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Increased Serum Brain-derived Neurotrophic Factor, Nerve Growth
Factor, Glial-derived Neurotrophic Factor and Galanin Levels in
Children with Attention Deficit Hyperactivity Disorder,

and the Effect of 10 Weeks Methylphenidate Treatment
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Objective: This study aimed to investigate the levels of serum brain-derived neurotrophic factor (BDNF), nerve growth
factor (NGF), glial cell-derived neurotrophic factor (GDNF) and galanin in children with attention deficit hyperactivity
disorder (ADHD).

Methods: The study included 58 cases with ADHD and 60 healthy controls. Schedule for Affective Disorders and
Schizophrenia for School-Age Children-Present and Lifetime version (K-SADS-PL) together with Diagnostic and Statistical
Manual of Mental Disorders 5th edition (DSM-5) criteria were used for diagnostic evaluation. Sociodemographic data
form and Conners’ Parent/Teacher Rating Scale-Revised:Long Form were applied to all cases. The serum levels of BDNF,
NGF, GDNF, and galanin were evaluated in all subjects. Afterwards, methylphenidate was started in the ADHD group.
ADHD cases were reevaluated in terms of the serum levels of BDNF, NGF, GDNF, galanin at the 10th week of
treatment.

Results: Before the treatment, the levels of BDNF, NGF, GDNF, galanin were significantly higher in the ADHD group
compared to the control group. The levels of BDNF, NGF, GDNF, galanin were found to be significantly lower after
treatment in ADHD group compared to pre-treatment. No correlation was between scale scores and the serum levels
of BDNF, NGF, GDNF, galanin.

Conclusion: The levels of neurotrophic factors and galanin were thought to be parameters worth evaluating in ADHD.
Further studies on the subject with longer-term treatments and larger sample groups are required.
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INTRODUCTION tion, may be associated with the etiopathogenesis of
ADHD [2]. Neurotrophins affect various neurotransmitter
Attention deficit hyperactivity disorder (ADHD) is a

neurodevelopmental disorder with multiple etiologies. In

systems such as dopamine and glutamate. In addition,
neurotrophins control the development, function, and

its etiology; genetic, neuroanatomical, neurochemical,
environmental, and psychosocial factors are considered
to play arole [1]. Recently, it has been suggested that neu-
rotrophic factors (neurotrophins), which are thought to
play an important role in the regulation of neuronal func-
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survival of neurons in both the central and peripheral
nervous systems, and play an important role in synaptic
formation and plasticity [3].

Brain-derived neurotrophic factor (BDNF) is produced
in the form of precursor pro-BDNF. A 14 kDa mature
BDNF is obtained through processes that take place in the
intra or extracellular area [4]. It has been reported that
BDNF is required for homeostasis of the dopaminergic
system [5]. In clinical studies, it has been pointed out that
BDNF may be associated with the pathophysiology of
mental disorders such as major depressive disorder [6],
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obsessive-compulsive disorder (OCD) [7,8]. BDNF is the
most studied molecule among neurotrophic factors in
ADHD in children and adolescents, but its impact is not
yet clear. In two previous studies, blood BDNF levels
were found significantly higher in ADHD patients than in
controls [9,10]. Other reports did not find any significant
differences between the groups [11-18] and in some cas-
es, lower BDNF levels were reported in ADHD subjects
[19-21]. The discrepancy between study results may be
due to the differences of methodology and the character-
istics of the sample groups used in the studies.

Nerve growth factor (NGF) weighs approximately 26
kDa and is produced from a 33.8 kDa precursor called
pre-pro-NGF. NGF plays an important role in basal fore-
brain cholinergic neurons involved in learning processes
and attention systems. Changes in the levels of NGF can
lead to various neuropsychiatric disorders since it plays a
role in maintaining neuronal homeostasis [22]. The stud-
ies shows that NGF may be associated with the patho-
physiology of psychiatric diseases such as depression
[23], schizophrenia [24], OCD [7]. On the other hand,
four studies examining circulating NGF levels in children
with ADHD were found, all with inconclusive results.
Guney et al. [25] found that NGF levels were significantly
higher in of ADHD subjects compared to controls. In
three studies, it was reported that serum NGF levels did
not differ significantly between ADHD and control groups
[15,18,21].

Glial cell-derived neurotrophic factor (GDNF) is a 32—
42 kDa disulfide-linked homodimer, and as a result of
proteolysis of the precursor of 211 amino acids called
pro-GDNF, mature GDNF of 134 amino acids is formed.
GDNEF is widely in the brain and it has a neuroprotective
effect against neuroinflammatory and oxidative damage
and have important roles for the survival and protection of
both serotonergic and dopaminergic neurons [26]. It has
also been reported to be associated with cognitive func-
tions in animals, including learning and memory [27].
When the literature is searched, there were studies found
that GDNF might be associated with psychiatric diseases
such as anxiety disorders [28], depression [29], OCD [7].
Four studies were found in the literature that evaluated
peripheral GDNF levels in children and adolescents with
ADHD. In three of these studies, GDNF levels were found
to be higher in children with ADHD compared to the
healthy controls [15,18,30] and there was no significant

difference in the other study [21].

Galanin is a neuropeptide, synthesized as a 123 amino
acid pre-propeptide molecule encoded by the GAL gene,
which is converted to a mature 30 amino acid peptide in
humans. Galanin plays a role in many physiological tasks
such as sleep regulation, nociception, awakening, nu-
trition, cognition, and regulation of blood pressure. In ad-
dition, galanin has neuroprotective activity [31]. Existing
studies have shown that galanin and its receptors are
widely present in the peripheral and central nervous
systems. Therefore, galanin is involved in various patho-
logical and physiological processes in the central nervous
system [31]. It was stated that galanin may be a biomarker
for various neuropsychiatric disorders. Serum galanin
levels are altered in some cases such as depression and
autism spectrum disorders and have been correlated with
symptoms severity [32,33]. Murck et al. [34] showed that
intravenous administration of galanin had a fast anti-
depressant effect and affected sleep electroencephalo-
gram. According to results of that study, intravenously ad-
ministered galanin rapidly crossed the blood-brain barrier
and produced various effects on the central nervous
system. In addition, there may an association between se-
rum galanin and alcohol addiction [35]. Collectively, the
evaluation of peripheral galanin levels may be important
in neuropsychiatric disorders such as ADHD. However,
no studies have been published evaluating serum galanin
levels in children and adolescents with ADHD.

It is seen that the results of existing studies on neuro-
trophic factors in attention deficit hyperactivity disorder
have not been clarified yet, and more studies are needed
on this subject. In this study, inconsistencies that were not
resolved in the previous studies were evaluated by con-
sidering some of limitations stated in those studies, such
as comorbidity (except oppositional defiant disorder),
clinical features of sample, well age-and sex-matched to a
healty control group. In addition, no study in the literature
evaluated galanin levels in ADHD cases. By considering
all these findings, this study aimed to evaluate serum neu-
rotrophic factors and galanin levels in ADHD and to com-
pare the findings with healthy controls. In addition, the ef-
fect of OROS (osmotic release oral system) methylpheni-
date treatment applied to ADHD cases on BDNF, NGF,
GDNF, and galanin levels was also evaluated in our
study. It was thought that our study could help to create a
more holistic perspective on the subject.
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METHODS

Study Design and Participants

This study was carried out between October 2018 and
January 2020 at the Firat University Faculty of Medicine
Child and Adolescent Psychiatry Outpatient Clinic. The
study was approved by Firat University Ethics Committee
(21.06.2018-11/14). All procedures followed the princi-
ples listed in the Declaration of Helsinki.

Sixty cases with ADHD and 60 healthy control subjects
aged 6—12 years were initially included in the study. The
ADHD group consisted of cases who were admitted to the
polyclinic with ADHD symptoms and met the diagnostic
criteria. Two patients in the ADHD group were excluded
from the study, since cardiac side effects developed in
these patients during methylphenidate treatment. The
control group, on the other hand, was formed from the
children of voluntary families, taking into account the age
and sex distribution of the ADHD group.

Procedure

Psychiatric evaluation

Diagnostic assessment was made according to the
Schedule for Affective Disorders and Schizophrenia for
School Age Children-Present and Lifetime Version-Turkish
version (K-SADS-PL) and Diagnostic and Statistical Manual
of Mental Disorders 5th edition (DSM-5) criteria. Written
consent forms were obtained from the parents of all cases
before the evaluation. Sociodemographic data of all cases
were recorded in the sociodemographic data form. The
Conners Parent/Teacher Rating Scale-Revised:Long Form
was filled in by the families and teachers of the cases.

In the ADHD group; those who has a comorbid psychiatric
diagnosis other than oppositional defiant disorder (ODD)
as a result of the K-SADS-PL and DSM-5 diagnostic criteria,
those who have used any psychotropic drug in the last 3
months (including stimulants/non-stimulants), those who
have used any drugs other than psychotropics in the last
month, and those with chronic systemic diseases were ex-
cluded from the study. In the control group; those who
had a psychiatric diagnosis as a result of the K-SADS-PL
and DSM-5 diagnostic criteria, those who had used any
medication in the last month, and those with chronic sys-
temic diseases were excluded from the study. According
to the detailed information obtained from the families/

teachers and clinical evaluation for all cases, the cases
who were thought to show age-appropriate development
of neuromotor development and basic adaptive functions
(for example, understanding/learning, academic achieve-
ment, reasoning, etc.) were included in the study. Afterwards,
all cases were evaluated in terms of serum BDNF, NGF,
GDNF, and galanin levels. Then, OROS methylphenidate
treatment was planned for the cases with ADHD (initial
dose 18 mg/day). It was increased to 54 mg/day in 4 weeks,
with an average of 1 mg/kg/day. After the drug treatment
was started, the cases were evaluated every two weeks.
Interviews at week 0, 4, 8, and 10 were made face-to-face
in the clinic, and the evaluations in the 2nd and 6th weeks
were made via phone. The cases were controlled in terms
of severity of disease symptoms, level of benefit from
treatment and possible drug side effects. At the tenth week,
the cases with ADHD were re-evaluated for serum BDNF,
NGF, GDNF, and galanin levels.

Assessment tools

Sociodemographic Data Form: It was developed by the
researchers for the sociodemographic data of the partici-
pants. Information about the child’s age, sex, developmental
stages, school success, medical background information,
parents’ age/educational status, average monthly income
level of the family, and psychiatric and medical disease
history among first/second degree relatives was requested.

Schedule for Affective Disorders and K-SADS-PL: It is a
semi-structured interview form used to determine past
and present psychopathologies of children and adole-
scents. It was developed by Kaufman et a/. [36]. The val-
idity and reliability study of the Turkish version was made
by Gokler et al. [37].

Conners’ Parent Rating Scale-Revised:Long Form
(CPRS-R:L): It was developed by Conners et al. [38]. It al-
lows parents to evaluate their children’s behavior outside
of the school environment. The scale, which contains 80
items in total, consists of 14 subscales. Turkish validity
and reliability study was performed by Kaner et a/. [39].

Conners’ Teacher Rating Scale-Revised:Long Form
(CTRS-R:L): It was developed by Conners et al. [40] in or-
der to evaluate the situation of the cases in the classroom.
It consists of a total of 59 items and has 14 subscales. It is
rated by teachers. The validity and reliability study in
Turkish population was made by Kaner et a/. [41].
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Biochemical analysis

Biochemical analyzes were made in the Biochemistry
Laboratory at Firat University Hospital. From all cases, 5
ml of venous blood was drawn after 12 hours of fasting.
These samples were centrifuged for 10—20 minutes at
2,500—3,000 rpm and separated as serum/plasma and
stored at —80°C under appropriate conditions.

Serum neurotrophic factors and galanin levels were
measured by ELISA method in ELx50 (washer) and ELx800
(reader) devices using commercial ELISA kits (SinoGeneClon
Biotech Co., Ltd, Hangzhou, China) in accordance with
the manufacturer’s instructions. All kits and samples were
kept at room temperature before starting the measure-
ments. Standards and chemicals of the kits were prepared
and then standard and serum samples were placed in the
wells of the plate. Afterwards, the samples were colored
according to their concentration by following the steps

Table 1. Socio-demographic data of the ADHD and healthy control groups

specified in the manufacturer’s prospectus. After the color
formation, the absorbance values of the wells were de-
termined with the ELx800 reader device at 450 nano-
meters (nm) and the concentrations were calculated.
Concentrations found are in picograms/milliliter (pg/ml)
for BDNF, GDNF and galanin, and nanograms/milliliter
(ng/ml) for NGF.

Statistical Analysis

The findings were analyzed in 22 package programs of
SPSS (Statistical Package for Social Sciences; SPSS Inc.,
Chicago, IL, USA). Kolmogorov—Smirnov test was used
to evaluate whether the non-categorical data were in ac-
cordance with the normal distribution. Among the groups;
variables with normal distribution were compared with
the Independent Samples ¢ test, and variables not normal
distribution were compared with the Mann—Whitney

Variable ADHD (n = 58) Control (n = 60) Statistics Statistics p value
Age (yr) 10.10 = 1.60 10.07 = 1.31 MWU =1,716.0 z=—0.132 0.895°
Sex x> =0.016 df=1 0.899"
Male 67.2 (39) 68.3 (41)
Female 32.8(19) 31.7(19)
Body mass index (kg/mz) 18.17 +4.05 18.54 +2.63 MWU = 1,625.5 z=—0.616 0.538°
Mother age (yr) 36.41 +6.23 37.88 £ 5.54 MWU = 1,438.0 z=—1.629 0.103°
Father age (yr) 41.16 = 7.11 41.20 £ 5.68 MWU = 1,502.5 z=—0.538 0.590°
Mother education Fisher’s Exact = 5.056 0.284
No education 8.6 (5) 3.3(2)
Elementary school 48.3 (28) 38.3(23)
Secondary school 20.7 (12) 18.3 (11
High school 17.2(10) 28.3(17
University 5.2(3) 11.7 (7)
Father education Fisher’s Exact = 2.769 0.626
No education 3.4(2) 0.0 (0)
Elementary school 25.9(15) 23.3(14
Secondary school 24.1 (14) 20.0(12
High school 31.0(18) 35.0 (21
University 15.5(9) 21.7(13
Family income monthly x> =3.020 df=3 0.389"
0—1,500 TL 27.6 (16) 21.7(13)
1,501 —2,500 TL 56.9 (33) 50.0 (30)
2,501 —3,500 TL 10.3 (6) 16.7 (10)
> 3,500 TL 5.2(03) 11.7(7)
Living place Fisher’s Exact = 0.415 1.000
City 81.0 (47) 80.0 (48)
Town 17.2(10) 16.7 (10)
Village 1.7.(1) 3.3(2)

Values are presented as mean =+ standard deviation or % (number).

ADHD, attention deficit hyperactivity disorder; MWU, Mann—Whitney U.

"Mann —Whitney U test, "Chi-square.
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U test. Chi-square analysis (Pearson Chi-square, y” test)
was used to compare categorical data between groups;
Fisher's exact test was applied if more than 20% of the ex-
pected value was less than 5. Correlation analysis of nor-
mally distributed variables was performed with the
Pearson correlation test, and the correlation analysis of
non-normally distributed variables was performed with
the Spearman correlation test. Paired Samples ¢ test was
used to compare normally distributed variables at two dif-
ferent times, and Wilcoxon test was used to compare
non-normally distributed variables at two different times.
Statistical significance level is p < 0.05.

RESULTS

Sociodemographic Data

Sixty cases with ADHD and 60 healthy control subjects
were included in the study. Cardiac side effects devel-
oped in two patients during methylphenidate treatment,
therefore two patients in the ADHD group were excluded
from the study. ODD was observed to accompany 25.9%
(n=15) of the cases in the ADHD group. The mean age of
ADHD and control groups was 10.10 = 1.60 and 10.07 +
1.31, respectively (p=0.895). 67.2% (n = 39) of the cases

Table 2. Pre-treatment BDNF, NGF, GDNF, and galanin levels

in the ADHD group were male, 32.8% (n = 19) were fe-
male; 68.3% (n = 41) of the participants in the control
group were male and 31.7% (n = 19) were female (p =
0.899).

There was no significant difference between the groups
in terms of body mass index, parental age, parental edu-
cation, family type, and living place. Sociodemographic
data of the groups are shown in Table 1.

According to the predominant appearance, the ADHD
group was distributed as 51.7% (n = 30) predominantly
inattentive type and as 48.3% (n = 28) combined type.

Biochemical Data

During the pre-treatment evaluation, serum BDNF,
NGF, GDNF, and galanin levels were found to be sig-
nificantly higher in the ADHD group compared to the
control group (p < 0.001 for all). Pre-treatment data is
shown in Table 2.

After 10 weeks of OROS methylphenidate treatment in
ADHD cases, serum BDNF, NGF, GDNF, and galanin
levels were found to be significantly lower than pre-treat-
ment levels (p=0.019, p < 0.001, p=0.002, p < 0.001,
respectively). Post-treatment data are shown in Table 3.

In cases with ADHD, no significant correlation was

Molecules ADHD (n = 58) Control (n = 60) Statistics Statistics p value
BDNF (pg/ml) 2,067.93 + 580.24 1,712.68 + 289.29 t=4.187 df = 83.051 < 0.001°
NGF (ng/ml) 157.11 £ 28.59 123.07 £ 18.99 MWU = 535.0 z= —6.488 < 0.001°
GDNF (pg/ml) 1,699.59 + 484.82 1,318.33 £ 224.73 MWU = 877.0 z = —4.646 < 0.001°
Galanin (pg/ml) 271.57 +£55.90 187.50 + 37.23 t=9.582 df = 98.804 < 0.001°

Values are presented as mean =+ standard deviation.

ADHD, attention deficit hyperactivity disorder; BDNF, brain-derived neurotrophic factor; GDNF, glial-derived neurotrophic factor; NGF, nerve

growth factor MWU, Mann —Whitney U.
*Independent samples ¢ test, "Mann—Whitney U test.

Table 3. Comparison of blood parameters pre and post-treatment in ADHD group
Molecules Pre-treatment (n = 58) Post-treatment (n = 58) Statistics Statistics p value
BDNF (pg/ml) 2,067.93 + 580.24 1,857.66 = 316.07 t=2.408 df =57 0.019°
NGF (ng/ml) 157.11 + 28.59 94.26 + 32.46 z=—6.267 < 0.001°
GDNF (pg/ml) 1,699.59 + 484.82 1,436.71 £ 402.09 z=—3.062 0.002"
Galanin (pg/ml) 271.57 +55.90 205.71 +£51.33 t=6.121 df =57 < 0.001°

Values are presented as mean =+ standard deviation.

ADHD, attention deficit hyperactivity disorder; BDNF, brain-derived neurotrophic factor; GDNF, glial-derived neurotrophic factor; NGF, nerve

growth factor.
*Paried sample ¢ test, "Wilcoxon test.



640 C. Gumus, et al.

Table 4. Correlation of pre-treatment blood parameters with CPRS-R: L scores in ADHD group

CPRSR: L BDNF NGF® GDNF’ Galanin®
Oppositional
r —0.138 —0.089 —0.072 0.076
p 0.302 0.506 0.594 0.569
Cognitive problems/inattention
r —0.171 —0.226 —0.132 —0.102
1% 0.200 0.089 0.325 0.445
Hyperactivity
r —0.125 0.177 —0.019 0.133
P 0.351 0.184 0.886 0.320
Anxious/shy
r 0.049 —0.161 —0.098 —0.007
1% 0.715 0.228 0.464 0.960
Perfectionism
r —0.033 —0.043 0.121 0.029
P 0.808 0.751 0.366 0.831
Social problems
r —0.067 —0.071 0.044 0.149
1% 0.620 0.597 0.740 0.264
Psychosomatic
r 0.210 0.013 0.015 —0.181
P 0.113 0.921 0.913 0.173
ADHD index
r —0.238 0.067 —0.156 —0.028
0.072 0.616 0.241 0.832
Conners’ global index- restless/impulsivity
r —0.215 —0.025 —0.104 —0.052
P 0.104 0.853 0.437 0.700
Conners’ global index-emotional lability
r 0.139 0.065 0.250 —0.015
1% 0.298 0.627 0.058 0.910
Conners’ global index-total
r —0.099 0.051 0.089 —0.051
P 0.462 0.706 0.508 0.703
DSM-IV-inattention
r —0.095 —0.182 —0.063 —0.138
1% 0.477 0.172 0.638 0.302
DSM-IV-hyperactivity/impulsivity
r —0.152 0.110 —0.142 0.030
P 0.255 0.412 0.288 0.824
DSM-IV-total
r —0.191 —0.063 —0.144 —0.115
1% 0.150 0.641 0.280 0.390

CPRS-R:L, Conners’ Parent Rating Scale-Revised:Long Form; ADHD, attention deficit hyperactivity disorder; BDNF, brain-derived neurotrophic
factor; GDNF, glial-derived neurotrophic factor; NGF, nerve growth factor; DSM-1V, the Diagnostic and Statistical Manual of Mental Disorders 4th
edition; r, correlation coefficient.

*Pearson correlation test, bSpearman correlation test.

found between the CPRS-R:L and CTRS-R:L scores and nificantly between the groups before or after treatment
pre-treatment blood parameters. Correlation analyzes are (Tables 6, 7).
shown in Tables 4 and 5.
When the blood parameters in the ADHD group were
evaluated according to the predominant appearance;
BDNF, NGF, GDNF, and galanin levels did not differ sig-
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Table 5. Correlation of pre-treatment blood parameters with CTRS-R: L scores in ADHD group

CTRS-R: L BDNF NGF® GDNF’ Galanin®
Oppositional
r —0.076 —0.099 —0.162 0.123
P 0.571 0.458 0.223 0.359
Cognitive problems/inattention
r —0.051 —0.129 0.098 0.001
1% 0.704 0.333 0.466 0.992
Hyperactivity
r —0.152 0.095 —0.078 0.090
P 0.254 0.476 0.561 0.501
Anxious/shy
r 0.221 —0.053 —0.094 —0.103
1% 0.095 0.690 0.482 0.443
Perfectionism
r 0.116 —0.017 0.258 —0.053
P 0.387 0.897 0.050 0.695
Social problems
r —0.118 0.003 0.015 0.131
1% 0.378 0.981 0.913 0.327
ADHD index- inattention
r —0.062 0.179 —0.147 0.255
P 0.642 0.178 0.272 0.053
ADHD index- hyperactivity
r —0.058 —0.034 0.006 0.090
0.667 0.800 0.963 0.502
Conners’ global index- restless/impulsivity
r —0.117 0.056 —0.029 —0.127
P 0.380 0.677 0.826 0.344
Conners’ global index-emotional lability
r 0.122 0.236 0.073 —0.064
1% 0.361 0.075 0.588 0.632
Conners’ global index-total
r 0.000 0.178 0.065 —0.137
P 0.998 0.181 0.630 0.307
DSM-IV-inattention
r —0.051 —0.225 0.082 —0.128
1% 0.705 0.089 0.539 0.337
DSM-IV-hyperactivity/impulsivity
r —0.165 0.081 —0.009 0.037
P 0.216 0.545 0.944 0.782
DSM-IV-total
r —0.151 —0.061 0.038 —0.046
1% 0.257 0.650 0.778 0.731

CTRS-R:L, Conners’ Teacher Rating Scale-Revised:Long Form; ADHD, attention deficit hyperactivity disorder; BDNF, brain-derived neurotrophic
factor; GDNF, glial-derived neurotrophic factor; NGF, nerve growth factor; DSM-1V, the Diagnostic and Statistical Manual of Mental Disorders 4th

edition; r, correlation coefficient.
*Pearson correlation test, bSpearman correlation test.

DISCUSSION

Pre-treatment Evaluation

Our study found the serum BDNF, NGF, and GDNF
levels in the ADHD group before treatment to be sig-
nificantly higher compared to the control group. Although

BDNF is the most studied neurotrophin in ADHD, the
probable role of neurotrophins in the etiopathogenesis of
ADHD is still not clear. Studies reveal the important ef-
fects of BDNF on the survival and nutrition of the dop-
aminergic neurons during brain development [42]. The
necessity of BDNF for the homeostasis of the dop-
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Table 6. Pre-treatment blood parameters according to ADHD predominantly appearance

Molecules Predominantly inattentive Combined Statistics Statistics p value
(n=30) (n=28)

BDNF (pg/ml) 2,170.97 £ 679.18 1,957.52 +436.90 t=1.433 df = 49.884 0.158"

NGF (ng/ml) 154.38 £ 31.26 160.04 + 25.66 z=—0.716 MWU = 374.0 0.474°

GDNF (pg/ml) 1,651.95 +498.12 1,750.63 + 473.80 z=—0.989 MWU = 356.5 0.323

Galanin (pg/ml) 27212 +57.73 270.98 + 54.92 t=0.077 df =57 0.939°

Values are presented as mean = standard deviation.

ADHD, attention deficit hyperactivity disorder; BDNF, brain-derived neurotrophic factor; GDNF, glial-derived neurotrophic factor; NGF, nerve

growth factor MWU, Mann—Whitney U.
“Independent samples ¢ test, "Mann—Whitney U test.

Table 7. Post-treatment blood parameters according to ADHD predominantly appearance

Molecules Predominantly inattentive Combined Statistics Statistics p value
(n=30) (n=28)

BDNF (pg/ml) 1,810.56 + 324.99 1,908.13 £+ 303.90 t=—1.179 df =56 0.243°

NGF (ng/ml) 94.35 + 33.52 94.16 + 31.90 z=—0,093 MWU = 414.0 0.926"

GDNF (pg/ml) 1,350.74 + 380.29 1,528.83 £411.07 z=—1.658 MWU = 313.5 0.097°

Galanin (pg/ml) 206.31 +£53.08 205.08 + 50.35 t=0.091 df =56 0.928"

Values are presented as mean =+ standard deviation.

ADHD, attention deficit hyperactivity disorder; BDNF, brain-derived neurotrophic factor; GDNF, glial-derived neurotrophic factor; NGF, nerve

growth factor MWU, Mann —Whitney U.
“Independent samples ¢ test, "Mann —Whitney U test.

aminergic system has been asserted [5]. Similarly, studies
divulge GDNF as also being a protector for dopaminergic
neurons and reversing the toxin-induced damage of mid-
brain dopaminergic neurons under /n vivo conditions
[43]. Studies put forth the necessity of NGF for the func-
tional integrity of cholinergic neurons in the central nerv-
ous system [44]. Prefrontal cholinergic inputs are very im-
portant in attention processes. There may be reason to be-
lieve that the neurotrophin elevation we detected in
ADHD cases in our study may be the result of a compen-
satory mechanism working to compensate the dop-
aminergic or cholinergic dysfunction.

Neurotrophins may also be associated with ADHD
through the glutamatergic system. Studies reveal that
BDNF synthesis in the cerebral cortex is regulated by neu-
ronal activity and that glutamate stimulates BDNF ex-
pression [45]. With the activation of glial metabotropic
glutamate receptors, the formation of various neuro-
trophic factors such as BDNF, NGF and GDNF are pro-
moted [46]. Literature documents studies pointing to in-
creased glutamate signals in various parts of the brain in
cases with ADHD [47]. The probable glutamatergic
changes reported in ADHD may be affecting the neuro-

trophin levels. Further studies are needed to determine
whether or not a cause-effect relationship exists.

Another system pointing to the possible relationship of
neurotrophins with ADHD is the hypothalamo-pitui-
tary-adrenal (HPA) axis and the glucocorticoid system.
Glucocorticoids may be involved in the regulation of
BDNF expression and signaling. A study revealed de-
creasing BDNF mRNA levels in all hippocampal regions
after giving dexamethasone [48]. As far as can be dis-
cerned from the literature, although studies on the subject
mostly focus on BDNF, there are also results indicating
that there may be a relationship between NGF and GDNF
and the HPA axis [49]. There are reports indicating
changes related to the HPA axis in ADHD as well. In a
meta-analysis, salivary cortisol levels were found to be
lower in ADHD cases compared to those in the control
groups [50]. The elevation of BDNF, NGF, and GDNF
found in ADHD cases in our study may also be associated
with possible HPA axis changes.

A possible relationship between ADHD and neuro-
trophins has also been shown in various animal studies. It
is observed that studies on the subject mostly focus on
BDNF. In some animal models associated with BDNF, im-
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pairments in hippocampus-dependent learning have been
reported, similar to academic dysfunctions seen in ADHD
patients [51]. A study determined that in rats with a dam-
aged DAT gene, (which is thought to be important in the
etiology of ADHD), there were changes in locomotor ac-
tivity, deficit in working memory, and dysregulation in
frontostriatal BDNF functions [52]. Through the literature,
we came across various genetic studies investigating the
possible relationship between ADHD and BDNF, NGF,
and GDNF genes, however, we may surmise that the re-
sults of these studies remain to be clarified [53-55].

When the literature is examined, we found that the re-
sults of studies evaluating peripheral BDNF levels in chil-
dren and adolescents were inconsistent. As far as can be
discerned, in two studies, blood BDNF levels were found
to be significantly higher in ADHD patients than in con-
trol subjects, which is consistent with our study [9,10].
However, in some other studies, no significant difference
was found between the groups [11-18], while lower
BDNF levels were reported in ADHD cases in some stud-
ies [19-21]. The study results diversity may be based on
the characteristics of the sample groups used in the stud-
ies and the differences in the methodological character-
istics of the studies. In a recently published meta-analysis
reviewing ten studies, it was reported that no significant
difference was found between ADHD and control groups
in terms of peripheral BDNF levels; however, the re-
searchers pointed out that the studies showed high hetero-
geneity in terms of various factors such as sample size and
sample characteristics [56]. When existing studies are ex-
amined, it is seen that serum BDNF levels are studied in
some and plasma BDNF levels in others. It has been re-
ported that serum and plasma BDNF levels can vary con-
siderably and serum BDNF levels give more consistent re-
sults than plasma [57]. In our study, the evaluation of se-
rum levels of BDNF was thought to be important in this
respect. In some studies, it is seen that psychopathologies
such as depression, anxiety disorders, and OCD accom-
panying ADHD are not evaluated or excluded [14,15].
There are studies in the literature indicating that BDNF
levels may vary in depression, anxiety disorders, and
OCD [5,6,8]. It would not be incorrect to say that the ex-
clusion of all comorbid psychopathologies other than
ODD, also empowered our study.

As far as can be discerned from the literature, four stud-
ies evaluating NGF levels in children and adolescents

with ADHD could be found. In the study conducted by
Guney et al. [25], serum NGF levels of 44 ADHD and 36
healthy control subjects were compared; consistent with
our study, NGF levels of ADHD cases were found to be
significantly higher than control cases. In the other two
studies, it was reported that serum NGF levels did not dif-
fer significantly between ADHD and control groups
[15,18]. In another study published quite recently, it was
determined that there was no significant difference be-
tween the ADHD group and the control group in terms of
Beta-NGF levels [21]. Upon examination of existing stud-
ies, in one of those studies, we discern that psychopathol-
ogy such as depression, anxiety disorders, and OCD,
which are comorbid with ADHD, are not excluded [15].
In the examination of Yurteri et a/. [18] study, we see that
the sample size is smaller than in our study. Our study in-
vestigated the serum NGF levels. On the other hand, the
Chang et al. [21] study evaluated plasma levels. These
factors may have caused the results of the study to differ.

As far as can be ascertained from the available liter-
ature, we came across four studies evaluating the GDNF
levels of children and adolescents diagnosed with ADHD.
In three of the four studies, in congruence with our study,
the GDNEF levels in the ADHD group were determined to
be significantly higher compared with the control group
[15,18,30]. In the Chang et a/. study, the GDNF levels be-
tween the ADHD and control groups did not show sig-
nificant difference [21]. In review of that study, we have to
draw attention to the fact that the number of control sub-
jects (n = 12) whose GDNF levels were being evaluated
compared with ADHD subjects (n = 54) was remarkably
lower. In our study, the groups are considerably prox-
imate to each other (n = 58, n = 60). In addition, the
Chang et al. [21] study analyzed plasma sample while our
study measured serum GDNF levels. These conditions
may have varied the results.

Our study found the serum galanin levels in the ADHD
subjects to be significantly higher than that of the control
group. As far as we could discern from review of the avail-
able literature, we did not come across any other study
analyzing the galanin levels in children and adolescents
with ADHD diagnosis. In this respect, our studly is the first
of its kind in literature.

There is evidence of an association between galanin
and the dopaminergic system that plays an important role
in the etiology of ADHD. In a study carried out with rats,
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galanin was found to inhibit the expression of tyrosine hy-
droxylase (the rate-inhibiting enzyme found in dopamine
synthesis) in midbrain dopaminergic neurons [58]. Galanin
regulates dopamine activity in the mezocorticolimbic
region. A study found diminishing dopamine synthesis in
the ventral tegmental region following administration of
galanin [59]. Nevertheless, in another study, increased
dopamine levels in the nucleus accumbens were ob-
served following galanin microinjection into the para-
ventricular nucleus [60]. The available data in literature
led us to think that the modulator effect of galanin on dop-
amine levels may be complex and may act through more
than one pathway. Further studies on the subject are
necessary.

Literature discloses of an association between galanin
and ADHD aside from the dopaminergic system. In an an-
imal study with an epilepsy model, it is asserted that en-
dogenous galanin inhibits serotonergic transmissions in
the raphe nucleus and noradrenergic transmissions in the
locus ceruleus, and may play a role in the pathophysiol-
ogy of epilepsy-related ADHD [61].

Our study found no significant correlation between the
CPRS-R:L and CTRS-R:L scores of ADHD cases and their
serum neurotrophin and galanin levels. Upon analyses of
the literature on the subject, it may be discerned that vari-
ous scales are used in evaluating the severity of ADHD
symptoms. As far as may be gleaned, only a single study
reported that BDNF levels may affect the severity of in-
attention symptoms [9], while existing findings indicate
no significant correlation between the BDNF levels and
ADHD symptom severity in general [11,14,15,19]. Upon
review of studies evaluating the NGF levels in children
and adolescents with ADHD, we find that two of the exist-
ing studies researched the relationship between the symp-
tom severity of the disorder and the serum NGF levels.
Both of these studies, in line with ours, found no correla-
tion between the serum NGF levels and ADHD symptom
severity [15,18]. In only one of the four studies evaluating
GDNEF levels in children and adolescents with ADHD was
a positive correlation found between the plasma GDNF
levels and inattention, hyperactivity/impulsivity, and total
scale scores [30]. The two studies put forth results con-
sistent with ours; no significant correlation was found be-
tween the ADHD symptom severity and the serum GDNF
levels [15,18]. In general, the results of our study seem to
be compatible with the literature, where the elevated neu-

rotrophin levels detected in ADHD cases may be related
to the presence of the disorder more so than its severity.

Post Treatment Evaluation

Our study found the BDNF, NGF, GDNF, and galanin
levels in the ADHD group following treatment to be sig-
nificantly lower compared with before the treatment. In
literature, we came across four studies evaluating the
BDNF levels of children and adolescents diagnosed with
ADHD based on their treatment. The results are incon-
sistent with each other. In two of the four studies, while
the BDNF levels are reported to have significantly in-
creased following methylphenidate treatment compared
with before; in one study there was no significant varia-
tion of the BDNF levels compared with before and after
treatment [16,20,62]. Congruous with our study, another
study found that the BDNF levels showed a significant de-
crease after the treatment [12]. As far as it may be ascer-
tained from the literature, no studies were found evaluat-
ing peripheral NGF, GDNF, and galanin levels in ADHD
diagnosed cases based on treatment status.

Preclinical studies affirm that dopaminergic stimulation
may play a role to varying degrees in regulating neuro-
trophin levels, yet it is found that the studies gleaned from
literature present conflicting findings on this subject. The
Schmitz et al. [63] study divulges there was a decrease of
BDNF and NGF levels in the rat hippocampus following
the administration of chronic methylphenidate. Another
study, carried out by Oakes et al. [64], found that no sig-
nificant change occurred in BDNF and GDNF levels fol-
lowing chronic methylphenidate exposure. In a study car-
ried out by Sadasivan et al. [65], it was found that the
methylphenidate exposure decreased the GDNF mRNA
levels in the substantia nigra of mice. For now, the effects
of psychostimulants on neurotrophin levels seems to be
complex. Our study brings to mind that the decrease in se-
rum neurotrophin levels following treatment may be asso-
ciated to the decrease in the need for a compensatory
mechanism alongside the treatment. Additionally, liter-
ature presents studies reporting the neuroprotective effect
of methylphenidate [66]. The probable neuroprotective
effect of the methylphenidate used in our study may have
also caused the decrease in the compensatory increase of
neurotrophin levels. More studies are needed on the
subject.

This study should be evaluated together with its
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strengths and limitations. The strengths of our study are
the use of semi-structured interview, the exclusion of con-
founding factors as possible, the use of a control group of
equivalent size, keeping the case age range as narrow as
possible. In review of the literature on the subject, this is
the first study to examine change in the serum NGF and
GDNF levels of ADHD diagnosed children undergoing
methylphenidate treatment. Additionally, it is also the first
study to examine the serum galanin levels and the change
of this molecule in the serum level following the admin-
istration of methylphenidate in ADHD cases. While our
study has its own merits, the small sample size is a
limitation. We evaluated blood sample parameters in our
study. Although it was shown that these molecules can
generally cross the blood-brain barrier, we wanted to
evaluate these molecule functions directly with their re-
ceptor activities in the central nervous system. In addition,
the concentration in cerebral blood flow and other tissue
will yield more comparable results. The level of in-
telligence was only evaluated based on clinical ob-
servation, and the subjects were not put through a stand-
ard intelligence test. Since ODD s frequently an asso-
ciated comorbidity with ADHD, it could not be excluded.

As a result; serum BDNF, NGF, GDNF, and galanin lev-
els were found to be significantly higher in the ADHD di-
agnosed subjects compared with the control subjects.
Post-treatment serum BDNF, NGF, GDNF, and galanin
levels were found to be significantly lower compared with
pre-treatment levels. No correlation was found between
the blood parameters and ADHD scale scores. Our find-
ings lead us to believe further studies are necessary in this
area.

B Funding

This study was supported by the decision of Firat
University Scientific Research Projects Coordination Unit
TF.18.42.

B Acknowledgments

The authors thank the cases and their parents who par-
ticipated in this study.

This article has been derived from Dr. Cavithan
GUMUS's thesis research titled “Evaluation of the levels of
serum growth factors, galanin and the factors that may be
related to them in children aged 6 —12 years diagnosed
with attention deficit hyperactivity disorder.”

B Conflicts of Interest

No potential conflict of interest relevant to this article
was reported.

B Author Contributions

Conceptualization: Cavithan Gumus, Ipek Percinel
Yazici, Kemal Utku Yazici, Bilal Ustundag. Data acquis-
ition: Cavithan Gumus, Ipek Percinel Yazici, Kemal Utku
Yazici. Formal analysis: Ipek Percinel Yazici, Kemal Utku
Yazici, Bilal Ustundag. Writing—original draft: Cavithan
Gumus, Ipek Percinel Yazici and Kemal Utku Yazici.
Writing —review & editing: Cavithan Gumus, Ipek Percinel
Yazici, Kemal Utku Yazici, Bilal Ustundag.

B ORCID

Cavithan Gumus  https://orcid.org/0000-0002-9548-9616

Ipek Percinel Yazici https://orcid.org/0000-0002-6807-655X
Kemal Utku Yazici https://orcid.org/0000-0001-8659-6340
Bilal Ustundag https://orcid.org/0000-0001-6621-2450

REFERENCES

1. Millichap JG. Etiologic classification of attention-deficit/hyper-
activity disorder. Pedliatrics 2008;121:€358-e365.

2. Tsai S). Role of neurotrophic factors in attention deficit hyper-
activity disorder. Cytokine Growth Factor Rev 2017:34:35-
4].

3. Reichardt LF. Neurotrophin-regulated signalling pathways.
Philos Trans R Soc Lond B Biol Sci 2006,361:1545-1564.

4. Goodman LJ, Valverde J, Lim F, Geschwind MD, Federoff HJ,
Geller Al, et al. Regulated release and polarized localization
of brain-derived neurotrophic factor in hjppocampal neurons.
Mol Cell Neurosci 1996,7:222-238.

5. Galvez-Contreras AY, Campos-Ordonez T, Lopez-Virgen V,
Gomez-Plascencia J, Ramos-Zuniga R, Gonzalez-Perez O.
Growth factors as clinical biomarkers of prognosis and diag-
nosis in psychiatric disorders. Cytokine Growth Factor Rev
2016,32:85-96.

6. Lee BH, Kim H, Park SH, Kim YK. Decreased plasma BODNF
level in depressive patients. | Affect Disord 2007;101:239-
244.

7. Fontenelle LF, Barbosa IG, Luna JV, Rocha NP, Silva Miranda
A, Teixeira AL. Neurotrophic factors in obsessive-compulsive
disorder. Psychiatry Res 2012,199:195-200.

8. Simsek S, Gencoglan S, Yiiksel T, Kaplan I, Alaca R. Cortisol
and brain-derived neurotrophic factor levels prior to treat-
ment in children with obsessive-compulsive disorder. J Clin
Psychiatry 2016,77:€855-6859,

9. Shim SH, Hwangbo Y, Kwon Y], Jeong HY, Lee BH, Lee HJ, et
al. Increased levels of plasma brain-derived neurotrophic fac-



646 C. Gumus, et al.

20.

tor (BDNF) in children with attention deficit-hyperactivity dlis-
order (ADHD). Prog Neuropsychopharmacol Biol Psychiatry
2008;32:1824-1828.

. LiH, LiuL, Tang Y, Ji N, Yang L, Qian Q, et al. Sex-specific as-

sociation of brain-derived neurotrophic factor (BDNF)
Val6eMet polymorphism and plasma BDNF with atten-
tion-deficit/hyperactivity disorder in a drug-naive Han Chinese
sample. Psychiatry Res 2014,217:191-197.

. Sargin E, Pekcanlar Akay A, Resmi H, Cengizhan S, Ozek H,

Ellidokuz H. Evaluation of serum brain-derived neurotrophic
factor levels in children with attention deficit hyperactivity
disorder: preliminary data. Arch Neuropsychiatry 2012:49:
96-101.

. Sahin' S, Yuce M, Alacam H, Karabekiroglu K, Say GN, Salis

O. Eftect of methylphenidate treatment on appetite and levels
of leptin, ghrelin, adiponectin, and brain-derived neuro-
trophic factor in children and adolescents with attention defi-
cit and hyperactivity disorder. Int | Psychiatry Clin Pract
2014,18:280-287.

. Scassellati C, Zanardini R, Tiberti A, Pezzani M, Valenti V,

Effedri P, et al. Serum brain-derived neurotrophic factor
(BDNF) levels in attention deficit-hyperactivity disorder
(ADHD). Eur Child Adolesc Psychiatry 2014,23:173-177.

. Simsek §, Gengoglan S, Yiksel T, Kaplan I, Aktas H, AlacaR.

Evaluation of the relationship between brain-derived neuro-
tropic factor levels and the stroop interference effect in chil-
dren with attention-deficit hyperactivity disorder. Noro
Psikiyatr Ars 2016,53:348-352.

. Bilgic A, Toker A, Isik U, Kiling 1. Serum brain-derived neuro-

trophic factor, glial-derived neurotrophic factor, nerve growth
factor, and neurotrophin-3 levels in children with atten-
tion-deficit/hyperactivity disorder. Eur Child Adolesc Psychiatry
2017;26:355-363.

. Akay AP, Resmi H, Gliney SA, Erkuran HO, Ozyurt G, Sargin

E, et al. Serum brain-derived neurotrophic factor levels in
treatment-naive boys with attention-deficit/hyperactivity dlis-
order treated with methylphenidate: an 8-week, observational
pretest-posttest study. Eur Child Adolesc Psychiatry 2018;
27:127-135.

. Wang L), Wu CC, Lee M), Chou MC, Lee SY, Chou WJ.

Peripheral brain-derived neurotrophic factor and contactin-1
levels in patients with attention-deficit/hyperactivity disorder.
J Clin Med 2019,8:1366.

. Yurteri N, Sahin IE, Tufan AE. Altered serum levels of vascular

endothelial growth factor and glial-derived neurotrophic fac-
tor but not fibroblast growth factor-2 in treatment-naive chil-
dren with attention deficit/hyperactivity disorder. Nord |
Psychiatry 2019;73:302-307.

. Saadat F, Kosha M, Amiry A, Torabi G. Brain-derived neuro-

trophic factor as a biomarker in children with attention defi-
cit-hyperactivity disorder. J Krishna Inst Med Sci Univ 2015,
4:10-17.

Cubero-Millan 1,

Ruiz-Ramos  MJ, Molina-Carballo A,

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Martinez-Serrano S, Fernandez-L6pez L, Machado-Casas |, et
al. BODNF concentrations and daily fluctuations differ among
ADHD children and respond differently to methylphenidate
with no relationshijp with depressive symptomatology.

Psychopharmacology (Berl) 2017,234:267-279.

Chang JP, Mondelli V, Satyanarayanan SK, Chiang YJ, Chen

HT, Su KP, et al. Cortisol, inflammatory biomarkers and neu-
rotrophins in children and adolescents with attention deficit
hyperactivity disorder (ADHD) in Taiwan. Brain Behav
Immun 2020,68:105-113.

Ciafré S, Carito V, Ferraguti G, Greco A, Ralli M, Tirassa P, et
al. Nerve growth factor in brain diseases. Biomed Rev
2018:29:1-16.

Diniz BS, Teixeira AL, Machado-Vieira R, Talib LL, Gattaz
WF, Forlenza OV. Reduced serum nerve growth factor in pa-
tients with late-ife depression. Am J Geriatr Psychiatry 2013;
21:493-496.

Xiong P, Zeng Y, Wan J, Xiaohan DH, Tan D, Lu J, et al. The
role of NGF and IL-2 serum level in assisting the diagnosis in
first episode schizophrenia. Psychiatry Res 2011,189:72-76.

Guney E, Ceylan MF, Kara M, Tekin N, Goker Z, Senses Dinc
G, et al. Serum nerve growth factor (NGF) levels in children
with attention deficit/hyperactivity disorder (ADHD). Neurosci
Lett 2014,560:107-111.

Allen SJ, Watson ), Shoemark DK, Barua NU, Patel NK.

GDNF, NGF and BDNF as therapeutic options for neuro-
degeneration. Pharmacol Ther 2013;138:155-175.

Gerlai R, McNamara A, Choi-Lundberg DL, Armanini M, Ross
J, Powell-Braxton L, et al. Impaired water maze learning per-
formance without altered dopaminergic function in mice het-
erozygous for the GDNF mutation. Eur / Neurosci 2001, 14:
1153-7163.

Pedrotti Moreira F, Wiener CD, Jansen K, Portela LV, Lara DR,
Souza LDM, et al. Serum GDNF levels and anxiety disorders
in a population-based study of young adults. Clin Chim Acta
2018:485:21-25.

Skibinska M, Kapelski P, Pawlak J, Rajewska-Rager A,

Dmitrzak-Weglarz M, Szczepankiewicz A, et al. Glial Cell
Line-Derived Neurotrophic Factor (GDNF) serum level in
women with schizophrenia and depression, correlation with
clinical and metabolic parameters. Psychiatry Res 2017,256:
396-402.

Shim SH, Hwangbo Y, Yoon HJ, Kwon Y], Lee HY, Hwang JA,
et al. Increased levels of plasma glial-derived neurotrophic
factor in children with attention deficit hyperactivity disorder.
Nord | Psychiatry 2015;69:546-551.

Mills EG, Izzi-Engbeaya C, Abbara A, Comninos AN, Dhillo
WS. Functions of galanin, spexin and kisspeptin in metabo-
lism, mood and behaviour. Nat Rev Endocrinol 2027;17:
97-113.

Wang Y], Yang YT, Li H, Liu PZ, Wang CY, Xu ZQ. Plasma gal-
anin is a biomarker for severity of major depressive disorder.
Int ] Psychiatry Med 2014,48:709-719.



BDNF, NGF, GDNF, Galanin in ADHD 647

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Saad K, Abdel-Rahman AA, Al-Atram AA, Abdallah AM,
Elhoufey A, Abdelsalam EMN, et al. Serum galanin in children
with autism spectrum disorder. Child Psychiatry Hum Dev
2022;53:300-306.

Murck H, Held K, Ziegenbein M, Kiinzel H, Holsboer F,
Steiger A. Intravenous administration of the neuropeptide gal-
anin has fast antidepressant efficacy and affects the sleep FEG.
Psychoneuroendocrinology 2004;29:1205-1211.

Heberlein A, Muschler M, Frieling H, Lenz B, Wilhelm J,
Groschl M, et al. Decreased galanin serum levels are asso-
ciated with alcohol-craving during withdrawal. Prog
Neuropsychopharmacol Biol Psychiatry 2011,35:568-572.
Kaufman J, Birmaher B, Brent D, Rao U, Flynn C, Moreci P, et
al. Schedule for Affective Disorders and Schizophrenia for
School-Age Children-Present and L ifetime version (K-SADS-PL):
initial reliability and validity data. ] Am Acad Child Adolesc
Psychiatry 1997,:36:980-988.

Gokler B, Unal F, Pehlivantiirk B, Cengel-Kiiltiir E, Akdemir D,
ve Taner, Y. Okul ¢cag1 cocuklari igin duygulanim bozukluklar:
ve sizofreni gortisme cizelgesi- simdli ve yasam boyu sekli-
(CDSG-SY-T). Cocuk ve Genglik Ruh Sagligr Dergisi 2004;
71:7109-116. Turkish.

Conners CK, Sitarenios G, Parker JD, Epstein JN. The revised
Conners’ Parent Rating Scale (CPRS-R): factor structure, reli-
ability, and criterion validity. /] Abnorm Child Psychol 1998,
26:257-268.

Kaner S, Biiytikoztiirk S, Iseri E. Conners ebeveyn degerlen-
dirme 6lgegi yenilenmis uzun formunun tiirkge gegerlilik ve
gtivenirlik calismasi. XVI. Ulusal Cocuk ve Ergen Psikiyatrisi
Kongre Ozet Kitabi 2006;69. Turkish.

Conners CK, Sitarenios G, Parker D, Epstein JN. Revision and
restandardization of the Conners Teacher Rating Scale (CTRS-R):
factor structure, reliability, and criterion validity. | Abnorm
Child Psychol 1998:26:279-291.

Kaner S, Buyukozturk S, Iseri E. The validity and reliability
studly of the Turkish version of Conners’ Teacher rating scale
revisited (CTRS-R). Tlirk Psikiyatri Dergisi 2006,17:227.
Hyman C, Hofer M, Barde YA, Juhasz M, Yancopoulos GD,
Squinto SP, et al. BDNF is a neurotrophic factor for dop-
aminergic neurons of the substantia nigra. Nature 1991,350:
230-232.

Hoffer BJ, Hoffman A, Bowenkamp K, Huettl P, Hudson J,
Martin D, et al. Glial cell line-derived neurotrophic factor re-
verses toxin-induced injury to midbrain dopaminergic neu-
rons in vivo. Neurosci Lett 1994;182:107-111.

Aloe L, Rocco ML, Bianchi P, Manni L. Nerve growth factor:
from the early dliscoveries to the potential clinical use. J Trans/
Med 2012;10:239.

Liu DY, Shen XM, Yuan FF, Guo OY, Zhong Y, Chen JG, et al.
The physiology of BDNF and its relationship with ADHD. Mol
Neurobiol 2015;52:1467-1476.

Caraci F, Battaglia G, Sortino MA, Spampinato S, Molinaro G,
Copani A, et al. Metabotropic glutamate receptors in neuro-

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

degeneratioryneuroprotection: still a hot topic? Neurochem
Int 2012;61:559-565.

MacMaster FP, Carrey N, Sparkes S, Kusumakar V. Proton
spectroscopy in medication-free pediatric attention-deficit/
hyperactivity disorder. Biol Psychiatry 2003;53:184-187.
Vellucci SV, Parrott RF, Mimmack ML. Down-regulation of
BDNF mRNA, with no effect on trkB or glucocorticoid re-
ceptor m RNASs, in the porcine hippocampus after acute dex-
amethasone treatment. Res Vet Sci 2001,70:157-162.
Spoletini M, Taurone S, Tombolini M, Minni A, Altissimi G,
Wierzbicki V, et al. Trophic and neurotrophic factors in hu-
man pituitary adenomas (Review). Int / Oncol 2017;51:1074-
1024.

Scassellati C, Bonvicini C, Faraone SV, Gennarelli M.
Biomarkers and attention-deficit/hyperactivity disorder: a sys-
tematic review and meta-analyses. | Am Acad Child Adolesc
Psychiatry 2012;51:1003-1019.e20.

Linnarsson S, Bjorklund A, Ernfors P. Learning deficit in BDNF
mutant mice. Fur / Neurosci 1997,9:2581-2587.

Leo D, Sukhanov |, Zoratto F, llliano P, Caffino L, Sanna F, et
al. Pronounced hyperactivity, cognitive dysfunctions, and
BDNF dlysregulation in dopamine transporter knock-out rats.
J Neurosci 2018,38:1959-1972.

Syed Z, Dudbridge F, Kent L. An investigation of the neuro-
trophic factor genes GDNF, NGF, and NT3 in susceptibility to
ADHD. Am ] Med Genet B Neuropsychiatr Genet 2007 144B:
375-378.

Schimmelmann BG, Friedel S, Dempfle A, Warnke A, Lesch
KP, Walitza S, et al. No evidence for preferential transmission
of common valine allele of the Val66Met polymorphism of the
brain-derived neurotrophic factor gene (BDNF) in ADHD. J
Neural Transm (Vienna) 2007;114:523-526.

Ozturk O, Basay BK, Buber A, Basay O, Alacam H, Bacanli A,
et al. Brain-derived neurotrophic factor gene Val66Met poly-
morphism is a risk factor for attention-deficit hyperactivity dis-
order in a Turkish sample. Psychiatry Investig 2016;13:518-
525.

Zhang J, Luo W, Li Q, Xu R, Wang Q, Huang Q. Peripheral
brain-derived neurotrophic factor in attention-deficit/hyper-
activity disorder: a comprehensive systematic review and
meta-analysis. /| Affect Disord 2018,227:298-304.

Elfving B, Plougmann PH, Wegener G. Detection of brain-de-
rived neurotrophic factor (BDNF) in rat blood and brain prepa-
rations using ELISA: pitfalls and solutions. J Neurosci Methodls
2010:187:73-77.

Counts SE, McGuire SO, Sortwell CE, Crawley JN, Collier T),
Mufson EJ. Galanin inhibits tyrosine hydroxylase expression
in midbrain dopaminergic neurons. /] Neurochem 2002,83:
442-451].

Ericson E, Ahlenius S. Suggestive evidence for inhibitory ef-
fects of galanin on mesolimbic dopaminergic neurotransmission.
Brain Res 1999:822:200-209.

Rada P, Mark GP, Hoebel BG. Galanin in the hypothalamus



648 C. Gumus, et al.

61.

62.

63.

raises dopamine and lowers acetylcholine release in the nu-
cleus accumbens: a possible mechanism for hypothalamic in-
itiation of feeding behavior. Brain Res 1998;798:1-6.
Medel-Matus JS, Shin D, Sankar R, Mazarati A. Galanin con-
tributes to monoaminergic dysfunction and to dependent neu-
robehavioral comorbidities of epilepsy. Exp Neurol 2017;
289:64-72.

Amiri A, Torabi Parizi G, Kousha M, Saadat F, Modabbernia
M), Najafi K, et al. Changes in plasma brain-derived neuro-
trophic factor (BDNF) levels induced by methylphenidate in
children with attention deficit-hyperactivity disorder (ADHD).
Prog Neuropsychopharmacol Biol Psychiatry 2013:47:20-24.
Schmitz F, Pierozan P, Rodrigues AF, Biasibetti H, Grunevald
M, Pettenuzzo LF, et al. Methylphenidate causes behavioral

64.

65.

66.

impairments and neuron and astrocyte loss in the hjppo-
campus of juvenile rats. Mol Neurobiol 2017:54:4207-4216.
Oakes HV, DeVee CE, Farmer B, Allen SA, Hall AN, Ensley T,
et al. Neurogenesis within the hjppocampus after chronic
methylphenidate exposure. J Neural Transm (Vienna) 2019,
126:201-209.

Sadasivan S, Pond BB, Pani AK, Qu C, Jiao Y, Smeyne RJ.
Methylphenidate exposure induces dopamine neuron loss
and activation of microglia in the basal ganglia of mice. PLoS
One 2012,7:e33693. Frratum in: PLoS One 2012,7.

Ludolph AG, Schaz U, Storch A, Liebau S, Fegert JM, Boeckers
TM. Methylphenidate exerts no neurotoxic, but neuroprotec-
tive effects in vitro. | Neural Transm (Vienna) 2006,113:
1927-1934.



