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ABSTRACT

Introduction: Alzheimer's disease is the most common form of dementia. Recently, mesenchymal stem cells-conditioned
medium and exosomes have lately been employed in several therapeutic investigations.

Aim of work: To demonstrate hippocampus’s biochemical, histological and immunohistochemical changes in albino rats after
induction of Alzheimer and to evaluate the role of mesenchymal stem cells-conditioned medium versus exosomes on the albino
rat Alzheimer model.

Materials and Methods: Thirty-two rats were used in this study plus ten rats were used in the preparation of mesenchymal stem
cells derived conditioned media and exosomes. Rats were divided into four groups; Control, Alzheimer group, Conditioned
media and Exosome treated group. Behavioral tests were performed. The hippocampi were prepared for biochemical,
histological and immunohistochemical study.

Results: The Alzheimer group showed various behavioral changes. Rats also showed significant changes in hippocampal
malondialdehyde, tumor necrotic factor, total antioxidant capacity, acetylcholine esterase and monoamine oxidase.
Microscopically, hippocampi showed degenerated neurons as well as argyrophilic neurofibrillary tangles and amyloid
plaque formation. The conditioned medium and exosomes treated groups displayed biochemical, functional and structural
improvement with reduced argyrophilic neurofibrillary tangles and amyloid plaque formation. Treatment with exosomes
was superior to conditioned medium as they improved neuronal function, regulated astrocyte and microglial activities and
enhanced regenerative changes.

Conclusions: The conditioned medium and exosomes minimized Alzheimer - hippocampal associated biochemical, histological
and immunohistochemical degenerative changes with better effect with exosome treatment. These results may pave the future
for using exosomes as an effective adjuvant therapy in Alzheimer patients.
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INTRODUCTION The hippocampus is one of the first parts of the
brain to be affected by ADM. It is characterized by
Alzheimer’s disease (AD) is considered the extracellular accumulations of beta-amyloid (AP)
most prevalent neurodegenerative disorder!. It protein and intracellular neurofibrillary tangles
accounts for 50 - 70 % of all dementia cases!?.. It (NFTs) caused by abnormal hyperphosphorylation
is characterized by cognitive decline and memory of the cytoskeletal tau proteinl®.
failure. These deficits contribute to marked neuronal
loss, glial cell malfunction, synaptic degeneration There is no effective treatment for AD, despite
and brain atrophy®!. the considerable attempts to understand its causes
Personal non-commercial use only. JMH copyright © 2017. All rights eserved DOI: 10.21608/jmh.2024.296814.1129
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and create therapeutic treatments!®. Unfortunately,
late treatment could cause irreparable brain damage
within 1020- years after the onset of the disease,
explaining the discrepancy with encouraging studies
utilizing the AD animal models!”.

Stem  cell-derived  conditioned medium
(CM) shows great potential to be produced as
pharmaceuticals for regenerative medicine®.
Several researches on secreted factors originating
from stem cells indicated that these factors alone-
not the stem cell itself-may assist tissue repair,
hence it can be an alternate strategy for stem cell
injection-based therapies®. Due to limitations on
stem cell use in cell-based therapy, its CM, which
contains exosomes, appears to be a viable and safer
alternative with higher efficiency and fewer adverse
outcomes!'.

Exosomes are micro-vesicles ranging in diameter
from 30 to 100 nm and small lipid vesicles that are
secreted by every type of cell. Exosomes derived from
the mesenchymal stem cells can restore many tissue
functions through their paracrine effect by secretion
of growth factors, cytokines or chemokines!'".

Therefore, this experimental study aimed to
demonstrate the biochemical, histological and
immunohistochemical changes in the hippocampus
of albino rats after induction of AD and to assess
the role of MSCs-derived CM versus exosomes on
albino rat AD model.

MATERIALS AND METHODS

In this current study, forty-two male albino rats
were employed. The experimental groups included
thirty-two 68- weeks adult rats of weights ranging
from 150 - 200 g. In addition, ten male albino rats of
4 - 6 weeks weighing 70 - 80 g were used to prepare
mesenchymal stem cells-derived conditioned media
and exosomes.

This study was performed in accordance with
the local guidelines of the ethical committee of the
Faculty of Medicine, Minia University, Egypt for the
use of laboratory animals. Approval No.45: 2021
according to the international guidelines (Act 1986).

Preparation of rat’s Alzheimer disease model:
Alzheimer’s like disease was induced in adult

male albino rats by aluminum chloride (AICI3)
(Sigma-Aldrich, Egypt) (100 mg/kg) dissolved in

distilled water was administered by a gastric tube at
a dose of 0.5ml/100 g daily for 42 days!'?.

Isolation and Culture of Bone Marrow derived
Mesenchymal Stem Cells (BM-MSCs):

After halothane anesthesial” and skin
sterilization, dissection of rats' femurs and tibiae
was done then were rinsed in phosphate buffer saline
(PBS) (Hyclone, USA) in a Petri plate and flushed
with Dulbecco's Modified Eagles Medium (DMEM)
(Lonza, Belgium). Nucleated cells were isolated
using a Ficoll/Paque density gradient (Pharmacia),
then cultured in 20 ml complete media (Lonza,
USA) and incubated at 37°C in a 5 % humidified
CO2 incubator (Shellab, USA) for 7 - 10 days.
Daily examination of the cultured cells was done
using an inverted microscope (Olympus CKX41,
USA). Following that, the second media exchange
was completed in 3 - 4 days. It takes 34- weeks
for the cells to reach confluence (80 - 90 %). The
media changes 2 times per week. Washing with
PBS was done and trypsinization was performed by
using 1 - 2 ml of 0.25 % trypsin in 1 mM EDTA
(Lonza, Belgium) for 5 minutes at 37°C. The cells
were next tested with 5 ml of complete media after
trypsinization had been stopped!*.

Obtaining the conditioned medium (CM):

Conditioned medium was prepared from the third
to fifth passages of BM-MSCs as follows:

MSCs (2x106) were cultured with 2 ml FBS-
free DMEM for 48 hours. The CM was obtained
after aspiration in Eppendorf tube then filtered
with 0.20 um sterile syringe filter (CORNING,
NY 14831, Germany). The components of complete
media; Dulbecco's Modified Eagle's Medium
(89 mL) (Lonza Company, Switzerland). 10 % foetal
bovine serum (FBS) - 10 mL (Lonza Company,
Switzerland). Antibiotics: 100 U/ml penicillin,
100 pg/ml streptomycin!'.

Isolation and characterization of BM-MSCs derived
exosomes:

Exosomes were isolated from the supernatants
of third passage MSCs grown overnight in RPMI
medium (Roswell Park Memorial Institute medium)
without FBS.They were obtained after differential
centrifugation at 30009 g to eliminate cells and
then 10,000 x g for 20 min to remove debris. Cell-
free supernatants were centrifuged at 100,000 x g
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(Beckman Coulter Optima L-90 K ultracentrifuge)
for one hour at 4 °C, then washed in 25 mM of
serum-free medium 199 containing N-2-Hydroxy
Ethyl Piperazine-N'-2Ethane Sulfonic acid (HEPES)
(Sigma) and then a 2™ ultracentrifuge in the same
conditions was performed.

Exosome pellets were obtained in 100 pL distilled
water and stored at -80°C before injection. The
protein content of exosomes was measured using the
Lowry Protein Assay Kit (Bio Basic)!'®l.

For characterization, exosomes were washed
and exposed to 2.5 % glutaraldehyde for two hours.
The samples were ultracentrifuged and suspended
in 100 pL of human serum albumin. Exosomes
(20 pL) were put onto a formvar/carbon-coated
grid and negatively stained with aqueous phosphor-
tungstic acid 3 % for one minute and viewed by
TEM (Figure lal, a2).

For flow cytometric characterization of
exosomes!'”; exosomes were stained with 10 ul of
antibody (CD83 PE and CD61 PE) for 20 minutes
at room temperature (Figure 1bl, b2). After adding
2 ml of PBS to the exosomes, they were centrifuged
at 200 g for 5 minutes at room temperature
and the supernatant was discarded. Exosomes
were resuspended in 0.5 ml of flow buffer
(5 % FBS + 95 % PBS).

Analysis was done using a Coulter Elite XL
Caliber flow cytometer, which collected 10,000
events (Figure 1b). Regarding in vitro labeling of
exosomes with PKH-26 fluorescent dye, exosomes
were collected during MSCs' third passage and were
labeled with PKH26 fluorescent linker dye (Sigma-
Aldrich, Saint Louis, USA)!8],

Experimental design:

The experimental groups included thirty-two
rats. They were equally divided into four groups;
Control group (C- group): rats received the vehicle
(distilled water) orally via gastric tube for 42 days
at a dose of 0.5 ml/100g body weight. AD- group
(Alzheimer group): rats were daily administered
AICI3 100 mg/kg dissolved in distilled water at
adose 0of 0.5 m1/100 g via a gastric tube for 42 days!!?.
CM-treated group (Conditioned media group): rats
were daily given AICI3 at the same dose and duration
as AD-group, then after 24 hours, rats were injected
with 0.5 ml conditioned medium through rats’ tail
vein once under ether inhalation anesthesial'”, then,
rats were sacrificed after 4 weeks. Exo-treated group
(Exosome treated group): rats received AICI3 daily

as in the AD-group then given a single injection of
100 pg MSCs-derived exosomes suspended in 1ml
phosphate buffered saline through the rats’ tail vein
under ether inhalation anesthesia®”, then rats were
sacrificed after 4 weeks.

Behavioral tests:

The following behavioral tests were performed
to evaluate rats’ activity and memory changes in
AD model and the therapeutic effect of CM/MSCs
derived exosomes. Five rats from each group were
subjected to the test. These tests were performed on
each rat separately at 3-time points; after 42 days of
AICI3 administration (Day zero) and after 2 weeks
and 4 weeks after treatment with CM/MSCs-derived
exosomes administration.

* Open Field test:

This test was used to assess locomotor activity,
exploration and anxiety?!). The rat was put into one
of the four corners of the open field and then was
allowed to explore the field for 5 minutes. For each
animal, locomotion anxiety-like behaviors (Number
of peripheral squares crossed with all 4 paws and
rearing; the frequency with which rat stands against
the wall of the maze), freezing (immobility) time and
exploration (number of center square entries with all
four paws and time spent in them) were measured
(Figure 1d).

* Learning and memory Tests:
0 Y-Maze test.

This test was carried out to analyze spatial short-
term working memory by estimating the spontaneous
alternative behavior in maze arms?!. Arms were
labelled as A, B and C; then, each rat was put at the
start of the (A) arm and left for 8 minutes. The maze
arm entry sequence was calculated using overlapping
triplet sets (i.e., ABC-CBA-ABC). The proportion
of spontaneous alternation behavior (SAP) was
evaluated in the Y-maze to assess working memory
(Figure 1d).

actual alternation
SAP= x 100.
maximum alternation (total arm entries — 2)

o Novel Object Recognition test (NOR)

This test was carried out to assess short-term
memory. A novel object recognition test was used
to detect learning and memory deficits depending on
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rat’s natural behavior in exploring new items more
than familiar ones, that is known as recognition
memory according to the procedure demonstrated
by®l. NOR was assessed by calculation of the
discrimination index (DI) (Figure 1c).

time exploring the novel object

Discrimination index (DI) =

total time exploring both novel and familiar objects

At the time of sacrifice, rats were anesthetized
by ether inhalation!!. The whole brain tissues
were obtained for paraffin sections Each brain was
sagittally divided. The right side was processed for
electron microscope study while the left side was
used for biochemical study.

Biochemical study:

The left hippocampal tissue was homogenized
in 10mM (pH 7.4) potassium phosphate buffer.
The ratio of tissue weight to homogenization buffer
was 1:10. Centrifugation was done at 4000 g for
10 min at 4 C°. The supernatants were used for the
assessment of:

a) Malondialdehyde (MDA); a reactive aldehyde
was used as measure of lipid peroxidation (marker
for lipid peroxidation).

b) Total Antioxidant Capacity (TAC), a marker
for the oxidative stress. TAC was measured
calorimetrically by kits obtained from Biodiagnostic,
Egypt. TNF-o was measured by ELISA kit
(Elabscience, USA).

¢) Tumor necrotic factor (TNF-a), a marker for
inflammation.

TAC and TNF-a were detected according to their
commercial kits. MDA level was detected according
tol*4,

d) Gene expression analysis of acetylcholine
esterase (AChE).

e) Monoamine oxidase (MAO) m-RNA RNA
isolation and reverse transcriptase reaction were also
evaluated.

The Biospin RNA Extraction Kit (Bioflux,
China) was used to extract total RNA from
50 mg of hippocampus tissue, as directed by the
manufacturer. NanoDrop (Thermo Scientific,
USA) was used to analyze both the purity and
concentration of RNA. The first strand of cDNA
was synthesized based on the manufacturer's
instructions using reverse transcriptase (Biobasic,
Canada). Regarding quantitative real time PCR,
BioEasy's SYBR™ Green qPCR Master Mix was
used for its quantitative. The cDNA was amplified
using 40 cycles of denaturation (95 °C for 45 s),
annealing (60 °C for 45 s) and extension (72 °C
for 45 s). The primer pairs utilized are shown in
Table 1. The size of all amplicons was assessed by
agarose (2 %) gel electrophoresis with SYBR DNA
dye (Invitrogen™ gel). Each measurement was
done 3 times, with B-actin serving as an internal
control?®, The reaction was carried out in an iQ5
iCycler thermal cycler (Bio-Rad, Germany). All
experiments included cDNA template-negative
samples. The melting curves of the primer sets were
examined. Relative quantification of mRNA was
detected via normalized fold change technique!®”.
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Biochemical analysis was done at the
Pharmacology Department, Faculty of Medicine,
Minia University, Egypt and Biochemistry and
Molecular Biology Department, Faculty of

= R i § R Veterinary Medicine, Cairo University, Egypt.
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the normal control animals themselves (figures were
not included).

In negative controls slides:

The same technique was applied but the primary
antibody was not added (figures were not included).

Sections were counterstained with hematoxylin,
dehydrated, cleared and then mounted. The reaction
was identified as brownish cytoplasmic granules. J.

Transmission electron microscopic study:

Ultrathin sections were prepared according to
Weil and his colleagues*”. Fixation of small pieces of
the right hippocampi (mm?) were immediately fixed
in 2.5 % glutaraldehyde in 0.1 M cacodylate buffer at
pH 7.4 at 4 Co for 24 hours, then, washed with buffer
and postfixed in 1 % osmium tetroxide in distilled
water for 2 hours Specimens were dehydrated with
increasing concentrations of ethanol and embedded
in epoxy resin. Ultrathin sections (70 - 80 nm-thick)
were cut using diamond knives using the Leica EM
UC6 ultramicrotome, mounted on grids, stained
with uranyl acetate and lead citrate, then examined
by the transmission electron microscope in the
Central Lab, Minia University's Microanalysis and
Nanotechnology.

Image capture:

PKH26 labeled exosomes were captured by
LC-6 USB3.0 colorful CMOS digital camera
(LABOMED, USA) and examined using a green
filter (Alexa Fluor 488 nm) of the fluorescence
microscope (LABOMED Fluorescence microscope
LX400, catalog No. 9126000, USA) in Global Labs
- Medical Labs, Unit # 403, Medical Centre II,
3 Mahmoud Fathy St., 9" district, Nasr City, Cairo
11528, Egypt.

H and E, Modified Bielschowsky’s silver method,
immunohistochemical and semithin staining sections
were captured using a high-resolution color digital
camera placed on a BX51 microscope (Olympus,
Japan), connected to a computer programmed with
LC micro application software in the Histology and
Cell Biology Department, Faculty of Medicine,
Minia University, Egypt. Ultrastructural images
were captured using transmission electron
microscopy (JEM-100CX II; Japan) at the Central
Lab for Microanalysis and Nanotechnology,
Minia University, Egypt.

Morphometric measurements:

Morphometric study were done in 5 successive
non-overlapping fields/sections for each rat
hippocampus in each group at magnification x 400.
The following parameters were detected:

* Degenerative neurons (shrunken darkly stained)
in the hippocampus proper (Cornu Ammonis) were
manually counted from H and E-stained sections.

* NFT-containing cells were manually counted
from silver-stained sections in Cornu Ammonis and
DG.

* The mean number of CD86-positive microglial
cells were manually counted.

* The mean surface area fraction of GFAP, nestin
and CD163 (Image J (http://rsbweb.nih.gov/ij/; NIH,
Bethesda) was used to assess these parameters).

Statistical analysis:

* The quantitative data were analyzed using
Graph Pad Prism (Graph Pad Software, San Diego,
California, USA, Version 9.01 for Windows, www.
graphpad.com). Each group's parameters had their
mean and standard error of mean (SEM) computed.
Data were presented as means + SEM. To find
significant differences between several groups, the
one-way (ANOVA) test was employed, followed by
post-hoc Tukey analysis. The student t-test was used
to compare the differences between two groups.
Statistically significant results were assessed when
the p-values were < 0.05 and non-significant when
the P-values were > 0.05.

RESULTS

The mean level of spontaneous alternation behavior
percentage:

Throughout this study, the Alzheimer (AD) group
rats exhibited a significantly lower spontaneous
alternation behavior percentage (SAP) than the
control (C) rats. In the second week, the conditioned
media (CM) and exosome (Exo) treated groups
had a significantly lower SAP than the C group
(» = 0.0014, 0.0346) but not the AD group. At the
end of the study (4" week), the CM-treated group
was considerably (p = 0.0011) lower than the
C group, but not significantly different from the
AD group. However, SAP in the Exo-treated
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group was comparable to that of the C group and
significantly lower than that of the AD group
(» = 0.0073) (Figure 2a).

The mean level of discrimination index (DI):

During the experiment, AD-group animals
showed a significantly lower discrimination index
(DI) than control rats. Comparing the treated groups,
in the second week; CM-treated demonstrated
substantial decreases in DI compared to the
C group (p = 0.0006) but not to the AD group. While
Exo-treated groups showed a substantial increase
in DI when compared to the AD group alone
(p=0.0361). At the end of the study (4" week), DI in
the CM-treated group was significantly higher than
in the C and AD groups (p = 0.0001 and p = 0.0101,
respectively). The DI of the Exo-treated group was
similar to that of the C group and significantly
greater than the AD group (p < 0.0001) and CM-
treated groups (p = 0.0208) (Figure 2b).

* Open field test result:

Table 1 showed the changes in locomotor and
anxiety-like behaviors seen in rats during the open-
field test. During the experiment, the AD-group
had significantly lower activity levels (peripheral
squares crossed by rats and rearing frequency) and
anxiety-like behaviors (freezing and grooming
duration) than the C-group (p < 0.01). In the second
week, the CM-treated group had a significantly
higher number of crossed peripheral squares and
rearing frequency (p < 0.01 and 0.05, respectively).
Moreover, the CM-treated group spent significantly
longer (p < 0.05) freezing and grooming duration
than the control group. The Exo-treated group had
a substantial drop (p <0.01) in the number of crossed
peripheral squares, but no significant decrease
in rearing frequency. The Exo-treated group had
significantly longer frozen time (p < 0.05) but no
significant increase in grooming duration.

Biochemical results:

The AD group showed considerably greater levels
of hippocampal malondialdehyde (MDA) (nmol\g)
than the control group (p < 0.0001). Treatment with
CM and exosomes significantly reduced MDA levels
in the hippocampus compared to the AD group (both
p < 0.0001), however, no significant differences
were observed when compared to the control group.
Additionally, there was no significant change
between the CM and Exo-treated groups (Figure 3a).

The AD group had a significantly lower total
antioxidant capacity (TAC) (mmol\g) level compared

to the C group (p < 0.0001). While the treatment
of CM and exosomes significantly increased TAC
levels in the hippocampus compared to the AD
group (p =0.0003, 0.0002), there were no significant
differences in TAC levels when compared to the
control group. Also, there was no significant change
between the CM and Exo-treated groups (Figure 3b).

The AD group showed significantly higher
TNF-a levels (pg/mg) compared to the control group
(» <0.0001). CM/exosome treatments significantly
reduced TNF-a levels in the hippocampus compared
to the AD group (both p <0.0001), with insignificant
alterations when compared to the control group or to
each other (Figure 3c).

The AD group had significantly lower levels of
acetylcholineesterase (AChE) expression compared
to the control group (p < 0.0001). CM/exosomes
treatments significantly enhanced AChE levels in
the hippocampus compared to the control and AD
groups (both p < 0.0001). There was a significant
difference between the CM and Exo-treated groups
(p < 0.0001) (Figure 3d).

The AD group had significantly lower
monoamine oxidase (MAO) expression levels
compared to the C group (p <0.0001). CM/exosomes
treatments significantly increased MAO levels in
the hippocampus compared to the control and AD
groups (both p < 0.0001). A significant difference
was noticed between the CM and Exo-treated groups
(p < 0.0001) (Figure 3e).

Histological and immunohistochemical results:

Confirmation of homing of labeled exosomes in
hippocampal tissue

The injected exosomes labeled with PKH26 were
detected in rat hippocampal tissue of Exo-treated
group using a fluorescent microscope (Figure le).

Hematoxylin and eosin (H and E):

H and E sections of the hippocampus proper and
the dentate gyrus (DG) of the C group revealed that
the hippocampus proper was composed of the Cornu
Ammonis (CA) and its components, CAl, CA2,
CA3 and CA4 regions. Cornu ammonis was showed
laminar organization comprising numerous strata,
including stratum oriens (so), stratum pyramidalis
(sp), stratum lucidum (sl), stratum radiatum (sr)
and stratum lacunosum-molecular. The DG looked
like a black V-shaped structure encircling the CA4
region with an open section. It consisted of three
layers: molecular, granule and polymorphic cell
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layers, which were visible on both sides of the CA4
area. The supra-pyramidal and infra-pyramidal
blades meet at the crest of DG (Figure 4a). The
CAl area was formed of dense, evenly arranged
3 - 4 compact rows of small pyramidal neurons,
with little neuropil between. Each pyramidal cell
formed of a single, rounded, central, vesicular
nucleus with prominent nucleoli (Figure 4b). CA3
and CA4 areas consisted of a substantial number of
pyramidal neurons. The neurons had single, rounded,
central and vesicular nuclei with visible nucleoli.
The nuclei of sparse neuroglial cells were dark
basophilic stained, small, spherical and distributed
over a pink neuropil background. The neuropil
was formed up of neuronal and glial cell processes
(Figure 4c, 4d). The DG revealed dense columns
of granular cells, forming a rounded layer with
vesicular nuclei and little interstitial tissue between
these neurons. Scattered neuroglial cells were found
on a pink neuropil (Figure 4e).

The AD group showed pyramidal neuron
heterogeneity in CA1, CA3 and CA4. The majority
of the small and the large pyramidal neurons
showed significant degeneration. Pyramidal neurons
exhibited widely separated shrunken cell bodies,
pericellular haloes and strongly stained pyknotic
nuclei. While other degenerated cells exhibited
karyolysis. Congested blood capillaries were
also present. A few pyramidal cells were normal,
with basophilic cytoplasm and large central round
vesicular nuclei (Figure 5a - 5¢). DG revealed several
shrunken granular cells with highly pigmented
basophilic cytoplasm and pyknotic nuclei. Some
granular cells were surrounded by pericellular
haloes and had vacuolated cytoplasm or absence of
cytoplasm all (Figure 5d). Glial cells occurred on a
pink neuropil in all areas of the hippocampus in this
group (Figure 5a - 5d). Both CA3 and CA4 appeared
to be the most affected areas.

The CM-treated group showed some improvement
in histological alterations induced by AD, which
were more specific to CAl, CA3 and DG. The
majority of pyramidal cells in CAl and CA3 had
normal morphology with vesicular nuclei, although
a few were shrunken with deeply stained nuclei
(Figure 6a, 6b). While CA4 regions exhibited few
pyramidal cells with deeply stained nuclei (Figure 6¢).
It was noticed in DG that the majority of the granular
cells contained vesicular nuclei, Cytoplasmic NFTs
were seen in few dispersed neurons appeared.
Vacuolated neuropil in the sub-granular zone was
seen (Figure 6d). Exo-treated group demonstrated
amelioration of all previously reported histological
alterations that occurred in AD-group and showed
more improvement than CM-group. Most of the

pyramidal neurons in CA areas appeared normal, with
basophilic cytoplasm and vesicular nuclei. However,
a few scattered degenerated pyramidal neurons with
shrunken cell bodies, pyknotic nuclei and perineural
halos were observed (Figure 7a - 7¢). Granular cells
in DG retained their typical appearance, including
basophilic cytoplasm, vesicular nuclei and little
vacuolation in the sub-granular zone (Figure 7d).
Glial cells were seen on a pink neuropil in all areas
(Figure 7a - 7d).

Bielschowsky s silver stain:

Sections of the CAl and CA4 areas of the C
group's hippocampus proper revealed pyramidal
neurons with faintly stained nuclei and large darkly
stained nucleoli. The cytoplasm and the axons were
lightly stained (Figure 8a, 8b). The granular neurons
in DG had lightly stained nuclei and prominent
nucleoli (Figure 8c). In AD-group sections, intra-
neuronal aggregations of argyrophilic NFTs were
seen in cells from the CAl, CA4 and DG areas.
NFTs developed as an accumulation of argyrophilic
neurofibrils, which were primarily seen in neuronal
cell bodies and the proximal parts of axons.
Pyramidal cell nerve fibers were also degenerated
and darkly stained (Figure 8d, 8¢). The DG included
several undersized, degenerative granular neurons
with large NFTs (Figure 8f). Amyloid plaques
were identified as huge, extracellular aggregates
of spherical golden-brown clumps. Two types of
plaques were detected; dense core plaques, which
had a thick amyloidogenic core (Figure 8g) and
diffuse plaques with no core (Figure 8h). Thinning
of degenerated nerve fibers was also observed
(Figure 8i).

In the CM-treated group, most pyramidal
neurons in CAl and CA4 had lightly stained
nuclei and intact lightly stained axons, while
other neurons were smaller, with accumulated
argyrophilic NFTs in their cytoplasm, obscuring
their nuclei and proximal axons. However, few well-
stained axons appeared, degraded or segmented
(Figure9a,9b). The DG exhibited preservationof most
granular neurons, but some shrunken degenerated
granular cells with cytoplasmic NFTs were noticed
(Figure 9c). Furthermore, the Exo-treated group
showed more preservation of the normal structure
with less degeneration of pyramidal neurons
in CAl and CA4 than the CM-treated group.
Only a few shrunken neurons had intra-neuronal
argyrophilic NFTs in their cytoplasm, which masked
their nuclei and proximal axons. A few deeply
stained degenerated nerve fibers were also seen
(Figure 9d, 9¢). Most granular neurons in the DG
in were also preserved, some scattered granular
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cells were shrunken and degenerated with
intracytoplasmic NFTs (Figure O9f).

Immunohistochemical results:

The control group showed normal distribution
of immunohistochemical expression for glial
fibrillary acidic protein (GFAP) in the form of mild
positive cytoplasmic reaction in the astrocytes and
their processes in stratum oriens, stratum radiatum
and between the pyramidal neurons of the stratum
pyramidalis in CA region. GFAP expression was
detected in the molecular layer, pleomorphic layer
and in between the granular cells of the granular cell
layer in DG region. The immuno-reactive astrocytes
appeared as star-shaped cells with thin processes
(Figure 10a, 10b) while there were more strongly
GFAP positively stained astrocytes in AD group with
prominent ramified cytoplasmic processes when
compared to the control group in stratum oriens,
stratum radiatum and in between the pyramidal
neurons of the stratum pyramidalis in CA region. It
was also noticed in the molecular and pleomorphic
layers and between the granular cells of the granular
cell layer in DG region (Figure 10c, 10d).

CM-treated group showed slightly decreased
GFAP immuno-reactivity in enlarged astrocytes with
prominent ramified cytoplasmic processes compared
to AD-group that were noticed in stratum oriens,
stratum radiatum and in between the pyramidal
neurons of the stratum pyramidalis in CA region as
well as in molecular layer, pleomorphic layer and in
between the granular cells of granular cell layer in
DG region (Figure 10e, 10f).

Exo-treated group showed few lightly stained
GFAP immuno-reactive astrocytes compared to
the AD-group and the CM-treated groups. These
astrocytes were noticed in stratum oriens, stratum
radiatum and between the pyramidal neurons of
the stratum pyramidalis in the CA region and in the
molecular layer, the pleomorphic layer and between
the granular cells of the granular cell layer in DG
region (Figure 10g, 10h).

Regarding nestin antibody, the C group showed
nestin immune-positive reaction in granular cells of
DG, while other cells had no or faint cytoplasmic
expression (Figure 1la). Meanwhile AD-group
exhibited faint nestin reaction in granular cells
(Figure 11b). It was noticed in the CM-treated group
more nestin expression in more granular cells as
compared to AD-group (Figure 1l1c). Exo-treated
group showed obvious increase in nestin reaction in
more granular cells compared to both AD and CM
groups (Figure 11d).

Anti-CD163  antibody  showed  positive
immunostaining, in the control group in the
form of cytoplasmic expression in some
microglial cells in hippocampus proper and DG
(Figure 12a, 12b). While AD-group displayed
a decrease in CD163 immune-positivity in the
microglial cells compared to C-group that had
faint expression (Figure 12¢, 12d). It was noticed
in CM-treated group increased CD163 immune-
positive microglial cells as compared to AD-group
(Figure 12e, 12f). The Exo-treated group showed
an apparent increase in anti-CD163 antibody
cytoplasmic expression intensity (Figure 12h, 12i) as
compared to both AD and CM groups in numerous
microglial cells which tend to aggregate in close
proximity to blood capillary (Figure 12g).

Regarding CD86, the control group showed
positive immunostainning for anti-CD86 antibody
in the form of cytoplasmic expression in scattered
microglial cells in the hippocampus proper and
the DG (Figures 13a, 14a and 14b). The AD-
group showed more CD86 positive microglial cells
compared to C-group. Positive glial cells had densely
immunostained cytoplasm (Fig. 13b, 14c and 14d).
The CM group showed few microglial cells with
positive cytoplasmic expression for CD86 antibody
compared to AD-group (Figures 13c, 14e and 14f).
Exosomes-treated group showed more reduction in
CD86 positive glial cells compared to both the AD
and the CM groups (Figures 13d, 14g and 14h).

Ultrastructural results:

Ultrastructurally, the pyramidal neurons in the
control rat hippocampus revealed large rounded
central vesicular nuclei with prominent nucleoli.
Their cytoplasm contained a well-developed rough
endoplasmic reticulum (rER), many mitochondria
and Iry Ilysosomes (Figure 15a, 15b). The
cytoplasm of the microglia appeared electron lucent
and their nuclei were elongated with peripheral
heterochromatin. They exhibited typical lengthy
stretches of endoplasmic reticulum with cytoplasmic
vacuoles (Figure 15¢, 15d). The astrocytes showed
rounded large heterochromatic nucleus surrounded
by scanty cytoplasm containing some organelles
like mitochondria and rER (Figure 15e). Several
myelinated axons with smooth regular contour
and compact myelin lamellae were distinguished.
The axoplasm of these axons contained intact
mitochondria (Figure 15f).

The AD-group showed two forms of neuronal
damage. The first appeared in some degenerated
pyramidal neurons which were shrunken and
contained and the chromatin in their nuclei was
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condensed peripherally and surrounded with scanty
vacuolated cytoplasm that lost some cytoplasmic
organelles and intracytoplasmic vacuolations, these
neurons were surrounded by edematous damaged
neuropil (Figure 16a, 16b). The second form of
degeneration appeared in the pyramidal neurons
that contained electron dense cytoplasm bordered
by notched cell membrane and contained dark
heterochromatic eccentric nuclei. The cells were
surrounded by vacuolated neuropil. The electron-
dense cytoplasm showed dilated rER cisternae,
intracytoplasmic vacuolations and 2ry lysosomes
engulfing myelin like figures (Figure 16c). This
group showed change of morphological features
of microglia. There were elongated microglia
with electron dense cytoplasm with multiple
intracytoplasmic vacuoles, 1ry and 2ry lysosomes.
It also appeared as dark dystrophic microglia which
exhibited electron dense cytoplasm and extensive
nuclear chromatin condensation with microglial
processes  surrounding degenerated neurons.
Edematous damaged neuropil was also noticed
surrounding the microglia (Figure 16d, 16e).

Astrocytes in this group showed irregular
nuclei with less electron dense nuclear chromatin,
vacuolated cytoplasm with engulfed myelin, dilated
cisternae of rER, remnants of microfilaments and
damaged mitochondria with disrupted cristae
(Figure 17a, 17b). Many myelinated degenerated
axons were observed; some of them showed irregular
outline, large axoplasmic vacuoles and decompacted
myelin lamella and others exhibited areas of thinning
or focal interruption of myelin sheath and disruption
of the neurofilaments (Figure 17¢, 17d).

In the CM-treated group, the pyramidal neurons
acquired many morphological forms; some neurons
contained areas of empty cytoplasm and their nuclei
were euchromatic with dense peripheral chromatin.
Their cytoplasm displayed dilated cisternae of
rER, 2ry lysosomes with myelin-like figure and
damaged mitochondria with disrupted cristae
(Figure 18a, 18b). Other neurons appeared with
electron-dense cytoplasm and dark heterochromatic
nucleus, notched cell membrane. They were
surrounded by vacuolated neuropil.  Their
cytoplasm showed 1ry lysosomes, 2ry lysosomes,

intracytoplasmic vacuolations, dilated cisternae of
rER and myelin-like figure (Figure 18c). On the
other hand, some neurons appeared more or less
normal with vesicular nuclei (N) and dispersed
chromatin. Their cytoplasm showed apparently
intact organelles except for some dilated rER
cisternae (Figure 18d). Dark elongated microglia and
their processes exhibited electron-dense cytoplasm
with numerous Iry lysosomes and multiple
cytoplasmic vacuoles; some contained engulfed
myelin (Figure 18e). Microglia were seen in close
vicinity to the degenerated axons and astrocytes
(Figure 18f). Astrocytes showed irregular nuclei
with electron-dense nuclear chromatin, areas of
empty cytoplasm, engulfed myelin, dilated cisternae
of endoplasmic reticulum, 2ry lysosomes and some
apparently intact mitochondria and others appeared
damaged with disrupted cristae (Figure 19a, 19b).
Myelinated degenerated axons were also present.
Some axons had irregular outlines; axoplasmic
vacuoles and disrupted neurofilament. Few areas
exhibited decompacted myelin lamella, others
showed areas of thinning and focal interruption of
myelin sheath (Figure 19c, 19d). However, some
axons in this group revealed compact myelin
lamellae and small axoplasmic vacuoles could be
noticed (Figure 19d). The pyramidal neurons of Exo-
treated group were more or less normal if compared
to the C-group. They showed large rounded central
vesicular nuclei with dispersed chromatin and
prominent nucleolus. Its cytoplasm showed intact
mitochondria and lry lysosomes except for some
dilated rER cisternae (Figure 20a - 20c). This group
showed elongated microglial cells with electron
dense cytoplasm and intracytoplasmic vacuoles
with engulfed myelin, characteristic long stretches
of endoplasmic reticulum and Iry lysosomes
(Figure 20d). Astrocytes were normal except
for scanty vacuolated cytoplasm and disrupted
mitochondria (Figure 20e). This group showed intact
myelinated axons with smooth regular contour,
compact myelin lamellae and intact mitochondria.
However, small intra-cytoplasmic vacuoles were
noticed (Figure 20f).

Morphometric results:

Were shown in Figure 21.
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Figure 1: a) Transmission electron microscope characterization of isolated exosomes of cultured MSCs: a) Showing exosomes (scale bar 2um). Inset
showing one exosome (size is less than 70 nm, scale bar 500 nm). b) Fluorescence-Activated Cell Sorting (FACS) isolated exosomes analysis: They express
high positivity for CD83 (bl) and CD61 (b2). c) Novel Object Recognition test (NOR) test (Familiarization and Test phase). d) A rat in the arms of Y-maze.
e) An image of unstained sections from rat hippocampus of Exo-treated group showing hippocampal homing of the injected PKH26 labeled exosomes after

scarifice (arrows). Fluorescent staining X400.
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Figure 2: Showing the mean level of: a) Spontaneous alternation behavior percentage (SAP). b) Discrimination index (DI) in all studied groups, (n = 8) C

significant versus C-group, AD significant versus AD-group, CM significant versus CM-treated group, at p < 0.05.
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Figure 3: Showing the mean level of hippocampal: a) MDA. b) TAC. ¢) TNF-a activity. d) AChE expression level. ¢) MAO expression level in all studied
groups (n = 8), C significant versus C- group, AD significant versus AD-group, CM significant versus CM-treated group, at p < 0.05.
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Figure 4: Photomicrographs of sagittal sections of control rat’s hippocampi proper and dentate gyrus (DG) showing: a) Hippocampus proper is formed
of 4 regions; cornu ammonis (CA); CA1, CA2, CA3 and CA4 areas. Cornu ammonis displays normal laminar organization: stratum oriens (So), stratum
pyramidalis (Sp), stratum lucidum (S1), stratum radiatum (Sr) and stratum lacunosum moleculare (SI-m). DG is a V-shaped structure, surrounding the CA4
area, with its molecular layer (M), granular cell layer (G) and pleomorphic layer (PO). b) CA1 region; small pyramidal cells have vesicular nuclei with
prominent nucleoli (arrows). ¢ and d) CA3 and CA4 regions respectively showing large pyramidal cells (arrows) having nuclei with vesicular appearance
and prominent nucleoli. €) The granular cells of DG (arrows) have vesicular nuclei arranged in dense columns. All regions of cornu ammonis are formed of
M; superficial molecular layer, P; middle pyramidal layer and PO; deep polymorphic layer. Notice the neuropil (n) and scattered glial cells (dotted arrows).
H and E, a X40; b-e X 400.
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Figure 5: Photomicrographs of the rat hippocampi proper and DG from AD-group showing a) CAl region with degenerated neurons having shrunken
cell bodies and pyknotic nuclei surrounded by perineural space (short arrows). Other neurons have large, rounded central vesicular nuclei (arrows) and
basophilic cytoplasm. Notice the congested blood capillaries (c). b and ¢) CA3 and CA4 regions; most pyramidal cells are shrunken and widely separated,
with deeply stained cytoplasm and pyknotic nuclei. Notice the perineural haloes (arrowheads) and degenerated cells with karyolysis (circle). d) DG with
shrunken granular cells containing deeply stained cytoplasm and pyknotic nuclei (arrows). Some cells are surrounded by pericellular haloes (arrowhead).
Notice the neuropil (n) and scattered glial cells (dotted arrows). H and E X400.
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Figure 6: Photomicrographs of the rat’s hippocampus proper and DG from CM-treated group: a) CAl region; most pyramidal neurons appear with
basophilic cytoplasm and large central rounded vesicular nuclei (arrows). b& and c¢) In CA3 and CA4 regions; some pyramidal neurons contain basophilic
cytoplasm (arrows). Some shrunken cells with pyknotic nuclei and pericellular halos (short arrows) are seen. d) Most granular cells (arrows) in the DG
are normal but, still some cells are shrunken with deeply stained cytoplasm and pyknotic nuclei (short arrows). Vacuolated neuropil is seen in the sub-

granular zone (thick arrows). H and E X400.
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igure 7: Photomicrographs of the rat’s hippocampus proper and DG from Exo-treated group: a) CA1 region; most pyramidal neurons appear with basophilic
cytoplasm and large central rounded vesicular nuclei (arrows). Notice few shrunken cells with pyknotic nuclei and the pericellular halos (arrow heads). b
and c¢) Most of pyramidal neurons in CA3 and CA4 regions contain vesicular nuclei (arrows) but few shrunken cells with pyknotic nuclei surrounded by
pericellular halos. d) In the DG, the granular cell layer preserves most of its normal cells (arrows). Notice slightly vacuolated neuropil in the sub-granular
zone (thick arrow). Notice the congested blood capillaries (c¢) and scattered glial cells (dashed arrows). H and E X400.
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Figure 8: Photomicrographs from rat hippocampus proper and DG showing: a-c) C-group, a) CAl area contains pyramidal neurons with lightly stained
nuclei and prominent nucleoli (arrows). b) CA4 area with pyramidal neurons with lightly stained nuclei and prominent nucleoli (arrows) and faintly stained
axons (arrowheads). ¢) DG with granular neurons with lightly stained nuclei with prominent nucleoli (black arrows). d-i) AD-group, d) CA1 area showing
pyramidal neurons with dense intracellular accumulation of NFTs (dotted arrows) obscuring their nuclei and deeply stained degenerated nerve fibers (thick
arrows). While other pyramidal neurons appear with lightly stained cytoplasm and prominent nuclei (arrows). e) CA4 area showing numerous pyramidal
neurons with dense intracellular accumulation of NFTs (dotted arrows) obscuring their nuclei and the degenerated nerve fibers (thick arrows). f) DG exhibits
multiple shrunken degenerated granular neurons with neurofibrillary tangles appear in cytoplasm (dotted arrows) among normal granular neurons with their
lightly stained nuclei (arrows). g) Higher magnification of a dense core plaque showing extracellular amyloid deposition (white arrow) with a dense core
(black arrow). h) A diffuse plaque (DP) showing extracellular amyloid deposition without core. i) A thinned deeply stained degenerated nerve fiber (black
arrow) and neurofibrillary tangles (NFTs) accumulated inside neuronal cell body (white arrow). Silver stain a-f X 400; g-i X 1000.
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Figure 9: Photomicrographs from rat hippocampus proper and DG showing: a-c) CM-treated group, a) CA1 area showing most pyramidal neurons with
lightly stained cytoplasm and prominent nuclei (arrows). While few pyramidal neurons with intracellular accumulation of NFTs (dotted arrows). b) CA4
area still affected; numerous degenerated pyramidal neurons with NFTs (dotted arrows) with deeply stained degenerated and segmented nerve fibers (thick
arrows). Others approach normal with lightly stained cytoplasm and prominent nuclei (arrows). ¢) DG containing preserved most granular neurons (arrows).
Still few shrunken degenerated granular neurons with cytoplasmic NFTs (dotted arrows). d-f) Exo-treated group. d-e¢) CA1 and CA4 areas respectively
showing preserved most pyramidal cells (arrows). Notice few pyramidal neurons with NFTs (dotted arrows). In CA4 area, deeply stained degenerated nerve
fibers of pyramidal cells (thick arrows). NFTs in the proximal part of some axons (arrow heads). ) DG with preserved most of its granular neurons (arrows).
Still few scattered shrunken degenerated granular neurons with cytoplasmic NFTs (dotted arrows). Silver stain X 400
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Figure 10: Photomicrographs of sections in the rat ‘s Cornu ammonis (CA) region: stratum oriens (So), stratum radiatum (Sr) and in between the pyramidal
neurons of the stratum pyramidalis (Sp) and DG region; molecular layer (Ml), pleomorphic layer (P1) and in between the granular cells of the granular cell
layer (G). a and b) C group showing few small sized GFAP positive astrocytes with less processes (arrows). ¢ and d) AD-group showing numerous strongly
positive GFAP enlarged astrocytes with prominent ramified cytoplasmic processes (arrows). e and f) CM-treated group showing numerous intensely stained
GFAP immuno-reactive enlarged astrocytes (arrows) have prominent ramified cytoplasmic processes. g and h) Exo-treated group showing few lightly
stained GFAP immuno-reactive astrocytes (arrows). GFAP immuno-staining X400.
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Figure 11: Photomicrographs of anti-nestin immunostaning in the DG among different experimental groups. a) C group showing positive cytoplasmic
expression in some granular cells (arrows). b) AD-group showing faint expression in few granular cells (arrows). c) CM-treated group showing apparent
increase expression in granular cells (arrows). d) Exo-treated group showing extended nestin immune-positivity in multiple granular cells (arrows).

Nestin immuno-staining x 400.
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Figure 12: Photomicrographs of microglial anti-CD163 immunostaning in the hippocampus proper and DG. a-b) C group showing positive cytoplasmic
expression in some microglia in hippocampus proper (a) and DG (b) (arrows). c-d) AD group showing decreased positive microglia with faint expression
in hippocampus proper (c¢) and DG (d) (arrows). e-f) CM-treated group showing positive cytoplasmic staining in some microglia in hippocampus proper
(e) and DG (f) (arrows). g,h,i) Exo-treated group showing: g) Immune-reactive microglia in close proximity to blood capillary (star). h,i) strong positive
cytoplasmic expression in numerous microglia in hippocampus proper (h) and DG (i) (arrows). Anti-CD163 immuno-staining x 400 (except g x 100).
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Figure 13: Photomicrographs of microglial anti-CD86 immunostaning in the hippocampus proper and DG from: a) C group showing positive cytoplasmic
staining in few scattered glial cells (arrows). b) AD group showing increased immune-positive microglial cells (arrows). ¢) CM-treated group showing
positive cytoplasmic expression in some microglial cells (arrows). d) Exo-treated group showing positive cytoplasmic expression in scattered microglial
cells (arrows). Anti-CD86 immuno-staining x 100.
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Figure 14: Photomicrographs of microglial anti-CD86 immunostaning in the hippocampus proper and DG from: a, b) C group showing positive cytoplasmic
staining in few scattered glial cells (arrows). ¢, d) AD group showing increased immune-positive microglial cells (arrows). e, f) CM-treated group showing
positive cytoplasmic expression in some microglial cells (arrows). g, h) Exo-treated group showing positive cytoplasmic expression in scattered microglial
cells (arrows). Anti-CD86 immuno-staining x 400.
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Figure 15: Electron-micrographs of rat hippocampus from C-group showing: a) A pyramidal neuron with large vesicular central nucleus (N) with dispersed
chromatin and prominent nucleolus (Nu), the abundant rER (yellow arrow), intact mitochondria (blue arrow) and1ry lysosomes (arrowheads). Notice intact
myelinated axons (thick arrows). b) Higher magnification of a pyramidal neuron showing abundant rER (yellow arrows), intact mitochondria (blue arrows)
and 2ry lysosomes (arrowheads). ¢) A microglial cell with an elongated nucleus (N) and peripheral heterochromatin. Notice myelinated axons (arrows).
d) Higher magnification showing distinctive long stretches of endoplasmic reticulum (yellow arrows), electron dense bodies (arrowhead) and cytoplasmic
vacuoles (stars). ) An astrocyte having a nucleus (N) with darkly condensed chromatin and surrounded by little cytoplasm containing organelles;
mitochondria (blue arrow) and rER (yellow arrow). Notice myelinated axons (thick arrows). f) Myelinated axon with regular smooth contour and compact
myelin lamellae (black arrows). Notice the intact mitochondria (blue arrow) in the axoplasm.a, ¢, e x 2700, bx4000, Dx 5000, Fx 6700.
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Figure 16: Electron-micrographs of rat hippocampus from AD-group showing a) Damaged shrunken neuron with scanty cytoplasm and condensed peripheral
chromatin (black arrow). Notice microglial processes surrounding the damaged neuron (MP) and the vacuolated areas surrounding neuropil (V). b) Higher
magnification revealed the condensed peripheral nuclear chromatin (black arrows) intracytoplasmic vacuolations (stars) and loss of cytoplasmic organelles
except of some mitochondria (blue arrows). ¢: A neuron with electron dense cytoplasm and dark heterochromatic eccentric nucleus (N) surrounded by
vacuolated neuropil (V) with notched plasma lemma (black arrows). Notice the Iry lysosome (red arrows), 2ry lysosomes (arrowheads), dilated cisternae
of rER (yellow arrow), intracytoplasmic vacuolations with myelin-like figures (stars) and decompacted myelinated axons (thick arrow). d) Dark elongated
microglial cell (MG) with electron dense cytoplasm with 1ry lysosome (red arrow) and 2ry lysosome (arrowhead). Notice irregular decompacted myelinated
axon (thick yellow arrow) with areas of focal interruption of myelin (circle) and vacuolated neuropil (V). e) Higher magnification revealed lry lysosome
(red arrow) and 2ry lysosome (arrowhead) and multiple intracytoplasmic vacuoles (dotted arrows). f) A dark microglial cell (MG) with electron dense
cytoplasm, dark heterochromatic nucleus (N) and intracytoplasmic vacuolations (arrows) with its processes (MP) surrounding damaged shrunken neuron
(Neu). Notice the vacuolated neuropil (V). a, ¢, d,f X2700, b ,eX4000.
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Figure 17: Electron-micrographs of rat hippocampus from AD-group showing: a) An astrocyte with cytoplasmic vacuolation (V), irregular nucleus with little
peripheral electron dense nuclear chromatin (N), remnants of rER (yellow arrows), remnants of microfilaments (red stars) and damaged mitochondria with
disrupted cristae (blue arrows). b) Higher magnification of an astrocyte with cytoplasmic vacuolations (V), irregular nucleus with little peripheral electron
dense nuclear chromatin (N) and intra-cytoplasmic engulfed myelin (thick arrow). Notice the dilated cisternae of rER (yellow arrows). ¢, d) Degenerated
myelinated axons with irregular outlines, large axoplasmic vacuoles (V), areas of thinning (arrows) and areas of focal interruption (arrowheads) of myelin
sheath with decompaction (dotted arrows) of myelin lamellae and disruption of neurofilaments (star). aX2700, b, dX4000, ¢ X6700.
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Figure 18: Electron-micrographs of rat hippocampus from CM-group showing a) A neuron with areas of empty cytoplasm (star) and euchromatic nucleus
(N) with areas of increased peripheral chromatin density (black arrows). Notice the dilated cisternae of rER (yellow arrows), 2ry lysosome (arrowheads),
some damaged mitochondria with disrupted cristae (blue arrows). b) Higher magnification of a neuron showing euchromatic nucleus (N), dilated cisternae
of tER (yellow arrows), some damaged mitochondria with disrupted cristae (blue arrows) and myelin-like figure (circle). c)A neuron with electron dense
cytoplasm and dark heterochromatic nucleus (N) surrounded by vacuolated neuropil (V). Notice its notched plasma lemma (black arrows), 1ry lysosomes
(red arrows), 2ry lysosome (arrowhead), intracytoplasmic vacuolations (dotted arrows) and myelin-like figure (curved arrow). d)A neuron with vesicular
nucleus (N) and dispersed chromatin. Notice the dilated cisternae of rER (yellow arrows) and the apparently intact mitochondria (blue arrows). e) A
dark elongated microglial cell (MG) with dark heterochromatic nucleus (N), electron dense cytoplasm, lry lysosomes (red arrows) and intracytoplasmic
vacuole with engulfed myelin (black arrow). Notice the decompacted myelinated axons (dotted arrows) with interruption of myelin sheath (thick arrow)
and vacuolated neuropil (V). f) An elongated microglial cell (MG) with cytoplasmic processes (thick arrow) and electron dense cytoplasm with multiple
intracytoplasmic vacuoles (dotted arrows) and lry lysosomes (red arrow). Notice damaged astrocyte (AS) with scanty cytoplasm and vacuolated neuropil
(V). a,c,d ,e,fX 2700, bX 4000.
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Figure 19: Electron -micrographs of rat hippocampus from CM-group showing: a) An astrocyte showing nucleus with electron dense nuclear chromatin
(N), areas of empty cytoplasm (stars) and damaged mitochondria with disrupted cristae (blue arrows). Notice damaged neuron (Neu) with vacuolated
cytoplasm (V) in close proximity to astrocyte. b) An astrocyte with areas of empty cytoplasm (star), nucleus with electron dense nuclear chromatin (N),
dilated cisternae of rER (yellow arrows), 2ry lysosome (arrowhead) and intact mitochondria (blue arrows). Notice degenerated myelinated axon with focal
interruption of myelin (thick arrow), areas of thinning (dotted arrow) and vacuolated neuropil (V). c)Degenerated myelinated axon with irregular outlines;
areas of thinning (yellow arrows) and areas of decompaction of myelin lamellae (dotted arrow) with large axoplasmic vacuole (V) and shrunken disrupted
mitochondria (blue arrow). d) Degenerated myelinated axons with irregular outlines (dotted arrow) and large axoplasmic vacuole (V). Notice a myelinated
axon with compact myelin lamellae (black arrow) with small axoplasmic vacuole (V). a, b X 4000, ¢ X6700, d X5000.
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Figure 20: Electron -micrographs of rat’s hippocampus from Ex-group showing a) A neuron with vesicular nucleus (N) with dispersed chromatin and
prominent nucleolus (Nu). Notice intact mitochondria (blue arrows) and dilated cisternae of rER (yellow arrows). b) A neuron with vesicular nucleus (N)
with dispersed chromatin. ¢) Higher magnification showing intact mitochondria (blue arrows), dilated cisternae of rER (yellow arrows) and lry lysosomes
(red arrows). d)An elongated microglial cell (MG) with electron dense cytoplasm and intracytoplasmic vacuoles (red arrow) with engulfed myelin (black
arrow), long stretches of endoplasmic reticulum (yellow arrow) and 1ry lysosomes (dotted arrow). Notice the vacuolated neuropil (V). €) An astrocyte
having nucleus (N) with densely packed chromatin and surrounded by scanty vacuolated cytoplasm (V), disrupted mitochondria (blue arrow) and intact rER
(thin yellow arrows). Notice myelinated axons with compact myelin lamellae (thick arrows) and little axoplasmic vacuolations (dotted arrow). f) Myelinated
axon with a regular smooth contour and compact myelin lamellae (black arrows). The axoplasm containing intact mitochondria (m) and small vacuoles
(dotted arrow). A,b,c X 2700, d,f X 400, £X6700.
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Figure 21: Showing the mean number in all studied groups of a) Degenerated pyramidal neurons. b) The cells accumulating neurofibrillary tangles (NFTs).
¢) Surface area fraction of GFAP expression. d) Surface area fraction of nestin expression. €) Surface area fraction of CD-163 expression. f) CD-86 positive

cells. (n = 8) C significant versus C-group, AD significant versus AD-group, CM significant versus CM-treated group, at p < 0.05.
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DISCUSSION

The most common cause of dementia is
Alzheimer's disease (AD), which impacts about
47 million people worldwide and estimated to
triple by 2050 to triple by 20508". Studies showed
that aluminum (Al) is associated with several
neurophysiologic processes that are responsible
for the characteristic structural alterations of AD. It
is a heavy metal that has rapid accessibility to our
body through antacids, tools, water and additives. It
easily accesses the blood-brain barrier (BBB) and
precipitates in the brain. Excessive accumulation of
beta-amyloid (AP) leads to the creation of amyloid
plaques (APs), causing neurotoxicity in both people
and animals. Rats with Alzheimer-like disease
produced by AICI3 are found to be the most widely
used animal model that mimics human ADP2,

With high clinical interest in regenerative
medicine, Mesenchymal Stem/Stromal Cells have
been widely studied due to their multipotency,
wide distribution and relative ease of isolation
and expansion in vitro. Stem cells (MSCs) release
paracrine factors that influence tissue repair and
regeneration and are most likely responsible for the
main beneficial effects of stem cells?®?. Moreover,
studies suggested that the paracrine actions of
MSCs are mediated by extracellular vehicles (EVs),
specifically exosomes. Hence, this study was
conducted to investigate the therapeutic effects of
conditioned media and exosomes.

Cognitive deficits were considered an essential
clinical indicator and a serious health-related
concern in ADP, In the current study, AD rat model
revealed behavioral changes including a decline in
learning and working memory, as well as spatial and
recognition memory, as measured by the open field
test, Y-maze and novel object recognition (NOR)
tests. Regarding the open field test, the AD group
showed anxiety-like behaviors and a substantial
drop in locomotor activity compared to the C group.
The Y-maze and NOR tests in the AD group revealed
a significant drop in discrimination index (DI) and
spontaneous alternation behavior percentage (SAP)
it was in line with a previous study®¥ which detected
alternation in open field test in rat AD.

Chronic inflammatory disorders are exacerbated
by oxidative stress as it induces damage, such as
oxidized proteins and lipid peroxidation, leads to
neurodegeneration, which is frequently observed
in brain disorders”®*. Aluminum accesses the BBB
and accumulates in many brain parts. Additionally,
it induces formation of the free radicals resulting
in brain injury®¥. In this study, AD-group revealed

signs of hippocampus exposure to oxidative
stress; considerable rise in hippocampal MDA
with a significant decrease in hippocampal TAC,
which were consistent with a previous research
in which reported that the reactive oxygen species
(ROS(production can affect synaptic as well as non-
synaptic neurons communication, resulting in nerve
inflammation and cell death , eventually leading to
neurodegeneration and loss of memory.

Chronic inflammatory disorders are exacerbated
by oxidative stress as it induces damage, such as
oxidized proteins and lipid peroxidation, leads to
neurodegeneration, which is frequently observed
in brain disorders®*. Aluminum accesses the BBB
and accumulates in many brain parts. Additionally,
it induces formation of the free radicals resulting
in brain injury®. In this study, AD-group revealed
signs of hippocampus exposure to oxidative
stress; considerable rise in hippocampal MDA
with a significant decrease in hippocampal TAC,
which were consistent with a previous research
in which reported that the reactive oxygen species
(ROS(production can affect synaptic as well as non-
synaptic neurons communication, resulting in nerve
inflammation and cell death, eventually leading to
neurodegeneration and loss of memory7.

Oxidative stress found in the AD group
could account for the downregulation of
acetylcholinesterase (AChE) and malondialdehyde
(MAO). These findings are consistent with previous
studies. As AD progresses, different types of
neurons degenerate. Consequently, there is a large
decrease in cholinergic neurons with a reduction
in the acetylcholine hydrolyzing enzyme, AChE
and choline acetyltransferase (ChAT), the rate-
limiting enzyme that synthesizes Ach. However,
AICI3 significantly increased AChE activity in the
hippocampus®®!. The marked high level of AChE
activity by aluminum could be exacerbated by the
interplay between the Al+3 cations and the anionic
sites in the brain AChEP®., Malondialdehyde is
implicated in neuronal damage and the generation
of H202, which is a major cause of oxidative
stress. A radioenzymatic investigation discovered
considerably decreased MAO-A’s activity in the
frontal cortical area of patients suffering from AD
than in controls®’. In addition, retinoic acid regulates
MAO via a particular route. However, this system
may be downregulated with aging, as retinoic acid
signaling is diminished in the old brains or persons
with cognitive decrease. However, increased activity
of MAO-B in the platelets and brain of people
complaining of neurodegenerative diseases, like
Alzheimer's and Parkinson's disease was reported™*!,
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The MSCs and their derivatives secrete
neurotrophic factors like brain-derived neurotrophic
factor and vascular endothelial growth factor,
leading to the synthesis of anti-inflammatory
cytokines like interleukin-10 and transforming
growth factor-f. Treatment with exosomes
improves damaged neurological capacities and has
a neuroprotective impact against oxidative stress in
addition to increasing neurotic density in neurons!*?..
The administration of CM or exosomes decreased
the oxidative stress generated by AICI3, resulting
in cognitive enhancement (learning and working,
spatial and recognition memory as detected by the
previously described behavioral tests). However,
exosomes significantly increased discrimination
index, locomotor and anxiety behavior compared to
CMI, These previous results match the results of the
present study in which the CM-treated group spent
significantly longer freezing and grooming duration
than the control group. Additionally, the exo-
treated group had a substantial drop in the number
of crossed peripheral squares, with no significant
decrease in rearing frequency. The Exo-treated
group had significantly longer frozen time but with
no significant increase in grooming duration.

This cognitive improvement in rats of treated
groups may occur after oxidative stress is improved,
resulting in a significant decrease in hippocampal
MDA and a significant increase in hippocampal
TAC in the CM and exosome groups when compared
to the AD group, with no significant differences
between the CM and Exo groups. Thus, both CM
and exosomes lower hippocampus oxidative stress,
which is in agreement with the results of previous
researches!*.

The reduced oxidative stress in the treated
groups could account for the restoration of AChE
and MAO expression levels in the CM and Exo
groups when compared to the AD groups. Both
CM and exosomes maintained neuronal survival
and plasticity, stimulate axonal regeneration and
effectively prevent hippocampus neuronal and non-
neuronal cell death. These findings are consistent
with a previous study*. Interestingly, Exo-group
significantly restored their levels compared to the
CM-group.

AICI3 caused significant histological alterations
in the AD group, including neurodegeneration
and neuron loss. Pyramidal neurons exhibited
degeneration, including reduced cell bodies,
intracytoplasmic  vacuolations and organelle
affection, particularly the rough endoplasmic
reticulum.  AlCI3-induced  neurodegeneration

may be caused by oxidative damage and chronic
inflammation. Furthermore, the observation of
dilated endoplasmic reticulum cisternae is the most
well-characterized indicator of oxidative stress at
the ultrastructural level®,

Pyramidal neurons are cells with active protein
synthesis but perish by apoptosis as a result of
prolonged and intensive exposure to unfavorable
stimuli (such as oxidative stress) or because of genetic
abnormalities*®l. Caspase activation is a significant
cause of the appearance of these dark cells, as well as
their subsequent death. Inflammasomes can activate
caspases, which leads to an increase in dark cells
and, as a result, memory impairment!’).

In the current investigation, the AD group
showed degeneration in the cytoplasm and evidence
of degeneration in cytoplasmic organelles. There
was a link between mitochondrial damage in AD
and intrinsic mitochondria-mediated apoptosis
caused by oxidative stressil.  Furthermore,
elevated Amyloid-B (AP) levels may contribute
to mitochondrial dysfunction, either directly
or indirectly. Mitochondria have a functioning
[J-secretase complex and amyloid-beta protein
precursor, making them potential AP synthesis
sites®. The AP can interplay with amyloid-beta
binding alcohol dehydrogenase in mitochondria,
increasing ROS production, activating caspase 3
and decreasing ATPPY. Degenerative changes of
nerve axons, detected as axonal segmentation and
thinning, were identified in Bielschowsky's silver-
stained sections, as well as the TEM findings,
which revealed axoplasmic vacuolation and
myelin sheath degeneration. Previous studies have
connected increasing axonal degeneration in the
early phases of AD, involving A precipitation and
tau hyperphosphorylation®!. This, in turn, inhibits
axonal transport, eventually leading to full transport
blockage, axonal degeneration, synaptic disorder
and axonal leaking®%.

In addition to axonal injury, AICI3 produced
myelin sheath degradation, as it was previously
shown that the breakdown of white matter and
myelination were among the first histological
alterations in the rat model of ADP3.

In AD-group of the current study, intra-neuronal
aggregations of argyrophilic neurofibrillary tangles
(NFTs) were seen in cells from the CAl, CA4 and
DG areas. NFTs developed as an accumulation of
argyrophilic neurofibrils, which were primarily seen
in neuronal cell bodies and the proximal parts of
axons. It was formerly reported that AICI3 caused
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production of internal NFTs and extracellular
amyloid proteins, which are considered the two
hallmarks of ADP4. Both toxic proteins were readily
visible in stained sections of Bielschowsky's silver in
this study, showing chronic inflammation that may
have caused oxidative stress injury. NFTs' principal
ingredient was revealed to be the microtubule-
associated protein tau, which is generally present in
axon’s cytoplasm®*. It appears aberrantly misfolded
and abnormally hyperphosphorylated, which is
caused by persistent inflammation and cellular
stress of neurons described in AD and its extent
is closely connected with the severity of neuronal
dama. One of the NFT isoforms is the mature
or fibrillar intraneuronal NFTs, which consist of
aggregates of cytoplasmic filaments of tau that
pushing the nucleus to the periphery of the cell body
and frequently extend to damage the appearance of
dendrites and the proximal segment of the axonl®l.
They are particularly damaging to neurotransmitter
transport and axonal integrity, resulting in functional
impairment in ADP7.

Abnormal precipitate of AP protein in brain areas
is commonly noticed in AD. Amyloid plaques are
spherical aberrant extracellular accumulation and
accumulation of the amyloid-f peptide (AP) with
40 or 42 amino acids (AP 40 and AP 42), which are
typical results of APP processing. In normal settings,
its physiological role is to modulate synaptic activity.
In Alzheimer's disease, AP builds up into soluble
oligomers that harm synapses and insoluble -sheet
pleated amyloid fibrils that form plaques. APs can
be divided into two types: diffuse APs and dense
core APsP®l. Some researchers documented that
diffuse plaques are amorphous amyloid accumulates
with poorly defined contours. While thick core
plaques are made up of fibrillar amyloid deposits
with compact cores. They are commonly detected
in patients with AD and are related to synaptic loss.
Their existence is typically linked to the existence of
cognitive declinel®,

In this study, the administration of CM/
Exo significantly improved the majority of the
degenerative effects caused by AICI3, including
neuronal damage, NFTs, APs and axon damage. The
CM/Exo-treated groups had a significantly lower
number of deteriorated neurons than the AD group.
However, the Exo-treated group had considerably
decreased the amount of NFT cells if compared to
the AD group.

MSCs-CM increased AB-phagocytosis, reducing
AP plaques in AD mice models by increasing
microglial phagocytic activity. Injection of MSCs-

CM can prevent diabetes-induced neuronal
degeneration in rats' hippocampus by lowering
oxidative stress and apoptosis by enhancing
antiapoptotic Bcl-2 expression and downregulating
the proapoptotic Bax genel®.

Interestingly, the Exo-treated group of the present
study displayed a significant decrease in the number
of degenerated cells and NFTs” cells if compared to
the CM-treated group. Conditioned media exosomes
have neuroprotective effects against oxidative
stress in aging brain and AD!"). BM-MSC-derived
exosomes supply functional micro-RNAs to brain
cells, which increase cell persistence by lowering
the activity of cell death genes, such as Bad, Bax
and caspase-3. This resulted in neurotic remodeling
and suppression of apoptosis, which in turn can
ameliorate the functional recovery. MSC-derived
exosomes also protect against amyloid-oligomer-
induced oxidative stress and synaptic loss in
hippocampus neurons! .

The inflammatory cascade has a critical role
in the progress of neurodegenerative disorders.
TNF-a is a proinflammatory cytokine responsible
for immunological dysfunction and inflammation in
various tissues and organs!®?. In the current work;
there was a significant increase in TNF-a level in
AD-group, This matches the results of former
studies proposed that AICI3 selectively impacts
macrophage activities and promotes the progress of
brain damagel™.

Microglia are the 1ry immune cells of the CNS that
respond rapidly to disturbances in brain homeostasis
during stress, trauma or pathology while also
facilitating synaptic plasticity, learning and memory.
They play a critical role in clearing extracellular
and intracellular AP and NFTs, protecting neuronal
tissue in AD and reducing synaptotoxic AP oligomer
diffusion/®!. Any defects in these functions have
a stronger effect on disease progression and the
pathogenic cascade of synaptic loss, neuronal death
and brain damage evident in Alzheimer's disease.
Activated microglia have 2
phenotypes: M1, which is typically activated and
M2, which is alternately activated. M1 microglia
produce high levels of pro-inflammatory cytokines
such as IL-1f, IL-12, TNF-a and iNOS, which can
accelerate CNS injury. M2 microglia respond to
IL-4, 1L-10, IL-13 and TGF-B, which have anti-
inflammatory effects in AD%.

In the current study, significantly increased
M1 and decreased M2 microglia in AD-group. It
was postulated that AP plaques activate microglia,
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which respond to cerebral amyloidosis with
a chronic  pro-inflammatory  responsel®.
Alzheimer's disease is characterized by activated
microglia, they are less ramified, thicker and have
shorter processes. Neurotoxins and cytokines are
released by Af-activated microglia, which leads to
neurodegeneration!®

Because Microglia produce inflammation in
response to complement activation, phagocytose
synapses, worsen tau pathology and can react
proinflammatory to protein aggregates and dying
neurons through the secretion of inflammatory
mediators and play a significant role in complement-
mediated synapse loss in AD7.

Activated microglia; dark microglial, were
observed in AD-group by TEM. These results were
previously recorded and the authors suggested
that Dark microglial cells exhibit ultrastructural
characteristics of cells under oxidative stress(®.
In amyloid-f disease, cells show electron-dense
cytoplasm and nucleoplasm, dilated endoplasmic
reticulum and loss of heterochromatin. Oxidative
stress also causes cellular shrinkage, which
stimulates the accumulation of their cytoplasmic and
nucleoplasmic contents e.g., lipids and proteins were
demonstrated with osmium tetroxide, explaining
why these cells seemed black in TEM. They
were postulated to represent a subpopulation of
hyperactive microglia caused by prolonged microglia
activation, which became stressed as a result of their
hyperactivity when faced with adaptive challenges.
This resulted in abnormal synaptic connections and
elevated phagocytic activity!®.

In the current work, the CM and exosomes
treated groups demonstrated a substantial decrease
in TNF-a levels, decreased M1 (+CD86) and
increased M2 (+CD163) compared to the AD group.
Consequently, MSC derivatives not only reduced the
M1 phenotype but also enhanced the M2 phenotype,
which subsequently regulates neuroinflammation,
as previously documented”™. In AD mouse model,
treatment with MSCs-CM reduced the production of
proinflammatory cytokines and oxidative-nitrosative
stress indicators such IL-1PB, TNF-a and iNOS.
Furthermore, MSC-exosomes were related to the up-
regulation of anti-inflammatory cytokines and the
decrease of pro-inflammatory cytokines in vivo and
in vitro, thus, modulating neuroinflammation’!l.

Conditioned media activation of M2-type
microglia has led to the production of mRNA
encoding BDNF, a neurotrophins that has a role in
synaptic enhancement as well as memory formation

in the hippocampus’s adult. In AD mouse model,
MSCs-exosomes activate M2 microglial cells,
resulting in more synthesis of neprilysin and
insulin-degrading enzymes. These enzymes play
a vital role in AP decomposition!’. Interestingly,
the Exo-treated group demonstrated a significant
increase in M2 (anti-inflammatory), but not in CD-
86 (proinflammatory, M1) microglial as compared
to the CM-group.

The CM and Exo groups had hyperactive dark
microglia, which were recognized by electron dense
cytoplasm and undistinguished nuclei. This could
be explained by the persistent oxidative stress and
AP accumulation, which could not be eliminated by
their administration.

Astrocytes are the most numerous type of glial
cells in the CNS and have several critical functions,
such as metabolic effects, blood-brain barrier,
maintenanceofionicbalance,shareinsynaptogenesis,
neurogenesis, synaptic transmission and ameliorate
the effects on the neuronal microenvironment under
different physiological conditions!™!. Pathological
situations can trigger astrogliosis, a reactive state
caused by brain injury, AP accumulation and
inflammatory mediators such as nitric oxide and
cytokines. The degree of astrogliosis changes is
related to cognitive impairmentt®?.

The current investigation showed a substantial
role for astrocyte activation in the AD group, as
indicated by a considerable rise in GFAP immune-
reactivity and increased astrocyte ramifications.
Furthermore, TEM results revealed the existence
of astrocytes with vacuolated cytoplasm engulfing
myelin, less electron dense nuclear chromatin, dilated
endoplasmic reticulum cisternae and damaged
mitochondria. This agreed with Orta-Salazar and his
coworkers®l.

When astrocytes are activated, they release
cytokines and other chemicals involved in the
inflammatory response, which are thought to
significantly contribute to expanding brain damage.
In addition, astrocytes in Alzheimer's disease can
lead to AP deposition, worsening the disease's
pathogenesist’.

Both microglia and astrocytes are regarded as
key components of the innate immune system due to
their ability to create immunomodulators and express
innate immunity-related receptors. Appropriate
astrocyte-microglia crosstalk in illness is required
for astrocytes to promote neuronal survival and
function following acute injury. Microglia are the
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first glial cells to activate and rapidly recruit to
injured areas to phagocytose dead cells and debris.
Then, astrocytes activate, releasing inflammatory
mediators, upregulate GFAP and undergo structural
changes resulting in astrogliosis, which might limit
injury within the damaged areal’.

Activated microglia release cytokines such IL-1,
TNF-a and IL-6, which regulate astrocyte responses
and reduce the P2Y1 receptor, allowing tissue
remodeling and repair. Astrocytes release TGF-f3, an
anti-inflammatory mediator, which causes microglia
to lower the expression of certain inflammatory
mediators. Furthermore, it was shown that cytokine-
activated astrocytes can enhance neurogenesis in
adult mice in the sub-ventricular zonel”®. MSCs-
CM and exosomes can improve astrocyte survival
by GFAP downregulation. Also, MSCs-exosomes
can generate anti-inflammatory effects by inhibiting
reactive astrocytes and activated microglia’”.. These
findings were consistent with our findings, which
indicated that the CM and Exo groups had much
lower levels of GFAP immunological reactivity
than the AD group. Interestingly, the Exo-treated
group demonstrated significant decreases in GFAP
expression compared to the CM group.

The persistence of moderately activated astrocytes
in the treated groups may improve AD by clearing
AP plaque deposition, modulating immune and
inflammatory processes through TGF-f3 and IGF-1
secretion and providing neuroprotective factors!’®.

The DG is a unique portion of the hippocampus
because it has the neurogenic stem cell niche,
where they continue to create new neurons in the
brain of the adults, in a distinct type of cellular
plasticity known as adult hippocampal neurogenesis
(AHN)L,

In this present study, nestin immunohistochemical
labeling, a marker for stem cells and progenitor cells,
indicated a significant impairment of proliferation in
hippocampal DG, indicating loss of hippocampal
neurogenesis in AD.

One of the key alterations in AD seen in
postmortem AD patients and animal models is
impaired hippocampal neurogenesis. The onset of
cognitive dysfunction implies that AHN impairment
may be a causative factor in the cognitive decline
that happens as AD disease progresses. AHN
impairment also occurs before the accumulation of
AD hallmarks!™!.

The CM and Exo groups exhibited significant
modulation in hippocampus neurogenesis. This
is harmonious with researchers who reported
that CM treatment in acute stroke may motivate
the proliferation, migration and differentiation
of endogenous neural progenitor cells, resulting
in a considerable improvement in behavioral
responsiveness. Furthermore, MSCs and MSC-
derived exosomes can successfully boost
neurogenesis in the subventricular zone and DG
in the AD model by promoting neurogenesis,
angiogenesis and synaptogenesis/®’l.

CONCLUSION

This experimental study proved a considerable
therapeutic efficacy of CM and exosome treatments in
the AD albino rat model. Both preserved the function
and structure of neurons, reduced NFTs and APs
formation, subsequently restored the hippocampal
neuronal function, regulated astrocyte and microglial
activity and enhanced the regenerative processes.
However, exosome treatment was superior to CM
regarding improvements of the cognitive function
AChE and MAO, cellular structure (number of
degenerated pyramidal neurons and the number of
cells accumulating NFTs), astrogliosis, proliferation
and microglial activation. This therapeutic effect
was suggested to be mediated through CM/
exosome antioxidant and anti-inflammatory effects
and their promotion of resident neuronal stem cell
proliferation. These results may pave the way in
the future for further studies to ensure the clinical
validity of exosome application for convenient and
effective adjuvant therapy in AD patients.
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