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ÖZ 
Amaç: Agomelatin, melatonin reseptör (MT1 ve MT2) 
agonisti ve serotonin reseptör (5-HT2C) antagonisti olan 
antidepresan bir ilaçtır. Artan kanıtlar, agomelatinin nö-
roprotektif ve nöromodülatör etkiye sahip olduğunu gös-
termektedir. Bu çalışmada skopolamin indüklü bilişsel 
yetmezlik oluşturulan sıçanlarda agomelatinin potansiyel 
etkileri araştırılmıştır.  
Materyal ve Metot: Erişkin erkek sıçanlara 21 gün sürey-
le skopolamin (1 mg/kg) ve agomelatin (40 mg/kg) uygu-
landı. İlaç uygulamalarını takiben sıçanlar bilişsel davra-
nışların değerlendirilebilmesi amacıyla yeni nesne tanıma 
(YNT) ve Morris su labirenti (MSL) testine tabi tutuldu. 
İlave olarak, beyin nörokimyasal analizleri için hipokam-
pus ve prefrontal kortekste beyin-türevi nörotrofik faktör 
(BDNF) ve asetilkolin (ACh) düzeyleri değerlendirildi.    
Bulgular: Skopolamin hem uzamsal hafızayı hem de ayırt 
etme indeksini önemli ölçüde azalttı (p<0,05). Agomelatin 
tedavisi uzamsal hafıza performansını ve keşif süresini 
arttırdı, ancak ayrımcılık indeksini etkilemedi (P>0,05). 
Ayrıca agomelatin, skopolamin grubuna kıyasla hem hipo-
kampusta hem de prefrontal kortekste BDNF düzeylerini 
önemli ölçüde arttırdı (sırasıyla p<0,05, p<0,01). Diğer 
yandan grupların ACh düzeyleri arasında istatistiksel ola-
rak anlamlılık bulunmadı (p>0,05).   
Sonuç: Birlikte ele alındığında, bu sonuçlar agomelatinin 
skopolamin kaynaklı hafıza yetmezliğinin hafifletilmesin-
de belirgin rol oynadığını göstermiştir. Bu nedenle, ago-
melatinin bilişsel yetmezliğin önlenmesinde potansiyel bir 
ajan olabileceğini öne sürüyoruz.   
Anahtar Kelimeler: Agomelatin, asetilkolin, BDNF, 
bellek, bilişsel yetmezlik  

ABSTRACT 
Objective: The antidepressant agomelatine agent is a 
melatonin receptor (MT1 and MT2) agonist and a seroto-
nin receptor (5-HT2C) antagonist. Increasing evidence 
shows that agomelatine has neuroprotective and neuro-
modulatory effects. In this study, the potential effects of 
agomelatine in rats with scopolamine-induced cognitive 
impairment were investigated.   
Materials and Methods: Adult male rats were adminis-
tered scopolamine (1 mg/kg) and agomelatine (40 mg/kg) 
for 21 days. After drug administration, rats were subjected 
to new object recognition (NOR) and Morris water maze 
(MWM) tests in order to evaluate cognitive behaviors. In 
addition, brain-derived neurotrophic factor (BDNF) and 
acetylcholine (ACh) levels in the hippocampus and pre-
frontal cortex were evaluated.      
Results: Scopolamine significantly decreased both spatial 
memory and discrimination index (p<0.05). Agomelatine 
treatment increased spatial memory performance and ex-
ploration time, but did not affect the discrimination index 
(P>0.05). In addition, agomelatine significantly increased 
BDNF levels in both hippocampus and prefrontal cortex 
compared to the scopolamine group (p<0.05, p<0.01, re-
spectively). On the other hand, there was no statistically 
significant difference between the ACh levels of the 
groups (p>0.05).   
Conclusion: Taken together, these results demonstrated 
that agomelatine plays a important role in alleviating sco-
polamine-induced memory impairment. Therefore, we 
suggest that agomelatine may be a potential agent in the 
prevention of cognitive impairment.   
Keywords: Acetylcholine, agomelatine, BDNF, cognitive 
impairment, memory  
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INTRODUCTION 

Dementia is a mental disability that is characterized 

by a decrease in memory and other higher cognitive 

functions. Alzheimer's disease (AD) is the most 

common cause of global dementia and is a progres-

sive neurodegenerative disease primarily seen in 

elderly people.1 The main pathophysiological pro-

cesses in the progression of the disease are choliner-

gic deterioration, synapse degeneration, accumula-

tion of amyloid plaques, and abnormal phosphoryla-

tion of tau protein.2,3 Loss of cholinergic neurons has 

been associated with early cognitive function los-

ses.4  

Scopolamine is a non-selective muscarinic receptor 

antagonist adversely affecting learning and short-

term memory processes in humans and rodents.5 

Moreover, scopolamine is widely used for the inves-

tigation of the pathophysiological mechanisms of 

some neurodegenerative diseases, including AD. 

The ability of scopolamine to cause cognitive defi-

cits makes it a valid pharmacological agent for trig-

gering cognitive deficits.6 In a previous study, it was 

reported that scopolamine significantly increased 

AChE activity while decreasing ACh level in adult 

mouse cortex and hippocampus.7 Similarly, scopola-

mine has been reported to impair cholinergic neurot-

ransmission by increasing AchE activity in mice.8 

On the other hand, scopolamine has been shown to 

disrupt not only the brain's cholinergic system, but 

also neurotrophin synthesis, which plays an impor-

tant role in synaptic plasticity. In this context, it was 

reported in a previous study that scopolamine impa-

irs cognitive performance by significantly reducing 

the expression of brain-derived neurotrophic factor 

(BDNF), an important neurotrophic factor in the 

rodent hippocampus.9 Therefore, compounds with 

the potential for regulation of the cholinergic system 

and BDNF activity in the prevention of disorders 

characterized by cognitive impairment are coming 

into focus. 

Agomelatine is a potential melatonin (MT) receptor 

(MT1 and MT2) agonist and serotonin (5-HT) re-

ceptor (5-HT2C) antagonist.10 It has been stated that 

agomelatine may regulate cognitive functions by 

affecting limbic regions, including the hippocam-

pus.11 Experimental studies have demonstrated the 

potential of agomelatine to improve learning and 

memory performance.12 These directional effects of 

agomelatine have been associated with increased 

BDNF expression in the hippocampus.13,14 Similarly, 

agomelatine has been shown to play a key role in 

regulating impaired cognitive functions by regula-

ting synaptic plasticity.15 On the other hand, previ-

ous studies have reported that agomelatine limits 

cholinergic impairment in mice with experimental 

learning and memory deficits.16 However, the effects 

of agomelatine on memory functions and the choli-

nergic system in dementia model rats are not clear. 

The aim of this study is to examine the effects of 

agomelatine on neurocognitive behaviors, choliner-

gic system and hippocampal BDNF levels in rats 

with experimental amnesia induced by scopolamine. 

 

MATERIALS AND METHODS 

Animals and Ethical Approval: 32 male Sprague 

Dawley rats weighing 300-350 g were used in the 

study. Animals were housed in standard cages in 4 

groups with 8 (n=8) rats in each group. The rats we-

re housed in rooms with standardized temperature 

(22 ± 3 °C) and light (12 hours light/dark) throug-

hout the experiment. Animals were fed standard 

pellet feed and provided ad libitum access to water. 

The rats were taken to the behavioral laboratory one 

week before the cognitive behavioral tests for adap-

tation 

Drug and Chemicals: Agomelatine (valdoxan, Les 

Laboratoires Servier, France) was purchased from 

local pharmacy. Scopolamine was obtained from 

Sigma-Aldrich (MO, USA). Acetylcholine (ACh) 

and BDNF ELISA kits were purchased from 

Elabscience (Elabscience. Texas, USA). 

Experimental Design: Study groups; I) control, II) 

scopolamine, III) agomelatine, IV) scopolami-

ne+agomelatine. Scopolamine was administered 

intraperitoneally (i.p) at a dose of 1 mg/kg 30 mi-

nutes before agomelatine administration. Then ago-

melatine was administered at a dose of 40 mg/kg by 

oral gavage. The agomelatine dose was determined 

based on a previous study.17 Drug administrations 

were carried out once a day for 21 days. Subsequ-

ently, new object recognition and morris swimming 

tests were performed. Following the end of the beha-

vioral tests, the subjects were euthanized under high-

dose anesthesia. Then the skull was opened and the 

hippocampus and prefrontal cortex were removed in 

the cold chain. Tissues were stored at -80 °C until 

evaluation. At the analysis stage, homegenates were 

prepared from tissues under suitable conditions and 

analyzes were carried out. 

New object recognition (NOR) test: This test was 

performed as detailed in previous studies.18,19 Beha-

vioral tests were conducted in a dim and quiet room 

monitored by a camera system. The platform used in 

the experiment (90 cm x 90 cm x 45 cm) was made 

of plexiglass. Experiments were performed on three 

consecutive days following drug administrations. 1st 

day (familiarization session); The rats were placed 

on the platform for 5 minutes and allowed to get 

used to the apparatus. 2nd day (training session); 

Two identical objects were placed at the corners of 

the platform and allowed for exploration for 5 mi-

nutes. 3rd day (test session); one of the familiar ob-
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jects was replaced with a different one and the rats 

were allowed to explore for 3 min. Discovery of an 

object was defined as contact with the nose and/or 

moving the nose to the object within a range of up to 

a maximum of 1 cm. Before each test, the objects 

and platform were cleaned with 70% ethanol solu-

tion. The tests were carried out at the same times 

each day. The behavior of the rats was recorded 

using the behavior monitoring software ANY maze 

(ANY maze 5.2, Dublin / Ireland). At the analysis 

stage, the exploratory behavior and discrimination 

index of the rats were calculated. 

Morris water maze (MWM) test: The experimental 

protocol of this study was prepared by considering 

our previous study.20 briefly; a 150 cm diameter 

water pool was used in the experiment. The escape 

platform (15 cm in diameter) was placed in the 

middle of the determined quarter. In the pre-training 

phase, rats were placed in water and expected to 

reach the target quadrant. Rats that found the plat-

form were allowed to stay there for 30 seconds. In 

the next step (acquisition trial), the water level was 

raised by 2 cm. For the following 5 days, the rats 

were released into the water 3 times a day to reach 

the platform. The time taken to find the hidden plat-

form for 5 days was scored as escape latency. On the 

6th day (probe trial), the platform was removed from 

the water and the rats were left in the water for 60 

seconds and the time spent in the target quadrant 

where the platform was located was recorded. Test 

recordings were obtained using the animal behavior 

software program ANY maze (ANY maze 5.2, Dub-

lin / Ireland). As a result, escape latency (sec), time 

spent in the target quadrant (sec), number of entries 

into the target quadrant, and average velocity in the 

target quadrant (m/sec) were calculated. 

Statistical Analysis: All statistical analyzes were 

performed with the GraphPad Prism 8.0 program 

(San Diego, CA, USA). Experimental results are 

given as Standard Error of the Mean (±SEM). Nor-

mal distribution fitting of the data was evaluated 

with the Shapiro–Wilk test. One-way ANOVA fol-

lowed by post-hoc tukey test was used to determine 

the difference between the experimental groups. 

P<0.05 was considered significant. 

 

RESULTS 

Effects of agomelatine on exploratory behavior and 

spatial memory in rats 

The effect of agomelatine on recognition memory 

was evaluated with the NOR test. In this context, 

scopolamine decreased the total exploration time 

and discrimination index (Figure 1A, p<0.05). On 

the other hand, agomelatine treatment increased the 

total exploration time (P<0.05) but did not signifi-

cantly affect the discrimination index (Figure 1B, 

P>0.05).  

The effect of agomelatine on spatial memory is 

shown in Figure 2. In the acquisition trial, the escape 

latency time of the scopolamine group was signifi-

cantly higher than the control group (Figure 2A, 

p<0.05). However, the escape latency time of the 

scopolamine+agomelatine group was significantly 

reduced compared to the scopolamine group 

(p<0.05). In the probe trial, we found that the time 

spent in the target quadrant was lower in the scopo-

lamine group than in the control (Figure 2B, 

p<0.05). In contrast, the scopolamine+agomelatine 

group remained longer in the target quadrant compa-

red to the scopolamine group (p<0.05). Similarly, 

significance was determined between the number of 

rats entering the target quadrant. Accordingly, while 

the number of entries into the target quadrant was 

significantly lower in the scopolamine group, ago-

Figure 1. Effect of agomelatine on scopolamine-induced object recognition memory impairment. A: Total time 
spent exploring both objects, B: Discrimination index  *p <0.05 vs control group,  #p <0.05 vs scopolamine group 
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melatine treatment increased the number of entries 

into the target quadrant (Figure 1C, p<0.05). In addi-

tion, scopolamine increased the mean speed in the 

target quadrant, while agomelatine treatment signifi-

cantly decreased the mean speed (Figure 1D, 

p<0.05).  

BDNF levels in the hippocampus and prefrontal 

cortex 

BDNF and ACh levels were measured in hippocam-

pal and prefrontal cortex homogenates of rats. Com-

pared to the control group, scopolamine did not sig-

nificantly affect the BDNF level in the hippocampus 

(p>0.05), but decreased it in the prefrontal cortex 

(Figure 3, P<0.05). Moreover, agomelatine treatment 

significantly increased BDNF levels in both hippo-

campus and prefrontal cortex compared with the 

scopolamine group (p<0.05, p<0.01, respectively).  

 

ACh levels in the hippocampus and prefrontal cor-

tex 

We observed that administration of 1 mg/kg scopola-

mine and 40 mg/kg agomelatine for 21 days did not 

cause statistically significant changes in ACh levels 

in the hippocampus and prefrontal cortex. (Figure 4, 

p>0.05). 

 

Figure 2. Effect of agomelatine on scopolamine-induced spatial memory impairment. A: Escape latency (s) during 
acquisition trials. B: Time spent in the target quadrant in the probe trial (s). C: The number of entries to the target quadrant. D: Average 
speed (m/s) in the target quadrant.  *p <0.05 vs control group,  #p <0.05 vs scopolamine group.  

Figure 3. Effect of agomelatine on BDNF level in scopolamine-induced memory impairment in rats. A: Hippo-
campus, B: Prefrontal cortex  *p <0.05 vs control group,  #p <0.01 vs scopolamine group. 
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DISCUSSION AND CONCLUSION 

In this study, we examined the behavioral and neu-

rochemical effects of long-term agomelatine admi-

nistration on scopolamine-induced memory impair-

ment in rats. Our results revealed that the muscarinic 

receptor antagonist scopolamine weakened the me-

mory performance of rats. However, agomelatine 

treatment significantly improved cognitive impair-

ment. 

The scopolamine-induced dementia model is widely 

used to explore the potential of therapeutic agents to 

treat AD. It has been reported that scopolamine cau-

ses learning and memory impairment with dysfunc-

tion in cortical cholinergic neurons.Moreover, this 

effect has been mainly associated with the inhibition 

of muscarinic receptor signaling 

pathways.21 Previous studies have shown that scopo-

lamine impairs the spatial memory of rodents in the 

MWM test.22,23 Similarly, scopolamine has been re-

ported to decrease the recognition index in the object 

recognition task.24 Therefore, in our study, the effect 

of agomelatine on scopolamine-induced learning and 

memory impairment was examined using both 

MWM and NOR tasks. Increasing evidence has reve-

aled that long-term use of agomelatine under physio-

logical conditions exerts beneficial effects by cau-

sing structural changes in the hippocampus of adult 

rats.17 Scopolamine has been shown to cause decrea-

sed expression of phosphorylated cAMP response 

element binding protein (CREB) and BDNF in the 

rodent hippocampus and frontal cortex.8,25 In previ-

ous studies, agomelatine was shown to activate 

BDNF signaling in regulating cognitive functions in 

physiological and pathophysiological conditions.26,27 

In our results, we found that agomelatine signifi-

cantly increased BDNF levels in the prefrontal cor-

tex.  

In previous reports, scopolamine was shown to cause 

memory impairment by affecting cholinergic 

pathways.28 It has been reported that the loss of cho-

linergic neurons in the hippocampus and prefrontal 

cortex causes decreased ACh synthesis, storage and 

release, and this situation is associated with learning 

deficits.29 Recent studies showed that scopolamine 

decreases ACh synthesis and increases AChE enzy-

me activity.8,30 In our study, we evaluated the effects 

of agomelatine on the cholinergic system in rats with 

scopolamine-induced cognitive impairment. In this 

context, we measured ACh levels in rat hippocampal 

and prefrontal cortex homogenates. To the best of 

our knowledge, there is no research on the effect of 

agomelatine on ACh levels in the hippocampus and 

prefrontal cortex in the same experimental setup. 

However, in a previous study, it was reported that 

agomelatine decreased AChE activity in its neurop-

rotective effect against vascular dementia due to 

chronic cerebral hypoperfusion.16 This result sup-

ports the hypothesis that agomelatine can increase 

ACh level. However, in our study, agomelatine did 

not significantly change ACh levels in the hippocam-

pus and prefrontal cortex. This indicates a limited 

role for ACh in the modulating effect of agomelatine 

on cognitive functions. 

In conclusion, our findings revealed that agomelatine 

can alleviate scopolamine-induced cognitive impair-

ment in adult rats. Therefore, agomelatine may have 

a potential for use in therapy for the prevention and/

or treatment of diseases characterized by loss of cog-

nitive function.  

 

Ethics Committee Approval: The study was appro-

ved by the Recep Tayyip Erdogan University Animal 

Figure 4. Effect of agomelatine on acetylcholine level in scopolamine-induced memory impairment in rats.  
A: Hippocampus, B: Prefrontal cortex  
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