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Abstract Neurodegenerative molecules play an important

role in maintaining a supply for synaptic vesicles; and they

are also likely to help regulate the dopamine release which

is the primary mechanism of action in pharmacological

treatments for attention deficit hyperactivity disorder

(ADHD). It is suggested that there could be interactions

between a-synuclein and tau in cytoskeletal disorganiza-

tion and synaptic dystrophy. Therefore, we aim to deter-

mine the serum levels of neurodegenerative molecules such

as a-synuclein and tau in children with ADHD. The study

group consisted of 25 children, aged 6–10, diagnosed with

ADHD according to DSM-IV criteria and who appeared at

Dicle University, Faculty of Medicine, and Department of

Child Psychiatry in Diyarbakır, Turkey. 25 children, hav-

ing no psychiatric disorders and medical illnesses, were

selected as healthy control group. Serum a-synuclein and

tau concentrations were determined by Enzyme-Linked

Immuno Sorbent Assay. The a-synuclein levels of ADHD

were not significantly different than those of controls. The

tau levels of ADHD were found to be statistically signifi-

cantly higher than those of controls. Moreover, a-synuclein
levels showed a statistically significantly positive correla-

tion with tau levels in children with ADHD. The results of

our preliminary study can suggest that ADHD might pos-

sibly share a common disease mechanism with other

diseases in terms of tau pathology. Increased serum tau

level may be an indication of disturbance of microtubule

transportation in the brains of children with ADHD.

Keywords ADHD � Neurodegeneration � a-Synuclein �
Tau protein � Biomarker

Introduction

Attention deficit hyperactivity disorder (ADHD) is a

heterogeneous, developmental disorder characterised by

lack of attention and hyperactivity. Available theories on

pathobiological etiology of ADHD converge around the

centrality of dopamine (DA) regulation in the frontosub-

cortical system, which is the primary mechanism of action

in pharmacological treatments for ADHD [1].

Dopamine can affect the accumulation of a-synuclein, a
protein mechanistically and genetically involved in the

pathogenesis of dopaminergic neuronal death [2]. On the

other hand, a-synuclein plays an important role in main-

taining a supply for synaptic vesicles in presynaptic ter-

minals; and it may also help to regulate the dopamine

release [3]. Other primary function of a-synuclein in

dopaminergic neurons may be the regulation of dopamine

content and synaptic tone at the synapse. a-synuclein is

mainly localized in the presynaptic terminals and regulates

the synaptic vesicles in mature neurons [4]. It is suggested

there may be interactions between a-synuclein and tau in

cytoskeletal disorganization and synaptic dystrophy [5].

Tau is a microtubule-associated protein involved in the

normal functioning and viability of neurons by maintaining

their proper morphologies and axonal transport. Moreover,

it is shown in a study that the function of dopaminergic

neurons affected by gene transfer of tau appears to be more
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sensitive rather than a-synuclein-related damage in this

model [6].

It is proposed that the biochemical abnormalities and

neurodegeneration process may play significant roles in the

etiology of ADHD including dopamine and serotonin

neurotransmission pathways [7]. There has been increased

attention to ADHD as a heritable neuropsychiatric condi-

tion linked to pathogenesis of brain dopamine [8]. Both a-
synuclein and tau are important for substantia nigra neu-

rodegeneration models in rats, further indicating their

potential as therapeutic targets for human diseases

involving loss of dopamine neurons [6].

As far as known, some researchers have suggested that

neurobehavioural deficits and pathophysiology of ADHD

are associated with microstructural abnormalities of brain

white matter, apoptotic neurodegeneration, cytokine-re-

lated neurotrophin reflecting glial integrity (S100B), neu-

rotrophic growth factor systems including brain-derived

neurotrophic factor, and microglial activation [7, 9–15]. It

has also been recommended that markers of glial function

and neurodegeneration should be examined in patients with

ADHD [7, 12]. However, so far, a-synuclein and tau levels,
being associated with neurodegeneration, have not been

studied in patients with ADHD.

Considering these aspects, we hypothesized that the a-
synuclein and tau levels may have some affects on ADHD,

and a-synuclein and tau may be used to comprehend the

pathological mechanisms of ADHD. Therefore, we aimed

to determine the serum levels of a-synuclein and tau,

which have not been investigated previously in children

with ADHD although these two markers have been

detected in many diseases being associated with

neurodegeneration.

Materials and Methods

Subjects and Study Design

This study was carried out in Child Psychiatry Department

of Dicle University Training and Research Hospital. The

population, taking part in the study, was comprised of 25

children, who were between the ages of 6 and 10 and

diagnosed with ADHD prior to treatment. The diagnosis of

ADHD was performed in line with the 4th edition criteria

of Diagnostic and Statistical Manual of Mental Disorders

(DSM-IV-TR) [16].

25 children, having no psychiatric disorders and medical

illnesses, were selected as healthy control group. Written

consent was obtained from parents of children so that they

could participate in voluntary work. ADHD diagnosed

children, who had comorbid with oppositional defiant dis-

orders, were also included in the study. Children, who had

mental retardation, autism spectrum disorders and tic dis-

orders, history of head trauma, psychotropics, previous or

current cortisol therapy, chronic systemic disorders, and

clinically active infection, were excluded from the study in

order to prevent interference with biochemical parameters.

Two experienced psychiatry doctors evaluated the patients.

Inter-rater agreement was 0.80. The study protocol was

approved by the Non-invasive Clinical Research Ethics

Committee of Dicle University (NCREC No: 27.02.2015/

167).

Kiddie Schedule for Affective Disorders

and Schizophrenia, Present and Lifetime Version

(K-SADS-PL)

K-SADS-PL was administered by interviewing the parents

of the children and finally summary ratings, which included

all sources of information, were achieved. This test was

adapted by Gökler et al. [17] for Turkish children and

adolescents. K-SADS-PL is a semi-structured diagnostic

interview designed to assess current and past episodes of

psychopathology in children and adolescents according to

DSM-IIIR and DSM-IV criteria [18].

Child and Adolescent Behavior Disorders Screening

and Rating Scale

Then, Turgay DSM-IV Based Child and Adolescent

Behavior Disorders Screening and Rating Scale (T-DSM-

IV-S) was individually administered. This scale, which is

an individually administered test including 9 items (ques-

tioning lack of inattention), 6 items (questioning hyperac-

tivity), 3 items (questioning impulsivity), 8 items

(questioning oppositional defiant disorder), and 15 items

(questioning behavior disorders), consisting of 41 items,

according to DSM-IV criteria was developed by Turgay

[19].

Stroop Test

Then the Stroop test, which is a neuropsychological test

reflecting the activity of prefrontal area of the brain, was

administered. In the Stroop Test, both processing speed and

resistance to interference are measured by requiring the

participant to give his/her attention selectively to the task-

relevant stimulus and respond to this stimulus and inhibit a

competing automatic response [20]. The Stroop test

involves the use of four white cards with the dimensions of

14.0 9 21.5 cm. Each card contains an array of six lines

comprised of four items. These cards are the ‘‘stimuli’’ of

the test; and the reactions, which the participants must give

to these stimuli, or the tasks, which the participants must

perform, constitute the sections of the test. The scores in
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each experiment are calculated by rating each section

separately. The test evaluates the ability of parallel dis-

tributed processing for recognized and unrecognized

stimuli, processing speed, and the ability to resist against

interference effects of automatic processes [20]. The

validity and reliability of Turkish version of this scale were

evaluated by Karakaş et al. [21, 22]. Considering the fact

that completing the tasks on the card would be affected by

variables such as perceptional problems and psychomotor

speed, interference effect score was calculated by sub-

tracting the time to recognize colours from the time to

complete the interference effect card. The timing, number

of mistakes and the corrections were assessed. Children

who had pervasive developmental disorder intelligence

scores of less than about 70 were excluded from the study

[21].

Sample Preparation and Measurement

Laboratory measurements were accomplished in microbi-

ology laboratory of Dicle University Medicine Faculty.

Blood samples were drawn by the venipuncture technique

into three different tubes without anticoagulant. This

sample collection was conducted for both the control and

patient group after an overnight (C12 h) fast. Blood

specimens were allowed to clot for 30 min. They were

centrifuged at 4000 rpm for 10 min as usual. Thus, blood

cells and all large particles in blood samples were precip-

itated. Yellow and clear serum samples were selected for

the study. We removed both hemolyzed and lipemic blood

samples. The aliquots of serum samples were kept at

-70 �C for measurement of a-synuclein and tau

concentrations.

Measurement of Alfa-Synuclein and Tau Protein

Serum a-synuclein and tau concentration were determined

by Enzyme-Linked ImmunoSorbent Assay (ELISA) test.

These kits (a-synuclein: YEHUA Biological Technology-

Catalog Number: YHB0151Hu and Tau: YEHUA Biolog-

ical Technology-Catalog Number: YHB3036Hu) use

ELISA based on biotin double antibody sandwich tech-

nology to assay Human a-synuclein and tau levels in

serum, blood plasma, saline, urine and other related tissue

liquids.

Procedures were performed as follows; 50 ll standards
were added to the standard solution wells, 40 ll serum

samples and 10 ll a-synuclein or tau proantibodies were

added to the sample wells. Then 50 ll streptavidin-HRP
was added to each well except empty well, and the plate

was covered with seal plate membrane. Plate was shaked

gently to mix; and it incubated at 37 �C for 60 min away

from light. The plate was washed carefully five times then

blotted. 50 ll chromogen reagent A was added to each

well, then 50 ll chromogen reagent B was added to each

well; and plate was incubated for 10 min at 37 �C away

from light for color development. Finally, 50 ll stop

solution was added to each well. We measured the optical

density (OD) of each well under 450 nm wavelength within

10 min after having added stop solution. According to

standard concentrations and corresponding OD values, we

calculated the linear regression equation of the standard

curve and we determined a-synuclein and tau concentra-

tions of samples.

Statistical Analysis

Statistical analyses were performed using statistics pro-

grams with IBM SPSS Statistics 22.0. The normality of the

data was assessed by the Shapiro–Wilk normality test and

Q–Q graphs. Data were expressed as numbers for cate-

gorical variables and mean ± SD or median (25th–75th

percentile) for continuous variables. Age comparison

between groups was performed using Mann–Whitney U

test. Gender comparison was made with the exact method

of the Chi-square test. In terms of a-synuclein and tau,

comparisons between-groups were performed with inde-

pendent sample t test. P\ 0.05 was considered to be sta-

tistically significant.

Results

Our study consisted of 25 children with ADHD (14 female

and 11 male) and 25 controls (12 female and 13 male). The

mean ages of the controls were 9.5 ± 2.51 and children

with ADHD were 8.89 ± 2.54 (p = 0.373). The mean

interference effect score of the Stroop Test was

24.7 ± 10.6. The mean attention score of children with

ADHD according to parents was 17.9 ± 4.6 points and

according to teachers, it was 16.1 ± 5.2 points. The mean

hyperactivity–impulsivity score of children with ADHD

according to parents was 12.9 ± 8.8 points and according

to teachers, it was 13.4 ± 5.8 points. The mean opposition

defiance score of children with ADHD according to parents

was 9.7 ± 7.6 points and according to teachers, it was

10.2 ± 7.2 points (Table 1).

The a-synuclein levels median = 51.41 (25th–

75th = 42.45–69.61 ng/ml) of ADHD was not signifi-

cantly different (p = 0.063) from the median = 50.52

(25th–75th = 44.66–58.67 ng/ml) of controls (Fig. 1;

Table 2). The tau levels in children with ADHD med-

ian = 470.0 (25th–75th = 360.6–1010.5 ng/l) were found

to be statistically significantly higher (p = 0.002) than

those of controls’ median = 394.5 (25th–75th =

304.7–566.0 ng/l) (Fig. 2; Table 2).
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On the other hand, the serum distribution of a-synuclein
levels in healthy children and children with ADHD was

min = 34.0, max = 103.5 and min = 35.7, max =

108.0 ng/ml, respectively. The serum distribution of tau

levels in healthy children and children with ADHD was

min = 251.7, max = 829.9 and min = 224.7,

max = 1211.6 ng/l, respectively (Table 2).

On the other hand, when correlation analysis was

administered, a-synuclein levels showed a statistically

significantly (r = 0.777; p\ 0.01) positive correlation

with tau levels (Fig. 3) in children with ADHD, while

such a relationship was not found in control group. a-
synuclein and tau concentrations did not show any statis-

tically significant correlations in clinical parameters such

as stroop test with study groups.

Discussion

This is the first report on a-synuclein and tau-protein in

serum levels of children with ADHD. In this study, it was

found that the level of tau-protein was significantly dif-

ferent in ADHD group when compared to the control

group. Moreover, it was specified that tau levels showed a

correlation with a-synuclein in children with ADHD.

When the literature was examined, there found a very

limited number of studies on diseases caused by tau-protein.

Table 1 The basic characteristics of T-DSM-IV-S and the Stroop

Test scores of children with ADHD

Parameters ADHD group

(n = 25)

Interference effect 24.7 ± 10.6

According to

parents

(mean ± SD)

According to

teachers

(mean ± SD)

Attention 17.9 ± 4.6 16.1 ± 5.2

Hyperactivity–

impulsivity

12.9 ± 8.8 13.4 ± 5.8

Oppositional defiant 9.7 ± 7.6 10.2 ± 7.2

T-DSM-IV-S: Turgay DSM-IV based child and adolescent behaviour

disorders screening and rating scale. Data are expressed as

mean ± SD for continuous variables

ADHDControl

120

100

80

60

40

20

α-synuclein(ng/ml)

Fig. 1 Tukey box plots illustrating the results of the categorical

comparison between control and ADHD groups in terms of a-
synuclein concentration (p = 0.058)

Table 2 Main characteristics of

a-synuclein and tau protein

levels in study groups

Parameters Control group

(n = 25)

ADHD group

(n = 25)

p

Gender (M/F) 13/12 11/14 0.779

Age (years) 9.5 ± 2.51 8.89 ± 2.54 0.373

a-synuclein (ng/ml) 51.41 (42.45–69.61) 50.52 (44.66–58.67) 0.058

Tau protein (ng/l) 470.0 (360.6–1010.5) 394.5 (304.7–566.0) 0.003

a-synuclein (min/max) (34.0/103.5) (35.7/108.0) –

Tau protein (min/max) (251.7/829.9) (224.7/1211.6) –

Data are expressed as numbers for categorical variables and mean ± SD or median (25th–75th percentile)

for continuous variables

M male, F female

ADHDControl

1.250

1.000

750

500

250

Tau-pro(ng/L)

Fig. 2 Tukey box plots illustrating the results of the categorical

comparison between control and ADHD groups in terms of tau

protein concentration (p = 0.003)
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However, to the best of our knowledge, till now, tau proteins,

which are associated with neurodegeneration, have not been

studied in the patients with ADHD. We have not encountered

any studies having examined the children with ADHD in

terms of a-synuclein and tau-protein when we wished to

compare the findings of present study in terms of synucle-

inopathies and tauopathies. Nevertheless, the toxic effects and

mechanisms of Pb on learning and memory was investigated

by Zhang et al. [23]. The results of their study showed that Pb

exposure can cause excessive accumulation of a-synuclein
and hyperphosphorylation of tau. They expressed that

pathological hyperphosphorylation and aggregation of tau

protein can cause diseases related to nervous system [23].

They also suggested that the increase of a-synuclein is one of

the reasons leading to damage on ability of learning and

memory as in Pb exposure in rats [23]. Kadak et al. [24]

found that serum a-synuclein and tau levels were significantly
lower in children with autism spectrum disorder when com-

pared with normal cases. They also showed that the mean

serum tau levels were significantly lower in children with

autism spectrum disorder as compared with normal cases

(mean ± SD:241.23 ± 290.5 and 509.78 ± 269.25 ng/mL,

respectively). They suggested that a-synuclein and tau

aggregation may lead to synaptic dysfunction; and this may

contribute to either neuronal or synaptic dysfunction or neu-

rodegeneration in autism spectrum disorder [24]. Otto et al.

[25] found that tau-protein levels were between 233 and

1769 pg/ml (mean ± SD:702 ± 432; median 558 pg/ml) in

other dementing disease groups. They also showed that tau-

protein levels between 109 and 640 pg/ml (mean ±

SD:304 ± 119; median 296 pg/ml) in non-demented

controls.

In this study, tau-protein levels were between 251.7 and

829.9 ng/l (mean ± SD:415 ± 128; median 394.5 ng/l) in

healthy children. On the other hand, the children with

ADHD had a range of tau-protein levels between 224.7 and

1211.6 ng/l (mean ± SD:598 ± 346; median 470.0 ng/l).

Consistent with previous studies, findings obtained in

our study have allowed us to determine the serum levels of

a-synuclein and tau in ADHD and healthy control groups.

We did not find any differences between healthy children

and children with ADHD in terms of a-synuclein. This
result was not compatible with the results of study con-

ducted by Kadak et al. [24]. However, the mean values of

tau serum levels of our study appear to be different from

previous studies. Moreover, serum levels of tau in our

study seem to be different from previous studies not only in

patients but also in the control group. Several factors, such

as differences in mean age, measurement techniques and

disease groups, testing materials (serum or plasma),

exposure to medication or different ethnic origins may be

responsible for the discrepancy.

While a-synuclein and tau proteins are typically regar-

ded as intracellular proteins, they have, however, been

discovered to be normally present in extracellular biolog-

ical fluids, including human cerebrospinal fluid (CSF) and

blood plasma [26–30]. CSF is in direct contact with the

brain interstitial fluid and, thus, probably provides a more

accurate evaluation than peripheral blood of a-synuclein
and tau metabolism. Nevertheless, the continuous produc-

tion of CSF necessiates it exit the subarachnoid space

surrounding the brain; and probably, as CSF is drained

through the subarachnoid granulations into the venous

circulation, products released from the brain into the CSF

could be transferred to blood when CSF enters the venous

circulation [31]. a-synuclein with higher levels than normal

has been detected in plasma in Parkinson’s disease (PD)

and multiple-system-atrophy patients [5, 26]. Elevated

content of oligomeric a-synuclein and tau particles is

present in plasma in Alzheimer’s disease or PD patients,

compared to controls, showing that changes in the levels

and characteristics of extracellular a-synuclein and tau are

related with these diseases. Besides, two recent studies

have ensured the significance of extracellular a-synuclein
in the pathogenic mechanism of a-synucleinopathies [32].

In this study, one of the other most important find-

ings was the demonstration of the statistically significant

correlation between serum a-synuclein and tau-protein in

children with ADHD.

Recently, Erro Aguirre et al. [33] have shown that there

is no apparent clinical correlation between the presence of

a-synuclein and tau protein in progressive supranuclear

palsy. Nevertheless, they showed that tau protein co-ag-

gregate with a-synuclein in catecholaminergic neurons of

progressive supranuclear palsy brains [33]. Therefore, they

suggested that their findings were a sign for synergistic

interaction between the two proteins [33]. Several lines of

evidence based on imaging, genetic and neurochemical

studies point toward dysregulation of catecholaminergic

systems in ADHD [34]. It was suggested that a-synuclein

α-synuclein (ng/ml)
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Fig. 3 Correlation between a-synuclein and tau protein in children

with ADHD (r = 0.777; p\ 0.01)
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and tau are important for neurodegeneration models of

substantia nigra in rats, further indicated their potential as

therapeutic targets for human diseases involving loss of

dopamine neurons. It was shown in a study that function of

dopaminergic neurons affected by gene transfer of tau

appears to be more sensitive rather than a-synuclein-re-
lated damage in this model [6].

Although we did not find any significant difference

between two groups in terms of serum a-synuclein levels, it
was found that there is a statistically significantly correla-

tion between serum a-synuclein and tau-protein in children

with ADHD. Considering these aspects, it may be sug-

gested that the results of our study may provide evidence

for not only tau pathology but also synergistic interaction

between the a-synuclein and tau in children with ADHD.

Howover, there are several limitations in present study.

Firstly, we collected only serum samples, but cerebrospinal

fluid samples were absent and serum dopamine levels

could not be measured because of the budget limitation.

Lastly, the sample size was small. Up until to this date,

there has not been a single study in which an association

between clinical ADHD and dopamine-associated a-synu-
clein and tau has been established. When we consider these

aspects, our study could be considered as a preliminary

study. Nevertheless, we believe that our findings will

provide an important contribution for the literature; and

they will generate a different pathophysiologic viewpoint

for future researches to be carried out on ADHD.

In conclusion, highly and widely distributed tau serum

levels may imply disturbance of microtubule transportation

and axonal damage of dopaminergic neurons in ADHD.

Within this context, we hypothesized that the serum levels

of tau may be affected by ADHD or vice versa; and these

molecules may be used to understand the pathological

mechanisms of ADHD. We think that it will be of great

contribution to determine other potential causes of

increased serum tau; and we want to learn whether this

increase has any phenotypic effect. However, our knowl-

edge about tau protein levels in cerebrospinal fluid of

patients with ADHD remains unclear and deserves further

investigation.
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MT, Lanciego JL. Midbrain catecholaminergic neurons co-ex-

press a-synuclein and tau in progressive supranuclear palsy. Front
Neuroanat. 2015;9(1):25.

34. Maitra S, Sarkar K, Ghosh P, Karmakar A, Bhattacharjee A,

Sinha S, et al. Potential contribution of dopaminergic gene

variants in ADHD core traits and co-morbidity: a study on eastern

Indian probands. Cell Mol Neurobiol. 2014;34(4):549–64.

Ind J Clin Biochem (July-Sept 2017) 32(3):285–291 291

123


	A Preliminary Study on Investigation of Serum alpha -Synuclein and Tau Protein Levels in Children with Attention Deficit Hyperactivity Disorder
	Abstract
	Introduction
	Materials and Methods
	Subjects and Study Design
	Kiddie Schedule for Affective Disorders and Schizophrenia, Present and Lifetime Version (K-SADS-PL)
	Child and Adolescent Behavior Disorders Screening and Rating Scale
	Stroop Test
	Sample Preparation and Measurement
	Measurement of Alfa-Synuclein and Tau Protein
	Statistical Analysis

	Results
	Discussion
	Acknowledgments
	References




