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Abstract

Autism is characterized by deficits in social interaction with restricted repetitive patterns of interests during the
early developmental period. Alterations of some biochemical measures were suspected to have a role in autism
pathogenesis such as dopamine, serotonin and brain-derived neurotrophic factor. These measures are
important for the development of memory, language and social abilities. Hence, they could be altered in autism.
We aimed to measure the blood levels of dopamine, serotonin and brain-derived neurotrophic factor in a group
of Egyptian autistic children with language impairment in comparison to healthy control children to investigate
the relation between them. The study included 40 children with autism and 20 healthy controls. The autism and
language delay were diagnosed according to the diagnostic and statistical manual of mental disorders. The
dopamine and serotonin levels for both groups were determined by high-performance liquid chromatography.
The brain-derived neurotrophic factor was measured by ELISA. The level of dopamine in the autism group was
less than that in the control group while the brain-derived neurotrophic factor level was higher in the autism
group. Investigating the relation between dopamine and the brain-derived neurotrophic factor in the autism
group revealed a statistically significant positive correlation (r=0.5, p<0.01). In conclusion, the dopamine and
the brain-derived neurotrophic factor could have a role in the pathogenesis of autism. These measures could be

used as diagnostic biomarkers for children suspected to have autism.
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Introduction

Autism is a mysterious disorder that leads to deficits
in social interaction with the presence of restricted
repetitive patterns of interests or behavior in the early
period of the child’s development (American
Psychiatric Association, 2013). The co-occurrence
between autism and intellectual disability is common.
Further, the existence of a delay in language
development is very frequent (Meguid et al., 2018).
Although the awareness towards this disorder and its
prevalence is rising, establishing its diagnosis is often
delayed. This delay usually hinders their progress
and prevent them from getting proper management
and rehabilitation in the early years of brain plasticity
(Bello-Mojeed et al.,, 2017). These children usually
manifest learning difficulties, sensory processing and
attention deficits. Autism has a strong genetic and
environmental bases in which inflammatory markers
and factors concerned with synapse formation, nerve
transmission, and information processing are altered.
Dopamine and serotonin are among the
neurotransmitters which were suspected to be altered
in autism. Dopamine is suspected to be involved in
repetitive behaviors, deficits in executive functions
and altered motor activities in autism (Kriete and
Noelle, 2015). It is also related to immune system
functions which were reported to be different in

autism (Meltzer and Van de Water, 2017).

Additionally, Serotonin was implicated in the
immune system, response speed control, cognitive
functioning and social abilities which all are essential
for language development (Schauder et al., 2015). The
dopamine and serotonin were reported to be
influenced by the brain-derived neurotrophic factor
(BDNF) (Narita et al., 2003). Moreover, BDNF has a
role in neuronal connectivity especially in the
hippocampus and hypothalamus and peripheral
sensory nerves (Duff and Brown-Schmidt, 2012).
Hence, investigating the possible relations between
these measures and each other and especially those
with delayed language development would reveal
information about the pathogenesis of autism. This
study was designed to assess levels of dopamine,

serotonin and BDNF in autistic Egyptian children in
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comparison to a sample of developmentally normal
children matched age and sex. Furthermore, to
investigate the association of their levels with
language impairment in response to changes in an
auditory stream of tones or vowels in children with

autism spectrum disorders.

Patients and methods

The present study was designed to be a cross-
sectional study. This study has been approved by the
ethical committee of the National Research Centre
and following the Helsinki Declaration. Informed
consents were obtained from the parents/guardian of

participants.

Patients
The study included forty children with autism
spectrum disorder (group I) and twenty healthy
children (group

socioeconomic class.

control II) with the same
Group 1 participants were
attending the learning disability research clinic in the
Medical Research Centre of Excellence, National

Research Centre, Cairo, Egypt.

Group I: autistic children (277 males and 13 females)
with age ranged from 3.1 to 11 years (6.0 +1.7); they
were sub-grouped according to language impairment
into mild language impairment (6 males, 3 females);
moderate language impairment (14 males, 7 females)
and marked language impairment (7 males, 3
females). Children with autism were diagnosed to
have an autistic disorder and communication
disorder according to the criteria of the diagnostic
and statistical manual of mental disorders, 4th
revision (American

edition, text Psychiatric

Association, 2000).

Group II: comprised healthy children serve as a
control group (12 males and 8 females) with age
range 3.5-9.1 (5.6. £ 1.7) with no history of motor or
language delay.

The inclusion criteria were the diagnosis of autism
and the presence of delay in language development.

The exclusion criteria were the presence of associated
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neuropsychiatric disorders, EEG changes feature
suggestive of syndromic involvement, or motoric

delays.

Procedures and tools

All cases were subjected to detailed history taking
with special emphasis on; onset, course and duration
of the disease and age, sex of the patient,
consanguinity. For the assessment of children, the

following assessment steps were followed:

First, mental status examination using the Standford
Binet intelligence scale fifth edition (Roid, 2003) to
measure the child's cognitive abilities by calculating
the intelligence quotient (IQ) through assessment of 5
factors of cognition: fluid reasoning, knowledge,
quantitative reasoning, visuospatial processing and

working memory.

Second, preschool language scale, fourth edition
(PLS-4) Arabic version (Arabic language test) (Abu-
Hasseba, 2011) to pick up the syntactic profile. It is an
interactive assessment of developmental language
skills that can give the language age of the tested
child.

Third, child autism rating scale (CARS) (Scholper et
al.,, 2010) to assess the severity of autism symptoms.
CARS consists of 15 domains (relating to people;
emotional response; imitation; body use; object use;
listening response; fear or nervousness; verbal
communication; non-verbal communication; activity
level; level and reliability of intellectual response;
adaptation to change; visual response; taste, smell
and touch response; and general impressions). Each
domain is scored on a scale ranging from one to four,
with higher scores associated with a higher level of
impairment. According to the scale, children who
have scored 30-36 have mild autism, while those
with scores ranging between 37 and 40 have
moderate autism, and those with scores more than 40
have severe autism (Mick, 2005). Participants who
met inclusion and exclusion criteria were screened for
language impairment. Preverbal (<25 functional

words) children qualified as language impaired.
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Otherwise, the age-appropriate version of the Clinical
(CELF)

Language

Evaluation of Language Fundamentals

confirmed language  impairment.
impairment was defined as a core standardized score

<85 in the preschool version.

Biochemical measurement

Determination of serum dopamine and serotonin
levels: They were measured by high-performance
liquid-chromatography, Agilent technologies 1100
series, equipped with a quaternary pump (Quat
pump, G131A model) (Hussein et al, 2012).
Dopamine and serotonin HPLC standards were
purchased from Sigma Aldrich Chemicals Company
St. Louis USA. C.

The separation was achieved on the ODS-reversed
phase column (C18, 25 x 0.46 cm id. 5 um). The
mobile phase consisted of potassium phosphate
buffer/methanol 97/3 (v/v) and was delivered at a
flow rate of 1.5 ml/min. UV detection was performed

at 270 nm, and the injection volume was 20 pl.

The concentration of both dopamine and serotonin
were determined by the external standard method
using peak areas. Serial dilutions of standards were

injected, and their peak areas were determined.

A linear standard curve was constructed by plotting
peak areas versus the corresponding concentrations.
The concentrations in samples were obtained from

the curve.

Determination of serum brain-derived neurotrophic
factor: Serum BDNF concentration level was
estimated by sandwich ELISA method using the
Human BDNF ELISA kit (sunlong Biotech Co.) (da

Costa et al., 2017).

Statistical analysis
The analysis was performed using Statistical Package
for the Social Science (SPSS) for Windows (version
17.0, Chicago, IL, USA). The data were analyzed by
the Mann-Whitney non-parametric test. Receiver
characteristics (ROC)

operating analysis was
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employed to find the best cutoff value of all the

studied parameters. P <o0.05 was considered

statistically significant.

Results
A comparison between the two groups revealed that
the dopamine level in autistic children was

significantly lower than in the control group. The
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BDNF level in the autism group showed a marked
increase than that in the control group with a
statistically significant difference. Serotonin level did
not show a significant difference between groups
despite being less in the autism group (Table 1, Figs
1,2). The clinicopathological features of the autistic
studied group according to language impairment was

shown in Table 2.

Table 1. Comparison between the autistic and control groups regarding dopamine, serotonin and BDNF levels.

Variable Statistics Autistic group Control group Z P-value
N=40 N=20

Dopamine Median (Q: Qs3) 4.6 (3.5-6.3) 6.8 (4.7-8.5) -4.4 0.001
(ng/ml) Range 1.9 —11.3 3.0 —11.3 HS

Serotonin Median (Q: Qs3) 0.2 (0.2-0.3) 0.2 (0.2-0.3) -0.02 0.901
(ng/ml) Range 0.1—-0.4 0.1—-0.4 NS
BDNF Median (Qi- Qs) 161 (108 —199) 73 (68 —83) -5.3 0.001
(ng/ml) Range 61.0 - 270 62. - 90 HS

(Q1-Q3): 25t percentile- 75t percentile
Z: Mann-Whitney test value.

When comparing the levels of studied parameters
among language impairment autistic subgroups, we

found a statistically significant difference in BDNF

level between mild, moderate and marked autistic
group (, p<0.01) while serum serotonin and

dopamine showed no difference (Table 3, Fig. 3).

Table 2. Clinicopathological Features of autistic children group.

Variable Statistics Autistic subgroups (Language impairment)
N=40
Mild Moderate Marked Test P-value
N=9 N=21 N=10 value
Age (years) Mean + SD 6.0+1.9 6.2+2.0 5.6£1.5 F=0.4 0.82
range 3.2-9.0 3.1—11.0 3.8-8.1 NS
Gender N (%)
Male 6 (67) 14 (67) 7 (70) 0.4 0.9
Female 3(33) 7 (33) 3 (30) (NS

Receiving the operating characteristics curve (ROC)
was performed and it revealed that the percentage of
BDNF accuracy was more than that of dopamine
(Table 4, Fig. 4). A significant positive correlation was
obtained between the levels of dopamine and BDNF
(r=0.5, p<0.01).

Discussion

From the time of birth, a newborn is continuously
exposed and naturally attracted to human voices, and
as he grows, he becomes increasingly responsive to

these speech stimuli, which are strong drivers for his

language development and knowledge acquisition
about the world. Young children with autism
spectrum disorder (ASD) are often insensitive to
human voices. Failure to attend to speak in turn
results in altered development of language and social-
communication skills (Sperdin and Schaer, 2016).
Language difficulties have been reported in autism.
The linguistic difficulties included semantics,
pragmatics and expressive language deficits (Weismer
et al., 2010). Furthermore, deficits in the theory of
mind and receptive language were noticed in autism

(Boddaert et al., 2004).
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Table 3. Comparative analysis of studied parameters between different autistic subgroups based on language

impairment score.

Variable Autistic subgroups according to Language impairment
Median (Q:«- Qs3)
Range
Mild (n=9) Moderate (n=21) Marked (n=10) F P value
Dopamine 4.0 (2.6 — 4.2) 4.0 (3.0-5.2) 4.1(3.1-5.0) 0.5 0.6
(ng/ml) 1.9 —-5.2 2.2— 7.5 2.0 - 6.3 NS
Serotonin 0.2(0.2 - 0.3) 0.3 (0.2-0.3) 0.2 (0.2-0.3) 0.9 0.4
(ng/ml) 0.14 - 0.3 0.2-0.4 0.2-0.4 NS
BDNF (ng/ml) 82.0 (75.0 — 89.0) * 160 (131 —172) ** 233 (205 -255) 91.0 0.001*

61.0 — 97.0

103 - 195

202 - 270 HS

F: ANOVA test value;

* test is statically significant at <0.001 when compared to moderate and marked subgroup

** test is statically significant at <0.001 when compared to marked subgroup.

Studying the biochemical markers in autism is
promising regarding the early diagnosis of at-risk
children and regarding the potential subtyping of
autism, not to mention the benefit of understanding

the pathophysiological changes in such disorder

((Pavil, 2017). Therefore, this study targeted some
biomarkers that were suspected to be implicated in
autism yet have not been investigated in Egyptian
autistic children with investigating their role in

language impairment.

Table 1. Diagnostic performance of dopamine, serotonin and BDNF in the autistic group.

Variable Cut-off AUC Sensitivity Specificity Accuracy %
% %
Dopamine (ng/ml) 0.2 0.85 90 70 83.3
Serotonin (ng/ml) 0.3 0.50 70 8o 65.0
BDNF (ng/ml) 85.5 0.92 88 85 87.0

BDNF: brain-derived neurotrophic factor; AUC: Area under the curve.

Abnormalities in the dopamine system especially the
mesolimbic dopamine were implicated in social
Although

peripheral dopamine level does not necessarily reflect

deficits in autism (Chugani, 2011).
its brain level, it was reported that dopamine agonists
improved social performance in studies targeted
autistic animals’ model. The dopamine low levels
could participate in the peripheral symptoms
manifested by autistic children such as
gastrointestinal disturbances and immune system
abnormalities especially T cells malfunctioning
(Mannion and Leader, 2016; Careaga et al., 2017).
The excess dopamine turnover could explain its low
level in blood. Quaak et al. (2013) reported elevated

homovanillic acid in the urine of autistic individuals

which is a substance resulting from dopamine
metabolism. The reduced dopamine level could also
be related to dopamine transporter functioning which
is responsible for the reuptake of dopamine and
clearing it from synapses (Cartier et al., 2015). In
agreement with these findings, the current study
displayed a highly significant decrease in dopamine
serum levels among autistic children when compared

to normal children.

The correlation detected in the present study between
the peripheral levels of dopamine and brain-derived
neurotrophic factor could reflect a preserved central
relation between them which was previously reported

in autistic subjects in the study of Narita et al. (2003).
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Fig. 1. The levels of dopamine among studied groups.

The brain-derived neurotrophic factor is widely
expressed in the hippocampus and hypothalamus.
Additionally, receptive language development was
linked to the hippocampus these areas are known to
be involved in motivation, emotional response, and
hormonal balance which were reported to be altered
or defective in autism (Miyazaki et al., 2004). This

neurotrophin promotes neuronal growth and its

optimal level is mandatory for proper connections
required for memory, cognition and language
development. However, its significantly high levels in
the autism group seem to be harmful. Therefore,
abnormal BDNF levels could harm brain functioning
especially these areas in which BDNF is highly
expressed and could have resulted in the negative

impact on language abilities.
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Fig. 1. The levels BDNF among studied groups.
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The possible harmful effect of high BDNF levels could
be attributed to the imbalance between mature BDNF
and the pro BDNF. The pro BDNF role is to inhibit
neuronal growth and to induce apoptosis while
mature BDNF is responsible for neuronal migration

and maturation (Borodinova and Salozhin, 2017).

The cortical thickness in autistic children was
reported to be increased and was significantly more
than that in typically developing children (Saleh et al.,
2015). The high levels of BDNF could have led to
excess growth of neurons leading to disturbances in
their functioning. The BDNF could have been found

to share in the disturbances of the immune system

2020

(Lainhart and Lange, 2011). This immune response
disturbance adds to the problem related to dopamine
deficits and could participate in increasing the
severity of autism. Memory disturbances in autism
could lead to language delay and hinder verbal and
non-verbal communication in autistic children

(Toichi and Kamio, 2003).

Episodic memory, for example, helps the child to
encode the relations among different stimuli that are
related to an event to make this event a cohesive unit.
Therefore, this type of memory is very important for
social and language development. These abilities were

noticed to be defective in autism (Cooper et al., 2017).

250
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® Marked
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Fig. 2. Frequency of serum dopamine, serotonin and BDNF in different language impairment levels among

autistic children.

Deficits in semantics which indicates the meaning of
words and sentences were attributed to abnormalities
in semantic-episodic memory connection (Toichi and
Kamio, 2003). The episodic memory is important for
the retrieval of experienced events in the past and it
was reported to be defective in autism (Cooper et al.,
2017). The BDNF expression has been linked to
episodic memory development (Cathomas et al,
2010). Considering all these factors together with the
results of the present study which detected a

diagnostic accuracy of 83.3% and 87% for dopamine

and brain-derived neurotrophic factor respectively, it
is advisable to use these measures as biomarkers for
such mysterious disorder. Using these biomarkers for
the children suspected to have autism could help in
the early diagnosis of such children. Furthermore,
these measures could be used as follow up markers to
monitor the progress in therapy and the response to
medication prescribed to them to regain the balance
of the biochemical measures in such individuals.
Alteration in serotonin levels was previously reported

to differ in only 25-50% of cases with autism
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(Anderson et al,, 2009). However, the absence of
significance regarding the serotonin levels in autistic

children limits its role in influencing the abilities of

2020

this sample of autistic children. These results agree

with Ramoz et al. (2006) who limits the involvement

of the serotonin system in autism.
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Fig. 3. Receiving operating characteristics (ROC) curve for

Conclusion

In conclusion, the dopamine and the brain-derived
neurotrophic factor could have a role in the
pathogenesis of autism. Further, BDNF levels could
harm language abilities and thus play a role in the
degree of language defect.

These measures could be wused as diagnostic
biomarkers for children suspected to have autism and

for monitoring language impairment.

Declarations
Funding
This research received no specific grant from any

funding agency in the public or commercial.

Conflicts of interest

All authors declared no potential conflicts of interest.

Ethics approval
All procedures performed in studies involving human

participants were following the ethical standards of

the dopamine, serotonin and BDNF.

the institutional and/or national research committee
and with the 1964 Helsinki declaration and its later

amendments or comparable ethical standards.

Consent to participate
Informed consent was obtained from all individual

participants included in the study.

Consent for publication

Not applicable.

Availability of data and material

Data are available with authors upon request.

Code availability
Not applicable.

References

Abu-Hasseba A. 2011. Standardization translation
and modification of the preschool language scale-4.
MD thesis of phoniatrics. Cairo, Egypt: Faculty of

medicine, Ain Shams University.

283 | Ramadan et al.



American Psychiatric Association. 2013.
Diagnostic and statistical manual of mental disorders,
5th ed. American Psychiatric Association. Arlington,
VA.

http://dx.doi.org/10.1176 /appi.books.9780890425.5

96

American Psychiatric Association. 2000.
Diagnostic and statistical manual of mental disorders,
fourth edition, text revision. American Psychiatric

Association. Washington DC.

Anderson BM, Schnetz-Boutaud NC, Bartlett
J, Wotawa AM, Wright HH, Abramson RK.
2009. Examination of association of genes in the
serotonin system to autism. Neurogene 10(3), 209-
16.

http://dx.doi.org/10.1007/510048-009-0171-7

Bello-Mojeed MA, Omigbodun OO, Bakare
MO, Adewuya AO. 2017. Pattern of impairments
and late diagnosis of autism spectrum disorder
among a sub-Saharan African clinical population of
children in Nigeria. Global Mental Health (Camb). 4,
e5.

http://dx.doi.org/10.1017/gmh.2016.30

Boddaert N, Chabane N, Belin P, Bourgeois
M, Royer V, Barthelemy C, Mouren-Simeoni
MC, Philippe A, Brunelle

Y, Zilbovicius M. 2004. Perception of complex

F, Samson
sounds in autism: abnormal auditory cortical
processing in children. The American Journal of
Psychiatry 161(11), 2117-20.
http://dx.doi.org/10.1176 /appi.ajp.161.11.2117

Borodinova AA, Salozhin SV. 2017. Differences
in the Biological Functions of BDNF and proBDNF in
the Central Nervous System. Neuroscience and
Behavioral Physiology volume 47(3), 251-265.
http://dx.doi.org/10.1007/s11055-017-0391-5

Careaga M, Rogers S, Hansen RL, Amaral DG,
Ashwood P. 2017. Immune endophenotypes in

children with autism spectrum disorder. Biological

2020

Psychiatry 81(5), 434-441.
http://dx.doi.org/10.1016/j.biopsych.2015.08.036

Cartier E, Hamilton PJ, Belovichd AN,
Shekard A, Campbellb NG, Saundersd C,
Andreassen TF. 2015. Rare autism-associated
(STX1 R26Q)

phosphorylation and the dopamine transporter

variants implicate syntaxin 1
(hDAT R51W) in dopamine neurotransmission and
behaviors. EBioMedicine 2(2), 135-146.

http://dx.doi.org/10.1016/j.ebiom.2015.01.007.

Cathomas F, Vogler C, Euler-Sigmund JC, de
Quervain DJ, Papassotiropoulos A. 2010. Fine-
mapping of the brain-derived neurotrophic factor
(BDNF) gene supports an association of the Val66Met
polymorphism with episodic memory. International
Journal of Neuropsychopharmacology 13(8), 975-80.
http://dx.doi.org/10.1017/51461145710000519

Chugani DC. 2011. Neurotransmitters. In: Amaral,
Geshwind (ed) Autism spectrum

disorders. Oxford University Press, Oxford, UK.

Dawson ve

Cooper RA, Richter FR, Bays PM, Plaisted-
Grant KC, Simon Baron-Cohen S, Simons JS.
2017. Reduced Hippocampal Functional Connectivity
During Episodic Memory Retrieval in Autism.
Cerebral Cortex 27(2), 888—902.
http://dx.doi.org/10.1093/cercor/bhw417

da Costa RO, Gadelha-Filho C, da Costa A,
Feitosa M, de Aradjo D, de Lucena J, de
Aquino PEA, Lima FAV, Neves KRT, de Barros
Viana GS. 2017. The treadmill exercise protects
against dopaminergic neuron loss and brain oxidative
stress in parkinsonian rats. Oxidative Medicine and
Cellular Longevity 2138169.
http://dx.doi.org/10.1155/2017/2138169.

Duff MC, Brown-Schmidt S. 2012. The
hippocampus and the flexible use and processing of
language. Frontiers in Human Neuroscience 6, 69.

http://dx.doi.org/10.3389/fnhum.2012.000.69

284 | Ramadan et al.


http://dx.doi.org/10.1176/appi.books.9780890425.596
http://dx.doi.org/10.1176/appi.books.9780890425.596
http://dx.doi.org/10.1176/appi.books.9780890425.596
http://dx.doi.org/10.1007/s10048-009-0171-7
https://dx.doi.org/10.1017%2Fgmh.2016.30
http://dx.doi.org/10.1176/appi.ajp.161.11.2117
http://dx.doi.org/10.1007/s11055-017-0391-5
http://dx.doi.org/10.1016/j.biopsych.2015.08.036
http://dx.doi.org/10.1016/j.ebiom.2015.01.007
http://dx.doi.org/10.1017/S1461145710000519
http://dx.doi.org/10.1093/cercor/bhw417
http://dx.doi.org/10.1155/2017/2138169
http://dx.doi.org/10.3389/fnhum.2012.000.69
http://dx.doi.org/10.3389/fnhum.2012.000.69

Hussein J, El-Matty DA, El-Khayat Z, Abdel-
Latif Y. 2012. Brain neurotransmitters in diabetic
rats treated with coenzyme Qio. International
Journal of Pharmacy and Pharmaceutical Sciences

4(4), 554-556.

Kriete T, Noelle D. 2015. Dopamine and the
development of executive dysfunction in autism
spectrum disorders. PLoS One 10(3), €0121605.
http://dx.doi.org/10.1371/journal.pone.01216.05

Lainhart JE, Lange N. 2011. Increased neuron
number and head size in autism. JAMA. 306(18),
2031-2.

http://dx.doi.org/10.1001/jama.2011.1633

Mannion A, Leader G. 2016. An investigation of
comorbid psychological disorders, sleep problems,
gastrointestinal symptoms and epilepsy in children
and adolescents with autism spectrum disorder: A
two-year follow-up. Research in Autism Spectrum
Disorders 22, 20-33.
http://dx.doi.org/10.1016/j.rasd.2015.11.002

Meguid NA, Nashaat NH, Hashem HS, Khalil
MM. 2018. Frequency of risk factors and coexisting
abnormalities in a population of Egyptian children
with autism spectrum disorder. Asian Journal of
Psychiatry 32, 54-58.
http://dx.doi.org/10.1016/j.ajp.2017.11.037

Meltzer A, Van de Water J. 2017. The Role of the
Immune System in Autism Spectrum Disorder.
Neuropsychopharmacology 42(1), 284-298.
http://dx.doi.org/10.1038/npp.2016.15.8

Mick KA. 2005. Diagnosing Autism: Comparison of
the Childhood Autism Rating Scale (CARS) and the
Autism Diagnostic Observation Schedule (ADOS).
PhD Dissertation. Kansas: Wichita State University.

Miyazaki K, Narita N, Sakuta R, Miyahara T,
Naruse H, Okado N, Narita M. 2004. Serum
neurotrophin concentrations in autism and mental

retardation: a pilot study. Brain and Development

2020

26(5), 292-295.
http://dx.doi.org/10.1016/S0387-7604(03)00168-2.

Narita M, Aoki K, Takagi M, Yajima Y, Suzuki
T. 2003. Implication of brain-derived neurotrophic
factor in the release of dopamine and dopamine-
related behaviors induced by methamphetamine.
Neuroscience 119(3), 767-75.
http://dx.doi.org/10.1016/50306-4522(03)00099-X.

Paval D. 2017. A Dopamine Hypothesis of Autism
Spectrum Disorder. Developmental Neuroscience 39,

355-360.
http://dx.doi.org/10.1159/000478725

Quaak I, Brouns MR, Van de Bor M. 2013. The
Dynamics of autism spectrum disorders: how
neurotoxic compounds and neurotransmitters
interact. International Journal of Environmental
Research and Public Health 10(8), 3384—3408.

http://dx.doi.org/10.3390/ijerph100833.84

Ramoz N, Reichert JG, Corwin TE, Smith CJ,
Silverman JM, Hollander E, Buxbaum JD.
2006. Lack of evidence for association of the
serotonin transporter gene SLC6A4 with autism. Biol
Psychiatry 60(2), 186-91.
http://dx.doi.org/10.1016/j.biopsych.2006.01.009.

Roid GH. 2003. Stanford-Binet intelligence scales.
Riverside Pub.,
http://journals.sagepub.com/doi/abs/10.1177/08295
735040190011311.

Saleh M, Nashaat NH, Fahim C, Ibrahim AS,
Meguid N. 2015 MRI
morphometry in Egyptian autistic and typically

surface-based brain

developing children. Folia Phoniatrica et Logopaedica
67(1), 29-35.
http://dx.doi.org/10.1159/000368962.

Schauder KB, Muller CL, Veenstra-Vander
Weele J, Cascio CJ. 2015. Genetic variation in
modulates tactile

serotonin transporter

hyperresponsiveness in ASD. Research in Autism

285 | Ramadan et al.


http://dx.doi.org/10.1371/journal.pone.01216.05
http://dx.doi.org/10.1001/jama.2011.1633
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.rasd.2015.11.002?_sg%5B0%5D=fvURP3MEAZmO59ing2X6Ez6eJLr-GQ68NRSkWF7uGWiL06kwd2veeWjDp2TYvPBALj72vHQAr64XtTqc7GgxvErTtg.t_6zBb5PpXsmv0ar9m4anhDKU_FzLJHU_WWMRgMIL_kjVxouzsNM8Q8IQNryq989T3kZ0Hxnml-e4gBkk5O1Uw
http://dx.doi.org/10.1016/j.ajp.2017.11.037
http://dx.doi.org/10.1038/npp.2016.15.8
http://dx.doi.org/10.1016/S0387-7604(03)00168-2
http://dx.doi.org/10.1016/s0306-4522(03)00099-x
http://dx.doi.org/10.1159/000478725
https://dx.doi.org/10.3390%2Fijerph10083384
http://dx.doi.org/10.1016/j.biopsych.2006.01.009
http://journals.sagepub.com/doi/abs/10.1177/08295735040190011311
http://journals.sagepub.com/doi/abs/10.1177/08295735040190011311
http://dx.doi.org/10.1159/000368962

Spectrum Disorders 10, 93—100.

http://dx.doi.org/10.1016/j.rasd.2014.11.008.

Scholper E, Van Bourgondien ME, Wellman
GJ, Love SR. 2010. Childhood Autism Rating Scale-
(CARS2). Los Angeles, CA: Western Psychological
Services, p 658.
Sperdin HF, Schaer M. 2016. Aberrant
Development of Speech Processing in Young Children
with Autism: New Insights from Neuroimaging

Biomarkers. Frontiers in Neuroscience 10,393.

http://dx.doi.org/10.3389/fnins.2016.00393.

2020

Toichi M. Kamio Y. 2003. Long-term memory in
high-functioning autism: controversy on episodic
memory in autism reconsidered. Journal of Autism
and Developmental Disorders 33(2), 151-161.

http://dx.doi.org/10.1023/A:1022935325843

Weismer SE, Lord C, Esler A. 2010. Early
language patterns of toddlers on the autism spectrum
compared to toddlers with developmental delay.
Journal of Autism and Developmental Disorders
40(10), 1259-1273.
http://dx.doi.org/10.1007/s10803-010-0983-1

286 | Ramadan et al.


http://dx.doi.org/10.1016/j.rasd.2014.11.008
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sperdin%20HF%5BAuthor%5D&cauthor=true&cauthor_uid=27610073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schaer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27610073
https://www.ncbi.nlm.nih.gov/pubmed/27610073
http://dx.doi.org/10.3389/fnins.2016.00393
http://dx.doi.org/10.1023/A:1022935325843
https://dx.doi.org/10.1007%2Fs10803-010-0983-1

