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Abstract

Aims: This study was designed to demonstrate potential neuroprotective and autophagic activity of exenatide in rodent AD
model. Methods: Thirty adult Sprague-Dawley male rats were divided into 3 groups (10 rats each); Group 1; control normal
group, Group 2; AD pathological group, Group 3; exenatide treated group. All drugs were given intraperitoneal (IP) for 42
days. Behavioral changes using Morris water maze test has been evaluated, gene expressions of beclin-1 and the mammalian
target of rapamycin (mTOR) in the hippocampus were assessed. Examination of hippocampal tissue using hematoxylin &
eosin (H&E) stain and ultrastructural analyses were also done. Data were analyzed by using the statistical package for the
social sciences (SPSS). Results: Exenatide alleviated both behavioral and pathological changes compared to pathological group.
Exenatide treated group was found to improve autophagic activity by increasing beclin-1 and decreasing mTOR gene expression.
Exenatide treatment significantly prevented hippocampal neuronal degeneration demonstrated by H&E. Moreover, accumulation
of autophagic vacuoles in ultrastructure study of hippocampus, alleviated in exenatide group compared to pathological group
indicating enhanced autophagic activity by exenatide. Conclusion: The results of the present study clearly indicated exenatide
might have beneficial effects on impaired cognitive performance and hippocampal neuronal viability in AD by increasing
autophagic activity. Increased beclin-1 seems to be the initiating player in this disease modifying effect and this supports

the assumption of a disease modifying activity of exenatide through the autophagic activity.

Abstract:

Aims: This study was designed to demonstrate potential neuroprotective and autophagic activity of exe-
natide in rodent AD model.

Methods: Thirty adult Sprague-Dawley male rats were divided into 3 groups (10 rats each); Group 1;
control normal group, Group 2; AD pathological group, Group 3; exenatide treated group. All drugs were
given intraperitoneal (IP) for 42 days.

Behavioral changes using Morris water maze test has been evaluated, gene expressions of beclin-1 and the
mammalian target of rapamycin (mTOR) in the hippocampus were assessed. Examination of hippocampal
tissue using hematoxylin & eosin (H&E) stain and ultrastructural analyses were also done. Data were
analyzed by using the statistical package for the social sciences (SPSS).

Results: Exenatide alleviated both behavioral and pathological changes compared to pathological group.
Exenatide treated group was found to improve autophagic activity by increasing beclin-1 and decreasing
mTOR gene expression. Exenatide treatment significantly prevented hippocampal neuronal degeneration
demonstrated by H&E. Moreover, accumulation of autophagic vacuoles in ultrastructure study of hippocam-
pus, alleviated in exenatide group compared to pathological group indicating enhanced autophagic activity
by exenatide.



Conclusion: The results of the present study clearly indicated exenatide might have beneficial effects on
impaired cognitive performance and hippocampal neuronal viability in AD by increasing autophagic activity.
Increased beclin-1 seems to be the initiating player in this disease modifying effect and this supports the
assumption of a disease modifying activity of exenatide through the autophagic activity.
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Introduction

Alzheimer’s disease is a progressive, irreversible neurodegenerative disease, the most prevalent form of de-
mentia and has a tremendous impact on the health care and on the affected individuals'- It is estimated that
35 million people have AD world- wide, and it is predicted to affect one of every 85 persons globally by 2050
without an efficient solution % Alzheimer is a complex disease that causes accumulation of Af plaques and
neurofibrillary tangles composed of tau amyloid fibrils associated with synapse loss and neurodegeneration
3.The pathogenesis of AD is complex, there are some hypotheses to explain it including; cholinergic, amy-
loid, tau hypothesis?*. The autophagy pathway is the major degradation pathway of the cell for abnormal
proteins and organelles so the active role of autophagy is the maintaining cellular homeostasis. Dysfunction
of autophagy in AD associated with an accumulation of two abnormal protein aggregates forms, tau tangles
and AB plaques®. Increasing evidence supports the notion that AD, a condition that presents heterogeneous
pathological disturbances, is also associated to perturbed metabolic function affecting insulin and insulin-
like growth factor I (IGF-I)S.Currently available treatments are mainly symptomatic, aim to correct the
neurotransmitter disrupted in AD. Treatment of mild to moderate AD by cholinesterase inhibitors while
treatment moderate to severe AD by memantine’. These approved drugs in AD are considered symptomatic
treatments and fail to achieve a definite cure, thus, there is a need to develop novel and effective medication®.

Current drug development focuses on a new strategy in treatment of AD to block the progression or modify

the course of AD through interference with the pathogenic steps responsible for the disease®.

Exenatide, glucagon like peptide (GLP-1) analogue, have been developed for use in the treatment of type
2 diabetes mellitus through its effects on glucose homeostasis and facilitation of insulin signaling. Accu-
mulating evidence suggests that GLP-1 analogues can cross the blood—brain barrier and may exert several
extrapancreatic effects which may accounts for its positive effects in neurological disorders'®.

GLP-1 receptors exist widely throughout the brain, in the hypothalamus, thalamus, brain stem nucleus,
cortex and hippocampus'? 2. GLP1 has been shown to act as a growth factor in the brain and promote
neurite growth!®.GLP1 receptor agonists are reported to attenuate endogenous levels of Af in the brain and
prevent amyloid plaque accumulation in the AD brain'41'5 .  Furthermore, stimulating glucose metabolism
in AD patients markedly improves cognitive dysfunction in the AD 16.

In the present study, we used AICl3 to develop experimental AD model and investigate whether exogenous
exenatide supplementation has beneficial effect on cognitive performance through its stimulant effect of
autophagy demonstrated by result of beclin-1 gene expression and ultrastructure study.

Materials and Methods
2.1 Drugs and chemicals

Aluminum chloride - hydrated (AlCI3.6H20), was purchased from El-Gomhouria Company, Mansoura,
Egypt. Exenatide injection pen (BYETTA) was purchased as a sterile solution for subcutaneous injection
(Amylin Pharmaceuticals, Inc., San Diego).

2.2 Ethical consideration

The study was conducted in accordance with ethical guidelines of Faculty of medicine, Mansoura University,
Egypt. Institutional Research Board under the code of MD.16.12.50.

2.3 Animals



Thirty adult male Sprague- Dawley rats weighing 200-250 grams each were used throughout this study. They
were obtained from the medical experimental research center, Mansoura faculty of medicine. For seven days
prior to the experiment, the animals were acclimatized to standard laboratory conditions and they were
put in similar optimum housing condition with free access to food and water. The animals were housed in
plastic cages lined with sawdust that was renewed daily and were observed for food intake. They kept in
cages at a room with controlled temperature (23 + 2°C), humidity (50 + 5%) and 12-h light—dark cycle. All
experiments were carried during fixed time (from 8 AM to 12 PM).

2.4 Experimental design

Three groups of rats (10/group) were used and received drugs daily for six weeks: Saline for control group,
AlCI3 (70 mg/kg, IP) for AD group !7, while the treated group received exenatide (20 ug/kg, IP) 8. All
drugs were administered at a dose volume 0.5 ml/250 g body weight.

In the current study, we evaluated AD by behavioral Morris water maze (MWM) test, weight detection in all
groups at beginning and end of study, measurement of glucose levels, demonstration of beclin-1 and mTOR
genes expression and histopathologically by light and electron microscope.

Morris water maze (MWM) test was done during study on day20, 21 and 42. At end of study rats were
weighted, fasted overnight and were sacrificed 24 h after Morris test by sodium thiopentone (100 mg/kg, i.p.
injection)!®. Blood was withdrawn from the heart of rats by 5 ml syringe. The blood was collected in a dry
test tube permitted to clump for 30 minutes prior to centrifuge at 4000 revolutions per minute for 15 minutes
and then serum was separated and collected in Eppendorf tube and kept frozen at -20°C till the time of
measurement serum glucose level. Craniotomy was performed to dissect out the intact brains and extraction
of hippocampus for molecular, histological, and ultrastructure studies. Brains were removed and sagittaly
divided into right and left hemispheres using a sharp blade for isolating the hippocampal tissues. Total RNA
was extracted from 25-30 mg hippocampus tissue from right hemisphere immediately after shock freeze in
liquid nitrogen and real time RT-PCR for study of beclin-1 and mTOR gene expressions. The hippocampi
of left side were processed for histopathological and ultrastructure examination.

2.5 Behavioral experiment

The MWM is a useful test was described 30 years ago to study spatial learning and memory in laboratory
rats because it is more specific for hippocampal function, one of the most affected regions in AD?.

Animals will be trained to swim to a visible platform on Day 20 from starting study. Following training the
time taken to find the hidden platform (retention latency, RL) on Day 21 and Day 42 was recorded.

Animals were trained in a circular pool (180 c¢m in diameter and 60 c¢m in height) located in a test room. The
pool was filled with water to a height of 40 cm. During the acquisition phase, a movable circular platform
(9 cm diameter) was placed in one of the quadrants of the pool approximately 2 cm above the water level,
and during the retention phase, a similar platform was placed in the pool 2 cm below the water level. The
water was made opaque by adding a nontoxic dye?!.

Maze acquisition phase (training phase)

Animals received a training session consisting of four trials with a gap of 5 minutes between the two trials
on Day 20. Four different starting positions used during all four trials. Animal were released into the maze
facing the wall of the pool and the latency to find the escape platform was record to a maximum of 90
seconds. The time taken by the animal to reach the platform was recorded as the initial acquisition latency

(TIAL).
Maze retention phase (retention latency phase)

Following training, the time taken to find the hidden platform (retention latency, RL) was recorded and
assessed on Day 21 (24 hours after the last training session) and Day 42 and termed as first retention latency



(1%* RL) and second retention latency (2°¢ RL), respectively. The change in RL from Day 21 to Day 42 used
to evaluate the learned skill or memory.

Time in days

Day 0 Day 20 Day 21 Day 42

(Beginning of study) (Training phase) (1st retension phase) (2"9retension phase)
Biochemical Parameters

2.6.1. Fasting blood glucose:

Fasting serum glucose was measured by glucose kits (BioMed-Glucose L.S, Eng Chem for lab technology,
Hannover, Germany)?2.

2.6.2. Beclin-1 and mTOR gene expression in rat hippocampus by
Real-time quantitative reverse transcription-polymerase chain reaction (QRT-PCR).

Total RNA was extracted from rat hippocampus tissue samples of all groups using RNeasy Mini kit (Qiagen,
Valencia, CA, USA) according to manufacturer’s instruction. The Concentration and purity for each RNA
sample were determined spectrophotometrically using 260 and 260/280 nm ratio respectively, by NanoDrop®)
ND-1000 Spectrophotometer (NanoDrop Technologies, Wilmington, Delaware, USA). The purity of RNA was
checked and it ranged between 1.8 and 2.1 demonstrating the high quality. RNA was reverse-transcribed into
complementary DNA (cDNA) using Arktik Thermal Cycler (Thermo Fisher Scientific Inc., MA, USA) and
quantified using infra-red (IR)-specific primer by Real-time PCR System (Applied Biosystems, Foster City,
CA, USA). The primers were manufactured by Primers Biosearch technologies (Primers Biosearch techno-
logies, CA, USA) and the specific gene sequences were obtained from Pubmed (Entrez Gene). Sequences of
beclin-1 primers?® were 5-TTGAGATGAGAT-GCTTGT-3’ (forward); and 5-TAGAAGTGAGGACAGA-
GT-3’ (reverse), B-actin, used as internal control with sequences 5-CCTGTGCTGCTCACCGAGGC-3’
(forward) and 5-GACCCCGTCTCTCCGGAGTCCATC-3’ (reverse); mTOR specific primers were 5’-ATG
ACG AGA CCC AGG CTA AG-3 (forward); and 5-GCC AGT CCT CTA CAA TAC GC-3’ (reverse),
GABDH used as internal control, 5-CCT CTG GAA AGC TGT GGC GT-3’ (forward) and 5-TTG GAG
GCC ATG TAG GCC AT-3’ (reverse) 4. The thermal cycling conditions were adjusted as follow 15 min at
95 °C for activation of DNA polymerase followed by 40 cycles of 15 s at 95 °C, 20 s at 60 °C and 20 s at 72
°C.

Relative quantification (RQ) of mRNA expression was calculated with the 2-AACt method. The data
were presented as relative quantity of target mRNA, normalized respect to B-actin mRNA and relative to a
calibrator sample. Normal control samples were used as calibrators. Where: ACt = (Ct of target gene — Ct
of reference gene); AACt = (ACt of sample — ACt of control). Ct is defined as the fractional cycle number
at which the fluorescence passes the fixed threshold.

2.6.3. Histopathological Examination
1-Haematoxylin and Fosin stain:

The hippocampi were fixed in 10% formalin for 24 h and then washed with tap water. For dehydration,
serial dilutions of alcohol were used. Specimens were cleared in xylene embedded in paraffin at 56°C in hot
air oven for 24 h. Paraffin bees wax tissue blocks were prepared for sectioning at 4 microns thickness by
microtome!”.

2-Electron microscopic study:

The hippocampus cut into suitable pieces. 1 mm specimens were fixed immediately in a fixative containing
2.5% glutaraldehyde in 0.1 M cacodylate buffer (PH 7.4) at 4°C for 24 hours. Specimens were then washed
in two changes of 0.1 M cacodylate buffer and postfixed for 90 minutes in 2% osmium tetraoxide at 4°C.
The specimens were dehydrated in gradual series of ethanol, infiltrated and embedded in propylene-epon



sequences then polymerized at 60°C for one day. Ultrathin silvery golden sections were cut by ultramicrotome
and picked on uncoated grids then stained with uranyl acetate and lead citrate and viewed by transmission
electron microscope 2°.

2.7 Statistical analysis

Data were analyzed with SPSS version 21. The normality of data was first tested with Shapiro test. Conti-
nuous variables were presented as mean = SEM (standard error of mean). ANOVA test followed by posthoc
Tukey test was used for multiple comparisons. Paired t-test was used to compare paired data in the same
group. A P value <0.05 was considered statistically significant in all analyses.

Results

The results of this study on Alzheimer rat model indicate effective therapeutic effect of d exenatide (table
1).
3.1 Morris water maze task

Rats treated with AlCls took longer time to reach the visible platform (80.754+1.29) than those of the control
group (48.25+1.09) on day 20, indicating memory deficits, whereas administration of exenatide significantly
enhanced memory performance on day 20 (49.00+£0.96) as compared to AlCl; treated group.

Moreover AICl3 treatment significantly diminished the 1st and 2nd retention latencies on day 21 and 42
respectively (70.25+0.88, 66.504+0.94) as compared to the control group (17.87£0.91, 12.874+0.71 respec-
tively). Exenatide treatment significantly enhanced both the retention latencies (12.2540.59, 18.87+0.51
respectively) as compared to AlCl; alone.

Exenatide attenuates AlCl3 induced weight loss

The body weight changes in all experimental groups. Pathological AICl3 group showed a significant decrease
in body weight at end of study (156.87+4.84) compared to beginning of study (239.874+2.66). Contrary,
control normal group, exenatide treated group showed significant increase in body weight at end of study
(281.00£5.38, 281.62+6.16) compared to beginning of study (207.50+2.52, 213.254+4.47) respectively.

3.3 Fasting serum glucose level

Aluminum chloride induced AD in rats produced highly significant increase in serum glucose level
(130.37£2.24) compared to control normal rats (94.374+1.98).

Exenatide treated group showed significant decrease serum glucose level (97.00+£1.47) compared to AlCl;
induced AD in rats while didn’t show significant increase in serum glucose level compared to control normal
rats.

3.4 Hippocampal mTOR gene expression

Aluminum chloride induced AD in rats produced highly significant increase in mTOR gene expression
(1.81£0.02) compared to control normal ratsl (00+0.02). Exenatide treated group (0.984+0.02) showed si-
gnificant decrease mTOR gene expression compared to AlClz induced AD in rats (figure 1A).

3.5 Hippocampal beclin-1 gene expression

Aluminum chloride induced AD in rats produced highly significant decreases in beclin-1 gene expression
(0.27£ 0.01) compared to control normal rats (1.01+0.04). Exenatide treated group showed significant in-
crease beclin-1 gene expression (1.214+0.05) compared to AlCl3 induced AD in rats (figure 1B)

3.6 Effects of exenatide on the histological structure of hippocampus

Aluminum chloride induced AD in rats produced highly significant increase in number of degenerated cells
in hippocampus (23.00£0.70) compared to control normal rats (0.0+0.0) in H&E stain. Exenatide treated



group showed significant decrease in number of degenerated cells in hippocampus (2.25+0.25) compared to
AlCl; induced AD in rats (Table 1, Figure 2, 3).

In ultrastructure examination by EM, there was improvement in exenatide treated rats compared to AICI13
untreated rats (Figure 4); there was preservation of mitochondria, ER and no accumulation of autophagic
vacuoles as observed with AD group.

4- DISCUSSION

As continuation to researches concerned with disease modifying drugs in AD, this research was done to
demonstrate potential modifying effect of exenatide in rat model of AD.

In the present study, AD mimics model was induced by injection of AlCls. Aluminum is the most abundant
metal on the earth crust. It gets access to the human body through drinking water, food, use of utensils,
deodorants, and some pharmaceutical products so AL*induced cognitive deficit has been widely used for
the preclinical testing of promising molecules against AD?6. IP AlCl; administration has benefit than oral
rout as it predominantly accumulates in the hippocampus, the most susceptible region in AD and has
important role in learning and memory functions, unlike oral route which resulted in a significant increase

metal concentration in ventral, midbrain?’.

In MWM test, AD group took more time to reach the visible platform in IAL, 1°* RL on day 21 and 24
RL on day 42 than the control group, indicating memory deficits. The increase in time in pathological AD
group is in agreement with previous studies?® 29, 30-

Increasing time to reach plate AD group due to AL13deposition and accumulation in sensitive areas in
brain which is considered a contributing factor to the pathogenesis of AD?5. Its deposition disturbs the
amyloid precursor protein (APP), results in elevated APP leading to deposition and accumulation of AS-
plaques in the hippocampus of the brain. Aluminum also causes tau hyperphosphorylation and intracellular
neurofibrillary tangle formation and creates fatty acid abnormalities in the phospholipids 3'.

As regard weight, AD model group has associated with decrease in body weight at end of study compered
to weight at beginning of study. This result concurs with many previous researches 3% 33 34, Reduction in
the body weight following AlCls administration may be due to decrease in feed consumption by direct effect
35, Aluminum administration has been shown to accumulate in many mammalian tissues and several organs
which affect their functions?*. Aluminum administration enhances catabolic processes which is the outcome
of lack of cellular glucose in liver cells. The disturbance of the catabolic process in the liver was evidenced
by a significant hyperglycemia and an altered lipid metabolism?.

AD group has associated with increase in blood glucose level compared to control group. This is concurring
with previous studies®® 37- 3% The rise in blood glucose may be caused by a disruption in carbohydrate
metabolism, through enhancement of the breakdown of liver glycogen, possibly mediated by an increase in
adrenocorticotrophic and glucagon hormones and/or reduced insulin activity 2°.

In this study, AD group has associated with increased mTOR expression level in hippocampus compared
to normal group. Aluminum can significantly increase the protein expression levels of PI3K, AKT, mTOR
signaling pathway 4°. Spilman et al reported that mTOR increased in animal models of AD*'. Several
laboratories also have reported that mTOR hyperactivity is increased in postmortem AD human brains com-
pared with age-matched controls 42> 43 44, mTOR signaling hyperactivity has damaging effects on learning
and memory functions. mTOR hyperactivity characterized by widespread A} accumulation and increased
tau levels and phosphorylation®®. One of the primary regulators of the autophagy pathway is mTOR complex
1 (mTORC1). mTORC1 becomes inhibited as a result of the modulation of various upstream regulators,
such as AMP-activated protein kinase (AMPK). This subsequently leads to the activation of the autophagy-
initiating complex which triggers the activation and recruitment of primary autophagy?.

In the current study AD group showed decrease in beclin-1 expression compared to normal group. This is
matched with Pickford et al*” who ensure about the precise role of beclin-1 in autophagy pathway and



its decrement in AD. Beclin-1 is an important multifunctional protein that also plays an important role in
autophagy. Beclin-1 mediates the localization of autophagic proteins to nascent membranes and is required
for the induction of autophagy*®. Thus its inhibition is suggested to inhibit autophagic process. The findings

in animal models of AD suggest that modulation of beclin-1 activity may be a therapeutic strategy for AD
49

Histopathological studies using H&E stain of hippocampus in AD group showed significant increase in number
of degenerated cells and alteration in histological structures compared to control normal group. This concurs
with other previous studies % 21,

Electron microscopic study of AD model group shows dystrophic neurite displaying autophagic vacuoles.
Several studies demonstrate a link between autophagy and AD pathology using EM °% 53: 54 Autophagy
was first discovered through EM studies, due to a lack of specific protein markers, and for a long time and

retained its fundamental position in the detection of autophagic process®.

Increased numbers of autophagic vacuoles in dystrophic neurons in AD brains indicates dysfunction of the
autophagic pathway®®. A defect in autophagy vacuole clearance rather than an increase in autophagy
induction is suggested to explain this accumulation of vacuoles °7.

Autophagy in AD may be misregulated by either beclin-1 deficiency, disruption of axonal transport or by
dysfunction of presenilins, which are part of a y-secretase complex which have been implicated in fusion
of autophagosomes with lysosomes. The reduction in neuronal autophagy and disruption of the lysosomes
in beclin-1 deficient may be explained by separate actions of beclin-1 both on autophagy initiation and on
endosome/lysosome fusion 47.

Accumulated autophagic vacuoles contribute to the production of AB where they contain all necessary con-
stituents for A production, thus autophagic compartments were identified as a major reservoir of intracel-
lular AB in the brain of Alzheimer patients®®.

An attention was focused on the molecular mechanisms underlying the autophagic fight against neurodegen-
eration and therapeutical approaches to up regulate protective neuronal autophagy®®.

As GLP-1 analogues can cross the blood brain barrier and may exert several beneficial extrapancreatic
effects. Positive effects in neurological disorders as AD are expected through these effects!®.

Exenatide treated group significantly showed enhanced memory performance in MWM compared to AD
group. Exenatide protective effect against aluminum-induced neurotoxicity and enhanced memory perfor-
mance is in accordance with many studies 6% 61> 18, GLP-1 mimetics could readily cross BBB and promote
progenitor cell proliferation in neurons of the brain 2.

Exenatide treated group showed significantly reduced serum glucose level when compared with AD group.
GLP-1 agonists may affect AD indirectly by reducing blood glucose, insulin levels and subsequent reduced
levels of inflammatory markers and reactive oxygen species®?. Exenatide secrete insulin and exerts its
secretagogue effect by activating GLP1R in the [-cells resulting in the release of insulin 5. This effect by

increasing f-cell gene expression resulted in B-cell proliferation and neogenesis %3.

In this study, exenatide treated group showed significantly reduced hippocampal mTOR gene expression
when compared with AD group. GLP-1 analogue significantly inhibit mTOR, phosphorylation at the ser-
ine/threonine kinase S6K1 which is one of the most well-known downstream targets of mTORC1 %4. Ex-
enatide decreased mTOR gene expression is in agreement with Chen et al study %, who approved that
GLP 1 analogue treatment, inhibits mTOR activation.

Also exenatide treated group in this study showed significantly increased beclin-1 expression level when
compared with AD group. This increase in beclin-1 activity is in parallel with other studies®® 67.

Through light microscope histological examination, exenatide treated group showed significant improvement
of changes and decrease number of hippocampal degenerated cells compared to AD group.



In EM examination, exenatide group showed improvement compared to AD group. The effect of exenatide
of healthy and complete autophagic activity may indicate a preserved interaction between the autophagic
vacuoles and the autohagosome in one hand and the lytic enzymes of the vacuoles on the other hand. This can
be in agreement with the assumption of Cui et al %® of coordinating multivesicular body and autophagosome
pathways of autophagy.

The important stimulant effect of exenatide on beclin-1 gene expression with a less proportional inhibitory
effect on mTOR gene expression (figure-1), suggest a direct beclin-1 gene stimulatory mechanism for au-
tophagy.

Calebet. al, % suggested that AD treatment must target different mechanisms to treat this complex
disease with multiple pathways; reducing oxidative stress, stabilizing mitochondria, activating autophagy or
proteasome, and increasing energy levels of neurons. Ideally, GLP-1 agonists are safe and non-interfering
with other processes.

Conclusion

Studying different important autophagic parameters in an Alzeheimer experimental animal model; Exenatide
has important stimulant effect on beclin-1 gene expression which is significantly correlative to the improved
alzeheimer model manifestations more than its decreasing effect on mTOR gene expression. Becli-1 hy-
poactivity is suggested to be the defect in alzeheimer. Beclin-1 activation by exenatide represents a disease
modifying effect.

Exenatide treated rats during exposure to AlClgneurotoxicity showed more pronounced improving effect
on learning and memory abilities, attenuated the AICl3 induced increases in serum glucose level, mTOR
gene expression, also increase in beclin-1 gene expression. Exenatide can also protect against neuronal
degeneration in the hippocampus demonstrated in histological examination and increase the autophagic
activity demonstrated in EM examination.

Exenatide increased beclin-1 even significantly more than that of the normal rats. Increased beclin-1 seems
to be the initiating player in this disease modifying effect and this supports the assumption of a disease
modifying activity of exenatide through the autophagic activity.

If AD and the other neurodegenerative diseases can be considered as autophagic diseases; the widely cere-
brally distributed GLP-1 receptors could be an important therapeutic target. Also, this study directs the
attention of aluminum monitoring in some cases of the neurodegenerative diseases.
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Figure 1:

Effects of exenatide treatment on hippocampal mTOR [A] and beclin-1 gene experessions [B]. At p < 0.05 *,
# indicate significant changes versus control normal , AD groups respectively (One-way ANOVA followed by
Tukey post hoc test).Figure 2:Effects of exenatide treatment on the number of degenerated hippocampal
neuronal cells . At p < 0.05 *, # indicate significant changes versus control normal , AD groups respectively
(One-way ANOVA followed by Tukey post hoc test).

Figure 3:

Photomicrograph of a paraffin section of the hippocampus (H&E X400). A. control group showing
the molecular (M), the pyramidal (P) and the polymorphic (PO) layers of CA. The pyramidal layer displays
4-5 layers neurons with vesicular nuclei. The neurons were arranged closely, had a circular shape Note the
astrocytes (arrow head) and blood capillaries (arrow). B. Alzheimer model group showing numerous irregular
destructed and shrunken pyramidal cells with condensed nuclei (arrows).C. Exenatide group showing few
shrunken pyramidal cells (arrow) compared to aluminum model group and increase number of normal closely

arranged cells (H&E X400).
Figure 4:

A photomicrograph of ultrathin EM section of the hippocampus: A. control rat showing nerve cell
and neurites. The cytoplasm displays many mitochondria (arrow), ER (crossed arrow) and few lysosomes
(curved arrow). Myelinated axons (thick arrow). Note the absence of autophagic vacuoles in either nerve
cells or neurites (asterisk).B. AD model group .showing a nerve cell exhibiting many autophagic vacuoles
(arrow). C. AD model group illustrating myelinated axons. The axoplasm shows many autophagic vacuoles
(asterisk). The myelin display areas of protrusion (arrow), breakdown (crossed arrow) and blurring (thick
arrow). D.Exenatide group showing a nerve cell note the preservation of mitochondria (arrow) and ER
(crossed arrow). Few small dense lysosomes (thick arrow) and lipofuscin inclusion (curved arrow) can be
seen. Note the intact myelin (arrow heads). The neurite shows small dense lysosomes (thick arrows). B.
The cytoplasm in addition showed autophagolysosomes (arrow).
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