesterol, 
Helps in weight gain,
Show hyperglycemic response
	Adedapo et al., 2020 
Farooq et al., 2007. 
Iffiu-Soltesz et al., 2010

	Alkaloids 
	Other alkaloid
	

Trigonelline
	Leaves
Pod 
Flower

	Hypocholesterolemic agent,
Nutritional benefits,
Hypoglycemic response

	Adedapo et al., 2020 
Evans et al., 1979
Viani R, Horman et al., 1974
Taguchiet al., 1986
Olthof et al., 2011



Pharmacological properties
MO is rich in nutrients and has a variety of therapeutic uses. Its leaves, root, and seeds are among its parts that anti-inflammatory, anti-hypertensive, antitumor, hepatoprotective, antibacterial, antifungal, and antioxidant properties. These characteristics highlight MO therapeutic versatility and wide range of health benefits, making it a possible natural treatment for chronic conditions like inflammation, cancer, diabetes, hypertension, and high cholesterol (Kamran et al.,2020). Bioactive substances namely tannins, saponins, flavonoids, terpenoids, and glycosides are abundant in MO and have therapeutic qualities like anti-inflammatory, anti-carcinogenic, and antioxidant effects. (Ayoola et al., 2008 ; Davinelli et al.,2015).
Antioxidant  
The natural antioxidant found in MO leaves include ascorbic acid, flavonoids, phenolics, and carotenoids; these compounds have been shown to regulate thyroid hormone, potentially treating hyperthyroidism, and to have protective effects against hepatic carcinogen and skin papillomagenesis. The antioxidant properties of these leaves are likely attributed to the presence of β-carotene and vitamin A and C, though the precise mechanism of action is still unknown (Farooq et al., 2007).  Phenolic compound and other antioxidants present in MO leaves combine to effectively neutralize free radicals and reduce oxidative damage. Due to their redox characteristics, these antioxidants can break down peroxides and inactive lipid free radicals. Research has indicated that MO leaf extracts have strong antioxidant and radical scavenging properties, scavenging superoxide radicals and preventing lipid peroxidation in a dose-dependent manner. Furthermore, the antioxidant activity of MO leaves may be impacted by environmental variables like soil characteristics and temperature (Vergara-Jimenez et al.,2017).
Antimicrobial 
MO has potent antibacterial properties in every part of the plant. Yeast, dermatophytes, helminthes, and bacteria are among the microorganisms that the plant’s leaves, seeds, bark, and roots have demonstrated antimicrobial activity against. The fresh leaf juice inhibit the growth of pathogens like Pseudomonas aeruginosa and Staphylococcus aureus (Armando et al.,1991). Compounds such as pterygospermin, benzyl isothiocyanate, and 4--L-rhamnosyloxy benzyl isothiocyanate give MO its antimicrobial qualities in its leaves, seeds, roots, and flowers. These substances exhibit antifungal and antibacterial properties, the latter of which also adds to the antimicrobial qualities of the root extract. MO seeds also contain a recombinant protein that, most likely by disrupting cell membranes or inhibiting enzymes, flocculates bacterial cells, preventing microbial growth and bacteriophage replication (Eilert et al.,1981). The seeds, in particular, have been found to possess antimicrobial properties, including the ability to flocculate bacterial cells and inhibit the replication of bacteriophage. The seeds have antibacterial qualities due to the presence of benzyl isothiocyanate, moringine, and pterygospermin(Jahn et al., 1986). A similar compound is also responsible for the flowers’ antibacterial and fungicidal qualities. Although stem bark extract has antifungal activity, Staphylococcus aureus is susceptible to the antibacterial qualities of stem bark juice (Mehta et al.,2003). The council of scientific and industrial clams that spirochn and terygospermin are effective against both gram-positive and gram-negative bacteria (Mishra et al.,2011).  The plant’s antimicrobial qualities make it a useful agent for water treatment and a possible natural treatment for a number of illnesses (Ndabigengesere et al.,1998). 
Anti-inflammatory
As a subclass of phenolic compounds, phenolic acids have anti-inflammatory, anti-cancer, anti-mutagenic, and antioxidant qualities (El-Seedi et al., 2012; Verma et al.,2013). According to reports, tannins—water-soluble phenolic compounds—have anti-inflammatory, anti-cancer, anti-atherosclerotic, and anti-hepatotoxic qualities (Adedapo et al.,2015). Between 13.2 and 20.6 g/kg of tannins are found in Moringa oleifera Lam. leaves (Teixeira et al.,2014; Richter et al.,2003). Remarkably, in immunodeficient mice, Moringa oleifera Lam. leaf extracts have been demonstrated to boost humoral and cellular immune responses, raising serum immunoglobulins, neutrophils, and white blood cells (Sudha et al.,2010; Gupta et al.,2010).
Compounds such as quercetin, which inhibits the action of nuclear factor kappa-beta (NF-κB), may be responsible for Moringa oleifera Lam.'s (MO) anti-inflammatory qualities (Das et al.,2012). According to a study, C57BL/6 mice fed fermented MO for 10 weeks displayed lower mRNA levels of inflammatory cytokines and less endoplasmic reticulum stress, suggesting that fermentation of MO enhances its anti-inflammatory effects (Joung et al.,2017).
The anti-inflammatory properties of Moringa oleifera Lam. are ascribed to a number of mechanisms, including: (a) compounds like quercetin and kaempferol inhibit pro-inflammatory enzymes like cyclooxygenase (COX) and lipoxygenase (LOX), which lowers inflammatory mediators like prostaglandins and leukotrienes; (b) isothiocyanates regulate cytokine production by modulating the nuclear factor-kappa B (NF-kappa B) pathway, which inhibits pro-inflammatory cytokines (TNF-α and IL-1β) and increases anti-inflammatory cytokines like IL-10; and (c) flavonoids and polyphenols exhibit antioxidant activity, which lowers inflammation and oxidative stress (Adebayo et al.,2019; Cui et al.,2019).
The flavonoid compound kaempferol, which was extracted from Moringa oleifera Lam., has anti-inflammatory and antioxidant qualities (Nejabati et al.,2022). According to studies, kaempferol supplementation (0.1–0.3%) successfully lessens the severity of colitis in mice by lowering the levels of plasma leukotriene B4, NO, and PGE2 (Saldanha et al.,2019). Moreover, kaempferol increases TFF3 mRNA, a marker of goblet cell function (Saldanha et al.,2019; Park et al.,2011), and decreases MPO activity in colon mucosa (Tao et al.,2022). The analgesic activity of M. oleifera's alcoholic extracts, which is on par with aspirin, further supports the plant's anti-inflammatory and anti-nociceptive qualities (Biswas et al.,2012). These results support the traditional use of M. oleifera to treat conditions linked to inflammation and pain.
Antidiabetic/hyperglycaemic
Isothiocyanates, which lower insulin resistance and hepatic gluconeogenesis, are among the substances found in Moringa oleifera Lam. leaves that support glucose homeostasis (Waterman et al.,2015 ; Fabio et al.,2014). Flavonoids and phenolic acids also affect glucose homeostasis by affecting the mass and function of β-cells, which raises insulin sensitivity (Oh et al.,2014; Oboh et al.,2015). Furthermore, intestinal sucrase and pancreatic α-amylase activities are inhibited by phenolic compounds, flavonoids, and tannins (Augustin et al.,2011). MO leaves have been shown to improve glucose uptake and utilization, increase insulin activity, and prevent β-cell damage in relation to carbohydrate metabolism (Makkar et al.,1996). Terpenoids and flavonoids, which stimulate β-cells and increase insulin secretion, are responsible for the hypoglycemic and antihyperglycemic effects of MO leaves (Manohar et al.,2012). In comparison to control animals, diabetic rats given MO extract (equivalent to 250 mg/kg) for six weeks demonstrated notable reductions in malonaldehyde and improvements in inflammatory cytokines (TNF-α and IL-6) (Omodanisi et al.,2017). Treatment with Moringa oleifera Lam. has been demonstrated to decrease inflammatory cell infiltration and tissue lesions in the liver and pancreas; treated groups showed milder lesions (Adedapo et al.,2020). Like pioglitazone, the extract reverses insulin resistance by upregulating glucose transporter 4 (GLUT 4) (Adedapo et al.,2020). According to Bao et al.,2020, niazirin, a phenolic glycoside that was extracted from M. oleifera seeds, improves hyperglycemia, hyperlipidemia, and insulin resistance. M. oleifera and other antidiabetic plants contain phenolic compounds that show a variety of mechanisms, including enhancing insulin sensitivity, inhibiting glucose metabolism enzymes, and stimulating insulin secretagogue activity (Praparatana et al.,2022 ; Njume et al.,2019). Furthermore, alpha-amylase and alpha-glucosidase enzymes are inhibited in a dose-dependent manner by phytofabricated selenium nanoparticles with M. oleifera (MO-SeNPs), which exhibit antidiabetic effects (Tarmiziet al.,2023).
Hepatoprotective 
MO's many bioactive compounds are responsible for its therapeutic qualities. Chlorogenic acid (CGA) aids in the metabolism of glucose by inhibiting hepatic gluconeogenesis and glycogenolysis (Karthikesan et al.,2010). Additionally, CGA has anti-dyslipidemic qualities, lowering triglycerides and total cholesterol in plasma (Cho et al.,2010; Verma et al.,2013). According to Oyedepo et al., 2013, saponins found in M. oleifera leaves bind to cholesterol and bile acids, increasing their excretion and lowering plasma cholesterol. M. oleifera contains quercetin, a flavonoid with hepatoprotective qualities that lowers creatinine and plasma liver enzymes (Anwar et al.,2007; Tejas et al.,2012; Sharifudin et al.,2013; Ouedraogo et al.,2013). Leaf extract from M. oleifera prevents non-alcoholic fatty liver disease (NAFLD) and lowers inflammation and hepatic lipid accumulation (Almatrafi et al.,2017). By lowering insulin resistance and hepatic gluconeogenesis, other substances such as isothiocyanates may also support glucose homeostasis (Waterman et al.,2015; Fabio et al.,2014). Obesity, dyslipidemia, and type 2 diabetes mellitus are metabolic risk factors linked to non-alcoholic fatty liver disease (NAFLD), a global health concern (Gluvicet al.,2021; Wang et al.,2018). By altering biochemical pathways, the bioactive substances found in M. oleifera, such as quercetin and CGA, may help reduce NAFLD (Almatrafiet al.,2017; Cho et al.,2010). Furthermore, liver steatosis and NAFLD are improved by niazirin, a bioactive substance that was extracted from M. oleifera seeds (Bao et al.,2020). In animal experiments, M. oleifera extracts have also demonstrated antihepatotoxic potential (Ruckmaniet al.,1998).

3. Safety and toxicology profiles 
 
MO's toxicity and safety have been thoroughly investigated.  Numerous in vitro and in vivo investigations have yielded encouraging outcomes, with no serious safety concerns documented (Stohs and Hartman,2015; Adamu et al., 2021).  In animal trials, the plant's extracts have been found to be safe at doses up to 2000 mg/kg; however, some research suggest that greater doses (≥3000 mg/kg) may be harmful (Asare et al., 2012; Awodeleet al., 2012).  At doses up to 8 g/day for 40 days, human investigations employing dry leaf powder have also demonstrated low toxicity and no negative effects (Kumari, 2019).  Although M. oleifera is generally regarded as a safe plant for medical usage, further investigation is required to completely comprehend its safety profile, especially when it comes to extracts and specific pharmacological components.

4. Future prospects and research recommendations or discussions 

The medicinal qualities of MO have been the subject of numerous investigations; however, more work is required to separate and discover novel compounds that may have inhibitory and antitumor effects (Gilani et al., 2000; Ghayuret al., 2005). Further research is necessary to fully understand the plant's antispasmodic, anti-inflammatory, and antihypertensive properties (Gilani et al.,1994b; Yaeesh et al.,2006). More research is required to understand the mechanism of action of niazimicin, a strong antitumor promoter (Stephens and Rahwan, 1992). It is also necessary to investigate M. oleifera's antioxidant profiles, hepatoprotective effects, and potential as an anti-HSV medication (Gilani and Janbaz, 1995; Yaeesh et al., 2006). In order to optimize yields and benefits, research should also concentrate on determining the active ingredients that cause coagulation and antimicrobial effects, evaluating differences in chemical composition, and encouraging widespread cultivation (Gilani and Atta-ur-Rahman, 2005).

5. Conclusion 

Moringa oleifera Lam. is a highly promising medicinal plant with established ethnobotanical significance and increasing pharmacological evidence. Its many therapeutic benefits, which range from metabolic regulation to organ protection, align with the growing interest in plant-based medicine around the world. It requires systematic pharmacological and clinical research to be fully utilized in evidence-based healthcare.
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