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ABSTRACT

Objective: Melatonin (MIt) is a hormone with antidepressant and antioxidant features. It is well
known that MIt protects brain cells from reactive oxygen species and that the brain's high oxygen
consumption and lipid content make it particularly vulnerable to oxidative stress caused by
prolonged stress. This study aims to investigate the effects of melatonin, fluoxetine (FIx) and their
combinations on emotional memory, depression, and anxiety-like behavioral changes induced by
immobilization (Imb) stress.

Material and Method: 48 male Balb/c mice were divided into eight groups: Cnt (control), Imb,
Imb+MIt, Imb+FIx, Imb+MIt+FIx, MIt, FIx and MIt+FIx. For seven days in a row, the mice
underwent daily immobilization stress for 6 hours. Mice were treated with Mlt (10 mg/kg) and Flx
(20 mg/kg) or saline 30 min prior to the immobilization stress procedure. All animals were subjected
to behavioral tests; forced swimming test (FST), open field test (OFT), elevated plus maze (EPM),
passive avoidance test (PAT), and hot plate (HP) test. After all behavioral tests, brain tissues were
obtained for malondialdehyde (MDA) level analysis.
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Result and Discussion: OFT test data showed the time spent in the central zone and the number of
entrances to the central area were lower in the Imb group compared to the Cnt group; these were
higher in the Imb+FIx, Imb+MlIt, Imb+MIt+FIx groups compared to the Imb group. Also, according
to the data obtained from FST, immobile time was significantly higher in the Imb group compared
to the Cnt group, and it was lower in the Imb+FIx, Imb+MIt, Imb+MIt+FIx groups compared to the
Imb group. Besides, it was demonstrated that the emotional memory index was statistically higher
in the Imb group compared to the Cnt group, and the increasing of memory index returned to normal
in the Imb+MIt and Imb+MIt+FIx groups with PAT. Furthermore, lipid peroxidation level, which
increased in the Imb group, decreased significantly in the Imb+FIx, Imb+MIt, and Imb+MIt+FIx
groups. As a result, it was observed that melatonin has antidepressant, anxiolytic, antioxidant effects
and normalized emotional memory. Also, melatonin, fluoxetine, and their combinations exert similar
effects in the present study.
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Amag: Melatonin (Mlt) antidepresan ve antioksidan ozellikleri oldugu bilinen, yiiksek lipit icerigi
Ve oksijen tiiketimi nedeniyle oksidatif strese oldukca duyarli olan beyin dokularim uzun siireli
stresin neden oldugu reaktif oksijen tiirlerine karsi koruyan bir hormondur. Bu c¢alismada
melatonin, fluoksetin (Fix) ve kombinasyonlarinin immobilizasyon stres ile meydana gelen duygusal
6grenme, depresyon ve anksiyete benzeri davranissal degisiklikler iizerine etkilerinin arastirilmasi
amacglanmistir.

Gerec ve Yontem: 48 erkek Balb/c fare 8 gruba ayrimistir: Cnt (kontrol), Imb (immobilizasyon),
Imb+Mlt, Imb+FIx, Imb+MIt+FIx, MIt, FIx ve MIt+FIx. Farelere immobilizasyon stress
prosediiriinden 30 dk énce Mt (10 mg/kg), Flx (20 mg/kg) veya salin enjekte edildi. Immobilizasyon
stress prosediirii 7 ardigik giin, giinde 6 saat uygulandi. Ardindan tiim denekler davramy testlerine
tabi tutuldu: zorunlu ytizme (FST), agik alan (OFT), yiikseltilmis arti labirventi (EPM), pasif sakinma
(PAT) ve hot plate (HP) testi. Davranis testlerinden sonra malondialdehit (MDA) diizeyi analizi i¢in
beyin dokulari izole edildi.

Sonuc¢ ve Tartisma: : A¢ik alan testi verilerine gore, Imb grubunda Cnt grubuna gére azalan
santral alana girig sayist ve santral alanda gegirilen siire Imb+FIx, Imb+MlIt, Imb+MIt+FIx
gruplarinda artmistiv. Ayrica, zorunlu yiizme testinde Imb grubunda Cnt grubuna gére artan
immobil zaman Imb+Fix, Imb+MIt, Imb+MIt+Fix gruplarinda azalmistir. Bunun yani sira pasif
sakinma testine gore Imb grubunda Cnt grubuna gore artan duygusal 6grenme indeksinin Imb+MIt
ve Imb+MIt+FlIx gruplarinda normale dondiigii gosterilmistir. Bununla birlikte Imb grubunda artan
MDA diizeyinin Imb+FIx, Imb+Mlt ve Imb+MIlt+FIx gruplarinda anlamli olarak azaldig
goriilmiistiir. Sonug olarak melatoninin antidepresan, anksiyolitik ve antioksidan etkilerinin oldugu
ve duygusal ogrenmeyi normallestirdigi gosterilmistir. Ayrica bu ¢aligsma ile, melatonin, fluoksetin
ve kombinasyonlarinin benzer etkili oldugu gosterilmistir.

Anahtar Kelimeler: : Anksiyete, depresyon, duygusal 6grenme, melatonin, stres

INTRODUCTION

Stress is defined as physical and pathological changes in the body that disrupt the organism's
homeostasis and are assumed to be the major cause of many diseases [1]. We are exposed to stress in all
aspects of everyday life, which seriously influences cognitive and emotional functions [2]. Chronic
stress has been associated with a higher risk of a variety of physical and mental conditions, such as
depression, anxiety, and cognitive impairment [3]. In addition, neurochemical and hormonal changes
during stress have been related to oxidative stress [4]. Chronic stress has been reported to increase lipid
peroxidation, nitrite levels, catalase activity, and glutathione levels in the brain, all related to oxidative
stress [1].

The serotonergic system is one of the most important determinants of psychological state,
emotions, sleep, and hunger-satiety [5]. Fluoxetine inhibits serotonin reuptake, increases serotonin
levels in the synaptic gap, and produces antidepressant effects [6]. Fluoxetine is a potent antidepressant
and anxiolytic agent that increases serotonin levels and protects brain cells from oxidative damage [7].
Melatonin is a circadian rhythm-related hormone synthesized from serotonin and released from the
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pineal gland in the dark [6]. The antagonist effect of agomelatine on 5-HT2C serotonin receptor and
agonist effect on MT1/MT2 melatonin receptors [8] has directed scientists to investigate the
antidepressant effect profile of melatonin [6]. It has been suggested in studies that melatonin can prevent
oxidative damage by various mechanisms [9, 10]. The use of drug combinations in treating cognitive
and behavioral disorders stimulates various pharmacological pathways and allows the drugs to have
additive or synergistic effects [11].

This study aimed to investigate the therapeutic effects of melatonin, fluoxetine, and their
combinations on stress-induced pathways in mice. For this purpose, an OFT was used to determine
locomotor activity and anxiety level. The effects of drugs on depression were investigated using an FST.
Anxiety assessment was performed using an EPM test; emotional memory functions were measured
using a PAT. MDA, a lipid peroxidation biomarker, was used to investigate brain oxidative damage and
medications' effects on the damage.

MATERIAL AND METHOD
Experimental Animals

In the study, 48 male Balb/c mice weighing an average of 35-40 grams were obtained from Dicle
University Health Sciences Application and Research Center (DUSAM) with the approval of ethical
committee number 16 dated 13.04.2016. The animals were maintained at a fixed room temperature
(234£2°C) under a 12h light/ dark cycle. Tap water and food were provided ad libitum. Each mouse was
tested individually and only once per day. The principles regarding "Protection of Animal Rights" were
carefully followed during the study.

Experimental Design

As in previous studies, the mice in the Imb groups underwent immobilization stress in cages too
small to move around for 6 hours a day for 7 consecutive days [12]. Stressed mice were also restricted
from food and water for 6 hours. Injections were made 30 minutes before the immobilization. Mlt (10
mg/kg, Sigma Chemical Co, St. Louis, MO, USA) [13] was dissolved in 5% ethanol and diluted with
saline, while FIx (20 mg/kg, Sigma Chemical Co, St. Louis, MO, USA) [14] was dissolved in saline
containing 5% ethanol (Table 1). All drugs and saline solution were administered ip with a total injection
volume of 0.1 ml. Behavioral tests; OFT, FST, PAT, EPM, and HP tests were started on the eighth day.
The mice were subjected to one test every day. After the behavioral tests, the mice were sacrificed with
cervical decapitation under ether anesthesia, and their brain tissues were removed. MDA levels, an end
product of lipid peroxidation, were measured in brain tissues.

Table 1. Experimental Design

Groups(n=6) Immobilization (Imb) | Melatonin Fluoxetine
(10mg/kg) (20mg/kg)

1. Control (Cnt)

2. Immobilization (Imb) *

3.Immobilization+Melatonin (Imb+MiIt) * *

4.Immobilization+Fluoxetine (Imb+FIx) * *

5.Immobilization+Melatonin+Fluoxetine * * *

(Imb+MIt+FIx)

6. Melatonin (Mlt) *

7. Fluoxetine (FIx) *

8.Melatonin+Fluoxetine (MIt+FIx) * *
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Open field test (OFT)

It is a test used to evaluate the spontaneous locomotor activities of subjects, such as exploring and
walking. In addition, with the OFT, the anxiety caused by the conflict between the subjects' desire to
explore and their inner fears due to staying in the open area can also be measured [15].

OFT; it is a 40x40x20cm dimension, illuminated by a light source, all surfaces in black color. The
behavior of the subjects is recorded with the camera placed on the device and evaluated with the
Ethovision XT 11.0 (Noldus Inf. Tech. Netherlands). Mice are left in the middle of the field, and their
movements are recorded for 5 minutes. The duration of their stay in the central area and the number of
entrances to this area, their total distance, and speeds in the open field were calculated.

Forced swimming test (FST)

The FST is often used in depression research to study the effectiveness of antidepressants. This
test was executed in a transparent cylinder tank filled with 30 cm water (diameter:20 cm, height: 50 cm).
The escape efforts of the subjects who were left in the tank filled with water were monitored, and they
were expected to remain immobile within a certain period (6 minutes) [16]. The fact that subjects gave
up their efforts to get rid of the situation in a short time was interpreted in direct proportion to high
depression levels. During the test, the temperature of the water in the tank was kept constant (24-26 °
C) to prevent additional stress on the subjects. And all the movements of the subjects were recorded
with the help of a camera. After the experiment, the time spent mobile and immobile was analyzed using
the Ethovision XT 11 (Noldus Inf. Tech. Netherlands) program.

Passive Avoidance test (PAT)

The PAT is based on the subjects avoiding painful stimuli (mild foot shock). It is generally used
in evaluating emotional memory in rodents [17].

The PAT apparatus consists of two sections (one bright, one dark,
width-length-height: 11x12x20 cm) connected by an automatic sliding door. The bright section is
illuminated with white light, while in the dark section, there is a steel grid with wires parallel to each
other and connected to the shock device.

The PAT was performed in two consecutive days. On the first day (acquisition trial), the subjects
were exposed to 2000 lux of light, and after waiting for 60 seconds to get used to the environment, the
door between the two compartments was opened. The subjects waited to enter the dark section with their
instincts, and the step-through latencies (time to escape from the light) were recorded. After the entrance,
the automatic door was closed, and the subjects were given a 0.5 mA electric shock for 1 second with
the help of the steel grid on the floor. After waiting for 3 seconds, the experiment was terminated. This
test was repeated 24 hours later in order to evaluate the gain and recall in the memory of fear.

On the second day (retention trial), after the subjects were exposed to 2000 lux light for 30
seconds, the intermediate compartment was opened, and the step-through latencies (avoidance from
darkness) were recorded. The difference between both step-through latency was accepted as the memory
index. The mice that did not enter the dark section for five minutes were considered well remembered,
and the experiment was terminated.

Elevated Plus Maze (EPM) test

This test can evaluate the subjects' anxiety levels. Typically, subjects prefer to stay in closed arms
and avoid open arms. Subjects with no anxiety demonstrate high environmental recognition behavior
and spend more time in open arms [18].

The EPM has a 5x5 cm central area with two open and two closed arms, each 35 cm long. Its
height from the ground is approximately 50 cm, and it is an entirely black-painted apparatus in the form
of + (plus).

In our study, the subject's movements placed in the middle of the apparatus were recorded with a
video camera for 5 minutes (300 seconds). The time spent in central, open, and closed arms and the
number of entrances to central, open, and closed arms were calculated using the Ethovision XT 11
(Noldus Inf. Tech. Netherlands) program based on the video recordings.
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Hot Plate (HP) Test

HP test measured the pain (analgesic effect) reaction latencies. The test was carried out on a
system with a metal floor at 52 °C and surrounded by a plexiglass cover (H26 cm, D19 cm). The
experiment was terminated if the subjects licked their hind paws or jumped (max 30 seconds) [19].

Biochemical Analysis of Lipid Peroxidation Levels

MDA is one of the lipid peroxidation products. Low pH and high-temperature MDA react with
nucleophilic addition reaction with 2-thiobarbituric acid (TBA) and form a product that can measure the
peak absorbance at 532 nm in the form of red fluorescent, 1: 2, MDA: TBA.

3 ml phosphoric acid (1%) and 1 ml TBA (0.6%) were added to 0.5 ml homogenate in the
centrifuge tube, and the mixture was heated in a hot water bath for 45 minutes. After the mixture had
cooled, 4 ml of n-butanol was added to the mixture and mixed on vortex for 1 min. The resulting mixture
was centrifuged at 20,000 rpm for 20 minutes. The supernatant obtained after centrifugation was
transferred to a new tube, and its absorbance at 532 nm was measured. 1,1,3,3-tetramethoxypropane was
used as standard [20].

Statistical Analysis:

Data are expressed as mean =+ standard error. SPSS statistics program (Chicago, 11l. USA) was
used to analyze of data obtained. Kruskal-Wallis test was used to compare multiple groups, and the
Mann-Whitney U test was used to compare binary groups. The Wilcoxon test was used to compare
weights between the first and final days. p<0.05 was accepted for statistical significance.

RESULT AND DISCUSSION

Weights of the subjects were measured before starting the experiment and after the behavioral
tests ended. When the initial and final weights of the subjects were compared, the weights of the
subjects in the Cnt group insignificantly increased. The subjects' weights in all other groups except
Imb+FIx and FIx groups statistically decreased (Figure 1, p<0.05).
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Figure 1. Weight changes compared with the initial and final weights of the subjects “p<0.05

The time spent in the central area was lower in the Imb group compared to the Cnt group (p<0.01,
Figure 2). Compared to the Imb group, the time spent in the central zone and the number of entrances
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to the central area were significantly higher in all drug-applied groups (p<0.01, Figure 2). Moreover,
the number of entrances to the central area was higher than in the Imb+MIt+FIx group compared to
Imb+MIt and Imb+FIx groups (p<0.05, Figure 2). The Imb group moved significantly less distance than
the Cnt group (p<0.01, Figure 3). Total distance and mean velocity in all drug-applied groups were
significantly higher compared to the Imb group (p<0.01, Figure 3). In addition, total distance and mean
velocity in the Imb+FIx and Imb+MIt+FIx groups were significantly higher compared to the Imb+MIt
group (p<0.05, Figure 3). And also, total distance and mean velocity in the MIt+FIx group were
significantly higher compared to the Mt group (p<0.05, Figure 3).
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Figure 2. Open field test compared with Cnt %<0.01, compared with Imb ?p<0.01, compared with
Imb+MIt $p<0.05, compared with Imb+FIx %p<0.05.

WVelocity (cm/sn) Distance (cm)
60 13000
5 bo 2 16000
2 b.d 14000
40 12000
o 10000
30 8000
20 b b 6000 b
i b i 4000 b
10 2000 a
& i & I i
9 i . ; - » NP NP O SP
A AR S N O \\x‘
& & & > & & & P
& #

Figure 3. Open field test compared with Cnt %<0.01, compared with Imb ®p<0.01,
compared with Imb+MIt °p<0.05, compared with Mt °p<0.05
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No statistically significant differences were obtained with the elevated plus maze test. (Figure 4,

Figure 5)
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Figure 4. Elevated plus maze
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Figure 5. Elevated plus maze

The duration of immobilization was significantly higher in the Imb group compared to the Cnt
group (p <0.05, Figure 6). In the Imb+drug or only drug groups, the duration of immobilization was
statistically lower than the Imb group (p <0.01, Figure 6). On the other hand, while the mobilization
duration in the Imb group was lower than the Cnt group (p <0.05, Figure 6), the mobilization duration
in the Imb+drug and only drug groups was higher than the Imb group (p <0.01, Figure 6).

The memory index of the Imb group was significantly higher than the Cnt group (p<0.01, Figure
7). The Imb+MIt and Imb+MIt+FIx groups’ memory indexes were significantly lower than the Imb
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group (p<0.05, Figure 7). In addition, the Imb+FIx group memory index was significantly higher than
the Imb+MIt group (p<0.05, Figure 7).
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Figure 6. Forced swimming test result compared with Cnt, 3p<0.05, compared with Imb °p<0.01
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Figure 7. Memory index of the subjects in the passive avoidance test compared with Cnt *p<0.01,
compared with Imb °p<0.05, compared with Imb+M It p<0.05.

No statistically significant differences were obtained between the groups’ pain reaction latencies
(p>0.05, Figure 8).

The MDA levels of the Imb group were significantly higher than the Cnt group (p<0.01, Figure
9). Mlt, FIx, and MIt+FIx treated groups' MDA levels were significantly lower than in the Imb group
(p<0.05, Figure 9).

The immobilization stress model strongly mimics physical and psychological stress and is widely
used to induce experimental stress [21]. This model has been demonstrated to cause anxiety, depression-
like behavior, and changes in pain reaction, body weight, and locomotor activity. Furthermore, due to
this procedure increased nitrite and MDA levels and decreased glutathione and adrenal ascorbic acid
levels were reported [1, 3, 22].

In this study, the Imb group's weight gain was significantly lower than that of the Cnt group.
While in a study, weight gain diminishes with the decrease in food intake in the immobilization stress
groups [23], others did not exert a difference between the Imb and Cnt groups [6, 24].
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The emotional memory index obtained from the PA tests revealed the Imb group had a
significantly higher index than the Cnt group. While some researchers have reported that stress impairs
learning and memory [25, 26], others have found that stress improves memory [27, 28]. According to
Das et al. (2000), cognitive functions improved due to the suppression of brain acetylcholinesterase
activity in the acute immobilization stress group; acetylcholinesterase activity was normalized with the
development of adaptive processes in the cholinergic system in the case of continuous stress exposure
[29].
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Figure 9. MDA levels compared with Cnt?p<0.01, compared with Imb °p<0.05

In studies conducted with the FST used to assess depression levels, the Imb group's
immobilization duration was significantly higher than the Cnt group [6, 21]. Increased duration of
immobilization in the FST is interpreted in favor of depression. In our study, compared to the Cnt group,
the duration of immobilization in the FST was significantly higher in the Imb group.

According to OFT data, the Imb group spent less time in the center than the Cnt group, which was
evaluated as an anxiety-like behavior in the Imb group. This study has demonstrated consistent results
with other studies in which stress causes anxiety [30, 31]. No significant difference was observed
between the Imb and the Cnt group regarding the number of entries to the central area and velocity.
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However, in accordance with the literature, in the present study, the distance covered by the Imb group
was significantly lower compared to the Cnt [22, 30]. This demonstrated that the Imb group's locomotor
activity increased. On the other hand, in the previous study, according to the OFT data, no difference
was reported between the Cnt group and the Imb group in terms of the time spent in the central area, the
number of the entrance to the central area, and the distance they moved [6].

In the immobilization stress group, stress-related weight loss, anxiety, depression, emotional
learning-memory enhancement, decreased locomotion, and increased lipid peroxidation levels were all
successfully observed.

Fluoxetine was utilized to prevent stress-induced depression, anxiety-like behavior, and oxidative
stress, which has been defined as an antidepressant, anxiolytic, and antioxidant in the literature [9,32].

Melatonin, released by the pineal gland, is reported to have significant functions in regulating
circadian rhythm, immune system response, weight regulation, reproduction, tumor development
suppression, jet-lag, and oxidation prevention [33]. It was reported that melatonin also has
antidepressant and anxiolytic effects [10,34]

In the weight control we performed at the beginning and end of this study, the weight gain of the
Imb, Imb+MIt, Imb+MIt+FIx, MIt, and MIt+FIx groups was considerably lowered. In other words, the
MIt treatment reduced weight gain in all groups, and the weight gain reduction was higher in the MIt
group than in the Imb group, while the difference was not statistically significant. A previous study
reported that there is no relationship between melatonin and weight gain [6], while some other studies
reported that melatonin causes weight gain [35] or weight loss [22].

In our study, the memory index data in the Imb+Mit and Imb+MIt+FIx groups were considerably
lower than in the Imb group with the PAT. These results show that emotional memory, which increases
with stress, decreases with MIt. A recent study reported that melatonin enhanced impaired spatial
learning and working memory by reducing oxidative stress [36]. Another research concluded that the
level of melatonin decreases in the early stages of Alzheimer's disease and that melatonin treatment can
improve cognitive abilities in these patients [37]. On the other hand, genetic deletion of melatonin
receptors has been reported to improve cognitive and motor performance [38].

In this study, the duration of immobility on the FST was significantly lower in the Imb+MIt,
Imb+FIx, and Imb+MIt+FIx groups than in the Imb group. The incidence of depression-like behavior
was lower in all the drug-applied groups than in the Cnt group. It was noted that getting fluoxetine and
melatonin together had no additional benefit. Numerous studies have demonstrated that melatonin has
an antidepressant effect [39, 40]. In the previous study, similar to this study, in the FST, the duration of
mobility in the Imb group was lower compared to the Cnt group, and the duration of mobility in the
Imb+MIt, Imb+FIx, Imb+MIt+FIx groups was higher compared to the Imb group. However, MIt+FIx
was found to be more effective than the application of these drugs alone in immobilization stress [6].

The OF and the EPM tests were used to assess anxiety. While the EPM test yielded no significant
results, in comparison to the Imb group, the time spent in the center area and also the number of entrances
to the central area was higher in the Imb+MIt, Imb+FIx, and Imb+MIt+FIx groups with the OFT. These
results indicate that increased anxiety levels with stress application can be ameliorated with the
mentioned drugs. However, giving the drugs alone or in combination provided no benefit. A study
reported that melatonin showed anxiolytic effects by increasing the number of open arm entrances and
duration in the EPM test [41].

MDA is a marker of oxidative stress-mediated lipid peroxidation in the central nervous system
and other organs. It was revealed that lipid peroxidation, which increases with stress, affects depression,
anxiety, and learning-memory pathology [42]. In a previous study, it was also reported that melatonin
pretreatment reduced lipid peroxidation [43]. Our study displayed that MDA levels, which increased
with immobilization stress, decreased significantly with Mlt, FIx, and MIt+FIx treatments. However, the
combined drugs did not provide more benefits than using them alone.

The immobilization stress model was successfully carried out in this study.
It was observed that the Mlt, FIx, and MIt+FIx significantly reduced depression, anxiety, and MDA
levels in immobilization stress group. In addition, it was observed that the MIt, FIx, and Mlt+FIx
significantly reduced depression, anxiety, and MDA levels in the immobilization stress group. In
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addition, the improved emotional learning memory in the Imb group returned to baseline with the Mlt
and MIt+FIx applications. According to these results, no significant difference was observed between
the administration of melatonin, fluoxetine and their combinations.

In conclusion, our study demonstrated that melatonin, fluoxetine, and their combinations have
beneficial effects on stress-induced alterations in behavior and oxidative parameters.
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