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ABSTRACT

Sleep contributes to the energy balance of body. This study aims to investigate how rapid
eye movement (REM) sleep deprivation (SD) or recovery sleep affects rat weight and the
serum levels of Nesfatin-1, Orexin-A, and Leptin; additionally, seeks to determine the
impact of melatonin administration on these parameters. Male, Sprague Dawley rats were
randomized into two groups (n=9). REMSD was induced using the modified multiple
platform method (MMPM). Melatonin was used as a treatment (20 mg/kg). Study
Group I was created to investigate the effectiveness of the treatment during REMSD.
Study Group II was established to analyze the possible therapeutic role of melatonin
and recovery sleep after REMSD-induced damage. The rats’ weights were recorded
during the experiments. Blood samples were collected from all rats via decapitation after
experiments. The levels of serum Nesfatin-1, Orexin-A, and Leptin were analyzed using
the ELISA method. REMSD affected weight of the rats and altered the levels of serum
Nesfatin-1 and Leptin. Melatonin administration influenced weight gain and affected
Nesfatin-1 and Leptin levels. REMSD or melatonin did not affect Orexin-A levels.
REMSD and melatonin play significant roles in the body’s energy balance. This study
will contribute to elucidating the role of SD in metabolic processes and will play a role in
assessing the impact of melatonin, a commonly used treatment in human and veterinary
medicine.
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INTRODUCTION

We spend one-third of our lives sleeping. Sleep influences
every system in the body and is crucial for physical,
emotional, and mental well-being. The American
Academy of Sleep Medicine and Sleep Research
Society considers 7-8 h of sleep per night important
for maintaining people’s overall health . It is also well
known that sleep contributes to the homeostasis of
energy 1’ Many people experience sleep deprivation
(SD), especially due to changing living and working
conditions . Research indicate that sleep deprivation is
associated with elevated risk of cardiovascular diseases,
metabolic disorders, cerebrovascular pathologies, and
accidents . It is suggested that changes in metabolism
resulting from sleep deprivation may cause these health
issues. Some of these are hyperphagia, weight loss, high
energy expenditure, elevated plasma catecholamines,
hypothyroidism, deterioration in physical appearance, low
anabolic hormone levels, and weakened immune system P!,
Furthermore, it has been discovered that light exposure
can suppress melatonin production and DNA damage

repair capability, thereby raising the risk of developing
chronic illnesses °l.

Animal studies have shown that the effects of SD on body
weight differ from those reported in humans. Sleeping less
than 7 hours per night causes weight gain in humans ..
On the other hand, rapid eye movement (REM) SD causes
weight loss despite increased food intake (hyperphagia) in
rats 1*l. Hyperphagia was thought to be linked to higher
oxygen consumption and increased energy metabolism !,
The occurrence of weight loss despite increased food
intake suggests that SD has a negative effect on energy
balance '],

The hypothalamus and brain stem regulate eating
behavior ). There are also many hormones responsible
for the control of body weight and nutrition. One of them,
Leptin, known as the satiety hormone. The impact of
sleep deprivation on Leptin levels appears to vary, with
a study suggesting an increase " while another indicate
no change ¥l Additionally, it was shown that insufficient
sleep leads to higher energy expenditure and reduced
Leptin levels ', also it has been determined that Leptin
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levels decrease as a result of sleep deprivation 51!, Leptin
is thought to affect Orexin neuronal activity to control
energy homeostasis ", Orexin receptors are found
throughout the central nervous system (CNS), particularly
in the hypothalamus. Orexin-A can cross the blood-
brain barrier and promotes adipocyte glucose uptake 7).
Additionally, melatonin has been shown to induce sleep
by inhibiting Orexin neurons "®. Another hormone,
Nesfatin-1 is an anorexigenic hormone that suppresses
appetite "), Nesfatin-1 is strongly associated with
various diseases, including neurogenic diseases, certain
psychiatric disorders, diabetes, and obesity . Nesfatin-1
expression has been shown to decline after 72 hours of
REM sleep deprivation and it rises again after 3 hours
of rebound sleep. Furthermore, intracerebroventricular
Nesfatin-1 injection has been shown to reduce REM
sleep temporarily while increasing slow-wave sleep @'
Nesfatin also plays a crucial role in sleep regulation, and
Nesfatin neurons are primarily located in the dorsolateral
hypothalamus lateral hypothalamic and perifornical
regions of the CNS 22, These areas significantly contribute
to the sleep-wake cycle 1#°). Nesfatin-1 is believed to reduce
appetite independently to the Leptin pathway by activating
the melatonin system 4.

Melatonin promotes healthy sleep and plays an important
role in regulating human sleep 1}, it has also been shown
to increase REM sleep percentage *l. Sleep loss alters
both melatonin cycle and eating behavior 71 It has been
demonstrated that REM sleep stabilizes the hypothalamic
representation of feeding behavior and influences future
food intake. This highlights the significant impact of
sleep and SD on food intake 1!l Although various studies
have unveiled the role of melatonin in the pathologies
arising from SD and the impact of SD or recovery sleep on
metabolic processes, no investigation has been found that
examining the connection and underlying mechanisms
between these factors. The purpose of this study is to
investigate the effects of REM SD or recovery sleep on the
weight of rats and the serum levels of Nesfatin- 1, Orexin-A,
and Leptin. In addition, we scoped to determine the
impact of melatonin administration on these parameters.

MATERIAL AND METHODS

Ethical Statement

The study has been approved by the Bursa Uludag
University Local Ethics Committee on Animal Research
under decision number 2022-17/07.

Animals and Groups

Experiments were conducted in accordance with the
NRC Guide for the Care and Use of Laboratory Animals.
The rats were acclimatized to laboratory conditions for
2 days before the onset of the experiments. The room

was temperature-controlled (23-25°C) with a 12 h light-
dark cycle. Male, 8-12-week-old Sprague Dawley rats
were randomly assigned to groups (n=9). The modified
multiple platform method (MMPM) was used to induce
REMSD. This was achieved by placing 3 animals on 6
platforms inside a large tank for 6 consecutive days. The
tanks were filled with water at 24°C and platforms (6.5 cm
diameter) were placed 2 cm above the water surface. When
the animals lost muscle tone during REM sleep, they
fell into the water, thereby waking up and experiencing
REMSD. For the animals in the control group, same-size
tanks were used, but grids were placed on the platforms
to prevent the animals from falling into the water when
they entered REM sleep. This ensured that the control
group was exposed to the same environmental conditions
without SD. Melatonin was used as a treatment and the
dosage of melatonin (20 mg/kg) was determined based
on the previous study showing its effectiveness .. The
melatonin was dissolved in dimethyl sulfoxide (DMSO)
and intraperitoneally (i.p.) administered at 08:00 am,
adjusted as the end of the night cycle. The animals were
divided into the following groups:

Study Group I: These groups were created to investigate
the molecular changes that occur during REMSD and
the effectiveness of the treatment. The animals in these
groups were monitored in their appropriate cages for
6 days with daily i.p. injections, and on the 7" day, they
were decapitated (Fig 1). The animals in Control Groups
were placed on grids according to MMPM, were provided
access to food and water under optimal conditions: C+S:
Saline treated control group (n=9); C+DMSO: DMSO
treated control group (n=9); C+MEL: Melatonin treated
control group at a dose of 20 mg/kg (n=9). The animals
in REMSD Groups were placed on small platforms (6.5
cm diameter) according to MMPM, were provided access
to food and water under optimal conditions: REMSD+S:
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Fig 1. Schematic diagram of Study Group I
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Fig 2. Schematic diagram of Study Group II

Saline treated REMSD group (n=9); REMSD+DMSO:
DMSO treated REMSD group (n=9); REMSD+MEL:
Melatonin treated REMSD group at a dose of 20 mg/kg
(n=9).

Study Group II: These groups were created to analyze the
possible therapeutic role of treatment and recovery sleep
after damage caused by REM SD. Animals were housed
in appropriate cages (according to MMPM) for 6 days,
and then followed in standard laboratory cages from
days 7-12. Intraperitoneal injections were administered
once daily on days 7-12 and animals were decapitated
on 13" day (Fig. 2). Animals in Control Groups were
placed on grids according to the MMP method, provide
optimal access to food and water: RC+Saline: Saline
treated recovery control group (n=9); RC+DMSO:
DMSO treated recovery control group (n=9); RC+MEL:
Melatonin treated recovery control group at a dose of 20
mg/kg (n=9). Animals in REM Sleep Deprivation Groups
were placed on small platforms (6.5 cm in diameter)
according to the MMPM, provide optimal access to food
and water: RREMSD+S: Saline treated recovery REMSD
group (n=9); RREMSD+DMSO: DMSO treated recovery
REMSD group (n=9); RREMSD+MEL: Melatonin treated
recovery REMSD group at a dose of 20 mg/kg (n=9).

Enzyme-Linked Immunosorbent Assay (ELISA)
Analyses

Rats were anesthetized using sevoflurane and blood
was obtained from all rats after decapitation between
09.00-11.00 am and collected in glass centrifuge tubes.
Blood was centrifuged for 15 min at 3000 r.p.m., serum
was collected and stored at -80°C until used. Serum
Leptin, Orexin-A, and Nesfatin-1 levels were analyzed
spectrophotometrically following the commercial kit
protocols based on the ELISA principle (BT-LAB,
Shanghai Korain Biotech Co., Ltd, People’s Republic of
China).

Statistical Analyses

Analyses were performed using Sigma Plot version 12.5.
All values are reported as the Means+SEM. Statistical
analyses for weight of the animals in Study Group I were

performed using One-way ANOVA followed by Holm-
Sidak test, for weight of the animals in Study Group II
were performed using One-way ANOVA RM. In addition,
statistical analyses for ELISA tests were performed
using One-way ANOVA followed by Holm-Sidak test.
The correlation between OD values scored with ELISA
was measured by the Pearson correlation. Statistical
significance level was set at P<0.05.

RESULTS
Weights of the Animals

Animal weights were recorded before and after the
experiments. The data and statistical analyses for weight-
related measurements of rats were presented in Table 1
and Table 2. No significant differences were observed in
the weights of animals in the Control Groups. However,
a statistically significant decrease in weights on day 7
compared to day 1 was observed in rats subjected to
REMSD in Study Group I (at least P<0.01) (Table I).

The weights of animals in Study Group II were compared
at the beginning of the experiment (day 1), the day of
transfer to normal laboratory cages (day 7), and the end of
the experiment (day 13). A statistically significant increase
in weights on day 7 compared to day 1 was observed
in Control Groups (at least P<0.01). Rats in RC+S and
RC+DMSO continued to gain weight, and the weight

Table 1. Weights of animals in Study Group I at the beginning (day 1) and
end of the experiment (day 7)

Groups Day 1 Day 7
C+S 248.9+8.7 242.2+8.0
C+DMSO 271.147.5 266.7+8.5
C+MEL 381.7+7.5 363.3+4.2
REMSD+S 292.2+4.0 241.14£4.5%**
REMSD+DMSO 296.7+5.5 247.8+8.37%*
REMSD+MEL 383.3+8.7 343.3+6.5%*

**P<0.01, **P<0.001 compared to day I, n=9, meanxstandard error

Table 2. Weights of animals in Study Group II at the beginning (day 1),
transferred to normal laboratory cages (day 7) and end of the experiment
(day 13)

Groups Day 1 Day 7 Day 13
RC+S 394.4+2.4 408.9+2.0%* 413.3+2.40%%
RC+DMSO 364.4+1.8 387.8+2.2%** 390.0+2.9%**
RC+MEL 344.0+2.2 358.0+2.5%* 350.0+3.0
RREMSD+S 342.2+5.7 322.242.20%* 338.9+3.5"
RREMSD+DMSO 316.7+2.4 302.242.8%* 313.3+3.3*
RREMSD+MEL 316.7+2.4 297.8+2.8%%* 304.4+2.4%*

**P<0.01, **P<0.001 compared to day I, **P<0,01, ** P<0,001 compared to day 7,

n=9, meanztstandard error
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Fig 5. A- Serum Orexin-A levels in Study Group-I. B- Serum Orexin-A levels in Study Group-II. Values

on day 13 was significantly higher than that of day 1
(P<0.001). Although not statistically significant, but there
was a decreasing trend of weight on day 13 compared to
day 7 in rats in RC+MEL group (Table 2). On the other
hand, rats subjected to REMSD showed a statistically
significant decrease in weights on day 7 compared to day
1 (atleast P<0.01). In addition, rats treated with Saline and
DMSO in RREMSD groups showed a significant increase
in weights on day 13 compared to day 7 (respectively, at
least P<0.001 and P<0.01) (Table 2).

ELISA Analyses
1- Serum Nesfatin-1 Levels

Since there was no significant difference between the
animals treated with saline and DMSO, all comparisons

were made according to the Saline group. In Study Group
I, there was a significant decrease in serum Nesfatin-1
levels in REMSD+S group in comparison to C+S group
(P<0.01). In addition, serum Nesfatin-1 level was higher
in REMSD+MEL group compared to REMSD+S group
(P<0.05) (Fig.3-A). Melatonin treatment increased serum
Nesfatin-1 levels compared to those received saline
(P<0.05) in Study Group II (Fig. 3-B).

2- Serum Leptin Levels

There was a significant increase in serum Leptin levels of
C+MEL group (P<0.001), while there was a significant
decrease in serum levels of REMSD+S group in
comparison to C+S group (P<0.001). In addition, serum
Leptin level was higher in REMSD+MEL group compared
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to REMSD+S group (P<0.001) (Fig. 4-A). Melatonin
treatment also increased serum Leptin levels of RC+MEL
group compared to those received saline (P<0.001) in
Study Group II (Fig. 4-B).

3- Serum Orexin-A Levels

There was not any significant difference in serum levels of
Orexin-A between the groups (Fig. 5-A,B).

4- Correlation of Nesfatin-1, Leptin and Orexin-A
Levels

When the results of the Pearson correlation analyses were
reviewed, it was determined that there were no significant
correlations between Nesfatin-1 and Orexin-A, Nesfatin-1
and Leptin, or Orexin-A and Leptin in any of the groups.

Di1sCcUSSION

The present study provides novel information on the
changes of serum Leptin, Orexin-A, and Nesfatin-1 levels
following REMSD and recovery sleep and explains the
connection between weight changes observed during
melatonin treatment.

Sleep plays a crucial role in energy homeostasis .
According to the results of our study, a notable decrease
was observed in the weight of rats subjected to REMSD.
However, after a period of recovery sleep, the rats’ body
weight significantly increased. In a sleep restriction
research, it was shown that while weight loss was observed
at the beginning, there was weight gain afterwards !"*. The
results of our study, in parallel with the study *"), show that
SD causes weight loss and recovery sleep reverses this loss.

When the effects of melatonin on body weight were
examined, the C+MEL group experienced a higher
percentage weight loss than the C+S group. This result is
likely related to the reduced appetite caused by an increase
in Leptin levels. Furthermore, the group subjected to
REMSD and treated with melatonin (REMSD+MEL)
exhibited less weight loss compared to the REMSD group
without melatonin treatment (REMSD+S). It is known
that animals lose weight during REMSD despite increased
food intake due to a negative energy balance. It is thought
that nutrition increases due to increased energy needs ©*"\.
The reduced weight loss with melatonin treatment may be
attributed to the positive effects of melatonin on negative
energy balance. The significant increase in Nesfatin-1
and Leptin levels in animals in the REMSD+MEL group
compared to the REMSD+S group also supports these
findings.

In the comparison of recovery sleep results between the
7% and 13" days, it was observed that there was weight
loss in the RC+MEL group and weight gain in the other
groups. This weight loss is thought to be related to the

increased levels of Nesfatin-1 and Leptin which have an
anorexigenic effect. Similarly, it was concluded that the
less weight gain in the RREMSD+MEL group compared
to the RREMSD+S group was related to increased levels
of Nesfatin-1. Melatonin treatment is thought to regulate
energy balance by reducing oxidative stress % through its
antioxidant properties ¥ in animals subjected to SD.

Melatonin administration has been shown to reduce body
weight and body mass index in people with metabolic
syndrome %, It has been observed that the administration
of melatonin in rats with fructose-induced metabolic
syndrome leads to weight loss *°l. A recent meta-analysis
reported that melatonin has a weight-reducing effect .
Melatonin increases brown adipose tissue activity and
mass 1. When the effects of melatonin on nutrition
and weight were examined, it was shown that animals
supplemented with 0.4 pg/mL melatonin in their drinking
water and followed for 12 weeks did not show any
differences in food intake compared to the control group,
but a significant decrease in weight was observed 1.
These findings support previous research ¥ indicating
that melatonin supplementation leads to a decrease in
body weight.

Nesfatin-1 is an important anorexigenic peptide produced
in the hypothalamus, defined as the satiety hormone,
and plays a significant role in nutrition and glucose
metabolism '], Nesfatin-1 has a primary effect on
reducing appetite, independent of the leptin pathway,
leading to decreased food intake and weight gain, as well
as increased glucose uptake into tissues . It has been
shown that Nesfatin-1 mRNA and protein expression are
decreased in the dorsolateral hypothalamus of rats after
72 hours of REMSD ! Consistent with these findings,
the results of our study showed that Nesfatin-1 levels
decreased in the REMSD group compared to the Control
group.

Leptinreceptorsare present in both the CNS and peripheral
tissues 1. The results regarding changes in Leptin levels
following sleep restriction are controversial. A previous
study showed no change in Leptin levels ¥, while another
indicate an increase "%, or a decrease (2. In animal studies,
SD has been found to reduce Leptin levels #**]. Similarly,
our study revealed a decrease in Leptin levels due to SD. A
previous study has demonstrated that melatonin reduces
Leptin levels 4, while another shows that it increases
Leptin expression . In our study, melatonin increased
Leptin levels in both the control and SD groups.

Orexin plays an important role in normal sleep, energy
metabolism and food intake. Orexin is a peptide produced
from the lateral hypothalamus and basically increases
food intake ¢, While Orexin release is low during the
daytime wakefulness, it is high at night. Orexin receptor
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subtype has a varied role in regulating NREM and
REM sleep 7. In the study in which 7 days of REMSD
was created with the multi-platform method, values of
Hypocretin-immunoreactive neurons were investigated
and no significant difference was observed in Wistar rats
compared to the control group, while an increase was
observed in Wistar-Kyoto type rats, used as a depression
model, compared to the control group . Another
study analyzed changes in Orexin-A levels in different
brain regions after 96 h of REMSD. While there was no
significant difference in the hippocampus and pedunculo-
pontine area, Orexin-A levels significantly increased
in the locus coeruleus, hypothalamus and cortex, and
returned to normal level after recovery . Similarly, in a
study with mice, in which both Orexin-A and Orexin-B
levels were examined in the whole brain after 96 hours of
REM SD and 24 hours of recovery sleep, it was shown that
neither SD nor recovery sleep changed Orexin levels .
The results of our study also showed that Orexin-A levels
did not change with SD or recovery sleep, as reported
in the previous studies . In addition, no effect of
melatonin treatment was observed on these parameters.
There were no significant correlations between Nesfatin-1
and Orexin-A, Nesfatin-1 and Leptin, or Orexin-A and
Leptin in any of the groups. The absence of a significant
correlation was attributed to the limited sample size.

In conclusion, our study provides insights into the effects
of REMSD, recovery sleep, and melatonin treatment
on weight regulation and hormone levels related to the
body weight change and nutrition. The most important
limitation of this study is the inability to monitor the
feeding of animals in this SD method. This study will
shed light on future studies on sleep and nutrition and
has added new information to research on the effects
of melatonin, which is frequently used in treatment.
Furthermore, this study will contribute to elucidating the
role of sleep deprivation on eating behavior, evaluating
the effects of melatonin metabolic processes, which is a
widely used treatment in human and veterinary medicine,
in accordance with the one health concept. The results
obtained from this study will aid in predicting the effects
that may occur on metabolic processes following the
treatment.
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