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Introduction: Medicinal plants have always been vital to human healthcare. Before modern drugs were
developed, people turned to herbs and plant-based remedies for treating illnesses and maintaining health.
Today, natural products still attract interest from scientists and healthcare professionals because they are
generally seen as safer, more affordable, and effective. Among the many medicinal plants studied in recent
years, Moringa oleifera stands out for its remarkable nutritional and therapeutic qualities. Moringa oleifera
Lam., a member of the Moringaceae family, is native to the Indian subcontinent and is now grown across Asia,
Africa, South America, and tropical regions worldwide. The plant is often called the “miracle tree” because
nearly every part of it—leaves, seeds, flowers, roots, bark, and pods—has nutritional or medicinal value. The
leaves are particularly high in vitamins A, C, and E, minerals like calcium and iron, essential amino acids, and
many antioxidant compounds. Traditional medical systems such as Ayurveda and folk medicine have long
used Moringa oleifera for a range of health issues, including fever, infections, digestive problems, skin
diseases, inflammation, and malnutrition.

In recent years, scientific studies have confirmed many of these traditional uses and have found several key
phytochemicals that contribute to the plant's biological activities. Significant compounds isolated from
Moringa oleifera include quercetin, kaempferol, chlorogenic acid, niazimicin, glucosinolates, and
isothiocyanates. The rising rates of chronic diseases linked to oxidative stress and inflammation have spurred
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interest in plants rich in natural antioxidants and anti-inflammatory compounds. Research indicates that
Moringa oleifera may help reduce oxidative damage, boost immune responses, protect tissues against
inflammation, and slow the progression of certain cancers. Because of these properties, the plant is being
considered for use in pharmaceuticals, nutraceuticals, cosmetics, and functional foods. This review aims to
discuss in detail the phytochemical profile and pharmacological significance of Moringa oleifera, focusing on
its antioxidant, anti-inflammatory, antimicrobial, anticancer, and other therapeutic effects. Moringa oleifera
Lam. belongs to the family Moringaceae, which has about thirteen species found in tropical and subtropical
areas. Of these species, M. oleifera is the most widely grown and studied because of its outstanding nutritional
and medicinal qualities. The plant is a fast-growing, drought-resistant deciduous tree that can grow to heights
of 10 to 12 meters under ideal conditions. 1 :

Taxonomically, Moringa oleifera is classified as follows:

. Kingdom: Plantae

. Division: Magnoliophyta

. Class: Magnoliopsida

. Order: Brassicales

. Family: Moringaceae

. Genus: Moringa

. Species: Moringa oleifera Lam.

The tree has a soft, whitish bark, fragile branches, tripinnate leaves, fragrant cream-colored flowers, elongated
seed pods, and winged seeds. Different parts of the plant show unique phytochemical profiles and healing
properties. The leaves are the most nutritious part, while the seeds are mainly recognized for their antimicrobial
and water purification abilities. The roots and bark contain alkaloids and other bioactive compounds important
for medicine, and flowers and pods are consumed as nutritious vegetables in many cultures. M. oleifera shows
remarkable adaptability to dry and semi-dry conditions. It can thrive in poor soil and with little water. This
drought resistance makes it especially important for sustainable farming and food security in developing
countries facing climate change and food shortages.

The medicinal significance of Moringa oleifera stems from its rich and varied phytochemical make-up (Leone
et al., 2015; Vergara-Jimenez et al., 2017). Different parts of the plant contain bioactive compounds that
greatly contribute to its medicinal activities. The leaves are particularly high in flavonoids, phenolic acids,
carotenoids, vitamins, and minerals. The seeds and roots offer glucosinolates, alkaloids, and antimicrobial
compounds (Bennett et al., 2003; El Sohaimy et al., 2015). Significant phytochemicals found in Moringa
oleifera include quercetin, kaempferol, chlorogenic acid, gallic acid, niazimicin, benzyl isothiocyanate,
tannins, saponins, and terpenoids. These compounds exhibit strong antioxidant and anti-inflammatory actions
and are crucial in protecting the body from oxidative stress and chronic diseases (Sreelatha & Padma, 2009;
Waterman et al., 2014).

Flavonoids like quercetin and kaempferol are known for their ability to scavenge free radicals (Moyo et al.,
2012; Xu et al., 2019). Chlorogenic acid helps regulate glucose and acts as an antioxidant. Isothiocyanates are
linked to anti-inflammatory and anticancer effects. In addition to these compounds, the plant has high levels
of proteins, amino acids, vitamins, calcium, magnesium, potassium, and iron, making it nutritionally valuable.
The phytochemical makeup of Moringa oleifera can change based on geographical location, environmental
conditions, plant maturity, and extraction methods (Leone et al., 2015; Pakade et al., 2013).

Despite these differences, the plant consistently shows strong therapeutic potential due to the combined action
of its bioactive compounds. Inflammation is a natural biological response that protects the body from injury
and infection (Mahajan & Mehta, 2010). However, chronic inflammation is linked to various disorders such
as diabetes, arthritis, heart disease, neurodegenerative conditions, and cancer. Due to the side effects of long-
term use of synthetic anti-inflammatory medications, there is growing interest in plant-based compounds with
safer therapeutic profiles (Sashidhara et al., 2009; Waterman et al., 2014). Research has shown that Moringa

oleifera has significant anti-inflammatory properties (Waterman et al., 2014; Coppin et al., 2013).
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Various extracts, especially from leaves, have been shown to suppress inflammatory mediators like tumor
necrosis factor-alpha (TNF-a), interleukins, nitric oxide, and cyclooxygenase enzymes. Bioactive compounds
like quercetin and isothiocyanates can regulate inflammatory pathways, including NF-«xB and MAPK
signaling pathways. Studies on animal models suggest that Moringa oleifera reduces swelling and tissue
inflammation (Sulaiman et al., 2008; Mahajan & Mehta, 2010). The plant also lowers oxidative stress, which
is closely related to inflammatory responses (Coppin et al., 2013; Xu et al., 2019).

Some studies indicate that the anti-inflammatory properties of Moringa oleifera may aid in wound healing and
tissue regeneration by promoting collagen production and minimizing cellular damage. Moringa oleifera’s
ability to influence inflammatory pathways shows its potential in managing chronic inflammatory diseases.
Its natural origin and nutritional benefits enhance its role as a potential therapeutic option. Oxidative stress
happens when there is an imbalance between free radicals and the body's antioxidant defenses (Sreelatha &
Padma, 2009; Verma et al., 2009).

Excessive reactive oxygen species can harm proteins, lipids, and DNA, leading to aging and chronic diseases
(Vergara-Jimenez et al., 2017; Xu et al., 2019). Natural antioxidants from plants are viewed as important for
disease prevention and health promotion. Moringa oleifera is recognized as a notable natural source of
antioxidants (Sreelatha & Padma, 2009; Verma et al., 2009). The leaves contain high levels of flavonoids,
phenolic compounds, vitamin C, carotenoids, and polyphenols that effectively neutralize free radicals and
reduce oxidative damage. Many studies using DPPH, ABTS, and FRAP assays confirm the strong antioxidant
activity of Moringa oleifera extracts (Moyo et al., 2012; Pakade et al., 2013).

Methanolic and ethanolic leaf extracts show impressive free radical scavenging effects and help boost the
body's antioxidant enzymes like superoxide dismutase, catalase, and glutathione peroxidase. The antioxidant
activity of Moringa oleifera has been linked to several protective effects, including liver protection, heart
protection, brain protection, and anti-aging properties (Fakurazi et al., 2008; Chumark et al., 2008).
Experimental research shows that the plant reduces lipid peroxidation and protects against oxidative injury.
Given that oxidative stress plays a major role in chronic diseases, the antioxidant potential of Moringa oleifera
underscores its significance as a functional food and medicinal plant. Cancer remains one of the leading causes
of death worldwide, and there is increasing interest in finding natural compounds with anticancer properties
(Al-Asmari et al., 2015; Jung, 2014).

Medicinal plants are seen as valuable sources of bioactive molecules that can help slow tumor growth and
reduce the side effects of standard chemotherapy (Tiloke et al., 2013; Sashidhara et al., 2009). Several studies
have highlighted the anticancer potential of Moringa oleifera (Tiloke et al., 2013; Al-Asmari et al., 2015).
Bioactive compounds such as niazimicin, quercetin, benzyl isothiocyanate, and kaempferol have shown
inhibitory effects against various cancer cell lines, including breast cancer, lung cancer, liver cancer, colorectal
cancer, and leukemia. The anticancer activity of Moringa oleifera involves several molecular mechanisms,
including inducing apoptosis and regulating the cell cycle (Jung, 2014; Tiloke et al., 2013).

Extracts from the plant can trigger apoptosis, regulate the cell cycle, inhibit new blood vessel formation, and
reduce cancer cell growth. Some studies also suggest that Moringa oleifera might limit metastasis and protect
healthy cells from oxidative stress-related damage. Methanolic leaf extracts display selective toxicity towards
cancer cells while being less harmful to normal cells. Animal studies indicate that the plant may lower tumor
incidence and enhance antioxidant defense mechanisms (Al-Asmari et al., 2015; Tiloke et al., 2013). Although
these findings are promising, most studies are confined to laboratory and preclinical settings. More clinical
research is needed to confirm the anticancer effects and safety of Moringa oleifera in humans. The rising
problem of antibiotic-resistant microorganisms poses a significant global health challenge (Rahman et al.,
2009; Rockwood et al., 2013). This has led to extensive investigation of natural antimicrobial agents found in
medicinal plants. Moringa oleifera demonstrates broad-spectrum antimicrobial action against various harmful
bacteria and fungi (Rahman et al., 2009; Rockwood et al., 2013).

Extracts from its leaves, seeds, and bark have shown inhibitory effects on microorganisms like Escherichia

coli, Staphylococcus aureus, Bacillus subtilis, Pseudomonas aeruginosa, and Candida albicans. The
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antimicrobial qualities of Moringa oleifera are mainly due to its tannins, flavonoids, alkaloids, and
isothiocyanates (Govardhan Singh et al., 2013; Rockwood et al., 2013). These compounds disrupt microbial
cell membranes, interfere with their enzyme systems, and hinder their growth. Seed extracts of Moringa
oleifera have gained interest for their water purification capabilities and antimicrobial properties (Anwar et
al., 2007; Rockwood et al., 2013).

The seeds can coagulate and exhibit antimicrobial actions that help reduce microbial contamination in water.
This highlights the plant's environmental and medicinal significance. The strong antimicrobial properties of
Moringa oleifera suggest its potential for use in drug formulations, food preservation, and natural healthcare
products. Beyond its antioxidant, anti-inflammatory, antimicrobial, and anticancer effects, Moringa oleifera
shows several other pharmacological benefits. Studies indicate that Moringa oleifera helps manage blood sugar
levels and increases insulin sensitivity (Mbikay, 2012; Vergara-Jimenez et al., 2017). Chlorogenic acid and
quercetin support glucose metabolism and decrease oxidative stress related to high blood sugar. The
antioxidant compounds in Moringa oleifera protect liver tissues from toxic harm and inflammation (Fakurazi
et al., 2008; Hamza, 2010). Research has shown improvements in liver enzyme levels and reductions in
oxidative damage after treatment with plant extracts.
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Discussion: The available scientific evidence clearly shows that Moringa oleifera is a medicinal plant with
outstanding therapeutic and nutritional value (Anwar et al., 2007; Leone et al., 2015). Its pharmacological
activities are closely linked to various phytochemicals, including flavonoids, phenolic acids, glucosinolates,
and isothiocyanates. The plant's antioxidant activity is vital for protecting cells from oxidative stress and
lowering the risk of chronic diseases. Likewise, the anti-inflammatory effects of Moringa oleifera add to its
therapeutic significance in inflammatory and metabolic disorders. The anticancer and antimicrobial properties
further enhance the medicinal relevance of the plant and support its potential role in drug development. Besides
its therapeutic benefits, the nutritional value of Moringa oleifera makes it useful for combating malnutrition
and promoting overall health. Despite these promising findings, there are still several limitations in current
research. Variability in phytochemical composition, a lack of standardized extraction methods, few clinical
trials, and inadequate toxicity studies remain significant challenges (Stohs & Hartman, 2015; Leone et al.,
2015). Future research should focus on large-scale clinical studies, optimizing dosage, assessing long-term
safety, and developing standardized formulations. Conclusion Moringa oleifera is one of the most promising
medicinal plants because of its remarkable phytochemical composition and wide range of pharmacological
activities. The plant shows significant antioxidant, anti-inflammatory, antimicrobial, anticancer, antidiabetic,
hepatoprotective, and cardioprotective properties. These therapeutic effects are primarily linked to bioactive
compounds like quercetin, kaempferol, chlorogenic acid, and isothiocyanates. Scientific evidence strongly
backs the traditional medicinal uses of Moringa oleifera and emphasizes its growing role in modern healthcare,
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pharmaceuticals, nutraceuticals, and functional foods (Fahey, 2005; Gopalakrishnan et al., 2016). However,
further standardization, clinical validation, and toxicity evaluation are needed before its widespread
therapeutic use can be fully established. The increasing global interest in natural medicines and plant-based
treatments suggests that Moringa oleifera will continue to be important in future biomedical and
pharmaceutical research (Fahey, 2005; Stohs & Hartman, 2015).
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