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Abstract 

Autism Spectrum Disorder (ASD) is considered a multifaceted neurodevelopmental disorder. The last two decades showed an 

increase in its prevalence until reached about 1 in 54 children. Autistic symptoms may be exacerbated when the interaction of 

the genetic and the environmental risk factors occur, suggesting that gene-environment interaction could be a mechanism 

underlying the aetiology of ASD. Aluminium is a known neurotoxic metal that has known health effects in humans. 

Glutathione-S-transferase (GST) genes and their enzymes play a major role in the detoxification of many toxic metals. 

Data were collected from 76 children aged 2-8 years diagnosed with ASD and 30 sex and age matched healthy children. The 

aim of this study was to investigate the association of polymorphisms in the two GST genes (GSTM1 and GSTT1) with mean 

aluminium concentrations (as, gene-environment interaction) and oxidative status markers (GST enzyme, malondialdehyde 

and nitric oxide) among the studied groups. The study started at December 2019 and last for one year at the clinics of National 

Research Centre, Egypt. 

The results of this study showed that the null GSTM1 and GSTT1 genotype is the most common type in ASD and that 

genotype may predispose ASD children to decreased antioxidant status (GST enzyme activity) which in term lead to mal 

detoxification of aluminium. There is marked increase in aluminium concentrations in hair of ASD children and oxidative 

markers (increase in MDA and NO) leading to oxidative damage that may play an important role in children autistic status. 

The study recommends adding antioxidant supplements to daily diet of ASD children to improve their antioxidant status and 

in term improving management of patients with autism spectrum disorders. Further studies are needed to describe other GST 

gene polymorphisms. 

Keywords: Autism Spectrum Disorder (ASD), aluminum; detoxification, glutathione S-transferase (GST), gene-environment interaction, 

malondialdehyde (MDA), nitric oxide (NO). 

 

Introduction 

Autism spectrum disorders (ASD) include a group of 

symptoms as impairment of social interactions and 

communication (verbal and non-verbal) with 

restricted interests and repetitive behaviour [1]. In the 

past 2 decades, the prevalence of ASD has increased 

by 23%. The prevalence of autism was about 1 in 54 

children [2].    

Recent studies show that autistic symptoms could be 

caused or exacerbated when the interaction of genetic 

and environmental risk factors occurs, suggested that 

gene-environment interaction may be a mechanism 

underlying the etiology of ASD [3, 4]. The 

environmental factors in ASD might be pollutants 

such as pesticides and metals like mercury, lead and 

aluminum [5, 6]. 

Aluminium is the third most abundant metal in the 

earth’s crust; it comes in the form of rocks of 

cryolite, bauxite, and silicates [7]. Aluminium could 

be found in antacids, propellants, astringents, anti-

perspirants, airplanes, boats, cars, building materials, 

alloys, electrical devices, fuel additives, explosives 

and all households as cooking equipment, cans. We 

are heavily exposed to aluminium, and exposed to the 

dark side of aluminium era [8,9]. 

There have been many studies focused on the role of 

Aluminium in ASD [9, 10]. It is a neurotoxic agent 

and destabilizer of cell membranes [11, 12]; 

moreover, many studies found that the principal 

target of aluminium toxicity was astrocytes, which 
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are responsible for the physical blood-brain barrier 

[13]. Additionally, to its high reactivity, aluminium is 

able to interfere the enzymatic activities in many key 

metabolic pathways. Moreover, aluminium toxicity 

could be increased by induction of oxidative stress 

[14] that significantly leads to ASD progression [5]. 

The response to oxidative stress is a keystone in 

neuroinflammation, and considered one of the 

leading causes of ASD [15]. 

Although aluminum has a direct relationship with 

increased oxidative stress state; aluminum inhibits the 

biological management systems of oxidative stress by 

interfering with the glutathione S-transferase (GST) 

detoxification system [16]. The superfamily of 

glutathione-S- transferases (GSTs) enzymes are 

responsible for detoxification reactions, and 

important as part of antioxidant defense mechanism 

that might be contributed to the development of ASD 

[17]. Glutathione -S-transferase mu (GSTM1), and 

glutathione S-transferase theta (GSTT1); both play 

important roles in detoxification of the xenobiotics 

[18]. 

Genetic polymorphism observed in almost all classes 

of GST superfamily, may increase the individual 

susceptibility to the environmental factors which 

could be associated with ASD [19], and to oxidative 

stress [20]. Considering that identifying new specific 

gene-environment interactions, and also, elucidating 

in which way antioxidants contribute to redox 

imbalance in autism could help resolving the 

complex etiology of ASD [20]. Therefore, the aim of 

the present study was to evaluate whether genetic 

polymorphism in glutathione transferase M1 and T1 

genes among ASD children could modulate 

individual susceptibility to oxidative stress induced 

by aluminum. 

 

Subjects and Methods 

The present study is a descriptive, a cross sectional 

study. It includes two comparative groups; 76 newly 

diagnosed with childhood autism (medication free for 

at least 3 month) with age 2-8 years old compared to 

30 healthy control children (after exclusion of any 

syndromes associated with autistic features). Full 

medical history and clinical examination for all the 

patients and the control children.  

The control healthy children were matched with the 

autistic children for age, residential area and 

socioeconomic status. 

The study started at December 2019 to December 

2020 at “children with special needs clinics” in 

National Research Centre hospital, Dokki, Giza, 

Egypt.  

. 

 

 

Hair samples collections  

About 1.5-2 cm hair samples were collected by single 

cutting from the occipital region of each control and 

cases, for determination of aluminium level using the 

ICP MASS device. 

Blood samples collections 

Random venous blood samples (5 ml) were collected 

from all study subjects by sterile disposable syringes. 

Blood samples were divided into two portions; one 

left to clot for 30 minutes at 37°C and then 

centrifuged at 3,000 rpm for 10 minutes to isolate the 

sera. The sera were kept at -20°C for laboratory 

investigations. The other portion was collected on 

EDTA for preparing WBCs for DNA extraction and 

plasma isolation for determination of glutathione -S-

transferase enzyme activity. 

 

The investigated parameters 

 Determination of aluminum in human hair 

samples using the ICP MASS device:  

Sample preparation procedure 

All glass or plastic ware should be carefully soaked 

overnight in nitric acid (2M HNO3) then washed and 

rinsed well three times by deionized water, then kept 

dry until use.  Weigh up to 0.5 g of hair samples into 

the microwave digestion vessel. Add 10 ml suprapur 

nitric acid to the digestion vessel and shake gently. 

Seal the vessel carefully and place it in its holder in 

the microwave oven and introduce the thermocouple 

probe in the reference vessel and close the door. 

Adjust the microwave oven program to temperature 

at 200 0C for 15 minutes, finally allow the microwave 

venting until temperature < 80 °C). After the heating 

cycle completed, remove the thermocouple probe 

from the reference vessel to allow the vessels to cool 

down in a water bath for about 30 min then open the 

vessels carefully. Rinse down the lid and the walls 

with deionized water inside the vessel, then transfer 

the residual solution in 50 mL PMP volumetric flask 

and then add 0.2 mL from internal standard of Al and 

completed it with deionized water to the marked 

volume. Treat the reagent blank with the same way. 

The samples were kept in polypropylene tubes until 

measured by Inductively Coupled Optical Emission 

Spectrometer (ICP-OES). Test values were reported 

in mg/kg. 

 

\ 

Standards and reagents 

Certified reference metals stock standard solutions 

(1000 mg/L) of Al prepared in 2-3% HNO3 was 

purchased from Merck- Germany Spiked solutions 

were prepared from the stock as necessary. All 

reagents and solvents used in this study were 

analytical grade. The ICP-MS was calibrated, using 

aqueous standard solutions (of the same acid 
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concentration as in the samples and additional 

internal standards) prepared from the stock solutions 

by subsequent dilution in the range of 0.01 to 10 

mg/L. The operating conditions of the ICP-MS 

instrument were optimized before the analysis was 

performed. 

 Screening of GST gene polymorphisms using 

Polymerase Chain Reaction (PCR): 

DNA extraction 

DNA was extracted from whole blood sample using 

Genomic DNA Purification kit (Gene JET™/ 

Fermentas). 

GSTM1 and GSTT1 genotypes were determined by 

amplification of each gene with PCR. PCR reaction 

mixtures (25 𝜇l) contained 5 𝜇l of the extracted DNA, 

Dream Tag Green PCR master mix (2X)12.5 µl, 2 𝜇l 

of Forward primer (0.4 𝜇M), 200 μg of each primer 

and water nuclease completed to 25 µl. The primers 

used for the GSTM1 gene were 5'-

CTGCCCTACTTGATTGATGGG-3’ and 5'-

CTGGATTGTAGCAGATCATGC-3'. The primers 

used for the GSTT1 gene were 5' -

TTCCTTACTGGTCCTCACATCT C-3’ and 5'-

TCACC-GGATCATGGCCA GCA-3'. The human B-

globin gene (110 bp) was also amplified in each 

reaction as a positive control to confirm the presence 

of amplifiable DNA in the samples. The primers used 

for B-globin were 5'-

ACACAACTGTGTTCACTAG-C-3’ and 5'-

CAACTCATCCACGTTCACC-3'. The PCR were 

amplified in 35 cycles of 94°C for 1 min 30 seconds 

for denaturation, 52°C for 1 min for annealing, and 

65°C for 1 min for extension; and final elongation at 

65°C for 5 mins in an automated thermal cycler. The 

PCR products were then resolved by electrophoresis 

in 2% agarose gels, stained with ethidium bromide 

and photographed under ultraviolet light. Individuals 

with one or more GSTM1 alleles had a 273-bp 

fragment, and individuals with one or more GSTT1 

alleles had a 480-bp fragment [21]. 

 Determination of Glutathione -S- transferase 

enzyme (GST) activity: 

GST was determined by colorimetric method 

according to Habig et al., [22]. GST activity was 

expressed as µmole/ml. 

 

 Determination of serum malondialdehyde 

(MDA) concentration: 

Malondialdehyde level in Serum was measured at 

532 nm using Shimadzu U.V-Visible recorder 

spectrophotometer model U.V-160 according to Yagi 

[23]. Malondialdehyde concentration was expressed 

in nmole/ml. 

 Determination of serum Nitric Oxide (NO) 

concentration: 

Nitric oxide was determined at 548 nm using 

Shimadzu U.V-Visible recorder spectrophotometer 

model U.V-160 according to Miranda et al., [24]. 

Final concentration was expressed in µmole/ml. 

 

Statistical analysis 

The collected data and the laboratory results were 

computerized. Statistical analysis was done through 

SPSS version 18. The quantitative results are 

expressed as means ± SD. The statistical significance 

of the data has been determined using independent t-

test for the comparisons. Correlation coefficient was 

used to study the relationships between the 

quantitative data. Significant was considered when p-

value ≤ 0.05. 

 

Ethical approval 

Ethical approval was obtained from the "Ethical 

Committee" of National Research Centre, Egypt. 

 

Results 

This study was performed on 76 autistic children 

including 62 male and 14 female with the mean age 

(6.11±1.569) years, and 30 control group including 

23 male and 7 female with the mean age 

(7.23±0.858) years. There is no significant difference 

between autistic and control group regarding to age, 

sex, and family history. We found that 96% of 

autistic children used piped water while only 4% used 

filtered water while the control group used piped 

water as source of drinking water. All the children of 

the two studied groups used cooking wares made of 

aluminium. 

 

Table (1) showed a significant increase in the mean 

level of aluminum concentrations (mg/kg) in the hair 

of autistic children in comparison to that of control 

(p-values < 0.0001). The results of oxidative stress 

biomarkers showed that there were a significant 

increase in MDA level and NO (p-values < 0.001) in 

autistic children compared to controls. Concerning 

antioxidant status, the results of enzymatic 

antioxidant showed that there was a significant 

decrease in GST enzyme (p-values < 0.001) in 

autistic children compared to controls. 

 

The PCR results for the distribution of GST gene 

polymorphism among autistic and control children: 

The PCR results for GST polymorphism showed that 

the GSTT1 allele at 480bp and GSTM1 allele at 

273bp. The absence of GSTT1 was expressed as null 

GSTT1 and the absence of GSTM1 was expressed as 

null GSTM1 (figure 2). 

 

 

. 
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Table (1): Comparison between autistic children and the control group regarding the levels of Aluminum 

(mg/kg), the oxidative stress markers and anti-oxidant status 

Parameter Autistic children (76) Control (30) Independent t-test 

 

Al (mg/kg) 

Mean± SD Mean± SD t-test p-value 

30.1382±11.32089 14.2740±2.99335 1.470 0.0001 

MDA nmole/ml 8.2066±2.06652 3.2000±1.34958 8.784 0.001 

NO µmole/ml 2.4868±0.60008 1.7333±0.44747 10.836 0.001 

GST µmole/ml 458.5789±126.28700 702.7333±88.3218 9.416 0.001 

GST: glutathione-s-transferase enzyme, NO: nitric oxide, MDA: malondialdyhyde, Significant difference at 

P<0.05 

 

Table (2) showed that the distribution GST gene 

polymorphism among autistic children and control 

children. The frequency of null GSTM1&GSTT1 in 

autistic children compared to controls were 

significantly higher in autistic children compared to 

controls p<0.006 (32.9 % vs 6.7%). While, the active 

form of GSTM1 had lower distribution among 

autistic children compared to the control (22.4% vs 

46.7%) and this distribution was statistically 

significant as p<0.018. Also, the active form of 

GSTT1 had lower distribution among autistic 

children compared to the control (17.1% vs 20%) and 

the distribution of combined GSTM1&GSTT1 active 

forms in autistic children compared to controls were 

(27.6 % vs 26.7%).  

100.00 200.00 300.00 400.00 500.00 600.00 700.00

GST

10.00

12.00

14.00
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22.00

Al 
mg

/kg

r= -0.404, p= 0.02

 
Figure (1) the correlation between Aluminum hair 

levels and antioxidant enzymatic activity of 

glutathione -S-transferase among autistic children 

 

Figure (1) showed a significant negative correlation 

between aluminum hair levels and antioxidant 

enzymatic activity of glutathione -s-transferase 

among autistic children. 

 

 

Figure 2: PCR product for GSTT1, GSTM1 and β 

globulin genes separated by agarose gel 

electrophoresis stained with ethidium bromide. Lane 

1: is the size marker (100 bp). Lane 2& 5: represent 

wild genotypes for the GSTT1 gene at 480 bp. Lanes 

3: represent null genotypes for both GSTM1 and 

GSTT1 genes. Lanes 4: represent wild genotypes for 

the GSTM1 gene at 273 bp. All lanes (2-5) are 

positive for β globulin (positive control) at 110bp. 

 

 

 

 

Table (2): Distribution of GST gene polymorphism among autistic and control children 

GST gene polymorphisms 

autistic children  

(76) 

Control children 

(30) 

 

p-value 

Count Percent% Count Percent% 

Null M1&T1 25 32.9 2 6.7 0.006 

M1 +ve 17  22.4 14 46.7 0.018 

T1 +ve 13 17.1 6 20 1.000 

M1&T1(+ve) 21 27.6 8 26.6 1.000 

NB: Null =Null GSTT1&GSTM1, T1= GSTT1 active form, M1= GSTM1active form, M1&T1 active form 

Significant differences at P<0.05  
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Levels of Aluminium excreted with respect to 

GSTM1 and GSTT1 genotypes among autistic and 

control children: 

The levels of Aluminium were significantly higher in 

the autistic children with GSTT1 allele when 

compared to the controls and to the autistic children 

with other types of GST alleles. Also, the aluminium 

levels of the autistic children with GSTM1 allele and 

those with Null (GSTM1 and GSTT1) allele were 

significantly higher when compared to the controls 

(Table 3).  

Table (3): levels of Aluminium excreted with respect to GSTM1 and GSTT1 genotypes among autistic and 

control children 

 

GST polymorphism 

Autistic children (76) Control children (30)  

p-value Aluminum level concentrations(mg/kg) 

Mean± SD Mean ±SD 

NULL M1&T1 29.0222±10.53002 19.3000±1.69706 0.001 

M1(+ve) 29.2918±12.80379 13.5700±2.71726 0.001 

T1(+ve) 36.7479±11.40520 16.4517±2.75392 0.001 

M1&T1(+ve) 27.7024±9.63927 12.6163±1.47157 0.001 

NB: Null =Null GSTT1&GSTM1, T1= GSTT1 active form, M1= GSTM1active form, M1&T1 active form 

Significant differences at P<0.05  

 

Table (4) showed that there was no significant 

difference in MDA &NO levels between null 

GSTM1 and T1 and other active forms of GSTT1 or 

GSTM1 among autistic group. While, the levels were 

significantly lower in the autistic children with Null 

(GSTM1 and GSTT1) allele, active GSTM1, and 

active forms of GSTT1&M1 compared to the 

controls. In contrast, GSTT1 active form has no 

significant difference comparing to control. 

The levels of GST were significantly lower in the 

autistic children with Null (GSTM1 and GSTT1) 

allele compared to the controls and to the autistic 

children with the other types of GST alleles p<0.01 

(Table 5).  

 

 

Table (4): Blood levels of oxidative stress biomarkers (MDA& NO) with respect to GSTM1 and GSTT1 

genotypes among autistic and control children 

Oxidative stress 

biomarker 

Autistic children (76) 

Mean± SD 

control children (30) 

Mean± SD 

p-value 

MDA nmole/ml 

 

NULL M1&T1 7.9200±1.86190 2.3500±0.07071 0.001 

M1(+ve) 8.0047±2.29971 2.6571±0.56257 0.01 

T1(+ve) 7.7500±2.25994 5.1500±1.82839 0.23 

M1&T1(+ve) 7.5524±1.93355 2.9000±.64143 0.001 

NO µmole/ml NULL M1&T1 2.5040±0.57408 1.4000±0.14142 0.001 

M1(+ve) 2.5412±0.56905 1.6714±0.49370 0.01 

T1(+ve) 2.3143±0.62617 2.1667±0.22509 0.5 

M1&T1(+ve) 2.5190±0.65086 1.6000±0.34226 0.001 

NB: Null =Null GSTT1&GSTM1, T1= GSTT1 active form, M1= GSTM1active form,  

M1&T1 active form NO: nitric oxide, MDA: malondialdyhyde, Significant difference at P<0.05 

 

 

Table (5): Blood levels of glutathione-s-transferase (GST) enzyme with respect to GSTM1 and GSTT1 

genotypes among autistic and control children 

GST gene 

polymorphism 

Autistic children 

(76) 

Mean± SD 

Control  children  

(30) 

Mean± SD 

 

p-value 

 GST enzyme  levels(µmole/ml)  

NULL M1&T1 339.5600±97.52225 520.5000±27.57716 0.016 

M1(+ve) 501.9412±75.23669 710 ±76.80745 0.01 

T1(+ve) 494.7857±77.36545 695.8333± 103.42 0.01 

M1&T1(+ve) 544.4286±110.76307 740.7500±48.22788 0.01 

NB: Null =Null GSTT1&GSTM1, T1= GSTT1 active form, M1= GSTM1active form, M1&T1 active form 

Significant differences at P<0.05  
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Discussion:  

Aluminium is third most common abundant metal on 

earth, so, it has been used extremely in the past five 

decades in every product, and we became exposed to 

it from many sources like aluminium cookware, 

aluminium foil, food additives, medications, tap 

water and cosmetics, all of which raise our exposure 

to this metal [25,6]. It has been proposed that 

aluminium exposure may contribute as an 

environmental factor to cause ASD [9, 26], and the 

increased frequency of ASD occurrence may be 

attributed to the exposure to this era. Many studies 

highlight the prevalence of aluminium exposure and 

development of ASD [27, 28] and has been proposed 

that the remarkable higher aluminium concentration 

was reported in hair of ASD children compared to 

neuro typical one [29]. 

In this study, we use hair analysis to evaluate the 

long-term aluminium exposure as a non-invasive best 

indicator of a given mineral in the body and this was 

in agreement with Mohamed et al [6] for the use of 

this technique. 

The present found that aluminium hair levels in the 

ASD children were significantly higher compared to 

controls (Table 1). The same results documented by 

Mohamed et al [6] in Egypt and Al-Farsi et al [30] 

in Oman, all of them reported a similar increase in 

the mean of aluminium level in hair of autistic 

children in comparison to neuro typical children. 

Also, Metwally et al [9] found that the mean level of 

aluminium measured in urine was higher than in 

group of children suffering from autism compared to 

their control. As aluminium induced neuro-

degeneration by disrupting mitochondrial function, 

and thereby deplete ATP, induce redox abnormality, 

and ultimately lead to cell death through necrotic 

mechanisms [31, 32]. Therefore, we concluded that 

environmental exposure to these toxic heavy metals 

may play a causal role in autism. 

One of the most important mechanisms by which 

heavy metals can induce induction of cellular 

oxidative stress in the form of overproduction of free 

radicals or alteration of antioxidant defense 

mechanisms. Therefore, alteration in oxidative stress 

can be confirmed by the direct measurement of lipid 

peroxidation by-product malondialdehyde (MDA) 

[33]. The results of the current study showed an 

increased MDA levels in autistic children compared 

to the control group (Table 1). 

 This result was consistent with numerous studies 

who recorded that, autistic children suffered from 

oxidative stress with significant elevation in the 

levels of MDA. This elevation of MDA blood levels 

can be utilized as an indicator of tissue injury [34-

36]. In addition, a growing amount of evidence has 

indicated that oxidative stress is a key stone in 

neuroinflammation in the pathophysiology of number 

of neuropsychiatry diseases [37,38] and especially in 

ASD [15,39,40]. 

In the present study, there is a significant increase in 

nitric oxide (NO) in autistic children compared to 

control (Table 1), this result was in agreement with 

that of Sweeten et al [41] who reported plasma levels 

of NO were significantly higher in the autistic 

subjects compared to their control. Aluminium-

intoxicated rats show various markers or indicators of 

oxidative stress, and these can be expressed as 

elevated nitric oxide levels which in turn lead to the 

production and generation of reactive oxygen species 

[42, 43]. The increase in nitric oxide may be a result 

of the ability of aluminium to accelerate the 

expression of inducible nitric oxide synthase (iNOS) 

[44]. Although, nitric oxide has been known to exert 

neuroprotective effects at low to moderate 

concentration but nitric oxide changes to neurotoxic 

when the concentration increases [45]. 

Glutathione-S-transferases (GST) are multifunctional 

enzymes, involved in detoxification of toxic 

substances caused by oxidative stress products. 

Cellular GST efficiently scavenge toxic free radicals 

and are partly responsible for protection against lipid 

peroxidation due to aluminium exposure [46]. A few 

studies have suggested that children with autism have 

limited availability reduced glutathione storage 

capacity, resulting in decreased detoxification, 

increased oxidative stress and DNA damage, and 

chronic inflammatory responses [47-50].  

According to the results of the present study, a 

significant decrease in GST activities was reported in 

the autistic children relative to the controls (Table 1). 

These changes can be related to decreasing in 

detoxification of toxic substances caused by oxidative 

stress products leading to remarkable elevation in 

aluminium level among autistic children. 

Alabdali et al [51] were in agreement with our 

results as regard reduction of GST activity in the 

autistic group of their study in comparison to the 

control. Also, Al-Yafee et al [52] in his study on 

autistic children in Saudi Arabia found that GST 

activity was diminished compared to their control. On 

the contrary to our study, Oshodi et al [53] found 

that GST values of autistic and control population 

showed no statistically significant difference. 

The results of the present study found a negative 

correlation between aluminium level and anti-oxidant 

status marker (GST) activity, Figure (1). Aluminium 

as a neurotoxic metal can induce oxidative damage as 

it binds to negatively charged phospholipid leading to 

easily attack to reactive oxygen species [44]. We 

hypothesized that aluminium may cause mal 

antioxidant status that induce oxidative stress.  
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Genetic susceptibility could play an important role in 

the response to environmental toxins. Therefore, 

detoxification genes (GST) polymorphism was 

studied in the present study. GSTM1 and GSTT1 

enzymes, both are known to catalyse the 

detoxification of reactive oxygen and lipid 

peroxidation products [54]. 

In the present study the polymorphism of GST was 

studied in ASD children and controls relative to the 

two genotypes GSTM1 and GSTT1. Null GSTT1 and 

GSTM1 genotypes were significantly higher in 

autistic children compared to controls (32.9 % vs 

6.7%). While 32.9% of autistic children had null 

GSTT1 and GSTM1, the other had GSTM1 allele 

(22.4%), GSTT1 allele (17.1%) and GSTT1and 

GSTM1 alleles (27.6%). Several studies have 

reported an association between the null allele and 

autism [55, 56]. On the other hand, Hermawati 

reported that GSTM1 null and GSTT1 null are not 

risk factors for ASD [57]. 

The results of this study also revealed that, 

aluminium levels were significantly higher in the 

autistic children with GSTT1 allele compared to the 

controls and to the autistic children with other types 

of GST alleles. Also, the aluminium levels of the 

autistic children with GSTM1 allele and those with 

Null (GSTM1 and GSTT1) allele were significantly 

higher compared to the controls (Table 4).  

The polymorphism of GST revealed that there was no 

significant effect on the levels of aluminium between 

ASD children with the different GST active 

genotypes. But aluminium seemed to be the highest 

(in the children with GSTT1 in the examined groups. 

However, we find only one previous literature 

supporting these hypotheses. Mandic-Maravic et al 

[1] reported that GSTT1 active increased the risk of 

ASD. Specifically, it is well established that GSTT1 

enzyme is involved in bio-activation, rather than 

detoxification of several bifunctional alkylating 

agents, present in environmental pollution [58]. 

In population with GSTT1&GSTM1 null genotype, 

gene susceptibility seemed to have little role and the 

main role was for environmental exposures, as there 

was significantly elevation in aluminium level in 

ASD children GSTT1&GSTM1 null genotype 

compared to their controls. 

Two studies have reported an association between the 

null allele and autism (Buyske et al [55] and James 

et al [56], suggesting that GSTM1 contributes to the 

risk of oxidative stress and autism. In contrast to the 

results of this study which revealed that, oxidative 

biomarkers were significantly higher in the autistic 

children with null GSTT1&GSTM1 allele, active 

GSTM1allele and active GSTM1&GSTT1 allele 

compared to the controls, no difference in means of 

MDA and NO levels among different polymorphisms 

of autistic children (Table 4). Thus, there was no role 

for both GSTT1& GSTM1 in oxidative biomarkers 

(MDA& NO) among autistic children.  

Polymorphisms within GST classes result in altering 

of GST enzyme activity, hence altering both the 

capacity for detoxification of different endogenous 

and exogenous compound, including oxidants, and in 

that way contributing to development of various 

neurological and mental disorders, along with ASD 

[59-60]. According to the present study results, a 

significant decrease in GST activities in null 

GSTM1&GSTT1 relative to the controls was 

observed that was associated with elevation of the 

aluminium level in this group (Table 3&5). These 

changes reflect the peroxidative conditions in blood 

that increase oxidative stress [61]. The GST function 

is to detoxify toxic compounds by binding them to 

inactivate electrophilic compounds [62].  

So we concluded that null GSTM1& GSTT1 play a 

marked role in detoxification (GST enzyme activity) 

and not on the oxidative stress state (MDA&NO 

concentrations) among autistic children. Which leads 

to imbalance between oxidant and antioxidant 

mechanisms among those children and hence mal 

detoxification of the neurotoxic aluminum metal. 

Limitations of the study: 

The sample size was small, it was non-randomized 

sample and the control group was less in number than 

the cases. 

 

 Conclusion: 

The results of this research indicate that autistic 

children have an increased aluminum levels in their 

hairs. Also, there was a decreased in the activity of 

GST enzyme among them. The reduction of GST 

enzyme activity usually associated with gene 

polymorphism Null heterozygous GSTM1&GSTT1 

allele. The present study results showed that null 

GSTM1and GSTT1 genotype is the most common 

type in ASD. In addition, an increase in the frequency 

distribution of that allele was associated with an 

increase in serum biomarkers of oxidative stress 

among ASD children. Thus, we concluded that there 

is gene–environment interaction, as oxidative stress 

among ASD children changes due to both 

environmental (high aluminium level) and genetic 

factors (null heterozygous GST allele). This may be 

valuable in deciding to add antioxidant supplements 

to their daily diet to improve their antioxidant status 

and in term improving the management of children 

with ASD. Also, the present study results showed that 

although null GSTM1and GSTT1 heterozygous is the 

most common type in ASD, there was no difference 

in aluminium level with either GSTT1 or GSTM1 

homozygous. Further studies with larger sample size 

are needed to describe other GST gene 

polymorphisms. 

 



 Sara Said et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 12 (2021) 

 

 

7598 

Acknowledgements 

The authors appreciate the effort done by members of 

children with special needs unit, National Research 

Centre, Egypt. 

Conflicts of interest 

There are no conflicts of interest. 

References: 

1) Mandic-Maravic V., Coric V., Mitkovic-Voncina1 

M.,  Djordjevic M.,  Savic-Radojevic A., 

Ercegovac M., Matic M., Simic T., Lecic-

Tosevski D., Toskovic O., Pekmezovic T., Pljesa 

Ercegovac M. and Pejovic-Milovancevic M., 

Interaction of glutathione-S-transferase 

polymorphisms and tobacco smoking during 

pregnancy in susceptibility to autism spectrum 

disorders. Front. Psychiatry, (10), 675 (2019). 

doi: 10.3389/fpsyt.2019.00675. 

2) https://www.cdc.gov/mmwr/preview/mmwrhtml/ss

6103a1.htm.Prevalence of Autism Spectrum 

Disorders - Autism and Developmental 

Disabilities Monitoring Network, the US Center 

for Disease Control and Prevention, (2020). 

Accessed at 15 August, 2021. 

3) Schaafsma S.M. , Gagnidze K.,  Reyes A., Norstedt 

N.,  Månsson K.,  Francis K., and  Pfaff D.W., 

Sex-specific gene–environment interactions 

underlying ASD-like behaviors. PNAS, 114 (6), 

1383–1388 (2017). 

4) Ehninger D.,  Sano Y.,  J de Vries P.,  Dies K.,  

Franz D.,  Geschwind D.H., Kaur M.,  Lee Y-S.,  

Li W.,  Lowe J K.,  Nakagawa J.A., Sahin M.,  

Smith K.,  Whittemore V. and  Silva A J., 

Gestational immune activation 

and Tsc2 haploinsufficiency cooperate to disrupt 

fetal survival and may perturb social behavior in 

adult mice. Molecular Psychiatry , (17), 62–70 

(2012). 

5)  Skalny A.V.,  Simashkova N.V., Klyushnik T. P.,  

Grabeklis A. R. , Bjørklund G., Skalnaya M. 

G., Nikonorov  A.  A. and Tinkov  A. A., Hair 

toxic and essential trace elements in children 

with autism spectrum disorder. Metabolic Brain 

Disease, (32), 195–202 (2017). 

6) Mohamed F. E.,   Zaky  E. A., El-Sayed A. B.,  

Elhossieny  R.. M.,  Zahra S S.,  Salah Eldin  W.,  

Youssef W. Y.,  Khaled R. A. and Youssef A. 

M., Assessment of Hair Aluminum, Lead, and 

Mercury in a Sample of Autistic Egyptian 

Children: Environmental Risk Factors of Heavy 

Metals in Autism. Behav Neurol,ArticleID 

545674, 9 pages(2015). 

http://dx.doi.org/10.1155/2015/545674. 

7) Tomljenovic L., Blaylock R. L. and Shaw C. A., 

Autism Spectrum Disorders and Aluminum 

Vaccine Adjuvants. Comprehensive Guide to 

Autism, p.1585-1609 (2014). 

8) Bjørklund  G., Anatoly V., Skalny  A. V., Rahman  

M. M., Dadar M.,  Yassa  H. A., Aaseth  J. , 

Chirumbolo S.  , Skalnaya M. G.  , Tinkov A A., 

Toxic metal(loid)-based pollutants and their 

possible role in autism spectrum disorder. j. 

Environ Res, 166,234-250 (2018). 

9) Metwally F. M., Abdelraoof E A., Hasheesh A., 

Elsedfy Z. B., Gebril O., Meguid N. A., Rashad 

H., Toxic Effect of Some Heavy Metals in 

Egyptian Autistic Children. International 

Journal of Pharmaceutical and Clinical 

Research, 7(3), 206-211 (2015). 

10)  Mold M.  ,Chmielecka A., Rodriguez M. R.,  

Thom F.,  Linhart C.,  King A. and Exley C. 

Aluminium in Brain Tissue in Multiple Sclerosis. 

Int J Environ Res Public Health, 15(8), 

1777(2018). 

11) Rahbar M H., Samms-Vaughan M., Lee M., 

Zhang J., Hessabi M., Bressler J., Bach M. 

A.,Grove M. L., Shakespeare-Pellington S., 

Beecher C., McLaughlin W. and  Loveland K. 

A., Interaction between a mixture of heavy 

metals (lead, mercury, arsenic, cadmium, 

manganese, aluminum) and GSTP1, 

GSTT1, and GSTM1 in relation to autism 

spectrum disorder. Research in Autism Spectrum 

Disorders, Elsevier Research in Autism 

Spectrum Disorders, 79, (2020). 

https://doi.org/10.1016/j.rasd.2020.101681. 

12) Wu Z., Du Y., Xue H. ,Wu Y., Zhou B. 

,Aluminum induces neurodegeneration and its 

toxicity arises from increased iron accumulation 

and reactive oxygen species (ROS) production. 

Neurobiology of Aging,  33(1), 199.e1-199.e12 

(2012). 

13) Aremu D.A.  and Meshitsuka S., Some aspects of 

astroglial functions and aluminum implications 

for neurodegeneration. Elsevier, Brain Research 

Reviews, 52(1), 193-200 (2006). 

14)  Fransen  M.,  Nordgren M.,  Wang B. and  

Apanasets  O., Role of peroxisomes in 

ROS/RNS-metabolism: implications for human 

disease. Biochim Biophys Acta, 1822(9), 1363-73 

(2012). 

15) Bjørklund G.,Meguid N. A., El-Bana M. 

A., Tinkov A. A., Saad Kh.,  Dadar M.,  Hemimi 

M., . Skalny A. V.,  Hosnedlová B.,  Kizek 

R., Osredkar J.,  Urbina M. A.,  Fabjan T.,El-

Houfey A. A,  Kałużna-Czaplińska J., Gątarek 

https://www.cdc.gov/mmwr/preview/mmwrhtml/ss6103a1.htm.
https://www.cdc.gov/mmwr/preview/mmwrhtml/ss6103a1.htm.
https://www.nature.com/articles/mp2010115#auth-D-Ehninger
https://www.nature.com/articles/mp2010115#auth-Y-Sano
https://www.nature.com/articles/mp2010115#auth-P_J-de_Vries
https://www.nature.com/articles/mp2010115#auth-K-Dies
https://www.nature.com/articles/mp2010115#auth-D-Franz
https://www.nature.com/articles/mp2010115#auth-D-Franz
https://www.nature.com/articles/mp2010115#auth-D_H-Geschwind
https://www.nature.com/articles/mp2010115#auth-M-Kaur
https://www.nature.com/articles/mp2010115#auth-Y_S-Lee
https://www.nature.com/articles/mp2010115#auth-W-Li
https://www.nature.com/articles/mp2010115#auth-W-Li
https://www.nature.com/articles/mp2010115#auth-J_K-Lowe
https://www.nature.com/articles/mp2010115#auth-J_A-Nakagawa
https://www.nature.com/articles/mp2010115#auth-M-Sahin
https://www.nature.com/articles/mp2010115#auth-K-Smith
https://www.nature.com/articles/mp2010115#auth-K-Smith
https://www.nature.com/articles/mp2010115#auth-V-Whittemore
https://www.nature.com/articles/mp2010115#auth-A_J-Silva
https://www.nature.com/mp
https://link.springer.com/article/10.1007/s11011-016-9899-6#auth-Anatoly_V_-Skalny
https://link.springer.com/article/10.1007/s11011-016-9899-6#auth-Natalia_V_-Simashkova
https://link.springer.com/article/10.1007/s11011-016-9899-6#auth-Tatiana_P_-Klyushnik
https://link.springer.com/article/10.1007/s11011-016-9899-6#auth-Andrei_R_-Grabeklis
https://link.springer.com/article/10.1007/s11011-016-9899-6#auth-Andrei_R_-Grabeklis
https://link.springer.com/article/10.1007/s11011-016-9899-6#auth-Geir-Bj_rklund
https://link.springer.com/article/10.1007/s11011-016-9899-6#auth-Margarita_G_-Skalnaya
https://link.springer.com/article/10.1007/s11011-016-9899-6#auth-Alexandr_A_-Nikonorov
https://link.springer.com/article/10.1007/s11011-016-9899-6#auth-Alexey_A_-Tinkov
https://link.springer.com/journal/11011
https://link.springer.com/journal/11011
https://pubmed.ncbi.nlm.nih.gov/?term=Zaky+EA&cauthor_id=26508811
https://pubmed.ncbi.nlm.nih.gov/?term=El-Sayed+AB&cauthor_id=26508811
https://pubmed.ncbi.nlm.nih.gov/?term=Elhossieny+RM&cauthor_id=26508811
https://pubmed.ncbi.nlm.nih.gov/?term=Elhossieny+RM&cauthor_id=26508811
https://pubmed.ncbi.nlm.nih.gov/?term=Zahra+SS&cauthor_id=26508811
https://pubmed.ncbi.nlm.nih.gov/?term=Salah+Eldin+W&cauthor_id=26508811
https://pubmed.ncbi.nlm.nih.gov/?term=Youssef+WY&cauthor_id=26508811
https://pubmed.ncbi.nlm.nih.gov/?term=Youssef+WY&cauthor_id=26508811
https://pubmed.ncbi.nlm.nih.gov/?term=Youssef+AM&cauthor_id=26508811
http://dx.doi.org/10.1155/2015/545674
https://www.researchgate.net/profile/Lucija-Tomljenovic
https://www.researchgate.net/scientific-contributions/Russell-L-Blaylock-58885645
https://www.researchgate.net/profile/Christopher-Shaw-8
https://pubmed.ncbi.nlm.nih.gov/?term=Bj%C3%B8rklund+G&cauthor_id=29902778
https://pubmed.ncbi.nlm.nih.gov/?term=Skalny+AV&cauthor_id=29902778
https://pubmed.ncbi.nlm.nih.gov/?term=Rahman+MM&cauthor_id=29902778
https://pubmed.ncbi.nlm.nih.gov/?term=Yassa+HA&cauthor_id=29902778
https://pubmed.ncbi.nlm.nih.gov/?term=Aaseth+J&cauthor_id=29902778
https://pubmed.ncbi.nlm.nih.gov/?term=Chirumbolo+S&cauthor_id=29902778
https://pubmed.ncbi.nlm.nih.gov/?term=Chirumbolo+S&cauthor_id=29902778
https://pubmed.ncbi.nlm.nih.gov/?term=Skalnaya+MG&cauthor_id=29902778
https://pubmed.ncbi.nlm.nih.gov/?term=Tinkov+AA&cauthor_id=29902778
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mold%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30126209
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chmielecka%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30126209
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=30126209
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thom%20F%5BAuthor%5D&cauthor=true&cauthor_uid=30126209
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thom%20F%5BAuthor%5D&cauthor=true&cauthor_uid=30126209
https://www.ncbi.nlm.nih.gov/pubmed/?term=Linhart%20C%5BAuthor%5D&cauthor=true&cauthor_uid=30126209
https://www.ncbi.nlm.nih.gov/pubmed/?term=King%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30126209
https://www.ncbi.nlm.nih.gov/pubmed/?term=Exley%20C%5BAuthor%5D&cauthor=true&cauthor_uid=30126209
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6121957/
https://www.sciencedirect.com/author/7003704306/mohammad-hossein-rahbar
https://www.sciencedirect.com/science/article/pii/S1750946720301719?casa_token=Yp9_RIaKfgYAAAAA:p7gesbvZS0mnfD73uBSnldw9rshIzBVKEoeQV9Hx0w9a1byVUCOLLScAH7uQ5GKPGE_u78IS35Tl#!
https://www.sciencedirect.com/science/article/pii/S1750946720301719?casa_token=Yp9_RIaKfgYAAAAA:p7gesbvZS0mnfD73uBSnldw9rshIzBVKEoeQV9Hx0w9a1byVUCOLLScAH7uQ5GKPGE_u78IS35Tl#!
https://www.sciencedirect.com/science/article/pii/S1750946720301719?casa_token=Yp9_RIaKfgYAAAAA:p7gesbvZS0mnfD73uBSnldw9rshIzBVKEoeQV9Hx0w9a1byVUCOLLScAH7uQ5GKPGE_u78IS35Tl#!
https://www.sciencedirect.com/science/article/pii/S1750946720301719?casa_token=Yp9_RIaKfgYAAAAA:p7gesbvZS0mnfD73uBSnldw9rshIzBVKEoeQV9Hx0w9a1byVUCOLLScAH7uQ5GKPGE_u78IS35Tl#!
https://www.sciencedirect.com/science/article/pii/S1750946720301719?casa_token=Yp9_RIaKfgYAAAAA:p7gesbvZS0mnfD73uBSnldw9rshIzBVKEoeQV9Hx0w9a1byVUCOLLScAH7uQ5GKPGE_u78IS35Tl#!
https://www.sciencedirect.com/science/article/pii/S1750946720301719?casa_token=Yp9_RIaKfgYAAAAA:p7gesbvZS0mnfD73uBSnldw9rshIzBVKEoeQV9Hx0w9a1byVUCOLLScAH7uQ5GKPGE_u78IS35Tl#!
https://www.sciencedirect.com/science/article/pii/S1750946720301719?casa_token=Yp9_RIaKfgYAAAAA:p7gesbvZS0mnfD73uBSnldw9rshIzBVKEoeQV9Hx0w9a1byVUCOLLScAH7uQ5GKPGE_u78IS35Tl#!
https://www.sciencedirect.com/science/article/pii/S1750946720301719?casa_token=Yp9_RIaKfgYAAAAA:p7gesbvZS0mnfD73uBSnldw9rshIzBVKEoeQV9Hx0w9a1byVUCOLLScAH7uQ5GKPGE_u78IS35Tl#!
https://www.sciencedirect.com/science/article/pii/S1750946720301719?casa_token=Yp9_RIaKfgYAAAAA:p7gesbvZS0mnfD73uBSnldw9rshIzBVKEoeQV9Hx0w9a1byVUCOLLScAH7uQ5GKPGE_u78IS35Tl#!
https://www.sciencedirect.com/science/article/pii/S1750946720301719?casa_token=Yp9_RIaKfgYAAAAA:p7gesbvZS0mnfD73uBSnldw9rshIzBVKEoeQV9Hx0w9a1byVUCOLLScAH7uQ5GKPGE_u78IS35Tl#!
https://www.sciencedirect.com/science/article/pii/S1750946720301719?casa_token=Yp9_RIaKfgYAAAAA:p7gesbvZS0mnfD73uBSnldw9rshIzBVKEoeQV9Hx0w9a1byVUCOLLScAH7uQ5GKPGE_u78IS35Tl#!
https://www.sciencedirect.com/science/journal/17509467
https://www.sciencedirect.com/science/journal/17509467
https://doi.org/10.1016/j.rasd.2020.101681
https://www.sciencedirect.com/science/article/pii/S0197458010002836?casa_token=QUE6QqaWn9sAAAAA:ZtvBdjSS4wiG3cDnwrUL2q9W--be23yyNY03WLeeyDxgPxRTlLCCDBRU4j9Bfkep8sadYlUSi5kf#!
https://www.sciencedirect.com/science/article/pii/S0197458010002836?casa_token=QUE6QqaWn9sAAAAA:ZtvBdjSS4wiG3cDnwrUL2q9W--be23yyNY03WLeeyDxgPxRTlLCCDBRU4j9Bfkep8sadYlUSi5kf#!
https://www.sciencedirect.com/science/article/pii/S0197458010002836?casa_token=QUE6QqaWn9sAAAAA:ZtvBdjSS4wiG3cDnwrUL2q9W--be23yyNY03WLeeyDxgPxRTlLCCDBRU4j9Bfkep8sadYlUSi5kf#!
https://www.sciencedirect.com/science/article/pii/S0197458010002836?casa_token=QUE6QqaWn9sAAAAA:ZtvBdjSS4wiG3cDnwrUL2q9W--be23yyNY03WLeeyDxgPxRTlLCCDBRU4j9Bfkep8sadYlUSi5kf#!
https://www.sciencedirect.com/science/article/pii/S0197458010002836?casa_token=QUE6QqaWn9sAAAAA:ZtvBdjSS4wiG3cDnwrUL2q9W--be23yyNY03WLeeyDxgPxRTlLCCDBRU4j9Bfkep8sadYlUSi5kf#!
https://www.sciencedirect.com/science/journal/01974580
https://www.sciencedirect.com/science/journal/01974580/33/1
https://europepmc.org/search?query=AUTH:%22Shunsuke%20Meshitsuka%22
https://www.sciencedirect.com/science/journal/01650173
https://www.sciencedirect.com/science/journal/01650173
https://pubmed.ncbi.nlm.nih.gov/?term=Fransen+M&cauthor_id=22178243
https://pubmed.ncbi.nlm.nih.gov/?term=Nordgren+M&cauthor_id=22178243
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+B&cauthor_id=22178243
https://pubmed.ncbi.nlm.nih.gov/?term=Apanasets+O&cauthor_id=22178243
https://pubmed.ncbi.nlm.nih.gov/?term=Apanasets+O&cauthor_id=22178243
https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Geir-Bj_rklund
https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Nagwa_A_-Meguid
https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Mona_A_-El_Bana
https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Alexey_A_-Tinkov
https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Khaled-Saad
https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Maryam-Dadar
https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Maha-Hemimi
https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Anatoly_V_-Skalny
https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Bo_ena-Hosnedlov_
https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Rene-Kizek
https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Jo_ko-Osredkar
https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Mauricio_A_-Urbina
https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Teja-Fabjan
https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Amira_A_-El_Houfey
https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Amira_A_-El_Houfey
https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Joanna-Ka_u_na_Czapli_ska
https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Paulina-G_tarek


 ROLE OF GLUTATHIONE-S-TRANSFERASE M1 (GSTM1) AND T1 (GSTT1) GENES ON ALUMINUM...  .. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 12 (2021) 

 

7599 

P.,  and  Chirumbolo S., Oxidative Stress in 

Autism Spectrum Disorder. 

MolecularNeurobiology , 57, 2314–2332 (2020). 

16) Prakash D., Gopinath K. and Sudhandiran G., 

Fisetin Enhances Behavioral Performances and 

Attenuates Reactive Gliosis and Inflammation 

during Aluminum Chloride-Induced 

Neurotoxicity. Neuromol Med, 15,192–208 

(2013). 

17)  Rahbar M. H., Samms-Vaughan M.,Dickerson 

A. S., Loveland K. A., Ardjomand-Hessabi 

M.,Bressler J., Shakespeare-Pellington S., Grove 

M. L., Pearson D. A., and  Boerwinkle E., Blood 

Lead Concentrations in Jamaican Children with 

and without Autism Spectrum Disorder. Int. J. 

Environ. Res. Public Health, 12(1), 83-

105(2015). 

18)  Rossignol D., Genuis S. and Frye R. E., 

Environmental toxicants and autism spectrum 

disorders ,A systematic review .Translational 

Psychiatry, 4, 1-23 (2014). 

19)  Matelski L. and Van de Water Risk factors in 

autism: Thinking outside the brain. J 

Autoimmun, 67, 1–7 (2016). 

20)   Frustaci A. ,  Neri M., Cesario A,  Adams J 

B, Domenici E,  Bernardina B D, and Bonassi S, 

Oxidative stress-related biomarkers in autism: 

systematic review and meta-analyses, j. Free 

Radic Biol Med ,52(10) , 2128-41 (2012). 

21)  Luo T., Zhang Y. , Khadka D. , Rangarajan 

J., Cho K .W.  and Sargent T .D. , Regulatory 

targets for transcription factor AP2 in Xenopus 

embryos. Dev Growth Differ, 47(6), 403-413 

(2005). 

22)  Habig W. H.,  Pabst M. J.and  Jakoby W. B., 

Glutathione S-transferases the first enzymatic 

step in mercapturic acid formation. J Biol Chem, 

249 (22), 7130-7139(1974). 

23) Yagi K.: Lipid Peroxides in Biology and 

Medicine. 1st Ed.p.376 (1982). 

24) Miranda K. M.,Espey M. G.,Wink D. A., A 

Rapid, Simple Spectrophotometric Method for 

Simultaneous Detection of Nitrate and Nitrite. 

Elsevier, Nitric Oxide , 5(1), 62-7, (2001). 

25)  Björklund A. and  Joyce  P. J., Using Life Cycle 

Thinking to Assess the Sustainability Benefits of 

Complex Valorization Pathways for Bauxite 

Residue. Journal of Sustainable 

Metallurgy ,5, 69–84 (2019). 

26)  Morris G., Puri  B.K. and Frye R. E., The 

putative role of environmental aluminium in the 

development of chronic neuropathology in adults 

and children. How strong is the evidence and 

what could be the mechanisms involved? 

Metabolic Brain Disease , 32, 1335–1355 

(2017). 

27)  Sulaiman R,Wang M, and Ren X ;Exposure to 

Aluminum, Cadmium, and Mercury and Autism 

Spectrum Disorder in Children: A Systematic 

Review and Meta-Analysis. Chem. Res. 

Toxicol. , 33 (11), 2699–2718 (2020). 

28)  Tomljenovic  L. and Shaw C. A., Aluminum 

vaccine adjuvants: are they safe? Curr Med 

Chem, 18(17), 2630-2637 (2011). 

29)  Blaurock-busch E., Amin O. R., Dessoki H. H. 

and  Rabah T. H., Toxic Metals and Essential 

Elements in Hair and Severity of Symptoms 

among Children with Autism. Maedica (Bucur), 

7(1), 38–48 (2012). 

30)  Al-Farsi Y.M. ,  Waly M.I. ,  Al-Sharbati M.M. ,  

Al-Shafaee M.A,  Al-Farsi O.A,  Al-Khaduri 

M.M. ,  Gupta I. ,  Ouhtit A. ,  Al-Adawi S. and 

Al-Said M.F, Levels of heavy metals and 

essential minerals in hair samples of children 

with autism in Oman: a case-control study. Biol. 

Trace Elem. Res., 151, 181-186 (2013). 

31)  Kaur I., Behl T., Aleya L., Rahman M.D.,  

Kumar A.,  Arora S. and   Akter R., Role of 

metallic pollutants in neurodegeneration: effects 

of aluminum, lead, mercury, and arsenic in 

mediating brain impairment events and autism 

spectrum disorder.Environmental Science and 

Pollution Research,  28, 8989–9001 (2021). 

32) Dusek  P., Jankovic J. and Le W., Iron 

dysregulation in movement disorders. Neurobiol. 

Dis., 46, 1–18 (2012). 

33) Muniz J. F. , McCauley L., Scherer J., Lasarev 

M., KoshyM. ,Kow Y. W., Nazar-Stewart V . 

and Kisby G. E., Biomarkers of oxidative stress 

and DNA damage in agricultural workers: A 

pilot study. Toxicology and Applied 

Pharmacology , 227 (1), 97-107 (2008). 

34) Altun H., Şahin F., Kurutaş E. B., Karaaslan U., 

Sevgen F. H. and Fındık E., Assessment of 

malondialdehyde levels, superoxide dismutase, 

and catalase activity in children with autism 

spectrum disorders, Psychiatry and Clinical 

Psychopharmacology, 28 (4), 408-415 (2018). 

35) Abdel-Salam O. M. , Youness E. R.,Mohammed 

N. A. , Omara  E. A. and  Sleem A. A.,Effect of 

ketamine on oxidative stress following 

lipopolysaccharide administration. Comp Clin 

Pathol, 24, 53–63 (2015). 

36)  Chauhan A., Chauhan V.,Brown W. T. and 

Cohen I., Oxidative stress in autism: Increased 

https://link.springer.com/article/10.1007/s12035-019-01742-2#auth-Salvatore-Chirumbolo
https://link.springer.com/journal/12035
https://sciprofiles.com/profile/79271
https://sciprofiles.com/profile/83218
https://sciprofiles.com/profile/159437
https://sciprofiles.com/profile/author/TmtGN2h5TG1KcExGc3JucG02K2ZrVnpnL3VpTzB3NEVaekZLTi9LTUMrQWhRV1ZmL1UxbGpOd1pFeE5icmVjTA==
https://sciprofiles.com/profile/author/eW1Nays2dCtrZXp4cWRWQVE1OTJSYmYwRWJLYnpWSU1WWWhrcEs0ejRVMD0=
https://sciprofiles.com/profile/author/SnlRMFlrMjhDL1pwMnF2MDhRUkFMWWoxeXlRZlJ0K3dXTmU1ZlZzQXBiaz0=
https://sciprofiles.com/profile/author/U2FuYkVmVy9WaHpTdDF3Z3QwQkVSb0VrWk5xM1loMzUvVEVGSUVtemxYdz0=
https://sciprofiles.com/profile/author/WGM3ZnJCU28zdFVFQitndHFhKzAzWm9vNk14cFFKNGVoUzFSLzN5S2x0MD0=
https://sciprofiles.com/profile/author/eUpidzMvanB4NWI2N1J4bmpCVGovUTZIc1FVRUxueWF2Sm9nRk9aV3ozUT0=
https://sciprofiles.com/profile/author/L1YvWU12NDZIYkRaMFdTNCtsUGVZQndaUUUvOXM0TEFwWGgxeFlqamgrND0=
https://www.researchgate.net/profile/Daniel-Rossignol
https://www.researchgate.net/profile/Stephen-Genuis
https://www.researchgate.net/profile/Richard-Frye-2
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matelski%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26725748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20de%20Water%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26725748
https://pubmed.ncbi.nlm.nih.gov/?term=Frustaci+A&cauthor_id=22542447
https://pubmed.ncbi.nlm.nih.gov/?term=Neri+M&cauthor_id=22542447
https://pubmed.ncbi.nlm.nih.gov/?term=Cesario+A&cauthor_id=22542447
https://pubmed.ncbi.nlm.nih.gov/?term=Adams+JB&cauthor_id=22542447
https://pubmed.ncbi.nlm.nih.gov/?term=Domenici+E&cauthor_id=22542447
https://pubmed.ncbi.nlm.nih.gov/?term=Dalla+Bernardina+B&cauthor_id=22542447
https://pubmed.ncbi.nlm.nih.gov/?term=Bonassi+S&cauthor_id=22542447
http://www.xenbase.org/community/person.do?method=display&personId=3105&tabId=0
http://www.xenbase.org/community/person.do?method=display&personId=3231&tabId=0
http://www.xenbase.org/community/person.do?method=display&personId=727&tabId=0
http://www.xenbase.org/community/person.do?method=display&personId=666&tabId=0
http://www.xenbase.org/common/resolveLink.do?method=execute&linkMatchId=39873
https://pubmed.ncbi.nlm.nih.gov/?term=Habig+WH&cauthor_id=4436300
https://pubmed.ncbi.nlm.nih.gov/?term=Pabst+MJ&cauthor_id=4436300
https://pubmed.ncbi.nlm.nih.gov/?term=Jakoby+WB&cauthor_id=4436300
https://www.sciencedirect.com/author/7003660073/katrina-m-miranda
https://www.sciencedirect.com/science/article/abs/pii/S1089860300903197?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S1089860300903197?via%3Dihub#!
https://www.sciencedirect.com/science/journal/10898603
https://www.sciencedirect.com/science/journal/10898603
https://link.springer.com/article/10.1007/s40831-019-00209-x#auth-Anna-Bj_rklund
https://link.springer.com/article/10.1007/s40831-019-00209-x#auth-P__James-Joyce
https://link.springer.com/journal/40831
https://link.springer.com/journal/40831
https://link.springer.com/article/10.1007/s11011-017-0077-2#auth-Gerwyn-Morris
https://link.springer.com/article/10.1007/s11011-017-0077-2#auth-Basant_K_-Puri
https://link.springer.com/article/10.1007/s11011-017-0077-2#auth-Richard_E_-Frye
https://link.springer.com/journal/11011
https://pubmed.ncbi.nlm.nih.gov/?term=Tomljenovic+L&cauthor_id=21568886
https://pubmed.ncbi.nlm.nih.gov/?term=Shaw+CA&cauthor_id=21568886
https://www.ncbi.nlm.nih.gov/pubmed/?term=BLAUROCK-BUSCH%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23118818
https://www.ncbi.nlm.nih.gov/pubmed/?term=AMIN%20OR%5BAuthor%5D&cauthor=true&cauthor_uid=23118818
https://www.ncbi.nlm.nih.gov/pubmed/?term=DESSOKI%20HH%5BAuthor%5D&cauthor=true&cauthor_uid=23118818
https://www.ncbi.nlm.nih.gov/pubmed/?term=RABAH%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23118818
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3484795/
https://www.sciencedirect.com/science/article/pii/S0041008X07004851?casa_token=7VLiN5sK-94AAAAA:NJPcR8nSZ_hwSwEh7qbOreVGHfBPEYy0H44fxIHj5eHq6Hk2nAx-9mAAkWzpgQOS9L7pgby5rh6z#!
https://www.sciencedirect.com/science/article/pii/S0041008X07004851?casa_token=7VLiN5sK-94AAAAA:NJPcR8nSZ_hwSwEh7qbOreVGHfBPEYy0H44fxIHj5eHq6Hk2nAx-9mAAkWzpgQOS9L7pgby5rh6z#!
https://www.sciencedirect.com/science/article/pii/S0041008X07004851?casa_token=7VLiN5sK-94AAAAA:NJPcR8nSZ_hwSwEh7qbOreVGHfBPEYy0H44fxIHj5eHq6Hk2nAx-9mAAkWzpgQOS9L7pgby5rh6z#!
https://www.sciencedirect.com/science/article/pii/S0041008X07004851?casa_token=7VLiN5sK-94AAAAA:NJPcR8nSZ_hwSwEh7qbOreVGHfBPEYy0H44fxIHj5eHq6Hk2nAx-9mAAkWzpgQOS9L7pgby5rh6z#!
https://www.sciencedirect.com/science/article/pii/S0041008X07004851?casa_token=7VLiN5sK-94AAAAA:NJPcR8nSZ_hwSwEh7qbOreVGHfBPEYy0H44fxIHj5eHq6Hk2nAx-9mAAkWzpgQOS9L7pgby5rh6z#!
https://www.sciencedirect.com/science/article/pii/S0041008X07004851?casa_token=7VLiN5sK-94AAAAA:NJPcR8nSZ_hwSwEh7qbOreVGHfBPEYy0H44fxIHj5eHq6Hk2nAx-9mAAkWzpgQOS9L7pgby5rh6z#!
https://www.sciencedirect.com/science/article/pii/S0041008X07004851?casa_token=7VLiN5sK-94AAAAA:NJPcR8nSZ_hwSwEh7qbOreVGHfBPEYy0H44fxIHj5eHq6Hk2nAx-9mAAkWzpgQOS9L7pgby5rh6z#!
https://www.sciencedirect.com/science/article/pii/S0041008X07004851?casa_token=7VLiN5sK-94AAAAA:NJPcR8nSZ_hwSwEh7qbOreVGHfBPEYy0H44fxIHj5eHq6Hk2nAx-9mAAkWzpgQOS9L7pgby5rh6z#!
https://www.sciencedirect.com/science/article/pii/S0041008X07004851?casa_token=7VLiN5sK-94AAAAA:NJPcR8nSZ_hwSwEh7qbOreVGHfBPEYy0H44fxIHj5eHq6Hk2nAx-9mAAkWzpgQOS9L7pgby5rh6z#!
https://www.sciencedirect.com/science/journal/0041008X
https://www.sciencedirect.com/science/journal/0041008X
https://www.sciencedirect.com/science/journal/0041008X/227/1
https://www.tandfonline.com/author/Altun%2C+Hatice
https://www.tandfonline.com/author/%C5%9Eahin%2C+Nilfer
https://www.tandfonline.com/author/Kuruta%C5%9F%2C+Erg%C3%BCl+Belge
https://www.tandfonline.com/author/Karaaslan%2C+Umut
https://www.tandfonline.com/author/Sevgen%2C+Feyza+Hatice
https://www.tandfonline.com/author/Sevgen%2C+Feyza+Hatice
https://www.sciencedirect.com/science/article/pii/S0024320504006605?casa_token=5CC3mJ6alnUAAAAA:4V6c9miz4Gs1p_hV_NeN5htbVmBslS40YcGCbF5JMepa4R7tBm-OzhRtjaM_piWWwuhT1-TW5EWq#!
https://www.sciencedirect.com/science/article/pii/S0024320504006605?casa_token=5CC3mJ6alnUAAAAA:4V6c9miz4Gs1p_hV_NeN5htbVmBslS40YcGCbF5JMepa4R7tBm-OzhRtjaM_piWWwuhT1-TW5EWq#!
https://www.sciencedirect.com/science/article/pii/S0024320504006605?casa_token=5CC3mJ6alnUAAAAA:4V6c9miz4Gs1p_hV_NeN5htbVmBslS40YcGCbF5JMepa4R7tBm-OzhRtjaM_piWWwuhT1-TW5EWq#!
https://www.sciencedirect.com/science/article/pii/S0024320504006605?casa_token=5CC3mJ6alnUAAAAA:4V6c9miz4Gs1p_hV_NeN5htbVmBslS40YcGCbF5JMepa4R7tBm-OzhRtjaM_piWWwuhT1-TW5EWq#!


 Sara Said et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 12 (2021) 

 

 

7600 

lipid peroxidation and reduced serum levels of 

ceruloplasmin and transferrin - the antioxidant 

proteins. Elsevier Life Sciences, 75 (21), 2539-

2549 (2004). 

37)  Islam   M. D., Oxidative stress and 

mitochondrial dysfunction-linked 

neurodegenerative disorders. Neurol Res, 39(1), 

73-82 (2017). 

38)  Fransen M., Nordgren M.,  Wang B. and  

Apanasets O., Role of peroxisomes in 

ROS/RNS-metabolism: implications for human 

disease. Biochim Biophys Acta, 1822(9), 1363-

1373 (2012). 

39)  Nadeem A., Ahmad Sh. F., AL-Ayadhi L. Y., 

Attia S. M., Al-Harbi N. O., Alzahrani Kh. S., 

Saleh  A. and Bakheet S. A., Differential 

regulation of Nrf2 is linked to elevated 

inflammation and nitrative stress in monocytes 

of children with autism. 

Psychoneuroendocrinology, 113 (104554), 

(2020). 

40)  Messina  A, Monda V.,    Sessa F., Valenzano  

F.,  Salerno M.,  Bitetti I ., Precenzano F.,  

Marotta R.,  Lavano F.,  Lavano  S. M.,  Salerno 

M.,  Maltese A. ,  Roccella M.,  Parisi A.,  

Ferrentino R. I.,  Tripi  G.,  Gallai B.,  Cibelli 

G.,  Monda M.,  Messina G. and Carotenuto M., 

Sympathetic, Metabolic Adaptations, and 

Oxidative Stress in Autism Spectrum Disorders: 

How Far From Physiology? Front. Physiol., 22 

(2018). 

41)  Sweeten TH. ,Posey D. J., Shankar S. and Mc 

Dougle C, High nitric oxide production in 

autistic disorder: a possible role for interferon-γ. 

Biological Psychiatry, 55 (4), 434-437 (2004). 

42)  Abdel Moneim A. E., Evaluating the potential 

role of pomegranate peel in aluminum-induced 

oxidative stress and histopathological alterations 

in brain of female rats. Biological Trace 

Element Research, 150(13), 328–336 (2012). 

43) Romero-Puertas M.C. and Sandalio L.M., Nitric 

Oxide Level Is Self-Regulating and Also 

Regulates Its ROS Partners. Journal Frontiers 

in Plant Science, 7, 316 (2016). 

44)  Mesole S. B.,  Alfred O. O.,  Yusuf U. A.,   

Lukubi L.,  and  Ndhlovu D. ,Apoptotic 

Inducement of Neuronal Cells by Aluminium 

Chloride and the Neuroprotective Effect of 

Eugenol in Wistar Rats. Oxid Med Cell Longev., 

2020, 8425643 (2020). 

. https://doi.org/10.1155/2020/8425643 

45)  Abbott L C. and   Nahm S. S., Neuronal nitric 

oxide synthase expression in cerebellar mutant 

mice. The Cerebellum  3, 141–151 (2004). 

46)  Banerjee B. D. ,  Seth V.,  Bhattacharya A.,  

Pasha S. T.,  and  Chakraborty A. K, 

Biochemical effects of some pesticides on lipid 

peroxidation and free-radical scavengers. 

Toxicology Letters , 107(13), 33-47 (1999). 

47)  Frustaci A., Neri M., Cesario A., Adams J.B., 

Domenici E., Bernardina B. D. and Bonassi S. 

,Oxidative stress-related biomarkers in autism: 

systematic review and meta-analyses. Free 

Radic Biol Med, 52, 2128–2141 (2012). 

48)  Goin-Kochel R.P., Porter AE, Peters SU, 

Shinawi M, Sahoo T, Beaudet AL, The MTHFR 

677C→ T polymorphism and behaviors in 

children with autism: exploratory genotype–

phenotype correlations. Autism Res 2:98–108 

(2009). 

49) Guo T, Chen H, Liu B, Ji W. and Yang C., 

Methylenetetrahydrofolate reductase 

polymorphisms C677T and risk of autism in the 

Chinese Han population. Genet Test Mol 

Biomarkers, 16, 968–973(2012). 

50) Adams J., Baral M., Geis E., Mitchell J., Ingram 

J., Hensley A., Zappia I., Newmark S. et al ,The 

severity of autism is associated with toxic metal 

body burden and red blood cell glutathione 

levels. J Toxicol, 2009 (532640) , (2009). 

https://doi.org/10.1155/2009/ 532640.  

51) Alabdali A., Al-Ayadhi L., and El-Ansary A., A 

key role for an impaired detoxification 

mechanism in the etiology and severity of autism 

spectrum disorders. Behav Brain Funct. , 10(14), 

(2014).  doi: 10.1186/1744-9081-10-14. 

52)  Al-Yafee Y. A.,  Al- Ayadhi L. Y.,  Haq S. 

H., and  El-Ansary A. ,Novel metabolic 

biomarkers related to sulfur-dependent 

detoxification pathways in autistic patients of 

Saudi Arabia. BMC Neurol. , 11 (139), (2011).  

53) Oshodi Y.,  Ojewunmi O.,  Oshodi T.A.,  

Ijarogbe G.T.,  Ogun O.C.,  Aina O.F. and Lesi 

F.E., Oxidative stress markers and genetic 

polymorphisms of glutathione S-transferase T1, 

M1, and P1 in a subset of children with autism 

spectrum disorder in Lagos, Nigeria. Niger J 

Clin Pract, 20 (9), 1161-1167 (2017). 

54)  Uzunoğlu S. ,  Acar H., Okudan N., Gökbel 

H., Mevlitoğlu I. and Sari F., Evaluation of the 

association between null genotypes of 

glutathione-S-transferases and Behcet's disease. 

 Arch Dermatol Res, 297 (7), 289-293 (2006). 

https://www.sciencedirect.com/science/journal/00243205
https://pubmed.ncbi.nlm.nih.gov/?term=Islam+MT&cauthor_id=27809706
https://pubmed.ncbi.nlm.nih.gov/?term=Fransen+M&cauthor_id=22178243
https://pubmed.ncbi.nlm.nih.gov/?term=Nordgren+M&cauthor_id=22178243
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+B&cauthor_id=22178243
https://pubmed.ncbi.nlm.nih.gov/?term=Apanasets+O&cauthor_id=22178243
https://pubmed.ncbi.nlm.nih.gov/?term=Apanasets+O&cauthor_id=22178243
https://www.sciencedirect.com/author/7003314462/ahmed-nadeem
https://www.sciencedirect.com/author/8563355900/sheikh-fayaz-ahmad
https://www.sciencedirect.com/science/article/abs/pii/S0306453019312958?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0306453019312958?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0306453019312958?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0306453019312958?via%3Dihub#!
https://www.sciencedirect.com/science/article/abs/pii/S0306453019312958?via%3Dihub#!
https://www.sciencedirect.com/science/journal/03064530
https://www.sciencedirect.com/science/journal/03064530/113/supp/C
https://www.frontiersin.org/people/u/181233
https://www.frontiersin.org/people/u/491499
https://www.frontiersin.org/people/u/524467
https://www.frontiersin.org/people/u/168807
https://www.frontiersin.org/people/u/245404
https://www.sciencedirect.com/science/article/pii/S0006322303009508?casa_token=AodCwe8pCRIAAAAA:4F7gYImoqqHKc2T_Y5JRoGcr01JYppkY1eO8RRCitSNiDUeLk5wc5jV-Jk2w3V78DIq_WyjHqXrv#!
https://www.sciencedirect.com/science/article/pii/S0006322303009508?casa_token=AodCwe8pCRIAAAAA:4F7gYImoqqHKc2T_Y5JRoGcr01JYppkY1eO8RRCitSNiDUeLk5wc5jV-Jk2w3V78DIq_WyjHqXrv#!
https://www.sciencedirect.com/science/article/pii/S0006322303009508?casa_token=AodCwe8pCRIAAAAA:4F7gYImoqqHKc2T_Y5JRoGcr01JYppkY1eO8RRCitSNiDUeLk5wc5jV-Jk2w3V78DIq_WyjHqXrv#!
https://www.sciencedirect.com/science/article/pii/S0006322303009508?casa_token=AodCwe8pCRIAAAAA:4F7gYImoqqHKc2T_Y5JRoGcr01JYppkY1eO8RRCitSNiDUeLk5wc5jV-Jk2w3V78DIq_WyjHqXrv#!
https://www.sciencedirect.com/science/article/pii/S0006322303009508?casa_token=AodCwe8pCRIAAAAA:4F7gYImoqqHKc2T_Y5JRoGcr01JYppkY1eO8RRCitSNiDUeLk5wc5jV-Jk2w3V78DIq_WyjHqXrv#!
https://www.sciencedirect.com/science/journal/00063223
https://www.sciencedirect.com/science/journal/00063223/55/4
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mesole%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=32089784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alfred%20OO%5BAuthor%5D&cauthor=true&cauthor_uid=32089784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yusuf%20UA%5BAuthor%5D&cauthor=true&cauthor_uid=32089784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lukubi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=32089784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lukubi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=32089784
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ndhlovu%20D%5BAuthor%5D&cauthor=true&cauthor_uid=32089784
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7008282/
https://doi.org/10.1155/2020/8425643
https://pubmed.ncbi.nlm.nih.gov/?term=Abbott+LC&cauthor_id=15543804
https://pubmed.ncbi.nlm.nih.gov/?term=Nahm+SS&cauthor_id=15543804
https://link.springer.com/journal/12311
https://pubmed.ncbi.nlm.nih.gov/?term=Banerjee+BD&cauthor_id=10414779
https://pubmed.ncbi.nlm.nih.gov/?term=Seth+V&cauthor_id=10414779
https://pubmed.ncbi.nlm.nih.gov/?term=Bhattacharya+A&cauthor_id=10414779
https://pubmed.ncbi.nlm.nih.gov/?term=Pasha+ST&cauthor_id=10414779
https://pubmed.ncbi.nlm.nih.gov/?term=Pasha+ST&cauthor_id=10414779
https://pubmed.ncbi.nlm.nih.gov/?term=Chakraborty+AK&cauthor_id=10414779
https://www.sciencedirect.com/science/journal/03784274
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Yafee%20YA%5BAuthor%5D&cauthor=true&cauthor_uid=22051046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-%20Ayadhi%20LY%5BAuthor%5D&cauthor=true&cauthor_uid=22051046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haq%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=22051046
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Ansary%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=22051046
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3217885/
https://www.njcponline.com/searchresult.asp?search=&author=Y+Oshodi&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.njcponline.com/searchresult.asp?search=&author=O+Ojewunmi&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.njcponline.com/searchresult.asp?search=&author=TA+Oshodi&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.njcponline.com/searchresult.asp?search=&author=GT+Ijarogbe&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.njcponline.com/searchresult.asp?search=&author=GT+Ijarogbe&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.njcponline.com/searchresult.asp?search=&author=OC+Ogun&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.njcponline.com/searchresult.asp?search=&author=OF+Aina&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.njcponline.com/searchresult.asp?search=&author=FEA+Lesi&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://pubmed.ncbi.nlm.nih.gov/?term=Uzuno%C4%9Flu+S&cauthor_id=16283344
https://pubmed.ncbi.nlm.nih.gov/?term=Acar+H&cauthor_id=16283344
https://pubmed.ncbi.nlm.nih.gov/?term=Okudan+N&cauthor_id=16283344
https://pubmed.ncbi.nlm.nih.gov/?term=G%C3%B6kbel+H&cauthor_id=16283344
https://pubmed.ncbi.nlm.nih.gov/?term=Mevlito%C4%9Flu+I&cauthor_id=16283344
https://pubmed.ncbi.nlm.nih.gov/?term=Sari+F&cauthor_id=16283344


 ROLE OF GLUTATHIONE-S-TRANSFERASE M1 (GSTM1) AND T1 (GSTT1) GENES ON ALUMINUM...  .. 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 12 (2021) 

 

7601 

55)  Buyske S.,  Williams T. A.,  Mars A. E.,  

Stenroos E. S.,  Ming S. X.,  Wang R.,  Sreenath 

M.,  Factura M. F.,  Reddy C.,  Lambert G. H.,  

and  Johnson W. G., Analysis of case-parent trios 

at a locus with a deletion allele: association of 

GSTM1 with autism. BMC Genetics , 7(8), 

(2006).  

56) James S.J., Melnyk S., Jernigan S., Cleves M.A., 

Halsted C.H., Wong D.H., Cutler P., Bock K., 

Boris M., Bradstreet J.J., Baker S.M. , and 

Gaylor D.W. ,Metabolic Endophenotype and 

Related Genotypes are Associated With 

Oxidative Stress in Children With Autism. Am J 

Med Genet Part B, Neuropsychiatric Genetics, 

141B, 947–956 (2006). 

57) Hermawati D., Mian S., Winarni T. I., Jamal R. 

and Faradz S., Are GSTM1 Null and GSTT1 

Null Risk Factor of Autism Spectrum Disorder? 

A Preliminary Study. M Med Indones, 46 (2), 

(2012). 

58)  Desmots F.,  Rissel M.,  Loyer P., Turlin B.,  

and Guillouzo A. , Immuno histological Analysis 

of Glutathione Transferase A4 Distribution in 

Several Human Tissues Using a Specific 

Polyclonal Antibody. Journal of histochemical & 

cytochemistry, 49 (12), 1573–1579 (2001). 

59)  James S., Stevenson S.W., Silove N., Williams 

K. ,Chelation for autism spectrum disorder 

(ASD). Cochrane Database of Systematic 

Reviews, 5, CD01076 (2015), DOI: 

10.1002/14651858.CD010766. pub2. 

60) Ercegovac M., Jovic N. , Sokic D. , Savic-

Radojevic A. , Coric V. , Radic T. , Nikolic D. , 

Kecmanovic M. , Matic M. , Simic T ., and 

Pljesa-Ercegovac M., GSTA1, GSTM1, GSTP1 

and GSTT1 polymorphisms in progressive 

myoclonus epilepsy: A Serbian case–control 

studyElsevier seizure, 32, 30-36 (2015). 

61) Maran E.,Fernández M., Barbieri P. ,Font G., 

and  JoséRuiz M.,Effects of four carbamate 

compounds on antioxidant parameters .Elsevier, 

Ecotoxicology and  Environmental  Safety ,72 

(3),  922-930 (2009). 

62) Allocati N.,  Masulli M.,  Di Ilio C., and  

Federici L., Glutathione transferases: substrates, 

inihibitors and pro-drugs in cancer and 

neurodegenerative diseases. Oncogenesis, 7(1), 8 

(2018). 

 

 

 

https://bmcgenomdata.biomedcentral.com/articles/10.1186/1471-2156-7-8#auth-Steven-Buyske
https://bmcgenomdata.biomedcentral.com/articles/10.1186/1471-2156-7-8#auth-Tanishia_A-Williams
https://bmcgenomdata.biomedcentral.com/articles/10.1186/1471-2156-7-8#auth-Audrey_E-Mars
https://bmcgenomdata.biomedcentral.com/articles/10.1186/1471-2156-7-8#auth-Edward_S-Stenroos
https://bmcgenomdata.biomedcentral.com/articles/10.1186/1471-2156-7-8#auth-Edward_S-Stenroos
https://bmcgenomdata.biomedcentral.com/articles/10.1186/1471-2156-7-8#auth-Sue_X-Ming
https://bmcgenomdata.biomedcentral.com/articles/10.1186/1471-2156-7-8#auth-Rong-Wang
https://bmcgenomdata.biomedcentral.com/articles/10.1186/1471-2156-7-8#auth-Madhura-Sreenath
https://bmcgenomdata.biomedcentral.com/articles/10.1186/1471-2156-7-8#auth-Marivic_F-Factura
https://bmcgenomdata.biomedcentral.com/articles/10.1186/1471-2156-7-8#auth-Chitra-Reddy
https://bmcgenomdata.biomedcentral.com/articles/10.1186/1471-2156-7-8#auth-George_H-Lambert
https://bmcgenomdata.biomedcentral.com/articles/10.1186/1471-2156-7-8#auth-William_G-Johnson
https://bmcgenomdata.biomedcentral.com/
https://journals.sagepub.com/doi/full/10.1177/002215540104901211
https://journals.sagepub.com/doi/full/10.1177/002215540104901211
https://journals.sagepub.com/doi/full/10.1177/002215540104901211
https://journals.sagepub.com/doi/full/10.1177/002215540104901211
https://journals.sagepub.com/doi/full/10.1177/002215540104901211
https://journals.sagepub.com/doi/full/10.1177/002215540104901211
https://www.sciencedirect.com/science/article/pii/S0147651308000213?casa_token=LYY4jqGXY-QAAAAA:2XBB6nyA6c6UDzU5gzI9k5o4wwMezeEhTlWfngHlVaxEdhl21HZp-xIeftc4FHealxldMfdIj8Si#!
https://www.sciencedirect.com/science/article/pii/S0147651308000213?casa_token=LYY4jqGXY-QAAAAA:2XBB6nyA6c6UDzU5gzI9k5o4wwMezeEhTlWfngHlVaxEdhl21HZp-xIeftc4FHealxldMfdIj8Si#!
https://www.sciencedirect.com/science/article/pii/S0147651308000213?casa_token=LYY4jqGXY-QAAAAA:2XBB6nyA6c6UDzU5gzI9k5o4wwMezeEhTlWfngHlVaxEdhl21HZp-xIeftc4FHealxldMfdIj8Si#!
https://www.sciencedirect.com/science/article/pii/S0147651308000213?casa_token=LYY4jqGXY-QAAAAA:2XBB6nyA6c6UDzU5gzI9k5o4wwMezeEhTlWfngHlVaxEdhl21HZp-xIeftc4FHealxldMfdIj8Si#!
https://www.sciencedirect.com/science/article/pii/S0147651308000213?casa_token=LYY4jqGXY-QAAAAA:2XBB6nyA6c6UDzU5gzI9k5o4wwMezeEhTlWfngHlVaxEdhl21HZp-xIeftc4FHealxldMfdIj8Si#!
https://www.sciencedirect.com/science/journal/01476513
https://www.sciencedirect.com/science/journal/01476513
https://www.sciencedirect.com/science/journal/01476513/72/3
https://www.sciencedirect.com/science/journal/01476513/72/3
https://www.ncbi.nlm.nih.gov/pubmed/?term=Allocati%20N%5BAuthor%5D&cauthor=true&cauthor_uid=29362397
https://www.ncbi.nlm.nih.gov/pubmed/?term=Masulli%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29362397
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Ilio%20C%5BAuthor%5D&cauthor=true&cauthor_uid=29362397
https://www.ncbi.nlm.nih.gov/pubmed/?term=Federici%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29362397
https://www.ncbi.nlm.nih.gov/pubmed/?term=Federici%20L%5BAuthor%5D&cauthor=true&cauthor_uid=29362397
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5833873/

	Role of Glutathione-S-transferase M1 (GSTM1) and T1 (GSTT1) Genes on Aluminium Concentration and Oxidative Markers Among Autistic Children
	2) https://www.cdc.gov/mmwr/preview/mmwrhtml/ss6103a1.htm.Prevalence of Autism Spectrum Disorders - Autism and Developmental Disabilities Monitoring Network, the US Center for Disease Control and Prevention, (2020). Accessed at 15 August, 2021.
	3) Schaafsma S.M. , Gagnidze K.,  Reyes A., Norstedt N.,  Månsson K.,  Francis K., and  Pfaff D.W., Sex-specific gene–environment interactions underlying ASD-like behaviors. PNAS, 114 (6), 1383–1388 (2017).
	4) Ehninger D.,  Sano Y.,  J de Vries P.,  Dies K.,  Franz D.,  Geschwind D.H., Kaur M.,  Lee Y-S.,  Li W.,  Lowe J K.,  Nakagawa J.A., Sahin M.,
	5)  Skalny A.V.,  Simashkova N.V., Klyushnik T. P.,  Grabeklis A. R. , Bjørklund G., Skalnaya M. G., Nikonorov  A.  A. and Tinkov  A. A., Hair toxic and essential trace elements in children with autism spectrum disorder. Metabolic Brain Disease, (32),...
	6) Mohamed F. E.,   Zaky  E. A., El-Sayed A. B.,  Elhossieny  R.. M.,  Zahra S S.,  Salah Eldin  W.,  Youssef W. Y.,  Khaled R. A. and Youssef A. M., Assessment of Hair Aluminum, Lead, and Mercury in a Sample of Autistic Egyptian Children: Environment...
	7) Tomljenovic L., Blaylock R. L. and Shaw C. A., Autism Spectrum Disorders and Aluminum Vaccine Adjuvants. Comprehensive Guide to Autism, p.1585-1609 (2014).
	8) Bjørklund  G., Anatoly V., Skalny  A. V., Rahman  M. M., Dadar M.,  Yassa  H. A., Aaseth  J. , Chirumbolo S.  , Skalnaya M. G.  , Tinkov A A., Toxic metal(loid)-based pollutants and their possible role in autism spectrum disorder. j. Environ Res, 1...
	9) Metwally F. M., Abdelraoof E A., Hasheesh A., Elsedfy Z. B., Gebril O., Meguid N. A., Rashad H., Toxic Effect of Some Heavy Metals in Egyptian Autistic Children. International Journal of Pharmaceutical and Clinical Research, 7(3), 206-211 (2015).
	16) Prakash D., Gopinath K. and Sudhandiran G., Fisetin Enhances Behavioral Performances and Attenuates Reactive Gliosis and Inflammation during Aluminum Chloride-Induced Neurotoxicity. Neuromol Med, 15,192–208 (2013).
	17)  Rahbar M. H., Samms-Vaughan M.,Dickerson A. S., Loveland K. A., Ardjomand-Hessabi M.,Bressler J., Shakespeare-Pellington S., Grove M. L., Pearson D. A., and  Boerwinkle E., Blood Lead Concentrations in Jamaican Children with and without Autism Sp...
	18)  Rossignol D., Genuis S. and Frye R. E., Environmental toxicants and autism spectrum disorders ,A systematic review .Translational Psychiatry, 4, 1-23 (2014).
	19)  Matelski L. and Van de Water Risk factors in autism: Thinking outside the brain. J Autoimmun, 67, 1–7 (2016).
	20)   Frustaci A. ,  Neri M., Cesario A,  Adams J B, Domenici E,  Bernardina B D, and Bonassi S, Oxidative stress-related biomarkers in autism: systematic review and meta-analyses, j. Free Radic Biol Med ,52(10) , 2128-41 (2012).
	21)  Luo T., Zhang Y. , Khadka D. , Rangarajan J., Cho K .W.  and Sargent T .D. , Regulatory targets for transcription factor AP2 in Xenopus embryos. Dev Growth Differ, 47(6), 403-413 (2005).
	22)  Habig W. H.,  Pabst M. J.and  Jakoby W. B., Glutathione S-transferases the first enzymatic step in mercapturic acid formation. J Biol Chem, 249 (22), 7130-7139(1974).
	23) Yagi K.: Lipid Peroxides in Biology and Medicine. 1st Ed.p.376 (1982).

	24) Miranda K. M.,Espey M. G.,Wink D. A., A Rapid, Simple Spectrophotometric Method for Simultaneous Detection of Nitrate and Nitrite. Elsevier, Nitric Oxide , 5(1), 62-7, (2001).
	25)  Björklund A. and  Joyce  P. J., Using Life Cycle Thinking to Assess the Sustainability Benefits of Complex Valorization Pathways for Bauxite Residue. Journal of Sustainable Metallurgy ,5, 69–84 (2019).
	26)  Morris G., Puri  B.K. and Frye R. E., The putative role of environmental aluminium in the development of chronic neuropathology in adults and children. How strong is the evidence and what could be the mechanisms involved? Metabolic Brain Disease ...
	27)  Sulaiman R,Wang M, and Ren X ;Exposure to Aluminum, Cadmium, and Mercury and Autism Spectrum Disorder in Children: A Systematic Review and Meta-Analysis. Chem. Res. Toxicol. , 33 (11), 2699–2718 (2020).
	28)  Tomljenovic  L. and Shaw C. A., Aluminum vaccine adjuvants: are they safe? Curr Med Chem, 18(17), 2630-2637 (2011).
	29)  Blaurock-busch E., Amin O. R., Dessoki H. H. and  Rabah T. H., Toxic Metals and Essential Elements in Hair and Severity of Symptoms among Children with Autism. Maedica (Bucur), 7(1), 38–48 (2012).
	30)  Al-Farsi Y.M. ,  Waly M.I. ,  Al-Sharbati M.M. ,  Al-Shafaee M.A,  Al-Farsi O.A,  Al-Khaduri M.M. ,  Gupta I. ,  Ouhtit A. ,  Al-Adawi S. and Al-Said M.F, Levels of heavy metals and essential minerals in hair samples of children with autism in Om...
	31)  Kaur I., Behl T., Aleya L., Rahman M.D.,  Kumar A.,  Arora S. and   Akter R., Role of metallic pollutants in neurodegeneration: effects of aluminum, lead, mercury, and arsenic in mediating brain impairment events and autism spectrum disorder.Envi...
	32) Dusek  P., Jankovic J. and Le W., Iron dysregulation in movement disorders. Neurobiol. Dis., 46, 1–18 (2012).
	33) Muniz J. F. , McCauley L., Scherer J., Lasarev M., KoshyM. ,Kow Y. W., Nazar-Stewart V . and Kisby G. E., Biomarkers of oxidative stress and DNA damage in agricultural workers: A pilot study. Toxicology and Applied Pharmacology , 227 (1), 97-107 (...
	34) Altun H., Şahin F., Kurutaş E. B., Karaaslan U., Sevgen F. H. and Fındık E., Assessment of malondialdehyde levels, superoxide dismutase, and catalase activity in children with autism spectrum disorders, Psychiatry and Clinical Psychopharmacology, ...
	35) Abdel-Salam O. M. , Youness E. R.,Mohammed N. A. , Omara  E. A. and  Sleem A. A.,Effect of ketamine on oxidative stress following lipopolysaccharide administration. Comp Clin Pathol, 24, 53–63 (2015).
	36)  Chauhan A., Chauhan V.,Brown W. T. and Cohen I., Oxidative stress in autism: Increased lipid peroxidation and reduced serum levels of ceruloplasmin and transferrin - the antioxidant proteins. Elsevier Life Sciences, 75 (21), 2539-2549 (2004).
	37)  Islam   M. D., Oxidative stress and mitochondrial dysfunction-linked neurodegenerative disorders. Neurol Res, 39(1), 73-82 (2017).
	38)  Fransen M., Nordgren M.,  Wang B. and  Apanasets O., Role of peroxisomes in ROS/RNS-metabolism: implications for human disease. Biochim Biophys Acta, 1822(9), 1363-1373 (2012).
	39)  Nadeem A., Ahmad Sh. F., AL-Ayadhi L. Y., Attia S. M., Al-Harbi N. O., Alzahrani Kh. S., Saleh  A. and Bakheet S. A., Differential regulation of Nrf2 is linked to elevated inflammation and nitrative stress in monocytes of children with autism. Ps...
	40)  Messina  A, Monda V.,    Sessa F., Valenzano  F.,  Salerno M.,  Bitetti I ., Precenzano F.,  Marotta R.,  Lavano F.,  Lavano  S. M.,  Salerno M.,  Maltese A. ,  Roccella M.,  Parisi A.,  Ferrentino R. I.,  Tripi  G.,  Gallai B.,  Cibelli G.,  Mon...
	41)  Sweeten TH. ,Posey D. J., Shankar S. and Mc Dougle C, High nitric oxide production in autistic disorder: a possible role for interferon-γ. Biological Psychiatry, 55 (4), 434-437 (2004).
	42)  Abdel Moneim A. E., Evaluating the potential role of pomegranate peel in aluminum-induced oxidative stress and histopathological alterations in brain of female rats. Biological Trace Element Research, 150(13), 328–336 (2012).
	43) Romero-Puertas M.C. and Sandalio L.M., Nitric Oxide Level Is Self-Regulating and Also Regulates Its ROS Partners. Journal Frontiers in Plant Science, 7, 316 (2016).
	44)  Mesole S. B.,  Alfred O. O.,  Yusuf U. A.,   Lukubi L.,  and  Ndhlovu D. ,Apoptotic Inducement of Neuronal Cells by Aluminium Chloride and the Neuroprotective Effect of Eugenol in Wistar Rats. Oxid Med Cell Longev., 2020, 8425643 (2020). . https:...
	45)  Abbott L C. and   Nahm S. S., Neuronal nitric oxide synthase expression in cerebellar mutant mice. The Cerebellum  3, 141–151 (2004).
	46)  Banerjee B. D. ,  Seth V.,  Bhattacharya A.,  Pasha S. T.,  and  Chakraborty A. K, Biochemical effects of some pesticides on lipid peroxidation and free-radical scavengers. Toxicology Letters , 107(13), 33-47 (1999).
	47)  Frustaci A., Neri M., Cesario A., Adams J.B., Domenici E., Bernardina B. D. and Bonassi S. ,Oxidative stress-related biomarkers in autism: systematic review and meta-analyses. Free Radic Biol Med, 52, 2128–2141 (2012).
	48)  Goin-Kochel R.P., Porter AE, Peters SU, Shinawi M, Sahoo T, Beaudet AL, The MTHFR 677C→ T polymorphism and behaviors in children with autism: exploratory genotype–phenotype correlations. Autism Res 2:98–108 (2009).
	49) Guo T, Chen H, Liu B, Ji W. and Yang C., Methylenetetrahydrofolate reductase polymorphisms C677T and risk of autism in the Chinese Han population. Genet Test Mol Biomarkers, 16, 968–973(2012).
	59)  James S., Stevenson S.W., Silove N., Williams K. ,Chelation for autism spectrum disorder (ASD). Cochrane Database of Systematic Reviews, 5, CD01076 (2015), DOI: 10.1002/14651858.CD010766. pub2.
	60) Ercegovac M., Jovic N. , Sokic D. , Savic-Radojevic A. , Coric V. , Radic T. , Nikolic D. , Kecmanovic M. , Matic M. , Simic T ., and Pljesa-Ercegovac M., GSTA1, GSTM1, GSTP1 and GSTT1 polymorphisms in progressive myoclonus epilepsy: A Serbian cas...
	61) Maran E.,Fernández M., Barbieri P. ,Font G., and  JoséRuiz M.,Effects of four carbamate compounds on antioxidant parameters .Elsevier, Ecotoxicology and  Environmental  Safety ,72 (3),  922-930 (2009).
	62) Allocati N.,  Masulli M.,  Di Ilio C., and  Federici L., Glutathione transferases: substrates, inihibitors and pro-drugs in cancer and neurodegenerative diseases. Oncogenesis, 7(1), 8 (2018).

