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Abstract
We assume that serum concentration of total CoQ10 and stress oxidative factors could be used
as important biomarkers of therapy. Sixty children (aged 3-12 years), one group consisted of
children with autism (n=30) and other consisted of health children (n=30). Children with autism
according to the DSM-IV criteria and using CARS were included in the study. All the subjects
were Iranian, born and living in the state Khuzestan. This was an original study. The present study
aimed to analyze the serum levels of concentration of CoQ10−TOTAL, in the children. In total, patient
group and health group, including boys and girls, were matched for age, gender, and body mass
index (BMI). Serum levels of CoQ10−TOTAL in children with ASDs were significantly lower
than that in the healthy children. We propose that serum concentration of CoQ10−TOTAL could be
used as relevant biomarkers of CoQ10 supportive therapy. Overall supplementation with Co-Q1
provide promising alternatives to current therapies for neurodevelopmental disorders. CoQ10
is a naturally occurring flavonoid with potent antioxidant, properties that are found in green
plants. This study with a larger number of patients is confirmed this previous research.
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Introduction
Autistic Spectrum Disorders (ASDs) are the neurodevelopmental
disorder resulting by pervasive defects in social interaction and
communication, restricted interests and repetitive behaviors [1].
The etiology of ASDs stems from the genetic, environmental
and neurological elements [2]. The studies suggested that ASDs
may result from an interaction between immunological factors
and environmental, genetic with oxidative stress as a mechanism
linking these risk factors [3].
The brain is particularly vulnerable to the oxidant threat because
of its high rate of aerobic metabolism and readily available
oxidizable molecules [4]. Multiple biological processes are
related to neurodegenerative and neurodevelopmental diseases
such as reduction or inadequate synthesis of oxidative stress
and abnormal ubiquitination [5]. Oxidative stress is famous to
play a role in some neurological conditions such as Dementia’s
disease [6,7], bipolar disorder [8] and schizophrenia [9].
Under normal situations, a dynamic equilibrium is between the
antioxidant capacity of the cell and the production of reactive
oxygen species [10]. Oxidative stress controls the activities
of receptor and no receptor types of protein tyrosine kinases,
transcription factors such as NF- κβ and protein kinase C
[11]. NF-κβ that is originating to be dysregulated in ASDs
[12]. Multiple molecular features could be observed for the
neurodevelopment in the brain of ASDs including oxidative
stress and proinflammatory cytokines [13]. Consistent with
reduced endogenous antioxidant capacity cause increased
oxidative stress biomarkers in children with ASDs [14].
Increased ROS metabolism induced by dysfunctional
mitochondria could cause chronic oxidative stress [15].
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Coenzyme Q10 (CoQ10) was extra to support mitochondrial
role [16]. Coenzyme- Q10 (also called ubiquinone) is a
lipid-soluble benzoquinone [17]. CoQ10 is recognized as an
intracellular antioxidant that protects mitochondrial membrane
protein, membrane phospholipids, and low-density lipoprotein
from free radical-induced oxidative damage [18,19]. Psychiatric
medication CoQ10 was added to support mitochondrial function
[20-22]. The present study has assayed the serum CoQ10
concentration in ASDs children that may contribute to recognize
of some individuals to ASDs, especially Iranian.

Materials and Methods
Study design and participants
This study was designed as a randomized, parallel, placebocontrolled study. The sample size was calculated using of with
α=0.05. Thirty children (mean age 7.72 ± 2.65; range 3-12 y)
suffering from mild to severe autism spectrum disorders were
enrolled into the study, ASDs was diagnosed according to the
Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition, Text Revision (DSM-IVTR) American Psychiatric
Association [23], the Autism Diagnostic Observation Schedule
(ADOS) [24] and using CARS (Childhood Autism Rating
Scale, a test combining parent reports and direct observation by
the professional) [25]. This study excluded children who had a
history of Fragile X disorder, tuberous sclerosis, phenylketonuria
(PKU), Lesch-Nyhan syndrome, fetal alcohol syndrome, or
history of maternal illicit drug use [26]. In addition, this study
excluded any children who had a history of chelation therapy
and vitamin or mineral supplements. All children with a history
of seizure disorders, severe head injury, and psychotic disorder
and any other major acute or chronic physical or mental illnesses
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were excluded from the control group. After overnight fasting,
venous blood was drawn from the antecubital vein, at study
enrollment. Participants were group-adjusted for age, sex and
body mass index (BMI) (Table 1). All the subjects were Iranian,
born and living in the state Khuzestan.

Anthropometric measurements
All the participants were measured in weight; height and
their Body Mass Index were calculated. Body mass index
(BMI) (body weight (kg)/height squared (m−2), and standard
deviation (SD) score for BMI (BMI-SDS) were calculated
(Table 1) [27].

Blood samples
The fasting blood samples were collected in the morning
between 8:00 AM and 10:00 AM. The serum was separated by
centrifugation at 1300 g for 10 min at +4°C and divided into
150 µl of aliquots immediately stored at -20°C where after
serum was collected quickly frozen and kept at −20°C in the
Medical School laboratory, Jundishapour University of Medical
Sciences, Ahvaz, Iran, until analyzed time. The storage time
was less than one month.

Biochemical analyses
Determination of the CoQ10 concentration:
CoQ10 serum was measured by ELISA kit (My Bio Source).

diagnostic CoQ10 tests was assessed via curve analysis of the
Receiver Operating Characteristic (ROC).

Results
The comparison of CoQ10 serum level between ASDs and
control groups
Mean serum level of CoQ10 for all participants is shown in
Table 2. Statistical analyses revealed significant differences
between the two groups in measured factor. CoQ10 was higher
in the ASDs group in comparison with controls (Table 2).

Comparison of receiver operating characteristic (ROC)
curves for CoQ10 in ASDs and healthy children
A ROC analysis was performed to assess the diagnostic value
of CoQ10 level for children with ASDs from all examined
cases. This figure shows that serum level CoQ10 cannot be
used as differentiating biomarkers in children with ASDs
(Figure 1).

Discussion
Our results show that coenzyme Q10 serum reduces
significantly in children with ASDs compared to healthy
children. Initial assessments of appropriate antioxidants and
dietary supplements help in improving reducing oxidative
stress to injuries irreversible brain [28,29]. It seems clear
from the present results that coenzyme Q10 may be a

The biochemical analyses:

Table 2. Case processing summary.

Intra-assay Precision (Precision within an assay): CV%<8%.

Case Processing Summary

Inter-assay Precision (Precision between assays): CV%<10%.

Ethics approval and consent
The study was approved by the regional Ethics Committee
of the Medical University of Medical Sciences, Ahvaz, Iran.
Written informed consent was obtained from children’s parents.

Statistical Analysis

Groupa

Valid N (listwise)

Positiveb

30

Negative

30

Larger values of the test result variable(s) indicate stronger evidence for a
positive actual state.
a. The test result variable(s): Q10 has at least one tie between the positive actual
state group and the negative actual state group.
b. The positive actual state is ASDS
Area Under the Curve

The sample size was calculated using α of 0·05 and a power
of analysis 80 %. Data analysis was performed using SPSS
(version 19). The values are expressed as mean ± S.D. (Standard
Deviation) Normal distribution and homogeneity of variance of
the data were tested by the Kolmogorov-Smirnov and Levene
test, respectively. For all the statistical tests, a two-tailed p
value ≤ 0.05 was considered statistically significant and group
differences analyzed using Student’s t-test. Accuracy of the

Test Result Variable(s): Q10
Area

Std. Errora

Asymptotic
Sig.b

.131

0.051

0.000

Asymptotic 95% Confidence
Interval
Lower Bound

Upper Bound

.031

0.231

a. Under the nonparametric assumption
b. Null hypothesis: true area=0.5

Table 1. Demographic and clinical characteristics of ASDs children
and healthy children.
Characteristics

Children with
ASDs (N=30)

Healthy children
(N=30)

t-value

p-value‡

Age (years)

7.72(2.65)

7.42(2.65)

-0.83

0.52

20†

20

Sex n

boys
girls

*

10

10

Weight (kg)*

26.52 (8.2)*

26.86(8.25)

-0.35

0.66

Height (cm)

126.37 (15.56)

126.66(15.6)

-0.34

0.73

BMI (kg/m2)

16.15 (1.38)

16.29 (1.38)

-0.16

0.79

BMI: Body Mass Index; N are numbers.
*Data are mean (standard deviation).
†
Data are numbers.
‡
All 𝑃-values from by two-tailed Student's t- test.
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Figure 1. Concentration of serum coenzyme Q10 in ASDs and healthy
children.
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protective effect against ASDs, which may be attributed
in reducing ROS and inflamation [30]. Coenzyme Q10
supplements can affect in improving activity of antioxidant
enzymes [31,32]. The Voltage Dependent Anion Channel is
involved in control of ASDs. Therapies, including Co-Q10,
have had some achievement on ASDs control [33].
In the present study, the level of serum coenzyme Q10 was low
at baseline in our healthy subjects. The serum coenzyme Q10
concentration can be lowered under chelation therapy [34], but
we excluded patients who were being treated with chelating
agents [35]. As a result, it is believed that supplementation
of Co-Q10 in patients with ASDs might improve sustainable
antioxidation. An increase in the concentration of Co-Q10 might
affect mitochondrial respiratory function [36,37]. CO- Q10 has
a better synergistic effect than other antioxidant vitamins such
as vitamins E, A, and C [38].
The study generally shows some significant irregularities
in the biomarkers of oxidative stress in participants
diagnosed with ASDs [39-41]. Moreover, a significant
inverse correlation is shown between Co-Q10 and ASD

coenzyme Q10

10

severity measured using CARS scoring (Figures 2 and 3).
Followed by reducting Co-Q10 in ASDs may be caused by
an imbalance between the generation of ROS by endogenous/
exogenous pro-oxidants and the defence mechanism against
ROS by antioxidants [42]. Treatment of oxidative stress with
antioxidants and other dietary additions may mitochondrial
dysfunction ameliorate in individuals with autism spectrum
disorders [43]. In addition, it seems clear that coenzyme
Q10 has a protective effect against inflammation, which may
be ascribed to its antioxidant role [44]. Co-Q10 supportive
therapy improved symptoms in children with ASDs, as verbal
communication, sleeping, communication with parents,
playing games of children, and food rejection [45].
Our study has however three limitations. First, the number of
participants was small. Second, the study was designed using
just Ahvaz city. larger and extended sample size are needed to
enable us to establish the beneficial work in patients with ASDs.
Third, our assessment was limited to children. We suggest to it
extend the study on adults in various age groups.
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Figure 2. A summary of the correlation between CoQ10 and ASDs severity.

Figure 3. Comparison of receiver operating characteristic (ROC) curves for Co-Q 10 in ASDs and healthy children.
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Conclusion
In the future, Co-Q10 could be used as promising therapeutic
agents for ASD disorders due to their antioxidative and antiinflammation activities. The apoptosis, necroptosis, and
inflammation can lead to the neurodevelopmental disorders
such as ASDs, Overall supplementation with Co-Q10 provide
promising alternatives to current therapies for apoptosis,
necroptosis, and inflammation and also, neurodevelopmental
disorders.
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