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ABSTRACT

Hormones are classified as steroid, protein, peptide 
and polypeptide hormones according to their chemical 
structures. Peptide and polypeptide hormones: Oxytocin, 
leptin, ghrelin, corticotropin-releasing hormone, gonadal 
regulating hormone, vasopressin, cholecystokinin. The 
pharmaceutical industry has generally made great efforts 
to develop complex peptide hormone products, and studies 
have been conducted on different uptake pathways of 
peptide hormones in psychiatric diseases. Psychiatric 
disorders, on the other hand, are disorders that change an 
individual's behavior and lifestyle as a result of the mental 
and mental problems experienced by the individual. In 
this review, the effects of peptide hormones on psychiatric 
diseases such as autism spectrum disorder, attention deficit 
and hyperactivity disorder (ADHD), depression and anxiety 
disorder, and the applicability of peptide hormones as 
therapy will be discussed.
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hormones, psychiatric disorders.

doi: 10.5606/jebms.2021.75639

©2021 Journal of Experimental and Basic Medical Sciences. All rights reserved.

Received : March 15, 2021
Accepted : March 31, 2021
Published online : May 31, 2021

Hormones according to their chemical structure; 
are divided into an amino acid derivative (amine), 
peptide-polypeptide structure, protein, glycoprotein, 
and steroid hormones. Peptide and polypeptide 
hormones; Hormones such as oxytocin, hormones 
secreted from the hypothalamus, Antidiuretic 
hormone (ADH), insulin, glucagon, secretin, gastrin 
can be given as examples. The structures of most 
hormones in our body are peptide and polypeptide. 
Polypeptides consisting of a hundred or more amino 
acids are called proteins, and polypeptides consisting 
of a hundred and fewer amino acids are also called 
peptides.

The endoplasmic reticulum of endocrine cells 
produces protein and peptide hormones. The first 
step is to create a preprohormone with no biological 
action. These prohormones form a small protein 
called prohormone in the endoplasmic reticulum and 
are transported in secretory vesicles to be packaged 
into the Golgi apparatus. Prohormones are broken 
down by enzymes in the vesicles into smaller and 
biologically active hormones and non-activated 
parts. As a result of stimulation of endocrine cell 
surface receptors with the ligand, the amount of cyclic 

adenosine monophosphate (cAMP) increases, protein 
kinases are activated and hormones are secreted. The 
solubility of peptide hormones in water allows them 
to reach target tissues easily.[1]

There are seven endocrine glands and hormones 
are secreted from these endocrine glands. The 
pituitary gland, which is one of the endocrine 
glands, is divided into three anterior, middle, and 
posterior lobes. Six main peptide hormones and less 
important hormones are secreted from the frontal 
lobe. These hormones: Somatotropic hormone 
(STH), Growth hormone (GH), Adrenocorticotropic 
hormone (ACTH), Thyroid-stimulating hormone 
(TSH), Follicle-stimulating hormone (FSH), 
Luteinizing hormone (LH), Luteotropic hormone 
(Prolactin - LTH), Melanophore-stimulating hormone 
from the middle lobe (pars intermedia), from the 
posterior lobe; Antidiuretic hormone and Oxytocin 
hormone are secreted.
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•	 Thyroid-stimulating hormone (TSH); by 
affecting the thyroid gland, it releases 
thyroxine (T4) and triiodothyronine (T3) 
secreted from this gland. It regulates the rate 
of intracellular chemical reactions in the body.

•	 Prolactin: provides the development of the 
mammary glands during pregnancy together 
with the estrogen hormone. Provides milk 
production in breast tissue after birth.

•	 Luteinizing hormone (LH); secretes 
testosterone from Leydig cells in males and 
ovary in females. LH secretion is controlled 
by a gonadotropin-releasing hormone that 
is feedback regulated with hormones such as 
progesterone, estrogen, and testosterone.

•	 Follicle-stimulating hormone (FSH); provides 
sperm production in the testicles in males, 
and the growth of follicle cells in the ovaries 
during the menstrual cycle in females, and 
the release of estrogen hormone from follicle 
cells.

•	 Antidiuretic hormone (ADH); decreases 
urinary water excretion by increasing the 
reabsorption of water from the kidneys.

•	 Oxytocin hormone (OXT); ensures the 
contraction of the uterus muscle during 
delivery, and milk comes from the mammary 
glands of the mother for the baby to suck 
after birth.[1,2]

Oxytocin, one of the peptide hormones, is a 
neuropeptide that plays a role in the bonding 
of mother and baby, bonding of couples, and 
social behavior. It acts as a hormone in peripheral 
circulation and as a neurotransmitter in the central 
nervous system.[3,4] It is produced in the supraoptic 
and paraventricular nuclei of the hypothalamus 
and stored in the posterior lobe of the pituitary 
gland. From here, it is released into the peripheral 
circulation, contracting the uterus during labor, 
and is discharged from the milk ducts during 
breastfeeding.[5] In the central nervous system, 
oxytocin is released from neurons extending 
from the paraventricular nucleus to the amygdala, 
hippocampus, and nucleus accumbens, resulting 
in behavioral and psychological effects. There 
is one oxytocin receptor (OXTR) that has been 
identified to date. This receptor is distributed in 
gender and the species-specific manner in the brain 
and body. Mammary glands, uterine myometrium, 
gastrointestinal system, heart muscle, and vascular 

endothelium are the places where OXTR is found 
in the body. In the brain, the cortex, hippocampus, 
nucleus accumbens, hypothalamus, limbic system, 
basal ganglia, medial preoptic area, olfactory bulbus 
are the areas where this receptor is densely located. 
OXTR is from the family of G-protein coupled 
receptors, the receptor binds to two different 
G-proteins. After oxytocin binds to the receptor, 
different intracellular processes come into play 
depending on the location of the receptor in the 
body. Also, the number of OXTR increases and 
decreases in some periods of life such as birth and 
postpartum. Dynamic changes in OXTR expression 
and activation of different processes within the cell 
bring along individual differences in the oxytocin 
system.[6,7] Numerous studies in humans and animals 
have revealed that oxytocin plays a role in social 
behavior.[8-10] It is known that the administration of 
oxytocin increases eyesight in humans[9] and is also 
effective in understanding the emotions of others 
and recognizing faces.[10] Another effect of oxytocin 
is that it reduces anxiety and creates a sense of trust 
by suppressing stress-induced cortisol release.[8-12]

A double-blind placebo-controlled study in 
humans found that oxytocin is given intranasally 
to couples before discussion decreased cortisol 
levels and anxiety while increasing positive 
communication.[13] Oxytocin provides the 
suppression of the fear response via GABAergic 
neurons in the amygdala.[14] In addition, oxytocin 
suppresses the autonomic symptoms that occur 
during the fear response by inhibiting the 
stimulation of the brainstem.[12-15] However, it has 
been reported that oxytocin has a role in wound 
healing and pain relief due to its anti-inflammatory 
effect.[16,17]

PSyChiATRiC DiSoRDERS
Psychiatric disorders occur in the early stages of 

development or childhood before development. It is 
a neurodevelopmental disorder that causes personal, 
social skills, academic or professional dysfunctions. 
Examples of these disorders are mental development 
disorder, communication disorders, autism spectrum 
disorder, attention deficit and hyperactivity disorder, 
bipolar disorder, schizophrenia, depression, anxiety 
disorders, obsessive-compulsive spectrum disorder, 
eating disorders, sleep disorders, and sexual identity 
depression.[18]

In this review, autism spectrum disorder (ASD), 
attention deficit and hyperactivity disorder (ADHD), 
depression, and anxiety disorders are discussed.
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AuTiSm SPECTRum DiSoRDER
Autism spectrum disorder is a 

neurodevelopmental disorder that begins to show 
symptoms in the first years of life, characterized 
by developmental delays and deviations in mutual 
social interaction, language, and communication, 
repetitive stereotypes of behavior and interests.[15] In 
clinical studies, ASD was found to be 4-6 times more 
in boys than girls, and 2-3 times more in boys than in 
the population sample.[17-19]

Symptoms in autism spectrum disorder are 
grouped under two main headings: When we first 
examine the deficiencies in social communication 
and social interaction; avoidance of eye contact, 
inability to use body language and difficulty in 
understanding, limitation in facial expressions and 
non-verbal communication, interest and emotion 
sharing, and inadequate social interaction and 
emotional reactions. Secondly, when we examine 
repetitive behaviors and limited activities; Behaviors 
such as repetitive or obsessive motor behavior, 
attachment to routines, abnormally obsessive 
and constant interests in terms of intensity, being 
overactive or unresponsive to certain sensory stimuli 
such as sound, texture, or smell are observed.[17] ASD 
is linked to mutations in some voltage-gated and 
ligand-gated ion channels that are important in the 
stimulation of neurons and calcium ion signaling 
pathways. During development, abnormalities in 
neuronal excitation can also occur due to changes 
in neurotransmitter systems. Among such systems, 
some evidence supports the lack of GABAergic 
inhibition in autism. GABA is considered to be 
an important excitatory neurotransmitter causing 
depolarization of neurons and Ca2+ influx 
through voltage-gated Ca2+ channels during early 
development. A deficiency in GABA function can 
lead to disturbances in the developing brain, which 
can cause some neurodevelopmental disorders such 
as ASD. When studies were conducted to develop 
drugs for the treatment of ASD, it was claimed that 
a drug called Bumetanide, which was previously 
developed for the treatment of edema, can also be 
used in the treatment of ASD symptoms and has 
been shown in some studies. Bumetanide inhibits 
the triggering of nerve cells in the adult brain and 
restricts their communication. It enables the nerve 
cells to communicate by triggering them during 
early development. In this way, it contributes to the 
natural development of the brain by supporting the 
network formation of nerve cells.[19-21]

ThE RElATionShiP BETwEEn oxyToCin 
hoRmonE AnD AuTiSm SPECTRum 

DiSoRDER
When studies investigating the effect of oxytocin 

hormone on deficiencies in social interaction seen 
in autism were examined, it was observed that 
oxytocin increased eye contact in two of three 
studies.[22,23] The effects of oxytocin on emotion 
recognition in individuals with autism also found 
that oxytocin infusion was significantly effective 
in recognizing the emotional content of speech 
in placebo-controlled studies. While the acute 
effects of oxytocin given intranasally (nasal drug 
administration) were evaluated in one of two studies 
using the mind-reading test in the eyes, adult 
patients who were given oxytocin for six weeks 
were evaluated in the other study. In both studies, 
oxytocin was shown to significantly improve test 
performance over placebo.[24,25] The effect size was 
found to be higher in studies where oxytocin was 
used for a long time.[25] Contrary to these results, 
in a study conducted on children with autism, 
participants received a single daily i.n. dose for 4 
days. oxytocin was given. In this study, no significant 
difference was found between oxytocin and placebo 
groups in the facial emotion recognition test.[22] 
In both studies evaluating the effects of oxytocin 
on general functionality in autism, no significant 
improvement in overall disease severity compared to 
placebo was found.[22-25] When studies evaluating the 
effectiveness of oxytocin in autism were examined 
in terms of side effects, it was seen that oxytocin 
was generally well tolerated and that there was no 
side effect that would require medical intervention. 
Also, in terms of safety, it was found that there 
was no difference in the way oxytocin is given (i.v. 
or i.n.).[26] When studies on the effectiveness of 
oxytocin in autism are examined, it is noteworthy 
that there are conflicting results. Methodological 
and personal biological differences may have 
caused discrepancies between results. According 
to placebo-controlled studies, the magnitude of the 
effect of oxytocin on the main symptoms of autism 
is moderate.[27]

AuTiSm SPECTRum DiSoRDER 
TREATmEnT

The main goal of pharmacotherapy is to increase 
the child's adaptive skills and ensure their participation 
in individual education.[28] In randomized controlled 
trials with children and adolescents, Risperidone 
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and Aripiprazole have been shown to have positive 
effects on overreaction and aggression.[29,30] With 
this treatment, irritability, aggression, self-destructive 
and repetitive behaviors improve in the vast majority 
of cases. These two drugs are in the class of atypical 
antipsychotics, but drugs in a similar group may not 
have the same effect. These drugs have many side 
effects, but metabolic side effects should be closely 
monitored, especially in long-term use.[31]

SSRIs (selective serotonin reuptake inhibitors) 
can reduce repetitive behavior, but the findings 
are inconsistent.[32] Methylphenidate (MPH), 
atomoxetine, and guanfacine used in ADHD 
treatment can be used in the treatment of comorbid 
ADHD in patients with ASD. However, drug side 
effects are more common in individuals with ASD, 
and response to treatment is lower.[33] It is estimated 
that 30 to 70% of patients diagnosed with ASD 
receive at least one drug treatment.[34]

In a longitudinal study conducted on patients 
between the ages of 0-24 who were recently 
diagnosed with ASD in England, it was found that 
29% of the patients were prescribed drugs, the most 
commonly prescribed drugs were hypnotics (9.7%) 
and stimulants (7.9%) and antipsychotics (7.3%).[35] 

When we look at the mechanism of action of 
stimulated drugs; Stimulant drugs such as Ritalin and 
Concerta target the dopamine-active transporter 
gene. These stimulant drugs bind to the dopamine-
active carrier and block the transporter. Increases 
extracellular dopamine and norepinephrine levels. 
When the ratio of dopamine in the brain increases, 
impulsivity, and hyperactivity are seen in ADHD 
decrease.[36]

ATTEnTion DEfiCiT hyPERACTiviTy 
DiSoRDER

Attention deficit hyperactivity disorder is a 
neuropsychiatric disorder that begins in childhood 
and is characterized by inattention, hyperactivity, 
and impulsivity inappropriate for the age of the 
person.[37] It is the most common neurobehavioral 
disorder in primary school-age children, negatively 
affects normal development and functionality in 
academic and social fields.[38,39] In a comprehensive 
meta-analysis study conducted in recent years, it has 
been shown that the average prevalence of ADHD in 
the world is 5.29%, and it is seen more in boys than 
in girls.[40] According to many scientific studies, there 
is a consensus in the literature that ASD and ADHD 
are seen frequently together, so the diagnosis of 

ASD for ADHD is not an exclusion criterion within the 
scope of DSM-5 (Diagnostic and Statistical Manual 
of Mental Disorders-Fifth Edition).[41] Although 
ADHD and ASD are two clinically different disorders, 
genetic, cognitive, and neurobiological impairments/
losses show that they have some intersections. Social 
problems arising from impulsivity, which is one of the 
main symptoms of ADHD, are very common. Social 
problems are also one of the main symptoms of ASD. 
Again, rapid reactions in social communication and 
misinterpretation of social cues, which are common 
in ADHD, are also seen in ASD. In a scientific study, it 
was found that individuals with ADHD have autistic 
features such as difficulty in reading emotional facial 
expressions.[42] Although the underlying mechanism is 
different, impairments in executive functions related 
to goal-oriented behaviors and planning are seen 
in both ADHD and ASD. The fact that chromosome 
16p13 is between the responsible genes in both ASD 
and ADHD cases indicates a common genetic link.[43]

Those showing symptoms of attention-deficit; 
cannot follow the instructions from beginning to 
end, they have difficulty concentrating on the work or 
game they are doing, they lose the materials needed 
for work and activities at home or school, they seem 
not to listen when you speak, they overlook the 
details, they appear disorganized, they have difficulty 
doing things that require mental effort for a long time 
and they run away from them, they are forgetful, their 
interest is easily diverted.[44]

Those showing symptoms of hyperactivity; 
they cannot sit even though they should sit, they 
have difficulty playing quietly, they run and climb 
out of place, they talk a lot, they often answer 
before the question is completed, they always deal 
with something, they have difficulty waiting their 
turn, they intervene in events or conversations and 
interrupt them.[44]

Some disorders are extremely common 
simultaneously with ADHD. Two-thirds of the patients 
have another concomitant disorder; 30-50% have 
behavioral disorders, 20-25% have anxiety disorders, 
15-20% have mood disorders, 10-25% have learning 
difficulties.

Finding another disorder simultaneously requires 
applying different treatment approaches together. 
It is necessary to check whether there is any other 
accompanying disorder in the child diagnosed with 
ADHD.

Differential diagnoses from other psychiatric 
diseases:
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 - Depression (depression in children may 
present with symptoms different from adults, 
such as restlessness, irritability, hyperactivity, 
attention problems, and therefore mimic the 
ADHD clinic).

 - Anxiety disorders (symptoms such as anxiety, 
restlessness can be confused with ADHD).

 - Learning difficulties, mental retardation (this 
possibility should come to mind only if there 
are attention problems brought to the school 
as a complaint by the teacher and there 
is a history of school failure; teachers can 
often be confused with 'attention deficit' with 
the problems related to the child's learning 
difficulties).

 - Bipolar Affective Disorder (confused with 
ADHD, since it is more common in children 
with a 'continuous mania' state and progresses 
with symptoms such as irritability, increased 
psychomotor activity, and too much speech)

The most striking factor that may be important 
for ADHD in this development is that the inhibitory 
effect increases parallel to the decrease in dopamine 
concentration in the brain with age. The concentration 
of dopamine metabolites has increased in the 
cerebrospinal fluid of many ADHD boys. This situation 
supports the developmental delay hypothesis.

The concept of 'executive functions' can be 
useful in explaining ADHD symptoms. The concept 
of executive functions emerged as a result of studies 
with patients with frontal damage. The executive 
function concept includes skills such as starting, 
maintaining, suppressing, prioritizing, organizing, 
and developing strategies. In summary, the symptoms 
of individuals with frontal damage are similar to 
those of ADHD cases. Closed circuits involving the 
prefrontal cortex, basal ganglia, and thalamus play an 
important role in executive functions. These circuits 
are regulated by monoaminergic neurotransmitters, 
and especially dopamine.[44]

The most striking factor that may be important 
for ADHD in this development is that the inhibitory 
effect increases parallel to the decrease in dopamine 
concentration in the brain with age. The concentration 
of dopamine metabolites has increased in the 
cerebrospinal fluid of many ADHD boys. This situation 
supports the developmental delay hypothesis.

The concept of 'executive functions' can be useful 
in explaining ADHD symptoms. The concept of 
executive functions emerged as a result of studies 

with patients with frontal damage. The executive 
function concept includes skills such as starting, 
maintaining, suppressing, prioritizing, organizing and 
developing strategies. In summary, the symptoms 
of individuals with frontal damage are similar to 
those of ADHD cases. Closed circuits involving the 
prefrontal cortex, basal ganglia, and thalamus play an 
important role in executive functions. These circuits 
are regulated by monoaminergic neurotransmitters, 
and especially dopamine.[40]

ATTEnTion DEfiCiT hyPERACTiviTy 
DiSoRDER TREATmEnT

Methylphenidate (MPH), which shows a central 
effect on dopamine by blocking the reuptake of 
catecholamines through a noradrenergic route, is 
one of the first-line psychostimulant drugs in the 
pharmacological treatment of ADHD.[41,45] The most 
important side effect of MPH is the moderate increase 
in heart rate and blood pressure.[46,47] In a double-
blind randomized study, MPH was found to increase 
heart rate.[48]

MPH is also effective in the dopaminergic 
system in the central nervous system. It increases 
extracellular dopamine levels by inhibiting the 
dopamine transporter. It is thought to produce 
dopaminergic effects, particularly in the prefrontal 
cortex and striatum regions.[49]

MPH is the most commonly researched agent in 
the treatment of ADHD and has been shown to have 
a very good efficacy and safety profile in studies 
conducted to date.[50] It has been demonstrated that 
tolerance to the most common side effects of MPH 
such as anorexia, irritability, and headache developed 
in a very short time. There is no consensus on 
the response to MPH in cases with ADHD + ASD. 
According to a limited number of studies, it has 
been reported that the use of MPH improves ADHD 
symptoms in patients with ASD.[51]

In another scientific study, in a review evaluating 
the treatment algorithm in cases with ADHD and 
ASD, it was revealed that the use of MPH increases 
side effects and is not beneficial. In conclusion, more 
comprehensive controlled studies are needed to 
determine the different factors that play a role in 
the etiology and the effective treatment strategies 
to be applied in this group, which constitutes an 
important clinical subtitle among childhood 
neurodevelopmental diseases.[52]
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ThE RElATionShiP BETwEEn oxyToCin 
hoRmonE AnD ATTEnTion DEfiCiT 

hyPERACTiviTy DiSoRDER
In a scientific study conducted on children with 

ADHD, serum oxytocin levels were found to be lower 
in the ADHD group than healthy controls. When 
the ADHD cases using and not using medication 
were compared, the oxytocin level was found to 
be significantly higher in the drug-using group. In 
addition, oxytocin levels were found to be negatively 
correlated with the total symptom score and the 
attention deficit score.[53] It has been reported that 
giving oxytocin to the mother for induction of labor in 
the perinatal period increases the risk of developing 
ADHD in the future of the baby.[54] The number of 
studies investigating the role of oxytocin in the 
etiology of ADHD is very limited, and to the best of 
our knowledge, there are no studies on its use for 
therapeutic purposes.[54]

ThE EffECT of mEThylPhEniDATE on 
GRowTh hoRmonE in ThE TREATmEnT 
of ATTEnTion DEfiCiT hyPERACTiviTy 

DiSoRDER
Stimulant drugs have been used in ADHD 

treatment for a long time. It has a negative effect 
on growth hormone.[55] However, the effect of 
stimulants on growth may also be due to the effect of 
growth hormone on the cartilage (cartilage tissue). 
GH stimulates the liver production of somatomedin 
C, which stimulates cartilage growth in the bone 
structure. Studies have shown that long-term 
use of stimulants does not affect somatomedin 
C levels.[55,56] In studies on this subject, it has 
been reported that MPH moderately reduces the 
expected height and weight in the early period, 
and this side effect decreases over time.[55] In most 
of the studies evaluating the growth rate in terms 
of height during the use of MPH; It was reported 
that the growth rate was negatively affected in 
the early period of the treatment, however, this 
rate became normal in the later periods of the 
treatment.[55] It has been reported that disruptions 
in height increase are highest in the first 6 months 
of treatment, however, normalized between 30 and 
42 months of treatment. In another study, it was 
reported that 2-year MPH treatment caused a delay 
in expected height, a few months of interruption 
to drug therapy accelerated growth, and growth 
delay was balanced.[57] Children who received 
5-year MPH or Amphetamine therapy and had 

delays in height were reported to have reached the 
expected growth curve on measurements 2 years 
after cessation of treatment.[58] Although the use 
of MPH has been proven to cause adverse effects 
on body weight, these effects have been reported 
to decrease over time and do not affect final 
height and weight in adults.[55] In a scientific study 
conducted with boys diagnosed with ADHD, it 
was reported that the dose used had a clear effect 
on height and that the delay in height growth 
increased with the increase of the MPH dose.[59]

ThE EffECTS of mEThylPhEniDATE 
on lEPTin hoRmonE in ATTEnTion 
DEfiCiT hyPERACTiviTy DiSoRDER
Leptin is a peptide hormone released from 

adipose tissue, effective on energy balance, appetite, 
immune and neuroendocrine functions. Leptin is 
mainly secreted by fat cells. It was discovered to be 
the product of the ob/ob gene on the long arm (7q31) 
of chromosome 7. It is therefore also referred to as the 
"ob protein".[60,61]

One of the main functions of leptin is to suppress 
appetite on the central nervous system, especially 
the hypothalamus. However, they are reported 
to have very important roles in the regulation of 
metabolism, sexual development and reproduction, 
hematopoiesis, immune system, and gastrointestinal 
functions.[62] Physiological effects of leptin; 
appetite, energy intake, and consumption are on 
the neuroendocrine axes and the immune system. 
Glucocorticoids, insulin, prolactin, tumor necrosis 
factor-alpha, interleukin-1, and glucose increase the 
release of leptin. Thyroid hormones, growth hormone 
(GH), somatostatin, free fatty acids, cold exposure, 
catecholamines reduce leptin release.[63,64]

In the studies conducted, it has been suggested 
that it may be an impaired appetite center under 
the abnormal eating behaviors encountered in 
individuals with ADHD. The relationship between 
leptin, which is an important regulatory hormone of 
the appetite center, and ADHD was investigated due 
to the high frequency of being overweight and obese 
in individuals with ADHD.[65] As a result of this study, it 
has been reported that leptin, which was found low, 
plays an important role in individuals with ADHD who 
have decreased cognitive functions and have social 
difficulties, and that it can be used as a biomarker in 
individuals with ADHD showing this feature.[66,62]

In a study conducted in 2007, it was investigated 
whether there is a relationship between appetite 
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suppression, which is the most common side effect 
of MPH treatment, which is the first choice in 
ADHD treatment, and leptin, which is an appetite 
suppressor.[67] In the study, leptin levels of male, newly 
diagnosed ADHD patients (before and after short-
acting MPH treatment) and a sociodemographic 
matched control group aged 6-12 were compared. 
It was stated that leptin levels before the treatment 
were higher in the ADHD group compared to the 
control group, but there was no statistical difference. 
There was no difference in leptin levels between 
ADHD patients after MPH treatment and ADHD 
patients before MPH treatment.

In a study investigating the effect of MPH 
treatment on appetite and appetite-related 
hormone levels, it was reported that there was no 
difference between pre-treatment ADHD and the 
control group in terms of appetite and appetite-
related hormone levels of 30 newly diagnosed 
children and adolescents with ADHD and 20 healthy 
control groups.[68]

In another scientific study, the pre-treatment 
leptin levels were found to be similar in the ADHD 
group and the healthy control group, and when the 
leptin values in the control group were compared 
by controlling the BMI (body mass index) after 
the treatment, the leptin values were significantly 
lower in the ADHD group compared to the healthy 
controls. was detected. As a result, it appears that 
new studies are needed to explain the relationship 
between leptin and anorexia due to MPH use.[69]

ThE EffECTS of mEThylPhEniDATE 
on GhRElin hoRmonE in ATTEnTion 

DEfiCiT hyPERACTiviTy DiSoRDER
Ghrelin is a hormone that stimulates growth 

hormone (GH) release by activating the growth 
hormone-releasing receptor. Ghrelin also plays a 
role in energy homeostasis by stimulating appetite, 
hunger, and food intake.[70,71]

Ghrelin is a hormone that acts directly on the 
central nervous system and affects behavioral, 
neuroendocrinal, cognitive, and neuropsychological 
processes.[72] In the article published in 2010, it was 
emphasized that Ghrelin may be associated with 
ADHD symptoms of inattention and hyperactivity 
by affecting dopaminergic pathways in the brain.[73]

However, there are a limited number of studies 
that we can have an idea about the relationship 
between Ghrelin and ADHD. In a study conducted 

in 2014, it was reported that there was no difference 
before and after treatment when Ghrelin levels 
were measured after the initiation of treatment and 
after two months of treatment in 33 boys aged 6-12 
years.[72]

One study found that there was no difference 
in Ghrelin levels between the ADHD group and the 
healthy control group before MPH treatment.[74] 
After 2 months of MPH treatment, ghrelin treatment 
was found to be significantly higher in patients with 
ADHD. This study emphasized that Ghrelin is related 
to the neurobiological mechanism underlying 
MPH-related loss of appetite and weight loss. No 
difference was observed between the medication-
free ADHD diagnosed and the healthy control 
group.[68,72] However, unlike other studies, the study 
found that the pre-treatment ADHD group had 
significantly higher ghrelin levels than the control 
group.[69] In the same study, after 3 months of MPH 
treatment, after treatment in the ADHD group, the 
Ghrelin level significantly decreased compared to 
the pre-treatment. Also, a higher rate of decrease in 
Ghrelin levels was observed in those with anorexia 
in the ADHD group compared to those without.[74]

According to a study, it was observed that 
Ghrelin levels decreased after treatment in the 
ADHD group. In addition, the fact that there is a 
positive correlation between Leptin and Ghrelin 
hormone levels in both pre-treatment and post-
treatment groups, and the decrease in both 
hormone levels after treatment, although not 
statistically significant, support the literature 
information that Leptin increases Ghrelin release.[75] 
However, although there is no significant weight 
difference after the treatment, the fact that the 
percentile (growth curve) of the expected weight 
gain is not known suggests that there may have 
been a loss of adipose tissue. Loss of adipose tissue 
may be a reason for the observed decrease in 
Leptin and Ghrelin levels.

DEPRESSion
When healthy people react emotionally, such 

as distress, sadness, or grief, to unwanted or 
disappointing events, these emotions are called 
depressive feelings. Depressive feelings are a normal 
part of life. What distinguishes the malaise and 
moodiness of daily life from depression is the severity 
and duration of the symptoms in depression. To 
diagnose depression, the onset of depression is 
observed when the person's complaints continue 
for at least two weeks, significant impairment in 
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social and occupational functioning, and recurrent 
episodes in most depressive individuals.[76] 
Depression is not a single disorder, but a cluster 
of many subgroups. Psychiatric disorders are 
named with different classification systems. The 
most accepted classification system in the world is 
DSM IV (Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition), which is the classification 
system of the American Psychiatric Association. 
Depression subgroups according to DSM IV; Major 
depressive disorder, dysthymic disorder, depression 
in bipolar disorder, depression due to a general 
medical condition, depressive adjustment disorder, 
depressive disorders not otherwise named. The 
disorder that cannot be named otherwise is also 
its subgroups; They are divided into premenstrual 
dysphoric disorder, minor depressive disorder, and 
recurrent brief depressive disorder.[77]

As a brain disease, depression is a cluster of 
symptoms in which impaired emotion, thought, 
behavior, and bodily functions occur as a reflection 
of impaired brain functions and disorders. Not all 
symptoms can coexist in every patient. The main 
symptoms of depression include pessimistic and sad 
mood, pessimistic thought content, hopelessness, 
feelings of helplessness, inability to enjoy life, loss of 
interest, intolerance, forgetfulness, and distraction, 
lack of energy, sleep, and appetite disorder. In 
the emotional state, unhappiness, sadness, and 
pessimism prevail, and anxiety and fears can 
also be found. There may be feelings of inner 
restlessness and tension. While there may be 
crying accompanying the sad mood, some patients 
complain of not being able to cry. Excessive anger 
can be seen. One cannot enjoy life. He doesn't want 
or get bored with the activities he used to enjoy. 
There is a feeling of emptiness and everything can 
feel meaningless. With the loss of motivation, it 
becomes difficult to set and focus on the future goal. 
There may be negative thoughts about the future. 
Adverse events in the past often come to mind, and 
the feeling of regret may intensify. In the present 
tense, the patient feels worthless, inadequate, or 
guilty, and has difficulty trusting himself and the 
environment. Sensitivity increases. Loneliness can 
be felt. Thinking slows down, causing speech to 
slow down and decrease. Energy drops, the person 
gets tired quickly. There may be common body 
aches. It can be difficult to fall asleep. Even if he falls 
asleep, there may be interruptions in sleep during 
the night or waking up tired and not falling back 
in the morning. Conversely, susceptibility to sleep 
and prolonged sleep may also occur. There may be 

a decrease in appetite and weight loss, as well as a 
need to overeat. Learning something new becomes 
difficult. Forgetfulness occurs and attention may be 
impaired. In severe cases, the person can make plans 
to hurt himself or cause harm. There may be suicidal 
thoughts/plans.[77]

Regardless of where it is done, all studies show 
that depression is seen twice as often in women 
than in men. Although differences between genders 
are present in all age groups, this difference is 
more pronounced in the young and middle age 
group than in the children and the elderly group. 
Although the reason for this difference between the 
genders is not known precisely, there are various 
opinions on this issue. Among the possible reasons, 
the first thing that comes to mind is the endocrine 
system. However, it has been shown that the risk 
of depression increases only in the postpartum 
and premenstrual periods, and there is no such risk 
for the menopause period. Studies conducted on 
this subject indicate that the difference between 
genders cannot be explained through the endocrine 
system for now.[78] The average age of onset for 
depression is 40. The age of onset is between 20 and 
50 in the vast majority of cases. Most studies have 
suggested that depression is less likely to occur in 
children and the elderly.[79]

BioloGiCAl EffECTS
Serotonin (5-HT, 5-hydroxytryptamine), 

dopamine, noradrenaline, and similar chemicals are 
responsible for the communication between nerve 
cells in the brain. Serotonin stimulates all areas of 
the brain. The limbic brain regions (hippocampus, 
amygdala, temporal lobes) and the nuclei (thalamus) 
that play a role in sensory transmission are the most 
intensely stimulated areas. The neurotransmitter 
most involved in depression is serotonin. Increasing 
the amount of serotonin present in the synaptic 
cleft due to the decrease in 5-HT reuptake in the 
platelets of depressed patients causes an increase in 
serotonergic neural conduction.[80]

Noradrenaline originates in half of its cells from 
the locus coeruleus (LC) in the dorsal pons. It is 
detected in high concentrations in the hypothalamus 
and limbic system (amygdala, hippocampus); It is 
found in most neurons of the sympathetic nervous 
system and is involved in most body functions.[81] 
It is attributed to the low level of norepinephrine 
metabolism, increased tyrosine hydroxylase activity, 
and decreased norepinephrine carrier density in 
patients with depression.
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Dopamine is found in the ventral 
mesencephalon in the brain. Dopamine activity is 
decreased in patients whose role in depression is 
psychomotor slowing. This dopamine activity is 
increased with an antidepressant.[80]

TREATmEnT
Psychotherapies can be applied to positively 

change the behavior, cognition, and emotions 
of depressed people. These types of therapy are; 
cognitive behavioral therapy, behavioral activation 
therapy, interpersonal psychotherapy, problem-
solving therapy, and non-directive counseling.[82] In 
addition to psychotherapies, antidepressants are 
used to treat depression.[83] Antidepressant drugs; 
monoamine oxidase inhibitors (MAOI), tricyclic 
antidepressants (TSA), selective serotonin reuptake 
inhibitors (SSRI), selective noradrenergic reuptake 
inhibitors (NRI), noradrenaline and dopamine reuptake 
inhibitors (NDGI), serotonin and noradrenaline 
reuptake inhibitors (SNRIs) They act as enzyme or 
receptor inhibitors and reuptake inhibitors, including 
noradrenergic and serotonergic antidepressants 
(NaSSA), serotonin 2A antagonists/serotonin reuptake 
inhibitors (SAGI).[84]

PEPTiDE hoRmonES AnD DEPRESSion
Corticotropin releasing hormone (CRh)

Corticotropin-releasing hormone (CRH) is a 41 
amino acid peptide isolated in 1981. Due to its 
strategic distribution in the CNS (central nervous 
system), it has been seen as the basis of autonomic, 
endocrine, immune, and behavioral factors in 
mammalian response to stress, and studies have 
been conducted on this subject. CRF1 and CRF2 
(corticotropin-releasing factor 1 and 2) receptor 
abnormalities are thought to play a role in the 
pathophysiology of anxiety, depression, eating 
disorders as well as cardiac and inflammatory 
diseases.[85]

Studies on the role of CRH in major depressive 
disorder indicate that there is CRH hypersecretion. 
When CRH is administered to experimental 
animals, it has been shown to cause events such 
as hypercortisolism and major depression-related 
anorexia, decreased libido.[86,87] In major depressive 
disorder, there is increased activity in the hypothalamic-
pituitary-adrenal axis. As a result of the changes 
in this axis; Hypercortisolemia, CSF (cerebrospinal 
fluid) increase in CRH concentration, resistance to 
cortisol suppression occurs in the dexamethasone 

(corticosteroid drug) suppression test. In one study, 
as a result of IV (intravenous-vascular access) or 
SC (subcutaneous-subcutaneous injection) CRH 
administration, a response was obtained in the form 
of an increase in ACTH, β-endorphin, β-lipotropin, 
and cortisol in the normal subject, while the subject 
meeting the depression criteria were found to have 
increased cortisol, ACTH and there was no increase 
in beta-endorphin levels. ACTH response improves 
with clinical improvement. Two theories have been 
developed for the decreased ACTH response to this 
CRH in depression; According to the former, there is 
down-regulation of pituitary CRH receptors due to 
hypothalamic CRH hypersecretion. According to the 
second hypothesis, the sensitivity of the pituitary to 
glucocorticoid negative feedback has changed.[88]

Gonadal regulatory steroids (GnRh)

Gonadal regulatory steroids (GnRH) are 
neuromodulators found in the hypothalamus that 
regulate sexual behavior as inhibitors or excitatory. 
It is thought to contribute to the development of 
the central nervous system as well as to the general 
control of excitability and anxiety. Irregularities in 
the hypothalamic Pituitary-gonadal axis are thought 
to be effective on the endogenous depression and 
postpartum depression of women in peri and post-
menopause. Supporting this, the antidepressant 
effect of estrogen has been observed in some 
women.[89]

In the etiology of depression, decreased prolactin 
secretion, FSH, LH, and testosterone levels in men 
have also been reported with the administration of 
tryptophan.[90]

Arginine vasopressin and oxytocin

Arginine vasopressin (AVP) and oxytocin 
are neuropeptides synthesized in the supraoptic 
and paraventricular nucleus membrane of the 
hypothalamus consisting of 9 amino acids.[91] AVP is a 
hormone that may play a role in the pathophysiology 
of affective disorders due to its role in adjusting the 
effects of norepinephrine. AVP is thought to play a 
role in attention, memory, and learning. The release 
of AVP is increased by stress, pain, exercise, morphine 
and nicotine use, and barbiturates; decreases with 
alcohol intake. Inappropriate vasopressin release may 
occur spontaneously in some psychiatric diseases for 
unclear reasons. Increases in central vasopressin are 
associated with a history of aggressive behavior in 
humans.[90]

The suprachiasmatic nucleus, which plays an 
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important role in the regulation of circadian rhythm, 
and vasopressin, one of its major neuropeptides, have 
been the focus of attention due to the prevalence 
of circadian rhythm disturbances in patients with 
depression. In a controlled study (11 patients - 8 
depression, 3 bipolar - 11 controls) on this subject, it 
was hypothesized that AVP-immunoreactive neurons 
should decrease in patients with suprachiasmatic 
nucleus depression, but it was observed that these 
neurons did not decrease or even increased after 
the study. Besides, in support of the hypothesis, it 
has been observed that there is a disorder in the 
synthesis and release of AVP in depressive cases.[92]

Cholecystokinin (CCK)

It has been suggested that cholecystokinin is a 
possible neuromodulator of panic attacks, a type of 
anxiety disorder.[93] CCK-A and CCK-B receptor types 
in the central nervous system of cholecystokinin have 
been described.[94,88] The fact that CCK-B receptor 
antagonists such as CCK-4 and pentagastrin induce 
panic attacks in humans.[95,96] Studies suggesting that 
CCK-B receptor antagonists exert anxiolytic effects 
in experimental animals support the argument that 
cholecystokinin is a neuromodulator for anxiety 
disorders.[97,98]

Few articles have been published pointing 
to the relationship of cholecystokinin with 
depression. These studies are mostly related to 
the regulation of antidepressant-like activities of 
opioids (chemical substances acting like morphine) 
via CCK-B receptors. Blocking of CCK-B receptors 
has been shown to increase the antidepressant 
activities of opioids. A similar effect has not been 
achieved by the blockade of CCK-A receptors.[99,100]

AnxiETy
Anxiety; experienced in the face of an 

identifiable or unidentified situation that contains 
danger to the organism; It is characterized by 
a sense of anxiety and accompanying physical 
arousal symptoms. Physiologically, symptoms 
such as palpitations, difficulty in breathing, rapid 
breathing, tremors in the hands and feet, excessive 
sweating, as well as psychological symptoms 
include distress, extreme excitement, feeling, and 
fear of a sudden bad event. Physical symptoms 
such as interpersonal communication disruption, 
frequent tremors, palpitations, dry mouth, and 
muscle tension were evaluated as pathological.[101]

Anxiety disorders according to DSM-IV; general 
medical condition-related anxiety disorders are 

classified as panic disorder, substance-related 
anxiety disorder, generalized anxiety disorder, 
obsessive-compulsive disorder, social phobia, 
specific phobia, acute stress disorder, post-traumatic 
stress disorder, mixed anxiety depressive disorder, 
anxiety disorders not otherwise named.[18,96]

It is an extreme and pervasive state of anxiety 
accompanied by a variety of somatic symptoms 
that causes significant impairment of social or 
occupational functions or significant stress to the 
patient.[102]

In stressful and fearful situations, the oxytocin 
system is stimulated, causing oxytocin release 
in both the central nervous system and the 
peripheral nervous system.[103,104] In a study 
conducted, a positive relationship was found 
between plasma oxytocin level and trait anxiety 
level in women;[105] Another study found an inverse 
relationship between plasma oxytocin levels 
and anxiety levels in men.[106] When oxytocin is 
given for three weeks in patients with generalized 
anxiety disorder, a decrease in symptoms has 
been observed.[107] Oxytocin is thought to reduce 
anxiety, and this hormone is thought to have 
anxiolytic (anxiety-relieving drugs) properties.[108] 
As a result, it can be said that plasma oxytocin 
level has an anxiolytic effect according to gender.

RESulT
In this review, the relationships between 

psychiatric disorders (Autism spectrum disorder, 
Attention deficit, and hyperactivity disorder, 
depression, anxiety disorder) and peptide hormones 
(oxytocin, ghrelin, leptin, corticotropin regulating 
hormone, gonadal regulating hormone, vasopressin, 
cytokine) were examined. The definitions of 
psychiatric diseases, stress, anxiety, and many 
symptoms prioritize most diseases, triggering the 
disease as a result of problems in the regulation 
of the receptors, and genetic and environmental 
factors also cause these diseases. The drugs used 
in the treatment of psychiatric diseases and the 
mechanism of action of these drugs were examined. 
The mechanism of action of methylphenidate used 
in the treatment of ADHD, methylphenidate delayed 
growth hormone, there was no similarity in its 
relationship with Leptin hormone, delayed Ghrelin 
hormone, and caused the loss of appetite.

Depression is treated with either psychotherapy 
or medications. Dopamine activity in the brain of 
sick individuals is increased by an antidepressant. 
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Vasopressin, one of the peptide hormones, appears 
to play a role in attention and learning. Depressed 
patients may display aggressive behavior as a result 
of impaired synthesis and release of vasopressin. 
Irregularities in the gonadal regulatory steroids 
hormone may be associated with an anxiety disorder.

Declaration of conflicting interests
The authors declared no conflicts of interest with 

respect to the authorship and/or publication of this article.

funding
The authors received no financial support for the 

research and/or authorship of this article.

REfEREnCES
1. Guyton AC, Hall JE. Textbook of medical physiology. 

İstanbul: Güneş Tıp Kitabevi; 2015. s. 949-50.
2. Hortu I, Karadadas E, Ozceltik G, Tavmergen E, 

Tavmergen Goker EN, et al. Oxytocin and cabergoline 
alleviate ovarian hyperstimulation syndrome (OHSS) 
by suppressing vascular endothelial growth factor 
(VEGF) in an experimental model. Arch Gynecol Obstet 
2021;303:1099-108.

3. Churchland PS, Winkielman P. Modulating social 
behavior with oxytocin: How does it work? What does it 
mean? Horm Behav 2012;61:392-9.

4.  Erbas O, Altuntaş İ. Oxytocin and Neuroprotective 
Effects, Oxytocin and Health, Wei Wu and Ifigenia 
Kostoglou-Athanassiou. IntechOpen, 2021. Available at: 
https://www.intechopen.com/chapters/75616.

5. Insel TR. The challenge of translation in social 
neuroscience: A review of oxytocin, vasopressin, and 
affiliative behavior. Neuron 2010;65:768-79.

6.  Kayaaltı A EO. Oxytocin, vasopressin and sexual activity. 
JEB Med Sci 2021;2:93-9.

7. Buisman-Pijlman FT, Sumracki NM, Gordon JJ, Hull PR, 
Carter CS, Tops M. Individual differences underlying 
susceptibility to addiction: Role for the endogenous 
oxytocin system. Pharmacol Biochem Behav 
2014;119:22-38.

8. Heinrichs M, Baumgartner T, Kirschbaum C, Ehlert U. 
Social support and oxytocin interact to suppress cortisol 
and subjective responses to psychosocial stress. Biol 
Psychiatry 2003;54:1389-98.

9. Guastella AJ, Mitchell PB, Dadds MR. Oxytocin increases 
gaze to the eye region of human faces. Biol Psychiatry 
2008;63:3-5.

10. Domes G, Heinrichs M, Michel A, Berger C, Herpertz 
SC. Oxytocin improves "mind-reading" in humans. Biol 
Psychiatry 2007;61:731-3. 

11. Kosfeld M, Heinrichs M, Zak PJ, Fischbacher U, 
Fehr E. Oxytocin increases trust in humans. Nature 
2005;435:673-6.

12. Heinrichs M, von Dawans B, Domes G. Oxytocin, 
vasopressin, and human social behavior. Front 
Neuroendocrinol 2009;30:548-57.

13. Ditzen B, Schaer M, Gabriel B, Bodenmann G, Ehlert 
U, Heinrichs M. Intranasal oxytocin increases positive 
communication and reduces cortisol levels during 
couple conflict. Biol Psychiatry 2009;65:728-31. 

14. Viviani D, Stoop R. Opposite effects of oxytocin and 
vasopressin on the emotional expression of the fear 
response. Prog Brain Res 2008;170:207-18.

15. Kirsch P, Esslinger C, Chen Q, Mier D, Lis S, Siddhanti 
S, et al. Oxytocin modulates neural circuitry for 
social cognition and fear in humans. J Neurosci 
2005;25:11489-93.

16. Grewen KM, Light KC, Mechlin B, Girdler SS. 
Ethnicity is associated with alterations in oxytocin 
relationships to pain sensitivity in women. Ethn 
Health 2008;13:219-41.

17. Petersson M, Lundeberg T, Sohlström A, Wiberg U, 
Uvnäs-Moberg K. Oxytocin increases the survival of 
musculocutaneous flaps. Naunyn Schmiedebergs Arch 
Pharmacol 1998;357:701-4.

18. American Psychiatric Association. Diagnostic and 
Statistical Manual of mental disorders. 5th ed. Arlington: 
American Psychiatric Publishing; 2013.

19.  Solmaz V, Tekatas A, Erdoğan MA, Erbaş O. Exenatide, a 
GLP-1 analog, has healing effects on LPS-induced autism 
model: Inflammation, oxidative stress, gliosis, cerebral 
GABA, and serotonin interactions. Int J Dev Neurosci 
2020;80:601-12.

20.  Kalkan AK, Atasoy Ö, Erbaş O. Pharmacotherapy and 
Bumetanide in Autism Treatment JEB Med Sci 2020;1:52-61.

21. Fombonne E. The changing epidemiology of autism. 
JARID 2005;18:281-94.

22. Andari E, Duhamel JR, Zalla T, Herbrecht E, Leboyer M, 
Sirigu A. Promoting social behavior with oxytocin in 
high-functioning autism spectrum disorders. Proc Natl 
Acad Sci U S A 2010;107:4389-94. 

23. Dadds MR, MacDonald E, Cauchi A, Williams K, Levy F, 
Brennan J. Nasal oxytocin for social deficits in childhood 
autism: A randomized controlled trial. J Autism Dev 
Disord 2014;44:521-31. 

24. Hollander E, Bartz J, Chaplin W, Phillips A, Sumner J, 
Soorya L, et al. Oxytocin increases retention of social 
cognition in autism. Biol Psychiatry 2007;61:498-503.

25. Anagnostou E, Soorya L, Chaplin W, Bartz J, Halpern D, 
Wasserman S, et al. Intranasal oxytocin versus placebo 
in the treatment of adults with autism spectrum 
disorders: A randomized controlled trial. Mol Autism 
2012;3:16. 

26. Ishak WW, Kahloon M, Fakhry H. Oxytocin role in 
enhancing well-being: A literature review. J Affect Disord 
2011;130:1-9. 

27. Preti A, Melis M, Siddi S, Vellante M, Doneddu G, Fadda R. 
Oxytocin and autism: A systematic review of randomized 
controlled trials. J Child Adolesc Psychopharmacol 
2014;24:54-68. 

28. Volkmar F, Siegel M, Woodbury-Smith M, King B, McCracken 
J, State M; American Academy of Child and Adolescent 
Psychiatry (AACAP) Committee on Quality Issues (CQI). 
Practice parameter for the assessment and treatment of 



73Peptide Hormones and Neurodegenerative Diseases

children and adolescents with autism spectrum disorder. J 
Am Acad Child Adolesc Psychiatry 2014;53:237-57. 

29. Owen R, Sikich L, Marcus RN, Corey-Lisle P, Manos 
G, McQuade RD, et al. Aripiprazole in the treatment 
of irritability in children and adolescents with autistic 
disorder. Pediatrics 2009;124:1533-40. 

30. Fung LK, Mahajan R, Nozzolillo A, Bernal P, Krasner A, Jo 
B, et al. Pharmacologic treatment of severe irritability 
and problem behaviors in autism: A systematic review 
and meta-analysis. Pediatrics 2016;137 Suppl 2:S124-35. 

31. Politte LC, McDougle CJ. Atypical antipsychotics in the 
treatment of children and adolescents with pervasive 
developmental disorders. Psychopharmacology (Berl) 
2014;231:1023-36. 

32. Lai MC, Lombardo MV, Baron-Cohen S. Autism. Lancet 
2014;383:896-910.

33. Lord C, Elsabbagh M, Baird G, Veenstra-Vanderweele J. 
Autism spectrum disorder. Lancet 2018;392:508-20. 

34. Frazier TW, Shattuck PT, Narendorf SC, Cooper BP, 
Wagner M, Spitznagel EL. Prevalence and correlates 
of psychotropic medication use in adolescents with 
an autism spectrum disorder with and without 
caregiver-reported attention-deficit/hyperactivity 
disorder. J Child Adolesc Psychopharmacol 
2011;21:571-9. 

35. Booth T, Murray AL, McKenzie K, Kuenssberg R, O'Donnell 
M, Burnett H. Brief report: An evaluation of the AQ-10 as 
a brief screening instrument for ASD in adults. J Autism 
Dev Disord 2013;43:2997-3000. 

36. Fagundes AO, Rezin GT, Zanette F, Grandi E, Assis LC, Dal-
Pizzol F, et al. Chronic administration of methylphenidate 
activates mitochondrial respiratory chain in brain of 
young rats. Int J Dev Neurosci 2007;25:47-51. 

37. Ercan E. Dikkat eksikliği hiperaktivite bozukluğu. 
İstanbul: Doğan Egmont Yayımcılık; 2008.

38. Biederman J, Faraone SV. Attention-deficit hyperactivity 
disorder. Lancet 2005;366:237-48. 

39.  Spetie L AE. Attention Deficit Hyperactivity Disorder. 
In: Lewis M E, editor. Lewis’s Child and Adolescent 
Psychiatry, A Comprehensive. Baltimore: Lippincott, 
Williams & Wilkins; 2007. pp. 430–454.

40. Cantwell DP. Hyperactive children have grown up. What 
have we learned about what happens to them? Arch Gen 
Psychiatry 1985;42:1026-8.

41. American Psychiatric Association Diagnosticand 
Statistical Manual of Mental Disorders (DSM-5). 5th ed. 
Washington DC: American Psychiatric Association; 2014.

42. Ayaz AB, Ayaz M, Yazgan Y. Alterations in social reciprocity 
in attention-deficit hyperactivity disorder. Turk Psikiyatri 
Derg 2013;24:101-10. 

43. Smalley SL, Kustanovich V, Minassian SL, Stone JL, Ogdie 
MN, McGough JJ, et al. Genetic linkage of attention-
deficit/hyperactivity disorder on chromosome 16p13, 
in a region implicated in autism. Am J Hum Genet 
2002;71:959-63.

44. Castellanos FX. Toward a pathophysiology of attention-
deficit/hyperactivity disorder. Clin Pediatr (Phila) 
1997;36:381-93. 

45. Safer DJ, Malever M. Stimulant treatment in Maryland 
public schools. Pediatrics 2000;106:533-9. 

46. Rapport MD, Moffitt C. Attention deficit/hyperactivity 
disorder and methylphenidate. A review of height/
weight, cardiovascular, and somatic complaint side 
effects. Clin Psychol Rev 2002;22:1107-31.

47. Findling RL, Short EJ, Manos MJ. Short-term 
cardiovascular effects of methylphenidate and adderall. 
J Am Acad Child Adolesc Psychiatry 2001;40:525-9. 

48. Spencer T, Biederman J, Wilens T, Harding M, O'Donnell 
D, Griffin S. Pharmacotherapy of attention-deficit 
hyperactivity disorder across the life cycle. J Am Acad 
Child Adolesc Psychiatry 1996;35:409-32.

49. Gray JD, Punsoni M, Tabori NE, Melton JT, Fanslow 
V, Ward MJ, et al. Methylphenidate administration to 
juvenile rats alters brain areas involved in cognition, 
motivated behaviors, appetite, and stress. J Neurosci 
2007;27:7196-207. 

50. Pliszka S; AACAP Work Group on Quality Issues. Practice 
parameter for the assessment and treatment of children 
and adolescents with attention-deficit/hyperactivity 
disorder. J Am Acad Child Adolesc Psychiatry 
2007;46:894-921. 

51. Cortese S, Castelnau P, Morcillo C, Roux S, Bonnet-
Brilhault F. Psychostimulants for ADHD-like symptoms in 
individuals with autism spectrum disorders. Expert Rev 
Neurother 2012;12:461-73. 

52. Mahajan R, Bernal MP, Panzer R, Whitaker A, Roberts 
W, Handen B, et al. Clinical practice pathways for 
evaluation and medication choice for attention-deficit/
hyperactivity disorder symptoms in autism spectrum 
disorders. Pediatrics 2012;130 Suppl 2:S125-38. 

53. Sasaki T, Hashimoto K, Oda Y, Ishima T, Kurata T, Takahashi 
J, et al. Decreased levels of serum oxytocin in pediatric 
patients with attention deficit/hyperactivity disorder. 
Psychiatry Res 2015;228:746-51. 

54. Kurth L, Haussmann R. Perinatal Pitocin as an early ADHD 
biomarker: Neurodevelopmental risk? J Atten Disord 
2011;15:423-31.

55. Faraone SV, Biederman J, Morley CP, Spencer TJ. 
Effect of stimulants on height and weight: A review 
of the literature. J Am Acad Child Adolesc Psychiatry 
2008;47:994-1009. 

56. Schultz FR, Hayford JT, Wolraich ML, Hintz RL, Thompson 
RG. Methylphenidate treatment of hyperactive children: 
effects on the hypothalamic-pituitary-somatomedin 
axis. Pediatrics 1982;70:987-92. 

57. Poulton A, Cowell CT. Slowing of growth in height and 
weight on stimulants: A characteristic pattern. J Paediatr 
Child Health 2003;39:180-5. 

58. Gross MD. Growth of hyperkinetic children taking 
methylphenidate, dextroamphetamine, or imipramine/
desipramine. Pediatrics 1976;58:423-31. 

59. Lisska MC, Rivkees SA. Daily methylphenidate use slows 
the growth of children: A community based study. J 
Pediatr Endocrinol Metab 2003;16:711-8.

60. Zhang Y, Proenca R, Maffei M, Barone M, Leopold 
L, Friedman JM. Positional cloning of the mouse 



JEB Med Sci74

obese gene and its human homologue. Nature 
1994;372:425-32.

61. Pelleymounter MA, Cullen MJ, Baker MB, Hecht R, 
Winters D, Boone T, et al. Effects of the obese gene 
product on body weight regulation in ob/ob mice. 
Science 1995;269:540-3. 

62. Iwaniec U, Shearon C, Heaney R, Cullen D, Yee J. Leptin 
Increases the Number of mineralized bone nodules in 
vitro. J Bone MinerRes 1998;13:2-12.

63. Aslan K, Serdar Z , Tokullugil H. Multifonksiyonel hormon: 
Leptin. Uludağ Tıp Derg 2004;30:113-8.

64. Maffei M, Halaas J, Ravussin E, Pratley RE, Lee GH, Zhang 
Y, et al. Leptin levels in human and rodent: Measurement 
of plasma leptin and ob RNA in obese and weight-
reduced subjects. Nat Med 1995;1:1155-61. 

65. Cortese S, Konofal E, Lecendreux M. Alertness and 
feeding behaviors in ADHD: Does the hypocretin/orexin 
system play a role? Med Hypotheses 2008;71:770-5. 

66. Reda MM, El-Hadidy E. Serum leptin in children with 
attention deficit hyperactivity disorder. Middle East 
Current Psychiatry 2011;18:1-5.

67. Işeri E, Kiliç BG, Senol S, Karabacak NI. Effects of 
methylphenidate on leptin and appetite in children with 
attention-deficit hyperactivity disorder: an open label 
trial. Methods Find Exp Clin Pharmacol 2007;29:47-52. 

68. Sahin S, Yuce M, Alacam H, Karabekiroglu K, Say GN, 
Salıs O. Effect of methylphenidate treatment on appetite 
and levels of leptin, ghrelin, adiponectin, and brain-
derived neurotrophic factor in children and adolescents 
with attention deficit and hyperactivity disorder. Int J 
Psychiatry Clin Pract 2014;18:280-7.

69. Gurbuz F, Gurbuz BB, Celik GG, Yildirim V, Ucakturk 
SA, Seydaoglu G, et al. Effects of methylphenidate 
on appetite and growth in children diagnosed with 
attention deficit and hyperactivity disorder. J Pediatr 
Endocrinol Metab 2016;29:85-92. 

70 Nakazato M, Murakami N, Date Y, Kojima M, Matsuo 
H, Kangawa K, et al. A role for ghrelin in the central 
regulation of feeding. Nature 2001;409:194-8.

71. Bademci R, Erdoğan MA, Eroğlu E, Meral A, Erdoğan 
A, Atasoy Ö, Erbaş O. Demonstration of the protective 
effect of ghrelin in the livers of rats with cisplatin toxicity. 
Hum Exp Toxicol 2021;21:9603271211026722.

72. Yalcin O, Iseri E, Bukan N, Ercin U. Effects of long acting 
methylphenidate on ghrelin levels in male children with 
attention deficit hyperactivity disorder: An open label 
trial. Klinik Psikofarmakoloji Bülteni 2014;24:146-57.

73. Ghanizadeh A. Can body weight reduction in obese 
children improve attention deficit hyperactivity disorder 
symptoms in the short term? Clinical and research 
implications. Int J Endocrinol Metab 2011;9:278-9.

74. Polanczyk GV, Salum GA, Sugaya LS, Caye A, Rohde 
LA. Annual research review: A meta-analysis of 
the worldwide prevalence of mental disorders in 
children and adolescents. J Child Psychol Psychiatry 
2015;56:345-65.

75. İyidoğan Y. Grelinin yapısı ve organizmadaki 
fonksiyonları. İst Tıp Fak Derg 2011;70:82-92.

76. Burcusa SL, Iacono WG. Risk for recurrence in depression. 
Clin Psychol Rev 2007;27:959-85. 

77. American Psychiatric Association Diagnostic and 
Statistical Manual of Mental Disorders. 4th ed. 
Washington DC: American Psychiatric Association; 
1994.

78.  Blazer DG. Mood Disorders: Epidemiology. In: Kaplan 
HI, Sadock BJ, editor. Comprehensive Text Book of 
Psychiatry. 6th ed. Philadelphia: William and Wilkins; 
1995. p. 1079-88.

79.  Charney EA WMW. Depression and mania. Epidemiology 
of depressive and manic syndromes. 1988. p. 26–52.

80. Özsoy F. Ruh sağlığı ve hastalıkları bölümünden 
istenen konsültasyonların geriye dönük incelenmesi. 
Gaziosmanpaşa Tıp Dergisi 2018;10:46-56.

81. Thase ME. Mood Disorders: Neurobiology. Kaplan & 
Sadock’s Comprehensive Textbook of Psychiatry. 9th ed. 
Philadelphia: Lippincott, Williams andWilkins; 2009. p. 
1664-74.

82. Cuijpers P, Quero S, Dowrick C, Arroll B. Psychological 
treatment of depression in primary care: Recent 
developments. Curr Psychiatry Rep 2019;21:129. 

83. Cipriani A, Furukawa TA, Salanti G, Chaimani A, 
Atkinson LZ, Ogawa Y, et al. Comparative efficacy and 
acceptability of 21 antidepressant drugs for the acute 
treatment of adults with major depressive disorder: A 
systematic review and network meta-analysis. Lancet 
2018;391:1357-66.

84.  Antidepressants: Selective Serotonin Reuptake Inhibitors 
and Serotonin-Norepinephrine Reuptake Inhibitors. 
Clinical Psychopharmacology. 2013. p. 95-117.

85. Dautzenberg FM, Hauger RL. The CRF peptide family and 
their receptors: Yet more partners discovered. Trends 
Pharmacol Sci 2002;23:71-7. 

86. Gold PW, Goodwin FK, Chrousos GP. Clinical and 
biochemical manifestations of depression. Relation 
to the neurobiology of stress (2). N Engl J Med 
1988;319:413-20. 

87. Modell S, Yassouridis A, Huber J, Holsboer F. Corticosteroid 
receptor function is decreased in depressed patients. 
Neuroendocrinology 1997;65:216-22. 

88. Owens MJ, Nemeroff CB, Bissette G. Neuropeptides: 
Biology and regulations. Kaplan ve Sadock’s 
comprehensive textbook of psychiatry. In: Sadock BJ, 
Sadock VA, editors. 7th ed. Philadelphia: Lippincott 
Williams & Wilkins; 2000. p. 68-9.

89. Goldman J, Wajchenberg BL, Liberman B, Nery M, 
Achando S, Germek OA. Contrast analysis for the 
evaluation of the circadian rhythms of plasma cortisol, 
androstenedione, and testosterone in normal men and 
the possible influence of meals. J Clin Endocrinol Metab 
1985;60:164-7. 

90. Hu RJ, ReusVI. Neurochemistry in psychiatry. In: Goldman 
HH, editor. Review of gen psychiatry. 5th ed. New York: 
TheMcGraw- Hill Companies; 2000. p. 78-95.

91.  Erbas O, Yılmaz M, Korkmaz HA, Bora S, Evren V, Peker G. 
Oxytocin inhibits pentylentetrazol-induced seizures in 
the rat. Peptides 2013;40:141-4.



75Peptide Hormones and Neurodegenerative Diseases

92. Zhou JN, Riemersma RF, Unmehopa UA, Hoogendijk 
WJ, van Heerikhuize JJ, Hofman MA, et al. Alterations 
in arginine vasopressin neurons in the suprachiasmatic 
nucleus in depression. Arch Gen Psychiatry 
2001;58:655-62. 

93. Harro J, Vasar E, Bradwejn J. CCK in animal and human 
research on anxiety. Trends Pharmacol Sci 1993;14:244-9. 

94. Daugé V, Léna I. CCK in anxiety and cognitive processes. 
Neurosci Biobehav Rev 1998;22:815-25. 

95. Jerabek I, Boulenger JP, Bradwejn J, Lavallée YJ, 
Jolicoeur FB. CCK4-induced panic in healthy subjects 
I: Psychological and cardiovascular effects. Eur 
Neuropsychopharmacol 1999;9:149-55.

96. Le Mellédo J, Jhangri GS, Lott P, Tait GR, McManus 
K, Geddes M, et al. Effect of medroxyprogesterone 
pretreatment on pentagastrin-induced panic symptoms 
in females with panic disorder. Psychiatry Res 
2001;101:237-42. 

97. Wilson J, Watson WP, Little HJ. CCK(B) antagonists protect 
against anxiety-related behaviour produced by ethanol 
withdrawal, measured using the elevated plus maze. 
Psychopharmacology (Berl) 1998;137:120-31. 

98. Kõks S, Männistö PT, Bourin M, Shlik J, Vasar V, Vasar 
E. Cholecystokinin-induced anxiety in rats: Relevance 
of pre-experimental stress and seasonal variations. J 
Psychiatry Neurosci 2000;25:33-42. 

99. Smadja C, Maldonado R, Turcaud S, Fournie-Zaluski 
MC, Roques BP. Opposite role of CCKA and CCKB 
receptors in the modulation of endogenous enkephalin 
antidepressant-like effects. Psychopharmacology (Berl) 
1995;120:400-8. 

100. Smadja C, Ruiz F, Coric P, Fournié-Zaluski MC, Roques 
BP, Maldonado R. CCK-B receptors in the limbic system 
modulate the antidepressant-like effects induced by 
endogenous enkephalins. Psychopharmacology (Berl) 

1997;132:227-36. 
101. Karamustafalıoğlu O, Akpınar A. Anksiyete bozuklukları. 

In: Karamustafalıoğlu O, editör. Aile hekimleri için 
psikiyatri. 1. Baskı. İstanbul: MT Uluslararası Yayıncılık; 
2010. s. 71-88.

102. Beers MH, Berkow R. The Merck Manual of diagnosis and 
therapy. 17th ed. West Point: John Wiley & Sons; 1999.

103. Engelmann M, Landgraf R, Wotjak CT. The 
hypothalamic-neurohypophysial system regulates 
the hypothalamic-pituitary-adrenal axis under stress: 
An old concept revisited. Front Neuroendocrinol 
2004;25:132-49.

104. Neumann ID. Stimuli and consequences of dendritic 
release of oxytocin within the brain. Biochem Soc Trans 
2007;35:1252-7. 

105. Holt-Lunstad J, Birmingham W, Light KC. The influence 
of depressive symptomatology and perceived stress 
on plasma and salivary oxytocin before, during 
and after a support enhancement intervention. 
Psychoneuroendocrinology 2011;36:1249-56. 

106. Weisman O, Zagoory-Sharon O, Schneiderman I, Gordon 
I, Feldman R. Plasma oxytocin distributions in a large 
cohort of women and men and their gender-specific 
associations with anxiety. Psychoneuroendocrinology 
2013;38:694-701.

107. Myers AJ, Williams L, Gatt JM, McAuley-Clark EZ, 
Dobson-Stone C, Schofield PR, et al. Variation in the 
oxytocin receptor gene is associated with increased risk 
for anxiety, stress and depression in individuals with a 
history of exposure to early life stress. J Psychiatr Res 
2014;59:93-100. 

108. de Oliveira DC, Zuardi AW, Graeff FG, Queiroz RH, 
Crippa JA. Anxiolytic-like effect of oxytocin in the 
simulated public speaking test. J Psychopharmacol 
2012;26:497-504. 


