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	 Autism is a Spectrum Disorder, which represents a multifaceted neurodevelopmental 
disorder distinguished by impairments in daily life behaviors such as communication, social 
engagement, and the manifestation of repetitive behaviors. The incidence of autism can be 
affected by variations in diagnostic criteria and demographic factors. Research indicates that 
trace elements such as magnesium, selenium, chromium, zinc, and copper are integral to optimal 
brain function, with deficiencies in these elements potentially exacerbating the characteristics 
of Autism spectrum disorder. Additionally, genetic variables, including copy number variations, 
significantly influence the etiology of Autism Spectrum Disorder. The present investigation was 
carried out on samples of 35 children diagnosed with Autism Spectrum Disorder alongside 35 
age-matched healthy controls, ranging from 3 to 14 years of age. To investigate the possible 
link between genes and Autism Spectrum Disorder, genetic analysis was conducted using 
CGH microarray, while a trace element study was carried out using atomic absorption 
spectrophotometry. After that, the docking of proteins (CNTNAP3 and SPATA31A1) with metals 
was performed.  The results of the trace element analysis show significant variations in zinc 
and copper levels (P-value is 0.0003 and P-value <0.0001, respectively), with the ASD group 
having lower zinc and higher copper levels than the controls, changing the zinc/copper ratio. 
The result of the CGH microarray identified CNVs in the CNTNAP3 and SPATA31A1 genes. The 
result of docking demonstrated that zinc bound to CNTNAP3 and SPATA31A1 protein more 
strongly, with binding scores of 6.280 and 9.805, respectively, than copper.

Keywords: Autism Spectrum Disorder (ASD); Copper;
Copy Number Variations (CNV); Trace elements; Zinc.

	 Autism spectrum disorder (ASD) is a 
complex neuro-developmental condition, several 
difficulties, such as difficulties in communication, 

social interaction, and the presence of restricted 
and repetitive behaviors or interests can 
characterize it.1,2 Autism spectrum disorder 
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can have a relatively common co-occurrence 
with Intellectual Disability.3,4 About one-third 
of children with ASD also have intellectual 
disability.5 Different populations and countries 
have different prevalence rates of autism spectrum 
disorder; about 0.76% of children worldwide may 
have autism spectrum disorder .6 However, the 
prevalence rate can be altered due to diagnostic 
criteria assessment methods and population 
characterization. The etiology of ASD is thought to 
be influenced by genetic causes and environmental 
influences, several causes collectively shaping the 
manifestation of the disorder.7 Within this complex 
framework, the significance of minerals and trace 
elements emerges as they assume fundamental 
roles in the operations of the central nervous 
system. Changes in their equilibrium, such as 
deficiencies or surpluses, have been assumed as 
feasible factors that might cause neurological 
disorders, such as ASD.8 
	 Several metals play an essential role in 
maintaining the proper homeostatic conditions 
of the brain and body.9,10 Magnesium, a chelating 
agent, is essential for e”300 biochemical reactions 
in the body.11,12 Magnesium has several roles in the 
body, such as maintaining the normal functions of 
nerve and muscle, supporting the maintenance of 
a normal and healthy immune system, ensuring a 
steady heartbeat, and preserving bone strength.13,14 
Additionally, it contributes to the regulation of 
blood glucose levels and assists in the production 
of energy and protein.15 Selenium is a critical 
element in numerous enzymes and proteins, 
known as selenoproteins, which are integral to 
DNA synthesis and the protection against cellular 
damage and infections.16,17 Both selenium and 
selenoproteins are involved in various biological 
processes, with particular significance in brain 
development and function.18-20 Chromium (Cr) 
exists in two oxidation states: +3 and +6. Among 
these, only chromium (+3) is an essential trace 
element for the body, and it has a crucial role in 
regulating glucose and cholesterol metabolism.21,22 
Most research on chromium levels in hair indicates 
that children with autism spectrum disorder (ASD) 
tend to have altered levels of this element compared 
to control groups.23 Zinc, an indispensable 
micronutrient, is naturally present in specific 
alimentary sources and is additionally obtainable 
in the form of dietary supplements.24,25 It serves a 

pivotal function in multiple dimensions of cellular 
metabolism, being requisite for the catalytic action 
of various enzymatic processes.26,27 Additionally, 
zinc contributes to increasing immunological 
function, synthesis of protein and DNA, wound 
healing, and cell signaling and division. Several 
studies have found that low zinc levels are 
associated with neurodevelopmental diseases.28,29 
Copper is a mineral present throughout the body, 
playing a vital role in various physiological 
functions.30 It aids in the production of red blood 
cells and supports the health of nerve cells and the 
immune system.31 Additionally, copper is involved 
in the formation of collagen, a crucial component of 
bones and connective tissues. It may also function 
as an antioxidant, reducing free radicals that can 
cause cellular and DNA damage.32,33 Copper is 
essential for the absorption of iron and is necessary 
for energy production in the body.34

	 In some studies, it is mentioned that 
there is a potential link between zinc deficiency 
and autism spectrum disorder in newborns and 
younger children.35 The study also indicated that 
infants (newly born children) with ASD have 
various degrees of zinc deficiency in the lower 
hair scalp.36 They analyzed trace elements in hair 
scalp, including zinc, and found zinc deficiency 
potentially associated with autism.37 According to 
a specific study, it has been demonstrated that there 
exists a notable reduction in Zn levels (P<0.001) 
among children diagnosed with autism, as opposed 
to the corresponding control cohort.38 Moreover, 
the study has also established a considerable 
elevation in the Zn/Cu ratio (P<0.001) within the 
population of autistic children.39,40

	 Among genetic causes, both cytogenetic 
and molecular genetic causes are involved. 
Several genes and proteins are involved in the 
proper functioning of the brain, neurons, and 
nerve conduction. Any alterations in these genes 
and proteins can cause neurodevelopmental 
disorders.41,42 These changes in genes can be point 
mutations, Single nucleotide polymorphisms 
(SNPs), and copy number variations (CNVs).43,44 
CNV can be defined as any difference in the 
copy number of a gene (part of DNA) among 
individuals.45,46 Copy number variations in 
particular genes can involve particular symptoms, 
and sometimes, they can cause a specific disease.47 
Copy number variations can be detected by 
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CGH (Comparative Genomic Hybridization) 
microarray.48,49 Copy number variations of the 
CNTNAP (Contactin-associated protein-like) gene 
family play an essential role in ASD.50

	 In this study, we have performed an 
analysis of trace elements (Magnesium (Mg), 
Selenium (Se), Chromium (Ch), Zinc (Zn), and 
Copper (Cu)) in the serum samples of children 
with autism spectrum disorder and healthy control 
children of the same age group for a case-control 
study. Besides the trace element analysis, a 
microarray for copy number variation has been 
done to know the genes involved. The genetic 
heterogeneity of ASD is reflected in its clinical 
variability, with individuals exhibiting a wide range 
of symptoms and severity levels. This heterogeneity 
underscores the complexity of ASD genetics 
and highlights the importance of personalized 
approaches to diagnosis and treatment. Alongside 
uncommon genetic variations with significant 
impact sizes, prevalent genetic variants with minor 
effect sizes also have a role in ASD risk. Docking 
of proteins (whose genes are showing copy number 
variation) with trace elements Zn++, Cu+, and Cu++ 
have been performed by using the MIB2 (Metal 
Ion-Binding site prediction and modeling server) 
tool to know the interaction of these proteins with 
the particular trace element to determine if these 
copy number variations in genes alter the level of 
trace in the sample body.

Materials and Methods

Study populations
	 This study was done at the Department of 
Anatomy, Institute of Medical Sciences, Banaras 
Hindu University. Ethical approval has been taken 
from the institutional ethical committee. A total of 
35 cases of autism spectrum disorder were enrolled 
in this study after proper use of the Indian Scale 
for Assessment of Autism (ISAA),51 and following 
the norm of the Diagnostic and Statistical Manual 
of Mental Disorders, Fifth Edition (DSM-5).52 
This study includes children who have an ISAA 
score above 70; children having an ISAA score 
less than 70 are excluded. The age limit is between 
3-14 years, which is the developmental age; cases 
with 18 years and above are excluded. The control 
group consists of 35 healthy asymptomatic children 
of the same age group. Informed consent from the 

parents of each child has been taken before sample 
collection.
Sample collection
	 Blood samples were collected from 
autistic children in clot activator vials as well as in 
EDTA vials for DNA extraction by venipuncture 
to facilitate serum separation and DNA Extraction 
respectively, from the Outpatient Department 
(OPD) under the supervision of the co-supervisors 
at the Department of Psychiatry and Genetic Clinic 
of Department of Pediatrics, Institute of Medical 
Sciences (IMS), Banaras Hindu University (BHU). 
Parental consent has been obtained as the research 
population (autistic children) is incapable of 
providing consent. Ethical clearance has been taken 
from the ethical committee’s Institute of Medical 
Science Banaras Hindu University (IMS BHU) 
ethical letter number (Dean/2022/EC/3825)
Trace element analysis 
Serum preparation 
	 The serum was separated from all 35 cases 
and 35 control blood samples, which were taken in a 
clot activator vial. After the separation of the serum, 
the serum was precisely preserved at a temperature 
of -80ºC to ensure its preservation for subsequent 
utilization. In preparation for experimentation, 
the serum samples were methodically transitioned 
to a temperature of -20ºC, a necessary step to be 
completed two days before the experimental phase. 
Subsequently, the evening before the experiment, 
the serum samples were gently transitioned to a 
temperature of 4ºC.
Preparation of Diluent
	 The method involves preparing the diluent 
solution by combining precise amounts of 1% 
Nitric acid and 0.4% Triton X with distilled water. 
In a 50 mL Falcon tube, accurately measure 500 
µL of 1% Nitric acid and 200 µL of 0.4% Triton X. 
Add 49.3 mL of distilled water to the Falcon tube 
containing the Nitric acid and Triton X. Thoroughly 
mix the contents to ensure uniformity. The resulting 
solution constitutes the prepared diluent.
Preparation of Standard 
	 The standard preparation procedure 
involves using two different volumes to achieve 
specific concentrations. For a 50 mL standard 
solution with a concentration of 1 ppm, dissolve 50 
µL of the stock solution in 49.95 mL of 1% Nitric 
acid. Conversely, for a 10 mL standard solution 
with a concentration of 20 ppb, dissolve 0.2 mL 
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of the stock solution in 9.8 mL of 1% Nitric acid.
Preparation of Blank
	 To prepare a blank, combine 300 µL of 
1% Nitric acid with 800 µL of the diluent in a 
sampler tube. These preparations are crucial for 
ensuring precise calibration and accurate baseline 
measurements, which are essential for AAS 
analysis. 
Analysis of trace elements in the sample serum 
	 Serum levels of trace elements (Mg, 
Se, Cr, Zn, Cu) were quantified using the Perkin 
Elmer Atomic Absorption Spectrophotometer, 
Pinnacle 900T Graphite Furnace method,53 in 
the Department of Anatomy, Institute of Medical 
Sciences, Banaras Hindu University. The Atomic 
Absorption Spectroscopy (AAS) technique 
involves the absorption of electromagnetic 
radiation by gasified atoms of an element. This 
occurs as the temperature rises, causing the 
element to gasify. The method relies on calculating 
the absorbed beam by the Lambert-Beer law. 
According to this law, atoms or substances absorb 
specific wavelengths from the transmitted beam, 
causing them to transition from a ground state to an 
excited state. After absorption, the atom stays in the 
excited state for a short duration, typically between 
10^-6 and 10^-9 seconds, before returning to its 
original state and releasing the absorbed beam. 
The absorption wavelengths are distinct for each 
element, enabling their detection and quantification 
in a sample using AAS analysis. The evaluation 
of trace elements, notably magnesium, selenium, 
Chromium, zinc, and copper, was conducted using 
the analytical technique of Atomic Absorption 
Spectroscopy (AAS). This analytical process 
enabled the acquisition of elemental data. The 
obtained results were then meticulously compared 
against established normal ranges to facilitate 
further comprehensive analysis.
Statistical analysis 
	 Statistical analysis was performed with 
GraphPad Prism 9 software.54 Normality and 
lognormality tests (Shapiro-Wilk normality test 
and Kolmogorov-Smirnov normality test) have 
been performed to check the normal distribution 
of data.  After the normality check, we performed 
the Mann–Whitney test. Graphs were created with 
GraphPad Prism 9 software,54 and compiled using 
CorelDRAW.55 Statistical significance was set at P 
< 0.05 (*).

CGH microarray 
DNA Extraction
	 DNA was extracted from blood using 
the QIAamp® DNA Blood Mini kit (Qiagen, 
Hilden, Germany), for this purpose, we followed 
the protocol provided by the manufacturer. The 
concentration and purity of the genomic DNA were 
measured using a spectrophotometer, following the 
manufacturer’s guidelines.
Microarray
	 DNA copy number detection and genome-
wide SNP genotyping were performed on samples 
using the G3 Human Gene Expression 8x60K v3 
Microarray Kit. The procedures for DNA digestion, 
ligation, PCR amplification, fragmentation, 
labeling, and hybridization were carried out at 
the MRU lab according to the protocol provided 
by Agilent. Data interpretation of microarray. 
CNVs detected through chromosomal microarrays 
were analyzed by using the CNVxplorer tool. We 
identified specific amplifications and deletions in 
certain genes.
Docking
	 Binding site prediction and docking of 
CNTNAP3 (Contactin-associated protein-like 
3) with Zn++, Cu+, and Cu++, as well as docking 
of SPATA31A1 (spermatogenesis-associated 
protein 31 subfamily A member 1) with Zn++, Cu+, 
and Cu++, have been done. The binding site and 
evaluation of the binding ability of     Zn++, Cu+, 
and Cu++ ions with CNTNAP3 protein (uniport 
ID Q9BZ76) as well as with SPATA31A1 Protein 
(uniport ID Q5TZJ5) have been done by using 
the MIB2 server.56 The MIB2 server primarily 
forecasts binding sites and facilitates the docking of 
metal ions by utilizing both protein sequences and 
structures. The 3D configurations of CNTNAP3 
with Zn++, Cu+, and Cu++ ions, along with 
SPATA31A with Zn++, Cu+, and Cu++ ions, were 
submitted to the MIB2() service. The optimal 
docking site for CNTNAP3 with Zn++ and Cu++ 
was selected based on the highest binding score, 
as was SPATA31A1 with Zn++, Cu+, and Cu++. 
The resulting docked structure was subsequently 
visualized and examined using the PyMoL 
Visualizer.57 The MIB2 server primarily forecasts 
binding sites and docks metal ions by utilizing both 
protein sequences and structures.
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Results

Result of trace elements
	 Quantities of various trace elements 
were compared and measured between the case 
and control groups, are illustrated in Figure 1. 
Statistical analysis (Mann-Whitney test) was 
conducted to evaluate the significance of the 
differences between the groups. 
	 Table 1 provides details of the Mann-
Whitney test observation. The values of Magnesium 
among the case and control have a median of 2.165 
mg/dL and 2.163 mg/dL, respectively, indicating 
approximately the same value in both case and 
control. There is no statistically significant 
difference with a P-value of 0.9326. Selenium 
also has the same median value among case and 
control; both have a 103.6µg/L median value 
with a P-value of 0.9071. The level of Chromium 
is also approximately the same value with a 
median 1.468 µg/L and 1.465 µg/L in cases and 
control, respectively, with a P-value of 0.9326. 
The level of Zinc in the serum sample of cases 
is significantly low in comparison to controls. 
Showing significant differences between case and 
control, the median values were 90.13µg/dL and 
94.56µg/dL, respectively. P – value is 0.0003**.  
The level of Copper is significantly higher among 
cases compared to the control, with medians of 
112.1µg/dL and 105.1 µg/dL, respectively. There is 
a statistically significant difference with a P-value 
<0.0001**. Zinc levels are significantly decreased 
in cases in comparison to controls, whereas copper 
levels are significantly higher in cases compared to 
controls. So, the Zinc / Copper ratio is also altered. 

The zinc/copper ratio is significantly low among 
cases in comparison to the control with a median 
of 0.8065µg/dL and 0.9006 µg/dL in cases and 
control, respectively. This difference is significant 
with a p-value of <0.0001**.
Result of CGH Microarray 
	 I n  ou r  CNV ana ly s i s  by  CGH 
microarray, we observed several CNV on different 
chromosomes, among which the CNTNAP3 gene 
family and SPATA31A1 gene family CNV is 
common in all samples. We analyzed all CNV 
on CNVxplorer and found the CNTNAP3 gene 
family and SPATA gene family likely pathogenic 
in autism. The result of the CGH microarray CNV 
analysis is shown in Table 2. 
Result of Docking 
	 Table 3. Showing the binding site 
and binding score of proteins with particular 
metals. As previously described in the method 
part, the docking of Zn++, Cu+, and Cu++ ions to 
CNTNAP3 protein (UniProt ID Q9BZ76) as well 
as SPATA31A1 protein (UniProt ID - Q5TZJ5) has 
been done. In our observation we find zinc has 
more binding affinity with both protein CNTNAP3 
as well as SPATA31A1 than copper. Zn++ binds 
with CNTNAP3 protein at 593E, 596K, and 597H 
residues, having a binding score of 6.280. The 
protein structure and binding site of CNTNAP3 are 
shown in Figure 2. The binding score and residue 
of Zn++ with SPATA31A1 protein are 9.805 and 
239H, 241D, respectively. The protein structure 
and binding site of SPATA31A1 are shown in Figure 
3. Both ions of copper, Cu+ and Cu++, have less 
binding score in comparison to Zinc. 

Table 1. Showing the result of statical analysis by using the Mann-Whitney test

Trace element 	 Case 	 Control 	                                   IQR		  U Value	 P Value
	 Median 	 Median 	 Case	 Control		
	 (n=35)	 (n = 35)

Magnesium (mg/dL)	 2.165	 2.163	 2.031 - 2.342	 2.039 - 2.368	 605	 0.9326
Selenium (µg/L)	 103.6	 103.6	 92.78 - 113.98	 91.93 - 114.89	 602	 0.9071
Chromium (µg/L)	 1.468	 1.465	 1.432 - 1.492	 1.434 - 1.488	 605	 0.9326
Zinc (µg/dL)	 90.13	 94.56	 85.86 - 94.32	 90.78 - 98.36	 309	 0.0003
Copper (µg/dL)	 112.1	 105.1	 108.24 - 115.44	 101.11 - 108.78	 162.5	 <0.0001
Zinc/Copper (µg/dL)	 0.8065	 0.9006	 0.7902 - 0.816	 0.8961 - 0.9039	 0	 <0.0001

Note- IQR is interquartile range, U is Mann-Whitney U value, and P is the probability value
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Fig. 1. Showing box plot of Trace elements of case and control groups

Discussion

	 This study was conducted to compare 
the levels of various trace elements between 
a case group and a control group to identify 
potential differences that might contribute to the 
pathophysiology of autism spectrum disorder. 
In our trace element analysis, we observed a 
significant decrease in zinc and an increase in 
copper levels in the case group compared to the 
control group. In contrast, the levels of magnesium, 
selenium, and chromium showed no significant 
difference between the two groups. The zinc / 
Copper ratio is also significantly lower in cases 
than in the control. Zinc plays a crucial role in our 
body and nervous system.58,59 A deficiency of zinc 
can lead to the development of autism spectrum 
disorder because zinc plays a role in neurogenesis 
60,61, and low zinc decreases neurogenesis, as 
shown in Figure 4. Copper is also related to 

normal neuronal development; both deficiency and 
excess concentrations of copper can alter normal 
neural development.62,63 Copper is also associated 
with nerve conduction.64 High copper can have a 
negative effect on nerve conduction and can lead 
to damage to the myelin sheath.65 Copper toxicity 
is more common in Wilson’s disease, which is one 
of the causes behind autistic features.66 The effect 
of high copper concentration is shown in Figure 
5. In this study, we found lower serum zinc levels 
in cases (90.13 µg/dL) than in control (94.56µg/
dL) with a P-value of 0.0003. We also observed 
higher copper in the serum of cases (112.1µg/dL) 
than control (105.1 µg/dL) and P-value <0.0001. A 
low zinc/copper ratio among cases in comparison to 
control (0.8065 µg/dL among cases and 0.9006 µg/
dL among control) is also noticed; this difference is 
also significant with a P-value <0.0001. Low zinc 
and high copper are a biomarker of autism, low 
zinc/copper ratio is also a cause of autism spectrum 
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Table 3. Showing the binding residue and binding score of CNTNAP3 and SPATA31A1 
with Zn++, Cu+, and Cu++

Sn.	 Protein	 Metal	 Binding residue	 Binding score

1.	 CNTNAP3	 Zn++	 593E, 596K, 597H	 6.280
		  Cu+	 223H, 231H	 4.951
		  Cu++	 223H, 231H	 5.400
2.	 SPATA31A1	 Zn++	 239H, 241D	 9.805
		  Cu+	 238S, 239H, 240C	 7.430
		  Cu++	 1334S, 1386H	 9.600

Fig. 2. Showing the binding of CNTNAP3 with Zn++ and Cu++, 2.a1 showing CNTNAP3 binding with Zn++ and 
2.a2 showing binding site of Zn++, 2.b1 showing CNTNAP3 binding with Cu++ and  2.b22 showing binding site 

with Cu++.

disorder.67 Besides zinc and copper, we also 
performed a trace element analysis of magnesium, 
selenium, and chromium, but we found significant 
differences only in zinc and copper. 

	 To evaluate CNV, we also performed 
CGH microarray. In our study of CGH microarray 
for CNV analysis, it is observed that copy number 
variation has occurred in some genes and cytoband 
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Fig. 3. Showing the binding of SPATA31A1 with Zn++ and Cu++, 3.a1 showing SPATA31A1 binding with Zn++ 
and 3.a2 showing binding site of Zn++, 3.b1 showing SPATA31A1 binding with Cu++ and 3.b2 showing the 

binding site with Cu++. 

which is mentioned in table1. Copy number 
variations on the p arm of chromosome number 
9 with cytoband p13.2-p11.2 and p12-p11.2 are 
common in all samples. This CNV has a common 
gene CNTNAP3 gene family and SPATA31A1 
gene family.  CNTNAP3 is a neuro-connexin 
protein.68 Connexin proteins are transmembrane 
proteins and play a role in cell divisions, cell 
recognitions, and neurogenesis and found gap 
junctions, neuro-connexin is involved in cell-cell 
recognition in the nervous system.69 CNTNAP3 
interacts with synaptic adhesion protein.70 We 
have analyzed the result with the CNVxplorer 

tool we found that CNTNAP3 and SPATA31A1 
have been likely pathogenic. The association of 
the CNTNAP3 gene with the autism gene family 
has already been reported in the literature.71-73

	 So, we have performed the docking of 
CNTNAP3 and SPATA31A1 proteins (product of 
CNTNAP3 and SPATA31A1 gene) with Zn++, 
Cu+, and Cu++. Shown in Table 3. Both of these 
proteins have binding affinity with Zn++, Cu+, and 
Cu++ but zinc shows a higher binding score than 
copper. The binding score of CNTNAP3 protein 
with ZN++ is 6.280, and the binding scores of Cu+ 
and Cu++ are 4.951 and 5.400, respectively. So, we 
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Fig. 4. Showing the effect of Zinc deficiency in 
neurodevelopment and neurogenesis

Fig. 5.  Showing the effect of copper toxicity in nerve 
conduction

Fig. 6. Shows that an increase in the copy number of the CNTNAP3 gene can lead to elevated sequestration of 
Zn²z  from the blood. Figure 6a shows the normal expression level of the CNTNAP3 gene, figure 6b illustrates the 

effect of increased CNTNAP3 gene copy number

can say the CNTNAP3 protein binds with zinc with 
more affinity than with copper. On the other hand, 
SPATA31A1 protein also shows a high binding 
affinity with Zn++, having a binding score of 9.805, 

a binding score of Cu+, and Cu++ having a binding 
score of 7.430 and 9.600, respectively. This protein 
also shows a higher binding score with zinc than 
with copper. Thus, both of these proteins bind more 
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frequently with zinc than copper, and so the level 
of zinc in serum became low in comparison to the 
control. 
	 The protein products of both genes 
CNTNAP3 and SPATA31A1 have a high binding 
affinity for Zn++. According to our results, both of 
these genes have an increased copy number (there 
is a duplication in these genes). So, the amount of 
protein products produced by these genes will be 
elevated. As mentioned earlier in the result, these 
proteins have a strong binding score for zinc. Figure 
6 shows that the increase in the copy number can 
lead to high sequestration of Zn++ from the blood. 
This can result in a lower amount of Zn++ in the 
serum, leading to a zinc deficiency. Zn++ has 
many roles in the body, such as immune function, 
neurotransmission, and cellular growth and repair. 
Therefore, the copy number variation may lead to 
zinc imbalances, which could cause the symptoms 
of autism spectrum disorder (ASD) in children.
Implications
	 This study holds important implications 
for understanding autism spectrum disorder 
(ASD), particularly about how copy number 
variations (CNVs) in the genes CNTNAP3 and 
SPATA31A1 contribute to the disorder’s underlying 
pathophysiology. These CNVs are linked to zinc 
(Zn++) deficiency in children with autism, which is 
a crucial aspect of the study. Even inside the same 
family where children share the same food and 
water sources, there may be significant differences 
in their trace elements levels. This variation can 
be due to the sequestration of trace elements by 
proteins (Zn++ is sequestrated by CNTNAP3 and 
SPATA31A1), which may hinder the availability 
of this essential trace element. The levels of Zinc, 
Copper, and other trace elements in the body have 
several roles in the body. Many physiological 
processes of the body, such as nerve conduction, 
immune response, and several metabolic processes. 
So, understanding the impact of CNVs on trace 
element levels is crucial to know how such genetic 
factors could influence the development and 
severity of autism spectrum disorder in affected 
children.
Limitations and future research
	 This research has contributed valuable 
understandings into the autism spectrum disorder. 
However, has many limitations that could hamper 
the results. A significant limitation is the relatively 

small sample size (N = 35), which affects the 
statistics of the study and the detection of delicate 
effects or the drawing of definitive conclusions. 
Furthermore, the study’s hospital-based based 
may introduce certain changes in disease ratio. 
Populations within hospitals may display higher 
occurrences of specific diseases or conditions 
compared to the general population due to 
healthcare-seeking behaviors and the prevalence 
of more severe or complex cases. To avoid these 
limitations, future research should consider 
using larger sample sizes to improve statistical 
validity. A population-based study would yield 
a more characteristic overview of the targeted 
demographic, provide more accurate assessments 
of the autistic children under investigation. Such 
practices may enhance the validity of the findings 
and provide a more comprehensive understanding 
of the phenomena being examined.

Conclusion

	 The concentrations of zinc and copper 
significantly impact human physiology and are 
associated with neurogenesis and nerve conduction. 
In children, low zinc levels, elevated copper 
levels, and a reduced zinc-to-copper ratio in the 
bloodstream can manifest as autistic symptoms. 
During developmental stages, insufficient 
zinc and excessive copper levels can result in 
delayed responses and stereotypic behaviors in 
children. Adequate zinc levels are crucial during 
developmental periods for proper neurogenesis. 
The zinc-to-copper ratio is particularly important 
during these developmental stages.
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