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A B S T R A C T

Alzheimer's disease is a progressive neurodegenerative disorder causing common health problem with increasing
age. Evidences show that the key symptoms of AD are mainly caused by cholinergic system dysfunction which
has a role in cognitive disorders. Cholinergic pathways especially muscarinic receptors like M1 subtype also have
a major role in learning, memory, cognitive functions and emotional state. There is no available permanent
treatment currently to cure AD or to change its progression. This study was designed to investigate the factors
that play important role in pathogenesis of AD and to compare the effects of Galantamine treatment with effects
of Myrtus communis treatment. The expression level of M1, ACh, BDNF; AChE activity, GSH level, MDA and MPO
activity and AChE gene expression were investigated in scopolamine-induced rat model. Results showed that,
administration of MC significantly improves the SCOP-induced reduction of latency and object recognition time;
increasing BDNF, M1 and ACh receptor expression levels in the different brain regions. Additionally, MC showed
an increased in AChE by enhancing GSH activity and reducing MDA level and MPO activity. In conclusion MC
considered as a possible novel therapeutic approach that can be a valuable alternative way in the prevention and
treatment of AD.

1. Introduction

Alzheimer's disease (AD) is a progressive neurodegenerative dis-
order that is characterized by loss of memory, diminished cognitive
performance, reduced learning and intellectual abilities causing a
common public health problem (Schliebs and Arendt, 2011; Azizi-
Malekabadi et al., 2012). AD has a number of pathologies which mainly
includes cholinergic transmission degeneration, neuro-inflammation,
oxidative stress and decreased level of brain derived neurotrophic
factor (BDNF) (Gil-Bea et al., 2011; Verri et al., 2012; Bassani et al.,
2017; Heneka et al., 2015).

Evidences from the literature show that the key symptoms of AD are
mainly caused by cholinergic system dysfunction which has a role in
cognitive disorders (Schliebs and Arendt, 2011; Ozarowski et al., 2016;
Davies and Maloney, 1976). It is known that acetylcholine (ACh) levels
in synaptic cleft are regulated by Acetylcholinesterase (AChE) activity
where AChE responds to many different insults including oxidative
stress that plays important role in the progression of a variety of mental
disorders. Therefore, this enzyme might be a target to treat AD
(Klinkenberg et al., 2011). Cholinergic pathways involved in learning
and memory functions are projected from the basal forebrain to the
cortex, the hippocampus and the amygdale. Muscarinic receptors
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(mAChRs) like M1 subtype also have a major role in learning, memory,
cognitive functions and emotional state (Klinkenberg et al., 2011;
Deiana et al., 2011). It is known that mAChRs blockages cause to
memory disorders. Scopolamine (SCOP) is a mAChRs antagonist that
stimulates memory impairment and partially mimics AD and dementia
(Schliebs and Arendt, 2011).

The AChE inhibitors especially Galantamine (GAL) that used in
treatment of AD, nowadays, lost their effectiveness in time due to loss of
efficacy. Therefore, there is no available permanent treatment currently
to cure AD or to change its progression. In addition to these, anti-in-
flammation and anti-oxidant agents are well-known agents used in the
adjuvant therapy of AD (Kumar and Singh, 2015; Jeon et al., 2017; Lu
et al., 2018).

Myrtus communis (MC) determined to contain a various metabolites
such as anthocyanins, essential oil, flavonoids and tannins (Tumen
et al., 2012). Generally, all parts of MC are known to involve in treating
diarrhea, peptic ulcers, hemorrhoids, inflammation, and bleeding; and
besides known to have anti-inflammatory, analgesic, anti-oxidative,
anti-mutagenic, anti-diabetic, anti-microbial, anti-parasitic effects and
neuroprotection (Tumen et al., 2012; Alipour et al., 2014; Mahboubi,
2016). In previous studies it has been shown that MC has effect to in-
crease the amount of GSH, a cellular antioxidant molecule, and to act
AChE enzyme inhibition like GAL (Tumen et al., 2012).

In the light of these findings, the study was designed to investigate
the factors that play important role in pathogenesis of AD and to
compare the effects of GAL treatment with effects of MC treatment.
Therefore, the molecular and biochemical assays; Western blotting (for
the expression level of M1 mAChR, ACh and BDNF), spectrophotometric
analysis (for AChE activity, Glutathione (GSH), Malondialdehyde
(MDA) and Myeloperoxidase (MPO) and qRT-PCR (for AChE gene ex-
pression) were comprehensively performed to identify the possible ef-
fects of MC on some underlying cholinergic mechanisms involved in
scopolamine-induced rat amnesia model.

2. Materials and methods

2.1. Plant material and preparation of extract

Leaves of Myrtus communis subsp. communis were collected from the
Turgutlu region of Manisa in 2010. Voucher specimens were deposited
in the Herbarium (Mare No: 13006). About 100 g of dried and ground
MC were extracted with 96% EtOH, using a Soxhlet apparatus. Then,
the filtrate evaporated under a vacuum in a rotary evaporator at 40 °C
until it got dry. The obtained extract was stored in a dark container in
refrigerator (4 °C) until it is used.

2.2. Animals and conditions

An approval from the institutional ethical committee was obtained
Marmara University (MU) Animal Care and Use Committee (MUHDEK
approval no: 112.2016.mar) before the experiments were started.
Wistar albino rats (n= 32), aged 12–14weeks, weighing 250–300 g
were used. Rats were supplied by the MU Experimental Animals
Research and Implementation Centre (DEHAMER). Animals were
housed in an air conditioned room with 12-h: 12-h light-dark cycles
(lights on 7 a.m.), where the temperature (22 ± 2 °C) and humidity
(50 ± 5%) were kept constant. Rats were fed with standard rat chow
and tap water in their cages (60× 40×40 cm).

2.3. Experimental design

After a week of habituation period, the rats were divided randomly
into four groups. Each group consisted of 8 rats. All treatments were
given daily, at the same time of the day.

Sham-operated (control) group: 0.1 mg/kg physiological saline so-
lution was administered intra-peritoneally (i.p) for 14 days.

Scopolamine (SCOP) group: SCOP (Sigma-Aldrich, St. Louis, MO,
USA) is a mAChRs antagonist. 1 mg/kg/i.p SCOP was administered for
induced amnesia model for 14 days (Ghasemi et al., 2018).

SCOP+MC group: 1mg/kg/i.p SCOP and then 100mg/kg/p.o. MC
were administered for 14 days. MC was dissolved in 0.9% saline solu-
tion. In previous studies, MC was used at different doses especially at 50
and 100mg/kg (Sen et al., 2016; Jabri et al., 2015). Additionally, it has
been found out that 100mg/kg MC dose showed an effective anti-
oxidant activity in our unpublished experiments. Therefore, we used
100mg/kg dose for MC treatment.

SCOP+GAL group: Firstly, 1 mg/kg/i.p SCOP and then 1.5mg/kg/
i.p GAL were administered for 14 days. GAL (Sigma-Aldrich, St. Louis,
MO, USA) was dissolved in 0.9% saline solution (vehicle).

2.4. Cognition tests

2.4.1. Passive avoidance memory test
Passive avoidance memory test is a fear-aggravated test for asses-

sing memory as previously defined by Kameyama et al. (1986). Passive
Avoidance test apparatus (Northel Passive Avoidance System, Istanbul)
was consisted of a two-compartment dark/light shuttle box (each
20× 20×20 cm) which is separated by a guillotine door. In addition
to this, a conductor was available on the floor of the dark compartment
for electric shocking. The test protocol has two stages as instruction and
memory tests. In instruction test, each rat was located in the light
compartment (with a 100W bulb) and rats were allowed to habituate
apparatus for 20 s. After habituating period, the guillotine door was
opened and the rats were allowed to move freely into the dark com-
partment. When the rats put into the light compartment they are ex-
pected to enter the dark compartment due to their elemental tendencies
for dark areas. After entering to the dark compartment, the door was
automatically closed and an electrical foot shock (0.5 mA) was applied
for 3 s. Twenty seconds after the foot shock rats were returned to their
home cage. In memory test phase, each rat was retested with the same
protocol without foot shock. As an indicator of the long-term memory,
the latency time for entering the dark compartment was recorded. In
memory phase of the test, the cut off time was used as 300 s and the
long latencies indicated well retention memory while short latencies
demonstrated impaired memory functions (Erşahin et al., 2010;
Hosseinzadeh et al., 2013; Özbeyli et al., 2017).

2.4.2. Object recognition test
The object recognition tasks were used to investigate the short-term

recognition memory functions. The test has 3 important stages as: fa-
miliarizing (adapted to the environment for 10min), the sample object
test and the novel object test (Utkan et al., 2012). After assigning each
rat for 10min to each box and objects (either 2 old or 1 old and 1 new),
the rats were familiarized with the researcher and adapted to the en-
vironment before the test. Firstly, two identical (sample) objects were
put against the center of the opposite wall with its back to the objects to
prevent forced exploration of the objects. The exposure time of the
sample object was recorded for 10min by a video camera. Most re-
markable point in this study is that there was no other stimulus in the
environment that would distract the rat's attention. The apparatus and
the objects were cleaned by 70% isopropyl alcohol and left to dry for
1min before putting the next rat into the box. Then, for the Novel (new)
object, the rats which completed the familiarizing step returned to a
home cage. After an hour, one of the objects was changed to evaluate
the short term memory of the rats. Then, the rats were located into the
box where one old and one novel object were available with the same
protocol as mentioned previously. Finally, for the evaluation, the re-
sults were analyzed by comparing the time spent with the old and the
novel objects. Object recognition is reflected by spending more time in
interacting with the novel than old object, and this gives variable re-
sults in difference score. The difference score (sec) was calculated by:
time spent with the novel object−time spent with the sample object
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(Bevins and Besheer, 2006).

2.5. Removal of tissue samples

The animals were sacrificed with thiopental sodium (50mg/kg)
(Pentothal[R], Abbott) 24 h after the last cognition test session. After
rapid decapitation, the hippocampus, the frontal cortex and the
amygdala complex were removed in accordance with the Rat Brain
Atlas and were stored at −80 °C. Anteroposterior planes used for re-
moving the cortex, the hippocampus and the amygdala which were
located between 13.20 and 11.20mm, 6.70–4.70mm and
7.20–5.70mm anterior to the interaural line rat brain respectively, and
was accepted as 9.00mm posterior to the tip of the brain (Paxinos and
Watson, 1986).

2.6. The assay of glutathione, malondialdehyde, and myeloperoxidase

As it is described by Beuge and Aust (1978), in order to measure the
GSH and MDA levels, the samples of tissue were homogenized with ice-
cold 150mM KCl. As described previously in our study (Beutler, 1975),
GSH was determined according to Ellman method (Beutler, 1975;
Aykac et al., 2018). After mixing samples, the absorbance of the re-
sulting color was measured at 412 nm in the spectrophotometer. Firstly,
thiobarbituric acid reactive substances solution was added on the
homogenate and as described in more detailed in our previous study
(Beutler, 1975), MDA levels were determined according to Beuge
method whereas MPO activity in brain tissues was determined by Hil-
legeas method (Beuge and Aust, 1978; Hillegass et al., 1990).

2.7. Tissue preparation and immunoblotting

For the molecular analysis of the tissues, the frozen tissues were
weighed and homogenized in ice-cold 20mM Tris-HCl buffer con-
taining 1mM EDTA, protease inhibitors, 10% glycerol, 50mM NaCl and
2mM DTT which were added into the tissues and homogenized for 90 s.
After, the homogenates were centrifuged at 2000×g for 10min. Pellets
were incubated with 50mM Tris-HCl, 5% glycerol, 1 mM EDTA, 5mM
DTT, protease inhibitors and 0.05% Triton X-100 for 90min vortexing.
All these operations are done at +4 °C. The protein content of the
samples was determined by the Lowry method (Lowry et al., 1951). All
extractions were used to determine mAChR M1, BDNF and AChE ex-
pression levels. Samples including 50 μg (for the frontal cortex) and
100 μg (for the hippocampus and the amygdale) protein were run on gel
electrophoresis and transferred onto nitrocellulose membranes for
90min at 80 V. The membranes were blocked with Tris containing 1%
BSA, 0.05% Tween-20 (TBS-T). After blocking, the membranes were
incubated over night with polyclonal primary antibodies [M1 (1:100),
BDNF (1:200) or AChE (1:100)] at +4 °C. Immunoblots were standar-
dized according to expression of β-actin (1:200) for all the membranes.
The membranes were incubated with anti-goat IgG secondary anti-
bodies (1:1000) for 1 h at 20 °C and then washed with TBS-T (Aykac
et al., 2018; Aykac et al., 2012). The densitometric analysis was carried
out with Bio-Rad Molecular Analyst software (free edition, www.
totallab.com). Molecular weights for M1, BDNF, ACh and β-actin are
52 kDa, 14 kDa, 72 kDa and 43 kDa, respectively.

2.8. Acetylcholinesterase activity

Acetylcholinesterase activity was performed according to procedure
followed by Ozarowski et al. (2015). The activity of AChE in homo-
genate brain tissues were expressed as μmol/min/mg protein by using
spectrophotometric method (λ=412 nm) (Ozarowski et al., 2016).

2.9. Total RNA isolation and reverse transcription reaction

Total RNA isolation from different brain regions were extracted

using RNeasy Plus Mini Kit (Qiagen) according to manufacturer's pro-
tocol. The concentration of the integrity of RNA was evaluated by
measuring the absorbance at 260 and 280 nm using Synergy H1 Multi-
Mode Reader, Take 3 Micro-Volume Plates. 50 ng of RNA samples were
stored at −80 °C and the 1 μg of total RNA from all samples were used
as template for the reverse transcription into cDNA by using SensiFAST
cDNA Synthesis Kit (Bioline) (Ozarowski et al., 2016).

2.10. Quantitative real-time PCR mRNA quantification

Obtained cDNA samples were used for the quantitative real-time
PCR (qRT-PCR). The AChE gene expression level was analyzed in a
volume of 10 μL reaction mixture by using relative quantification
methodology with a LightCycler TM Instrument (Roche, Germany) and
a LightCycler® FastStart DNA Master SYBR Green I kit (Roche Applied
Science). AChE primers used were: ACHE-F, 5′-CAGCAATACGTGAGC
CTGAA and ACHE-R, 5′-TTCCAGTGCAGCATGTAGGA. A β-actin gene
was used as a house-keeping internal standard gene for normalization
of qRT-PCR. β-Actin primers were: BACT-F, 5′-CCAACCGCGAGAAGA
TGA and BACT-R, 5′-CCAGAGGCGTACAGGGATAG. All primers se-
quences were designed by using the Oligo 6.0 software (National
Biosciences) and pre-verified by assessment of a single PCR product on
agarose gel and by a single temperature melting curve analysis of each
cDNA amplification product. The data were performed using
LightCycler Run 4.5 software (Roche Applied Science) and each PCR
run included a non-template control to detect potential contamination
of reagents. Calculations were performed using delta Ct method, where
relative fold change between control and treated groups were compared
for genes of interest and normalized relative to changes in the house-
keeping gene β-actin (Ozarowski et al., 2016).

2.11. Statistical analysis

For statistical analysis GraphPad software (Prism 3.0; GraphPad
Software, San Diego, CA, USA) was used. All data were expressed
means ± standard error of the mean SEM. The groups of data were
compared with analysis repeated measures ANOVA followed by
Bonferroni multiple comparison post hoc tests. The values of p < 0.05
were considered as a statistical significant difference.

3. Results

3.1. Cognition tests

3.1.1. Passive avoidance task
After using a passive avoidance task, analysis revealed significant

differences in long-term memory when comparison made between the
control group and SCOP group (p < 0.01, Fig. 1A). In treatment
groups, latency time of passive avoidance task score were reversed
when compared to SCOP groups (SCOP versus SCOP+MC, p < 0.05
and SCOP versus SCOP+GAL, p < 0.05).

3.1.2. Object recognition test
The results of the object recognition test showed that the im-

plementation of SCOP significantly decreased the short-term memory
compared to all groups (Control, SCOP+MC and SCOP+GAL groups,
p < 0.05–0.001; Fig. 1B).

3.2. The results of GSH, MDA and MPO

In accordance with these findings, the level of GSH in the SCOP
group was significantly decreased (p < 0.001) whereas in SCOP+MC
and SCOP+GAL, decreased GSH stores were moderately recovered
with these molecules (p < 0.05; Fig. 2A). When the MDA levels were
examined, a significant increase was found in the brain tissues of SCOP
group compared to the control group (p < 0.01). The administration of
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MC and GAL were found to reduce this elevation in MDA levels
(p < 0.05 in both groups; Fig. 2B). Furthermore, the administration of
SCOP significantly increased the neutrophil infiltration and the asso-
ciated MPO values in brain tissue compared to the control group
(p < 0.001) while MPO activity was significantly reduced in the
SCOP+MC and SCOP+GAL groups (p < 0.01–0.001; Fig. 2C).

3.3. Immunoblotting analysis in different brain regions

In this study BDNF, ACh, and M1 mAChR expressions were eval-
uated by Western blotting in order to determine possible effects of
treatment on receptor expressions. The membranes and representative
immunoblots of the different brain tissues (the amygdala complex, the
hippocampus and the cortex) are illustrated in Fig. 3. In amygdala
complex, the expression levels of BDNF, M1 and ACh receptors sig-
nificantly decreased in SCOP groups compared to the control group
(p < 0.05–0.01; Table 1). The expression levels of BDNF, M1 and ACh
receptors in the SCOP+GAL and the SCOP+MC significantly in-
creased compared to SCOP group (for SCOP+GAL p < 0.05,
p < 0.01; for SCOP+MC p < 0.05, p < 0.001, respectively). The
expression levels of BDNF, M1 and ACh receptors significantly de-
creased with the administration of SCOP compared to the control group
(p < 0.01, p < 0.001 and p < 0.01 respectively) in the hippo-
campus. The expression levels of M1 and ACh receptors in the
SCOP+GAL and the SCOP+MC significantly increased (for
SCOP+GAL p < 0.001 and p < 0.01 and for SCOP+MC p < 0.001
and p < 0.001 respectively) whereas the level of BDNF expression did
not change in SCOP+GAL compared to the SCOP group (Table 1). In
the cortex, there is no finding that the administration of GAL has any
effects on the level of BDNF, M1 and ACh receptors expression. It is

found out that the levels of BDNF, M1 and ACh receptor expression
significantly decreased in SCOP group when compared to the control
group (p < 0.01). The levels of M1 and Ach receptors expression sig-
nificantly increased in the group of SCOP+MC compared to the SCOP
group (p < 0.05, Table 1).

3.4. Acetylcholinesterase activity

The activity level of AChE showed variations in all groups at dif-
ferent rat brain regions (p < 0.05). Analyses of the hippocampus,
amygdala complex and cortex showed that the administration of SCOP
was increased the level of AChE activity in SCOP group compared to the
control group (p < 0.001). The treatment of MC and GAL were de-
creased AChE activity in the hippocampus, the amygdala complex and
the cortex (p < 0.001, Table 2).

Fig. 1. Analysis of A) enters latency (sec) and B) object recognition tests of rats
in control, SCOP, SCOP+GAL and SCOP+MC treated groups. Difference
score (sec): Time spent with the novel object− time spent with the sample
object. ⁎, p < 0.05, ⁎⁎, p < 0.01; ⁎⁎⁎, p < 0.001 represents comparison with
control group; +, p < 0.05 and +++, p < 0.001 represents comparison with
SCOP group.

Fig. 2. A) Glutathione (GSH), B) malondialdehyde (MDA) levels and C) mye-
loperoxidase (MPO) activity in the brain tissue of rats, which were control,
SCOP, SCOP+GAL and SCOP+MC treated groups. Each group consisted of 8
animals (n= 8). ⁎, p < 0.05, ⁎⁎, p < 0.01; ⁎⁎⁎, p < 0.001 represents com-
parison with control group; +, p < 0.05; ++, p < 0.01 and +++, p < 0.001
represents comparison with SCOP group.
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3.5. The analysis of AChE-mRNA level

The results of the mRNA expression levels of AChE gene exposing to
SCOP and treating with MC and GAL were represented in Table 2. For
all brain regions, the results revealed that SCOP administration caused
a significant increase in AChE-mRNA level when compared to the
control rats (p < 0.001). However, treatment with MC and GAL pre-
vented an increase in AChE-mRNA expression level when compared to
the SCOP group (p < 0.01–0.001; in all regions).

4. Discussion

Alzheimer's disease is a very severe progressive neurodegenerative
disorder that leads to death with increasing of aging population and
lifetime expectancy, and it is very crucial to find novel drugs that can
effectively cure AD. Cholinergic hypo-function, oxidative stress, and
neuro-inflammation are one of the main characteristics of AD. As many
studies have shown that SCOP can impair the ability of learning and
memory increased oxidative stress and inflammation in humans and
animal, SCOP-induced AD model became widely used model to study
cognitive deficiency and screen for anti-AD drugs (Li et al., 2018). In
the current study, the changes of cholinergic system parameters and
oxidative stress markers were analyzed in order to further clarify the
underlying mechanism of improving learning and memory of MC and
GAL in the SCOP-induced rat for the first time. Our study has shown
that SCOP significantly diminished learning and memory in passive
avoidance and novel object recognition tests. According to the results, it
can be concluded that administration of MC ameliorated short and long
term memory in SCOP model and SCOP treatment decreased latency
time of passive avoidance task score, indicating a decline in long term
memory. These results support the previous data showing the decreased

short and long term memory in SCOP model (Li et al., 2018; Wang
et al., 2014). The novel object recognition test evaluates recognition
memory whereas the passive avoidance task assesses reference memory
and emotional memory which is related to the amygdala (Özbeyli et al.,
2017; Wang et al., 2014). In behavioral tests, treatment with MC was
shown to prevent SCOP-induced cognitive impairment. In addition, the
passive avoidance test is used in our study, that is a fear-conditional test
using learning and memory alterations in rats following SCOP admin-
istration and the treatment of GAL and MC also have ameliorative effect
in the hippocampus, the cortex and the amygdale. In literature, there is
no data about the effect of MC on memory functions in AD or in any
neurodegenerative disorders, thus for the first time, this current study
reported the beneficial effects of MC in SCOP-induced cognitive im-
pairment.

Previous studies have established increased MDA levels, MPO ac-
tivity and reduced GSH levels in rat brain with AD (Özbeyli et al., 2017;
Singh et al., 2010). Recently, it has been shown that SCOP-induced
memory impairment is associated with an oxidative stress status in the
brain (Fan et al., 2005; Rahimzadegan and Soodi, 2018; Budzynska
et al., 2015; Hancianu et al., 2013). In accordance with previous stu-
dies, we found out that SCOP significantly increased the MDA level and
decreased GSH level in brain tissues. Our results demonstrated that
MDA level and MPO activity of brain tissue reduce via MC and GAL.
Furthermore, diminished GSH level of brain via SCOP ameliorated with
MC and GAL. Although there is no data in the literature about the ef-
fects of MC in SCOP model, MC found to inhibit lipid peroxidation and
inflammation by reducing MDA levels and MPO activity via increasing
GSH in rat (Sen et al., 2016; Rossi et al., 2009; Maxia et al., 2011; Ozkol
et al., 2013; Mhatre et al., 2004). Taken together, our results suggest
that anti-oxidant and anti-inflammatory activities of the MC may be
mediated neuro-protective effects against SCOP-induced oxidative

Fig. 3. The representative photographs of membranes collected from immunoblotting experiments for SCOP-induced rat model treated with MC or GAL. For each
group n=4; and the analyses were performed as duplicate. β-Actin was used to normalize the amount of protein loaded in each lane. Molecular weights for M1,
BDNF, ACh and β-actin are 52 kDa, 14 kDa, 72 kDa and 43 kDa, respectively.

Table 1
The expression levels of BDNF, M1 and ACh after MC and GAL treatment in SCOP-induced rat model in all brain tissues. For each group n=4 and the analyses were
performed as duplicate. ⁎, p < 0.05; ⁎⁎, p < 0.01 represents comparison with control group; +, p < 0.05; ++, p < 0.01 and +++, p < 0.001 represents com-
parison with SCOP group.

Control SCOP SCOP+GAL SCOP+MC

Relative density of BDNF/β-actin
Amygdala 1.47 ± 0.07 1.22 ± 0.04* 1.42 ± 0.07+ 1.46 ± 0.05+

Hippocampus 1.34 ± 0.02 1.11 ± 0.05 1.19 ± 0.05 1.29 ± 0.05
Cortex 1.64 ± 0.01 1.52 ± 0.01* 1.58 ± 0.03 1.57 ± 0.05

Relative density of ACH/β-actin
Amygdala 1.31 ± 0.08 0.77 ± 0.09** 1.23 ± 0.06+ 1.40 ± 0.06+

Hippocampus 1.78 ± 0.08 1.49 ± 0.07 1.76 ± 0.1 1.92 ± 0.04
Cortex 1.41 ± 0.04 1.17 ± 0.05* 1.36 ± 0.05 1.38 ± 0.13+

Relative density of M1/β-actin
Amygdala 1.32 ± 0.09 1.09 ± 0.07** 1.26 ± 0.04++ 1.25 ± 0.05+++

Hippocampus 1.67 ± 0.03 1.20 ± 0.15 1.56 ± 0.05 1.65 ± 0.04
Cortex 1.14 ± 0.02 0.95 ± 0.03** 1.05 ± 0.04 1.10 ± 0.04+

SCOP: scopolamine, GAL: Galantamine, MC: Myrtus communis, AChE: acetylcholinesterase.
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stress in the rat brain. The GAL, which is used in the treatment of AD
patients due to its beneficial effects on cognitive function and inhibition
of glutathione system disorders and due to the neuronal damage-in-
hibiting property, acts as an AChE inhibitor enhancing the sensitivity of
cholinergic receptors and neurotransmitter release (Melo et al., 2009).
Our data suggest that GAL prevents GSH levels from being reduced by
SCOP. Clinical and experimental studies report that loss of cholinergic
function causes significant and severe learning disabilities (Melo et al.,
2009; Yoo et al., 2013). Similarly, in our study, we observed a sig-
nificant reduction in hippocampal-dependent spatial memory in object
recognition and passive avoidance tests by applying SCOP as a mAChRs
blocker. Our results have shown that the implementation of SCOP sig-
nificantly reduces the acquisition of short-term memory, and the ap-
plication of MC or GAL significantly improves short term memory ac-
quisition in behavioral tests. As there is no difference between the GAL
and MC, this suggests the idea that the MC used for treatment may be as
effective as the GAL.

It is generally known that, AD is associated with insufficient levels
of various neurotransmitters. Previous studies have revealed that SCOP
alone showed a significant decrease in cholinergic system reactivity, as
indicated by a reduced ACh level and an elevated AChE activity
(Ozarowski et al., 2015). Hippocampal cholinergic system profoundly
influences the hippocampal-dependent learning and memory. In the
results of our study, we found that the SCOP application significantly
increased the both activity and the levels of AChE mRNA level whereas
with MC or GAL application those effects were reduced in all tissues. A
study was observed that SCOP diminished AChE mRNA level in the
frontal cortex and the hippocampus by 50% and 45% (Ozarowski et al.,
2016). Similar to other studies, compared to the control group, it has
been found out that the AChE mRNA level was 4 times higher in the
hippocampus; 2.7 times higher in the frontal cortex and 3.6 times
higher in the amygdala in the SCOP group. In addition to this,
SCOP+MC showed a significant reduction of AChE activity in the
hippocampus by 27%, in the cortex by 42% and in the amygdala by
40%, when compared to the control rats. Decreased antioxidant and
increased inflammatory parameters via SCOP were improved by MC in
brain tissue. Moreover, increased AChE activity observed with SCOP
model were lightened with MC. The inconsistency between the activity
and mRNA expression may be because of the location of the AChE
enzyme and the prevalence of its different molecular forms.

Brain derived neurotrophic factor, significantly increases neuro-
genesis, and its receptors are involved in the survival, maintenance of
cholinergic neurons. Broad evidences from the literature suggest that
BDNF may have a vital role in AD (Melo et al., 2009). In accordance
with the literature, the administration of SCOP significantly decreased
the BDNF protein levels in the amygdale, the hippocampus and the
cortex. Similar to the previous studies, it has been found out that central
cholinergic deficiency caused by a lesion or GAL decreases the level of
different brain regions of BDNF protein expression (Melo et al., 2009).
These studies have demonstrated that cholinergic modulation of BDNF
expression in hippocampal neuronal culture is muscarinic-dependent

(Gil-Bea et al., 2011). Animals were treated with a competitive and
reversible AChE inhibitor known as GAL which finally leads to an in-
creased ACh release at synapses (Woodruff-Pak et al., 2001). GAL
treatment in rats had shown to improve acquisition performance in
Morris water maze together with BDNF levels, providing further sup-
port to the role of cholinergic system on BDNF mediated modulation of
memory formation. According to this study, BDNF protein expression
levels were reported to increase in hippocampus in GAL administered
rats (Golime et al., 2018). In our study, MC had rising effect on a BDNF
receptor levels in the brain tissues. As there is no difference between the
GAL and the MC in the expression level of BDNF, MC treatment might
be effective as the GAL.

Since M1 mAChRs have long been considered to be one of the most
vital targets for restoring cholinergic signaling in memory and learning,
experiments conducted on M1 mAChR knockout mice showed that there
is an increase in the progression of the AD (Verma et al., 2018). Ac-
cording to the literature, our results suggest that there is a reduction in
M1 receptor expression level in the SCOP group. It is known that the
GAL that is used for treatment enhances the expression of the M1 re-
ceptor. Additionally, in our study, GAL application increased M1 re-
ceptor expression in accordance with the literature. Studies conducted
so far have not evaluated the effect of MC on M1 receptor expression.
The results of our study showed that the effect of MC treatment was
beneficial in recovering the decreased expression levels of M1 in all
examined brain regions.

5. Conclusion

Our results suggest that, administration of MC drastically improves
the SCOP-induced reduction of spatial memory and increasing BDNF,
M1 and ACh receptor expression levels in the different brain regions.
Besides, MC showed an elevation in cholinergic neurotransmission
through suppressing AChE and increasing antioxidant defense by en-
hancing GSH activity and decreasing MDA level and MPO activity. MC
with neurobiological activity which may be a possible novel therapeutic
approach can be a valuable alternative way in the prevention and
treatment of AD. Hence, the regulation of MC on cholinergic function,
neurotransmitters and inflammation was as clear as GAL.
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Table 2
The level of expression and the activity of AChE in SCOP-induced rat model after MC and GAL treatment in all brain tissues. Data are shown as mean ± SEM (n=8
rats per group). ⁎⁎, p < 0.01; ⁎⁎⁎, p < 0.001 in comparison with control group; +, p < 0.05; ++, p < 0.01 and +++, p < 0.001 in comparison with SCOP group.
SCOP: scopolamine, GAL: Galantamine, MC: Myrtus communis, AChE: acetylcholinesterase.

AChE activity (nmol/min/mg protein) AChE-mRNA expression level (%)

Brain Regions Groups
Amygdala Control SCOP SCOP+GAL SCOP+MC Control SCOP SCOP+GAL SCOP+MC

94 ± 21 339 ± 28⁎⁎⁎ 136 ± 27+++,+ 124 ± 37+++ 103 ± 12 160 ± 13⁎⁎⁎ 121 ± 18+++ 110 ± 13+++

Hippocampus Control SCOP SCOP+GAL SCOP+MC Control SCOP SCOP+GAL SCOP+MC
104 ± 25 422 ± 63⁎⁎⁎ 108 ± 19+++ 115 ± 25+++ 102 ± 12 155 ± 13⁎⁎⁎ 116 ± 17++ 118 ± 27++

Cortex Control SCOP SCOP+GAL SCOP+MC Control SCOP SCOP+GAL SCOP+MC
101 ± 19 271 ± 34⁎⁎⁎ 107 ± 18+++ 114 ± 10+++ 100 ± 17 144 ± 18⁎⁎⁎ 100 ± 6+++ 101 ± 20+++

SCOP: scopolamine, GAL: Galantamine, MC: Myrtus communis, AChE: acetylcholinesterase.
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