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Abstract

Light and electron microscopy revealed significant neu-
ropathological alterations in both parietal cortical and hippocampal
tissues of 7-month-old 5XxFAD (familial Alzheimer’s disease)
transgenic mice, a well-established model of human Alzheimer’s
disease (AD), compared to age-matched wild-type controls. Key
pathological findings included neuronal degeneration, extensive 3-
amyloid (AP) plaque deposition in the neuropil, and astroglial acti-
vation with elevated glial fibrillary acidic protein (GFAP) expres-
sion in affected brain regions. Consistent with AD-like pathology,
5xFAD mice exhibited cognitive deficits resembling human
dementia, which correlated with reduced activity of neprilysin
(NEP), the principal amyloid-degrading enzyme. To counteract the
reduction in NEP level, we performed daily intraperitoneal admin-
istration of the histone deacetylase (HDAC) inhibitor sodium val-
proate (VA; 200 mg/kg body weight) for one month. VA treatment
of adult mice normalized NEP expression levels, restored olfactory
and mental functions, and significantly reduced amyloidosis pro-
gression. Notably, while VA treatment ameliorated major patholog-
ical features, residual ultrastructural abnormalities persisted in cor-
tical and hippocampal tissues. These findings highlight the critical
role of amyloid clearance mechanisms in early AD pathogenesis. It
can be concluded that the therapeutic potential of NEP upregula-
tion might be crucial as an early therapy strategy applied prior to
extensive AP plaque formation and irreversible neurodegeneration.

Introduction

Alzheimer’s disease (AD) is a chronic, incurable neurodegen-
erative disorder with significant societal impact, representing the
most prevalent cause of age-related cognitive decline.'* The dis-
case is pathologically characterized by senile plaque formation,
consisting primarily of aggregated f-amyloid peptide (Ap). These
AP aggregates exhibit neurotoxic properties, disrupting synaptic
connections and ultimately leading to progressive memory loss,
impaired learning capacity and communication abilities, and the
inability to perform daily activities.** Neuroinflammation, particu-
larly through microglial activation, plays an important role in AD
pathogenesis. As demonstrated in previous studies, glial activation
occurs in response to amyloid accumulation.®® Our earlier investi-
gations of 7-month-old 5xFAD (familial Alzheimer’s disease)
transgenic mice revealed pathological alterations in the olfactory
bulbs, hippocampus, and piriform cortex that are in line with the
ultrastructural changes observed in human AD patients.”!!
Although A accumulation has long been considered irreversible,
several amyloid-degrading enzymes have been identified in brain
tissue that regulate the aggregation of extracellular A.'>!* This
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discovery highlights the existence of an endogenous neuroprotec-
tive system that mitigates the accumulation of neurotoxic A and
subsequent neurodegenerative processes.

Mammalian neprilysin (NEP, neutral endopeptidase) has been
identified as the principal amyloid-degrading enzyme.®!3!* The
concentration and activity of NEP in brain regions critically influ-
ence amyloid peptide aggregation in AD, with amyloidosis pro-
gression demonstrating an inverse correlation with NEP activity
levels.!t!5 It was revealed that NEP expression and activity are
highest in the striatum and olfactory bulbs, whereas they are sub-
stantially lower in cortical and hippocampal regions.? Notably, cor-
tical NEP expression undergoes a significant age-dependent
decline.? Although compounds that modulate NEP expression
remain poorly studied, several candidates have been identified that
target epigenetic mechanisms mediated by histone deacetylase
(HDAC) inhibition.'®!” Among these, the HDAC inhibitor sodium
valproate (VA) has demonstrated efficacy in both in vitro and in
vivo models.”!® Mechanistically, VA administration in rodents pro-
motes NEP promoter activation and subsequent upregulation of
expression.!® Our previous work established that chronic VA treat-
ment in 5XFAD transgenic mice both restores cortical NEP mRNA
expression to physiological levels and normalizes cognitive func-
tion to wild-type performance.'

Current evidence indicates that while NEP effectively prevents
new amyloid accumulation and aggregation, it lacks the capacity to
resolve established senile plaques.'® Nevertheless, the extent of
residual cellular and ultrastructural pathology resulting from pre-
existing amyloid deposits prior to HDAC inhibitor therapy remains
uncharacterized and warrants experimental investigation. The
present study examines how elevated NEP expression affects the
structural and ultrastructural organization of the parietal cortex and
dorsal hippocampus in 5xFAD transgenic mice relative to wild-
type controls.

Materials and Methods
Sample

The study was performed on male mice from two genetic back-
grounds: C57Bl/6 (wild-type controls) and 5XxFAD (AD model),
obtained from the Scientific-Experimental Base “Chernogolovka”
(Chernogolovka, Russia). Animals were housed at the Sechenov
Institute of Evolutionary Physiology and Biochemistry of the
Russian Academy of Sciences (IEPhB RAS; Saint-Petersburg,
Russia) under standard conditions (12:12 light-dark cycle, 22+°
C, 50-60% humidity) with 4-5 mice per cage and ad libitum ac
cess to food and water.

The treatment group received sodium VA (Sigma-Aldrich, St.
Louis, MO, USA; 200 mg/kg in physiological saline, intraperi-
toneal [i.p.]) daily for >28 days (n=15). Vehicle control received
physiological saline (i.p.) (n=15).

Light microscopy

Following deep anesthesia, mice underwent transcardial perfu-
sion with ice-cold 10% neutral-buffered formalin (in 0.1 M phos-
phate-buffered saline [PBS], pH 7.4). Brains were extracted and
post-fixed for 24 hours before processing. Coronal sections, 20 um
thick, containing the parietal cortex and hippocampus (correspond-
ing to 2.0-3.3 mm posterior to bregma, according to Paxinos et
al)’were cut using a Leica CMI1510S cryostat. (Leica
Biosystems, Nussloch, Germany). Staining protocols included:
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Nissl staining with cresyl violet (BioVision, Milan, Italy), or dual
cresyl violet/Congo red (4% aqueous; Sigma-Aldrich, St. Louis,
MO, USA) for amyloid detection. All sections were analyzed using
a Zeiss ImagerA microscope (Carl Zeiss Microscopy GmbH, Jena,
Germany) with consistent imaging parameters across groups.

Electron microscopy

For ultrastructural analysis, perfusion fixation employed 1%
glutaraldehyde/1% paraformaldehyde in 0.1 M PBS (pH 7.4).
Tissue blocks (I mm?) from regions of interest were post-fixed in
1% Os0O,, uranyl acetate-contrasted, ethanol-dehydrated, and
araldite-embedded as described in Nalivaeva et al.? Ultrathin sec-
tions (50 nm) were cut using a Leica ultramicrotome, mounted on
copper grids, and examined with an FEI Tecnai V2 electron micro-
scope at 80 kV (Thermo Fisher Scientific, Oregon, USA).

RNA isolation and quantitative PCR analysis

Total RNA was extracted from dissected brain regions using
TRI Reagent® (Molecular Research Center, Inc.) following the
manufacturer’s protocol. RNA samples (n=12 in each group) were
reverse transcribed using Moloney murine leukemia virus (M-
MLV) reverse transcriptase to generate cDNA templates for subse-
quent real-time polymerase chain reaction (PCR) analysis, as pre-
viously described.?

Primer design

All primers and probes were custom-synthesized by Beagle
(St. Petersburg, Russia). The reference gene cyclophilin A (CycA4)
was amplified using the following primer pair:

Forward: 5~ AGGATTCATGTGCCAGGGTG-3’

Reverse: 5’-CTCAGTCTTGGCAGTGCAGA-3’

For NEP quantification, we employed these specific primers:
Forward: 5’-GGATCTTGTAAGCAGCCTCAGC-3’
Reverse: 5’-AGTTGGCACACCGTCTCCAG-3’

Amplification reactions were performed in triplicate using a
Bio-Rad C1000 Touch Thermal Cycler equipped with a CFX96
detection system (Bio-Rad, Hercules, CA, USA). Relative mRNA
expression levels were calculated using the comparative AACt
method,”! with normalization to both the housekeeping gene
(CycA) and control sample values.

Western blot analysis

Parietal cortex (encompassing all cortical layers) and dorsal
hippocampus (including CA1, CA3, and dentate gyrus regions)
were dissected from wild-type (n=4) and 5xFAD (n=4) mice.
Tissues were homogenized in ice-cold 50 mM Tris-HCl buffer (pH
7.4) and centrifuged (2,500xg, 5 min, 4°C). The supernatant was
collected, and the pellet was resuspended to confirm the absence of
target proteins. Protein concentration was determined using the
Bradford assay. Samples containing 25 pg of protein were resolved
by 8% sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and then transferred onto polyvinylidene fluoride
(PVDF) membranes. Membranes were blocked with 5% non-fat
dry milk in PBS containing 0.1% Tween-20 (PBST) for 1 hour at
room temperature, followed by overnight incubation at 4°C with
primary antibodies: anti-glial fibrillary acidic protein (GFAP;
Abcam, #ab6072; 1:1000) and anti-f-actin (Sigma, #AS5060;
1:10,000) as a loading control. After washing, membranes were
incubated with horseradish peroxidase (HRP)-conjugated second-
ary antibodies (Abcam anti-rabbit IgG, 1:4000) for 1 hour at room
temperature. Protein bands were visualized using Optiblot ECL
Ultra Detect Kit (Abcam #ab133409) according to the manufactur-
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er’s instructions. Band intensities were quantified using ImageLab
software (Bio-Rad), with GFAP expression normalized to B-actin
levels for each sample.

Statistical analysis
All statistical analyses were performed using GraphPad Prism

9 software. For normally distributed data, we applied parametric

statistical methods. Specific analyses included:

i) NEP mRNA expression: one-way analysis of variance
(ANOVA) with Fisher’s least significant difference (LSD) post
hoc test for multiple comparisons between wild-type and
5xFAD groups.

ii) Western blot data: non-parametric Mann-Whitney U test for
comparisons between SxFAD and wild-type mice.

Results are presented as mean + standard error of the mean

(SEM). A probability value of p<0.05 was considered statistically

significant for all analyses.

Results

Light and electron microscopy revealed pathological changes
in both cell viability and tissue ultrastructure in the parietal cortex
and dorsal hippocampus of 7-month-old 5xFAD mice, compared
with age-matched wild-type controls.

Parietal cortex

In contrast to wild-type mice, 5XFAD mice exhibited AP aggre-
gates (Congo red-stained senile plaques up to 0.1 mm in diameter)
in the parietal cortex. Numerous small plaques were present in the

»Z

..?:
9
’.,
v
¥

molecular layer, with a higher density in cortical layers II-IV
(Figure 1 A,D,E). These spherical formations were typically sur-
rounded by astrocytes and blood vessels. Plaque interiors often con-
tained remnants of degenerating cell bodies and processes.
Degenerating neurons were observed in the neuropil near senile
plaques in transgenic mice. Some neurons exhibited chromatolysis,
characterized by swollen cell bodies and lysis of organelles in the
perinuclear cytoplasm. Another degenerative phenotype, hyper-
chromatosis, was characterized by dark, shrunken cell bodies and
dendrites with reduced turgor (Figure 1 F,G). Electron microscopy
revealed additional neuropathological alterations in 5XxFAD mice
(Figure 1 B,C,H,I). Compared to wild-type mice (Figure 1C), trans-
genic mice exhibited myelin sheath delamination (Figure 1L),
axonal atrophy, and neuronal degeneration. Affected neurons
showed dilated endoplasmic reticulum channels, vacuolization, and
accumulation of disrupted mitochondria with degraded cristae,
along with lipofuscin granules and lysosomes. In the parietal cor-
tex, neurodegeneration manifested primarily as chromatolysis,
though hyperchromatic and neurofilamentous types were also
observed. The latter was marked by cytoplasmic accumulation of
neurofilaments (Figure 11). Additionally, transgenic mice displayed
electron-dense, membrane-bound pathological structures in the
neuropil and around dying neurons, structures absent in wild-type
mice. Figure 1J depicts a pyramidal neuron encircled by these struc-
tures, while Figure 1K shows their clusters in the parietal neuropil.

Dorsal hippocampus

Light microscopy of the dorsal hippocampus revealed small
senile plaques in both the basal (stratum oriens) and apical (stra-
tum radiatum) layers, as identified by double Nissl and Congo red
staining (Figure 2 A,D). In 7-month-old 5XFAD transgenic mice,

Figure 1. Neurodegenerative changes in the parietal cortex of 7-
month-old 5XxFAD mice at structural (A, D-G) and ultrastructural
(B, C, H-L) levels. Wild-type mice are shown in panels A-C, and
5xFAD transgenic mice in panels D-L. A) Parietal cortex section
stained with cresyl violet using the Nissl method. D, E, F, G)
Double staining with Congo red and cresyl violet. Scale bar: 50
pm. FAD, familial Alzheimer’s disease; WT, wild-type; Chr, chro-
matolysis; H, hyperchromatosis; A, senile plaques; Ag, clusters of
electron-dense formations; N, neurons; M, mitochondria; MI,
myelin fibers; L, lysosomes; Agl, astroglia processes; Nf, neurofil-
aments.

Figure 2. Neurodegenerative changes in the dorsal hippocampus
of 5XxFAD mice at the structural (A, D-F) and ultrastructural (B, C,
G-J) levels. In wild-type (A-C) and 5xFAD transgenic mice (D-J)
at the age of 7 months. A) Section of dorsal hippocampus stained
with cresyl violet by the Nissl method. D-F) double staining with
Congo red and cresyl violet. Scale bar: 50 um. FAD, familial
Alzheimer’s disease; WT, wild-type; Chr, chromatolysis; H, hyper-
chromatosis; Agl, astrocyte processes; A, senile plaques (circled by
a dotted line); Ag, accumulations of electron-dense formations; N,
neurons; M, mitochondria; Ml, myelin fibers; Nf, neurofilaments;
Bl, blood vessels.
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these plaques were often surrounded by blood vessels and numer-
ous astrocytes. Neuronal degeneration in these mice manifested as
two primary phenotypes. Chromatolytic degeneration was charac-
terized by cellular edema, organelle lysis, and cytoplasmic
swelling (Figure 2 B,C,E,F). Hyperchromatosis was marked by
dark, shrunken cell bodies and degenerated dendritic processes
(Figure 2G). In the dorsal hippocampus of 5XxFAD mice, hyper-
chromatosis was the predominant degenerative phenotype, con-
trasting with the parietal cortex, where chromatolysis was more
common. Additionally, a neurofilamentous degeneration type was
observed, with dense neurofilament accumulations in neuronal cell
bodies and processes (Figure 2H). Ultrastructural analysis further
revealed several pathological features in transgenic mice that were
absent in wild-type controls. Frequent clusters of electron-dense
structures were observed (Figure 2 L,J), along with myelin sheath
delamination in hippocampal fibers (Figure 2H). Plaques showed
a distribution bias, being more prevalent in the stratum oriens and
stratum radiatum than in the stratum pyramidale, and were more
abundant in the neuropil than adjacent to neuronal somata.
Degenerating neurons and electron-dense structures were consis-
tently surrounded by astrocytic processes, suggesting active glial
involvement in the pathological response.

Effect of sodium valproate on the structure of the pari-
etal cortex and dorsal hippocampus of SXFAD mice
The observed structural alterations in the nervous tissue of the
cortex and hippocampus in 5XFAD mice correlate with cerebral AB
accumulation, potentially attributable to reduced activity of amy-
loid-degrading enzymes, particularly NEP.> We detected decreased
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Figure 3. A, C) Relative content of NEP mRNA in the parietal cor-
tex (A) and dorsal hippocampus (C) of wild-type mice, SXFAD
mice (*p<0.05, **p<0.01, Mann-Whitney U test), and 5xFAD
mice treated with VA. Data are presented as mean + error of the
mean. B, D) Analysis of the astrocytic marker GFAP in the parietal
cortex (B) and dorsal hippocampus (D) of wild-type and transgenic
5XxFAD mice (5xFAD and 5xFAD+VA). Left panels show repre-
sentative immunochemical staining after electrophoresis; right
panels show quantitative analysis of GFAP levels. *p<0.05 indi-
cates a statistically significant difference between 5XxFAD and
wild-type mice (Mann-Whitney U test; n=2-4 per group). Data are
presented as mean =+ error of the mean and expressed as % of con-
trol (wild-type set to 100%).
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NEP expression levels in these animals (Figure 3 A,C). To address
this deficiency, we employed pharmacological treatment using the
HDAC inhibitor VA (200 mg/kg body weight, administered daily
for one month). This treatment successfully restored NEP expres-
sion to normal levels, demonstrating its potential for correcting neu-
rodegenerative pathology in both the parietal cortex and hippocam-
pus of transgenic mice. One month following VA administration to
S5xFAD transgenic mice, we conducted electron microscopic analy-
sis of parietal cortical and hippocampal tissues. Despite treatment,
persistent neuropathological features were observed, including
degenerating neuronal remnants in both cortex (Figure 4) and hip-
pocampus (Figure 5), senile plaques and electron-dense aggregates
(Figures 4 B,C and 5C). Regional-specific distribution patterns
were also observed. Cortical electron-dense structures are preferen-
tially localized near neuronal soma. Hippocampal aggregates pre-
dominantly occupied the neuropil of the stratum oriens and stratum
radiatum. Notably, we identified some electron-dense structures in
cortical intercellular spaces (Figure 4D) that were absent in hip-
pocampal tissue. Both regions exhibited pronounced astrogliosis,
with numerous astrocytes and their processes surrounding degener-
ating neurons (Figures 4A and 5B).

Light microscopic analysis using Nissl and Congo red double

£ :

Figure 4. Effect of VA on the structural (E-H) and ultrastructural
(A-D) organization of the parietal cortex tissue in SXFAD mice. A-
D) electron microscopy; G, H) double staining with Congo red and
cresyl violet. Scale bar: 50 um. D) Pathological formation in the
intercellular space of the parietal cortex tissue. Senile plaques are
outlined by a dotted line; Agl, astrocyte processes; Chr, neurons in
a state of chromatolysis; Ag, clusters of electron-dense formations;
N, neurons; Bl, blood vessels.

Figure 5. Effect of VA on the structural (D-F) and ultrastructural
(A-C) organization of the dorsal hippocampal tissue of SxFAD
mice. A-C) electron microscopy; E, F) double staining with Congo
red and cresyl violet. Scale bar: 50 um. Senile plaques are outlined
by a dotted line; Agl, astrocytes; Chr, neurons in a state of chroma-
tolysis; H, neuronal hyperchromatosis; Ag, clusters of electron-
dense formations; N, neurons; Bl, blood vessels.
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staining revealed some alterations in astrocytic glia within the pari-
etal cortex and dorsal hippocampus of 5XxFAD transgenic mice
compared to wild-type controls (Figures 4 and 5). Reactive astro-
cytes were predominantly localized near blood vessels and degen-
erating neurons, frequently surrounding membrane-bound clusters
of electron-dense pathological formations in both perineuronal and
neuropil regions (Figures 4 B,C and 5C). Quantitative analysis of
GFAP content demonstrated marked astroglial activation in trans-
genic animals. The parietal cortex showed 50.2% higher GFAP
expres-sion than wild-type mice (U=17.1, p=0.02, Mann-Whitney
U-test). The dorsal hippocampus showed an even greater increase
in GFAP levels (146.9% vs. wild-type; U=17.1, p=0.02),
suggesting that astroglial responses in the hippocampus are more
pronounced than in the cortex. VA treatment did not significantly
alter GFAP levels in either region (Figure 3 B,D). These results
indicate that SXFAD mice develop robust astrogliosis in both
regions, and that VA administration does not affect GFAP
content despite its reported neuroprotective effects.

Discussion

AD represents a major global health challenge, characterized
by progressive memory loss, spatial disorientation, and severe neu-
rodegeneration in elderly populations.* To advance therapeutic
development, researchers developed the SXFAD transgenic mouse
model (C57BL/6 strain; hemizygous Tg(APPSwFILon,
PSEN1M146L L286V)6799Vas/J), which carries mutations in
both the APP and PSENI genes.?>?* This model faithfully recapit-
ulates key pathological features of human AD, including progres-
sive neurodegenerative changes in neural tissue, development of
cognitive dysfunction, and characteristic A deposition patterns?
Our previous behavioral studies,”!! supported by existing litera-
ture, demonstrate significant differences between 5xFAD and
wild-type mice in both cognitive and olfactory functions. Notably,
these animals develop both measurable cognitive impairments as
well as olfactory dysfunction between 4-6 months of age, coincid-
ing with widespread A deposition and progressive neuroinflam-
matory processes.”? To elucidate the mechanisms underlying
behavioral impairments, our previous studies conducted compara-
tive analyses of nervous tissue in the olfactory bulbs and piriform
cortex of 7-month-old 5XxFAD transgenic mice vs. wild-type con-
trols.>!" These investigations revealed neurodegenerative patholo-
gy characterized by senile plaques and degenerating neuronal cells.
Our light and electron microscopic analysis of the parietal cortex
and dorsal hippocampus in 7-month-old 5xFAD mice revealed
neurodegenerative features, including neuronal degeneration man-
ifesting as chromatolysis, hyperchromatosis, and neurofilamentous
degeneration, membrane-bound clusters of electron-dense patho-
logical aggregates in the neuropil, and numerous senile plaques in
both cellular and fibrous layers. At the ultrastructural level, we
observed accumulations of electron-dense pathological structures
surrounded by membranes in the neuropil of both brain regions. In
the literature, similar formations were previously reported in dif-
ferent brain areas of 5xFAD mice.”!? These structures are clearly
pathological and likely associated with amyloidosis progression,
as they are absent in wild-type mice and rats. While the precise
nature of these formations remains incompletely understood, sim-
ilar structures have been documented in 5XxFAD mice by other
researchers, described as dystrophic axons.”*?¢ Several studies
have demonstrated activated astroglial and microglial cells phago-
cytosing such aggregates.®?

OPEN 8ACCESS

We also detected abundant senile plaques in both the cellular
and fibrous layers of the parietal cortex and hippocampus. The
accumulation of amyloid in brain tissue may result from deficient
levels and activity of NEP, the primary enzyme involved in neuro-
transmitter and amyloid degradation. Notably, NEP expression and
activity are highest in the striatum and olfactory bulbs, while cor-
tical and hippocampal levels are substantially lower and decline
with age.!"'> The AP peptide of humans consists of two distinct
domains: an N-terminal hydrophilic fragment (residues 1-16) and
a C-terminal hydrophobic fragment (residues 17-42). The
hydrophobic fragment forms the aggregate core through hydrogen
bonding and hydrophobic interactions, while the hydrophilic frag-
ment faces outward. The metal-binding N-terminal fragment (1-
16) plays a crucial role in plaque formation through chelation of
transition metals (zinc, iron, and copper) by histidine residues
His6, Hisl3, and Hisl14.?® Additional modifications in the
hydrophilic domain, such as racemization of aspartic acid residues
(Asp7 and Asp23), further promote amyloid aggregation.?’ In wild-
type rodents (mice and rats), AP lacks aggregation propensity due
to sequence differences from human A. Specifically, the rat Ap
sequence contains three substitutions: Gly5 replaces Arg5, PhelO
replaces Tyrl0, and Argl3 replaces His13.? These substitutions
significantly alter the peptide’s physicochemical properties, pre-
venting aggregation. Current evidence indicates that NEP primari-
ly prevents additional amyloid accumulation and aggregation but
cannot eliminate pre-existing senile plaques.>'> Therefore, the
extent of residual pathological changes caused by amyloid accu-
mulation prior to treatment with HDAC inhibitors requires thor-
ough investigation. Our investigation shows the preliminary
description of brain tissue structure in adult 5XFAD mice after
treatment by VA during the period of developing amyloidosis and
neurodegeneration. We conducted experiments on the effects of
multiple injections of the HDAC inhibitor VA in these transgenic
mice. VA treatment in 5XFAD mice altered the state of astrocytes
and their processes in the parietal cortex and dorsal hippocampus.
According to the literature, astrocytic activation is triggered by
amyloid accumulation.”

Previously, we showed that long-term administration of VA to
5xFAD mice restores NEP mRNA expression and behavioral char-
acteristics of animals to values observed in wild-type mice.!> The
transgenic mice demonstrated improved olfactory function and
restored cognitive abilities.!

Neuroinflammation and microglial activation contribute sig-
nificantly to disease pathogenesis.®’3° In 5xFAD mice, we
observed hypertrophy of astrocytic cell bodies, significant
swelling, and enlargement of astrocytic processes following VA
administration. These morphological changes were evident in both
the parietal cortex and dorsal hippocampus. The observed astrocyt-
ic process activation, coupled with increased GFAP expression,
suggests ongoing neuroinflammatory processes in these brain
regions of SXFAD mice. Our findings align with established litera-
ture documenting astroglial activation and microglial phagocytosis
of degenerating neural elements.®?’

VA administration produced several beneficial effects, includ-
ing normalization of NEP expression levels, attenuation of neu-
rodegenerative processes, modulation of astroglial activation state
(known to be triggered by amyloid accumulation),?” and correction
of behavioral impairments."!3
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Conclusions

Our combined morphological and behavioral findings in the

5xFAD transgenic model provide valuable insights that may
advance understanding of AD pathology in humans and suggest
the importance of early therapy. These results demonstrate that
modulating the amyloid clearance system, particularly through
upregulation of NEP expression in brain tissue, may be an effective
early therapeutic strategy to prevent the onset of amyloidosis and
irreversible structural damage in the cortex and hippocampus.
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