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ABSTRACT

Abstract. This study investigates potential associations between acetylcholinesterase
(AChE) activity, neurotransmitters, trace minerals, and autism spectrum disorder
(ASD). A comparative analysis was performed on 96 ASD patients and 96 healthy
controls. Results indicated significantly reduced AChE activity and specific activity
in ASD patients compared to controls, supporting prior findings that link AChE
dysregulation to neurological disorders. Elevated levels of GABA and GRIA1 were
observed in ASD patients, alongside decreased oxytocin and HDAC-2 levels. In the
ASD group, calcium and vitamin D3 levels were markedly reduced, while
magnesium and zinc concentrations were higher. Copper levels showed a significant
decline in ASD patients. Correlation analysis revealed negative associations between
AChE activity and oxytocin, and positive associations between AChE activity and
vitamin D3, GABA, and zinc. These findings highlight dysregulation in the
cholinergic, GABAergic, glutamatergic, and oxytocinergic systems, along with trace
mineral imbalances that may contribute to ASD pathophysiology. Further research
is needed to clarify these mechanisms and assess potential therapeutic interventions
targeting these biochemical markers.

INTRODUCTION
Acetylcholine, a neurotransmitter with diverse functions, plays a critical role in cogni-

tive processes, learning, andmemory. Acetylcholinesterase (AChE), which degrades acetyl-
choline, is vital for maintaining the balance of cholinergic neurotransmission. Several stud-
ies have documented changes in AChE activity in individuals diagnosed with Autism Spec-
trum Disorder (ASD). For instance, elevated levels of AChE in the cerebrospinal fluid of
individuals with autism suggest that disruptions in the cholinergic system may contribute
to the core symptoms of ASD1.
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Neurotransmitter imbalances are increasingly recognized as contributing factors in the
pathophysiology of ASD. Gamma-aminobutyric acid (GABA), the primary inhibitory neu-
rotransmitter in the brain, plays a vital role in regulating neuronal activity. ASD has
been associated with diminished GABAergic activity, as indicated by lower GABA levels
in the brains of affected individuals. In contrast, glutamatergic dysfunction, characterized
by excessive glutamate signaling, has also been implicated in ASD. Glutamate receptors,
especially NMDA receptors, are essential for synaptic plasticity and learning, and aberrant
receptor function may underlie cognitive and behavioral impairments observed in ASD2,3.

Reduced oxytocin levels and altered oxytocin receptor expression have been reported in
individuals with ASD. Oxytocin, often referred to as the ”love hormone,” is integral to social
bonding, trust, and empathy. Dysregulation of oxytocinmay play a role in the social deficits
characteristic of ASD4.

Trace minerals are crucial for the proper functioning of enzymes and proteins that
support brain development and activity. Magnesium, for example, is required by several
enzymes involved in the synthesis and release of neurotransmitters3,4. Lowmagnesium lev-
els have been linked to ASD, and deficiencies in magnesium are associated with impaired
cognitive function and behavioral challenges. These findings highlight the potential role of
magnesium supplementation in managing ASD symptoms5.

Zinc is an essential trace mineral that plays a critical role in brain development and neu-
rotransmission. Zinc deficiency has been linked to various neurological disorders, includ-
ing autism spectrum disorder (ASD). Studies have observed lower zinc levels in the blood
and hair of autistic children, indicating a potential association between zinc deficiency and
ASD6,7.

Copper, while vital for brain function, can become toxic at elevated levels. Copper-
dependent enzymes, through their role in oxidative stress, have been implicated in the
pathogenesis of ASD. Research has reported increased copper levels in the blood and hair
of individuals with autism, suggesting a role for copper dysregulation in the disorder8.

Epigenetic mechanisms, such as histone modifications, are integral to gene expres-
sion and brain development. Histone deacetylases (HDACs), enzymes responsible for his-
tone deacetylation, regulate gene transcription. Emerging evidence indicates that HDAC
inhibitors may offer therapeutic potential for ASD by reducing repetitive behaviors and
improving social interactions, as demonstrated in animal models of ASD9.

MATERIALS AND METHODS
Study case and Subjects

The study included a cohort of 96 patients diagnosed with autism spectrum disorder
(ASD), aged between 3 and 12 years. Blood samples were collected at Kirkuk Pediatric
Hospital, located in Kirkuk, Iraq. Diagnoses were conducted by a skilled pediatrician fol-
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lowing established protocols. Patients underwent a detailed assessment, which included
inquiries about medical history, parental consanguinity, age at ASD diagnosis, prescribed
medications, and measurements of weight and height.

BIOCHEMICAL ASSAYS
The method mentioned in the text was used to measure the activity of acetyl-

cholinesterase. There is a path length of 1 cm in the quartz cuvette, which holds 3 mL
of reactor mix. It has 0.075 M of ATI, 0.01 M of DTNB, and 0.1 M of phosphate buffer
with a pH of 7.4. Over the course of three minutes, measurements were taken every thirty
seconds to check the optical density at a wavelength of 412 nm. The extinction coefficient
∆A × D.F. ×106 /13600 ×3 ×103 µmol/min/ml was used to measure the enzyme activity.
It was expressed as units (U) or moles of acetylthiocholine hydrolysed mL−1 min−1 10. The
enzymatic activity was measured and expressed as units per milligramme (U mg−1). The
protein content was determined using the Lowry method and Ciocalteu’s Phenol reagent.
In addition, protein quantification was conducted using the Folin phenol reagent. The
research used bovine serum albumin as the benchmark. The absorbance of the blue-colored
complex was measured at a wavelength of 620 nm11.

BLOOD COLLECTION
A venipuncture technique was employed to obtain a volume of 5 ml of blood using a

disposable syringe. The blood was thereafter transferred into gel tubes for separation. The
tubes underwent centrifugation for a duration of 10 minutes. The serum was isolated from
the cells and thereafter kept at a temperature of -20◦C.

ELISA METHOD
Elisa method was used to determination the level of [MMP9, GABA, GRIA1, OT and

HDAC-2 ] according to their procedures12–16.

Determination of Trace Minerals

Magnesium

When magnesium is exposed to calmagite in an alkaline solution, it produces a complex
that has a purple tint. When aminopolycarboxylic acid (EGTA) is present, the response
becomes specific. The magnitude of the purple hue is directly proportional to the quantity
of magnesium17,18.

Zinc
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The chromogen in the reagent has a chemical reaction with zinc, resulting in the forma-
tion of a colorful compound. The strength of this color is directly related to the quantity of
zinc19

Copper

The cupric ions react with the chromogen Di-Br- PAESA forming a blue compound,
which intensity is proportional to the cooper concentration present in the sample

Determination of Calcium and Vitamin D3

The Moorehead and Briggs CPC (O-Cresol Phthalein Complex One) Method was
employed to determine total calcium concentration in serum. In this method, an alkaline
CPC solution reacts with calcium to produce a dark red complex. The absorbance of this
complex is measured at a wavelength of 570 nm, with the intensity directly proportional to
the calcium concentration in the specimen18.

The LIAISON® 25 OH Vitamin D3 test utilized a chemiluminescence immunoassay
(CLIA) to accurately measure the total concentration of 25 OH vitamin D3 in serum. Dur-
ing the initial incubation, the binding protein was detached from 25OHVitaminD3, allow-
ing the vitamin to bind to a specific antibody immobilized on a solid surface. After 10 min-
utes, a tracer—comprising vitamin D3 conjugated to an isoluminol derivative—was added,
followed by a second 10-minute incubation period. Unbound material was removed via
a washing procedure. Subsequently, reagents were introduced to trigger a rapid chemilu-
minescent reaction. The photomultiplier quantified the light signal in relative light units
(RLU), which exhibited an inverse correlation with the concentration of 25 OH vitamin D3

in calibrators, controls, or samples20

RESULTS AND DISCUSSION
isplays the enzyme activity and specific activity (enzyme activity divided by total pro-

tein) of serum AChE, presented as the mean value plus or minus the standard deviation in
U/ml and U/mg, respectively. The measures were acquired from individuals who have been
diagnosed with ASD and were then compared to the measurements of persons who are in
good health.

Table 1. The (activity and specific activity) of the serum AChE for all
studied groups

Parameters Controls (n=96) Patients (n=96) P value
Serum AChE U/ ml 5.023 ± 0.883 4.224 ± 1.160* 0.0369
S.A in Serum U/mg 0.722±0.151 0.57 ± 0.145* 0.001

*Significant (p≤0.05)
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Thefindings in Table 1 indicated that the patients group exhibited notably reduced levels
of acetylcholine esterase activity and specific activity of ASD patients’ serum in compari-
son to the healthy individuals. Furthermore, the findings align with prior research that
has demonstrated a decrease in the activity of acetylcholinesterase (AChE). The research
revealed a significant decrease in acetylcholinesterase (AChE) activity among individuals
diagnosed with neurological disorders. The decline in AChE activity has been correlated
with the presence of despair, anxiety, boredom, and sadness, hence further substantiating
the connection between this condition andmental health and psychiatric issues21,22. Estro-
gen’s effect on brain function, particularly in improving choline uptake and acetylcholine
synthesis, could explain the rise in acetylcholinesterase activity23,24. The observed decrease
in specific activity might be due to certain impurities, achieved by dividing the activity of
AChE by the concentration of TP in the serum. The specific function of an enzyme can
serve as a dependable indicator of its purity25,26. The findings indicated above align with
the research undertaken by which investigated the parameters in children diagnosed with
autism26–29.

Table 2. Levels of MMP9, GABA, GRIA1, OT and HDAC-
2 in the serum of patients with autism spectrum disorder
compared to control

Mean± SD
Parameters

Control(n=96) Patient(n=96)
0.457± 0.137 0.499± 0.118* MMP9 ng/mL
1.223± 0.638 1.052± 0.559* GABA µmol/L
35.115± 8.563 39.253± 6.603** GRIA1 µmol/L
68.115± 16.160 56.521± 13.982** OT pg/mL
1.177± 0.312 1.512± 0.426** HDAC-2 ng/mL

MMP-9 is a zinc-dependent protease involved in tissue remodeling and extracellular
matrix degradation. Matrixmetalloproteinase-9 contributes to synaptic plasticity, dendritic
spine dynamics, and neuronal migration. Dysregulation of MMP-9 may disrupt neural cir-
cuitry and contribute to ASD pathogenesis. Synapses are the connections between neurons
in the brain. They have a vital function in the processing of information, acquisition of
knowledge, and retention of memories. Synaptic plasticity is the capacity of synapses to
alter their strength over a period of time. It encompasses mechanisms like as long-term
potentiation (LTP) and long-term depression (LTD). Matrix metalloproteinase-9 has a role
in altering the extracellular matrix (ECM) around synapses, leading to synaptic remod-
ellingThere is no text provided. Research has shown that there are changes in the expres-
sion of MMP-9 in the brains of people with autism spectrum disorder (ASD)30,31. Ele-
vated MMP-9 activity may result in synaptic Over-Pruning, which involves the excessive
elimination of synapses at crucial stages of brain maturation. Additionally, it may result
in disturbed connectivity, characterised by aberrant neuronal circuitry caused by excessive
remodelling of the extracellular matrix (ECM) and an imbalance between excitation and
inhibition. This dysregulation affects both excitatory and inhibitory synapses, ultimately
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impacting the overall functioning of the neural network. Elevated MMP9 expression is
associated with an increased chance of developing ASD31.

Gamma-aminobutyric acid (GABA) is the primary inhibitory neurotransmitter in the
brain. GABAergic Dysfunction in ASD has shown altered GABAergic signaling has been
observed in individuals with ASD and reduced GABAergic inhibition may contribute to
hyperexcitability and sensory processing abnormalities32. Disrupted GABAergic function
may be the cause of sensory processing difficulties, repetitive behaviours, and deficiencies in
social communication. GABAergic interneurons have multiple important functions. They
regulate the activity of nearby excitatory neurones in specific areas of the brain. They also
contribute to neural synchrony and rhythmic oscillations, such as gamma oscillations. Dur-
ing brain development, GABAergic interneurons shape neural circuits and synaptic plastic-
ity. Additionally, they provide feedback inhibition to ensure stable network dynamics32,33.

AMPA is an ionotropic receptor for glutamate. Subunit 1 is responsible for encoding a
component of ionotropic glutamate AMPA receptors. These receptors are ion channels that
are activated by certainmolecules (ligands) and allow the passage of positively charged ions.
They play a crucial role in transmitting signals between nerve cells in the central nervous
system. They have a vital function in the processes of synaptic plasticity that are associated
with learning andmemory. Uncommonmutations in the GRIA1 gene have been linked to a
neurodevelopmental disorder characterised by cognitive impairment, linguistic difficulties,
and aberrant behaviour34.

Oxytocin is a remarkable neuropeptide produced in the hypothalamus and released into
the bloodstream by the pituitary gland. When explore its functions and effects, particularly
in the context of ASD and AChE. Some studies propose that oxytocin has neuroprotective
properties, itmay protect neurons against injury during childbirth and other stressors, these
effects could indirectly impact AChE function. Skin-to-skin contact between parents and
infants raises oxytocin levels and Affectionate touch and emotional support play a role in
oxytocin release, while affectionate conversation with parents can boost oxytocin in chil-
dren35,36.

Histone deacetylase 2 is an enzyme that removes acetyl groups from lysine residues on
histones and non-histone proteins. It plays a critical role in gene expression regulation by
controlling chromatin structure. Studies have shown altered HDAC-2 expression in the
brains of individuals with ASD. Histone deacetylase 2 is involved in epigenetic processes
that influence neural development and function. Dysregulation of HDAC-2 may impact
the expression of genes associated with ASD. Altered HDAC-2 levels may lead to changes
in chromatin structure and gene accessibility37,38.

Calcium (Ca) and Acetylcholinesterase (AChE) have an indirect but important relation-
ship in the nervous system. Here’s a breakdown of their individual roles and how theymight
interact. Calcium is a crucial signaling molecule in the nervous system. It helps trigger the
release of neurotransmitters, including acetylcholine, from nerve cells. During the propa-
gation of an action potential, which is an electrical signal, calcium channels are activated,
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Table 3. Levels of Calcium, Vit D3, Mg, Cu, Zn in the
serum of patients with autism spectrum disorder com-
pared to control

Mean± SD
Parameters

Control(n=96) Patient(n=96)
9.87±0.840 9.53±0.854** Ca mg/dL
33.3±8.822 27.8±6.595** Vit. D ng/ml
1.585±0.152 1.536±0.099** Mgmg/dL
58.323± 12.298 64.104± 11.510** Cumg/dL
96.948± 11.459 92.490± 9.311** Zn mg/dL

leading to the influx of calcium ions into the neurone. The entry of calcium ions stimulates
the secretion of neurotransmitters into the synaptic cleft, which is the gap between neu-
rones. Reduced calcium levels may result in a diminished release of acetylcholine, which
can weaken nerve impulses and cause muscular weakness, weariness, and poor cognitive
function39. While Ca directly affects the release of acetylcholine, AChE doesn’t directly
influence calcium levels. However, both play a role in regulating the overall level and dura-
tion of acetylcholine signaling. One theory suggests that Alzheimer’s may involve both
decreased AChE activity and abnormal calcium signaling40. This may result in modified
levels of acetylcholine, which may contribute to a reduction in cognitive function. Calcium
is the predominant element in the human body and plays a crucial function in the process
of skeletal mineralisation. Serum calcium exists in both free and bound forms, mostly with
proteins such as albumin. Excess of calcium guide to kidney stones, impair renal func-
tions, and prostate cancer41. The decreased in calcium concentration in ASD patients is
in agreement with those of done by Wang Q (2021)42 and Guo M (2020)43, in which they
indicated that Hypocalcemia seems to be related to combination of hypoparathyroidism
and osteocalcin resulting from deficient calcium intake, a well-known clinical condition
associated with ASD patients. Vitamin D is a fat-soluble vitamin with diverse functions. It
is essential for bone health, immune function, and neurological well-being. In the brain,
vitamin D receptors are present in various regions, including those involved in cognition
and behavior. Vitamin D has anti-inflammatory properties and supports the production
of neurotrophins (growth factors for neurons). Vitamin D3 deficiency is strongly corre-
lated with ASD severity. Supplementation with vitamin D3 has been explored as a potential
intervention. Vitamin D3 has anti-inflammatory effects, which may be relevant in ASD
and Chronic inflammation is associated with neurodevelopmental disorders. By modulat-
ing immune responses, vitamin D3 may influence brain health in ASD. Neurotrophins are
growth factors essential for neuronal survival and function, Vitamin D3 stimulates neu-
rotrophin production, potentially supporting neural networks. Vitamin D3 is involved in
serotonin synthesis which are linked to ASD symptoms and adequate vitamin D3 may help
maintain serotonin balance44.

Individuals with autism spectrum disorder have a range of issues including stunted
development, endocrine disorders, and metabolic abnormalities. Several factors can con-
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tribute to the development of Vitamin D3 deficiency in children and teenagers with autism
spectrum disorder (ASD). These factors include deficiencies in insulin-like growth factor
1 (IGF-I), hypoparathyroidism caused by iron buildup in the parathyroid gland, delayed
puberty and hypogonadism, reduced bone mass, and decreased synthesis of 25-OH-D due
to liver siderosis45.

Vitamin D deficiency or insufficiency was more common in patients with autism spec-
trum disorder than in control group. This finding is similar to the result of the study done
by Sadia Sultan et al46 and Siracusano M47. Their findings were ascribed to hepatic dys-
function, which caused impaired hydroxylation of vitamin D3 and thus reduced blood lev-
els. Research reported a deficiency of vitamin D3 (25-OH Vitamin D3) in people with
autism spectrum disorder (ASD). This deficit has been ascribed to the impaired absorp-
tion of vitamin, as well as insufficient dietary intake. Research found that individuals with
autism spectrum disorder (ASD) had lower levels of vitamin D3 (specifically 25-OH Vita-
min D3) during winter compared to summer. This difference is attributed to factors such
as geographical latitude, air quality, cloud cover, clothing, time of day, and usage of sun-
screen44,48,49. Individuals with Autism Spectrum Disorder (ASD) are more likely to have a
higher risk of vitamin D3 insufficiency and, as a result, require more vitamin D3 treatment.
The research was carried out by Brain K. Lee50. Emerging evidence suggests a potential
association between vitamin D3 levels throughout early life and an increased susceptibil-
ity to neurodevelopmental disorders, such as ASD. The research authors, Mazahery H. and
CamargoA.C., used the blood 25(OH)D3 level during pregnancy or infancy as amore accu-
rate measure of vitamin D3 status51 are found growing evidence for a relationship between
vitamin D3 and ASD. Their conclusions are substantiated by compelling data derived from
experimental research that examine the mechanistic processes. Nevertheless, the absence
of sufficient primary and secondary preventative intervention studies makes it impossible
to establish this correlation, unless there are randomized placebo-controlled trials of vita-
min D3 specifically designed to assess its effectiveness as a preventive or disease-modifying
treatment for individuals with ASD50.

Magnesium concentration in the ASD patients significantly decreased (P≤0.01) than
that of the control group. It is an essential mineral involved in various physiological pro-
cesses. It plays a pivotal role in immune regulation, enzyme function, and neurotrans-
mission. Magnesium modulates the immune response through its effects on cytokines
and immune cells and it decreases cytokine production in monocytes after toll-like recep-
tor (TLR) stimulation, immune balance is crucial for neurodevelopment. Magnesium is a
cofactor for enzymes involved in neurotransmitter synthesis and release, adequateMg levels
support normal neuronal communication and altered Mg availability may impact synaptic
plasticity. Magnesium has anti-inflammatory effects, potentially mitigating neuroinflam-
mation and chronic inflammation is associated with ASD pathogenesis52.

But Skalny AV53 indicated that the levels of magnesium in ASD, patients were higher
than that of control groups, which is inconsistent with the findings of the present study.
There is no clear explanation for the hypomagnesemia of ASD, which could be severe
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enough to stimulate clinically related neuromuscular symptoms

Based on the results of the present study, there was a high significant decrease in the
Zn concentration in the serum of ASD patient s and this was in agreement with previous
studies54,55. Zinc, a metal belonging to the IIB group, is a crucial micronutrient for human
health that does not undergo any net change in its oxidation state during chemical reac-
tions. It can be compared to the behind-the-scenes team of a large theater show, which is
sometimes overlooked but absolutely necessary. Zinc serves as a cofactor for more than
300 enzymes. Envision it as the overseer of a complex ensemble, guaranteeing the har-
monic execution of biochemical compositions. These enzymes are involved in a wide range
of functions, including DNA replication and immunological responses. Zinc is crucial for
the formation of more than 2000 transcription factors. These molecular maestros regulate
gene expression. Zinc is a critical cofactor for AChE, meaning its presence is essential for
the enzyme to function properly. Zn binds to the active site of AChE, facilitating the break-
down of ACh. Studies have shown that Zn deficiency can lead to decreased AChE activity,
resulting in an accumulation of ACh in the synaptic cleft. Conversely, excess Zn might lead
to excessive AChE activity and subsequent depletion of ACh. A delicate balance of ACh lev-
els is crucial for proper neuronal signaling. Disruptions in this balance, either due to altered
AChE activity or ACh synthesis, can have significant consequences for brain function56.

Some studies report lower Zn levels in children with ASD compared to typically devel-
oping controls. This could potentially lead to decreased AChE activity and subsequent ACh
accumulation. Genes associated with Zn transport andmetabolism have been implicated in
ASD susceptibility. Variations in these genes might affect cellular Zn homeostasis, impact-
ing AChE activity and cholinergic signaling54,57.

SerumCu level was found to be significantly lower in ASD patients when compared with
control, this was in agreement with previous studies54,58. Copper is an essential trace ele-
ment involved in various physiological processes. It plays a critical role in enzyme function,
neurotransmitter synthesis, and antioxidant defense. Copper serves as a cofactor for sev-
eral enzymes, including AChE. AChE requires Cu for its proper activity in breaking down
acetylcholine (ACh). But dysregulation of Cu may contribute to oxidative stress and neu-
roinflammation. Copper level linked to Cu is necessary in human nutrition for normal iron
metabolism. Also, could be explained by the antagonistic effect of the Zn, as Zn depletion in
autism spectrum disorder could greatly increase the Cu absorption via the gastrointestinal
tract.

Results shown a negative correlation between AChE activity with copper (r= - 0.3012),
significant weak positive correlation between serum AChE activity with zinc (r=0.2357),
significant positive correlation between serumAChE activity and serumVit. D (r = 0.3416),
significant positive correlation between serumAChE activity and serumGABA (r = 0.2505),
a weak positive correlation between serum AChE activity and serum GRIA1 (r = 0.1462),
very weak positive correlation between gABA and Vit D3 in ASD patients (r= 0.1198), sig-
nificant negative correlation between serumAChE activity and serumOxytocin (r = - 0.377)
and weak positive correlation between serum AChE activity and serum Mg
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(r = 0.1164) as showed below:

Figure 1

Figure 2

CONCLUSION
This study examined the biochemical profile of autistic children by analyzing acetyl-

cholinesterase (AChE) activity, neurotransmitter levels, trace minerals, and matrix
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Figure 3

Figure 4
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Figure 5

Figure 6
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Figure 7

Figure 8 The Correlation Between some of the biomarkers in Autism Spectrum Disorder Group

metalloproteinase-9 (MMP-9). Results demonstrated significant reductions in AChE
activity and specific activity in autistic patients compared to controls, consistent with
prior research findings. Elevated levels of GABA and GRIA1, alongside decreased levels of
oxytocin and HDAC-2, were observed in autistic individuals. Additionally, trace minerals
such as calcium, vitamin D3, and zinc were significantly lower in the autism group.

These findings suggest a complex interplay of neurochemical andmetabolic factors in the
pathophysiology of autism spectrum disorder (ASD). The observed biochemical alterations
underscore the potential for developing targeted therapeutic strategies. Further research is
essential to uncover the underlying mechanisms and evaluate the clinical implications of

Baghdad Journal of Biochemistry and Applied Biological Sciences, 6(1) | 2025 | https://doi.org/10.47419/bjbabs.v6i01.331 58

https://doi.org/10.47419/bjbabs.v6i01.331


Ako Saber, Kaky; et al. The Relationship Between Acetylcholinesterase, Neurotransmitter Levels, Calcium, Vitamin D3, and Trace
Minerals in Autism Spectrum Disorder

these findings for the effective management of ASD.
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