


             Nutraceuticals as a Natural Strategy for Diabetes Management  


ABSTRACT
Diabetes affects around 589 million adults worldwide between the ages of 20 and 79. In this particular age group, this amounts to 11.1% of the global population. With 83.8 million people having diabetes. India is the world's diabetic capital. Moreover, it is estimated that India will have 156.7 million people with diabetes in 2050. According to projections, 853 million adults (13%) will have diabetes worldwide by 2050. In 2024, diabetes claimed the lives of more than 3.4 million people. This is equivalent to 9.3% of all deaths around the world, million diabetic patients, and 136 million pre-diabetic patients, or 17% of all diabetic patients worldwide. India is quickly becoming the world's diabetic capital.  The present study aimed to promote preventive measures for optimising type 2 diabetes mellitus through evidence-based information. Diabetes raises the possibility of further comorbidities such as damage to the kidneys, nerves, heart, and eyes. Incorrect lifestyle choices, such as unhealthy eating patterns and insufficient exercise, are the primary factors contributing to the rising incidence of diabetes. Therefore, an exhaustive lifestyle adjustment is necessary to manage diabetes and requires changes to basic or core behaviours. Throughout the years, nutraceuticals have been studied to combat the severe consequences of diabetes. Foods, food ingredients, or dietary supplements with health or medicinal claims are referred to as nutraceuticals. The commercial term "nutraceutical" is derived from the terms "pharmaceutical" and "nutrient". Herbal nutraceuticals are plant-based foods or portions of foods, such as oils, berries, roots, seeds, and flowers, that are meant to support health and heal illnesses. Cinnamon (Cinnamomum verum), Fenugreek seeds (Trigonella foenum-graecum), Dried ginger (Zingiber officinale), Curry leaf (Murraya koenigii), Jamun seeds (Syzygium cumini), Swertia chirayita (Gentianaceae) and Vijaysar (Pterocarpus marsupium Roxb) are some of the herbal nutraceuticals reported by researchers to have a wide spectrum of pharmacological properties, and they are anti-diabetic and anti-inflammatory. With this knowledge, it will be possible to treat and manage type-2 diabetes more effectively, increasing its benefits to health and enhancing well-being. 
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INTRODUCTION
[bookmark: _GoBack]Stephen De Felice first used the term "nutraceutical" in 1979. It means "a food or parts of food that provide medical or health benefits, including the prevention and treatment of disease." The philosophy behind nutritional therapy is centred on the complementary use of nutraceuticals, as food serves as a source of nutrients and energy in addition to having therapeutic properties. (Chauhan et.al.,2013) A report published in the Global Nutraceutical Market revealed that the global demand for herbal and non-herbal extracts is increasing continuously. The nutraceuticals market is a thriving industry with a projected significant growth in the upcoming years. Its market size is valued at approximately USD 419.93 billion in 2023, and the global nutraceuticals market is anticipated to reach USD 976.74 billion by 2032. In 2023, the Asia Pacific held the largest market share. According to Calvani et al. (2020), 90% of Africans, 70% of Indians, and 40% of Chinese use plant-based products to treat a variety of primary diseases. By 2025, the Indian nutraceutical market is expected to reach a value of USD 18 billion, according to the report (Malve and Bhalerao 2023). After Malaysia, China is the largest exporter of nutraceuticals among the nations that make up the Association of Southeast Asian Nations (ASEAN) (Tripathi et al. 2020; Davì et al., 2010). The market for immunity-boosting nutraceuticals exploded after COVID-19, and by 2027, the Asian and American markets will reach USD 140,178.6 million and USD 118.73 billion, respectively (Jadhav et al., 2023). The growing demand for nutraceuticals to prevent lifestyle-related health conditions is the primary factor propelling market growth.
Due to the side effects associated with many pharmacological treatments, the use of plants and their extracts has emerged as an alternative approach for treating diabetes-linked complications. The efficacy of traditional plants and plant parts has been investigated by various researchers for treating diabetes and its associated complications (Khan et al., 2025). Numerous plant-based nutraceuticals have gained increased recognition recently and are being used to treat and prevent a range of illnesses. Nowadays, plant-based nutraceuticals are used for wellness, skin care, health management, and treatment, and their market share has grown significantly on a global scale. Nutraceuticals made from plants are being consumed by healthy people in order to stay healthy. The use of plant-based nutraceuticals, such as omega-3 fatty acids, antioxidants, flavonoids, polyphenols, or herbs like ginseng, green tea, aloe vera, algae, and wheatgrass, to maintain or improve health has created a new consumer market (Jain et al. 2022). More industry departments devoted to plant and herbal science research have been established in India in recent years as a result of growing awareness of medicinal plants over the past 15 years. With over 46,000 plant species identified, traditional medicine plays a crucial role in Indian culture, which is why this development has occurred (El Khoury et al. 2012). Modern medicine's side effects have prompted international research into using plant and herbal remedies to reduce side effects and improve treatment efficacy (Kumar 2017).
Fig. 1- Role of nutraceuticals in promoting health, wellness and prevention of diseases

The food items utilised as nutraceuticals vary from dietary fibre, prebiotics, probiotics, polyunsaturated fats, cancer prevention agents and other various sorts of homegrown/natural nourishments (Kulkarni et al., 2021). Nutraceuticals help our bodies detoxify while also reestablishing a healthy digestive system and eating patterns. Nutraceuticals are marketed in concentrated forms as pills, capsules, powders, and tinctures either as a single substance or as combination preparations (Nwaogu et al., 2021). A nutraceutical may be a naturally nutrient-rich food, such as spirulina, garlic, soya, or a specific food component like omega-3 oil from salmon. They are also known as medical foods, nutritional supplements, and dietary supplements. (Radhika et.al.,2019) 
Diabetes is a chronic disease, and it is a metabolic syndrome. Dysregulation of the metabolism of carbohydrates, fats, and proteins is a hallmark of type 2 diabetes mellitus (T2DM), which can be caused by either insulin resistance, inadequate insulin secretion, or a combination of the two. Out of the three primary forms of diabetes, type 2 diabetes mellitus (T2DM) is significantly more prevalent, making up over 90% of all cases, than either type 1 diabetes mellitus (T1DM) or gestational diabetes. In recent decades, there has been a rapid evolution in our understanding of the onset and progression of type 2 diabetes. Its primary cause is gradually reduced pancreatic β-cell insulin secretion, typically occurring against a backdrop of pre-existing insulin resistance in the liver, adipose tissue, and skeletal muscle (DeFronzo, 2009). 
Chart 1- Diabetes diagnosis reference values and complications of T2DM
DIABETES MELLITUS
Diabetes diagnosis reference value
HbA1c
 ≥6.5%
Fasting plasma glucose ≥126mg/dl
2 hours plasma OGTT ≥200mg/dl

COMPLICATIONS OF DIABETES
· Retinopathy
· Nephropathy 
· Neuropathy 
· Diabetic foot
· Strokes
· Heart attack 
· Gum disease 
· Oral issues
· Cancer 








*OGTT-Oral glucose tolerance test *American Diabetes Association *World Health Organisation
Nutraceuticals found in herbal dietary supplements have been shown to have therapeutic benefits for type 2 diabetes. Spices like cinnamon and fenugreek, and ubiquitous antioxidants like lipoic acid and catechins are used to treat diabetic retinopathy, nephropathy, and neuropathy. Magnesium, chromium, calcium, and vitamin D strengthen glycemic control and enhance insulin sensitivity and other benefits. Insulin-resistant patients' elevated plasma glucose is decreased by caffeic acid. Insulin resistance is improved, and fasting and postprandial glucose levels are reduced by green tea and epicatechin 3-gallate. 
Stress is a major factor in diabetes. The naturally occurring bioactive substances known as adaptogens aid in preventing cellular damage brought on by stress. They work to normalise and offer a counterbalance to stress and mental health. They progressively improve emotional functioning, which aids in recovering from difficult situations. Herbal supplements such as ginseng and ashwagandha are potent adaptogens that stimulate the synthesis of heat-shock protein 70 (HSP-70), a protein that suppresses stress. Additionally, they enhance resistance to stressful circumstances, stabilise physiological processes, encourage homeostasis, lessen moderate-to-severe anxiety, enhance sleep, lessen depression, and enhance secondary memory (Kalra, 2003). Despite having different symptoms, obesity and diabetes have some things in common. Numerous people are impacted by insulin resistance. Herbal remedies can help with muscle versus fat synthesis and hyperglycemia (Rahman MM, 2022).
METHODOLOGY
Internet surfing from the Google Scholar database (Springer, PubMed, Elsevier, Diabetes Care, etc.) was used to identify and download abstracts and research papers related to Nutraceuticals, herbal nutraceuticals, Nutraceuticals which aid diabetes, prevalence of diabetes, consequences, how diabetes can be diagnosed, and Herbal ingredients that have a wide spectrum of pharmacological properties and are anti-diabetic. Keywords like the role of Cinnamon in preventing T2DM, the impact of Vijaysar, how fenugreek seeds help to lower blood sugar levels, and the effect of curry leaves on type-2 diabetes mellitus were used to conduct the research.
RESULTS AND DISCUSSION
Synthetic drugs in type-2 diabetes mellitus possess a restricted function and a significant chance of developing medication tolerance, which can lead to a rise in dosage or a change in medication. Traditional herbal medicines are used as a safe alternative to conventional hypoglycaemic agents (Sharma et.al.,2016). Herbal nutraceuticals like Cinnamon (Cinnamomum verum), Fenugreek seeds (Trigonella foenum-graecum), Dried ginger (Zingiber officinale), Curry leaf (Murraya koenigii), Jamun seeds (Syzygium cumini), Swertia chirayita (Gentianaceae), and Vijaysar (Pterocarpus marsupium Roxb) have anti-diabetic and anti-inflammatory properties. Ayurvedic herbs may act as "Potentiators" for these medications due to their abundance of vital phytonutrients and can assist in maintaining the standard of living for those with diabetes (Raut et.al., 2013 & Chopra et.al., 2011). Some Ayurvedic and Indian folk medicinal plants have a great deal of potential. Because of the presence of bioactive components that act as nutraceuticals, herbal medications are much more potent and have fewer side effects than synthetic anti-diabetic medications. Nutraceutical role in clinical practice is evolving. Demand is rising among patients who should make use of natural products. The mechanism by which hypoglycemic herbs work is by raising insulin secretion, improving muscle and adipose tissue uptake of glucose, preventing the intestinal absorption of glucose, and preventing glucose generation using hepatocytes (Nimesh, 2018).
Cinnamon (Cinnamomum verum) 
In the form of aqueous and alcoholic extracts, cinnamon and its active ingredients—cinnamaldehyde, cinnamonate, cinnamic acid, and eugenol—have several medicinal uses. Cinnamon extracts help lower high blood sugar (Hosseinzadeh, 2016). In diabetic patients with inadequate glycaemic control, cinnamon extract appears to have a moderate impact on lowering fasting plasma glucose levels (B. Mang et al., 2006). Pancreatic cells release more insulin when cinnamon is present (Sharma, 1995).  Patients with type 2 diabetes may benefit from cinnamon in terms of their lipid profiles, blood glucose levels, and anthropometric measurements. Patients with a higher baseline BMI (BMI ≥ 27) experience these benefits to a significantly greater extent (Roghayeh Zare et al., 2019).
Fenugreek seeds (Trigonella foenum-graecum)
The bioactive substances found in fenugreek seeds include diosgenin, 4-hydroxyisoleucine, galactomannan, trigonelline, quercetin, vitexin, isovitexin, coumarins, lignans, mucilages, and phytosterols. The human symptoms of type 2 diabetes can be effectively and safely alleviated by fenugreek seed extract, also known as fenfuro (Narsingh et al., 2016). By soaking them in hot water, fenugreek seeds can be used as an adjuvant to help manage type 2 diabetes mellitus (Nazila Kassaian et al., 2009). In patients with type II diabetes, the administration of a Trigonella foenum-graecum seed powder solution significantly improved lipid metabolism while having no negative side effects. Thus, according to Genet Alem Geberemeskel et al. (2019), fenugreek seeds may offer fresh options for the clinical treatment of type II diabetes. 114 patients with type II diabetes were observed in a study conducted by Sharma et al. (1990). For a month, 57 patients took metformin, and another 57 patients took 25 g of fenugreek seed powder solution orally twice daily. According to the study, fenugreek significantly improved type II diabetes patients' lipid metabolism without causing any negative side effects.
Curry leaves (Murraya koenigii)
Curry leaves (Murraya koenigii) have a strong hypoglycemic effect on the metabolism of carbohydrates. It contains flavonoids, alkaloids, glycosides, and carbazole, among numerous bioactive substances. According to a research investigation, 30 patients with non-insulin-dependent diabetes mellitus were supplemented with curry leaf powder for one month. Blood sugar levels two hours after meals and fasting were the parameters tracked at 1, 15, and 30 days. Over a 15-day period, the results showed a temporary decrease in fasting and postprandial blood sugar levels (Mani, 1990). According to Khan BA (1995), it decreases glycogenogenesis and gluconeogenesis while increasing gluconeogenesis. Over the course of 30 days, 10 type 2 diabetic men (51-62 years old) were observed and given 15 g of curry leaf powder daily to eat with lunch. substantial decrease in blood glucose load, pre-lunch and post-lunch glucose levels, and fasting and postprandial glucose levels (Kirupa LSS, 2013).
Jamun seeds (Syzygium cumini)
Before the discovery of insulin, jamun was a leading antidiabetic drug even in Europe. It has been used in a variety of complementary and alternative medical systems. India's numerous traditional medical systems have made use of the brew made by boiling jamun seeds in boiling water (Baliga, Manjeshwar S. et al., 2013). In jamun seeds, the bioactive ingredients include ellagic, gallic, phenolic, P-cumaric, caffeine, ferulic, chlorogenic, and hydrostable tannins. Jambolana, also known as antimellin, is an alkaloid found in jamun that inhibits the conversion of starch to sugar. Additionally, jamun seeds speed up the healing process of diabetic wounds and lower the risk of kidney dysfunction (Bhamre, 2021). Syzygium cumini raises serum insulin activity, stabilises glycemia, and enhances glucose tolerance (Ravi, 2004).   
Swertia chirayita (Gentianaceae)
The bioactive ingredients in Swertia chirayita include palmitic acid, stearic acid, oleic acid, and glycosides like chiratanin, chiratol, gentiopicrin, xanthones, swertiamarin, amarogentin, swetanone, and swerchirin. The plant extract is especially effective at preventing hyperglycemic issues because it contains natural chemicals like flavonoids and secoiridoids. The primary cause of the plant's antidiabetic properties is the presence of mangiferin in the stem portion. According to Priyanka D. Sable et al. (2023), the chirayata plant extract had a mild to moderate hypoglycemic effect. In certain individuals, chirata lowers blood sugar levels. To control excessive urination, a decoction of the entire plant is administered once daily along with 2 g of black cumin (Nigella sativa). After soaking the plants in water for the entire night, the filtrate is consumed in the morning without food (Singh, 2015). Aqueous bark extracts from S. chirayita stimulate insulin secretion and improve insulin action, which are key components of their antidiabetic effects. S. chirayita's actions could open up new avenues for diabetes treatment (Thomson et al., 2014).  	
Dried ginger (Zingiber officinale)
Chemical compounds found in ginger have the potential to prevent and treat diabetes mellitus. 6-gingerol and 6-shogaol are chemical compounds that have preventive properties. For the treatment of diabetes, ginger may prove to be an inexpensive herbal remedy (Siregar et al., 2022). The bioactive ingredients in dried ginger include gingerols, shogaols, gingerone, gingiberene, and paradols. Supplementing with ginger root substantially lowers HbA1c and blood glucose levels. It might work well for managing Type 2 diabetes mellitus when paired with dietary and lifestyle changes (James W. Daily et al., 2015). BMI, FBG, PPBG, HbA1c, TC, and fasting insulin levels were all markedly lowered by ginger. According to Gayar et al. (2019), ginger is regarded as a safe and efficient adjuvant antidiabetic agent that also helps with weight loss, insulin resistance, and lipid profiles.
Vijaysar (Pterocarpus marsupium roxb)
For thousands of years, people with diabetes have been treated with Vijaysar. It is used to treat NIDDM because of its potent anti-diabetic and antioxidant qualities (Bhageshwary Janagal et al., 2018). Since the beginning of time, Vijaysar has been used as an anti-diabetic. "Beeja Wood Water" is made by filling heartwood beakers with water and letting them sit overnight (Manish Devgun et al., 2009). A-dihydroxychalcone-glycoside, pterostilbene, and Marsupium extract are the bioactive ingredients in Vijaysar. Vijaysar effectively manages diabetes and blood sugar levels. Diminish the signs and symptoms of diabetes. It tends to enhance the pancreatic production of insulin and improve the digestive system (Bhamre, 2021).
CONCLUSION
Nutrition and medicine have come together in the research and creation of nutraceuticals. Its broad spectrum of health-promoting ingredients, which include essential nutrients, is essential to regimens aimed at preserving health and preventing illness. Hippocrates' famous quote, which promotes food as a means of achieving health, has gained renewed popularity, highlighting the importance of a diet rich in nutrients for both managing and preventing disease. In current pharmaceutical and medical science, the best practical approach to managing healthy lifestyles for people is to consume nutraceuticals. Even though lifestyle-related issues are managed, these are taken into account and are known to have a tendency toward a variety of clinical scenarios. Numerous nutraceuticals on the market help prevent minor lifestyle abnormalities from developing into serious illnesses (Chopra et al. 2022). When researchers began evaluating the effectiveness of these ingredients and their role in the media in 1980, the widespread acceptance of nutraceuticals advanced. Consumer acceptability of such ingredients has also been influenced by other factors, such as a sharp rise in extreme clinical costs, increased life demands, and increased health consciousness among people (Anand and Bharadvaja 2022; Shahgholian 2022). These studies highlight the significant advantages of eating a diet high in naturally occurring substances that promote health. As research and application of functional foods advance, it becomes clear how important plant-based diets are and how much more they can do to improve longevity and general health. The role of nutraceuticals in addressing nutritional deficiencies and fostering well-being is becoming increasingly apparent as society continues to adopt alternative dietary options. The significant influence of these natural substances on human health and the prevention of chronic diseases is highlighted by the fusion of traditional knowledge with contemporary science.
[bookmark: _Hlk179242609]As we all know, diabetes has deadly consequences, and it is increasing day by day. Through lifestyle modifications, dietary changes, and the incorporation of Cinnamon (Cinnamomum verum), Fenugreek seeds (Trigonella foenum-graecum), Dried ginger (Zingiber officinale), curry leaves (Murraya koenigii), and jamun seeds (Syzygium cumini). Swertia chirayita (Gentianaceae) and Vijaysar (Pterocarpus marsupium Roxb.) in the diet are beneficial in lowering blood glucose levels because they possess antidiabetic properties and are taken as preventive measures for type 2 diabetes mellitus. The nutraceuticals have proven to catalyse transformative change towards the prevention and management of type 2 diabetes mellitus, safeguarding the health and well-being of current and future generations.
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