


               Sesame (Sesamum radiatum) Leaves, Nature’s Gift In Medicine: A Systematic Review
  

                                                                        ABSTRACT
Important bioactive compounds found in Sesamum radiatum leaves are helpful against cancer and cancer-related risk factors, including biological agents and carcinogens, high blood pressure, ulcers, infertility, osteoarthritis, bacterial and fungal infections. The health-influencing chemicals found in Sesamum radiatum leave that exhibit antitumoural, antimutagenic, immunomodulatory, anti-inflammatory, antioxidant, and anti-hyperglycemic properties are responsible for these wide-ranging effects. The combination of lignans (sesamin, sesamol, sesamolin, and sesaminol), tocopherol (vitamin E), homologues, and phytosterols are responsible for the bioactivities of Sesamum radiatum leave. While numerous reviews have focused on the nutritional and phytochemical properties of Sesamum radiatum leaves, only few have offered a comprehensive analysis of its advantages in medicine. Hence, this review explores the bioactive compounds of Sesamum radiatum leaves and their potentials in managing various disease conditions.
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1. INTRODUCTION 
      Worldwide, the use of herbal remedies to treat a range of medical conditions is still growing quickly. As the inventory list WHO showed, greater than 20,000 species of medicinal plants have been compiled so far (Vaou et al., 2021). Medicinal plant products remain the most accessible and easily affordable medicines for primary health care in developing countries (Gumisiriza et al., 2019). They contain biologically active ingredients like terpenoids, alkaloids, glycosides and volatile oil used for treating various infections with low side effects and low cost (Alqahtani and Sahat, 2022). People employ locally accessible indigenous plants to cure and prevent common ailments, both infectious and non-infectious, particularly among the low-income segments of society. These plant products are popularly sold as raw plant materials at informal (muthi) markets, with most traders being rural inhabitants who depend on the informal trade to financially sustain their families (Khumalo, 2018). These medicines are commonly prepared with water and taken as decoctions and infusions, or may be applied externally as raw plant material in powdered or poultice forms to treat various inflammatory conditions (Khumalo et al., 2022).  
      Africa as a continent is largely endowed with various plants with medicinal properties. African medicinal plants have been reported to possess good therapeutic efficacies (Ian and Sandy, 2020). It is a common practice in Africa and other parts of the world to use plants in the form of crude extracts, decoction, infusion, or tincture to treat common infections and chronic conditions (Suleiman, 2015). Prominent among the conditions treated with medicinal plants are skin diseases such as eczema, ringworm, skin rashes, vitiligo, measles, boils, chicken pox, and small pox (Schäfer, 2017).
       Many types of these medicinal plants, whose leaves, roots, fruits, seeds, and barks are valuable in traditional medicine, are abundant in Nigeria. Sesame is a well-known domesticated crop, due to its tropical nature and requires warm weather conditions to thrive. It is one of the earliest-known crop-based oils in which about 50% of the oil content in seed contains high protein (Varvouni et al., 2021). Because of its high protein, oil, and antioxidant content, sesame seed is durable and have a long shelf life. It can promote the growth of mushroom mycelium and is rich in minerals and amino acids (Talebi et al., 2023). Blood pressure, platelet aggregation, adipocytokine balance, and vascular endothelial function are all improved by sesame. 
        It was utilised by the ancient Chinese to promote energy, calm the mind, and postpone ageing. It has estrogenic, anti-inflammatory and heart protective properties and contains lignans, phenolic compounds, protein, and fat (Hadipour et al., 2023). Medical benefits of sesame include anti-cancer properties, hepatoprotection, and hypocholesterolemia. To cure injuries and avoid malnutrition, it provides vital micronutrients like calcium, potassium and phosphorus. To relieve pain, use sesame oil (Nagar et al., 2022). As a source of protein and edible oil, sesame, a phytochemical rich in compounds like sesamin, tocopherol and fatty acids, offers significant nutritional advantages. Due to its nutritional content and health benefits, its commercial value has increased (Yaseen et al., 2021).
       As a result of its mild flavour and strong perfume, it is a popular and widely produced crop. Sesame are frequently used in people's daily lives to manufacture a range of dishes, including sesame paste and oil, as well as to garnish other cuisines. When sesame were added to the list of food and medicine ingredients released by the former Chinese Ministry of Health in 2002, their scientific nutritional value status was established legally. Sesame is considered “queen of oilseeds” due to the presence of rich polyunsaturated fatty acids (omega-3 and omega-6) and natural phenolic compounds such as lignans, sesamol, and sesaminol.
        In recent years, certain sesame varieties , for example, black and white sesame, have gained popularity for containing high levels of phenolics, such as lignans, flavonoids, and phenolic acids (ferulic, p-coumaric, and 4-hydroxybenzoic acids (Chen et al., 2020; Zalesak et al., 2019).  These compounds impart many of the pharmacological activities like antioxidant, antibacterial, cardio tonic, antidiabetic, hypocholesterolemic, antitumor, antiulcer, antiinflammatory and analgesic to sesame (Anilkumar et al., 2010). 
        The review aims to examine the botanical traits, nutritional, phytochemical profile, as well as, bioactive compounds and therapeutic potentials of sesame (Sesamum radiatum) leaves using a comprehensive examination of existing literature. It will provide a thorough understanding of the supporting scientific evidences of sesame (Sesamum radiatum) leaves as a medicinal plant. Finally, it aims to add to the body of information on sesame (Sesamum radiatum) leaves supporting their usage for improved health outcomes. 
2. Literature Review
2.1. Description of sesame (Sesamum radiatum) leaves
Sesame belongs to the Pedaliaceae family and is a genus of Sesamum. Sesame is divided into three categories based on the colour of the germplasm: white, black, and yellow. Of these, black and white sesame are the most prevalent and extensively cultivated dominating species. White sesame has a high oil content, is of superior quality, and has the widest planting area and distribution, whereas black sesame has strong growth potential, lodging resistance, and drought tolerance. Other variegated varieties such as yellow sesame, its plants are mostly branched. In general, the oil content decreases gradually as the colour of the germplasm deepens (Dar et al., 2019). Table 1 shows the botanical classification of sesame (Sesamum radiatum) leaves.
       The plant Sesamum radiatum also referred to as benniseed (English), ewe-atura (Yoruba), karkashi (Hausa), beni (Tiv/Idoma) and Izhin (Tarok) is common in Africa, especially West and central Africa (Shittu et al., 2009).  It is an erect annual herb between 120 and 150 cm tall; with simple stem or branched, glandular pubescent. The leaves of this vegetable are arrange in opposite or alternate positions in the aerial part of the plant, and is grown in small quantity in the rural areas (Oduntan et al., 2014). The fresh leaves of Sesamum radiatum and young shoots are finely cut, cooked and use for soups or sauces, which are eaten with porridge.
Table 1: Botanical classification of sesame (Sesamum radiatum) leaves
         Rank                                                                              Scienticfic Name
Kingdom                                                                                Plantae (Plants)
Phylum                                                                                  Tracheobionta (Vascular plants)
Class                                                                                       Magnoliopsida
Order                                                                                      Lamiales
Family                                                                                       Pedaliaceae
Genus                                                                                     Sesamum
Species                                                                                   Sesamum radiatum

2.2 Morphology of sesame (Sesamum radiatum) leaves
The erect annual herb sesame reaches a height of 60 to 150 cm. The stem has a white pith or is hollow. The sesame leaves have a slightly hairy surface and are rectangular or ovate in shape, measuring 3–10 cm in length and 2.5–4 cm in width. They are carried on the leaf axils either alone or in pairs or threes. Sesame's calyx lobes are lanceolate in shape, 5–8 mm long, and 1.6–3.5 mm broad. They also appear pilose. Sesame's corolla is a tube that is 2.5–3 cm length and 1–1.5 cm in diameter. It is white and frequently has a yellow or purplish-red halo. The ovary is superior, four-loculed, and pilose on the outside, and the flower opens in late summer or early autumn. The four stamens are concealed inside the bloom. The sesame capsule has a rectangular form, is 2–3 cm in length and 6–12 mm in diameter, and has microscopic hairs on the epidermis and longitudinal ribs on the surface. Figure 1 below shows sesame (Sesamum radiatum) leaves. 
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                                              Fig. 1: Sesame (Sesamum radiatum) leaves

2.2 Cultivation of sesame (Sesamum radiatum) leaves 
Mostly grown in central Asia and North Africa, sesame is a temperature-loving crop that thrives in the subtropics. There are two primary varieties of sesame that are grown and produced based on their branching characteristics. One is the monopole kind, which is typically late maturing, unbranched, has short internodes, bears two to three capsules per node, and is appropriate for dense planting. The branching variety of sesame is an additional variety that typically reaches maturity earlier. It is branched, has long internodes, bears mostly one capsule per node, and should not be planted too densely (Patel et al., 2018). 
           China can cultivate sesame up to 45° N, primarily in the middle and lower Yangtze River reaches and the Yellow River. According to statistics, the national sesame cultivation area is about 790,000 hectares and the production is about 580,000 tons (Jiang, 2019). 
           Sesame is frequently grown alongside short-stemmed crops due to its upright stems and little shade area. For example, it is mixed or intercropped with sweet potatoes, peanuts, soybeans, and other crops (Somefun et al., 2020). Sesame is more drought-tolerant, while beans are more moisture tolerant. Sesame and beans mixed crop is beneficial to prevent drought and flooding (Dossa et al., 2019). The oil content of sesame seeds ranges from 37% to 63%, depending on the cultivar and the growing season (Hedge, 2012). 
3. Methodology
          This review examined sesame (Sesamum radiatum) leaves as a game changer in treating certain diseases using a comprehensive examination of existing literature. The search was developed to enable a thorough and systematic review of a diverse range of relevant studies in English, Spanish, French, and Portuguese. Key databases used included Science Direct, Web of Science, Medline, BVS Regional Portal, Embase, and Google Scholar. The primary keywords used in the search were “sesame,” “Sesamum radiatum,” “b ioactive compounds,” “phytochemical profile,” and “therapeutic potentials.” To ensure scientific rigour, only peer-reviewed research was considered. The review method included a comprehensive study of titles and abstracts, followed by a thorough examination of chosen full-text papers. Key data were rigorously retrieved and classified according to substances, research extraction type, bioactive procedures, and documented therapeutic effects. The emphasis was on the supporting scientific data of sesame (Sesamum radiatum) leaves as a game changer in treating certain disease conditions.

4. Results and Discussion 
4.1. Nutritional value of sesame (Sesamum radiatum) leaves
 Proximate analysis is a system of analysis of nutrient in which the gross component or proximate (water, carbohydrate, dietary fibres, fatty acids, ash, and proteins) are determined (AOAC, 1990). , Nutritional components are among the fundamental food properties of sesame (Sesamum radiatum) leaves. The nutrient content is slightly changed by cooking, but the dietary composition remains unchanged.





Table 2: Proximate Composition of Dried Leaves of Sesamum radiatum 
  Nutritive values                                                                                    Weight (g)/100g of sample  
  Moisture                                                                                                  15.30 
  Crude Protein                                                                                         18.33 
  Crude Fibre                                                                                              4.10 
  Crude Fat                                                                                                 1.30 
   Ash                                                                                                           10.50

 Table 3: Mineral Composition of Dried Leaves of Sesamum radiatum
   Elements                                                                                                  (PPM)
   Calcium                                                                                                     1.00 mg/100 g 
   Phosphorus                                                                                              0.31 mg/100 g 
   Pb                                                                                                               0.1635±0.05
   Fe                                                                                                               30.778±17.16 
   Mg                                                                                                             153.684±127.38 
   Mn                                                                                                             1.2935±0.61
   Cu                                                                                                               0.172±0.09 
    Zn                                                                                                                 0.315±0.06
    PPM= Part per million; Values are means of three determinations ± SD
4.2. Anti-nutritional compounds in sesame (Sesamum radiatum) leaves
Anti-nutrients are natural or synthetic compounds that interfere with the absorption of nutrient (Chung et al., 1998).  Sesame (Sesamum radiatum) leaves is high in antinutritional compounds such as oxalate, phytate, and tannin. Oxalates are categorized as antinutritional components due to their ability to bind to dietary calcium and generate calcium oxalate crystals. This process prevents the body from absorbing and making use of calcium, which can lead to conditions such as osteomalacia and rickets (Mitharwal et al., 2022). Tannins have long been known to reduce the bioavailability of proteins, minerals, and especially iron (Robinson et al., 2019).




Table 4: Quantitative Anti-Nutrient Screening of Sesamum radiatum
 Parameters                                                                                              Weight (mg)/100 g
  Phytic acid                                                                                                 52.73 
  Tannins                                                                                                      3.87
  Oxalate                                                                                                      230.00

4.3. Phytochemistry
Numerous phytochemicals, such as alkaloids, flavonoids, polyphenols, tannins, saponins, sterols, and terpenoids, are found in Sesamum radiatum leaves. These substances have been connected to a number of health advantages, including antibacterial and antioxidant properties.

4.3.1. Alkaloids
Alkaloids are a large cluster of molecules found in Mother Nature all over the world. They are secondary compounds and collection of miscellaneous elements and biomolecules, derived from amino acids or from transformation. This diverse chemical group is categorized, based on the amino acids that deliver their nitrogen atom and part of their skeleton. Research indicates that they may have a variety of pharmacological effects, such as antibacterial and anti-inflammatory ones.

4.3.2. Flavonoids
Flavonoids are phenolic compounds that are found in fruits, vegetables, and mushrooms in different forms, and studies have shown that these compounds exhihits in vitro α-amylase and α-glucosidase inhibition activities. Flavonoids consist of two aromatic rings (A and B rings) linked by a 3-carbon chain that forms an oxygenated heterocyclic ring (C ring). Flavonoids are classified as flavonols, flavanones, flaven-3-ols, anthocyanins, flavones, and isoflavones. Plant pigments known as flavonoids have strong anti-inflammatory and antioxidant qualities.

4.3.3. Polyphenols
Polyphenols are a large, diverse group of natural compounds found in plants, characterized by multiple phenol groups (a benzene ring with hydroxyl groups). Polyphenols are widely found in fruits, vegetables, nuts, seeds, and tea, and are associated with numerous health benefits, including reduced risks of chronic diseases like cardiovascular disease, cancer, and type 2 diabetes. Also like flavonoids, they possess significant antioxidant activity, protect against UV radiation and pathogens, and contribute to colour of many plants. They contribute to reducing inflammation and protecting against various diseases.

4.3.4. Tannins
Tannins are natural, water-soluble compounds in plants that bind to and precipitate proteins, giving them a bitter, astringent taste and contributing to their protective role against herbivores and microbes. Originating from the practice of using plant materials to tan leather, tannins serve as deterrents in plants and have numerous applications, including in leather production, inks, dyes, and as clarifying agents in beverages like wine and beer. They also possess antioxidant properties and are being studied for potential health benefits, though their ability to bind with nutrients food can also reduce nutrient absorption.  They are found in skin products like witch hazel, used for skin irritations. Due to their antioxidant and other properties, they are being studied as potential ingredients in health-promoting foods and supplements. As a result of their astringent properties, they aid in wound healing and reducing inflammation.

4.3.5. Saponins
Saponins are a diverse group of naturally occurring plants compounds that, due to their ability to form stable foams in water, are also known as “soap-like” or “glycosides”. These compounds are structurally composed of a sugar molecule linked to a steroid or triterpene, called the aglycone. Saponins have a wide range of biological and pharmacological properties, including anti-inflammatory, antiviral, anti-cancer activities, and are used in folk medicine and serve as vaccine adjuvants. Due to their foaming and emulsifying properties, and they can also exhibit antimicrobial and anti-inflammatory effects.

4.3.6. Sterols
A unique four-ring steroid nucleus with a hydroxyl group at carbon 3 and a side chain at carbon 17 distinguishes the family of chemical molecules known as steroids, which are categorised as lipids and steroids. They are vital parts of eukaryotic cell membranes in fungi, plants, and animals, where they are responsible for preserving the stiffness, permeability, and fluidity of the membrane. Well-known examples are ergosterol in fungi and cholesterol in animals, which are essential for cell structure and function and also act as building blocks for vitamins, hormones, and other critical substances. These compounds are important for cell membrane structure and can also play a role in regulating cholesterol levels.

4.3.7. Terpenoids
Terpenoids, or isoprenoids, constitute a substantial class of naturally occurring organic compounds produced from the 5-carbon isoprene unit, distinguished from simple terpenes by the presence of extra functional groups, usually oxygen. These compounds contribute to the aroma, flavor, and color of plants, and include well-known examples like menthol, camphor, and cannabinoids. They are widely used in various applications, from traditional remedies and flavors in foods to fragrances, cosmetics, and even as agricultural pesticides. This group includes various compounds with diverse biological activities, including potential anti-inflammatory, antimicrobial, and anticancer effects. 















Table 5: Classes of phytochemicals present in the S. radiatum leaves.
                                                                                                                                     Leaves Extracts
Phytochemical category                                              ESera           Crude         Ethanolic                           Hexanic
Quinones                                                                          +                     +                  +                                           -
Tannins                                      Gallic                              -                      -                  +                                           -
                                                    Catechic                        +                     +                  +                                           -
Alkaloids                                                                           +                     +                  +                                          +
Sterols and terpenes                                                      +                     +                  +                                           -
Polyphenols                                                                     +                     +                  +                                           -
Reducing compounds                                                    +                     +                   -                                           -
Flavonoids                                                                        +                     +                   +                                           -
Saponins                                                                          +                     +                    -                                           -
+ presence; - absence; ESera: S. radiatum aqueous leaf extract.

4.4. Pharmacological properties of sesame (Sesamum radiatum) leaves
In addition to its potential applications in male fertility and birthing, sesamum radiatum leaves have a number of pharmacological qualities, such as myorelaxant, antiviral, and antifungal activities. The leaves are traditionally used to treat cardiovascular problems, and extracts from them have been proven to improve sperm count in male rats.
4.4.1. Myorelaxant effects
In guinea pigs, aqueous extracts of Sesamum radiatum leaves have shown notable myorelaxant effects, confirming their traditional applications for cardiovascular disorders.
4.4.2. Facilitating childbirth 
Like oxytocin and misoprostol, the aqueous leaf extract causes hypotension and has a uterotonic effect, which means it stimulates the contraction of the smooth muscles of the uterus. This calcium mobilization-related uterotonic activity raises the possibility of employing the plant to aid in labour.
4.4.3. Male fertility
Sesame leaves have long been used to treat male infertility, and studies have shown that ingesting them can increase sperm count and improve epididymal spermatocyte reserves in male rats.
4.4.4. Antimicrobial and antiviral activities
It has been discovered that Sesamum radiatum leaves have antibacterial and antiviral qualities; both the roots and the leaves exhibit activity against a variety of infections. This lends credence to its application in the management of fungus infections, diarrhoea, and dysentery.
4.4.5. Antioxidant properties
The plant contains antioxidants like tocopherols, phytosterols, and lignans, contributing to its ability to combat oxidative stress.
5. Conclusion
       The review suggests that sesame (Sesamum radiatum) leaves has significant potencies and clinical benefits. It has been determined that every part of sesame (Sesamum radiatum) leaf is extremely important and has unique requirements. Thus, the plant leaf has a lot of physiologically active phytoconstituents, including alkaloids, flavonoids, tannins, and saponins.  Also, it contains various minerals and vitamins which are important in the normal functioning of the body. The results of various clinical studies endorse its various biological and pharmacological aspects. However, further research is needed to determine its toxicity and adverse side effects. Additionally, there has been little progress in its industrial formulation into various products using advanced technology, which could increase its economic value. Therefore, this could be a good invention for developing numerous dietary products from it. 
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