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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.
Background: Mitochondrial dysfunction in autism leads 

to impair the mitochondria’s ability to synthesis adenosine 
triphosphate (ATP) by impairment citric acid cycle as well as 
increase anaerobic glycolysis.

Aim: Measuring and evaluating the levels of mitochondrial 
markers; including glutamate oxaloacetate transaminase (GOT), 
glutamate pyruvate transaminase (GPT), malate dehydrogenase, 
and pyruvate kinase) in the autistic group and knowing the 
possibility of using these markers to diagnose children with 
autism spectrum disorder.

Method: A case-control study was done in the Al-Zahraa 
Teaching Hospital (Kut City, Iraq) on 100 Iraqi children (male 
and female), between (April 2023 and January 2024). Their 
ages ranged between 3 and 9 years. Among them were 50 
patients enrolled as autistic group and 50 healthy enrolled as 
control group. Blood samples were collected and bioassays for 
GOT, GPT, pyruvate kinase, and malate dehydrogenase were 
measured by ELISA technique.

Results: The autistic group showed that the urine GOT, 
urine GPT, serum malate, and serum pyruvate levels in the 
ASD group was significantly higher (P<0.001) than the control 
group. The ROC analysis showed that urine GOT, urine GOT, 
serum malate and serum pyruvate had an accuracy level of 
(81%,71%,77%, and 80 %) and the area under the curve (AUC) 
was > 0.7 (0.8),0.7, 0.7(0.76), and 0.7(0.8) thus urine GOT, 
urine GPT, serum, malate, and serum pyruvate are a valid 
diagnostic marker.

Conclusion: There was a significant difference in the mean 
urine and serum concentrations of mitochondrial markers (GOT, 
GPT, malate dehydrogenase, and pyruvate kinase) between 
autistic children and the control group due to mitochondrial 
dysfunction.

Key words. Autism spectrum disorder, mitochondria, 
pyruvate, lactate.
Introduction.

One of the most common early child psychiatry and neurology 
disorders associated with autism spectrum disorder (ASD) are 
a class of neurodevelopmental disorders defined by qualitative 
impairments in social functioning and communication, often 
accompanied by repetitive and stereotyped patterns of behavior 
and interests [1].

Autism was first described by Kanner in 1943 in a detailed 
report of 11 children with similar unusual tendencies [2]. 
The description of the core features of ASD as being social 
communication deficits and repetitive and unusual sensory–
motor behaviours has not changed substantially since its original 
delineation. However, autism is now seen as a spectrum that can 

range from very mild to severe [3]. Nevertheless, many (but not 
all) individuals with ASD require lifelong support of some kind 
[4].

The prevalence of ASD has dramatically increased in the last 
decades, reaching estimates of 1 subject in 59 as reported by 
the Centre for Disease, Control, and Prevention in the US [5]. 
Every person with an ASD has a unique pattern of behavior, but 
there are some common signs and symptoms. Communication 
problems (difficulty using or understanding language) such as 
delayed speech development and limited vocabulary for their 
age, repeating a set of words or phrases, focusing attention and 
conversation on a few topic areas, monotonous and flat speech 
[6]. 

Difficulty in social interaction includes having trouble making 
friends and interacting with people; difficulty understanding 
facial expressions; difficulty understanding their own and other 
people’s emotions; not making eye contact; not wanting to be 
cuddled; not answering when called; or refusing to do things 
when asked [7]. Repetitive behaviors and following strict 
routines may include repetitive body movement such as hand 
flapping and repetitive motions with objects like spinning the 
wheels of a toy car, performing activities that could cause 
self-harm such as biting or head-banging, sticking to the same 
routine every day, and having difficulty adjusting to even minor 
change [8]. Sensory sensitivity Being over- or under sensitive to 
sounds, lights, touch, tastes, smells, pain, and other stimuli [9].

The ASD has no single known cause [10]. Given the 
complexity of the disorder and the fact that symptoms and 
severity vary, there are probably many causes. Mitochondrial 
dysfunction, genetics, and environment may play a role. 
Some of the suspected risk factors for autism include genetic 
mutations, fragile X syndrome, and other genetic disorders; 
having a sibling with ASD; having older parents; very low 
birth weight; fetal exposure to the medications valproic acid 
(Depakene) or thalidomide (Thalomid); exposure to heavy 
metals and environmental toxins [11,12].

The definition and diagnosis of these disorders has been 
broadened over the years to include milder forms of autism 
[13]. The term ASDs are currently used to describe three of the 
five pervasive developmental disorders listed in the Diagnostic 
and Statistical Manual of Mental Disorders, Fourth Edition 
(DSM-IV) and the International Classification of Diseases, 
Tenth Edition (ICD-10): autistic disorder, Asperger disorder 
and pervasive developmental disorder-not otherwise specified 
(PDD-NOS) [14].

Mitochondrial dysfunction in autism leads to impair the 
mitochondria’s ability to synthesis ATP by impairment citric acid 
cycle as well as increase anaerobic glycolysis [15]. Thus, affect 
level of biochemical markers of mitochondrial dysfunction and 
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include glutamate oxaloacetate transaminase (GOT), glutamate 
pyruvate transaminase (GPT), lactate, pyruvate, lactate-to-
pyruvate ratio, malate, ubiquinone, alanine, alanine-to-lysine 
ratio, and acyl-carnitine [16]. The present study aimed for 
measuring and evaluating the levels of mitochondrial markers 
(GOT, GPT, malate dehydrogenase, and pyruvate kinase) in 
autistic group.
Materials and Methods.

Study design: A case-control study was done in the Al-
Zahraa Teaching Hospital (Kut City, Iraq) on 100 Iraqi children 
(male and female), between (April 2023 and January 2024). 
Their ages ranged between 3 and 9 years. Among them were 
50 patients enrolled as autistic group and 50 healthy enrolled 
as control group. Children are diagnosed by physicians who 
are specialized in this field and written informed consent was 
obtained from all family patients for participation in the study. 
Blood samples were collected and bioassays for GOT, GPT, 
pyruvate kinase, and malate dehydrogenase were measured by 
ELISA technique [17,18]. 

Blood sample collection: Five milliliters of blood for 
each participant were collected from vein puncture in sterile 
gel tubes and allowed to clot for a few minutes at room 
temperature, followed by separation of the serum from the clot 
by centrifugation for 10 minutes at a 2012 x g. Then they were 
divided into several Eppendorf tubes and immediately frozen at 
-80℃ until used in the bioassays.

Urine sample collection: Ten milliliters of urine (medium 
stream urine) were collected in a plastic collection vessel. Then, 
the samples were temporarily kept in an ice box and transported 
to the laboratory. Urine samples were quickly sent to the 
laboratory for the purpose of study and laboratory examinations.

Inclusion Criteria: Children had ASD.
Exclusion Criteria: Children were not included if they had 

ASD with a neurological disease such as Alzheimer's disease, 
epilepsy, schizophrenia, or any other illness that may defect in 
the nervous system.

Biochemical analysis: The reagents preparation and 
assay procedure were carried out according to manufacturer 
description using ELISA kit supplied by BT LAB (China).

Statistical analysis: The results were conducted according 
to GraphPad prism 9.2.1 used to gather, summarize, analyze, 
and present data. ANOVA was used to assess the significance 
of differences between groups and within times. The data were 
expressed as mean ± standard deviation (SD) and P value<0.05 
was considered statistically significant, while P-values equal to 
or less than 0.01 were considered high significance using T-test 
and Tukey multiple comparisons. Pearson correlation coefficient 
was used to estimate the correlation and Receiver operating 
characteristic (ROC) test were used to quantify the degree of 
significance, which is displayed through the estimation plot.
Results.

Demographic characteristics: There was no significant 
variation in the proportion of males and females between 
the control group and the ASD group (p = 0.98). However, 
the proportion of males in the ASD group was higher than 
the proportion of females: 41 (82 %) males versus 9 (18 %) 

females, indicating that males are more likely to be affected than 
females (Table 1). There was no significant difference in mean 
age between the control group and ASD group (p = 0.73), while 
there was a significant variation in the age proportion between 
control group and ASD group (p<0.01), respectively (Table 1).

Table 1. Comparison of demographic characteristics between control 
group and ASD group.
Characteristic Control ASD P

Gender
Male Female Male Female
N (38) N (12) N (41) N (9) 0.98

NS76% 24% 82% 18%
Age (years)
Mean ±SD 6.40±1.67 6.52±1.83 0.73

NSRange 3-9 3-9
3-5 years N (12) 24% N (3) 6% N (11) 22% N (6) 12%

p < 
0.016-7 years N (10) 20% N (7) 4% N (18) 36% N (0) 0%

8-9 years N (16) 32% N (2) 14% N (12) 24% N (3) 6%
N: number of cases; P: probability value; NS: not significant; ASD: 
autism spectrum disorder; SD: standard deviation

Mitochondrial parameters: The results of measuring urine 
GOT levels (ng/ml) in the autistic group showed that the urine 
GOT level in the ASD group was significantly higher (P<0.001) 
than the control group. The results of measuring urine GPT 
levels (ng/ml) in the autistic group showed that the urine GPT 
level in the ASD group was significantly higher (P<0.001) than 
the control group. The results of measuring serum malate levels 
(ng/ml) in the autistic group showed that the serum malate level 
in the ASD group was significantly higher (P<0.001) than the 
control group. The results of measuring serum pyruvate levels 
(ng/ml) in the autistic group showed that the serum pyruvate 
level in the ASD group was significantly higher (P<0.001) than 
the control group (Figure 1).

Correlation study: The GOT, GPT, and malate showed no 
significant correlation to age (p > 0.05), while pyruvate showed 
a significant positive correlation to age (R = 0.279, P = 0.049) 
(Figure 2).

There was a significant positive correlation between GOT and 
GPT (R = 0.332, P = 0.019), while malate showed no significant 
correlation to GOT (p > 0.05). In addition, there was a significant 
negative correlation between GOT and pyruvate (R = -0.307, P 
= 0.030). Malate, and pyruvate showed no significant correlation 
to GPT (p > 0.05). Pyruvate showed no significant correlation to 
malate (p > 0.05) (Figure 3).

Receiver operating characteristic (ROC) curve: The 
existence of a significant difference in mean urine GOT, urine 
GPT, serum malate, and serum pyruvate between the ASD and 
healthy (control) groups suggests a possible predictive role for 
these markers in the early diagnosis of ASD; therefore, receiver 
operator characteristic (ROC) curve analysis was performed. 
The ROC analysis showed that urine GOT had an accuracy 
level of 81%, and the area under the curve (AUC) was > 0.7 
(0.8), thus urine GOT is a valid diagnostic marker. Also, ROC 
analysis showed that urine GPT had an accuracy level of 71% 
and the area under the curve (AUC) was 0.7, thus urine GPT is 
a valid diagnostic marker. On other hand, ROC analysis showed 
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Figure 1. Comparison of mean serum pyruvate between control group and ASD group shows significant difference.

Figure 2. The correlation between age with GOT, GPT, malate, and pyruvate.
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Figure 3. The correlation between the measured biochemical parameters.

Figure 4. Receiver operating characteristic (ROC) curve for the results of (A) urine GOT, (B) urine GPT, (C) serum malate, and (D) serum 
pyruvate levels, plotting the sensitivity and specificity of each biochemical marker.
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that serum malate had an accuracy level of 77%, and the area 
under the curve (AUC) was > 0.7 (0.76), thus serum malate is a 
valid diagnostic marker. Also, ROC analysis showed that serum 
pyruvate had an accuracy level of 80 %, and the area under the 
curve (AUC) was > 0.7 (0.8), thus serum pyruvate is a valid 
diagnostic marker (Figure 4).
Discussion.

ASD is a neurodevelopmental disorder characterized by deficits 
in social communication and the presence of restricted interests 
and repetitive behaviors. Recent changes to the diagnostic criteria 
occurred with the transition to the new diagnostic manual (DSM-
5) and will likely impact prevalence, which currently stands at 1 
in 59 children in the US [10]. ASD is a neurobiological disorder 
influenced by both genetic and environmental factors affecting 
the developing brain. Research continues to reveal factors that 
correlate with ASD risk and these findings may guide further 
etiologic investigation, but no final causal pathway has been 
elucidated [19]. Clinical evaluation begins with developmental 
screening of the general pediatric population to identify at-risk 
children, followed by referral to a specialist for a definitive 
diagnosis and comprehensive neuropsychological assessment 
[20]. Children with ASD should also be screened for common 
co-morbid diagnoses [21]. Mitochondrial dysfunction has been 
implicated in several psychiatric and neurological disorders. 
Over 20 years ago, Coleman and Blass hypothesized that 
individuals with ASD may have an abnormality in carbohydrate 
metabolism, and in 1998 Lombard proposed that ASD may be 
a disorder of impaired mitochondrial function [22,23]. Over the 
past decade, evidence has accumulated that some individuals 
with ASD have concomitant mitochondrial dysfunction, and 
some have proposed a ‘mitochondrial autism’ subgroup. 
Several review articles have been recently published concerning 
mitochondrial dysfunction in ASD [24]. The mitochondrial 
disorders are characterized by various clinical, biochemical, 
molecular, and histological features. Biochemical parameters 
for mitochondrial dysfunction include increased aspartate GOT 
and GPT [25].

The high level of GOT and GPT according to the data 
presented in this study is compatible with several studies 
that found a significant increase in the levels of GOT and 
GPT [26,27]. Mitochondrial dysfunction raises levels of 
aspartate aminotransferase and alanine aminotransferase [28]. 
Mitochondrial dysfunction causes disturbance of the TCA 
cycle, which reduces the aerobic respiration rate, and this 
phenomenon generally results in elevated levels of pyruvate 
as well as its derivatives, lactate, and alanine. Pyruvate is 
converted to alanine by GPT, whereas the pyruvate-derivative 
oxaloacetate is converted to aspartate by the GOT enzyme [29]. 
A study at 2022 was done on 200 children aged 7 to 9 years 
showed that GOT and GPT values were highly significant in the 
ASD children group as compared with the healthy group [30]. 
Also, a study was carried out on 146 Egyptian found markers 
of mitochondrial dysfunction GOT and GPT were elevated 
in autistic children group [31]. The data of previous study is 
consistent with the data present in this study were GOT and 
GPT level are significantly high in autistic children.

The present study showed that the serum malate dehydrogenase 
level is significantly higher in autistic patients, which may 
be due to mitochondrial dysfunction. As the energy factories 
of cells, mitochondria are the main sites for the generation of 
ROS, in which the electron transport chain (ETC) is a prime 
source for ROS. Both endogenous and exogenous oxidative 
stress can cause a deficit in mitochondrial ETC complexes, 
resulting in mitochondrial dysfunction [32,33]. ROS production 
by mitochondria can lead to oxidative damage to mitochondrial 
proteins, membranes and DNA, impairing the ability of 
mitochondria to synthesize ATP and carry out their wide range 
of metabolic functions, including the tricarboxylic acid cycle, 
fatty acid oxidation, the urea cycle and amino acid metabolism. 
Inhibition of the TCA cycle may result in an elevation of 
TCA cycle intermediates [34], which may disturb the level of 
mitochondrial malate in neurological disorder [35].

Mitochondrial dysfunction impairs aerobic respiration, leading 
to a reduction in TCA cycle function resulting in an elevation 
in pyruvate [36]. A recent study has observed a significant 
increase in LDH-A expression and pyruvate levels in ASD [37]. 
Up to now, few studies have described the expression of the 
different glycolytic enzymes in ASD [38-40]. However, several 
studies have shown elevated lactate levels in ASD patients. In 
the same way, production of pyruvate is stimulated [41,42]. 
These findings may suggest an elevation of glycolysis through 
the phenomenon of anaerobic glycolysis in ASD since the 
dysregulation of this balance has been proposed as a candidate 
cause of ASD [37]. All previous studies were consistent with 
the data of the present study, which showed the serum pyruvate 
kinase level was significantly higher in the autistic group.

In this study, it was found that the proportion of male with 
ASD is, higher (82%) compared to females (18%), indicating 
that males are more likely to be affected than females. Since 
autism is a largely genetic and hereditary condition, genetic 
factors that lead to differences depending on sex come into play, 
such as the role of androgen signalling in male development 
or X-linked mutations, whose associated genetic conditions are 
typically more common and severe in males [43]. Findings of 
present study was supported by several studies [44,45].
Conclusion.

A striking contrast emerged in the average levels of 
mitochondrial markers (GOT, GPT, malate dehydrogenase, 
and pyruvate kinase) found in the urine and serum of autistic 
children compared to the control group, pointing towards the 
presence of mitochondrial dysfunction.
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