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The Role of Oxidative Stress in the Occurrence of Neurological Diseases and 

Cancer  
 

Abstract 

The human body needs both types of oxidants (free radicals) and antioxidants for normal 

metabolism, signal transduction, and order of cellular activities. Free radicals can be useful 

(necessary) or harmful (toxic) for the body. They have a dual role. The human body has an 

antioxidant mechanism to fight free radicals. A balance between free radicals and antioxidants is 

necessary for the physiological functioning of the body. Disturbance of the balance between the 

production of free radicals and antioxidants is called oxidative stress. This article is a review. 

Therefore, materials related to the subject were collected and studied using reliable scientific sources. 

Oxidative stress can change cell membranes and important cell structures such as proteins, lipids, 

deoxyribonucleotides (DNA), and carbohydrates. Oxidative stress is one of the effective factors in 

many diseases. In this article, an overview of the damage caused to the body by oxidative stress and 

its relationship bWe deal with human diseases such as stroke, diabetic nephropathy, Parkinson's, 

Huntington's, Alzheimer's, autism, cancer, and other phenomena such as aging.  
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Introduction 

The victory of free radicals over the body's 

antioxidant defense, or in other words, the 

disruption of the balance between cell 

destruction by free radicals and the body's 

antioxidant defense, is called oxidative 

stress. Biological attacks on body 

organisms are usually referred to as 

oxidative stress. The human body needs 

both types of oxidants and antioxidants for 

normal metabolism, signal transduction, 

and regulation of cellular activities. 

Therefore, each cell creates conditions for 

creating a state of homeostasis between 

oxidant and antioxidant species. Oxidative 

stress may cause cell death by damaging 

important cellular components such as 

proteins, DNA, and membrane lipids. Also, 

oxidative stress is involved in 

physiological and pathological processes 

such as DNA damage, proliferation, cell 

adhesion, and survival.[1, 2] 

Free radicals 
Free radicals have unpaired electrons in 

their outermost layer and are highly 

reactive, which can start chain reactions by 

removing an electron from another 

molecule to complete their outer layer and 

with nearby molecules and atoms to reach 

a stable state. react They are only stable for 

a short time. Free radicals are divided into 

two general categories active oxygen and 

nitrogen radicals.[3, 4] 

Materials and Methods  

The review was conducted based on 

PubMed, PubMed Central, and Google 

Scholar online databases. Different forms 

of the following phrases: "oxidative 

stress", "Free radicals", "Antioxidants", 

"Reactive Nitrogen Species" and "Reactive 

Oxygen Species" were used for research. 

Finally, 36 articles have been reviewed for 

this article. 

Reactive oxygen species (ROS) 
In biological systems, oxygen free radicals 

are one of the most important radicals 

produced. Due to the electronic structure of 

oxygen, whose regeneration is facilitated 

by the addition of one electron at a time, 

the production of oxygen radicals leads to 

cell damage. The step-by-step transfer of 

electrons to molecular oxygen leads to the 

production of superoxide anions (O2-), 

hydrogen peroxide (H2O2), and finally free 

hydroxyl radicals (OH0). Including internal 

sources such as mitochondria, flavins, 

adrenaline, dopamine, peroxisomes,  
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neutrophils, macrophages, eosinophils, oxidase enzymes, 

peroxidase and cytochrome P450 complex, NADH and 

external sources such as radiation, light rays, chemical 

compounds of cigarette smoke and alcohol in creating 

radicals free oxygen play a role.[5, 6] 

Reactive nitrogen species (RNS) 
Nitric oxide[7] as a type of reactive nitrogen radical, is formed 

from the oxidation of L-arginine to L-citrulline by NADPH-

dependent nitric oxide synthetase enzyme, which this radical 

It has high propagation power and also acts as a secondary 

prophet. Nitric oxide reacts quickly with superoxide radicals 

after production and produces strong nitrite (ONOO-) and 

hydroxyl radicals.[8] It should be noted that free radicals, 

despite being harmful, can play important physiological roles 

in the body. For example, white blood cells use free radicals 

in phagocytosis and destroy trapped microbes. Also, nitric 

oxide produced in the endothelium cells of blood vessels 

causes dilation of blood vessels and as a result, lowers blood 

pressure.[9] 

Antioxidants 

Antioxidants are reducing agents that are found inside and 

outside the cell and can react with free radical species and 

the production of free radicals is controlled by them.[10] 

Antioxidants are the body's defense mechanisms against free 

radicals. Antioxidants play an important role in removing 

free radicals and in creating a balance between oxidation and 

reduction reactions. 

Types of antioxidants  

Enzyme antioxidants such as superoxide dismutase, catalase, 

glutathione peroxidase, water and fat-soluble vitamins such 

as vitamins C and E, minerals such as selenium, manganese, 

copper and zinc, proteins such as albumin, ceruloplasmin, 

transferrin, haptoglobin, are flavonoids and 

phytochemicals,[7, 11] superoxide dismutase is a 

metalloprotein that is the first enzyme in the antioxidant 

defense to reduce active oxygen species so that the 

superoxide radical by this enzyme forms two less dangerous 

oxidative compounds, hydrogen peroxide and oxygen 

deleted. Catalase is the most abundant iron-containing 

antioxidant enzyme that converts hydrogen peroxide into 

water and molecular oxygen in two steps. Glutathione 

peroxidase reduces hydrogen peroxide and lipid 

hydroperoxides to water and alcohol. This enzyme's 

glutathione is oxidised to glutathione disulfide in this stage, 

and glutathione reductase reduces it in the last step.[7, 12] 

Active vitamin C (ascorbic acid) is the most important water-

soluble antioxidant in the cytosol and extracellular fluid. This 

vitamin is a strong detector for hydrogen peroxide, and 

reactive oxygen species, and hydrogen peroxide formed in 

water environments acts as a regenerating substance and 

turns into dehydroascorbic acid. As a supplier of reducing 

equivalents, ascorbic acid undergoes oxidation. Ascorbic 

acid plays a supporting role in many cooperative activities, 

however it is necessary to keep a metal cofactor in a reduced 

state. This metal cofactor is copper in monooxygenases and 

iron in dioxygenases.[13] Vitamin E (alpha-tocopherol) with 

its antioxidant property is the first defense barrier against the 

peroxidation of unsaturated fatty acids present in cellular and 

subcellular membrane phospholipids. This vitamin stops the 

spread of damage through the conversion of peroxyl fatty 

acid-free radicals into hydroperoxy. caused by free 

radicals.[14] 

When the balance between antioxidants and free radicals is 

lost, oxidative stress is created, in which case the body's vital 

biomolecules such as DNA are damaged, and the 

accumulation of these damages causes changes in message 

transmission and gene expression, changes and mutations, 

and ultimately cell death. can be Cells respond to the 

imbalance of the oxidation and reduction cycle with a set of 

biological responses such as cell cycle arrest, gene 

transcription, initiation of transport pathways, and DNA 

repair, and these changes cause necrosis, senescence, or 

apoptosis, or the cell may survive and multiply. Find.[15, 16] 

The attack of free radicals on important cellular components 

such as lipids, DNA, protein, and carbohydrates causes 

changes in their structure and function.[17] 

Lipids 
Free radicals cause peroxidation of membrane lipids and 

increase membrane permeability by destroying the order of 

membrane lipid layers, and deactivating membrane receptors 

and enzymes. As a result of the peroxidation of androgen 

membrane lipids due to free radicals, the production of toxic 

products that act as secondary messengers in the cell, these 

compounds are malondialdehyde (MDA), 4-hydroxynonenal 

(4-HNE), 2-alkenyl and isoprostanes, which They have toxic 

effects on cells.[18] 

DNA 
Free radicals cause changes in DNA in several ways. These 

ways include the destruction of DNA building bases, single 

or double DNA strand breaks, changes in purine and 

pyrimidine nucleotides or changes in the bond between sugar 

and base, mutations, deletions or substitutions, and cross-

linking with proteins. The formation of 8-OH-G is well 

known as one of the DNA damages, which is related to 

oxidative stress and as a biomarker for the detection of 

cancers. The promoter region of genes contains sequences 

for binding transcription factors. These areas are rich in GC 

bases, which can be a factor in the attack of oxidants. The 

formation of 8-OH-G in the binding regions of transcription 

factors changes the expression of genes. In addition to 8-OH-

G, 8,5-cyclo-2-deoxyadenosine (cyclo-dA), also prevents the 

transcription of genes with the TATA box in the cell. TATA 

box binds with transcription initiation proteins and as a 

result, DNA bends and transcription starts, but due to the 

presence of cyclo-dA, binding of the TATA box to protein is 

disrupted.[19] Also, oxidative stress causes instability of 

microsatellite regions of DNA. Redox-active metal ions and 

hydroxyl radicals increase the instability of microsatellite 

regions. Breakage of single DNA strands by free radicals can 

be tolerated by cells, but double-strand breaks of DNA by 

ionizing rays have irreparable effects on cell survival. 

Methylation in CpG islands in DNA is known as one of the 
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epigenetic mechanisms that can cause gene silencing. 

Oxidation of 5-methylcytosine to 5-hydroxymethyluracil can 

be done through deamination/oxidation reactions of thiamine 

or intermediates of 5-hydroxymethylcytosine.[20, 21] 

Proteins 
It is well known that ROS compounds can target cellular 

components. According to the studies conducted in this field, 

ROS can react with several amino acid units in the in vitro 

environment. These compounds cause damage to these 

macromolecules by oxidizing the side branches of amino 

acids and the main protein framework. Hydroxyl anion is the 

main factor in the oxidation of proteins, which by oxidation 

of the disulfide bond of cysteine-containing peptides, causes 

a bond between the thiol of the protein and the thiol of 

molecules with a lower molecular weight such as 

glutathione, and finally the activity of the protein is lost. 

Cysteine and methionine amino acids in proteins are more 

sensitive to oxidation. Oxidation of sulfhydryl groups and 

methionine residues in proteins causes changes in protein 

structure, protein unfolding, and its destruction. Enzymes 

that have metal in their active site are more exposed to 

oxidation, which causes enzyme inactivity. In some cases, 

specific oxidation may occur in the protein, for example, 

methionine to methionine sulfoxide, phenylalanine to 

tyrosine, sulfhydryl groups to disulfide bonds, and carboxyl 

groups to side chains of proteins. Gamma rays, oxidation of 

metal catalysts, HOCL, and ozone can cause the formation of 

carboxyl groups.[22] 

Carbohydrates  
Carbohydrates are attacked by free radicals such as OH0. A 

proton is randomly separated from one of the carbon atoms 

by the free radical OH0 and produces a central carbon 

radical. This process breaks the carbon chain in molecules 

such as hyaluronic acid. Also, the production of oxyradicals 

causes the activity of neutrophils in the inflammatory process 

in the joint synovial fluid, which can lead to rheumatoid 

arthritis.[17] 

Diseases related to oxidative stress  
Many human diseases are caused by oxidative stress or the 

disease itself causes oxidative stress. In the following, we 

discuss the relationship between oxidative stress and some 

human diseases. 

Stroke  
Cerebrovascular diseases are the most common disabling 

neurological disorder in the world.[23] In patients with stroke 

and neurological brain death, the number of free radicals 

from various sources such as xanthine oxidase, and 

cyclooxygenase, inflammation of cells and mitochondria 

increases. Mitochondrial electron transport chain changes 

during ischemia and reperfusion as well as other sources of 

free radical production. It has been stated that nitrite oxide 

created in the endothelium of blood vessels during cerebral 

ischemia can cause the production of free radicals. Produced 

superoxide and hydroxyl react with unsaturated lipids of the 

cell membrane and produce lipid peroxide radicals, lipid 

hydroperoxide, and products such as malondialdehyde. The 

concentration of blood cells such as neutrophils, monocytes, 

and macrophages that occur during reperfusion can also 

stimulate oxidative stress more.[22, 24] 

Diabetes  
Diabetes mellitus is known as one of the most common 

metabolic disorders. This disease is associated with increased 

blood sugar, disturbance in the metabolism of carbohydrates, 

fats, and proteins, and relative or absolute lack of insulin. In 

the world, 2.5-3% of people suffer from diabetes. Type 2 

diabetes accounts for more than 90% of diabetics.[25, 26] 

Oxidative stress can be related to the process of speeding up 

the clinical complications of people with type 2 diabetes. 

During aerobic metabolism, free radicals are produced and in 

the process of conflict between free radicals and the body's 

antioxidant system, the level of antioxidants may decrease 

and as a result of incomplete cleaning of free radicals, lipids, 

sugars, proteins, and nucleic acids are oxidized, which are 

Finally, these factors cause extensive pathological 

consequences in diabetes.[27] Auto-oxidation of sugars is 

another cause of diabetes that causes oxidative stress. 

Compounds with alpha-hydroxyaldehyde structure (like 

glucose) can be converted into enol form and produce 

oxygen radicals by reducing intermediate elements and then 

oxygen. Also, as a result of increasing blood glucose by 

binding sugar to proteins, compounds are formed that play a 

role in the production of free radicals. Also, as a result of 

disruption in the amount of NADPH production, the level of 

reduced glutathione is reduced and then the polyol pathway 

is activated, which can cause a decrease in antioxidant 

capacity. 

Diabetic nephropathy (kidney damage) 
 Diabetic kidney damage is a serious complication of 

diabetes mellitus that has spread in developed countries. 

Oxidative stress and inflammatory factors play an important 

role in the development and progression of nephropathy in 

diabetic patients.[28] The cerebral cortex and hippocampus 

suffer from oxidative stress and lipid peroxidation caused by 

hyperglycemia more than other brain regions. 

Hyperglycemia induces oxidative stress through enzymatic 

and non-enzymatic mechanisms and by excessive production 

of oxygen free radicals, and then by increasing the types of 

free radicals, programmed cell death occurs, which itself 

causes the death of neurons in the brain. Also, with the 

increase of inflammatory cytokines in the brain, neurons are 

damaged,[29, 30] and on the other hand, with the peroxidation 

of lipids, a variety of nerve mediators such as glutamate, 

cytochrome C, and the increase of intracellular calcium lead 

to damage and destruction of neurons. Finally, chronic 

hyperglycemia causes damage to the kidney, and then, with 

the increase in blood urea, the function of brain nerve cells is 

affected and causes cognitive impairment.[31, 32] 

Neurodegenerative diseases 
Oxidative stress is related to diseases that are associated with 

the destruction of the nervous system; These diseases include 

Parkinson's, Huntington's, and Alzheimer's. 
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Neurodegenerative diseases affect different parts of the brain. 

Changes in mitochondrial function, damage due to oxidative 

stress, abnormal presence of proteins and proteasomes, 

changes in iron metabolism, inflammation, and death of 

neurons are among the things that happen in these diseases. 

Failure to remove oxidized proteins by proteasomes leads to 

abnormal protein accumulation in the cell, which leads to the 

production of reactive oxygen species. These free radicals 

can damage mitochondria, increase the amount of calcium 

ions, inhibit proteasome activity, and eventually destroy and 

kill neurons. 

Parkinson's 
Parkinson's disease is one of the most common 

neurodegenerative diseases after Alzheimer's. Resting 

tremors, slowness of movement (Bradykinesia), muscle 

stiffness, and difficulty in starting movement are among the 

obvious symptoms of this disease and the cause of movement 

disorders and destruction in the nervous system.[33] Factors 

such as oxidative stress, DNA damage, reduced glutathione, 

and increased lipid peroxidation play a role in causing this 

disease. Oxidative stress not only results in the death of 

dopaminergic neurons but also diminishes energy and causes 

oxidative phosphorylation to malfunction.[34, 35] One of the 

genetic factors effective in causing this disease is the 

mutation in the PARK2 gene, which encodes the Parkin 

protein. This protein is one of the components of the 

ubiquitin E3 ligase complex, which plays a role in the 

proteasome pathway. Many believe that changes in this gene 

cause oxidative stress. Also, lack of this protein due to 

oxidative stress causes damage to mitochondria and 

ultimately neurodegeneration. By reducing the ubiquitination 

of the transcription repressor, its level increases, which 

causes a decrease in the expression of the molecule that 

regulates mitochondrial function. By creating a defect in the 

signaling pathway of this important molecule, the 

mitochondria suffer from dysfunction, and eventually, 

neurodegeneration occurs.[17, 36] Higher levels of hidden 

anxiety were associated with increased severity of 

temporomandibular joint disorders, suggesting psychological 

stress could exacerbate neurological conditions like 

Parkinson's disease.[23] 

Huntington's disease 
This disease is relatively rare and has an obvious autosomal 

inheritance. Its clinical features include cognitive, motor, and 

psychological disorders. Recently, the damage induced due 

to oxidative stress in these patients has been more attention, 

the increase of three nucleotide CAG repeats in the gene 

encoding the huntingtin protein (Htt) which causes the 

change in the spatial shape of the protein and finally 

accumulates in the cytoplasm and nucleus.[2] This mutant 

protein binds to the mitochondrial outer membrane and 

disrupts complexes I and II, thereby disrupting ATP 

production by producing free radicals. Also, this mutated 

gene plays a role in the establishment of mitochondria inside 

the axon and causes disturbances in the placement of 

mitochondria.[26] 

Alzheimer's 
This is a progressive neurodegenerative disease that causes 

the loss of integrity of neurons, the destruction of neurons 

and synapses, and ultimately memory impairment and 

reduced cognition. Alzheimer's precursor proteins are 

processed and cut outside the cell by beta and gamma-

secretase enzymes and cause the formation of a structure 

called beta-amyloid plaques. The tau protein becomes 

hyperphosphorylated as a result of these plaques. This 

protein is involved in microtubule organisation and neuronal 

cell development. By being phosphorylated, this protein is 

separated from microtubules and accumulates inside the cell. 

Accumulation of these proteins along with beta amyloid 

plaques is one of the causes of Alzheimer's disease. Studies 

have shown that beta-amyloid plaques induce oxidative 

stress.[20] In this way, the accumulation of beta-amyloid 

plaques can be caused by the oxidation of carbohydrate side 

chains of membrane lipids, which leads to the breakdown of 

the natural structure of the cell membrane and ultimately 

causes cell destruction and lysis.[31] 

Autism  
The first three years of life are when developmental disorders 

like autism first manifest. This illness alters a child's brain, 

which interferes with social behaviors and communication 

abilities. Environmental and genetic factors play an 

important role in the occurrence of this disease. Oxidative 

stress as a mediator between environmental and genetic 

factors plays an important role in the occurrence of this 

disease.[32]  Considering that children's brains have less 

antioxidant capacity compared to adults, they are more 

exposed to oxidative stress. In general, the brain is more 

susceptible to oxidative stress as a result of the need for high 

amounts of lipids, iron, and energy, as well as a lower 

antioxidant capacity to neutralize free radicals.[1, 23] Among 

the causes of oxidative stress in autistic patients, are an 

increase in the amount of 8-hydroxyguanosine at the level of 

DNA,[24] an increase of 3-nitrotyrosine at the level of 

proteins, and finally the loss of protein function and their 

accumulation and breakdown;[25] A decrease in the level of 

transferrin and ceruloplasmin, as a result of which the 

abnormal metabolism of iron and copper is involved in the 

pathology of autism.[26] 

Cancer  
Due to the interaction and reaction of free radicals with 

DNA, ROS compounds can activate the initial stages, 

promotion, and development of carcinogens. These 

compounds cause mutations in genes and cause cancer with 

the effect of destruction and damage on DNA components 

such as bases and deoxyribose sugars.[27, 28] The result of 

these mutations is the transformation of proto-oncogenes into 

oncogenes and changes in their expression, which leads to an 

increase in cell proliferation and finally, the transformation 

of a normal cell into a malignant proliferating cell. Free 

radicals play a role in causing cancer by inducing 

transcription, inducing message transmission pathways, 

causing replication errors, and genetic instability. Although 

there are different types of cancers, there is a direct 
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correlation between the size of a benign tumor and the 

amount of oxidized DNA products (8-oxoguanine). This 

process of converting a benign tumor into a malignant one 

must be understood. High levels of oxidative stress in cancer 

cells can lead to necrosis or even apoptosis, whilst low levels 

can stimulate cell division and encourage tumor growth. Free 

radicals can also result in the peroxidation of cell 

membranes. The metabolites resulting from the peroxidation 

of lipids are malondialdehyde, 4-hydroxynoneal, and 

acrolein, which bind to proteins and change their function, 

causing enzyme inhibition and changes in the cell receptor 

structure, and ultimately causing cancer.[29] A recent review 

of spiral inertial microfluidic devices highlights their 

potential for bioparticle separation and profiling, including 

the isolation of circulating tumor cells (CTCs) from blood 

samples.[33] The authors note that these microfluidic systems 

can separate particles like CTCs from other blood 

components based on differences in size and shape. Such 

technologies may aid cancer diagnosis by allowing the 

purification of rare CTCs from patient blood samples.[20, 22, 30]   

Aging 
There are many theories regarding the theory of the aging 

process. One of the most prominent theories of aging is the 

generally accepted free radical theory.[20] This theory is 

supported and supported due to the increase of free radicals 

and their damage with age. According to this theory, the 

body's free radicals harm cellular constituents through 

oxidative means, altering cell, tissue, and organ function 

before finally causing death. Also, this hypothesis is 

supported by the hypothesis of the inverse relationship 

between metabolism rate and lifespan.[21, 22] Also, this theory 

is supported by experimental evidence that shows that 

oxidative damage to DNA, protein, and lipids increases with 

age. Therefore, free radicals that cause oxidative stress 

increase with age and provide the basis for the development 

of other diseases.[23, 29] 

In general, respiratory viral infections are linked to the 

generation of cytokines, inflammation, cell death, and other 

pathophysiological processes that may be connected to 

oxidative stress or redox imbalance. As we age, these 

phenomena become much more prevalent. 

Conclusion 

Excessive production of free radicals causes oxidative 

damage to biomolecules such as lipids, proteins, and DNA 

and leads to the occurrence of diseases such as cancer, 

diabetes, rheumatoid arthritis, stroke, etc. However, some 

free radicals have useful properties such that they are used in 

the immune system to attack and destroy pathogenic agents. 

Although the body naturally produces antioxidants to fight 

these free radicals and many studies have shown the 

reduction of oxidative stress through diet and lifestyle 

changes, there is a need for more studies in this field. 
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