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Abstract:  

Nutraceuticals, which bridge the gap between nutrition and pharmaceuticals, are biologically active compounds 

that promote health and aid in managing lifestyle-induced diseases. This review explores their pharmacological 

actions, mechanisms of action, clinical applications, and regulatory aspects, with a particular focus on herbal 

and functional food-based nutraceuticals. Acting through antioxidant, anti-inflammatory, immunomodulatory, 

hypoglycemic, hepatoprotective, and cardioprotective pathways, these agents show promise in the management 

of cardiovascular diseases, diabetes, autoimmune disorders, and neurodegenerative conditions. Highlighting 

their pharmacokinetic properties and receptor-level mechanisms, this review emphasizes the growing role of 

nutraceuticals in evidence-based pharmacological practice and their potential as novel drug leads. This chapter 

provides a comprehensive overview of the various categories of nutraceuticals, their therapeutic applications in 

health and disease management, and insights into their current market trends and business potential. 
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INTRODUCTION: 
The term "nutraceutical" was coined in 1989 by Dr. 

Stephen DeFelice, chairman of the Foundation for 

Innovation in Medicine, by combining the words 

"nutrition" and "pharmaceutical"[1]. It was 

introduced to define food-derived products that 

offer medical or health benefits, including the 

prevention and treatment of diseases. Despite its 

increasing use, the term still lacks a universally 

accepted definition [2]. Broadly, nutraceuticals are 

orally consumed dietary components, naturally 

found in foods, and believed to offer physiological 

benefits. These include functional foods, fortified 

foods, and nutritional supplements, which are 

promoted for their potential to enhance health and 

reduce disease risk [3]. 

 

Nutraceuticals are thought to delay aging, prevent 

chronic illnesses, support physiological function, 

and improve overall health status [4]. In contrast to 

pharmaceuticals, nutraceuticals are typically not 

patent-protected and do not require formal 

governmental approval, although both are used for 

disease prevention and treatment [5]. Among natural 

sources, plants play a central role, supplying both 

food and medicinal compounds. Advances in 

nutrition science, biotechnology, and integrative 

medicine have heightened interest in bioactive 

foods and compounds, both in the public and 

scientific communities [6]. 

 

Over the past few decades, lifestyle-induced 

diseases—also referred to as non-communicable 

diseases (NCDs) or “diseases of civilization”—

have emerged as major contributors to global 

morbidity and mortality. These include 

cardiovascular diseases (CVDs), type 2 diabetes, 

obesity, neurodegenerative conditions, metabolic 

syndrome, and autoimmune disorders[7,8]. Their 

development is closely linked to modifiable 

behavioral and environmental factors, such as poor 

diet, lack of physical activity, tobacco use, and 

excessive alcohol consumption. 

 

Additionally, diseases like Alzheimer’s, arthritis, 

osteoporosis, chronic liver and kidney conditions, 

polycystic ovarian disease (PCOD), depression, 

and vascular dementia are rising in prevalence, 

particularly in industrialized societies[9,10.. 

According to the World Health Organization 

(WHO), NCDs account for approximately 40 

million deaths annually, representing about 70% of 

global deaths[5]. Sedentary lifestyles, nutritional 

deficiencies, chronic stress, and environmental 

exposures are key contributing factors [2,6]. 

 

Although conventional pharmacotherapy remains 

effective for managing NCDs, it is often associated 

with limitations, including adverse effects, high 

costs, and the emergence of drug resistance[11]. As a 

result, there is growing interest in alternative and 

complementary therapeutic options, particularly 

those derived from natural sources. Nutraceuticals 

with their multi-targeted pharmacological actions, 

favorable safety profiles, and natural origins offer a 

promising adjunct to traditional treatment strategies 

for managing lifestyle-induced disorders. This 

review aims to evaluate the mechanistic actions, 

therapeutic potential, and pharmacological 

relevance of nutraceuticals in the prevention and 

treatment of chronic diseases. 

History of Nutraceuticals: 

The concept of nutraceuticals traces back over 

3,000 years, rooted in ancient philosophies that 

emphasized the therapeutic value of food. 

Hippocrates (460–377 B.C.), often regarded as the 

father of medicine, famously stated, “Let food be 

thy medicine and medicine be thy food,” reflecting 

the foundational belief in the healing power of diet. 

In the early 20th century, food manufacturers in the 

United States began fortifying salt with iodine to 

prevent goiter, one of the earliest practical 

applications of functional foods in public health[1]. 

The term “nutraceutical” was formally introduced 

in 1989 by Dr. Stephen DeFelice, who defined it as 

“a food (or part of a food) that provides medical or 

health benefits, including the prevention and/or 

treatment of a disease” [2]. 

 

Despite widespread use, the term lacks a 

standardized regulatory definition, particularly in 

commercial and marketing sectors[3]. Around the 

world, different countries have interpreted 

nutraceuticals in various ways. For instance, in 

England and Japan, diet is often emphasized over 

genetic or physical factors for maintaining health. 

Canada defines nutraceuticals as “products derived 

from foods but presented in pills, powders, potions, 

or other medicinal forms not typically associated 

with food” [4]. In India, nutraceuticals are typically 

considered herbal or botanical food components 

used for preventing or managing chronic and acute 

diseases[5]. 

 

Today, nutraceuticals represent one of the fastest-

growing sectors of the global health industry. The 

global nutraceutical market was valued at 

approximately USD 241 billion in 2019 and is 

projected to reach USD 373 billion by 2025, with a 

compound annual growth rate (CAGR) of 7.5% [6]. 

This rapid expansion is largely attributed to 

increasing consumer interest in health-promoting, 

side-effect-free interventions for disease prevention. 

Among the various categories, herbal 

nutraceuticals are particularly esteemed for their 

ability to maintain wellness, prevent nutritionally 

related disorders, and enhance overall quality of 

life. 
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This review provides a comprehensive exploration 

of the classification, pharmacological actions, 

mechanisms, clinical applications, and regulatory 

frameworks surrounding nutraceuticals. Special 

emphasis is given to herbal and functional food-

based interventions, highlighting their role in 

combating lifestyle diseases and their potential as 

promising leads for novel drug development. 

 

Classification of Nutraceuticals 

Nutraceuticals can be broadly categorized based on 

their origin, function, and therapeutic relevance. 

The major classes include functional foods, dietary 

supplements, medical foods, herbal products, 

probiotics and prebiotics, botanical extracts, 

omega-3 fatty acids, antioxidants, proteins and 

amino acids, and specialty nutraceuticals. 

Functional Foods 
Functional foods offer health benefits beyond basic 

nutrition through the presence of bioactive 

compounds that help prevent or manage chronic 

diseases.  

Examples: Yogurt (probiotic), bananas and garlic 

(prebiotics), calcium-fortified juice and cereals [12,13] 

Dietary Supplements 

These include nutrients such as vitamins, minerals, 

amino acids, enzymes, and herbal ingredients, 

intended to supplement the diet. 

Examples: Vitamin D, L-carnitine, multivitamins, 

turmeric capsules, ginseng[14,15] 

Medical Foods 

Medical foods are formulated to address specific 

nutritional requirements for individuals with 

particular diseases, and are to be consumed under 

medical supervision. 

Examples: Formulations for phenylketonuria, 

diabetes, celiac disease[16] 

Herbal Products 

Derived from medicinal plants, herbal products are 

used traditionally and scientifically for therapeutic 

effects. 

Examples: Ashwagandha, St. John’s Wort, Ginkgo 

biloba[15] 

Probiotics and Prebiotics 

Probiotics: Live microorganisms that provide 

health benefits when consumed in adequate 

amounts. 

Prebiotics: Non-digestible food components that 

selectively stimulate the growth of beneficial gut 

bacteria. 

Examples: Lactobacillus species (probiotic), inulin 

(prebiotic)[12,17] 

Botanical Extracts 

These are concentrated plant-derived products 

containing specific bioactive compounds used for 

therapeutic purposes. 

Examples: Turmeric extract, cranberry extract, 

green tea polyphenols[18] 

Omega-3 Fatty Acids 

Essential fatty acids that contribute to heart, brain, 

and inflammatory health. 

Examples: Fish oil, flaxseed oil, chia seeds(19) 

Antioxidants 

Compounds that protect cells from oxidative 

damage by neutralizing free radicals. 

Examples: Vitamin C, vitamin E, selenium, 

coenzyme Q10(13,20) 

Proteins and Amino Acids 

Essential for muscle growth, recovery, metabolism, 

and immune function. 

Examples: Whey protein, branched-chain amino 

acids (BCAAs), creatine [14,21] 

Specialty Nutraceuticals 

These nutraceuticals are formulated to target 

specific physiological functions or health concerns, 

such as cognition, joint support, or weight 

management. 

Examples: Brain health supplements, glucosamine 

for joints, fat burners (15). 

Important Nutraceutical Products in India and 

Their Uses 

Nutraceuticals have a long-standing history in 

traditional Indian medicine systems such as 

Ayurveda and Siddha. Their role is increasingly 

acknowledged in managing chronic diseases, 

including type 2 diabetes, inflammatory bowel 

disease, malabsorption syndromes, and 

gastrointestinal disorders (22–31). Commonly used 

products like fish oil, vitamin B6, B12, and 

flaxseed oil have been associated with beneficial 

effects such as reducing the risk of preterm labor, 

supporting hormonal balance, and regulating the 

menstrual cycle (27). 

 

Dietary patterns have a profound impact on 

cardiovascular health, influencing hypertension, 

coronary artery disease, heart failure, peripheral 

vascular disease, and stroke. Nutrients, including 

vitamin D, coenzyme Q10, folic acid, omega-3 

fatty acids, and polyphenols, offer cardiovascular 

protection by regulating cellular metabolism and 

improving vascular function (27). Flavonoids 

found in onions, grapes, apples, and cherries 

exhibit potent antioxidant activity. Ginger has been 

shown to possess anti-inflammatory and 

antihypertensive properties, making it suitable for 

managing high blood pressure and palpitations (27). 

Phytosterol-rich vegetables, especially green and 

yellow varieties, help reduce cholesterol absorption 

in the gut, thereby lowering cardiovascular risk. 

For neurodegenerative diseases such as 

Alzheimer’s and Parkinson’s, compounds such as 

curcumin, lutein, lycopene, turmeric, and beta-

carotene exert neuroprotective effects through their 

antioxidant potential. 

 

Jujube (Ziziphus jujuba) has been reported to 

enhance memory in individuals with Alzheimer’s 

disease (32,33). Herbal ingredients frequently 
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incorporated into Indian nutraceuticals, including 

Amla (Emblica officinalis), Guduchi (Tinospora 

cordifolia), and Tulsi (Ocimum sanctum), have 

shown cognitive and adaptogenic effects, including 

improved learning and memory function (33–37). 

Prominent nutraceutical products marketed in 

India include: 

Multinutrient blends: Revital, Complan, Horlicks, 

Ensure, Peptamen, NutriMix 

Herbal/nutrient capsules and tonics: Nutrova, 

Curcumin Boost, Chyawanprash 

Fish liver oil supplements, curcumin, and 

antioxidant blends 

Clinical trials in India have examined 

nutraceuticals for managing cardiovascular risk. 

For instance, a randomized, double-blind, placebo-

controlled clinical trial evaluated a nutraceutical 

combination on LDL cholesterol and lipid profile 

in individuals with borderline hyperlipidemia, 

highlighting the therapeutic relevance of 

nutraceuticals in preventive cardiology (38). 

Pharmacokinetics and Receptor-Level 

Interactions: 

The clinical effectiveness of nutraceuticals is not 

solely determined by their pharmacodynamic 

properties but also by their pharmacokinetic 

behavior, including absorption, distribution, 

metabolism, and excretion (ADME). Furthermore, 

understanding receptor-level interactions enhances 

our insight into their therapeutic mechanisms and 

helps in developing optimized formulations [39]. 

Pharmacokinetics of Nutraceuticals: 

Many bioactive compounds from herbal and 

functional foods exhibit low oral bioavailability 

due to poor solubility, instability in the 

gastrointestinal tract, extensive first-pass 

metabolism, and limited membrane permeability 

[40,41]. 

Absorption: 

Nutraceuticals like curcumin and resveratrol 

demonstrate poor gastrointestinal absorption owing 

to their hydrophobic nature and chemical instability 

in gastric fluids [42]. 

Distribution: 

Distribution depends on molecular properties like 

lipophilicity and plasma protein binding. Lipophilic 

compounds may accumulate in adipose tissue, 

potentially affecting the duration of action [43]. 

Metabolism: 

Most nutraceuticals undergo Phase I and II hepatic 

metabolism, such as glucuronidation, sulfation, and 

methylation, which may decrease their bioactivity 

despite increasing water solubility [44] 

Excretion: 

Elimination occurs primarily through the urine or 

bile. Enterohepatic recycling may prolong plasma 

half-life but can complicate dosing regimens [45]. 

 

Strategies to Improve Pharmacokinetics 

Nanoformulations (e.g., liposomes, micelles, solid 

lipid nanoparticles) to enhance solubility and 

protection from degradation [46]. 

Phytosome technology, such as curcumin-

phospholipid complexes, to improve cellular 

uptake [47]. 

Bioenhancers like piperine inhibit metabolic 

enzymes (e.g., UDP-glucuronosyltransferase), 

enhancing absorption and plasma levels [48]. 

Receptor-Level Interactions and Molecular 

Targets 

Nutraceuticals exert their effects by modulating 

specific receptors, enzymes, and transcription 

factors, which control metabolic, inflammatory, 

immune, and oxidative processes [49,50]. 

Key Molecular Targets: 

PPARs (Peroxisome Proliferator-Activated 

Receptors): Activated by omega-3 fatty acids and 

polyphenols to improve lipid metabolism and 

insulin sensitivity [51]. 

Nrf2 (Nuclear Factor Erythroid 2–Related Factor 

2): Activated by curcumin, sulforaphane, leading to 

the transcription of antioxidant response elements 

(ARE) [52]. 

NF-κB (Nuclear Factor Kappa B): Inhibited by 

resveratrol and turmeric compounds, suppressing 

pro-inflammatory cytokine expression [53]. 

TLRs (Toll-Like Receptors): β-glucans modulate 

innate immune responses via TLR-2 and TLR-4 

pathways [54]. 

AMPK (AMP-Activated Protein Kinase): 

Activated by resveratrol and berberine, improving 

glucose metabolism and energy balance [55]. 

MAPKs (Mitogen-Activated Protein Kinases): 

Regulated by flavonoids, influencing apoptosis, 

proliferation, and stress signaling [56]. 

Cholinergic Receptors: Ginkgo biloba extracts 

influence muscarinic and nicotinic receptors, 

enhancing cognitive performance [57]. 

Estrogen Receptors (ERs): Phytoestrogens (e.g., 

from soy) interact with ERα and ERβ, offering 

cardiovascular and neuroprotective benefits [58]. 

Clinical Relevance of Pharmacokinetic and 

Receptor Studies: 

Understanding pharmacokinetic profiles and 

receptor interactions is essential for: 

 Designing bioavailable and effective 

formulations 

 Maximizing therapeutic benefit and 

minimizing variability 

 Identifying potential herb–drug 

interactions 

 Supporting clinical trial design and 

evidence-based use of nutraceuticals in 

chronic diseases [59] 

Nutraceuticals Regulations 

Nutraceuticals are becoming increasingly important 

in the promotion of health and the prevention of 

chronic diseases. However, their widespread 

availability and usage require judicious regulation. 
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The market is currently saturated with irrational 

combinations of nutraceutical products, many 

lacking scientific substantiation. Therefore, 

regulatory authorities must take stringent actions to 

ensure consumer safety and product efficacy. 

Effective regulation is essential to safeguard the 

public from low-quality or unsafe products [60–62]. 

As many nutraceuticals are derived from natural 

sources, challenges arise in ensuring consistent 

quality, from raw material collection and 

processing to final product standardization[63]. 

Proper identification, quantification, and quality 

control are essential. Furthermore, safety 

evaluations—including toxicity, genotoxicity, and 

reproductive toxicity studies are crucial, especially 

for long-term use[64]. Because these products are 

frequently marketed without a prescription, strong 

regulatory oversight is necessary. While generally 

treated as food, nutraceuticals are classified and 

regulated differently across countries[63–65]. This 

global inconsistency hampers innovation and 

international trade. Thus, harmonized regulatory 

frameworks involving international authorities such 

as the FDA (United States), EFSA (European 

Union), FSSAI (India), and MHLW (Japan) are 

essential to ensure uniform standards for safety, 

quality, and efficacy[66]. 

United States (FDA) 

In the United States, nutraceuticals are primarily 

regulated as dietary supplements under the Dietary 

Supplement Health and Education Act (DSHEA) of 

1994[60]. Manufacturers are responsible for 

ensuring the safety of their products before they 

reach the market. The Food and Drug 

Administration (FDA) oversees post-marketing 

surveillance. Although health claims must be 

supported by evidence, structure–function claims 

are permitted, provided they carry the disclaimer: 

“This product is not intended to diagnose, treat, 

cure, or prevent any disease”[61]. 

European Union (EFSA): 

In the European Union, nutraceuticals fall under 

the General Food Law (Regulation EC No. 

178/2002). The European Food Safety Authority 

(EFSA) is responsible for assessing safety and 

efficacy. Health claims are regulated under 

Regulation EC No. 1924/2006, which requires 

scientific substantiation and authorization before 

any claim can be made on labeling or marketing 

materials[62,63]. 

India (FSSAI and AYUSH): 

In India, nutraceuticals are regulated by the Food 

Safety and Standards Authority of India (FSSAI) 

under the Food Safety and Standards (Health 

Supplements, Nutraceuticals, Food for Special 

Dietary Use, Food for Special Medical Purpose, 

and Functional Foods) Regulations, 2016[64]. The 

regulation mandates permitted ingredients, labeling 

standards, and safety requirements. In parallel, the 

Ministry of AYUSH governs products based on 

traditional systems such as Ayurveda, Siddha, 

Unani, and Homeopathy, especially when such 

formulations are marketed with medicinal intent[65]. 

Japan (FOSHU System): 

Japan utilizes a unique regulatory framework called 

the Foods for Specified Health Uses (FOSHU). 

Under this system, nutraceuticals must obtain pre-

market approval from the Ministry of Health, 

Labour and Welfare (MHLW) based on robust 

scientific evidence validating safety and health 

benefits[66]. Only products that meet stringent 

quality and efficacy criteria are permitted to carry 

the FOSHU label. 

Challenges in Regulation: 

Despite the growing popularity and therapeutic 

promise of nutraceuticals, multiple challenges 

complicate their effective regulation and 

enforcement across global markets. 

Lack of Standardization: 

There is significant variability in the concentration 

of bioactive compounds in nutraceutical products, 

which arises from differences in plant species, 

geographical origin, climate, cultivation practices, 

harvesting time, and post-harvest processing 

techniques[67]. This lack of standardization hampers 

reproducibility, compromises efficacy, and 

complicates quality control procedures. 

Herb–Drug Interactions 

Several nutraceuticals have been found to interact 

with conventional drugs, potentially reducing 

therapeutic efficacy or increasing toxicity. A well-

documented example is St. John’s Wort 

(Hypericum perforatum), which induces 

cytochrome P450 enzymes (particularly CYP3A4) 

and P-glycoprotein, leading to decreased plasma 

concentrations of various drugs such as warfarin, 

oral contraceptives, and cyclosporine[68,69]. These 

interactions pose significant risks, especially for 

individuals on long-term or critical 

pharmacotherapy. 

Contamination and Adulteration 

Contamination with heavy metals (e.g., lead, 

mercury, arsenic), pesticide residues, and microbial 

toxins has been frequently reported in 

nutraceuticals, especially those produced under 

minimal regulatory oversight[70]. Furthermore, 

instances of adulteration with undeclared synthetic 

pharmaceuticals—such as steroids, anti-diabetics, 

and stimulants—have raised serious health 

concerns[71]. These quality issues compromise 

safety and erode public trust. 

Misleading Claims 

Nutraceuticals are often marketed with exaggerated 

or unverified health benefits, particularly in regions 

with weak regulatory enforcement. Claims that are 

vague, misleading, or unsupported by scientific 

evidence may deceive consumers, divert them from 

evidence-based treatment, or foster unrealistic 

expectations[72]. Such practices hinder rational use 
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and demand tighter advertising regulations and 

labeling transparency. 

Pharmacological Mechanisms of Nutraceuticals 

The therapeutic effects of nutraceuticals in 

managing lifestyle-induced diseases are mediated 

through a wide range of pharmacological 

mechanisms. These include modulation of cellular 

signaling pathways, enzyme activities, receptor 

interactions, gene expression, and key biochemical 

reactions essential for maintaining physiological 

homeostasis[73]. 

Antioxidant Mechanisms 

Oxidative stress plays a central role in the 

pathogenesis of cardiovascular diseases, diabetes, 

cancer, and neurodegenerative disorders. 

Nutraceuticals rich in antioxidants help neutralize 

reactive oxygen species (ROS) and reactive 

nitrogen species (RNS), thereby preventing lipid 

peroxidation, DNA damage, and protein 

oxidation[73,74]. 

Mechanisms: 

Scavenging free radicals (e.g., superoxide, 

hydroxyl radicals) 

Upregulating endogenous antioxidant enzymes: 

superoxide dismutase (SOD), catalase, glutathione 

peroxidase (GPx) 

Activating the Nrf2-ARE pathway, promoting 

transcription of antioxidant response elements 

(ARE) 

Examples: Curcumin, quercetin, vitamin C, 

catechins 

Anti-inflammatory Mechanisms 

Chronic low-grade inflammation is a hallmark of 

many lifestyle-related disorders. Nutraceuticals 

exert anti-inflammatory effects by targeting pivotal 

inflammatory mediators and intracellular signaling 

cascades[75]. 

Mechanisms: 

Inhibiting nuclear factor-kappa B (NF-κB) 

activation 

Suppressing pro-inflammatory cytokines: IL-1β, 

IL-6, TNF-α 

Modulating enzymes: cyclooxygenase (COX) and 

lipoxygenase (LOX) 

Examples: Omega-3 fatty acids, resveratrol, 

turmeric 

Immunomodulatory Mechanisms 

Certain nutraceuticals can enhance or suppress 

immune responses, depending on the physiological 

state, thus aiding in the management of 

autoimmune diseases, chronic infections, and 

malignancies[76]. 

Mechanisms: 

Modulating T-cell and B-cell function 

Regulating cytokine production: IL-2, IFN-γ 

Enhancing macrophage phagocytosis and natural 

killer (NK) cell activity 

Examples: β-glucans, Tulsi (Ocimum sanctum), 

Ashwagandha 

Hypoglycemic Mechanisms 

Nutraceuticals assist in glycemic control by 

enhancing insulin action and modulating 

carbohydrate metabolism, thus benefiting 

individuals with type 2 diabetes[77]. 

Mechanisms: 

Activating PPAR-γ (Peroxisome proliferator-

activated receptor gamma) 

Inhibiting α-glucosidase and α-amylase enzymes 

Enhancing insulin receptor signaling via PI3K-Akt 

pathway 

Examples: Fenugreek seeds, bitter melon 

(Momordica charantia), cinnamon 

Hepatoprotective Mechanisms 

Lifestyle factors contribute to liver diseases such as 

non-alcoholic fatty liver disease (NAFLD) and 

cirrhosis. Certain nutraceuticals protect hepatocytes 

from oxidative and chemical injury[78]. 

Mechanisms: 

Inhibiting lipid peroxidation in liver cells 

Enhancing bile secretion and detoxification enzyme 

activity 

Regulating lipid metabolism, reducing hepatic 

steatosis 

Examples: Silymarin, papaya extract, Aloe vera 

Cardioprotective Mechanisms 

Nutraceuticals support cardiovascular health by 

modulating lipid metabolism, improving vascular 

tone, and reducing thrombogenesis[79]. 

Mechanisms: 

Lowering LDL cholesterol and triglycerides 

Increasing nitric oxide (NO) bioavailability for 

vasodilation 

Inhibiting platelet aggregation and slowing 

atherosclerotic plaque formation 

Examples: Garlic, coenzyme Q10, flavonoids 

Neuroprotective and Anti-aging Mechanisms 

Neurodegenerative diseases and aging are often 

linked to oxidative stress and mitochondrial 

dysfunction. Nutraceuticals contribute to 

preserving neuronal health and slowing cognitive 

decline[80]. 

Mechanisms: 

Enhancing neurotrophic factors like brain-derived 

neurotrophic factor (BDNF) 

Inhibiting acetylcholinesterase 

Reducing amyloid-beta aggregation and tau protein 

hyperphosphorylation 

Examples: Curcumin, Ginkgo biloba, omega-3 

fatty acids 

Disease-Wise Applications of Nutraceuticals 

Lifestyle-induced diseases pose a major public 

health burden worldwide and often require 

multifaceted strategies for prevention and long-

term management. Nutraceuticals provide a 

promising adjunct or complementary therapeutic 

approach by targeting key underlying mechanisms 

such as oxidative stress, chronic inflammation, 

metabolic dysfunction, and immune imbalance[81]. 

This section outlines disease-specific applications 
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of nutraceuticals, particularly those derived from 

herbal and functional food sources. 

Cardiovascular Diseases 

Cardiovascular diseases (CVDs), including 

hypertension, atherosclerosis, and ischemic heart 

disease, are strongly linked to endothelial 

dysfunction, oxidative damage, and 

dyslipidemia[82]. 

 

Key Nutraceuticals: 

Garlic (Allium sativum): Inhibits HMG-CoA 

reductase and angiotensin-converting enzyme 

(ACE), thereby lowering LDL cholesterol and 

blood pressure[83]. 

Omega-3 Fatty Acids: Activate PPAR pathways, 

reduce triglyceride levels, and modulate 

inflammatory mediators[84]. 

Coenzyme Q10: Supports mitochondrial energy 

production and improves endothelial function[85]. 

Flavonoids: Enhance nitric oxide bioavailability 

and promote vascular relaxation[86]. 

Diabetes Mellitus 

Type 2 diabetes mellitus is characterized by insulin 

resistance, hyperglycemia, and chronic oxidative 

stress[87]. 

 

Key Nutraceuticals: 

Bitter Melon (Momordica charantia): Exhibits 

insulin-mimetic activity and inhibits intestinal 

glucose absorption[88]. 

Fenugreek Seeds: Contain 4-hydroxyisoleucine, 

which enhances insulin secretion[89]. 

Cinnamon: Activates AMPK signaling and 

enhances glucose uptake in peripheral tissues[90]. 

Curcumin: Improves insulin sensitivity and 

protects pancreatic β-cells[91]. 

 

Neurodegenerative Diseases 

Alzheimer’s and Parkinson’s disease are associated 

with oxidative neuronal damage, mitochondrial 

dysfunction, and neuroinflammation[92]. 

 

Key Nutraceuticals: 

Ginkgo biloba: Enhances cerebral circulation and 

acts as an antioxidant in neural tissues[93]. 

Curcumin: Inhibits amyloid-β accumulation and 

suppresses neuroinflammatory pathways[94]. 

Resveratrol: Activates SIRT1 signaling, promoting 

neuronal longevity and mitochondrial health[95]. 

Omega-3 Fatty Acids: Support synaptic plasticity 

and neuronal membrane integrity[96]. 

 

Autoimmune and Inflammatory Disorders 

Diseases like rheumatoid arthritis, inflammatory 

bowel disease (IBD), and systemic lupus 

erythematosus (SLE) involve chronic immune 

dysregulation[97]. 

 

Key Nutraceuticals: 

Ashwagandha (Withania somnifera): Reduces 

pro-inflammatory cytokines and modulates 

immune responses[98]. 

Tulsi (Ocimum sanctum): Balances Th1/Th2 

immunity and inhibits NF-κB activation[99]. 

 

β-Glucans: Enhance innate immunity and support 

adaptive immune modulation[100]. 

 

Liver Diseases 

Non-alcoholic fatty liver disease (NAFLD) and 

cirrhosis are increasingly linked to poor dietary 

habits, metabolic syndrome, and sedentary 

lifestyles[101]. 

 

Key Nutraceuticals: 

Silymarin: Stabilizes hepatocyte membranes, 

scavenges free radicals, and supports liver 

regeneration[102]. 

 

Papaya Extract: Provides antioxidant and 

hepatoprotective effects via enzyme 

modulation [103]. 

Aloe Vera: Inhibits hepatic lipid accumulation and 

inflammation[104]. 

 Skin Disorders and Aging 

Oxidative stress, UV exposure, and inflammation 

drive premature skin aging and conditions such as 

psoriasis and eczema[105]. 

 

Key Nutraceuticals: 

Aloe Vera: Enhances skin hydration, promotes 

wound healing, and boosts collagen synthesis [106]. 

Turmeric (Curcuma longa): Protects against UV-

induced skin damage and inflammation [107]. 

Green Tea Polyphenols: Counteract photodamage 

and reduce oxidative stress in skin cells[108]. 

 Respiratory Infections and Immunity 

Enhancement (Including COVID-19) 

The COVID-19 pandemic emphasized the value of 

nutraceuticals in enhancing immune resilience and 

respiratory defense [109]. 

Key Nutraceuticals: 

Ayush Kadha: A traditional decoction containing 

Tulsi, Ginger, Cinnamon, and Black Pepper, 

recommended by AYUSH for immune support 

[110]. 

Vitamin C and Zinc: Strengthen antiviral defenses 

and improve innate immunity[111]. 

Giloy (Tinospora cordifolia): Exhibits 

immunostimulatory and anti-inflammatory 

actions[112]. 

 

Future Directions in Nutraceutical Research 

As the global prevalence of lifestyle-induced 

diseases continues to escalate, nutraceuticals are 

increasingly recognized for their dual role in 

disease prevention and management. However, to 

fully harness their potential, several key areas 

warrant further exploration and innovation[113] 
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Molecular Mechanisms and Systems Biology 

Approaches 

Advancements in omics technologies, including 

genomics, proteomics, metabolomics, and 

transcriptomics, are providing deeper insights into 

the molecular mechanisms modulated by 

nutraceuticals. Systems biology approaches enable 

the identification of molecular targets, nutrient–

gene interactions, and disease-specific biomarkers, 

facilitating the development of more mechanism-

based, targeted nutraceutical therapies [114] 

 

Personalized Nutrition and Pharmacogenomics 

Personalized nutrition integrates nutrigenetics, 

nutrigenomics, and pharmacogenomics to tailor 

interventions based on individual genetic 

predispositions, metabolic profiles, and gut 

microbiota composition  [115,116]. This approach 

enhances treatment efficacy, reduces adverse 

effects, and supports preventive strategies, 

particularly in chronic metabolic and inflammatory 

diseases. 

 

Innovative Delivery Systems 

The therapeutic potential of many nutraceuticals is 

often limited by poor solubility, instability, and low 

bioavailability. Advanced delivery systems such as 

nanoencapsulation, liposomes, phytosomes, solid 

lipid nanoparticles, and polymeric carriers are 

being developed to improve absorption, enhance 

stability, and ensure targeted delivery of bioactives 

like curcumin, resveratrol, and quercetin  [117] 

 

Clinical Validation and Large-Scale Trials 

While preclinical studies have demonstrated 

promising outcomes, robust randomized controlled 

trials (RCTs) are required to substantiate clinical 

efficacy and safety[118]. Standardized trial 

protocols, validated endpoints, and multi-center 

collaborations are essential for generating 

reproducible data and facilitating regulatory 

approval of nutraceutical products. 

 

Sustainability and Ethical Sourcing 

The increasing demand for botanically derived 

nutraceuticals has raised environmental and ethical 

concerns. Sustainable sourcing, good agricultural 

practices (GAPs), fair-trade certification, and the 

conservation of medicinal plant biodiversity must 

be prioritized to prevent ecological degradation and 

ensure long-term viability of the nutraceutical 

industry [119] 

 

CONCLUSION: 

Nutraceuticals, bridging the domains of nutrition, 

pharmacology, and traditional medicine, present a 

promising strategy to address the growing burden 

of lifestyle-related diseases. Through diverse 

pharmacological mechanisms, including 

antioxidant, anti-inflammatory, immunomodulatory, 

hypoglycemic, and cardioprotective actions, these 

bioactive compounds play a vital role in both 

disease prevention and adjunctive therapy. Despite 

their potential, challenges such as limited 

bioavailability, lack of standardization, insufficient 

clinical validation, and regulatory ambiguities 

hinder their widespread, evidence-based adoption. 

To overcome these barriers, concerted 

interdisciplinary research efforts, rigorous clinical 

trials, and progressive regulatory frameworks are 

imperative. Ultimately, nutraceuticals represent not 

just an alternative but a complementary and 

synergistic approach within the broader framework 

of personalized, preventive, and sustainable 

healthcare. 
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