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Abstract

Objective: The aim of this study was to evaluate the relationship between apelin-36 and oxidative parameters
and Generalized Anxiety Disorder (GAD). Apelin which prevents hippocampal neuronal death is an
endogenous ligand for G protein bound APJ receptors in the central nervous system. Oxidative Stress were
occurred by free radicals which caused apoptosis in the hypothlamus, hippocampus and amygdala regions of
the Central Nervous System (CNS).

Methods: In this study, 61 patients diagnosed generalized anxiety disorder at psychiatry polyclinic and 55
control subjects were enrolled. The Structured Clinical Interview for DSM-IV Axis | Disorders (SCID-1) and
the Hamilton Anxiety Rating Scale (HARS) were used in this study and they were filled by the patients and
healthy individuals. Serum apelin-36 level was measured by using an ELISA kit. Total antioxidant status
(TAS) and Total Oxidant Status (TOS) in the serum was measured by an automated system. The data were
analyzed by using the SPSS.

Results: It was found that serum apelin-36, TOS and Oxidative stress index (OSI) levels were significantly
lower in patients’ group than controls. In addition, negative correlation was detected between apelin 36 levels
and HARS scores, TOS and OSI values in patients’ group. TAS values were found as similar between the
patient and control group. There was no correlation between TAS and Apelin 36 in the patient group.
Conclusion: In this study it was found that serum apelin-36, TOS and OSI levels were low in GAD.
According to the results, Apelin-36 and oxidative stress may play a role in the etiopathogenesis of

Generalized Anxiety Disorder.
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Introduction

Address for correspondence/reprints: Generalized anxiety disorder (GAD) is a
psychiatric disorder that significantly decreased the
Ilkay Bahceci quality of life. The excessive fear and worry about the
different life events which persist throughout the day
Telephone number: +90 (464) 223 61 26 are the clinical symptoms of the disease which
happened on almost every day. Its annual prevalence
E-mail: mdilkaybahceci@gmail.com is 3-8%. GAD usually begins at twenties and 30% of

GAD referrals take place during this period.
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The presence of other comorbid psychiatric
diseases such as depression is 81% of GAD patients
may cause misdiagnosing and decrease the rate of
GAD diagnosis

The etiopathogenesis of GAD has not been
completely understood yet (1). Neurobiological
studies have shown that the level of proinflammatory
cytokines is positively correlated with anxiety level
(2).

It was determined that neuronal death occurred
due to apoptosis based on chronic stress as a result of
decreased level of anti-apoptotic protein Bcl-2 in
neurons (3).

Magnetic resonance imaging studies have also
showed pathological changes in brain regions such as
amygdala, hippocampus and hypothalamus (4).

Apelin is a peptide that was firstly purified from
bovine stomach tissue extracts. It is synthesized
primarily as Pre-pro-apelin which is 77-amino acid in
length. Subsequently, it breakdowns into apelin-13,
17 and 36 forms which had similar bioactivity and
action as proteolytically. Apelin performs its function
in the central nervous system by binding the G
protein-coupled APJ receptor (5,6).

In some studies, it has been shown that apelin 36
reduces hippocampal neuronal death due to cerebral
edema and infarcts more effectively than apelin-13
(7-10).

The effects of apelin peptides in the
cardiovascular and endocrinological diseases in
humans and animals have been studied but the roles
in psychiatric diseases have been investigated to a
limited extent (11-18).

Oxidative stress occurs by the accumulation of
free radicals in cells due to imbalance between
oxidants and anti-oxidants. Free radicals reduce
synaptic  plasticity, increase proinflammatory
cytokine secretion and induce apoptosis in the
hippocampus, amygdala and hypothalamus (19).

There are no studies investigating the contribution
of the relationship between apelin-36 and oxidative
stress in GAD etiopathogenesis.

The aim of this study is to investigate the role of
oxidative stress and apelin-36 in the etiopathogenesis
of GAD.

Methods

Participants:

This study was carried out in the outpatient
psychiatry clinic of Recep Tayyip Erdogan Education
and Research Hospital. The study was approved by
the Ethics Committee of the Medical School
(Decision No: 2016/96, Date: 21/10/2016). The study

included 61 patients, who were admitted to the
outpatient clinic, and 55 healthy individuals, who
were hospital staffs.

Voluntary informed consent form was signed by
the patients and controls.

Structured Clinical Interview for DSM-IV Axis |
Disorders (SCID-1), Hamilton Anxiety Rating Scale
(HARS) and sociodemographic data forms were
filled by all the individuals themselves.

Individuals who were smoking, using alcohol and
drug who had chronic diseases and were pregnancy
excluded from the study. Their Body Mass Index
ranged between 18.5 and 24.9. Individuals have
psychiatric diseases in the control group are excluded
and there were no psychiatric diseases except the
GAD in the patient group.

Blood Samples:

After overnight fasting, 5 ml peripheral blood was
drawn and then was centrifuged at 4000 rpm/5 min.
and serum was stored-frozen at -20 °C until usage.
Serum apelin-36 level was measured by using an
ELISA kit (AP 36 test kit, Cloud-Clone Corp.,
Houston, USA). Sensitivity of the test is reported as
<2.52 pg/mL, according to the manufacturer's
protocol. The absorbance was determined at 450 nm
with a microtiter plate reader (Multiskan GO, Thermo
Scientific, Waltham, MA, USA) within 5 minutes.

Levels of apelin were measured by the standard
curve created by Titri ELISA software. The standard
curve was then used to convert the absorbance values
to apelin-36 concentration.

Measurement of total antioxidant status (TAS):

TAS in the serum was measured by an automated
system. The assay measure anti-oxidative effect
against free radical in the serum. The results were
expressed as mmol Trolox Eg/L (20).

Measurement of total oxidant status (TOS):

Serum TOS was measured by the automated
method of Erel. The results are expressed as
micromolar hydrogen peroxide equivalent per liter
(umol H202Equiv/L) (20).

Oxidative stress index (OSI):
OSI (Arbitrary unit) = TOS (mmol
Equiv.L-1)/ TAS (mmolTroloxEg/L) (20).

H202

Evaluations of Tests:

The sociodemographic data form designed by the
investigators, which was contained information for
age, gender, place of residence, marital status,
education level and income status (low:<500 euro,
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medium:501-1500 euro, high:>1501 euro) were
fulfilled by participants.

The Structured Clinical Interview for DSM-IV
Axis | Disorders (SCID-I) was developed by First et
al. in 1997 (21). The validity and reliability studies
for the adaptation of the SCID-1 were performed by
Corapcioglu et al. in 1999 (22). The Hamilton
Anxiety Rating Scale (HARS) was developed by
Hamilton in 1959, which contains 14 questions that
guery mental and physical symptoms (23).

Each item is rated on a five-point Likert-type scale
ranging from O to 4. It determines the level of anxiety
and symptom distribution in patients. The validity
and reliability study of the Turkish version of the
scale was conducted by Yazici et al. in 1998 (24).

Statistical analysis

Statistical data were analyzed by using SPSS
version 18.0. (SPSS Inc., Chicago, IL, USA).
Normal distribution of continuous variables was
tested with Kolmogorov-Smirnov test.
Between-group  comparisons  with  normal
distribution values were tested by the student’s-test.
Chi-square test was used for the comparisons of
categorical variables. Correlation analysis was
performed by using the Pearson correlation

coefficient. Data is expressed as meantstandard
deviation (SD). The significance level was
determined as p< 0.05.

Results

Age and gender distribution were found similar
between patient and control groups, respectively, in
terms of age (30.86+7.61, range 24-49, and
32.86+5.25, range 23-51, p=0.342) and gender (37
F/24 M and 32 F/23 M, p=0.232) (Table 1).

Also,distribution of the place of residence, marital
status, education level and income status were found
similar between the patient and control groups,
respectively (p=0.543, p=0.212, p=0.303, p=0.123)
(Table 1).

There was a statistically significant difference
between the two groups in terms of the HARS scores.
The scores of the patient group were higher than the
control group (23.46 +4.10 and 3.86+1.69,
respectively, (p<0.01) (Table 2).

The serum apelin-36 levels were statistically
significantly lower in the patient group than control
group. Levels were measured as 363.83421.07 pg/ml
and 1050.93+£51.35pg/ml, respectively, (p<0.01)
(Table 2 and Figure 1).

Table 1. Sociodemographic Data of Patients and Controls

Parameters Patient (n=61) Control (n=55) p
Age (range) 30.86+7.61(24-49) 32.86+5.25(23-51) 0.342
Gender (F/M) 37/24 32/23 0.232
Place of residence  City 36 32
Village 20 17 0.543
Town 13 6
Marital status Single 38 34
Widow(er) 21 19 0.212
Divorcee 2 2
Education level Primary 10 7
Middle 37 35 0.303
High 14 13
Income level Low 15 13
Medium 38 35 0.123
High 8 7
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Table 2. Parameters measured and outcomes

Patient Control p
HARS* 23.46+4.10 3.86 £1.69 0.000
Apelin 36 (pg/ml) 363.83+21.077 1050.93+51.35 0.000
TAS* (mmol Trolox Eqg/L) 1.39+0.81 1.32+0.20 0.721
TOS* (mmol H202 Equiv./L) 44.52+0.28 10.02+0.97 0.005
OSI* (arbitrary unit) 3.92+6.17 0.78+0.44 0.005
*Abbreviations: HARS (Hamilton Anxiety Rating Scale), TAS (Total Antioxidant Status), TOS (Total Oxidant Status), OSI (Oxidative Stress

Index)

Table 3. The correlation of TAS, TOS, OSI and HARS scores with apelin 36 levels in patients

Apelin 36

r p
HARS* -0.737 0.000*
TAS* -0.126 0.233
TOS* -0.443 0.026*
osI* -0.374 0.043*

Pearson correlation, p<0.05.

*Abbreviations: HARS (Hamilton Anxiety Rating Scale), TAS (Total Antioxidant Status), TOS (Total Oxidant Status), OSI
(Oxidative Stress Index)
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Figure 1. The distribution of apelin-36 levels (pg/ml) in the patient and control groups
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While there were no significant difference
between patient and control groups for TAS levels,
which  werel.39+0.81 and 1.32+0.20(p=0.721),
respectively, the levels of TOS and the OSI were
detected significantly higher in the patient
group(These values were, respectively, 44.52+0.28,
10.02+0.97 (p<0.01) ; 3.92+6.17, 0.78+0.44(
p<0.01) (Table 2).

In the patient group, while there was a strong
negative correlation between the serum apelin-36
levels and the HARS scores (r=-0.737, p=0.000),
correlation was not found between TAS and apelin
36(r=-0.126, p=0.233). TOS and OSI were negatively
correlated with apelin 36 (r=-0.443, p=0.026; r=-
0.374, p=0.043, respectively) (Table 3).

Discussion

There have been recent studies on investigating
the role of oxidative stress and biomarkers in the
etiopathogenesis of GAD. However, the precise
causes have not been identified yet.

Therefore, we investigated the relationship
between apelin-36 levels, oxidative stress and GAD
patients in this study.The serum apelin-36 levels of
the patients with GAD were compared with the
healthy controls among with their respective HARS,
TAS, TOS, and OSI scores.

The role of oxidative stress biomarkers in the
etiopathogenesis of psychiatric disorders including
GAD has been studied in previous studies. Ercan et
al, showed that prolidase levels were elevated in GAD
patients (25). It has been showed that molecules like
prolidase, malondialdehyde, superoxide dismutase,
and nitric oxide play role in the development of
psychiatric conditions including schizophrenia,
depression, obsessive-compulsive disorder, and adult
attention-deficit hyperactivity disorder (26-30).

In this study, serum apelin-36 levels were found
significantly lower in the patient group than the
control group. Moreover, there was also a strong
negative correlation between the serum apelin-36
levels and the HARS scores in the patient group. In
some studies, GAD has been shown to be associated
with a proinflammatory response. The detection of
inflammatory cytokines such as IL-1, IL-6 and TNF-
a in the hippocampus and amygdala indicates that
they may play a role in etiopathogenesis (2,4). Apelin
has been shown to inhibit the secretion of these
cytokines in the same regions of the brain (7-10). In
addition to its anti-pro-inflammatory cytokine effect
in the brain, apelin was shown to have a
neuroprotective effect by preventing neuronal
apoptosis observed in patients with GAD (3,8).

Previous studies evaluating the relationship
between apelin, and psychiatric diseases have focused
on the sub-unit of apelin-13 (12-18). In these studies,
it was reported that apelin-13 level was low in autism
and may play a role in the etiopathogenesis of ADHD
(13). In addition, apelin administered to mice has
been shown to have anti-depressive and anxiolytic
effects (14-18). No study has been found in the
literature investigating the role of apelin 36 in the
etiopathogenesis of generalized anxiety disorder.

It is probably that apelin prevents apoptotic
processes in neuronal cells by inhibiting the release
of anxiogenic and inflammatory cytokines.
Therefore, apelin may have a role in the
etiopathogenesis of generalized anxiety disorder.
Therefore, further studies are needed to clarify the
role and the relation of Apelin in GAD.

The envelope phospholipid integrity of neurones
in the cortical regions, including amygdala and the
hippocampus, is impaired by the accumulation of free
radicals and / or the lack of anti-oxidants. These
alterations affect the density and functions of
catecholamine receptors such as GABA and serotonin
/ dopamine / noradrenaline which play a role in the
pathophysiology of GAD (31-32). In addition, it can
also mask serotonin binding sites of the receptor, and
thus may play a role in the etiopathogenesis (33).

In this study, even though TAS was similar in both
groups, TOS and OSI values were significantly
higher in patients. Cenk et al, also reported that it was
found similar TAS levels in GAD patients and
controls. However, Emhan et al, reported that higher
levels of TAS was found in GAD patients than
controls (25,34). In both studies, TOS and OSI were
like ours. According to these results, inflammatory
cases characterized by free radical accumulation may
play a role in the etiology of GAD.

Apelin and its receptors are commonly found in
the structures organizing stress response such as
hypothalamus, hippocampus, and amygdala (8-10).
Apelin inhibits the inflammatory response by
decreasing release of cytokines such as IL-1, IL-6 and
TNF-o in these brain regions. Some studies have
shown that apelinergic system protects neurons by
preventing apoptosis and improves behavioral
performance (7-10).

Free radicals cause apoptosis in the hypothalamus,
hippocampus, and amygdala regions of the CNS by
disrupting synaptic plasticity, stimulating / increasing
inflammatory cytokine release, and triggering pre-
apoptotic signaling (19).

This study also demonstrated a negative
correlation between TOS and OSI and apelin-36.
However, no correlation was found between TAS and
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apelin-36. Despite it has a potent bioactivity in
neuronal protection, the role of apelin-36 in the
etiopathogenesis of GAD has not been investigated so
far. The small number of participants in the study and
the fact that inflammatory cytokine and apelin-36
levels were not measured before and after treatment
are the limiting factors.

Conclusion

According to the results of this study it could be
taken into consideration that free radical
accumulation and low apelin-36 may play a role in
the etiopathogenesis of GAD.
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