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1. Context 

Trouble in a visual representation of two objects, 

thinking, learning, and memory are symptoms of a set 

of diseases known as cognitive diseases. These 

disorders include memory loss, epilepsy, autism, and 

other brain-related dysfunctions and are common 

among 2 of every 6 children born every day. 

Unfortunately, these disorders still do not have proper 

treatment at all hence may lead to permanent damage to 

brain tissues (1, 2). During the last few years, attention 

has been shifted towards the causes of these disorders 

and a fact came to light that chemicals are mainly 

responsible for causing impairment along with genetic 

factors that cause 30 to 50 % of disease conditions (3). 

Heavy metals such as mercury (Hg), lead (Pb), uranium 

(U), platinum (Pt), and many others have been utilized 

extensively in industries as chemical forms and are a 

serious threat to the environment and human society in 
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Abstract 

Increasing pieces of evidence have supported those chemicals from industrial, agricultural wastes and 

organoleptic activities play important role in the development of neurological disorders. The frequency of 

neurological disorders is increased to a much extent in recent years with the advancements in science and 

technology. Google Scholar, PubMed, and Scopus databases were selected to search the relevant information by 

using keywords including “Heavy metals”, “Neurotoxicity”, “Glutathione”, “Glutathione AND 

Neurodegenerative disorders” etc. Heavy metals are particularly recognized as a major resource of toxicities 

during the stage of early pregnancy where a fetus gets exposed to them from maternal activities and circulation. 

As infants have a weak immune system and cannot respond to the specific challenge as faced by the body 

during mercury, zinc, iron, and cadmium exposure. Daily diet and drinking habits in addition to industrial 

activities also form a major field of study under investigation. This study aims to investigate the role of these 

metals in the accumulation of pollutants in the brain, liver, and kidneys hence leading to serious consequences. 

Moreover, their prevalence in teenagers that are under the age of ten years is being observed that leads them to 

learn, writing, and intellectual abilities. Males are more affected due to their hormonal differences. The role of 

the GST gene in the development of cognitive conditions and its phenotypes has been discussed thoroughly in 

this review. The mutations of GST lead to the accumulation of peroxides and superoxides which exacerbate 

oxidative damage to cells. Binding of toxic metals to GSH genes and the role of glutathione transferase genes is 

was demonstrated in this review.  

Keywords: GSH (glutathione), GST (glutathione s-transferase), toxic metals, cognitive disease, 
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turn (4). Exposure of these metals occurs through many 

mechanisms including air, surface water exposure, and 

soil. Due to multiple sources of exposure, they can 

cause the most serious threats. Many trace elements 

present in the body are essential for the proper 

functioning of the autonomic system in a concentration 

of 0.01% but if the level increases from a certain limit, 

it leads to disorder conditions easily (5). They present 

more risk at the fetal level to babies because of weaker 

immune systems than that of adults and would cause 

changes in gene expression at later stages of life. Heavy 

metals are usually measured in urine, saliva, teeth, and 

nails as urine provides better means of accessing 

change in metal content of trace metals over some time 

(6). During the 1990s, a significant decrease in the 

harmful natural pollutants was seen by using a few 

remediation strategies but soil and water despite 

everything contain elevated levels of some potentially 

toxic elements (PTEs). Heavy metals contamination is 

one of the most serious dangers for the earth (7). Since 

the mid of the nineteenth century, the utilization of 

potentially harmful metals increased with resulting 

liberation in nature. The exact process by which metals 

cause toxicity is not completely known, and each metal 

is probably hazardous in its way. Oxidative stress and 

neurodegeneration, as well as dyshomeostasis in vital 

metal metabolism, have been described as side effects 

of toxic exposures to vital metals (8). The glutathione 

(GSH) system, thioredoxin/peroxiredoxin system, 

superoxide dismutases, and catalase are among the 

mechanisms that protect brain oxidative injury (9). Cell 

death is caused by an imbalance induced by high 

amounts of oxidant factors or lower levels of 

antioxidant defense mechanisms (9).  

However, evidence of a putative causative or 

noncausal involvement of metals in human 

neurodegenerative disorders such as Alzheimer's 

disease (AD), Parkinson's disease (PD), and autism 

spectrum disorder (ASD) is still scarce. The purpose of 

this study is to give an updated overview of the 

literature data on the probable association of metals and 

GST gene variants in the development of AD, PD, and 

ASD, which are the three most common 

neurodegenerative conditions.  

2. Evidence Acquisition 

To find association between metals and GST gene 

variants different databases such as Google Scholar, 

PubMed, and Scopus databases were selected to search 

the relevant information by using keywords including 

“Heavy metals”, “Neurotoxicity”, “Glutathione”, 

“Toxic metals AND Oxidative stress”, “Glutathione 

AND Metals detoxification”, and “Glutathione AND 

Neurodegenerative disorders”.  

Only those articles were selected that included the 

information related to toxic metals and glutathione 

association in neurodegenerative disorders. Cross 

references of selected articles were also used to expand 

the search of relevant studies. Moreover, only 

published articles were included in this study. All other 

irrelevant articles were excluded that were not matched 

with inclusion criteria of this study. Relevant 

information and data were collected in 2 months.  

3. Results 

3.1. Glutathione and Toxic Metals Induced 

Oxidative Stress 

The risks of human beings after exposure to toxic 

metals are numerous. Humans are not only exposed to 

heavy metals from industrial sites and environmental 

sources but also via medicine and dietary components. In 

the case of Hg, it has a strong affinity for sulfur atoms 

present in the endogenous thiol-containing molecule 

glutathione (GST). This mechanism is responsible for 

mercury to play a key role in the structure forming and 

mediating functions of both intra and extracellular 

membranes (10). Hg has been thought to show 10 times 

less attraction for oxygen-containing species and this 

phenomenon leads to Hg uptake, transportation, 

accumulation, and toxicity in brain cells. Molecular 

copying plays a major role in it like mimicry of Hg-GSH 

complex with cysteine causes easy transportation of 

these compounds in different organs of the body (11). 

Humans have a natural detoxification system in their 
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body that helps to get rid of these heavy metals toxins 

especially Hg. Oxidative stress is a condition in the body 

whereby humans are unable to stand with a high 

concentration of free radicles and reactive electrophiles 

formed as a result of prolonged exposure to chemicals, 

especially toxic metals. Transition and toxic metals can 

convert hydrogen peroxide to hydroxyl and 

hydroperoxyl,  both of which are the main forms of 

reactive oxygen species (ROSs) that may react with 

biological membranes, backbones of DNA, and 

signaling proteins (12). Toxicity of thiol binding metals 

occurs at very low concentrations at molecular levels. 

Several experiments conducted on living organisms such 

as rats have demonstrated an increase in GSH 

concentration rather than decreasing its concentration in 

the body. The flux of several enzymes that are involved 

in sulfur binding has also increased which is a rate-

limiting element for thiols. The complexes of Hg with 

thiol of GSH as has been discussed earlier are formed in 

bile and urine of model animals and are a cause of neuro 

and nephrotoxicity caused by oxidative stress. In the 

same way binding of cadmium (Cd) and other metals to 

thiol of GSH has been studied extensively using various 

biochemical techniques such as mass spectrometry etc. 

But arsenic (As) is a metal that shows dual behavior due 

to the presence of two different forms such as As(III) 

and As(V) (13). Its binding with thiol-containing groups 

can either result in cancerous condition while it also has 

protective functions in case of leukemia. Both forms 

differ in their toxicity due to methylation and As (III) is 

more toxic than As(V). At the chemical level, the redox 

potential of the body is described quantitatively as the 

presence of some thiol-containing compounds which 

coexist in both reduced and oxidative forms. Damage to 

biological structure occurs via the interaction of small 

molecules with a system having nucleophile molecules 

in centers of DNA and proteins resulting in the 

formation of toxic adducts. In other cases, reactive forms 

of oxygen such as hydroxyl ions, not suitable for natural 

systems can react with biological systems and change  

 

their physiological form (14). The resulting reaction of 

the biological system leads towards a condition where 

apoptosis, necrosis, and uncontrolled cell division occur. 

In the case of damage by Hg, an imbalance between 

thiol-containing compounds such as cysteine and GSH 

may occur. Hg in the case of cellular microorganism 

cross membrane is picked by enzymes that sandwiches 

Hg between thiol-containing groups making protein 

embedded Hg bis-thiol. Two molecules i.e., NADH and 

FAD act as cofactor similar to GSH reductase. The 

active site of enzyme hosts two cysteine of which binds 

to mercury and carries the bound form to the site of 

reduction (15). The latter process occurs as a result of 

oxidation of cysteine residues and the reduction of 

inactive enzyme using NADPH. These products cross 

blood-brain barriers and accumulate in the central 

nervous system leading to cognitive disorders such as 

dementia, AD, PD, and long term brain death (16).  

 In the case of nickel (Ni) toxicity, there are several 

mechanisms by which it enters the system i.e., damage 

to trace elements and iron (Fe) hemostasis, interaction 

with macromolecules, disturbance, and development of 

energy metabolism, and damage caused by oxidative 

stress. Since, after respiration Ni enters the cerebral 

cortex of the brain where it gathers. That's why Ni is 

considered the main form of toxicity in brain cells. In 

this case, reduced GSH activity is the most dangerous 

form of neuron degradation to brain cells (17). Thiol 

from cysteine provides glutathione with reducing 

power while a high concentration of it makes it the 

main part of the cellular system. Hence deficiency of 

GSH is considered a major risk for disorders such as 

aging, learning, and behavioral disorders, etc. Thus, 

oxidative damage caused by ROS species tends to 

activation of various transcription factors leading to 

activation of various inflammatory pathways. 

Additionally, mitochondrial DNA present in a nucleus 

is more susceptible to damage as compared to the 

mitochondrial membrane which in turn affects the 

coding of DNA, influencing phosphorylation thereby  
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altering the respiratory chain and unregulated 

production of reactive oxygen species, main cause of 

oxidative stress to cells (18).   

3.2. GST’s Function 

GST is a family of enzymes involved in the 

detoxification of reactive chemical species by bonding 

to the reduced form of glutathione. A recent 

development in the field of molecular biology has 

enabled scientists to study large-scale genome data, 

expressed sequence tags, and termination signals using 

X-ray crystallography. Mammalian GST's have been 

extensively studied and been classified into various 

subclasses according to the given criteria but up to 

now, many GSTs in non-mammalian species have also 

been discovered. This discovery has led to the 

development of functions other than those that were 

described earlier only in mammalian species (19). 

These enzymes play a wide variety of functions such as 

removal of ROS, production of s-thiol containing 

proteins both of which are formed as a consequence of 

oxidative stress to the brain or any other cell of the 

body. Other generalized functions include catalysis of 

complexes formed because of conjugation with 

endogenous ligand species and in the processing of 

mechanisms involved in detoxification. In the case of 

their role in enzymatic detoxification, chemical 

compounds like xenobiotic and metallic species are 

major sources of toxicity when exposed to the human 

system. These toxic compounds may sometimes 

include phenols, aflatoxins, ROS such as superoxides, 

hydroxides, and superoxides. In addition to 

sequestration and binding, another biochemical 

transformation mechanism is an important pathway 

involved in getting rid of toxic chemical compounds 

(2). A healthy cell possesses a variety of enzymes 

responsible for the transformation of a variety of 

chemical structures and functions. The detoxification of 

xenobiotics has been classified into three distinct 

phases. Phases I and II involve the conversion of 

lipophilic compounds into more water-soluble and 

hence into less toxic compounds that can be easily 

removed from the body. Cytochrome p450 is a class of 

enzymes that are involved in the catalysis of such 

reactions in which the oxidation process occurs. Phase 

III involves the reactions that convert activated 

xenobiotics to endogenous substrates such as GSH 

(reduced form of glutathione), UDP glucuronic acid, 

and glycine. Also, they catalyze nucleophile aromatic 

substitutions, reduce hyper oxides resulting in the 

formation of oxidized glutathione which is then 

eliminated using several different mechanisms 

including ATP-dependent GS-X (glutathione S-

conjugate export) pumps (20). 

 Moreover, GSTs are cytosolic compounds that in 

addition to performing the role of detoxification also 

have ligand binding properties. They have also been 

employed in various phenomena such as cancer 

chemotherapy, insecticide, herbicides, and microbial 

antibiotics. Another class of GSTs has also been 

identified which are quite different from others 

designated as membrane-associated proteins (21).  

3.3. GST's Role in Toxic Metals Detoxification 

In humans, Cd is usually taken up by the liver. In the 

liver, it binds with GSH and then can be transported to 

bile. In another way, it binds with metallothionein 

(MT) which is then used for storage purposes. Some of 

the Cd bound with MT also release in plasma which is 

then taken up by the kidney. An unbalance between 

bounded Cd and free Cd is the key factor of toxicity 

either in kidney or brain tissues. Therefore, chances of 

Cd toxicity depend upon the variability of enzymes 

related to Cd metabolism. GSTs are a group of 

enzymes primarily involved in the detoxification of Cd, 

Zn, As, aluminum (Al), Hg, and other toxic metals. The 

principal function of glutathione is a combination of 

hydrophobic and electrophilic forms with the reduced 

form of glutathione (22). Intracellular binding of metals 

with GSH is catalyzed by glutathione transferase 

enzymes leading to the formation of the most stable 

GSH –metal complexes which are then excreted 

outside of the body through urine and faces. Seven 

GSTs have been identified and genetic polymorphism 

has been elucidated for GSTM1, GSTP1, and GSTT1 

resulting in decreased or enhanced levels of enzymatic 
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activity in some cases. GSTT1 and GSTM1 are of 

particular importance because of their involvement in 

genetic polymorphisms that results in defected catalytic 

activity related to greater sensitivity in the case of toxic 

compounds (23). Polymorphism in GSTP1 in the 

region other than coding regions i.e. exon regions 

where it exchanges valine with isoleucine and this 

change is responsible for the change in enzymatic 

activity (24). 

Increased level of As is found to be present in soil and 

drinking water and also diet but most commonly it 

enters the human body by inhalation using the nasal 

track. Besides human activities like industrialization, 

agriculture wastes, and other organoleptic changes also 

contribute to increasing the risk of As toxicity (19) F. 

During As metal exposure, the metal is trapped by GSH 

and cysteine residues which in turn increases sulfur 

requirement by induction of sulfur mechanism during 

exposure. Moreover, further analysis of all seven forms 

of GSTs found that so far only lambda form GST is 

involved in As stressed condition and detoxifying 

conditions (19). As exposure causes increased ROS and 

also lipid oxidation inside the body. This in turn 

increases glutathione concentration which using the 

phenomenon of feedback induction results in the 

activation of the glutathione transferase group of 

enzymes. In the case of Al, the same thing happens, 

and it increases glutathione which in turn activates GST 

transcription indicating the role of ROS species for 

detoxification. As Al is associated with various 

cognitive disorders, further researches have revealed 

that astrocytes are responsible for physical blood-brain 

barrier formation presenting glutamate and gamma-

aminobutyric acid as a mean for Al toxicity in the brain 

(25). Another research has also revealed an inverse 

relationship between decreased GSH activities and an 

increase in neurological disorders in the case of Al. The 

Al-associated GST/GSH effects observed in animal 

models have been re-examined in human studies. For  

example, a study of industrial workers observed that 

people with the highest levels of Al in urine also have 

low GST enzymatic activity in erythrocytes. In the case 

of Hg, MeHg is a major form of toxin found in humans 

by consuming seafood like fish, etc. The chances of 

getting disease due to mercuric exposure are high at an 

early age as compared to young age. There exist a 

variety of disease symptoms in humans ranging from 

motor and cognitive symptoms that is more prevalent in 

children of age less than 14 years (25). The notion that 

glutathione transferase can provide MeHg-GHS 

complex formation has led to the discovery of many 

variants raised because of polymorphism in humans. 

Direct functional studies have revealed that GST can 

mediate the MeHg-GHS toxicity either directly using 

enzymatic activity or indirectly by knocking down of 

glutathione gene in them effectively. Western blotting 

was employed as a biochemical way of accessing their 

activity effectively in a biochemical way (26). 

Pb exposure has thought to be the main cause of 

neurodegenerative diseases in humans. Numerous 

studies have revealed a direct relation between Pb 

concentration and dementia and other neuro disorders 

(27, 28). Oxidative stress is a mechanism by which Pb 

affects brain learning ability, IQ, and other such 

functions. It has been described in previous studies that 

in vulnerable neurons of AD patient’s lipid 

peroxidation, nitrotyrosine, reactive carbonyls, and 

nucleic acid oxidation observed to be increased as 

compared to control patients, irrespective of whether 

individual neurons contain AD pathology (29, 30). 

Consequently, symptoms of oxidative damage lead to 

other pathological issues in AD and is an early event in 

the disease pathogenesis (31). GST in this case is the 

compound involved in the protection of harmful 

chemicals including radicles which in this case results 

in phenotypic variations among genes. Of all the 

polymorphic forms, persons that are not having the 

gene GSTM1 showed greater exposure to Pb and in 

turn more symptoms related to brain disorders. Bones  

may be considered as the best matrix for the estimation 

of Pb having a half-life of more than a month or two 

(32). 
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3.4. GST Gene Variants Related to Toxic Metal-

Induced Neuron Degradation 

Heavy metals or trace metals are found everywhere 

on earth and because of this, they are responsible for 

most of the diseases in the body including neuron 

degradation, etc. Because of their presence in the 

environment, people who are not exposed to them at 

any point in their life are also at risk of being affected 

by a trace amount of them through their food, 

environment, and organoleptic activities. Trace 

amounts of metals such as copper (Cu), Zn, and Fe are 

essential for the body including for some enzymatic 

activities. Others such as Cd, Hg, and Pb are toxic to 

humans and can be a way leading to brain death and 

permanent loss because they can cross the blood-brain 

barrier and causing enzymatic changes or oxidative 

damage stress. Glutathione related genes also known as 

glutathione transferase are a group of an enzyme that 

binds with GHS in its reduced form and also binds with 

a substrate of xenobiotic (33). This mechanism leads to 

the solubility of water and its detoxification from the 

body. GST family consists of various forms of 

polymorphic genes such as alpha, beta, gamma, mu, 

theta, and sigma all of which show more or less than 

45% of homology in one or two aspects. However, 

most of them are showing polymorphism that tends to 

show dissimilarity in enzymatic activity of enzymes 

among different numbers of populations (34). For 

example, two SNPs in the case of GSTP1 show two 

polymorphic forms i.e., Ile105Val and Ala114Va both 

of them are associated with altered enzymatic activity 

and substrate binding by these enzymes. These 

variations result in a condition where the mechanism 

involved in the transportation of Hg binding conjugates 

is disturbed and leads to a disease condition. GSTT1 

and GSTM1 are some types of GST polymorphisms in 

which deletion mutation in their encoding sequence 

causes the impaired enzymatic activity. Impaired 

enzymatic activity is associated with more sensitivity to 

toxic substances in long term (35). In the case of 

MeHg, intoxication results because of eating fish were 

examined in two groups including control and sample 

groups. Results revealed the fact that polymorphism 

has been shown to display a direct relationship between 

the amount of polymorphism and uptake of bounded 

Hg by red blood cells such as erythrocytes. Patients 

with V allele of polymorphic form have shown to 

contain less bounded Hg than that of other forms of Hg 

and other heavy metals. Also, all other genetic 

polymorphic forms are thought to be indicative of 

glutathione present in urine, plasma, and blood, etc., 

including allelic forms of GSTT1, GSTM1, and GSTP1 

Val105Ile (36). 

3.4.1. Parkinson’s Disease (PD) 

Parkinson's disease (PD) is a cerebrum issue that 

prompts shaking, solidness, and trouble with strolling, 

parity, and coordination. Parkinson's side effects 

ordinarily start progressively and begin to get complex 

after some time. As the disease advances, individuals 

may experience issues strolling and talking. They may 

likewise have mental and behavioral changes, mood 

issues, sorrow, memory challenges, and weakness. The 

disease affects around 50% more men than ladies (37). 

One obvious risk factor for PD is age. Although many 

people with PD initially build up the disease at about 

age 60, around 5 to 10% of individuals with PD have 

"beginning stage" illness, which starts before the age of 

50. Early-stage types of PD are, however not generally, 

acquired, and a few structures have been connected to 

explicit quality transformations (38). 

PD usually happens when nerve cells, or neurons, in a 

territory of the brain that controls development become 

impeded or potentially die. Regularly, these neurons 

produce a significant cerebrum chemical known as 

dopamine. At the point when the neurons die or 

become debilitated, they produce less dopamine, which 

causes the development issues as in the case of PD. 

Researchers despite everything don't have a clue what 

causes cells that produce dopamine to die. Researchers 

are attempting to comprehend the typical and irregular 

elements of alpha-syncline and its relationship to 

hereditary changes that form the basis of PD dementia 

(39). Although a few instances of PD give off an 

impression of being inherited, and a couple can be 
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followed to explicit genetic mutations, as a rule, the 

disease happens randomly and doesn't appear to run in 

families. Numerous analysts presently accept that PD 

results from a mix of hereditary components and 

natural factors. For example, exposure to toxic metals 

such as Pd, Hg, etc. Research has depicted the role of 

GST genes and their variants involved in PD such as 

allelic variants GSTO1, GSTO2. These variants play 

important role in studying the effect caused by the 

presence of reactive oxygen species such as 

superoxides and hydroxyls which formed as a result of 

oxidative damage or stress in a tissue or body. 

Oxidative stress activates GST to detoxify many 

products formed as a result of detoxification, lipid, 

nucleic acid, and protein oxidation (40). 

3.4.2. Alzheimer’s Disease (AD) 

Alzheimer’s Disease (AD) is an irreversible, dynamic 

brain issue that gradually annihilates memory and 

thinking aptitudes and, in the long run, the capacity to 

do the simplest assignments. In the vast majority with 

the illness-those with the late-beginning sort—side 

effects initially show up in their mid-60s. Beginning 

stage AD happens between an individual's 30s and 

mid-60s and is exceptionally uncommon. Ad is the 

most well-known reason for dementia among more 

well-known grown-ups (41). The plaques and tangles in 

the cerebrum are as yet thought to be a part of the 

fundamental key factors of AD. Another element is the 

loss of associations between nerve cells (neurons) in 

the cerebrum. Neurons transmit messages between 

various parts of the cerebrum, and from the mind to 

muscles and organs in the body. Numerous other 

complex mind changes are thought to play role in 

Alzheimer's, as well. This harm at first seems to happen 

in the hippocampus, the part of the brain involved in 

framing memories. People who take part in reading 

exercises, for example, perusing, playing prepackaged  

games, finishing crossword puzzles, playing 

instruments, or standard social collaboration show a 

reduced risk for AD (42). This is perfect with the 

intellectual hold hypothesis, which expresses that some 

beneficial encounters bring about progressively 

proficient neural working giving the individual a 

psychological save that postpones the beginning of 

dementia manifestations. Education defers the 

beginning of AD disorder without changing the length 

of the disease. Learning a subsequent language 

considerably further down the road appears to defer the 

beginning of AD. Physical movement is likewise 

connected with a diminished danger of AD. Physical 

exercise is related to the diminished pace of dementia. 

Physical exercise is additionally successful in 

decreasing indication seriousness in those with AD 

(43).  

Individuals who keep up a sound, Japanese, or 

Mediterranean eating routine have a diminished danger 

of AD.  The Mediterranean eating regimen may 

improve results in those with the disease. Those who 

eat an eating routine high in immersed fats and basic 

starches (mono-and disaccharide) have a higher risk. 

The Mediterranean eating regimen's gainful 

cardiovascular impact has been proposed as the system 

of activity. The reasons for AD are perplexing yet there 

is a general understanding of the presence of a 

connection between AD and oxidative stress (44). The 

GSTs act to detoxify the results of oxidation that cause 

harm to macromolecules. Specific consideration has 

been centered on GST qualities since polymorphisms 

are significant determinants of ailment chance. The 

GSTM1 chemical detoxifies substances, for example, 

exogenous and endogenous metabolites, and assumes a 

regulatory role in cell signaling. Past investigations 

have featured that GSTM1 has a job in 

neurodegenerative disorders, however, no information 

has related the GSTM1 relation with AD hazard. 

Results proposed that the GSTM1 null genotype is a 

hazard factor for AD in Italian patients (45). 

3.4.3. Autism Spectrum Disorders (ASD) 

Autism is a formative issue resulted from troubles 

with social association and correspondence, and by 

restricted and repetitive behavior. Parents regularly 

notice signs during the initial three years of their 
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youngster's life. These signs frequently grow slowly, 

however a few kids with mental imbalance experience 

difficulty in their correspondence and social abilities in 

the wake of arriving at formative achievements at an 

ordinary pace. Chemical imbalance is related to an 

intermix of hereditary and natural factors (46). Risk 

factors during pregnancy incorporate certain 

contaminations, for example, rubella, poisons including 

corrosive, liquor, cocaine, pesticides, Pb, and air 

contamination, fetal development limitation, and 

immune system diseases. Controversies are present for 

other proposed ecological causes; for instance, the 

vaccine immunization, which has been disproven. 

Autism influences information handling in the mind 

and how nerve cells and their neural connections 

associate and sort out; how this happens isn't well 

understood. The Diagnostic and Statistical Manual of 

Mental Disorders (DSM-5), consolidates autism and 

less extreme types of the condition, including Asperger 

disorder and pervasive developmental disorder not 

otherwise specified (PDD-NOS) into the analysis of 

ASD. The primary objectives while treating kids with 

chemical imbalance are to decrease related shortages 

and family trouble and to build personal satisfaction 

and practical freedom (47). By and large, higher IQs 

are related to more prominent responsiveness to 

treatment and improved treatment outcomes. Families 

and the instructive framework are the primary 

resources for treatment. Services should be conducted 

by experts, specialized curriculum educators, discourse 

pathologists, and authorized analysts. Prescriptions 

might be utilized to treat ASD manifestations that 

meddle with coordinating a youngster into home or 

school when social treatment fails (48). They may 

likewise be utilized for related medical issues, for 

example, ADHD or anxiety. More than half of US kids 

determined to have ASD are recommended 

psychoactive medications or anticonvulsants, with the 

most widely recognized medication classes being 

antidepressants, energizers, and antipsychotics.  

Members of the GST gene family play a major role in 

combatting symptoms of the disease by reducing the 

effects of oxidative damages via conjugation of GSH 

genes with many toxic metals. The results from a study 

conducted under high supervision have suggested the 

involvement of the polymorphism of the GST gene in 

the treatment of disease symptoms (49). For example, 

haplotype consisting of two polymorphisms in 

the GSTP1 gene (Ile105Val and Ala114Val) was 

significantly over-transmitted to the mothers during 

pregnancy and early age of fetal tissues. Hence there 

exists a close association of toxicity that is caused due 

to the accumulation of toxic metals i.e., Hg, Pb, Al, As, 

etc. Also, the role of the GST gene and its variants in 

relieving effects of oxidative damage and function is 

performed by either of these alleles such as 

GSTT1, GSTM1, GSTP1(50). 

3.4.4. Other Neurodegenerative Disorders 

Multiple sclerosis (MS) is a conceivably debilitating 

illness of the brain and spinal cord (focal sensory 

system). In MS, the defensive immune system assaults 

the sheath (myelin) that spreads all around nerve 

strands and disturbs communication between the brain 

i.e., the central nervous system and the remaining body. 

In the long run, the disease can cause permanent harm 

or crumble of the nerves. Signs and indications of MS 

fluctuate broadly and rely upon the measure of nerve 

harm and which nerves are influenced. A few people 

with serious MS may lose the capacity to walk 

autonomously or by any means, while others may 

encounter a long period of remission with no new 

manifestations (51). There's no treatment present for 

MS, however, treatment can help speedy recovery from 

disease, alter the course of the disease, and oversee 

symptoms. GSH is acting as a cofactor in all of the 

research for the enzyme that is involved in the 

detoxification process named GST. Among all other 

variants of GST, GSTM1 and GSTT1 are linked to loss 

of brain function caused actually due to MS (52). 

 Dementia is a general term for ailments and 

conditions described by a decrease in memory, 

language, critical thinking, and other reasoning 

aptitudes that influence an individual's capacity to 

perform regular exercises. Memory loss is a model. 

https://en.wikipedia.org/wiki/Pervasive_developmental_disorder_not_otherwise_specified
https://en.wikipedia.org/wiki/Pervasive_developmental_disorder_not_otherwise_specified
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Alzheimer's is the most well-known reason for 

dementia. Dementia is anything but a solitary infection; 

it's a general term-like coronary illness- that covers a 

wide scope of brain disorders, including AD. All of the 

neurological disorders that come under the general term 

"dementia" are brought about by irregular cerebrum 

changes (53). These progressions trigger a decrease in 

speculation aptitudes, otherwise called intellectual 

capacities, sufficiently serious to debilitate day by day. 

They additionally influence conduct, emotions, and 

relationships. Dementia is brought about by harm to 

synapses. This harm meddles with the capacity of the 

brain to communicate with the whole body. At the 

point when the brain can't impart ordinarily, figuring, 

conduct, and emotions can be influenced. The 

cerebrum has numerous portions, every one of which is 

answerable for various capabilities (for instance, 

memory, judgment, and development). At the point 

when cells in a specific area are harmed, that area can't 

do its capacities normally (54). Recently, oxidative 

stress due to heavy metal accumulation, damage to 

mitochondrial DNA has been studied. Moreover, it has 

been found that the GSH gene is responsible for 

reducing the toxicities when its cofactor reacts with 

metal ions in a specific part of the brain (55).  

4. Conclusions 

Over the last few decades, the interest of scientists has 

been shifted towards brain-related disorders and the use 

of metals in their toxicities. In this context, a huge 

source of research was attributed to the study of these 

metals. It comes forward as a fact that most of the 

damage to the brain caused by exposure to metallic 

compounds occurs during pregnancy or postnatal stage 

where there may result in permanent brain damage or 

loss of brain activity. Molecular mechanisms by which 

metals trigger these reactions are still unclear but the 

involvement of the GST gene in down-regulation of 

AD result in diminishing the effects of oxidative stress 

and the formation of conjugation complex resulted 

from a combination of metallic ion and glutathione 

which is a substrate for a gene. It can also be concluded 

that males are more prone to it than that females as 

male-related hormones such as testimonies tend to 

enhance the effect of the metal ion exposure in some 

cases. Metals like Pd, Hg, and Cu tend to interact at 

physiological and hormonal levels. The reduction of 

exposure to metal ion sources during parental and 

postnatal periods would prove to be an effective way of 

reducing the disastrous effects caused by them. Use of 

properly cleaned water, vegetables are grown in soil 

free from contaminants, and changing our daily routine 

of exposure will prove to be very helpful.  
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