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ENDOGENOUS ANTIOXIDANTS-III 
 

Abstract 
 

Endogenous antioxidants are critical 

components of the body’s defense system 

against oxidative stress, with Vitamin E, α-

lipoic acid, and melatonin playing pivotal 

roles in maintaining cellular health and 

preventing damage. Vitamin E is a fat-

soluble antioxidant that primarily protects 

cell membranes from oxidative damage by 

neutralizing free radicals. It is particularly 

effective in safeguarding lipids from 

peroxidation, thereby supporting skin health, 

immune function, and reducing the risk of 

chronic diseases such as cardiovascular 

disease. α-Lipoic acid is a versatile 

antioxidant that is both water- and fat-

soluble, allowing it to work throughout the 

body, including in the mitochondria, where it 

plays a key role in energy production. 

Besides directly scavenging free radicals, α-

lipoic acid regenerates other antioxidants like 

Vitamin C, Vitamin E, and glutathione, 

enhancing the body’s overall antioxidant 

capacity. It is also noted for its ability to 

improve insulin sensitivity and support 

metabolic health. Melatonin, best known for 

regulating sleep-wake cycles, is also a 

powerful antioxidant that protects nuclear 

and mitochondrial DNA from oxidative 

damage. It scavenges free radicals and 

enhances the activities of antioxidant 

enzymes like superoxide dismutase (SOD) 

and glutathione peroxidase. Melatonin’s dual 

role as a hormone and antioxidant makes it 

crucial not only for sleep but also for broader 

health benefits, including immune 

modulation and protection against 

neurodegenerative diseases. Together, these 

antioxidants form a robust defense system 

that protects the body from oxidative stress, 

supports cellular function, and contributes to 

overall health and longevity. Their 

synergistic effects highlight the importance 

of maintaining adequate levels of these 

compounds to prevent disease and promote 

healthy aging. 
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I. VITAMIN E 

 

Introduction: Vitamin C, also known as ascorbic acid, is a vital water-soluble vitamin and a 

powerful antioxidant that plays a crucial role in maintaining overall health. Unlike most 

animals, humans cannot synthesize vitamin C endogenously, making it an essential nutrient 

that must be obtained through the diet. 

 

Nutritional Profile: Vitamin C is abundant in many fruits and vegetables, particularly citrus 

fruits, strawberries, kiwi, bell peppers, broccoli, and spinach. It is a potent antioxidant that 

helps protect cells from oxidative stress by neutralizing free radicals. Additionally, vitamin C 

is involved in numerous metabolic processes, including collagen synthesis, the absorption of 

non-heme iron from plant-based foods, and the maintenance of immune function. 

 

Therapeutic Uses: Vitamin C is widely recognized for its role in supporting immune health. 

It enhances the function of immune cells, promotes the production of antibodies, and 

strengthens the skin’s defense system by encouraging collagen production. Its antioxidant 

properties also help reduce inflammation and protect against the harmful effects of free 

radicals, thereby lowering the risk of chronic diseases such as cardiovascular disease and 

certain cancers. 

 

Moreover, vitamin C plays a critical role in wound healing, as it is essential for the 

biosynthesis of collagen, a key structural protein in skin, blood vessels, and connective 

tissues. Adequate vitamin C levels are also linked to improved cardiovascular health, as it 

helps prevent the oxidation of low-density lipoprotein (LDL) cholesterol and supports healthy 

blood vessels. 

 

As a Functional Food Ingredient: Due to its health benefits, vitamin C is often added to 

foods and beverages as a functional ingredient. It not only enhances the nutritional value of 

these products but also acts as a natural preservative, protecting them from oxidation and 

extending shelf life. Vitamin C supplements are commonly used to prevent or treat 

deficiencies, boost immune function, and support overall health, particularly during times of 

stress or illness. 

 

Function 

a. Antioxidant Defense: Vitamin E acts as a powerful lipid-soluble antioxidant by 

scavenging reactive oxygen species (ROS), particularly lipid peroxyl radicals, which 

are generated during lipid peroxidation. By neutralizing these radicals, Vitamin E 

helps protect cell membranes and other lipid-rich structures from oxidative damage. 

b. Regeneration of Other Antioxidants: Vitamin E works in conjunction with other 

antioxidants, such as Vitamin C, to maintain antioxidant protection. It can be 

regenerated by Vitamin C, which restores Vitamin E’s antioxidant capacity after it has 

neutralized ROS. 

c. Immune Function: Vitamin E supports immune function by enhancing the 

proliferation and function of immune cells, such as T lymphocytes. It also helps 

modulate immune responses and reduce inflammation. 
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II. FORMS AND MECHANISM OF ACTION 
 

a. Forms: Vitamin E exists in several forms, with α-tocopherol being the most 

biologically active form in humans. Other forms include β-tocopherol, γ-tocopherol, 

and δ-tocopherol, which also contribute to antioxidant activity but are less active than 

α-tocopherol. 

b. Mechanism of Action 

 Direct Scavenging: Vitamin E neutralizes lipid peroxyl radicals by donating 

hydrogen atoms or electrons, thereby preventing the propagation of lipid 

peroxidation. 

 Protection of Membranes: By integrating into cell membranes, Vitamin E 

stabilizes membrane lipids and protects them from oxidative damage. 

 Regeneration: Vitamin E can be regenerated from its oxidized form by Vitamin 

C, ensuring sustained antioxidant protection. 

 

III. ABSORPTION AND DISTRIBUTION 
 

a. Absorption: Vitamin E is absorbed in the small intestine along with dietary fats. Its 

absorption is facilitated by the presence of bile salts and pancreatic enzymes. 

b. Distribution: Once absorbed, Vitamin E is transported in the bloodstream via 

chylomicrons and lipoproteins. It accumulates in various tissues, particularly in 

adipose tissue and cell membranes. 

 

IV. CLINICAL RELEVANCE 
 

a. Deficiency Diseases: Vitamin E deficiency can lead to neurological problems, such as 

peripheral neuropathy and ataxia, due to the role of Vitamin E in protecting nerve 

cells from oxidative damage. It can also cause muscle weakness and immune 

dysfunction. 

b. Oxidative Stress and Disease: Adequate Vitamin E levels are associated with a 

reduced risk of chronic diseases related to oxidative stress, including cardiovascular 

diseases and certain cancers. However, evidence for its role in preventing these 

conditions is mixed. 

c. Supplementation: Vitamin E supplementation may be beneficial for individuals with 

deficiencies or specific health conditions. However, excessive intake can lead to 

adverse effects, such as bleeding disorders, due to its potential anticoagulant 

properties. 

 

V. Α- LIPOIC ACID 

 

Introduction: α-Lipoic acid (ALA) is a naturally occurring compound that plays a crucial 

role in energy metabolism and acts as a potent antioxidant. Unlike many other antioxidants, 

α-lipoic acid is both water- and fat-soluble, allowing it to work in various parts of the cell, 

including the cytoplasm and the lipid membranes. This unique property enhances its 

effectiveness in neutralizing free radicals and protecting cells from oxidative damage. 



Edited Book of Dietary Supplements and Nutraceuticals 

ISBN: 978-93-6252-957-2 

IIP Series, Chapter 14 

ENDOGENOUS ANTIOXIDANTS-III 

 

DOI: https://www.iipseries.org/view-pub-book.php?bookid=343&bookname=edited-book-of-dietary-

supplements-and-nutraceuticals                                                                                                                     152 

Nutritional Sources: Although the body produces α-lipoic acid in small amounts, it is also 

available through dietary sources. Foods rich in α-lipoic acid include red meat (particularly 

organ meats like liver and heart), spinach, broccoli, tomatoes, and Brussels sprouts. ALA is 

also available as a dietary supplement, often used for its antioxidant benefits. 

  

Therapeutic Uses: α-Lipoic acid is renowned for its role in supporting metabolic health. It is 

a critical cofactor in mitochondrial enzyme complexes that generate ATP, the primary energy 

currency of the cell. This makes ALA vital for energy production and overall cellular 

function. 

 

One of the most significant benefits of α-lipoic acid is its ability to regenerate other 

antioxidants, such as glutathione, vitamin C, and vitamin E, thereby enhancing the body’s 

overall antioxidant capacity. This makes ALA particularly valuable in conditions associated 

with oxidative stress, such as diabetes, neurodegenerative diseases, and cardiovascular 

disorders. 

 

In the management of diabetes, α-lipoic acid has been shown to improve insulin sensitivity, 

lower blood sugar levels, and reduce symptoms of diabetic neuropathy, a common 

complication of diabetes characterized by nerve damage. Its ability to cross the blood-brain 

barrier also makes it a potential therapeutic agent for neurodegenerative diseases like 

Alzheimer’s and Parkinson’s. 

 

As a Functional Food Ingredient: Given its antioxidant properties and metabolic benefits, 

α-lipoic acid is increasingly being used as a functional food ingredient and dietary 

supplement. It is often included in formulations aimed at supporting energy metabolism, 

reducing oxidative stress, and managing blood sugar levels. ALA’s versatility and 

effectiveness in both water- and fat-soluble environments make it a valuable addition to 

health-focused products. 

 

Overview: α-Lipoic acid (ALA) is a naturally occurring compound that functions as a potent 

antioxidant. It is both water-soluble and fat-soluble, allowing it to work in various cellular 

compartments and protect against oxidative damage. α-Lipoic acid is involved in energy 

metabolism and has a range of physiological effects due to its antioxidant properties. 

 

VI. FUNCTION 

 

a. Antioxidant Defense: α-Lipoic acid scavenges a variety of reactive oxygen species 

(ROS) and free radicals, including superoxide radicals (O₂⁻), hydroxyl radicals (•OH), 

and singlet oxygen. Its ability to function in both aqueous and lipid environments 

allows it to protect different cellular components from oxidative damage. 

b. Regeneration of Other Antioxidants: α-Lipoic acid plays a role in regenerating 

other antioxidants, such as Vitamin C and Vitamin E, by reducing their oxidized 

forms. This recycling process helps maintain a robust antioxidant defense system. 

c. Metal Chelation: ALA can chelate metal ions, such as iron and copper, which are 

involved in the generation of free radicals through Fenton reactions. By binding these 

metals, α-Lipoic acid reduces the risk of oxidative damage. 
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VII. MECHANISM OF ACTION 
 

a. Direct Scavenging: α-Lipoic acid directly neutralizes ROS and free radicals by 

donating electrons, thereby preventing oxidative damage to cellular structures. 

b. Regeneration of Antioxidants: It assists in regenerating Vitamin C and Vitamin E 

from their oxidized forms, which enhances the overall antioxidant defense capacity of 

the cell. 

c. Cellular Energy Production: α-Lipoic acid is a cofactor in mitochondrial enzyme 

complexes (e.g., pyruvate dehydrogenase complex) that are involved in energy 

production. This role supports cellular metabolism and helps maintain cellular health. 

 

Absorption and Distribution 

a. Absorption: α-Lipoic acid is absorbed in the gastrointestinal tract after oral intake. Its 

absorption is efficient, and it can cross cell membranes due to its lipophilic nature. 

b. Distribution: Once absorbed, α-lipoic acid is distributed throughout the body, 

including the liver, brain, and other tissues. It is present in both free and bound forms 

in various cellular compartments. 

 

Clinical Relevance 

a. Oxidative Stress and Disease: α-Lipoic acid has been studied for its potential 

benefits in managing conditions associated with oxidative stress, such as diabetes, 

cardiovascular diseases, and neurodegenerative disorders. It may improve symptoms 

and outcomes related to these conditions by reducing oxidative damage and 

supporting cellular function. 

b. Diabetic Neuropathy: ALA has been used as a therapeutic agent for diabetic 

neuropathy due to its ability to reduce oxidative stress and improve nerve function. 

c. Supplementation: α-Lipoic acid supplementation is available and is often used to 

support antioxidant defense and metabolic health. It is generally considered safe but 

may interact with certain medications and should be used under medical supervision. 

 

VIII. MELATONIN: A MULTIFACETED HORMONE AND ANTIOXIDANT 

 

Introduction: Melatonin is a hormone primarily produced by the pineal gland in the brain 

and is best known for regulating the sleep-wake cycle. Beyond its role in sleep, melatonin is a 

powerful antioxidant with a wide range of physiological functions, including immune 

modulation, protection against oxidative stress, and regulation of various bodily rhythms. 

 

Production and Sources: Melatonin production in the body is triggered by darkness and 

suppressed by light, making it a key regulator of circadian rhythms. While melatonin is 

naturally synthesized in the body, it can also be found in small amounts in certain foods such 

as cherries, grapes, tomatoes, and grains. Melatonin supplements are widely available and are 

often used to aid sleep and manage circadian rhythm disorders. 

 

Therapeutic Uses: Melatonin is most commonly used as a natural sleep aid. It helps regulate 

the body's internal clock, making it particularly beneficial for individuals experiencing 
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insomnia, jet lag, or shift work disorder. By promoting restful sleep, melatonin supports 

overall well-being and enhances daytime alertness. Beyond its sleep-regulating properties, 

melatonin is a potent antioxidant that scavenges free radicals and protects cells from 

oxidative damage. It has been shown to enhance the body's overall antioxidant defense 

system by stimulating the production of antioxidant enzymes like superoxide dismutase 

(SOD) and glutathione peroxidase. Melatonin's antioxidant properties extend to its ability to 

protect DNA, lipids, and proteins from oxidative stress, which is particularly valuable in 

preventing age-related diseases and neurodegenerative disorders such as Alzheimer's and 

Parkinson's. Melatonin also plays a role in immune function, where it modulates immune 

responses and exhibits anti-inflammatory effects. This makes it beneficial in conditions 

characterized by chronic inflammation and immune dysregulation. 

 

As a Functional Food Ingredient: Melatonin's wide range of health benefits has led to its 

inclusion in various functional foods and beverages, particularly those aimed at promoting 

relaxation and improving sleep quality. Melatonin-enriched products, such as teas, juices, and 

dietary supplements, are increasingly popular among consumers seeking natural ways to 

support sleep and reduce oxidative stress. 

 

Overview: Melatonin is a hormone primarily known for regulating sleep-wake cycles but 

also functions as a potent endogenous antioxidant. It is produced by the pineal gland in 

response to darkness and has been shown to have a range of biological activities related to 

oxidative stress and cellular protection. 

 

Function 

a. Antioxidant Defense: Melatonin directly scavenges reactive oxygen species (ROS) 

and free radicals, including hydroxyl radicals (•OH), peroxynitrite (ONOO⁻), and 

singlet oxygen (¹O₂). By neutralizing these harmful molecules, melatonin helps 

protect cells from oxidative damage. 

b. Regulation of Antioxidant Enzymes: Melatonin can influence the activity of various 

antioxidant enzymes, such as superoxide dismutase (SOD), catalase, and glutathione 

peroxidase (GPx), enhancing the overall antioxidant defense system. 

c. Mitigation of Oxidative Damage: Melatonin can reduce oxidative damage to cellular 

components like DNA, proteins, and lipids. This protective role is important in 

maintaining cellular integrity and function. 

 

Mechanism of Action 

a. Direct Scavenging: Melatonin directly reacts with ROS and free radicals, 

neutralizing them and preventing oxidative damage to cellular structures. 

b. Regeneration of Other Antioxidants: Melatonin can regenerate other antioxidants, 

such as Vitamin C and Vitamin E, thereby supporting the overall antioxidant defense 

system. 

c. Cellular Protection: Melatonin protects cellular organelles, including mitochondria, 

from oxidative stress and improves mitochondrial function. It helps prevent 

mitochondrial dysfunction, which is linked to various diseases. 
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Absorption and Distribution 

a. Absorption: Melatonin is absorbed through the gastrointestinal tract after oral intake. 

It is rapidly distributed throughout the body and can cross the blood-brain barrier, 

allowing it to exert effects in the central nervous system. 

b. Distribution: Melatonin is present in various tissues, including the brain, liver, and 

kidneys. Its distribution reflects its role in both systemic and central nervous system 

protection. 

 

Clinical Relevance 

a. Oxidative Stress and Disease: Melatonin's antioxidant properties have been studied 

in relation to various conditions associated with oxidative stress, such as 

neurodegenerative diseases (e.g., Alzheimer's and Parkinson's), cardiovascular 

diseases, and cancer. It may provide therapeutic benefits by reducing oxidative 

damage and supporting cellular health. 

b. Sleep Disorders: Besides its antioxidant effects, melatonin is widely used to manage 

sleep disorders, such as insomnia and circadian rhythm disturbances. Its role in 

regulating sleep-wake cycles is well-documented and complements its antioxidant 

actions. 

c. Supplementation: Melatonin supplementation is commonly used for sleep-related 

issues and is being explored for its potential benefits in managing oxidative stress-

related diseases. While generally considered safe, it is essential to use melatonin 

under medical supervision, especially for long-term use or in combination with other 

treatments. 

 


