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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Methionine sulfoxide reductase A (MsrA) is an antioxidant 

enzyme that repairs the oxidation of methionine residues in 
proteins and free methionine in autism spectrum disorder 
(ASD). The present study aimed to assess the level of MsrA 
and neurotransmission enzymes in ASD individuals. Results 
confirmed that ASD associated with significant (P<0.05) 
reduction of MsrA and modulated mission enzymes. The role of 
MsrA as repair enzyme should be taken into account for study 
the activity of brain enzymes and proteins in ASD including 
ASMT that has a role in melatonin problems production in ASD 
due to higher AANAT level. The influence of MsrA also should 
be studied with MAT in mice to give more evidence.

Key words. Autism, dystocia, methionine, methionine 
adenosyl transferase. methionine sulfoxide reductase.
Introduction.

Autism spectrum disorder (ASD) is a neurodevelopmental 
complication that makes their individuals characterised by 
inability in social interaction and communication as well as 
restrictive and repetitive features in behaviour [1]. Genetic, 
environmental aspects, immune, inflammation, metabolic, 
and oxidative stress (OS) were suggested as the origin in the 
pathogenesis of ASD [2]. The association between OS and ASD 
neural problems was proposed by neurobiologists then targeted 
as for therapeutic [3]. Elevated OS may not serve as a cause but 
results in advanced clinical symptoms of ASD. During normal 
physiological function, antioxidants serve the main purpose 
of removing ROS, which can lead to cell apoptosis as a signal 
molecule if there is no balance between ROS and antioxidants 
as shown in ASD people [4,5]. Various studies, as well as meta-
analysis research, indicated that plasma and brain GSH levels 
decreased in ASD and were linked to the severity [6,7].

Alterations in superoxide dismutase and catalase activities 
were reported in the brain and plasma result in unequal 
hydrogen peroxide and superoxide [8]. ASD individuals show 
increased superoxide in blood, cerebellum and immune cells that 
enhances production of H2O2 by SOD and peroxynitrite in the 
presence of nitric oxide. Methionine residues or free methionine 
is able to be oxidized through exposure to peroxynitrite [9], so 
we investigate the activity of methionine sulfoxide reductase A 
(MsrA) as a potential biomarker in the blood serum in addition 
to the important role of MsrA in elimination of H2O2-induced 
OS in eukaryotic especially in lens and fibroblasts cells [10]. 
The MsrA regulates the OS caused by oxidants-induced 
methionine sulfoxide formation within amino acids sequence of 
proteins or free methionine [11]. Free methionine or methionine 
residue exhibits an antioxidant system in normal cellular level 
of MsrA while causes a protein modification followed by loss 
its function when MsrA in abnormal level [12]. As reported 

in aging, Alzheimer’s disease (AD) and Parkinson’s disease 
(PD), methionine oxidation is increased, so MsrA plays a 
crucial role, additionally some diabetes patients show two 
oxidized methionine of albumin [13,14]. On the other hand, 
mitochondrial dysfunction in the central nervous system (CNS) 
of ASD patients that was suggested by different studies, results 
in a decline in development and impairment in learning and 
behaviours. In this situation neurotransmitters give evidence 
about the abnormalities in the neurons [15,16].

The regulation of social behaviour, reward, emotion, 
learning, social cognition, and movement control is aided by 
important neurotransmitter called dopamine and psychiatric 
and neurological disorders have been linked to dopamine [17]. 
According to some authors, dopaminergic transmission changes 
could lead to a decreased desire to engage in social activities, 
as the brain of autistic individuals may find these activities 
unsatisfying [18]. The frontal cortex in the brain holds particular 
importance as it affects mood cognitive, mood, planning and 
inhibition of behaviors, thinking, emotion, and short-term 
memory, and includes the degradation of dopamine that is 
related to COMT, which is an enzyme use S-adenosylmethionine 
in metabolizing the catechol amines by methylation process. 
In the pathophysiology of many neurological and psychiatric 
disorders, the COMT enzyme has a major role [19]. The COMT 
Val158 allele is a gene associated with increased activity that 
is associated with lower cognitive function and a higher risk of 
developing psychiatric disorders, While the Met allele COMT 
shows decreased activity and has been linked to aggression like 
in schizophrenia [20]. The enzyme activity is not dependent 
only on the allelic shape but also the metabolism of its several 
cofactors, their transport, stimulation, breakdown, related 
polymorphic enzyme functions and the metabolite related 
receptor functions [21]. A correlation was discovered between 
COMT genotypes, levels of dopamine, and ASD severity 
observed in 52 ASD individuals [22].

In regarding, MAT is an enzyme that produces 
s-adenosylmethionine from the substrate, methionine. 
S-adenosylmethionine is a co-substrate which serves as methyl 
donor molecule in different pathways especially in COMT 
reaction, Studies showed that this chemical was reduced in the 
serum of ASD individuals [23]. It was decreased in ASD in 
several body fluids [24]. So, we introduce this enzyme due to its 
relationship with COMT and also MsrA.

Sleep problems can disrupt social behavior in ASD patients, 
causing emotional irritability, self-harm, and attacks on others, 
which in turn worsens the sleep pathology. In different study, 
melatonin supplements support the daily behaviour of ASD 
individuals and sleep problems [25]. Low melatonin levels have 
been observed in (ASD) patients and melatonin system plays a 
role in the ASD progression [26]. Melatonin, a neurohormone 
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that controls the circadian rhythm of the body, is released by the 
pineal gland, which is a small endocrine gland, and is affected 
by dark and light environments. Melatonin is essential for 
regulating the sleep/wake cycle, but it has also been proven to 
have powerful anti-inflammatory and antioxidant capabilities, 
which are linked to immune responses and neural protection 
[27].

Therefore, the focus of our study was on estimating the level 
of MsrA and several new neurotransmission related enzymes 
(GAD67, COMT, AANAT, MAT and MAOA) to determine the 
state of neurotransmission in ASD patients including dystocia 
related ASD patients.
Materials and Methods.

Two groups, ASD group (n=35) against control group (n=25) 
with various age (5-28 years) were conducted to measure the 
biochemical parameters in blood serum. We also divided the 
autism group into two groups with idiopathic group and dystocia-
related ASD group after asking the parents of autistics. The 
serum isolation process involved leaving gel tubes containing 
blood samples at room temperature for a few minutes before 
centrifuging at 3000 g for 15 minutes. We obtained blood 
samples from individuals with ASD by supporting Ibn Sina 
Teaching Hospital and Al-Salam Teaching Hospital, as well as 
private special needs schools in Mosul city while the Central 
Blood Bank and schools were responsible for the control group 
during the last three months of 2023.

The main enzyme (MsrA) was determined by Ellman's reagent 
spectrophotometric method in which thioredoxin in vivo is 
replaced by dithiothreitol (DTT). An inorganic phosphate 
determination method using green malachite was conducted 
to measure the activity of methionine adenosyl transferase 
while benzylamine was used as substrate for the activity of 
monoamine oxidase A using the oxidative deamination method. 
GAD67, COMT and AANAT measurement used ELISA kit 
method that we obtained by ELK Biotechnology with cast 

number (ELK3676), (ELK3245) and (ELK5237), respectively.
Statistical Analysis: The t-test was used to statistically analyze 

using IBM SPSS Statistics software (V28, USA), the data 
presented as mean and standard deviation (SD).
Results.

The serum levels of ASD are in an alteration compared with 
control group. MsrA and MAT are decreased significantly 
(391.21±24.068) and (38.13±3.776) with control group 
(485.13±38.05) and (52.67±5.58) respectively. MAOA is 
also in significant decrease (574.90±28.984) with control 
(631.44±35.58) while GAD67, COMT and AANAT increased 
in ASD (1.639±0.067), (4.28±0.421), (4.57±0.343) compared 
with control group (0.43±0.073), (3.55±0.460), (3.47±0.416), 
respectively (Table 1).

The serum levels of GAD67 are increased significantly in 
dystocia related-ASD (1.398±0.319) compared with idiopathic 
group (0.943±0.338). MAT and MAOA serum levels are 
significantly decrease (27.43±2.88), (522.78±55.22) compared 
with idiopathic group (43.76±3.153), (608.62±30.34), 
respectively (Table 2). Good positive significant relationship 
between MsrA and MAT as well as MAT and AANAT in the 
control group. However, this relationship was not observed in 
individuals with ASD as shown in (Table 3).
Discussion.

The purpose of this study was to examine biochemical 
parameters that take into account various factors, particularly 
interactions between them. Due to the lower activity of MAT in 
ASD individuals, important considerations are suggested.

Regarding methionine, the lower activity of MAT in ASD 
may be related to insufficient methionine. Here we investigated 
the importance of MsrA, and it is highlighted by its inability to 
scavenge methionine sulfoxide in ASD compared to observation 
in normal persons, where it is observed that MsrA and MAT are 
more active, and there is a good positive correlation between 
them, which is lacking in ASD. S-adenosylmethionine and 

Table 1. Antioxidant enzyme and neural pathways enzymes in ASD compared with control.
Biochemical parameters Control ASD
MsrA(U/L) 485.13±38.05* 391.21±24.068
GAD67(ng/ml) 0.43±0.073 1.639±0.067*
COMT(ng/ml) 3.55±0.460 4.28±0.421*
AANAT(ng/ml) 3.47±0.416 4.57±0.343*
MAT(U/L) 52.67±5.58* 38.13±3.776
MAOA(U/L) 631.44±35.58* 574.90±28.984
Data expressed as mean±SD *indicates significant 
difference at(P≤0.05) using 2-sample t-test

Table 2. Antioxidant enzyme and neural pathways enzymes in dystocia related-ASD group compared with idiopathic group.
Biochemical Parameters Dystocia Idiopathic
MsrA(U/L) 381.77±20.40 396.17±35.523
GAD67(ng/ml) 1.698±0.319 0.943±0.338*
COMT(ng/ml) 3.934±0.529 4.457±0.579
AANAT(ng/ml) 4.364±0.534 4.416±0.455
MAT(U/L) 27.43±2.88 43.76±3.153*
MAOA(U/L) 522.78±55.22 608.62±30.34*
Data expressed as mean±SD *indicates significant 
difference at(P≤0.05) using 2-sample t-test
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neurotransmission processes are impacted by this situation, 
because it serves as the methyl donor molecular in multiple 
pathways, such as melatonin production and dopamine inhibition 
via COMT [28]. On the other hand, Melatonin system is 
characterized by the involvement of multiple neurotransmitters. 
The influence of abnormally synthesizing melatonin is seen 
in ASD through the upstream neurotransmitters that contain 
serotonin and other related proteins [29]. The serotonin-NAS-
melatonin pathway disruptions have been recently demonstrated 
to be highly sensitive and may serve as a promising biomarker 
for diagnosing ASD [30]. According to the general consensus, 
AANAT is the enzyme that is responsible for limiting the rate of 
melatonin synthesis, while ASMT is partially responsible for the 
rate-limiting role at night [31]. AANAT concentration in ASD 
could indicate the accumulation of N-acetyl serotonin (NAS) 
that was reported by Hodge, et al. (2014) [32], and the need of 
melatonin production enhances the releasing of this enzyme due 
to it is the rate determining step. A sharp positive correlation 
was observed between AANAT and MAT in the control group, 
but not in ASD patients, this may relate to the role of MAT 
in disruption of melatonin pathway that provides SAM in the 
methylation of NAS if we assume that AANAT level reflects the 
level of NAS the substrate of ASMT in addition to indirect role 
of MsrA. Lower activity of MAOA may also enhance AANAT 
for metabolize higher level of serotonin.

 According to our results, elevated GAD67 in ASD may indicate 
the imbalance GABA neurons. GAD67 is the rate limiting step 
of GABA synthesis, so lower GABA level enhances this enzyme 
to be more activity especially that GAD67 is important for 
basal GABA within neurons, The role of GABA inhibition on 
neurons through neurodevelopment may be affected by GAD67 
[33]. The level of glucose within brain may cause elevation in 
glutamate production that may results in more GAD67 activity, 
particularly increased glutamate levels result in neurotoxicity 
and damage to target neurons [34]. Different studies in animals 
suggest the role of GAD67 in cognitive, brain development and 
emotional behaviour [35,36], and all of this present in ASD 
individuals so it should be targeted in therapeutic.

Most of the synaptic activity and intracellular signalling in 
the brain is accounted for by glutamate (Excitatory) and GABA 
(Inhibitory) [37]. Healthy function of neurotransmission requires 
a balance between excitatory and inhibitory (E/I) signals that 
is crucial for proper neuronal firing and synaptic transmission. 
Dysfunction of inhibitory GABAergic circuits has been proposed 
as a cause for both disorders suggesting that the excitation/

inhibition imbalance resulting from neurodevelopmental defects 
in GABAergic circuitry might represent a common pathogenetic 
mechanism for these disorders [34]. 

The GAD67 is a critical enzyme used by neuron cells 
to synthesise GABA from glutamate and modulate its 
developmental, balancing, and activity-dependent modulation 
[38]. Changes in GAD67 levels and activity are easily able to 
affect the amount of GABA present in cells and vesicles. As 
the rate-limiting factor for this synthesis, it is accountable for 
over 90% of GABA production [39]. Neurodevelopmental 
disturbances can arise from disruptions in GABAergic 
inhibition, which helps to brain rhythm and activity of the 
neurons during growth.

Antioxidative activity was demonstrated by glutamate 
decarboxylase 67 released by astrocytes as a result of elevated 
glutathione synthesis and release when compared with control 
astrocytes [40]. The other enzyme which can impact cognitive, 
and learning is COMT, and its increased level inhibits dopamine 
in striatum of mice [22]. Due to decreased MAOA level in ASD, 
dopamine may be in higher levels in within neurons and this 
stimulates COMT to be released in higher concentration for 
inhibition. Overproduction of COMT may be related to gene 
expression that prevents dopamine to reach the required level 
within neurons [41]. These alterations in COMT were observed 
in mice effects on behaviour and increased the danger of 
psychiatric disease [20].

On the hand, Several ASD risk factors are associated with 
fetal hypoxia events, which have been identified as a common 
mechanism. The brain experiences hypoxia in many pathological 
conditions throughout life, such as perinatal hypoxia-ischemia 
encephalopathy. The development and function of the brain is 
impacted by hypoxia in an age-dependent way. In rats, hypoxia 
exposure has been demonstrated to result in neurodevelopmental 
problems. Clinical studies have shown that ASD development is 
strongly influenced by pregnancy and birth problems caused by 
hypoxic-ischemic damage in which perinatal rats were exposed 
to hypoxia-ischemia for 12 hours, which caused social disorder, 
anxiety and dysregulation in emotion [42,43].

Maternal immune activation also is the environmental factor 
that is most commonly associated with the onset of ASD [44]. 
An immune response is provoked by it, and the offspring are 
afflicted with neuro-inflammation and OS, which can cause 
direct or indirect damage to the placenta and brain of fetal 
during embryonic steps [45,46].

The results of dystocia-related ASD children showed 
a significant decrease in MAOA and MAT compared to 

Table 3. The correlations between the enzymes in ASD and control individuals.
Correlation of ASD Correlation of Control
COMT AANAT MsrA MAT COMT AANAT MsrA MAT

COMT Pearson Correlation 1 0.086 0.239 -0.127 1 0.374 -0.184 0.356
Sig. (2-tailed) 0.651 0.240 0.538 0.104 0.413 0.113

AANAT Pearson Correlation 0.086 1 0.284 0.060 0.374 1 0.282 0.718**

Sig. (2-tailed) 0.651 0.143 0.760 0.104 0.193 0.0001

MsrA Pearson Correlation 0.239 0.284 1 0.324 -0.184 .282 1 0.469*

Sig. (2-tailed) 0.240 0.143 0.093 0.413 .193 0.028

MAT Pearson Correlation -0.127 0.060 0.324 1 0.356 0.718** 0.469* 1
Sig. (2-tailed) 0.538 0.760 0.093 0.113 0.0001 0.028
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idiopathic individuals, while GAD67 showed a significant 
increase. This suggests that there has been an alteration in 
neurotransmission problems among the two groups of the same 
disease. More damage may be occurred in GABAergic neurons 
affected by dystocia, in which there is sharp decrease of GABA 
represented by elevated in GAD67, also methylation process 
by s-adenosylmethionine may be affected more. While no 
alterations were observed in MsrA, COMT and AANAT.

MAOA deficiency may result in aggressive feature in the 
behaviour of ASD patients compared to the control, in dystocia-
related ASD children may refer to the increased sensitivity to 
this feature [47]. A significant number of autistic individuals 
had hyperserotonemia in serum and whole blood, but outside 
the brain and the possibility for used this biomarker for ASD 
diagnosis [48]. We introduce AANAT for these reasons as a 
biochemical parameter to know its role and give an indication 
about the synthesis of melatonin and catabolism of serotonin, 
beside AANAT, we also introduce MAOA that is also a crucial 
enzyme for the breakdown of serotonin and catecholamines in 
order to know its role in implication of serotonin. During early 
developmental stages, MAOA and A/B knockout (KO) mice 
exhibit high levels of serotonin. MAOA deficiency in humans 
and mice leads to elevated serotonin levels in the blood and 
brain, especially in the early post-natal period, and an extreme 
propensity to reactive aggression and behavioral alterations. 
Findings indicate that the neurochemical imbalances caused by 
MAOA deficiency (either on its own or with a lack of MAOB) 
could lead to a range of abnormalities similar to symptoms 
observed in ASD patients [49,50]. According to a study on 
migraine and Alzheimer's disease, compared to ASD, MAOA 
levels in blood serum were found to be higher, potentially 
indicating higher H2O2 production and oxidative stress [51].

In overall, Accumulation of MO that may effect on the 
methionine metabolism in the brain and liver especially in 
producing S-Adenosylmethionine (SAM) is related to decreased 
activity of MsrA. Accumulation of oxidized methionine 
residues that cause modifications to enzymes or proteins results 
in loss of function. In connection with this, neuronal proteins 
were significantly damaged compared to postmortem brains of 
Alzheimer's disease patients and aging rats due to decreased 
MsrA activity [13] and as reported by several studies, decreased 
activity of MsrA refer to Aging, regardless of any illness due to 
protein oxidation and dysfunction are enhanced in this situation 
[52]. Finally, stem cells might find application in autism 
[53], through immune regulation [54] and stem cells hypoxia 
tolerability [55].
Conclusion.

The role of MsrA as repair enzyme should be taken into account 
for study the activity of brain enzymes and proteins in ASD 
including ASMT that has a role in melatonin problems production 
in ASD due to higher AANAT level. The influence of MsrA also 
should be studied with MAT in mice to give more evidence. 
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