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Background & Objective:  Autism spectrum disorder (ASD) and attention-
deficit/hyperactivity disorder (ADHD) are prevalent neurodevelopmental 
conditions characterized by cognitive, behavioral, and social impairments. Both 
disorders may involve disturbances in catecholamine regulation and trace element 
homeostasis. This study evaluated serum norepinephrine levels and selected trace 
elements (zinc, iron, magnesium, and copper) in children with ASD or ADHD 
compared with healthy controls in Thi-Qar Governorate, Iraq. 

 Materials & Methods:  A case-control study was conducted between January 2024 
and February 2025 and included 170 children aged 3 to 13 years: 55 with ASD, 60 
with ADHD, and 55 healthy controls. Blood samples were obtained at the Autism 
Center in Thi-Qar Governorate and Shatra General Hospital under specialist 
supervision, following standard collection protocols. Serum norepinephrine and 
mineral concentrations were analyzed using validated biochemical methods. 

Results:  Children with ASD and ADHD demonstrated significantly elevated 
norepinephrine levels compared with controls (P <0.05). Concentrations of zinc, iron, 
and magnesium were significantly reduced (P <0.05), whereas copper levels were 
markedly increased in both clinical groups relative to healthy participants. 

Conclusion:  The findings indicate notable neurochemical and mineral alterations 
in children with ASD and ADHD. These results underscore the potential diagnostic 
value of norepinephrine and trace elements as biochemical markers and suggest the 
need for targeted nutritional and therapeutic interventions. 

 Keywords:  Autism Spectrum Disorder (ASD), Norepinephrine, Trace Elements, 
Zinc, Magnesium, Copper, Attention-deficit/hyperactivity Disorder 

Received: 2025/08/13; 
Accepted: 2025/10/20; 

Published Online: 12 Dec 2025; 
 

 

Use your device to scan and read the 
article online 

 

 

*Corresponding author:  
Haider M. Kazem, 
Department of Chemistry, College of 
Science, University of Thi-Qar, Thi-
Qar, 64001, Iraq 
 
 
Email: haidar.mohsen@utq.edu.iq  
 

 
Copyright © 2025, This is an original open-access article distributed under the terms of the Creative Commons Attribution-noncommercial 
4.0 International License which permits copy and redistribution of the material just in noncommercial usages with proper citation. 

 

1. Introduction
 utism spectrum disorder encompasses a 
diverse group of neurodevelopmental 
conditions marked by impairments in social 
interaction, communication difficulties, and 

repetitive behavioral patterns, as outlined in the 
Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition (DSM-5) (1). Individuals with ASD 
typically exhibit deficits in social reciprocity, challenges 
in both verbal and nonverbal communication, along with 
stereotyped or ritualistic behaviors (2, 3). 

Attention-deficit/hyperactivity disorder stands as one of 
the most common neurodevelopmental conditions 
worldwide, affecting approximately 5% to 7% of children 
and 2% to 5% of adults (4). The clinical presentation of 
ADHD is characterized by inattention, hyperactivity, and 

impulsivity, which manifests in three distinct subtypes: 
predominantly inattentive, predominantly 
hyperactive/impulsive, or combined presentation. This 
disorder significantly compromises functional abilities 
and developmental progress across various life domains 
(5). 

Epidemiological data reveal substantial overlap 
between ADHD and other neurodevelopmental disorders. 
The concurrent occurrence with ASD is particularly 
significant, with comorbidity rates estimated between 
30% and 50%. Such high comorbidity suggests common 
neurobiological substrates and poses considerable 
diagnostic and treatment challenges for healthcare 
providers (6). 
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Norepinephrine serves dual roles as a neurotransmitter 
and neuromodulator, contributing significantly to the 
pathophysiology of both ASD and ADHD. This 
endogenous catecholamine influences several cognitive 
processes, including attention, arousal, executive 
functioning, and stress reactivity (domains that are 
commonly impaired in these neurodevelopmental 
conditions). Aberrant noradrenergic signaling has been 
identified in individuals with ASD and may underlie 
deficits in social communication and stereotyped 
behavioral patterns (6, 7). In ADHD, noradrenergic 
dysfunction is associated with attentional deficits and 
executive impairments, forming the basis for 
pharmacological treatments that target norepinephrine 
reuptake inhibition, such as atomoxetine (8). Recent 
evidence indicates that genetic variations affecting 
norepinephrine transporter function and receptor 
expression may constitute shared risk factors for both 
disorders (9). 

The role of trace elements (micronutrients essential in 
small amounts for normal physiological function) has 
received growing interest in ASD and ADHD research 
(10). Zinc acts as a cofactor in numerous enzymatic 
processes and is crucial for brain development, synaptic 
plasticity, and neurotransmission, while also serving as an 
antioxidant defense against oxidative damage. Several 
studies have identified zinc deficiency in children with 
ASD and ADHD when compared with typically 
developing peers (11). Insufficient zinc levels may impair 
neurodevelopmental processes and contribute to 
symptom manifestation by disrupting dopaminergic and 
noradrenergic neurotransmission pathways that regulate 
attention and behavior (12). 

Iron is fundamental for oxygen delivery, mitochondrial 
energy production, brain development, and 
neurotransmitter synthesis. Serum ferritin, the main iron 
storage protein, functions as a biomarker of systemic iron 
reserves, with its concentrations indicating total body iron 
availability. Iron deficiency has been linked to cognitive 
dysfunction and behavioral abnormalities characteristic of 
both ASD and ADHD (13). Multiple studies have shown 
reduced serum ferritin levels in affected children, while 
iron supplementation interventions have demonstrated 
improvements in attention span and reductions in 
hyperactive behaviors (14, 15). 

Magnesium serves as a cofactor in hundreds of 
enzymatic processes and plays vital roles in synaptic 
communication and neuroplasticity. Research 
consistently shows lower magnesium concentrations in 
children with ASD and ADHD compared with control 
groups, and supplementation studies have revealed 
positive effects on hyperactivity and attentional 
performance (16). Magnesium regulates glutamatergic 
neurotransmission and affects dopaminergic and 
noradrenergic pathways, potentially explaining its 
importance in these neurodevelopmental disorders (17). 

Copper functions as an essential cofactor for enzymes 
participating in neurotransmitter synthesis and 
metabolism; however, excess copper accumulation poses 

neurotoxic risks. Individuals with ASD and ADHD often 
display disrupted copper homeostasis, with numerous 
studies reporting elevated copper to zinc ratios (18, 19). 
These imbalances may compromise neurotransmitter 
function and elevate oxidative stress mechanisms that are 
implicated in the pathogenesis of both conditions (20). 

The present investigation constitutes the first 
comprehensive assessment of serum norepinephrine 
levels and essential trace element profiles (zinc, iron, 
magnesium, and copper) in children diagnosed with ASD 
and ADHD in Thi-Qar Governorate, Iraq. This research 
fills an important gap in regional biomarker studies and 
offers new perspectives on the biochemical features of 
these neurodevelopmental disorders in a population 
characterized by unique environmental exposures, dietary 
habits, and genetic background. The results provide 
foundational reference data and may guide future 
therapeutic strategies specifically designed for this 
population. 
 

2. Materials and Methods 
2.1 Study Design and Setting 

This case-control clinical study was conducted in 2024 
in Thi-Qar Governorate, Iraq, across multiple clinical 
sites, including the Autism Center, the Autism 
Department at Shatra General Hospital, and selected 
private clinics under the supervision of specialist 
pediatricians. The study included 170 children aged 3–13 
years, divided into three groups: 55 with Autism 
Spectrum Disorder (ASD), 60 with Attention Deficit 
Hyperactivity Disorder (ADHD), and 55 age- and sex-
matched healthy controls. 

2.2 Participant Selection 
Participants were clinically assessed and diagnosed by 

qualified physicians in accordance with the criteria of the 
Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition (DSM-5). The diagnosis of autism spectrum 
disorder (ASD) was established based on persistent 
deficits in social communication and social interaction 
across various contexts, accompanied by restricted and 
repetitive behaviors, interests, or activities (21). The 
diagnosis of attention-deficit/hyperactivity disorder 
(ADHD) was determined by the presence of a sustained 
pattern of inattention and/or hyperactivity–impulsivity 
that interferes with daily functioning or development, 
with symptom onset before 12 years of age and 
impairment evident in multiple settings (22). Children 
with comorbid intellectual disabilities or diagnosed 
anemia were excluded from the study. Informed consent 
was obtained from all parents or legal guardians prior to 
participation. 

2.3 Sample Size Determination  
Sample size was determined through statistical power 

analysis using G*Power version 3.1.9.7 based on one-way 
ANOVA with α=0.05, power of 80%, and medium effect 
size (f=0.25) (23). The analysis indicated a requirement of 
159 participants (53 per group) (24). To account for 
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potential attrition, the sample was increased to 170 
participants: 55 with autism spectrum disorder, 60 with 
attention-deficit/hyperactivity disorder, and 55 
neurotypical controls, ensuring adequate statistical power 
while maintaining clinical feasibility. 

2.4 Sample Collection 
Approximately 5 mL of venous blood was obtained 

from each participant under aseptic conditions by standard 
venipuncture. Samples were allowed to clot at room 
temperature in disposable centrifuge tubes and then 
centrifuged at 3000 × g for 10 minutes. The separated 
serum was stored at –20°C until further biochemical 
analysis. 

2.5 Biochemical Assays 
Serum norepinephrine concentrations were quantified 

using a commercially available Human Norepinephrine 
enzyme-linked immunosorbent assay (ELISA) kit 
(Catalog # ab287804, Abcam, Cambridge, United 
Kingdom) in accordance with the manufacturer's 
protocol. The assay demonstrated a minimum detection 
sensitivity of 0.1 ng/mL, with intra-assay and inter-assay 
coefficients of variation of <8% and <12%, respectively, 
confirming acceptable precision and reproducibility. 

Serum trace element concentrations—including zinc 
(Zn), iron (Fe), magnesium (Mg), and copper (Cu)—were 
quantified via colorimetric spectrophotometry utilizing 
commercial analytical kits (Biolabo SA, Maizy, France) 
with measurements performed on a UV-Visible 
spectrophotometer (Model UV-1800, Shimadzu 
Corporation, Kyoto, Japan). All biochemical analyses 
were conducted in duplicate in accordance with the 
manufacturers' standardized protocols, with appropriate 
quality control materials included in each analytical batch 
to ensure measurement accuracy and reliability. 

All statistical analyses were performed using SPSS 
software, version 20.0 (IBM Corp, Armonk, NY). 
Quantitative data are expressed as mean ± standard 
deviation (SD). Intergroup comparisons were evaluated 
using one-way analysis of variance (ANOVA) followed 
by the least significant difference (LSD) post hoc test to 
determine pairwise differences. Statistical significance 
was defined as a P-value less than 0.05. 
 

 

 

 

 

3. Result 
The study included a total of 170 participants divided 

into three groups: ASD (n = 55), ADHD (n = 60), and 
healthy controls (n = 55). Sex distribution was balanced 
across groups, with no statistically significant differences 
observed in male-to-female ratios (p > 0.05), indicating 
homogeneity in demographic characteristics as shown in 
Table 1. 

3.1 Serum Norepinephrine Concentration 

As shown in Table 2, children with ASD had 
significantly higher mean serum norepinephrine levels 
(4.91 ± 1.47 ng/mL) compared to those with ADHD (3.98 
± 0.54 ng/mL) and healthy controls (1.19 ± 0.26 ng/mL). 
The differences among all groups were statistically 
significant (p ≤ 0.05). 

3.2 Serum Zinc Concentration  
The results revealed a significant reduction in serum 

zinc levels in children with Autism Spectrum Disorder 
(93.94 ± 17.37 µg/dL) and ADHD (97.81 ± 13.74 µg/dL) 
groups compared to the control group (103.05 ± 13.26 
µg/dL). The difference between the patient groups was 
not statistically significant. 

3.3 Serum Iron Concentration   
The results show a significant decrease in serum iron 

levels in both the Autism Spectrum Disorder group 
(112.00 ± 13.95 µg/dL) and ADHD (115.24 ± 18.28 
µg/dL) groups compared to the control group (126.00 ± 
35.02 µg/dL). No significant difference was found 
between the two disorder groups. 

3.4 Serum Magnesium Concentration  
The results showed a significant decrease in serum 

magnesium levels in patients with Autism Spectrum 
Disorder (2.05 ± 0.35 mg/dL) and ADHD (2.14 ± 0.44 
mg/dL) groups when compared with controls (2.46 ± 0.80 
mg/dL). The patient groups did not differ significantly 
from each other. 

3.5 Serum Copper Concentration 
The results show a significant decrease in serum iron 

levels in both the Autism Spectrum Disorder group 
(126.80 ± 23.56 µg/dL) and ADHD (117.25 ± 18.65 
µg/dL) groups compared to controls (104.67 ± 15.15 
µg/dL). Copper levels were also significantly higher in 
ASD than in ADHD (p ≤ 0.05). 

 

Table 1. Demographic distribution of study participants by group and sex. 

Groups NO. Gender (Male/Female) 

Controls 55 28/27 

ADHD 60 36/24 

Autism 55 33/22 
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Table 2. Serum norepinephrine concentration of controls and patients groups. 

Groups No. 
Norepinephrine (ng/mL) 

Mean ± SD 

Controls 55 1.19±0.26  c 

ADHD 60 3.98±0.54 b 

Autism 55 4.91± 1.47 a 

LSD  0.76 

a: Each value represents mean ± SD with non-identical superscripts (a, b, c, etc.), indicating significant differences (p ≤ 0.05). N denotes the 
number of subjects. SD denotes standard deviation. ADHD: Attention Deficit Hyperactivity Disorder. 

 

Table 3. Serum trace elements concentration of controls and patients groups. 

Groups NO. Zinc (µg/dL) 
Mean ± SD 

Iron (µg/dL) 
Mean ± SD 

Magnesium (mg/dL) 
Mean ± SD 

Controls 55 103.05 ± 13.26 ^a^ 126.00 ± 35.02 ^a^ 2.46 ± 0.80 ^a^ 

ADHD 60 97.81 ± 13.74 ^b^ 115.24 ± 18.28 ^b^ 2.14 ± 0.44 ^b^ 

Autism 55 93.94 ± 17.37 ^b^ 112.00 ± 13.95 ^b^ 2.05 ± 0.35 ^b^ 

LSD  6.00 9.74 0.23 

    a: Each value represents mean ± SD. Non-identical superscripts (a, b, c) within a column indicate significant differences (p ≤ 0.05). LSD: 
Least Significant Difference. 
 

4. Discussions 
This case–control study identified significant 

biochemical alterations in Iraqi children with autism 
spectrum disorder (ASD) and attention-
deficit/hyperactivity disorder (ADHD). The findings 
demonstrated markedly elevated norepinephrine 
concentrations, reduced levels of zinc, iron, and 
magnesium, and concomitant copper accumulation 
compared with neurotypical controls. 

The present study demonstrated significantly elevated 
serum norepinephrine concentrations in pediatric patients 
with autism and ADHD, corroborating earlier 
investigations that documented hyperactivity within the 
noradrenergic system in these neurodevelopmental 
conditions (25). Physiological evidence supporting this 
finding includes research demonstrating enlarged baseline 
pupillary diameter in autistic children, serving as a 
biomarker for heightened noradrenergic activity (26). 
Additional investigations have validated increased 
norepinephrine concentrations in both plasma and urinary 
specimens obtained from individuals with ASD (27). 
Within the ADHD population, scientific evidence 
indicates that excessive norepinephrine activity 
compromises prefrontal cortical function (28), with 
contemporary data revealing that elevated norepinephrine 
levels disrupt the neural capacity to filter task-irrelevant 
stimuli (29). 

The pathophysiological mechanisms underlying 
norepinephrine elevation demonstrate disorder-specific 
characteristics. In autism, dysregulation of the locus 
coeruleus-norepinephrine system originates from 

impaired function of low-sensitivity α2 adrenergic 
receptors (30). This receptor dysfunction compromises 
the negative feedback mechanisms governing 
norepinephrine release, culminating in excessive 
neurotransmitter synthesis and cortical hyperexcitability. 
These alterations manifest clinically as attentional 
deficits, exaggerated stress reactivity, and perturbations in 
neural network equilibrium. Conversely, in ADHD, 
norepinephrine hyperactivity predominantly affects the 
prefrontal cortex, where it disturbs the balance of cortical 
arousal through its action on α2A adrenergic receptors 
localized to cortical layers II and III (31). This 
dysregulation impairs attentional control mechanisms and 
heightens impulsive behaviors. Genetic susceptibility 
factors, particularly mutations within the ADRA2A gene, 
modify receptor sensitivity and contribute to 
noradrenergic dysregulation (32). 

Our analysis revealed significantly reduced zinc 
concentrations in both autism and ADHD cohorts relative 
to healthy controls, consistent with the substantial body of 
literature establishing zinc deficiency as a characteristic 
feature of neurodevelopmental disorders. Multiple 
investigations have documented marked zinc deficiency 
in autistic children (33), with systematic reviews 
confirming decreased zinc levels across the majority of 
studies examining autistic populations (34). Meta-
analytic evidence provides robust support for reduced zinc 
concentrations in individuals diagnosed with ADHD (35). 

At the molecular level, zinc deficiency disrupts synaptic 
architecture in autism through alterations in the SH3 



288   Norepinephrine, Trace Elements in Autism-ADHD 

       Volume 33, November & December 2025       Journal of Advances in Medical and Biomedical Research 

domain of the SHANK3 protein, a critical scaffolding 
molecule at excitatory synapses (36). This disruption 
compromises Homer-Shank protein interactions, 
resulting in diminished postsynaptic receptor density and 
impaired synaptic transmission. These structural 
abnormalities may provide a mechanistic explanation for 
the communication and social deficits characteristic of 
autism by directly affecting long-term potentiation, the 
cellular substrate underlying learning and memory 
processes. In ADHD, zinc deficiency impairs the activity 
of zinc-dependent enzymes, notably delta-6-desaturase, 
which plays an essential role in fatty acid metabolism 
(37). Additionally, zinc deficiency affects dopaminergic 
regulation via D2 dopamine receptors, disrupting neural 
signaling within the cortical-striatal-thalamic circuits that 
are critical for attentional processes and motor control 
(38). 

The current investigation documented decreased iron 
concentrations in both patient populations compared with 
controls, aligning with previous research establishing iron 
dysregulation in neurodevelopmental disorders. Studies 
have demonstrated reduced iron and ferritin 
concentrations in autistic children (39), while research in 
ADHD populations has established correlations between 
lower ferritin levels and symptom severity (40). 

In autism, iron deficiency compromises myelination 
processes by reducing phospholipid synthesis necessary 
for myelin sheath formation (41). Furthermore, iron 
deficiency decreases neuronal energy production through 
impaired function of the mitochondrial electron transport 
chain, affecting neural signaling efficiency, particularly in 
long-range connectivity pathways essential for integrated 
brain function. In ADHD, iron deficiency results in 
dysfunction of tyrosine hydroxylase, the rate-limiting 
enzyme in dopamine biosynthesis, by reducing the 
availability of iron as an essential cofactor (42). This 
impairment decreases dopamine synthesis in the striatum 
and prefrontal cortex, brain regions critical for attention 
and executive function. Quantitative magnetic resonance 
imaging studies have confirmed significant iron 
reductions in the basal ganglia and substantia nigra of 
ADHD patients (43). 

Our findings revealed decreased magnesium 
concentrations in both autism and ADHD groups, 
consistent with previous investigations documenting 
magnesium dysregulation in neurodevelopmental 
disorders. Studies have recorded reduced plasma 
magnesium in autistic children, and meta-analyses have 
confirmed decreased serum magnesium in ADHD 
populations (44). Research has established that 
magnesium deficiency exacerbates hyperactivity and 
inattention symptoms, demonstrating a functional 
relationship between magnesium status and clinical 
manifestations (45). 

In autism, magnesium deficiency results in NMDA 
receptor hyperactivity through loss of voltage-gated 
calcium channel inhibition, causing neural 
hyperexcitability and disrupting the excitatory-inhibitory 
balance necessary for normal neural processing (46). This 

mechanism may explain the sensory hypersensitivity and 
processing abnormalities commonly observed in autism. 
In ADHD, magnesium deficiency impairs 
neurotransmitter regulation through effects on adenylate 
cyclase and cyclic AMP production while promoting 
neuroinflammation via NF-κB pathway activation. Given 
that magnesium maintains neural membrane stability 
through regulation of sodium-potassium pumps and 
neurotransmitter release mechanisms, deficiency states 
have widespread consequences for neural function (47). 

Our study documented elevated copper concentrations 
in both autism and ADHD cohorts, with more pronounced 
elevations observed in autistic individuals. Previous 
investigations have demonstrated elevated copper levels 
and disrupted copper-to-zinc ratios in both autism and 
ADHD populations (48), suggesting that copper 
dysregulation may represent a common feature across 
neurodevelopmental disorders. 

In autism, elevated copper induces oxidative stress 
through enhanced free radical production via Fenton-type 
reactions (49), while simultaneously inhibiting 
antioxidant defense systems, particularly superoxide 
dismutase. This dual mechanism causes neuronal injury 
and mitochondrial dysfunction, contributing to the 
metabolic abnormalities observed in autism. In ADHD, 
elevated copper disrupts the copper-to-zinc ratio, 
affecting metalloenzyme function, particularly dopamine-
β-hydroxylase, which catalyzes the conversion of 
dopamine to norepinephrine. This disruption dysregulates 
both dopaminergic and noradrenergic systems, providing 
a mechanistic explanation for core ADHD 
symptomatology (50). 
 

5. Conclusion 
This study identified biochemical abnormalities in Iraqi 

pediatric patients diagnosed with autism spectrum 
disorder and attention-deficit/hyperactivity disorder. Key 
findings included elevated norepinephrine concentrations, 
which correlate with anxiety and hyperactive 
manifestations; deficiencies in essential trace elements 
including zinc, iron, and magnesium, which are critical for 
optimal neurological function; and increased copper 
levels, contributing to enhanced oxidative stress. These 
biochemical alterations suggest multifactorial etiology 
involving both environmental and physiological 
components that may exacerbate clinical 
symptomatology. These findings underscore the necessity 
for interventional investigations aimed at modulating 
these biochemical parameters through targeted nutritional 
supplementation or pharmacological therapeutic 
strategies. 
 

6. Declarations 

6.1 Acknowledgments 

The authors wish to express their sincere gratitude to all 
the children and their families who participated in this 
study. We are particularly thankful to the Autism Center 



Haider M. Kazem et al. 289 

       Volume 33, November & December 2025       Journal of Advances in Medical and Biomedical Research 

in Thi-Qar Governorate and the Autism Unit at Shatra 
General Hospital for their valuable assistance in 
participant recruitment and sample collection. We also 
acknowledge the technical support provided by the 
Department of Chemistry, College of Science, University 
of Thi-Qar in conducting laboratory analyses. 
 

6.2 Ethical Considerations 

This study was conducted under the supervision of 
specialized physicians in Thi-Qar Governorate. 
Institutional approval was obtained from the Iraqi 
Ministry of Health/Thi-Qar Health Directorate (Research 
Committee Approval No. 241 dated November 29, 2023). 
Additionally, Mission Facilitation Letter No. 801 dated 
November 29, 2023 authorized research activities at both 
the Autism Center in Thi-Qar Governorate and Al-Shatra 
General Hospital. Prior informed consent was obtained 
from all participating children's parents or legal guardians. 
 

6.3 Authors' Contributions 

H.M.K: Conceptualized the study, collected patient and 
control samples, performed laboratory analyses, and 

contributed to data interpretation and initial drafting. 
H.R.F: Assisted in laboratory and statistical analyses, 
contributed to data interpretation, methodology 
development, and manuscript editing. T.K.H: Provided 
samples and clinical resources, supervised medical 
consultations, ensured sample integrity, contributed to 
clinical data interpretation, and reviewed the manuscript. 
The authors read and approved the final manuscript. 
 

6.4 Conflict of Interest 

The authors declare no conflict of interest. 
 

6.5 Fund or Financial Support 

This research was not funded by any public, 
commercial, or not-for-profit funding agency. 
 

6.6 Using Artificial Intelligence Tools (AI 
Tools) 

The researchers refrained from employing artificial 
intelligence instruments. 

 

 

 

1. Kawass G. Association" neurotoxicity" of 
Toxic Metal Mercury in Hair with Autism 
Spectrum Disorders in Children. Univ Thi-Qar 
J Sci. 2024;11(1):203-6.  
[DOI:10.32792/utq/utjsci/v11i1.1216] 

2. Li J, You Y, Yue W, Jia M, Yu H, Lu T, et al. 
Genetic evidence for possible involvement of 
the calcium channel gene CACNA1A in autism 
pathogenesis in Chinese Han population. PLoS 
One. 2015;10(11):e0142887. [PMID][PMCID] 
[DOI:10.1371/journal.pone.0142887] 

3. Abbas FN, Munshed FA, Issa AH. Gut Flora in 
Autistic Children as Biomarker for Autism in 
Thi-Qar Province/Iraq. Univ Thi-Qar J Sci. 
2020;7(2):73-9. 
[DOI:10.32792/utq/utjsci/v7i2.717] 

4. Song P, Zha M, Yang Q, Zhang Y, Li X, Rudan 
I. The prevalence of adult attention-deficit 
hyperactivity disorder: A global systematic 
review and meta-analysis. J Glob Health. 2021; 
11:04009. [PMID] [PMCID]  
[DOI:10.7189/jogh.11.04009] 

5. Gogne A. Clinical assessment. 
InNeurodevelopmental Disorders in Adult 
Women: Special Considerations in the 
Perinatal Period 2025 Apr 2 (pp. 45-101). 
Cham, Switzerland: Springer Nature.  
[DOI:10.1007/978-3-031-86588-6_4] 

6. Koevoet D, Deschamps PK, Kenemans JL. 
Catecholaminergic and cholinergic 
neuromodulation in autism spectrum disorder: 
A comparison to attention-deficit hyperactivity 
disorder. Front Neurosci. 2023;16:1078586. 
[DOI:10.3389/fnins.2022.1078586] [PMID]  
[PMCID] 

7. Leshem R, Bar-Oz B, Diav-Citrin O, Gbaly S, 
Soliman J, Renoux C, et al. Selective serotonin 
reuptake inhibitors (SSRIs) and serotonin 
norepinephrine reuptake inhibitors (SNRIs) 
during pregnancy and the risk for autism 
spectrum disorder (ASD) and attention deficit 
hyperactivity disorder (ADHD) in the 
offspring: a true effect or a bias? A systematic 
review & meta-analysis. Current 
Neuropharmacology. 2021;19(6):896-906.  
[DOI:10.2174/1570159X19666210303121059
] [PMID] [PMCID] 

8. Koevoet D, Deschamps PK, Kenemans JL. 
Catecholaminergic and cholinergic 
neuromodulation in autism spectrum disorder: 
A comparison to attention-deficit hyperactivity 
disorder. Front Neurosci. 2023;16:1078586.  
[DOI:10.3389/fnins.2022.1078586] [PMID]  
[PMCID] 

9. Moraes AC, Wijaya C, Freire R, Quagliato LA, 
Nardi AE, Kyriakoulis P. Neurochemical and 
genetic factors in panic disorder: a systematic 
review. Transl Psychiatry. 2024; 14(1):294.  

References 

https://doi.org/10.32792/utq/utjsci/v11i1.1216
https://www.ncbi.nlm.nih.gov/pubmed/26566276
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4643966
https://doi.org/10.1371/journal.pone.0142887
https://doi.org/10.32792/utq/utjsci/v7i2.717
https://www.ncbi.nlm.nih.gov/pubmed/33692893
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7916320
https://doi.org/10.7189/jogh.11.04009
https://doi.org/10.1007/978-3-031-86588-6_4
https://doi.org/10.3389/fnins.2022.1078586
https://www.ncbi.nlm.nih.gov/pubmed/36685234
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9853424
https://doi.org/10.2174/1570159X19666210303121059
https://doi.org/10.2174/1570159X19666210303121059
https://www.ncbi.nlm.nih.gov/pubmed/33655866
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8686301
https://doi.org/10.3389/fnins.2022.1078586
https://www.ncbi.nlm.nih.gov/pubmed/36685234
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9853424


290   Norepinephrine, Trace Elements in Autism-ADHD 

Volume 33, November & December 2025                                Journal of Advances in Medical and Biomedical Research 

[DOI:10.1038/s41398-024-02966-0][PMID] 
[PMCID] 

10. Shayganfard M. Are essential trace elements 
effective in modulation of mental disorders? 
Update and perspectives. Biol Trace Elem Res. 
2022;200(3):1032-59.  
[DOI:10.1007/s12011-021-02733-y] [PMID] 

11. Hassouni SA, Ahmed JT, Mohammed SJ. 
Effect of Socio-Demographic Characteristics 
on Level of Zinc in Serum of Adults in Najaf. 
Univ Thi-Qar J Sci. 2023;10(1 (SI)):25-32.  
[DOI:10.32792/utq/utjsci/v10i1(SI).955] 

12. do Nascimento PK, Oliveira Silva DF, de 
Morais TL, de Rezende AA. Zinc status and 
autism spectrum disorder in children and 
adolescents: a systematic review. Nutrients. 
2023;15(16):3663. 
[DOI:10.3390/nu15163663] [PMID] [PMCID] 

13. Kulaszyńska M, Kwiatkowski S, Skonieczna-
Żydecka K. The iron metabolism with a 
specific focus on the functioning of the nervous 
system. Biomedicines. 2024;12(3):595.  
[DOI:10.3390/biomedicines12030595] 
[PMID] [PMCID] 

14. Pongpitakdamrong A, Chirdkiatgumchai V, 
Ruangdaraganon N, Roongpraiwan R, 
Sirachainan N, Soongprasit M, et al. Effect of 
iron supplementation in children with attention-
deficit/hyperactivity disorder and iron 
deficiency: a randomized controlled trial. J Dev 
Behav Pediatr. 2022;43(2):80-6. [PMID]  
[DOI:10.1097/DBP.0000000000000993] 

15. Garcia-Casal MN, Pasricha SR, Martinez RX, 
Lopez-Perez L, Peña-Rosas JP. Serum or 
plasma ferritin concentration as an index of iron 
deficiency and overload. Cochrane Database 
Syst Rev. 2021;5(5):CD011817.  
[DOI:10.1002/14651858.CD011817.pub2] 
[PMID] [PMCID] 

16. Faisal S. The Relationship Between Iron 
Deficiency and Asthma Severity: Detection 
The Role of Gender and Ferritin Level. Univ 
Thi-Qar J Sci. 2024;11(2):142-6.  
[DOI:10.32792/utq/utjsci/v11i2.1269] 

17. Kumar A, Mehan S, Tiwari A, Khan Z, Das 
Gupta G, Narula AS, et al. Magnesium (Mg2+): 
Essential mineral for neuronal health: From 
cellular biochemistry to cognitive health and 
behavior regulation. Curr Pharm Des. 2024; 
30(39):3074-107. [PMID]  
[DOI:10.2174/0113816128321466240816075
041] 

18. Effatpanah M, Rezaei M, Effatpanah H, 
Effatpanah Z, Varkaneh HK, Mousavi SM, et 
al. Magnesium status and attention deficit 
hyperactivity disorder (ADHD): A meta-

analysis. Psychiatry Res. 2019;274:228-34.  
[DOI:10.1016/j.psychres.2019.02.043][PMID] 

19. Ahmed A, Ali SA. Assessment of heavy metals 
contamination of agricultural soils using 
pollution indicators in Thi-Qar governorate, 
Southern Iraq. Univ Thi-Qar J Sci. 2023;10(2): 
20-6. [DOI:10.32792/utq/utjsci/v10i2.1064] 

20. Mandal PK, Gaur S, Roy RG, Samkaria A, 
Ingole R, Goel A. Schizophrenia, bipolar and 
major depressive disorders: overview of 
clinical features, neurotransmitter alterations, 
pharmacological interventions, and impact of 
oxidative stress in the disease process. ACS 
Chem Neurosci. 2022;13(19):2784-802.  
[DOI:10.1021/acschemneuro.2c00420][PMID] 

21. Wang C, Wang H. The growing challenge of 
autism spectrum disorder: a comprehensive 
review of etiology, diagnosis, and therapy in 
children. All Life. 2024;17(1):2415057.  
[DOI:10.1080/26895293.2024.2415057] 

22. Azmeraw M, Temesgen D, Kassaw A, 
Zemariam AB, Kerebeh G, Abebe GK, et al. 
The prevalence of attention-deficit 
hyperactivity disorder and its associated factors 
among children in Ethiopia, 2024: a systematic 
review and meta-analysis. Front Child Adolesc 
Psychiatry. 2024;3:1425841. [PMID] [PMCID] 
[DOI:10.3389/frcha.2024.1425841] 

23. Bucur SM, Crișan IM, Cocoș DI, Bud ES, 
Galea C. Observational Study on Progressive 
Muscle Relaxation and Breathing Control for 
Reducing Dental Anxiety in Children. 
Medicina. 2025;61(5):876. [PMID] [PMCID] 
[DOI:10.3390/medicina61050876] 

24. Tunn R, Boutron I, Chan AW, Collins GS, 
Hróbjartsson A, Moher D, et al. Methods used 
to develop the SPIRIT 2024 and CONSORT 
2024 Statements. J Clin Epidemiol. 2024;169: 
111309. [DOI:10.1016/j.jclinepi.2024.111309] 
[PMID] 

25. Krajewski K. Heavy metals, 
noradrenaline/adrenaline ratio, and 
microbiome-associated hormone precursor 
metabolites: biomarkers for social behaviour, 
ADHD symptoms, and executive function in 
children. Sci Rep. 2025;15(1):19006. [PMID] 
[DOI:10.1038/s41598-025-00680-5] [PMCID] 

26. Kim Y, Kadlaskar G, Keehn RM, Keehn B. 
Measures of tonic and phasic activity of the 
locus coeruleus-norepinephrine system in 
children with autism spectrum disorder: An 
event‐related potential and pupillometry study. 
Autism Res. 2022;15(12):2250-64.  
[DOI:10.1002/aur.2820] [PMID] [PMCID] 

27. Xu XJ, Cai XE, Meng FC, Song TJ, Wang XX, 
Wei YZ, et al. Comparison of the metabolic 

https://doi.org/10.1038/s41398-024-02966-0
https://www.ncbi.nlm.nih.gov/pubmed/39025836
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11258274
https://doi.org/10.1007/s12011-021-02733-y
https://www.ncbi.nlm.nih.gov/pubmed/33904124
https://doi.org/10.32792/utq/utjsci/v10i1(SI).955
https://doi.org/10.3390/nu15163663
https://www.ncbi.nlm.nih.gov/pubmed/37630853
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10459732
https://doi.org/10.3390/biomedicines12030595
https://www.ncbi.nlm.nih.gov/pubmed/38540208
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10968467
https://www.ncbi.nlm.nih.gov/pubmed/34313619
https://doi.org/10.1097/DBP.0000000000000993
https://doi.org/10.1002/14651858.CD011817.pub2
https://www.ncbi.nlm.nih.gov/pubmed/34028001
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8142307
https://doi.org/10.32792/utq/utjsci/v11i2.1269
https://www.ncbi.nlm.nih.gov/pubmed/39253923
https://doi.org/10.2174/0113816128321466240816075041
https://doi.org/10.2174/0113816128321466240816075041
https://doi.org/10.1016/j.psychres.2019.02.043
https://www.ncbi.nlm.nih.gov/pubmed/30807974
https://doi.org/10.32792/utq/utjsci/v10i2.1064
https://doi.org/10.1021/acschemneuro.2c00420
https://www.ncbi.nlm.nih.gov/pubmed/36125113
https://doi.org/10.1080/26895293.2024.2415057
https://www.ncbi.nlm.nih.gov/pubmed/39844859
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11751470
https://doi.org/10.3389/frcha.2024.1425841
https://www.ncbi.nlm.nih.gov/pubmed/40428834
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12113542
https://doi.org/10.3390/medicina61050876
https://doi.org/10.1016/j.jclinepi.2024.111309
https://www.ncbi.nlm.nih.gov/pubmed/38428538
https://www.ncbi.nlm.nih.gov/pubmed/40447636
https://doi.org/10.1038/s41598-025-00680-5
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12125380
https://doi.org/10.1002/aur.2820
https://www.ncbi.nlm.nih.gov/pubmed/36164264
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9722557


Haider M. Kazem et al. 291 

Volume 33, November & December 2025                                Journal of Advances in Medical and Biomedical Research 

profiles in the plasma and urine samples 
between autistic and typically developing boys: 
a preliminary study. Front Psychiatry. 2021;12: 
657105. [DOI:10.3389/fpsyt.2021.657105]  
[PMID] [PMCID] 

28. Jiahao L, Parthemore J, Revonsuo A. Can 
Changes in Dopamine Levels in the Brain Be 
Used to Influence Concentration?: A 
Systematic Review [Master Degree Project in 
Cognitive Neuroscience]. Skövde, Sweden: 
University of Skövde; Spring term Year 2023-
24. 2024. pp.1-38. 

29. Dahl MJ, Mather M, Werkle-Bergner M. 
Noradrenergic modulation of rhythmic neural 
activity shapes selective attention. Trends Cogn 
Sci. 2022;26(1):38-52. [PMID] [PMCID]  
[DOI:10.1016/j.tics.2021.10.009] 

30. Szakács A. Narcolepsy in children: 
Relationship to the H1N1 influenza 
vaccination, association with psychiatric and 
cognitive impairments and consequences in 
daily life [PhD Thesis]. Gothenburg, Sweden: 
University of Gothenburg; 2016. pp.1-74. 

31. Bouras NN, Mack NR, Gao WJ. Prefrontal 
modulation of anxiety through a lens of 
noradrenergic signaling. Front Syst Neurosci. 
2023;17:1173326. [PMID] [PMCID]  
[DOI:10.3389/fnsys.2023.1173326] 

32. Kessi M, Duan H, Xiong J, Chen B, He F, Yang 
L, et al. Attention-deficit/hyperactive disorder 
updates. Front Mol Neurosci. 2022;15:925049. 
[DOI:10.3389/fnmol.2022.925049] [PMID]  
[PMCID] 

33. Ross MM, Hernandez-Espinosa DR, Aizenman 
E. Neurodevelopmental consequences of 
dietary zinc deficiency: a status report. Biol 
Trace Elem Res. 2023;201(12):5616-39.  
[DOI:10.1007/s12011-023-03630-2] [PMID] 

34. do Nascimento PK, Oliveira Silva DF, de 
Morais TL, de Rezende AA. Zinc status and 
autism spectrum disorder in children and 
adolescents: a systematic review. Nutrients. 
2023;15(16):3663. 
[DOI:10.3390/nu15163663] [PMID] [PMCID] 

35. Robberecht H, Verlaet AA, Breynaert A, De 
Bruyne T, Hermans N. Magnesium, iron, zinc, 
copper and selenium status in attention-
deficit/hyperactivity disorder (ADHD). 
Molecules. 2020;25(19):4440. [PMCID]  
[DOI:10.3390/molecules25194440] [PMID] 

36. Mousain-Bosc M, Roche M, Polge A, Pradal-
Prat D, Rapin J, Bali JP. Improvement of 
neurobehavioral disorders in children 
supplemented with magnesium-vitamin B6. 
Magnes Res. 2006;19(1):46-52. 

37. Ahmadani A, Kittana M, Al-Marzooq F, 
Subramanya SB, D'Adamo MC, Attlee A, et al. 
Zinc ion dyshomeostasis in autism spectrum 
disorder. Nutr Res Rev. 2025:1-21.  
[DOI:10.1017/S095442242500006X] [PMID] 

38. Kawahata I, Finkelstein DI, Fukunaga K. 
Dopamine D1-D5 receptors in brain nuclei: 
Implications for health and disease. Receptors. 
2024;3(2):155-81. 
[DOI:10.3390/receptors3020009] 

39. McWilliams S, Singh I, Leung W, Stockler S, 
Ipsiroglu OS. Iron deficiency and common 
neurodevelopmental disorders-A scoping 
review. PloS One. 2022;17(9):e0273819.  
[DOI:10.1371/journal.pone.0273819] [PMID] 
[PMCID] 

40. Ali MW, Mahrous DM, Ebrahim NH, Marey H. 
Iron profile in children with ADHD. Minia J 
Med Res. 2025;36(2):97-105.  
[DOI:10.21608/mjmr.2025.375506.1932] 

41. Galvez-Contreras AY, Zarate-Lopez D, Torres-
Chavez AL, Gonzalez-Perez O. Role of 
oligodendrocytes and myelin in the 
pathophysiology of autism spectrum disorder. 
Brain Sci. 2020;10(12):951. [PMID] [PMCID] 
[DOI:10.3390/brainsci10120951] 

42. Degremont A, Jain R, Philippou E, Latunde-
Dada GO. Brain iron concentrations in the 
pathophysiology of children with attention 
deficit/hyperactivity disorder: a systematic 
review. Nutr Rev. 2021;79(5):615-26.  
[DOI:10.1093/nutrit/nuaa065] [PMID] 

43. Schulze M, Coghill D, Lux S, Philipsen A, Silk 
T. Assessing brain Iron and its relationship to 
cognition and comorbidity in children with 
Attention-Deficit/Hyperactivity disorder with 
quantitative susceptibility mapping. Biol 
Psychiatry: Cogn Neurosci Neuroimaging. 
2025;10(6):597-606. 
[DOI:10.1016/j.bpsc.2024.08.015] [PMID] 

44. Botturi A, Ciappolino V, Delvecchio G, 
Boscutti A, Viscardi B, Brambilla P. The role 
and the effect of magnesium in mental 
disorders: a systematic review. Nutrients. 2020; 
12(6):1661. [DOI:10.3390/nu12061661]  
[PMID] [PMCID] 

45. Visternicu M, Rarinca V, Burlui V, Halitchi G, 
Ciobică A, Singeap AM, et al. Investigating the 
impact of nutrition and oxidative stress on 
attention deficit hyperactivity disorder. 
Nutrients. 2024;16(18):3113.  
[DOI:10.3390/nu16183113] [PMID] [PMCID] 

46. Hadjighassem M, Patoughi M. Role of Ion 
Channelopathy in Neurological Diseases; Role 
of Gabaergic System Connectivity and 
Dysfunction in Neurological Disorders. Int J 

https://doi.org/10.3389/fpsyt.2021.657105
https://www.ncbi.nlm.nih.gov/pubmed/34149478
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8211775
https://www.ncbi.nlm.nih.gov/pubmed/34799252
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8678372
https://doi.org/10.1016/j.tics.2021.10.009
https://www.ncbi.nlm.nih.gov/pubmed/37139472
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10149815
https://doi.org/10.3389/fnsys.2023.1173326
https://doi.org/10.3389/fnmol.2022.925049
https://www.ncbi.nlm.nih.gov/pubmed/36211978
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9532551
https://doi.org/10.1007/s12011-023-03630-2
https://www.ncbi.nlm.nih.gov/pubmed/36964812
https://doi.org/10.3390/nu15163663
https://www.ncbi.nlm.nih.gov/pubmed/37630853
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10459732
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7583976
https://doi.org/10.3390/molecules25194440
https://www.ncbi.nlm.nih.gov/pubmed/32992575
https://doi.org/10.1017/S095442242500006X
https://www.ncbi.nlm.nih.gov/pubmed/40079191
https://doi.org/10.3390/receptors3020009
https://doi.org/10.1371/journal.pone.0273819
https://www.ncbi.nlm.nih.gov/pubmed/36173945
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9522276
https://doi.org/10.21608/mjmr.2025.375506.1932
https://www.ncbi.nlm.nih.gov/pubmed/33302549
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7764453
https://doi.org/10.3390/brainsci10120951
https://doi.org/10.1093/nutrit/nuaa065
https://www.ncbi.nlm.nih.gov/pubmed/32974643
https://doi.org/10.1016/j.bpsc.2024.08.015
https://www.ncbi.nlm.nih.gov/pubmed/39218036
https://doi.org/10.3390/nu12061661
https://www.ncbi.nlm.nih.gov/pubmed/32503201
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7352515
https://doi.org/10.3390/nu16183113
https://www.ncbi.nlm.nih.gov/pubmed/39339712
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11435085


292   Norepinephrine, Trace Elements in Autism-ADHD 

Volume 33, November & December 2025                                Journal of Advances in Medical and Biomedical Research 

Clin Case Rep Rev. 2024;16(1).  
[DOI:10.31579/2690-4861/371] 

47. Kaky A, Saleh S. The Relationship Between 
Acetylcholinesterase, Neurotransmitter Levels, 
Calcium, Vitamin D3, and Trace Minerals in 
Autism Spectrum Disorder. Baghdad J 
Biochem Appl Biol Sci. 2025;6(1):46-64.  
[DOI:10.47419/bjbabs.v6i01.331] 

48. Kiouri DP, Tsoupra E, Peana M, Perlepes SP, 
Stefanidou ME, Chasapis CT. Multifunctional 

role of zinc in human health: an update. EXCLI 
J. 2023;22:809. 

49. Tripathy DB, Pradhan S, Gupta A, Agarwal P. 
Nanoparticles Induced Neurotoxicity. 
Nanotoxicology. 2025;19(3):325-52. [PMID] 
[DOI:10.1080/17435390.2025.2488310] 

50. Gonzalez‐Lopez E, Vrana KE. Dopamine beta‐
hydroxylase and its genetic variants in human 
health and disease. J Neurochem. 2020;152(2): 
157-81. [DOI:10.1111/jnc.14893] [PMID]

 

 

 

 

 

 

 
 

 

 

 

 

 

 

How to Cite This Article:  

Kazem H M, Faraj H R, Hussein T K. Biochemical Study of Norepinephrine and Selected Trace Elements in 
Children with Autism and Attention Deficit Hyperactivity Disorder in Thi- Qar Governorate, Iraq. J Adv Med 
Biomed Res. 2025;33(161):284-92. 

Download citation:  
BibTeX | RIS | EndNote | Medlars | ProCite | Reference Manager | RefWorks 
 
Send citation to:  

 Mendeley      Zotero    RefWorks 

 

 

 

 

 
 

  

 

 

 

 

https://doi.org/10.31579/2690-4861/371
https://doi.org/10.47419/bjbabs.v6i01.331
https://www.ncbi.nlm.nih.gov/pubmed/40237487
https://doi.org/10.1080/17435390.2025.2488310
https://doi.org/10.1111/jnc.14893
https://www.ncbi.nlm.nih.gov/pubmed/31613389
https://journal.zums.ac.ir/web2export.php?a_code=A-10-6968-3&sid=1&slc_lang=en&type=BibTeX
https://journal.zums.ac.ir/web2export.php?a_code=A-10-6968-3&sid=1&slc_lang=en&type=ris
https://journal.zums.ac.ir/web2export.php?a_code=A-10-6968-3&sid=1&slc_lang=en&type=EndNote
https://journal.zums.ac.ir/web2export.php?a_code=A-10-6968-3&sid=1&slc_lang=en&type=Medlars
https://journal.zums.ac.ir/web2export.php?a_code=A-10-6968-3&sid=1&slc_lang=en&type=ProCite
https://journal.zums.ac.ir/web2export.php?a_code=A-10-6968-3&sid=1&slc_lang=en&type=Reference_Manager
https://journal.zums.ac.ir/web2export.php?a_code=A-10-6968-3&sid=1&slc_lang=en&type=RefWorks
http://www.mendeley.com/import/?url=https://journal.zums.ac.ir/article-1-7739-en.html
http://www.mendeley.com/import/?url=https://journal.zums.ac.ir/article-1-7739-en.html
http://www.mendeley.com/import/?url=https://journal.zums.ac.ir/article-1-7739-en.html
http://www.mendeley.com/import/?url=https://journal.zums.ac.ir/article-1-7739-en.html
https://journal.zums.ac.ir/web2export.php?a_code=A-10-6968-3&sid=1&slc_lang=en&type=ris
https://journal.zums.ac.ir/web2export.php?a_code=A-10-6968-3&sid=1&slc_lang=en&type=ris
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fjournal.zums.ac.ir%2Farticle-1-7639-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fjournal.zums.ac.ir%2Farticle-1-7639-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fjournal.zums.ac.ir%2Farticle-1-7639-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fjournal.zums.ac.ir%2Farticle-1-7639-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fjournal.zums.ac.ir%2Farticle-1-7639-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html

	Haider M. Kazem1*, Hadeel R. Faraj1, Tariq K. Hussein2
	1. Department of Chemistry, College of Science, University of Thi-Qar, Thi-Qar, 64001, Iraq
	2. Department of Pediatrics, College of Medicine, University of Thi-Qar, Thi-Qar, 64001, Iraq
	1. Introduction


	References

