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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 H,O, 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 H,O -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
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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
Vall58 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.
GADG67, 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
(391.214£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 (1.39840.319) 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
MsrA(U/L) 485.13+£38.05*
GAD67(ng/ml) 0.43+0.073
COMT (ng/ml) 3.55+0.460
AANAT(ng/ml) 3.47+0.416
MAT(U/L) 52.67+5.58*
MAOA(U/L) 631.44+35.58*

Data expressed as mean+SD *indicates significant
difference at(P<0.05) using 2-sample t-test

ASD
391.21+£24.068
1.639+0.067*
4.28+0.421*
4.57+0.343*
38.13£3.776
574.90+28.984

Table 2. Antioxidant enzyme and neural pathways enzymes in dystocia related-ASD group compared with idiopathic group.

Biochemical Parameters Dystocia
MsrA(U/L) 381.77+£20.40
GAD67(ng/ml) 1.698+0.319
COMT(ng/ml) 3.934+0.529
AANAT(ng/ml) 4.364+0.534
MAT(U/L) 27.43+2.88
MAOA(U/L) 522.78+55.22

Data expressed as mean+SD *indicates significant
difference at(P<0.05) using 2-sample t-test
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Idiopathic
396.17+£35.523
0.943+0.338*
4.457+0.579
4.416+0.455
43.76+3.153*
608.62+30.34*



Table 3. The correlations between the enzymes in ASD and control individuals.

Correlation of ASD

COMT AANAT
Pearson Correlation |1 0.086
MT
co Sig. (2-tailed) 0.651
Pearson Correlation 0.086 1
AANAT
Sig. (2-tailed) 0.651
MsrA Pearson Correlation 0.239 0.284 1
Sig. (2-tailed) 0.240 0.143
Pearson Correlation -0.127 0.060
MAT
Sig. (2-tailed) 0.538 0.760

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.

Accordingto ourresults, elevated GAD67 in ASD may indicate
the imbalance GABA neurons. GADG67 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/
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MsrA
0.239
0.240
0.284
0.143

0.324
0.093

Correlation of Control

MAT COMT AANAT MsrA MAT
-0.127 1 0.374 -0.184 0.356
0.538 0.104 0.413 0.113
0.060 0.374 1 0.282 0.718"
0.760 0.104 0.193 0.0001
0.324 -0.184 282 1 0.469
0.093 0.413 193 0.028
1 0.356 0.718" 0.469" 1
0.113 0.0001 0.028

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

The GADG67 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 GADG67 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



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 H202 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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