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Abstract
Alzheimer's disease (AD) is accepted as a form of progressive and irreversible dementia. It is known that
cholinergic systems are commonly affected in AD. Neurokinin 3 receptor (NK3R) is involved in learning
and memory related processes. Activation of NK3R is known to facilitate the release of many
neurotransmitters such as acetylcholine (Ach), dopamine (DA), noradrenaline (NA). Based on this
information, hypothesis of the study that NK3R agonism can have positive effects on behavioral and
learning parameters through cholinergic and catecholaminergic mechanisms. The aim of this study was
to investigate the effects of NK3R agonist senktide on cognitive and neurobehavioral mechanisms in
model of AD.

50 adult male Wistar albino rats were obtained; Control, AD, Control+NK3R agonist, AD+NK3R agonist,
AD+NK3R agonist+antagonist groups. AD model was established by administering Aβ1-42
intracerebroventricularly. Following NK3R agonist+antagonist injections, open �eld (OF) and Morris water
maze (MWM) were applied for behavioral and learning parameters. Hippocampus and cortex tissues were
extracted. Analysis of cholinergic mechanisms from these tissues were performed by ELISA method.

Group-time effect was signi�cant in OF (p<0.05). Distance moved parameter was signi�cant between
groups in MWM (p<0.05). There was a signi�cant difference between groups in AChE and ChAT levels
(p<0.05). DA concentrations of brainstem samples were signi�cant (p<0.05). There was no signi�cant
difference in NA concentration (p>0.05).

NK3R agonists were found to be effective in improving cognitive functions in rats with AD pathology. It
has been observed that positive effects on learning and memory performances can be mediated by
cholinergic mechanisms.

Introduction
Alzheimer's disease (AD), which is characterized by memory loss, cognitive dysfunction and mood
changes, constitutes the majority of dementia patients [1]. AD is the major cause of dementia in the aging
society and is thought to affect more than 35 million people worldwide [2]. It is estimated that 1 million
new cases of AD will develop every year by 2050 [3].

AD is an age-related neurodegenerative disease with characteristic clinical and pathological features [4].
AD progressively causes mental, behavioral, functional damage, and loss of learning ability. The
symptoms of the disease begin with a loss of working memory and in later stages there is a decrease in
mental performance and learning ability. This disease is associated with amyloid β peptide (Aβ) plaque
formation, hyperphosphorylation of tau protein, neuro�brillary tangles (NT), loss of neuronal synapses,
in�ammation, oxidative damage, apoptosis and necrosis of brain cells [3]. Extracellular deposits of Aβ in
plaques and intracellular accumulation of NT formed by hyperphosphorylated tau protein are the most
important pathological markers [1, 4]. There are many data about age, genetics, head trauma, potential
risk factors of AD. There are also important changeable risk factors such as cognitive capacity
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(intelligence, education), physical activity, obesity, alcohol and smoking. Many treatable diseases such as
stroke, diabetes, hypertension and hypercholesterolemia increase the risk of AD [5]. AD treatment options
aim to alleviate the symptoms of the disease by inhibiting acetylcholinesterase (AchE) or by blocking
abnormal N-methyl-D-aspartic acid (NMDA) receptor signaling. However, a de�nitive treatment of the
disease is not yet available [1]. 

AD is also characterized by degenerative changes in various neurotransmitter systems. Loss of neuronal
synapses and neuronal death ultimately lead to a decrease in acetylcholine (ACh) and other
neurotransmitters [4]. It has been reported that the reduction in ACh synthesis is due to reduced choline
acetyltransferase (ChAT) enzyme, damage to cholinergic neurons and axons, and losses in cholinergic
neurons projecting to the cortex and hippocampus. It has been reported that cholinergic loss in AD is
associated with various behavioral and psychiatric symptoms, such as depression, agitation, anxiety, and
psychosis observed in patients. In addition to cholinergic dysfunction, irregularities and loss of neuron in
catecholaminergic neurotransmission are thought to be effective in the occurrence of these symptoms [6].
The mechanism underlying memory dysfunction in old age and AD is thought to be cholinergic
hypofunction [7]. A marked decrease in ChAT activity and a signi�cant loss of cells in basal forebrain
neurons were detected in patients with AD [8]. Treatment protocols for AD aim to increase the activity of
the cholinergic neurotransmitter system by inhibition of AChE [9]. Although the cholinergic system plays
an important role for dementia and cognitive symptoms of normal aging, it should not be overlooked that
changes in other neurotransmitter systems, such as noradrenaline (NA), dopamine (DA) and serotonin,
may also cause these pathologies [10]. 

Tachycinins, which is widely distributed in CNS, plays an important functional role in both physiological
and pathological conditions [11]. Tachycinins is thought to have neurotransmitter, neuromodulator and
neuroprotective roles [12]. In CNS, tachycinins, are found in regions that play a role especially in the
regulation of various peripheral autonomic functions (blood pressure, respiration, gastrointestinal motility,
etc.), mood-related functions (stereotyped behavior, motility, anxiety, aggression and pain) and higher
cerebral functions (learning and memory) [11].

Neurokinin B (NKB) acts as the most potent natural agonist for the neurokinin 3 receptor (NK3R). Some
agonists selective for NK3R, such as senktide, have been obtained by modi�cation of the primary
structure of NKB [13]. The physiological effects of NK3R in the mammalian central nervous system are
not fully known. Various studies have been reported that activation of this receptor affects the release of
many neurotransmitters such as ACh and DA. Studies based on these data have shown that NK3R plays
a role in schizophrenia, Parkinson's disease, epilepsy, depression and memory processes [14].

NK3R is commonly found in the frontal cortex, amygdala, medial septum and hippocampus, which are
areas based on learning and memory [15]. It has been shown that NK3R is expressed on cholinergic
neurons [16] and such neurons in the septohippocampal cholinergic system are activated by NK3R
agonists [17]. In addition, NK3R agonists cause ACh secretion [18] and protect cholinergic neurons in the
basal forebrain from neurotoxicity [19]. Possible role of NK3R between learning and memory mechanism
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and cholinergic modulation in various studies is the expression of NK3R on cholinergic neurons and
senktide administration with striatum, hippocampus [20] has been associated with increased extracellular
ACh in the amygdala and prefrontal cortex [21]. The effect of senktide on cholinergic activation in the
hippocampus and frontal cortex shows these structures as potential domains for promnestic effects. The
activation of the septohippocampal and frontal cortex cholinergic pathways supports the promnestic
effects of agonism created by senktide and NKB by improving ACh and memory [22].

In aged rats, subcutaneous senktide administration increased ACh in the hippocampus, amygdala and the
frontal cortex, and also had anxiolytic, antidepressant and promnestic effects [23]. ICV senktide
administration has also been found to induce anxiolytic-like effect in mice [24]. Based on the systemic
and peripheral administration of senktide, it can be concluded that NK3R may have a modulating role in
anxiety and learning processes and forebrain cholinergic systems may be likely to participate in these
actions [25].

Despite positive effects on learning and memory in some animal models with the activation of NK3R by
senktide administration [20, 21, 26, 27, 28] there is still little evidence of neurodegenerative diseases. The
effect of NK3R agonism and its activating effect on ACh [20] and expression of NK3R in cholinergic
neurons [16] show the possible role of NK3R in learning and memory through cholinergic modulation.
Senktide has also been reported to signi�cantly improve episodic memory in rats with age-related
memory loss [20].

Based on this information, it was aimed to investigate the effects of NK3R agonist senktide
administration on cognitive functions and neurobehavioral mechanisms in the experimental AD rat
model. For this purpose, in the experimental AD model, it was aimed to determine how learning and
memory tests, locomotor activity changed, to determine the level of cholinergic system activation, to
determine the level of catecholaminergic neurotransmission.

Materials And Methods
Ethics Statement

The protocols of animal experiments were approved by the Local Ethics Committee of Application and
Research Center of Experimental Medicine, Necmettin Erbakan University, No. 2016-050, on 30.09.2016.

Experimental Protocol

Animals

In this study, 50 male Wistar albino rats, 12 months old, were used. The care and feeding of the rats were
done at Necmettin Erbakan University Experimental Medicine Application and Research Center. Rats were
housed in plastic cages where they could move freely with food and water containers, their food and
water were given as ad-libitum. Cages were cleaned weekly. The animals were stored at room temperature
(22 ± 1 ˚C) for 12 hours light/dark period under standard laboratory conditions.
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Animals were divided into 5 groups: 1) Control group (C, n = 10), 2) Alzheimer’s disease group (AD, n = 10),
3) Alzheimer’s disease + NK3R agonist (Senktide) administered group (ADS, n = 10), 4) Control + NK3R
agonist administered group (CS, n = 10), 5) Alzheimer’s disease + NK3R agonist + NK3R antagonist
(Osanetant) administered group (ADSO, n = 10).

Drug Administration

Aβ 1-42 (Sigma-Aldrich, USA) was used to construct the experimental Alzheimer's model in rats. The Aβ
peptide was dissolved in saline. It was left for incubation at 37oC for 72 hours and kept waiting for ICV
injection. NK3R agonist senktide ([succinyl-Asp6-N-Me-Phe8] SP6-11; Bachem, Germany) was dissolved
with 5% dimethylsulfoxide in phosphate buffered physiological saline (PBS). NK3R antagonist osanetant
(SR142801, Sigma Aldrich, USA) was dissolved in 0.01% Tween 80 (Sigma-Aldrich, Steinheim, Germany)
in ultrapure water. Senktide and SR142801 were prepared in a volume of 1 mg/kg body weight. Senktide
was administered subcutaneously at a dose of 0.2 mg/kg and osanetant was administered
intraperitoneally at a dose of 6 mg/kg. In the antagonist group, senktide was injected 1 minute after
administration of osanetant. Control animals were injected with solvent. Doses were determined taking
into account previous studies that showed a healing effect in learning and memory tests [20, 21, 25, 26,
27, 28].

Intracerebroventricular Aβ injections and neurosurgery

Anesthesia was administered before ICV injection by the combination of ketamine (100 mg/kg) and
xylazine (5 mg/kg). After the anesthetic agent was administered, the head of the rats placed in the
stereotaxic device was �xed with the ear sticks of the device. After the scalp was cut from the midline,
Bregma, the reference point, was identi�ed. The Aβ 1-42 peptide was bilaterally injected into the CA3
region of the hippocampus (AP: -4.36mm, ML: -4.4mm, and DV: -8.0mm, Paxinos and Watson 2009)
(Figure 3.1) using a micro injector (1μl Hamilton) (2.2 nmol / 10μl) to AD model groups (AD, ADS and
ADSO). Rats of C and CS groups were injected with the same amount of saline as ICV (Figure 3.2). On the
15th day of behavior and memory experiments, the animals were �rst injected with the NK3R agonist
senktide and the NK3R antagonist until the end of the experiment. On the 15th day, when the behavioral
and memory experiments started, the animals were injected subcutaneously with the NK3R agonist
senktide, and the NK3R antagonist osanetant was administered to ADSO group until the end of the
experiment.

Behavioral and Memory Tests

OF and MWM tests were performed to evaluate the locomotor activity, anxiety-like behaviors, spatial
memories of animals. OF test and MWM were carried out between 09:00-12:00 am. Animals were brought
to the room where the test would be performed at least one hour before the test and adaptation to the
environment was ensured.

Open Field Test (OF)
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OF test was performed at the beginning and end of the experiment in order to evaluate the locomotor
activities, some behaviors such as anxiety and depression of animals. OF test apparatus used is made of
80x80x30cm square black plexiglass material. All test applications were recorded with the video recording
system associated with the special software program (Ethovision Video Monitoring System XT11, The
Netherlands) (Figure 3.4). With software program, two regions are determined in the test apparatus, center
and edge. The parameters of the distance (cm), speed (cm/s) and the number of entries from the edge to
the center for 5 minutes were calculated with a software program. The rearing and grooming behaviors of
the animals were scored manually. The test apparatus was cleaned with 10% ethyl alcohol solution after
each animal [29, 30].

Morris Water Maze Test (MWM)

MWM consists of a circular water tank with a diameter of 180 cm and a depth of 60 cm and a 10x10 cm
hidden platform (Figure 3.5). The water tank was darkened with black paint to prevent the platform from
being seen. The room where the experimental setup is located was illuminated with the light source.
Different shapes were hanged on the walls of the room where the experiment was made, which could
provide clues for the subjects. Attention was paid to making the experiment with the same team, to wear
the same clothes during the experiment, to be quiet in the room and not to create an extra stimulus for the
subjects. All rats were given a habituation swim the day before their experiment. On the day of the
habituation, the platform was kept visible 1 cm above the water. The animals were �oated for 60 seconds
and the animals that could not �nd the platform were left on the platform and kept there for 20 seconds.
The platform was held at a �xed point on the days of training, and the platform was removed from the
pool on the day of the memory test (probe). In the training of the experiment, the rats were left to the pool
4 times in different directions consecutively every day. Rats were expected to �nd the hidden platform
within 60 seconds. After staying on the platform for about 15 seconds, they were removed from the pool.
In the memory test, the platform was removed from the pool and the rats swam for 60 seconds. All tests
were recorded with a special software program (Figure 3.6). Distance moved, latency to the platform,
number of passes through the target quadrant and time spent in the target quadrant parameters were
analyzed.

Ending the Experiment and Removing Tissues

After the injections and behavioral tests were completed, the animals were decapitated under anesthesia,
and the hippocampus, cortex and brainstem parts of the brain tissue on dry ice were separated according
to the Paxinos and Watson rat brain atlas and placed in tubes. All tissues were kept at -80 ˚C until
analysis.

Enzyme-linked immunosorbent assay (ELISA) analysis

Rat hippocampus and cortex tissues were placed separately in tubes �lled with cold phosphate buffer.
Each hippocampus and cortex tissue sample of the rats in the same group was weighed and combined
three by one to provide su�cient study sample.
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In the homogenization buffer containing the protease inhibitor cocktail. All homogenization steps are
made in accordance with the cold chain. Homogenates were centrifuged at 10,000 g and +4 ° C for 15
minutes using Hettich Rotina 46R (Hettich Zentrifugen, Tuttlingen, Germany) brand-cooled centrifuge and
portioned to -80 °C. Rat Choline Acetyltransferase (Catalog number: MBS161266, Sensitivity: 0.01 ng/mL,
% CV: <10) and Rat Acetylcholinesterase (Catalog number: MBS725468, Sensitivity: 1 pg/mL, % CV: <10)
levels were measured using the double antibody sandwich ELISA method in rat hippocampus and cortex
tissue (MyBioSource, San Diego, CA, USA). Protein levels in rat hippocampus and cortex tissues were
measured by spectrophotometric method using Pierce bicinchoninic acid-BCA kits (Thermo Scienti�c,
Illinois, USA). Parameter levels in rat hippocampus and cortex tissues were standardized by dividing the
results into protein concentrations. In spectrophotometric measurements, results were calculated
according to the absorbance concentration calibration charts using the Bio-rad Microplate absorbance
readerxMark system (Bio-rad Laboratories, California, USA).

High performance liquid cromotography (HPLC) Analysis

The brainstem tissues were weighed and mixed with 1 ml 0.1 M hydrochloric acid to determine the NA
and DA monoamines. The homogenates were centrifuged at 14000 rpm at +4 °C for 15 minutes and their
supernatants were separated. The supernatants were made ready for analysis in HPLC (Agilent
Technologies 1260 brand; 250x4.6 mm C18 ODS analytical HPLC column) by passing them through a 0.2
µm micro�lter. HPLC analysis interval was set to 5. The temperature of the column oven was �xed at 40
°C. With the cell section of the electrochemical detector (Waters 2465 electrochemical) in the open
position, the analysis reference line was waited for 1 hour (equilibration process). Injections were carried
out in 20 µl volume (with Hamilton injector). Between sample injections, the injection unit of the device
was washed with methanol.

Statistical analysis

Data analysis of the study was carried out with SAS University Edition 9.4 program. Descriptive statistics
about variables are given. Mean ± standard error (AM±SE) for numerical variables, frequency and
percentage values for qualitative variables were given. p <0.05, p <0.01, p <0.0001 was considered
signi�cant. The least squares averages were compared for the signi�cant effects. Tukey-Kramer
correction was used when necessary. Standard error plots of the mean squares of the relevant variables
were drawn.

Results
Open Field Test
Distance moved parameter

The distance moved parameter showed a signi�cant difference by time and group time interaction
(p<0.05). The second distance parameters were found to be decreased according to the �rst distance
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parameter of the groups (Table 1). There was no signi�cant difference between the groups (p=0.4185)
(Fig. 1).

Velocityparameter

For the velocity, a signi�cant difference was observed between two measurements according to time
(p<0.0001). There was no signi�cant difference between the groups (p=0.4185). It was observed that the
group time interaction was statistically signi�cant (p<0.05). Second measurements were found to be
decreased compared to the �rst velocity values of the groups. At the end of the experiment, the ADSO
group had the lowest speed (Table 2 and Fig. 2).

Movement parameter

A signi�cant difference was found between two measurements according to time (p<0.0001). Groups
effect (p=0.7501) and group time interaction (p=0.0969) were not statistically signi�cant. It was observed
that the second values decreased according to the �rst movement percentages of the groups. At the end
of the experiment, the lowest percentage of movement was seen in the ADSO group (Table 3 and Fig. 3).

Morris water maze

Latency to the platform parameter

Latency to the platform was compared between groups, no statistically signi�cant difference was found
between the groups (p=0.0908). The control group found the platform in less time compared to the other
groups. The ADS group reached the platform in a shorter time than the AD and ADSO groups. Latency to
the platform for the AD group and the ADSO group was close to each other (Table 4 and Fig. 4).

Distance moved parameter

When the distance moved during the test phase of MWM was compared, a statistically signi�cant
difference was found between the groups (p<0.0001) (Table 5 and Fig. 5). In the comparison between
groups, a signi�cant difference was found between the AD group and the other groups (p<0.05). The
distance moved by the ADS group was signi�cant compared to the ADSO and CS groups (p<0.05). The
distance moved by the ADSO group was signi�cantly less than the C group (p<0.05). When the distance
moved during the MWM test phase was compared, there was a visible difference between the groups.

Number of passes through the target quadrant parameter

In the test phase of MWM, the parameter of the number of passes from the target quadrant was found
statistically signi�cant between the groups (p<0.05) (Table 6 and Fig. 8). It was observed that the ADS
group had more passages through the target quadrant than the other groups.

In the comparison of the number of passes through the target quadrant between the groups, the AD group
was found to be signi�cant compared to the ADS and CS groups, the ADS group compared to the ADSO
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group, and the ADSO group compared to the C and CS groups (p<0.05).

Time spent in the target quadrant parameter

In the MWM test phase, a statistically signi�cant difference was found between the groups for the
parameter of the time spent in the target quadrant (p<0.05) (Table 7). A signi�cant difference was
observed between the CS group and the AD and ADSO groups in terms of their stay in the target quadrant
(p<0.05) (Fig. 9).

ELISA

Acetylcholinesterase (AChE) parameter

The amount of AChE was determined in the hippocampus and cortex tissues by ELISA method. A
statistically signi�cant difference was found between groups and in group tissue interaction (p<0.0001)
(Table 8). There was no signi�cant difference between tissues (p=0.7005). The amount of hippocampus
tissue AChE was found to be statistically signi�cant between the AD group and the CS group and between
the ADSO group and the CS group (p<0.01) (Fig. 10). In the cortex tissue, a statistically signi�cant
difference was observed between the C group and all groups (p<0.0001) (Fig. 11).

Choline asetyltransferase (ChAT) parameter

ChAT amount was determined in hippocampus and cortex tissues by ELISA method. A statistically
signi�cant difference was found between groups (p<0.05), between tissues and in group tissue
interaction (p<0.0001) (Table 9). A statistically signi�cant difference was found in the amount of ChAT in
hippocampus tissue between the AD group and the ADS and C groups (p<0.0001), and between the ADS
group and the ADSO group (p<0.01) (Fig. 12). A statistically signi�cant difference was observed in the
amount of ChAT in cortex tissue between the AD group and the ADS group (p <0.01) and the C group,
between the ADS group and the ADSO group, between the ADSO group and the C group, and between the
C group and CS group (p<0.0001) (Fig. 13).

Monoamine Analysis

Catecholamines in brainstem

NA and DA concentrations were evaluated in the brainstem samples in rats (Table 10).

Noradrenaline analysis NA concentration in brainstem

There was no signi�cant difference between the groups in NA concentration (p>0.05) (Fig. 14). Although
statistically signi�cant was not seen, NA concentration of AD group was lower than all groups.

DA concentration in brainstem
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DA concentration was found to be signi�cantly different between the groups (Fig. 15). In the comparison
of DA concentrations between groups, AD group was found to be signi�cant compared to the C group
(p<0.05), and the ADS group compared to the ADSO group (p <0.01).

Discussion
The effect of NK3R agonism on ACh and the expression of NK3R in cholinergic neurons demonstrates the
possible role of NK3R on cholinergic mechanisms [16, 23]. Although activation of NK3R by senktide
administration has positive effects on learning and memory in some animal models [20, 21, 26], there is
still little evidence for neurodegenerative diseases. It has been reported that tachykinins signi�cantly
affect learning and memory [14].

It is thought that the underlying mechanism of memory dysfunction in old age and AD is cholinergic
hypofunction [7]. A signi�cant decrease in ChAT activity and cell loss in the basal forebrain neuron
number have been detected in patients with AD [6]. It has been reported that the decrease in ACh
synthesis in AD is due to the decrease in the amount of ChAT enzyme and choline reuptake, damage to
cholinergic neurons and axons, and losses in cholinergic neurons projecting to the cortex and
hippocampus [8]. 

The dysfunction of the cholinergic system plays an important role in the cognitive symptoms of dementia
and normal aging. It is known that changes in other neurotransmitter systems such as NA, DA and
serotonin may also cause these pathologies [10]. Loss of neuronal synapses and neuron death in AD
ultimately lead to a decrease in ACh and other neurotransmitters [4].

Although the peripheral effects of systemic senktide administration cannot be ignored, it has been
reported that the results of the present study can be interpreted as the direct central effects of the drug,
since there are many studies showing the brain penetration of systemically injected senktide [26].

Behavioral and Memory Tests

Open Field Test

OF test was performed at the beginning and at the end of the experiment to test the locomotor activities
of the animals and to examine the anxiety levels. In the OF test distance moved, velocity and movement
parameters were evaluated.

Last values were found to be decreased in all groups compared to the �rst measured values in distance,
velocity and movement parameters which are important for locomotor activity.
Senktide had no effect on locomotor activity at doses of 0.1-0.4 mg/kg alone [31]. In our study, it was
thought that the decrease of locomotor activity may be sourced by the level of anxiety caused by the
applications performed during the experiment.
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Anxiolytic, anxiogenic and antidepressant-like effects were observed of NK3R agonist and antagonist in
OF and force swim tests. In the open �eld test, anxiolytic-like effect was observed with both low dose (0.2
mg/kg) and high dose (0.4 mg/kg) of senktide [20]. In another study, while NK2R agonism has memory
loss and anxiogenic effects, NK3R agonists have been reported to show memory-healing and anxiolytic
effects [25]. In our project the distance moved, velocity and movement were found to be reduced in the
�nal measurement values. Different results between groups; showed that anxiety occurred in the AD
group, senktide had anxiolytic effects and anxiolytic effects were reversed by antagonist administration.

Morris's Water Maze Test

Con�icting �ndings regarding learning and memory mechanism have been reported in NK3R damaged
mice. Researchers found de�ciencies in conditional avoidance and MWM tests [14]. In contrast, there was
an improvement in operant task and spatial learning performance. This difference in the direction of the
effect suggested that it may be due to the use of different genetic backgrounds used in the production of
these animals [32]. Senktide has been found to alleviate scopolamine-induced dysfunction in its spatial
working memory task [33]. An improvement was observed with senktide injection in MWM. This effect is
completely blocked by pretreatment with an NK3R antagonist. NK3R antagonist itself did not affect
learning and memory alone [21].

In our study, the parameters of the latency to platform, the distance moved, the velocity and the number of
passes through the target quadrant were examined to evaluate the spatial memory in MWM.

While the shortest time to reach the platform at the testing stage in MWM is the C group, the longest is the
AD group. In the ADS group, the time to reach the platform was shortened by the effect of senktide. In the
ADSO group, this effect returned with osanetant and the time was prolonged. Senktide has positive
effects on learning. As the ADS group found the platform in a shorter time than the AD and ADSO groups,
it was observed that senktide had positive effects on learning.

In the training phase of MWM, the distance moved parameter decreased in all groups for 4 consecutive
days.The distance moved of the AD group during the test phase was the highest. The distance moved of
the C group and the ADS group was close to each other and less than the AD group.The fact that the
distance moved parameter of the ADS group was lower than the AD group suggested that senktide had a
curative effect on the learning de�cits in AD.

In the MWM test, the number of passes through the target quadrant is a parameter that indicates the
animals have learned the location of the platform and searched in that area. In the testing phase of the
MWM, the number of passes through the target quadrant parameter of the ADS group was higher than the
other groups. Although the results of the AD and ADSO groups were close to each other, the number of
passing through the target quadrant was quite less than the other groups. This situation shows that the
animals in the AD group cannot learn the target quadrant and that in the ADS group, senktide has an
improving effect on learning de�cits. The presence of similar �ndings in the ADSO group to the AD group
suggested that the effects of senktide were dependent on NK3R.
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The fact that there was no difference in the velocity parameter in the MWM test suggested that there was
no change in the locomotor activities of the animals between the groups. No difference in animal speeds
means that velocity does not affect other results (latency to the platform, distance moved, number of
passes through the target quadrant). The duration of the target quadrant in MWM indicates whether the
animal has learned where is the platform. AD and ADSO groups are the groups that spend the least time
in the quadrant where the platform is located. C and ADS groups spent close time in the target quadrant.
With this parameter, it was observed that the ADS group showed a learning level close to the control
group, and the animals in the AD and ADSO groups could not learn the target quadrant. The reversal of
the positive effects of senktide with osanetant in the ADSO group suggested that senktide was dependent
on NK3R. It is thought that the injection procedure may cause impairment in memory performance in the
solvent-administered group. In this case, it has been stated that senktide supports memory by reducing
the stress caused by the injection procedure [34]. Different results in the C and CS groups may be related
to this.

ELISA Analysis

It has been determined that the activity of the cholinergic system can be stimulated by NK3R agonism in
adult animals. Microdialysis results after systemic senktide administration showed that ACh levels
increased in the frontal cortex, amygdala and hippocampus regions of aged rats. Low dose (0.2 mg/kg)
was effective in increasing ACh levels in the frontal cortex and amygdala, and high dose (0.4 mg/kg) was
effective in increasing ACh levels in the hippocampus [20]. The data indicate that the effects of senktide
can be caused by changes in cholinergic neurotransmission.

NKB, the NK3R ligand, has been found to increase ACh levels in the hippocampus. No signi�cant effect
was seen in the frontal cortex. In the amygdala, there was an insigni�cant increase in ACh [25]. The
pharmacological stimulation of NK3R has been shown to signi�cantly improve learning and memory in
older animals. These effects were most likely mediated by increased ACh levels in the major cholinergic
projection target regions of the basal forebrain and the regulation of NK3R in the hippocampus. NK3R
agonism also increased ACh activity in brain regions related to learning and memory. This effect is
speci�c to NK3R because it is completely inhibited by NK3R antagonist [21].

Pharmacological inhibition of the metabolizing enzyme AChE has been shown to increase ACh levels and
improve learning and memory in the aged organism. However, AChE inhibitors can have serious side
effects in the peripheral and autonomic nervous system. NK3R agonists have a low effect on ACh-
mediated peripheral mechanisms. Therefore, it is thought to be a way with a lower risk of side effects on
brain ACh activity [9]. It has been reported that aging-related cholinergic neuron loss can be prevented by
the endogenous NK3R agonist NKB [19]. In aged rats, subcutaneously administered senktide increased
ACh in the hippocampus, amygdala and frontal cortex, and showed anxiolytic, promnestic effects [23].

In this study, the amount of AChE and ChAT was determined in the hippocampus and cortex tissues by
ELISA method. While the amount of AChE in the hippocampus was increased in the AD and ADSO group,
it was found to be lower in the ADS group than in these groups. On the contrary, the amount of
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hippocampal ChAT was lower in the AD and ADSO group, while it was increased in the ADS group. In
other words, results consistent with our hypothesis were obtained in the amount of AChE and ChAT in the
hippocampus tissue. Based on the knowledge that the systemic administration of NK3R agonists has a
low effect on ACh-mediated peripheral mechanisms [21], it is thought that the extent of side effects may
be safer.

HPLC Analysis

In AD, there is a progressive degeneration in the noradrenergic nuclei in the locus seruleus [35, 36]. It has
been reported that noradrenergic innervation loss occurs in the cortex while the nigrostiatal DA system is
not particularly affected in AD [37]. It has been reported that the memory enhancing effects of senktide
can affect other neurotransmitter systems as well as the cholinergic system [27]. Low doses of NK3R
agonist senktide have positive effects on temporal object recognition memory in rats with midbrain DA
activity damage. This effect may be due to ACh release in the medial prefrontal cortex and hippocampus.
Hemiparkinsonian model mice treated with 0.2 mg/kg senktide exhibited intact temporary temporal object
recognition memory via the DA mechanism, unlike the control group [28].

According to the study data, the brain stem NA and DA concentration was lower in the AD group than in
the other groups, while it was increased in the ADS group compared to AD group. It was thought that
decreased catecholamine values in the AD group may be associated with impairment of cognitive
functions and NK3R agonism can improve cognitive functions through catecholaminergic mechanisms.

Conclusions
AD becomes a very important health problem with the increasing aged population. Therefore, researches
for the diagnosis and treatment of AD have become compulsory. Animal models are very helpful in
clarifying AD pathophysiology and discovering new pharmacotherapies. In experimental AD models,
various learning and memory tests have been conducted for a long time. Various therapeutic agents can
be tried to treat cognitive impairment in AD through these models.

In this study, the �ndings of the MWM test, it was observed that the learning and memory mechanisms
could be improved with NK3R agonist.Findings of hippocampal AChE and ChAT con�rmed our hypothesis
by supporting the positive effects of senktide on learning by mediating cholinergic mechanisms.

Considering that dementia is characteristic for normal aging and Alzheimer's disease, NK3R needs further
investigation for possible pharmacological administrations in this type of cognitive decline.
More effective treatment strategies can be developed for AD by making more scienti�c research in
humans and animal models.
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AM±SE

 

C

 

AD

 

 

ADS

 

 

ADSO

 

 

CS

1. 1330.8±180.4 1325.6±190.2 1506.2±190.2 1801.8±180.4 2041.4±180.4

2. 522.9±180.48 740.8±190.24 638.5±190.24 460.9±180.48 582.2±180.48

 

Table 2 Velocity of groups in OF test (cm/s)

 

AM±SE

 

C

 

 

AD

 

 

ADS

 

 

ADSO

 

 

CS

 

1.

6.65±0.90 6.62±0.95 7.53±0.95 9.00±,0.90 10.20±0.90

2. 2.61±0.90 3.70±0.95 3.19±0.95 2.30±0.90 2.91±0.90

 

Table 3 Movement percentages in OF test (%)

 

AM±SE

 

C

 

 

AD

 

 

ADS

 

 

ADSO

 

 

CS

 

1.

2.59±0.27 2.82±0.29 3.14±0.29 3.26±0.27 2.79±0.27

2. 1.48±0.27 1.95±0.29 1.75±0.29 1.20±0.27 1.56±0.27

 

 

Table 4 Latency to the platform in the MWM test (s)
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ORT±SH

 

K

 

 

AH

 

 

AHS

 

 

AHSO

 

 

KS

5. gün 9.40±6.12 34.25±7.49 25.85±6.12 33.05±7.49 21.90±5.66

 

Table 5 The distance moved by the groups in the MWM test (cm)

 

AM±SE

 

C

 

 

AD

 

 

ADS

 

 

ADSO

 

 

CS

Test 5749.62±652.5

 

10387±687.81

 

6586.84±729.5

 

1481.40±652.5

 

1538.89±652.5

 

 

Table 6 The number of passes through the target quadrant during the test phase of the groups in the
MWM test

 

AM±SE

 

C

 

 

AD

 

 

ADS

 

 

ADSO

 

 

CS

Test 20.00±3.32

 

8.66±3.50

 

32.75±3.71

 

6.60±3.32

 

28.70±3.32

 

 

Table 7 The time spent of the groups in the target quadrant of the MWM test (s)

 

AM±SE

 

C

 

 

AD

 

 

ADS

 

 

ADSO

 

 

CS

Test 22.61±1.81 15.38±1.90 22.90±2.02 17.10±1.81 25.50±1.81
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Table 8 AChE amount in hippocampus and cortex tissues (pg/mg protein)

 

AM±SE

 

C

 

 

AD

 

 

ADS

 

 

ADSO

 

 

CS

AChEcrx 56,62±2,06 41,42±2,17 37,93±2,30 35,23±2,06 35,82±2,06

AChEhpc

 

41,16±2,06

 

45,93±2,17

 

42,38±2,30

 

46,3±2,06

 

33,61±2,06

 

 

Table 9 The amount of ChAT amount (ng/mg protein) in hippocampus and cortex tissues

 

AM±SE

 

C

 

 

AD

 

 

ADS

 

 

ADSO

 

 

CS

CHATcrx 0,23±0,008 0,32±0,008 0,26±0,009 0,33±0,008 0,29±0,008

CHAThpc

 

0,33±0,008

 

0,27±0,008

 

0,35±0,009

 

0,30±0,008

 

0,32±0,008

 

 

Table 10 Catecholamines in brainstem (pg amine/mg tissue)

 

AM±SE

   

C

 

 

AD

 

 

ADS

 

 

ADSO

 

 

CS

 

P

NA   143.66±20.8

 

110.93±22.1

 

120.14±23.6

 

141.16±20.8

 

159.80±20.8

 

0.5293

DA   43.11±5.81

 

13.69±6.16

 

25.60±6.59

 

59.26±5.81

 

28.10±5.81

 

<.0001

 

Figures
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Figure 1

Distance moved parameters in the OF test. The difference between the groups was not statistically
signi�cant (p=0.4185) (p> 0.05). When the two distance moved values were compared in the experiment,
the second distance moved parameters were lower in all groups (p <0.05).
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Figure 2

In the open �eld test, the velocity parameter was found to be signi�cant in terms of time and group time
interaction (p <0.05). When two measurement values were compared in the experiment, the velocity was
lower on the second measurements in all groups (p <0.05).
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Figure 3

In the open �eld test, the percentage of movement was found to be signi�cantly different between two
values (p <0.05). Percentages of movement were lower in all groups at the end of the experiment. There
was no signi�cant difference between the groups (p=0.7501).
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Figure 4

No signi�cant difference was found for the group effect in the latency to the platform on the MWM test
phase (p = 0.0908).
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Figure 5

A signi�cant difference was found between the groups in the distance moved parameter during the MWM
test phase (**: p <0.01) (***: p <0.0001).
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Figure 6

Heatmap of MWM test in Ethovision software program (A: C group, B: CS group, C: AD group, D: ADS
group, E: ADSO group)
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Figure 7

Roadmap of MWM test in Ethovision software program (A: C group, B: CS group, C: AD group, D: ADS
group, E: ADSO group)
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Figure 8

In the MWM test phase, a signi�cant difference was found between the groups in the parameter of the
number of passes through the target quadrant (*: p <0.05) (**: p <0.01) (***: p <0.0001).
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Figure 9

In the MWM test phase, a signi�cant difference was found between the groups in the parameter of the
time spent in the target quadrant. The durations of AD and ADSO groups in the target quadrant were
signi�cantly lower than the CS group (*: p <0.05, **: p <0.01).
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Figure 10

The amount of AChE in the hippocampus tissue was found to be signi�cantly different between groups
and in group tissue interaction (p<0.0001). A statistically signi�cant difference was found between the CS
group and the AD and ADSO groups (p = 0.0008) (**: p <0.01).
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Figure 11

The amount of AChE in cortex tissue was found to be signi�cantly different between groups and in group
tissue interaction (p<0.0001). A statistically signi�cant difference was observed between the C group and
all groups in the cortex tissue (***: p <0.0001).
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Figure 12

The amount of ChAT in the hippocampus tissue was found to be signi�cantly different between groups,
between tissues and in group-tissue interaction. A statistically signi�cant difference was found between
the AD group and the ADS and C groups (p<0.0001), and between the ADS group and the ADSO group (**:
p <0.01, ***: p <0.0001).
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Figure 13

The amount of ChAT in cortex tissue was found to be signi�cantly different between groups, between
tissues and in group tissue interaction. A statistically signi�cant difference was observed between the AD
group and the ADS group and the C group, between the ADS group and the ADSO group, between the
ADSO group and the C group, and between the C group and the CS group (**: p <0.01, ***: p <0.0001).
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Figure 14

There was no signi�cant difference between groups for NA concentration (p> 0.05).
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Figure 15

DA concentration was found to be signi�cant between groups (p<0.05). The AD group was found to be
signi�cantly lower compared to the C group, and the ADS group compared to the ADSO group (*: p <0.05,
**: p <0.01).


