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ABSTRACT 

 

 

Alzheimer’s disease (AD) is a typical slow progressive neurodegenerative 

disease that causes dementia in the elderly. Alzheimer’s pace of occurrence 

is rising in an alarming rate. This disease is categorized as irreversible, 

debilitating and is distinguishable by the gradual decline of the memory and 

other cognitive functions as it passes through various stages and ultimately 

resulting in complete incapacity. It poses a great burden on both the patient 

and their care takers. The two pathological trademarks of this 

neurodegenerative disease are aggregated beta-amyloid deposits and hyper 

phosphorylated neurofibrillary tangles. These lesions are capable of 

inducing the neuronal damage that eventually leads to cell death associated 

with a decline in cognitive impairments, through the evolution of reactive 

oxygen species (ROS). Evidences indicate that the most critical role is of A𝛽 

metabolism in prompting the oxidative stress that has been observed in AD 

patients. The brain retains high levels of ascorbic acid (AA) despite a 

concentration gradient favouring diffusion from brain to plasma. Age-linked 

neurological disorders such as Alzheimer’s have long been associated with 

free radical-induced oxidative stress and these are driven by the no 

homeostatic generation of reactive oxygen species (ROS). This review 

particularly examines the possibility of oxidative stress, defined as an 

imbalance between the formation and quenching of free radicals from 

oxygen species causing a deleterious condition as the brain cells create 

more ROS than they can cope up with and this is a major cause of brain cell 

death. 

 

INTRODUCTION 

 

Alzheimer's is a degenerative brain disease that generally has a later onset time, causing a person to forget recent 

events or familiar tasks in old age. Its rate of progression varies from individual to individual; eventually this disease 

leads to confusion, personality and behavioral changes and impaired judgment. Communicating with each other 

becomes more problematic as the disease progresses, leaving those affected struggling to search for words, 

accumulate thoughts or follow instructions. Eventually, most people with Alzheimer's disease become unable to 

care for themselves. Alzheimer’s disease is characterized by blood-brain barrier disruption, oxidative stress, 

mitochondrial impairment, neuroinflammation, and hypometabolism; it is related to amyloid-β peptide 

accumulation and tau hyperphosphorylation as well as a decrease in acetylcholine levels and a reduction of 

cerebral blood flow. [1-13] Mutations of amyloid precursor protein or apolipoprotein E gene polymorphism appear to 

affect amyloid formation, which in turn causes neuronal death due to many processes including Ca2+ homeostasis 

disruption, oxidative stress, excitotoxicity, energy depletion, neuro- inflammation and apoptosis. [14-16] 
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Oxidative stress  

Oxidative stress - Oxidative stress, the immediate result of the imbalance between the production of reactive 

oxygen species (ROS) and intracellular antioxidant defences, is linked with the onset of neurological pathologies 

such as Alzheimer’s disease (AD). This theory is supported by the following observations: (a) the mitochondrial 

dysfunction, which is likely to lead to the electron leakage in the respiratory chain resulting in accumulation of ROS; 

(b) the unbalanced high activity of superoxide dismutase and monoamine oxidase B which causes the production of 

more H2O2; (c) the alteration of iron homeostasis which, in combination with the superoxide and H2O2, gives rise 

to the most deleterious hydroxyl radicals; (d) the enhanced levels of lipid peroxidation and membrane alterations, 

that can weaken cell membranes causes ion imbalance and impair metabolism. (e) the pro-aggregating effect of 

ROS on beta/A4 protein and the C-terminal fragment of amyloid precursor (A4CT). [17-21] Primarily all of these 

changes are already present in the normal aging brain but are aggravated in AD presumably over a number of 

years. The process of aging is also associated with increased oxidative stress. Through pathological reactions ROS 

has the ability to denature biomolecules such as lipids, proteins and nucleic acids; they also are the causative 

agent behind tissue damage via apoptosis and necrosis. Oxidative stress plays a vital role in the pathogenesis of AD 

resulting in neuronal dysfunction that favours tau aggregation and cell death. Although it has been recommended 

that this cluster formation is a type of protection against oxidative damage, it also has been proposed that these 

aggregates encourages the generation of ROS. One revision suggested that the level of oxidative markers is directly 

linked to the severity of cognitive impairment. [22-38] Oxidative stress has the potential to influence DNA methylation 

which regulates gene expression. The triggering force for oxidative stress is an active area of current research. 

There are natural processes of aging that would likely contribute in making the brain more vulnerable to oxidative 

insults but other factors are necessary. [39-50]In the brain, free radicals primarily contribute to ageing and age-

interlinked neurodegenerative disorders. The brain is commonly prone to oxidative damage as it utilises lots of 

oxygen to produce energy, contains high levels of unsaturated fatty acids, and relatively scarce amounts of 

antioxidants. [51] 

 

Reactive Oxygen Species 

Oxidative stress mediated by reactive oxygen species (ROS) is supposed to be one of the leading contributors to 

age-associated diseases, such as AD. Oxidative damage occurs early in the brain of AD patients before the 

commencement of plaque pathology and precedes Aβ deposition and formation of intracellular neurofibrillary 

tangles composed of abnormally hyper phosphorylated protein, tau.[52,53] Another degenerative process in AD 

involves the production of reactive oxygen species (ROS) that holds properties to damage neurons in the brain. A 

free radical can be termed as any species that consists of one or more unpaired electron occupying an atomic or 

molecular orbital by itself. The major function of these free radicals is to decrease the molecular oxygen in water 

that initially yields the superoxide radical, which produces hydrogen peroxide by the accumulation of an electron. [54-

62] Hydrogen peroxide (H2O2) is not a free radical, but it may be considered as an oxidant. Hydrogen peroxide 

(H2O2) is little reactive. Its reactivity in biological systems depends on two properties one that it can diffuse long 

distances crossing membranes and other that it reacts with transition metals by a homolytic cleavage yielding the 

highly reactive hydroxyl radical (HO). Thus, tissues and organs, particularly the brain that is largely composed of 

easily oxidized lipids being a vulnerable organ, are affected by ROS. Because the brain, has a high oxygen 

consumption rate, and lacks strong antioxidant defenses, it is quite vulnerable to oxidative injury. Reactive oxygen 

species (ROS) can get produced either by normal and abnormal processes in humans, including atheroma, asthma, 

joint diseases, cancer, and aging. The most principal players specifically of this neurodegenerative disease is 

electron transport chain defects and reactive oxygen species (ROS) production. Appropriate management of ROS 

and disposal of damaged cellular components are vital for the survival and function of neurons. Certain proteins 

are involved in these pathways are frequently mutated in neurodegenerative diseases like Alzheimer's disease, 

Parkinson's disease and Huntington's disease. Many free radicals are likely involved in AD. The idea that free 

oxygen radicals might be involved in AD was originally based on general considerations focusing on free radical 

processes involved in aging and many medical conditions, particularly in cerebral pathologies. Although some 

antioxidants might be having properties to reduce the incidence of AD, but the magnitude of the effect may be 

dependent on individual factors such as genetic predisposition (e.g. apolipoprotein E genotype) and habitual 

behaviours. [63-65] 
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Diet  

The diet is another significant factor to be considered in the process of regulating this multiplex network. Diets 

containing high intakes of refined sugars, salt, animal-derived proteins and fats and minimal intakes of fruit and 

vegetables are associated with a greater risk of developing AD. Foodstuffs that definitely protect against AD include 

fruits, vegetables, grains, low-fat dairy products, legumes, and fish, whereas risk factors include meat, sweets, and 

high-fat dairy products. These evidences can be drawn from ecological and observational research as well as 

studies of the mechanisms whereby dietary factors affect risk. Various numbers of nutrients can serve as 

antioxidants. [66-69] Amongst them the most well-known include vitamin C, vitamin E, beta-carotene and other 

associated carotenoids, flavonoids, phenols. The mechanism that links dietary risk factors to AD are hardly known 

and includes increased oxidative stress from metal ions such as copper as well as from advanced glycation end 

products related with high-temperature cooking, increased homocysteine concentrations. Medical associated risk 

factors for AD include traumatic brain injury, stroke, acute hypertension, diabetes mellitus, hypercholesterolemia. [70-

76] It is nowadays predicted that environmental and lifestyle-related risk factors that are also responsible for AD 

include aluminium exposure, smoking, high calorie intake, lack of exercise, and lack of intellectual activities. 

 

CONCLUSION 

 
Active involvement of reactive oxygen species (ROS) in a variety of pathological and physiological processes has 

fascinated the researchers and they are growing interest in studying the mechanisms. Actually, identification of this 

global signalling system has provided new understandings into underlying pathophysiological mechanism of 

Alzheimer’s disease (AD). Specially, to counteract the effects of oxidative stress in Alzheimer’s, therapeutic 

strategies involving AGE inhibitors and anti-inflammatory antioxidants looks like to be most promising therapy. It 

has been well established that oxidative damage of cellular molecules plays a vital role in neurodegenerative 

disorders. Oxidative damage is not just distinctly a by-product or end product of neuronal degenerative processes 

but can be assumed to be more likely the direct initiation factor in neurodegeneration.[77-88] Irrespective of the 

current scope of knowledge, there is much uncertainty regarding the probability of success with antioxidant therapy 

in AD. Attempts to fight oxidative stress have included the use of the well-known 'one shot' antioxidants (primarily 

vitamin C, cysteine derivatives) and anti-inflammatory inhibitors of ROS-forming enzymes that blocks the production 

of ROS (e.g. rofecoxib, and naproxen).[89-100] 
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