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ABSTRACT

Aim of the Work: The present study aimed to investigate the toxicity of sodium nitrate on memory and learning disorders,
brain pathology, and autophagy activity; in addition to the chitosan nanoparticles treatment impacts.

Results: The cognitive activity of novel locations and objects in place and fear of aggravated behavior with the ability to avoid
unpleasant stimuli among young rats are negatively influenced by sodium nitrite injection (80 mg/kg) without effects on their
ability for new object recognition. Additionally, the toxicity triggered highly distributed degenerated cells with acrocentric
chromatin distribution and pyknosis in the CA3 hippocampus sub-region, with a significant increase in the extracellular
deposits of beta amyloids and significant up-regulation of neurocan protein. In parallel, there was a defect in the autophagy
process through down-regulation of both Beclin 1 and LC3-II expression in the hippocampus CA3 sub-region and dentate
gyrus (DG). Meanwhile, chitosan NP improved not only cognitive learning and memory skills for location cognition behavior
and the ability to avoid heat shock, but also histopathological structure with decreased distributed degenerated cells and
autophagy protein expression modulation with a significant decrease for toxic amyloids.

Conclusion: Our results suggest that CA3 may be considered an important site for controlling the cognitive location novelty
and experience of novelty for objects in novel places, but not for detecting the novel objects, in parallel with amelioration of
the pathological aspects and inhibition of toxic beta-amyloid deposits. So, chitosan nanoparticles emerged with new insights
into their pharmacological activity in the modulation of behavioral disorders and amputation of toxic amyloid aggregation.
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multifunctional purposes that are used during storage Alzheimer's disease is one of the most well-known
and transportation to prevent detrimental aspects in foods neurodegenerative diseases that are thought to be caused
acting as an antimicrobial agent!!*, Despite its wide by oxidative stress and neuronal function and anatomical
range of use, it has toxic implications due to the potential impairment with cognitive deficits, aberrant toxic beta-
predisposition of highly carcinogenic nitroso compounds amyloid deposits, neuronal death, and inflammationt'*-5,
(nitrosamines)®. Specifically, the hippocampus as part of the limbic system

has a crucial role in the learning and memory processing

Sodium nitrite has influential oxidizing activities . . .
8 mechanism, precisely Cornu ammonis 1 (CA1)!617,

through oxygen transport restriction mechanisms and

the formation of methemoglobin®. leading to increased Additionally, the cellular autophagy process is crucial
inflammatory cytokines production and increased reactive in cell survival and functions under normal conditions
oxygen species (ROS) and destruction of lipid membranes and enhances the omission process for degraded tissues
and DNA damage!”™. Additionally, due to the brain's high through the autophagy system to provide a turnover of the
rate of oxidative metabolic activities and high energy nutrients for the cell and specifically neuronal cells!'¥l. So,
demands, it was considered highly susceptible to oxidative its dysfunctional mechanisms may play a precarious role in
injury and subsequent neurodegenerative diseases!'®!!], triggering most neurodegenerative diseases!'. Precisely,
Moreover, neurocan is a proteoglycan prominently beclin-1 and LC3-II proteins are considered fundamental
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signals for assessing autophagy mechanisms levels and
play a crucial role in its regulation. Beclin-1 stimulates
the formation of autophagosomal membranes and LC3-
II is thought to be the most reliable marker of active
autophagosomes formation®”. Moreover, beclinl activity
their role in the suppression of mRNA levels of caspase
3 and toxic proteins that invigorated among AD patients'
brains and may lead to autophagy impairment?',

The efforts were dedicated for applying organic
extracts with pharmacological activity such as chitosan
nanoparticles that have been considered worth drug
transporters with biomedical actions due to their
biocompatibility and biodegradability!*>** and brain
disorders*-*1.

Additionally, chitosan nanoparticle-based therapies
have emerged new insights for neurodegenerative diseases
due to their activity for crossing the blood-brain barrier.
Jha et al®” revealed that the chitosan-based nanoparticles,
bare chitosan, and chitosan copolymerized with PLGA
have remarkable activity to inhibit the AP1-42 peptide
aggregation in vitro with inhibition of the formation of
[B-sheet structure.

Therefore, The purpose of this study was to investigate:
1) The behavioral disorders in learning and memory due to
the sodium nitrites injection among young male rats; 2) The
histopathological changes and the immunohistochemical
expressional level of neurocan in the CA3 sub-region of the
hippocampus due to sodium nitrite; 3) The effect of sodium
nitrite injection on the expressional levels of autophagy
proteins beclin-1 and LC3-II in the CA3 and DG sub-
regions; 4) The restorative role of chitosan nanoparticles
treatment on the cognitive behavior of learning and
memory, the pathology of CA3 of the hippocampus, and
the autophagy process disorders due to sodium nitrite
injection.

MATERIALS AND METHODS

Chemicals
Chitosan nanoparticles preparation

Briefly, ionotropic gelation of cationic CS
polyelectrolyte with sodium tripolyphosphate (STPP)
as a crosslinking agent was used to make chitosan
nanoparticles (CSNPs). The gelation process was mediated
by electrostatic interaction between the quaternized amine
groups of CS and the negatively charged counterion (TPP).

Animals

Forty male young albino rats (Sprague-Dawley)
weighing about 100-120 g and aged between 8-10 wks,
have been included in the current study and obtained
from the animal house of the National Research Center,
Giza, Egypt. The ARRIVE protocols 2.0 were applied
during dealing with the animals. 2.0: The research ethics
committee, Approval NO (22412), accepted all methods
and updated the criteria for reporting animal research??®.
Extraordinary efforts were taken to keep animal pain,

suffering, and discomfort to a minimum, as well as the
number of rats included in each experiment. Animals were
housed in stainless steel cages and left for two weeks for
acclimatization before starting the behavioral experiments.
All animals were kept under standardized laboratory
conditions (25 OC, 55+£5% humidity, and a 12 h light/
dark cycle). After 2 weeks of acclimation. The animals
were divided into groups as follows: 1) the control group
(10 rats) as negative control; 2) the chitosan nanoparticles
group injected subcutaneously with 150 mg/kg twice per
week for one month (10 rats); 3) 20 rats intraperitoneally
injected with NaNo2 (S. nitrite 80 mg/kg)!"!, twice per
week for one month, later they have been divided into
two groups 10 per each; one group was subjected to the
behavioral tests considered as a positive group, and the
other group was treated subcutancously with chitosan
nanoparticles daily with 150 mg/kg (our lab pilot study)
for two weeks and subjected to behavioral tests within the
same conditions.

Behavioral Testing
Habituation

All animals were accustomed to the open arena field
for two days before the training and tests day, experiments
began between 08:30 and10:00 am. Habituation has been
carried out with four rats together in the arena for six
minutes to roam freely without items. Objects were used
and positioned opposite each other at 10 cm from the open
field's walls; later rats were taken along individually to
the testing room and located in the center of the arenal®..
The floor of the open field (OF) was wiped with a moist
towel after each step, and the items were wiped with 70%
ethanol®,

Spontaneous novel object recognition test (What novel
object task)

Each rat was evaluated for two random recognition
experiments on the third day, with 24-hour pauses between
training and testing. A trial phase (3 minutes) and a test phase
made up the object recognition test (3 min). Two identical
items were positioned diagonally in the open field (OF)
arena throughout the trial phase, and the rat was allowed to
explore the area. The two objects in the test phase were put
in the same position as in the trial phase, with one object
being similar to the one in the trial phase (familiar object)
and the other being a novel object as shown in (Figure 1a).
During the test phase, the locations of items were counter-
balanced amongst animals. The following was the formula
for novelty preference and discrimination.

(visits to novel — visits to familial)/total visits) * 100 %

The object-location recognition (OLR) test for detection
of the Where novelty

The OLR was done in almost the same arena as the
object recognition with two different shapes, the trial and
the test phases were employed using the sample phase
(familiar item-place) and the other was moved to a different
location (novel object-place) as shown in (Figure 1b)B%,
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Object in place (OiP) for what-where associative
memory

The experiment was executed in two phases separated
by 30 minutes intervals. The items were presented with
four distinct objects (A, B, C, and D) at the corners of the
arena, 15 cm from the walls, during the trial phase. Each
subject was put in the arena's middle and given 3 minutes
to investigate the objects. During the test phase, two
of the items (A and C, both on the arena's left) swapped
locations, and the participants were given three minutes to
examine the objects (Figure 1¢). The amount of time spent
examining the two things that had moved was compared to
the amount of time spent exploring the two objects that had
not moved?-Y, The discrimination ratio was determined as
the difference in time spent by each animal investigating
item(s) that changed position compared to object(s) that
remained in the same position divided by the total time
spent exploring all objects in the object-in-place and object
location tasks.

Passive avoidance

A shuttle box was used to assess passive avoidance
associative learning and memory behavior. This device
comprises a sliding door that separates light and a dark
room of identical size (20x20x30 cm). The floor of both
compartments was constructed from stainless steel bars. On
the dark chamber's floor, an isolated stimulator was used
to deliver electrical shocks. The trough-shaped equipment
had a white lighted section and a dark compartment, which
were divided by a downward-opening door. The light
section was 12 cm x 11 cm in diameter, while the dark
compartment was 25 cm x 11 cm in diameter (in length and
height) as shown in (Figure 1D).

Rats were located individually in the light room on the
acquisition day (training) and permitted to discover by the
door opening and given a 0.5 mA shock for a maximum
of 5 seconds by the dark compartment entrance. Later, the
animals return to the lightroom with the door reopening.
The time rat took to enter the dark chamber was recorded.
During the training session, rats that remained for 10s in
the light compartment for more than 120s did not enter the
dark compartment after the sliding door elevation and did
not receive a shock were considered disqualified for the
retention test.

To assess long-term memory, a retention test was
conducted 24 hours after the acquisition trial concluded.
The acquisition trial followed the same pattern as the
experiment. The memory retention test was repeated the
next day without any shock; the rats were again placed in
the illuminated compartment, and the time it took them to
visit the dark section was recorded as the retention latency
with a maximum retention delay of 180 seconds!*?!.

Fig. 1
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Fig. 1: Diagram of the three object recognition memory tasks. (a) Novel
object preference task. (b) Object location task. (c¢) Object-in-place task.

(d) The passive avoidance test.
Methods

Histological examination of the hippocampus
complex

Histological and Histochemical Examination

An intraperitoneal dose of 80 mg/kg sodium
pentobarbital was used to anesthetize the animals and
normal saline and 4% paraformaldehyde in 0.1 M phosphate
buffer (PB; pH 7.4) for transcardial perfusion. Brains were
collected and cut into two halves; one half was subjected to
fixation with 10% neutral buffered formalin and processed
for paraffin blocks preparation and cut of coronal section
of 5 pum thickness with a rotatory microtome. The other
half was fixed in 4% paraformaldehyde (PFA) for 24 h and
stored in 30% sucrose for 48 h for immunofluorescence
staining using cryostat for 20 um thickness coronal
sections production. Paraffin sections were mounted and
subjected to deparaffinization in xylene and descending
alcohol series starting from absolute 90%, 70%, 50%, until
30%. The staining used a specific stain and DPX mounting
medium.

The following stains were applied:

1. Hematoxylin and Eosin according to the protocol
of Bancroft and GambleP*.

2. The Bielschowsky Silver Stain for neurons
structure.

3. The Bielschowsky Stain is an excellent tool for
identifying neuron twisting and clumping in
the brain. Tissue slices were deparaffinized and
hydrated, then submerged in a 20% silver nitrate
solution and capped for 20 minutes at 37°C in the
dark followed by rinsing in distilled water and then
15 mins immersion in a silver ammonia solution
the sections were fixed with 5% sodium thiosulfate
for 2 minutes. Finally, the parts were dehydrated,
cleaned, and repaired after being rinsed with tap
water4,

4. Histochemical demonstration of Beta amyloids by
Congo red stain
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Congo red staining was used to detect the beta amyloids
plaques using rehydration with graded ethanol and xylene
for the deparaffinized coronal sections in xylene. Sections
were hydrated and then moved to 50% alcohol for 30
seconds and incubated in 50% ethanol and 0.01% sodium
hydroxide in 50 ml for 5 minutes, followed by 20 minutes
in a 0.5 percent CR solution. Afterward, slices were
incubated in 50% ethanol for 1 minute and 70% ethanol for
1 minute, washed twice with fresh 95 percent ethanol for 2
minutes each rinse, then incubated in 100% ethanol twice
for 2 minutes each rinse. Finally, slides were washed twice
in xylene for 3 minutes each time before being covered
with DPX[2,

4. Immunohistochemical Demonstration of Neurocan
Reactivity in CA3 sub-region.

Sections were mounted on positive charge glass slides
and treated with 0.3% H,O, in phosphate-buffered saline
(PBS) for 30 minutes before being treated with 10% goat
serum in phosphate-buffered saline solution with 0.1%
Tween™ 20 (PBST) for 30 minutes. The brain tissue slices
were cleaned with xylene and subsequently rehydrated with
a subtractive series of alcohol after paraffin removal during
a 30-minute (60-degree) incubation period. In addition,
10% H,O, was mixed with methanol for a 10-minute
treatment to protect against endogenous peroxidase activity.
The tris-buffer solution was used to rinse the portion. The
antigen retrieve was carried out using citrate buffer for 8
mins. Coronal brain sections were incubated overnight
with primary antibody neurocan, C-terminal epitope was
employed (dilution ratio, 1:5, Developmental Studies
Hybridoma Bank (DSHB)) followed by incubation with
rabbit polyclonal secondary antibody in the room for two
hours, DAB (obtained from Sigma, USA) was used and
hematoxylin was used as counterstaining for microscopic
estimation and immunoreactivity estimationt*s].

5. Confocal Immunofluorescence Analysis for
Beclin-1 and LC3-II Expression in CA3 and
dentate gyrus

Immunofluorescence analysis for Beclin-1 and LC3B
was performed in frozen tissue sections using rabbit anti-
active Beclin-1 (1:100, NB500-249) and rabbit anti-LC3B
(1:100 NB100-2220). Secondary antibodies were used for
both as follows: goat Anti-rabbit IgG (Alexa Fluor® 488,
ab150077) for LC3-II and Goat Anti-rabbit IgG (Alexa
Fluor® 647, ab150115) for beclin 1. The fluorescent dye
4-6-diamidino-2-phenylindole-dihydrochloride ~ (DAPI,
1:500, NBP2-31156) was used to stain the sections for 1
h to reveal the nucleus. The sections were observed under
a confocal fluorescence microscope (SP8 LIGHTNING
confocal microscope) and representative areas were
recorded with a digital camera. Image-Pro Plus software
was applicated to count positive cells and the total cell
number respectively. The average value of the number
of the LC3-II positive and Beclin-1-positive neurons was
considered as the quantitative value per section!*®!,

Statistical analyses and Image Analysis

The animal's nose was directed toward the item at a
distance of 2 cm was deemed as exploratory activity.
Animals that did not complete a minimum of 15 seconds of
exploration in the sample phase or 10 seconds of exploration
in the test phase were eliminated from the study. Individual
variations in the total quantity of exploration were taken
into consideration when calculating discrimination between
the objectsi®’38. One-way ANOVA and post hoc Newman—
Keuls tests were used to compare among groups and a
within-groups t-test (two-tailed) and a Pearson correlation
coefficient were employed to evaluate if individual groups
had discriminated between the items*),

Digital images obtained from CA3 and DG were
examined and quantification was performed using the
Image J software and processed in Prism 7 software
(GraphPad, San Diego, CA, United States), all data have
been presented as mean+SE standard errors of the mean for
each protein distribution in the CA3 and DG sub-region of
the hippocampus of the rat's brain.

RESULTS

Chitosan nanoparticles electron microscopy results

The scanning electron microscope (SEM) and
transmission electron microscope (TEM) were used
to examine the size and morphology of the chitosan
nanoparticles (CSNPs), as shown in (Figures 2 a,b).
The SEM micrograph of the CSNPs sample (Figure 2a)
displayed irregular-shaped NPs which are predominantly
agglomerated in assemblies of a spongy shape and high
density. Meanwhile, it can be seen that the NPs with
the size range of 8-79 nm were aggregated in the TEM
image of CSNPs (Figure 2b). As represented in the size
distribution histograms (Figure 2c), the size of CSNPs
was in the range of 10-90 nm. Furthermore, the estimated
average size for CSNPs was 36.2 nm (Figure 2d). It should
be noted that the mean average size of all nanoparticles
assessed by zetasizer was larger than the size observed by
TEM. This is mostly since the size chosen by zetasizer is
a hydrodynamic size in which the NPs are suspended in
solutions, which promotes NPs aggregation.

Behavioral results
Novel object recognition (NOR)

Novel object recognition (NOR) behavior was carried
out to study associative learning and explicit and episodic
memory to estimate the ability of animals to discriminate
between familiar and novel objects to test their memory
retention ability to identify. The time adjusted to the
discrimination time was identified as directing the nose
or sitting up toward the object with sniffing interacting
behavior with the object. The novel object recognition task
was considered a sensitive and reliable memory assessment
tool that can detect subtle behavioral cognitive impacts of
the different pharmacological compounds.

784



Khattab et. al.,

Animal groups did not reveal statistical significant
differences among them for their preferential ability to
the novel object recognition either due to sodium nitrite
or chitosan nanoparticles treatment. The discrimination
ratio for the familiar and novel objects was presented in
(Figure 3.1 a).

Object location and object in place recognition (where)

Both tests are an important form of spatial memory,
with different subcomponents that process specific types
of information within memory such as remembering
objects, remembering positions, and binding these features
in memory. The present study results revealed that sodium
nitrite significantly affected the discrimination time for the
changed object location with an increased spent interval
time of the exploration and decreased discrimination ratio
for detecting the new location of the same object with
P<0.001. While the treated rats with chitosan nanoparticles
showed amelioration in the exploration time (decreased
time interval) with a high discrimination performance
ratio of the familiar object in a different location during
the training and test phases experiments with P<0.01
compared to the sodium nitrite injected rats as shown in
(Figure 3.1 b). Additionally, sodium nitrite injected rats
showed more increased exploration time of the novel objects
in different places (OiP) in comparison to the control group
during training and test phases experiments with a value
of P<0.001. In parallel, the chitosan nanoparticles treated
animals showed a higher speed time for recognizing the
new location of the new item with high discrimination
index with P<0.01, respectively compared to the sodium
nitrite injected rats as shown in (Figure 3.1 ¢).

The passive avoidance test (PA)

The passive avoidance test was conducted to study the
long-term memory. The control animal group revealed a
long time for the entrance of the dark compartment during
the training phase and test phase with a statistical difference
of P<0.001; while, the sodium nitrite injected animal
group displayed a shorter time for the entrance of the
darkroom with small significant difference P<0.05 in the
training phase (Figure 3.1Ia). There was highly significant
difference between control and NaNo2 group in the test
phase in the second day (P<0.001) as shown in (Figure 3.11
b). The chitosan nanoparticles increased the retention time
of the entrance to the dark room with significant difference
in the test phase with value of P<0.001 (Figure 3.1 ¢).

Histological results
Hematoxylin and eosin-stained sections

Histological examination of H&E stained slides of
the control and chitosan nanoparticles groups revealed
microscopically typical structure of hippocampus and
prominent granular layer that is composed of closely
packed granular cells with rounded vesicular nuclei. The
polymorphic layer is composed of pyramidal neurons
which appeared as large cells with long processes.
Blood capillaries were observed in both molecular and

polymorphic layers as shown in (Figures 4 a,b). Chitosan
nanoparticles treatment did not induce considerable
histopathological alterations in comparison to the control
group. However, slight cytoplasmic vacuolation was
recorded as shown in (Figure 4c).

The sodium nitrite treated rats displayed highly
distributed degenerated cells with acrocentric distributed
chromatin with pathological pyknotic nuclei, multiple
vacuolated oligodendroglia with prominent chromatolysis
features. Additionally, CA3 sub-region revealed obvious
perineuronal satellite cells referred to degenerated
astrocytes with elongated nuclei and clear space indicating
to cellular swelling and distributed neurons with eccentric
nuclei and pale cytoplasm. Additionally, sodium nitrite
injected rats' revealed increased glial filaments and plump
astrocyte with enlarged nuclei called a gemistocyte as
shown in (Figures 4 d-g). On the other hand, the chitosan
nanoparticles treated group showed few numbers of
degenerated cells with normal and homogenous cell
distribution in the CA3 sub-region in comparison to
sodium nitrite treated animals as shown in (Figures 4 h,i).

Bielschowsky silver stain

Treating animals with chitosan np didn't cause
any histological alteration in neurons (Figures 5a,5b)
Examination of Bielschowsky silver-stained sections of
sodium nitrite injected group revealed microscopically
distribution of axonal terminal deformation and
dendrites fragmentation with argyrophilic axonal spines
(Figure 5c). On the other side, chitosan nanoparticles
decreased the number of degenerated and fragmented axons
with decreased number of axonal spines and distribution of
normal axonal microscopic structures with full neuronal
axon and neuron cell body with well-structured dendrites.
(Figure 5d).

Histochemical Congo red staining

Congo red was used to demonstrate the beta amyloid
deposits in tissues. CA3 sections obtained from control rats
appeared with pale pyramidal cells and weak salmon-pink
color as shown in (Figure 6.1 a). Chitosan nanoparticles
did not induce amyloid aggregations in CA3 cells and a
scanty salmon color was detected (Figure 6.1.b). Sodium
nitrite  induced significant increase in congophilic
amyloid deposits (P<0.001) as shown in (Figure 6.1 ¢) in
comparison with control group. The amyloid aggregations
appeared as dark salmon-pink homogenous extracellular
deposits within the CA3 area. Additionally, treatment with
chitosan nanoparticles significantly lessened the amount
of aggregated amyloids compared with the sodium nitrite
treated group (P<0.01) as shown in (Figure 6. I,D).

Immunohistochemical Expression of Neurocan in the
CA3 sub-regions of hippocampus

The cytoplasmic neurocan immune-expression was
examined in the normal, damaged, and treated hippocampal
CA3 sub-region (Figure 7.Ic). On one side, both control
and chitosan NP treated groups revealed limited immune-
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expression of neurocan (with brownish-green) within
CA3 sub-region cells (Figures 7.1 a,b). Sodium nitrite
induced significant up-regulation of neurocan expression
in the extracellular matrix of the CA3 sub-region in the
hippocampus with P<0.001 in comparison to the control
group. On the other side, chitosan NP reduced neurocan
expression levels significantly downregulated with P<0.01
compared to the sodium nitrite group (injured group)
(Figures 7.1 a,d, 7.11).

Confocal Immunofluorescences expression of Beclinl
and LC3-II in hippocampus (dentate gyrus (DG) and
(CA3)

On one side, the sodium nitrite injected rats group
showed that Beclin-1 and LC3-II were significantly
decreased in CA3 by P<0.01 and P<0.001, respectively
compared to the control group (Figures 8.Ia-d; Fig. 10a). On
the other side, chitosan NP treatment showed up-regulation
in the expression of both autophagy proteins with P<0.05
and P<0.01, respectively as shown in (Figures 8.II a-d).
These results indicated that sodium nitrite disturbed the
autophagy process in the CA3 area of the (Figures 8.III
a,b,c,d; 8.1V a,b,c,d). Further, the analysis of the autophagy
proteins expression levels in the dentate gyrus (DG) of the
hippocampus revealed that both LC3-II and Beclin-1 in the
sodium nitrite rats group were significantly decreased by
P<0.001 compared to the control group (Figs. 9.11I a-d;
Fig. 10b) and ameliorated with a significant increase in the
treatment group with chitosan NP with P<0.01 (Figures 911
a-d and IV a-d and 10b). Additionally, the Co-localization
coefficient of two studied autophagy proteins that indicate
the formation of the autophagosomes in both the dentate
gyrus (DG) and CA3 sub-regions of the hippocampus of
the sodium nitrite rats group was significantly decreased
with P<0.001 compared to the control group; whereas,
colocalization coefficients were significantly up-regulated
after chitosan NP for both proteins in both DG and CA3
by P<0.01 and P<0.001, respectively compared to CA3 in
sodium nitrite group (Figure 10c).

Fig- 2
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Fig. 2: Photomicrograph of the scanning electron microscope (SEM)
and transmission electron microscope (TEM). (a) the SEM micrograph
of the CSNPs sample displayed irregular-shaped NPs. (b) TEM image of
CSNPs with the size range of 8-79 nm. (c¢) represented the size distribution

histograms, the size of CSNPs was in the range of 10-90 nm.
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Fig. 3: Graphical representation of performance of the memory behavioral
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Fig 6.1
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Fig. 6: Photomicrograph of CA3 sub-region stained with Congo red
showing congophilic amyloid deposits: 1. a. Control group, b. chitosan
NP group, c. Increased aggregated beta amyloids in sodium nitrite group.
d. Sodium nitrite + chitosan NP treated group showing few congophilic
amyloid deposits. II. Graphical representation of the densitometry analysis
of amyloid aggregation using Image J. *p<0.05, **p<0.01, ***p<0.001.
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Fig. 4 : Photomicrograph of Hematoxylene and Eosin stained features
of the CA3 sub regions of the hippocampus: (a) the control group with
normal neuronal structures of the hippocampus.( b) Higher magnification
of control section showing CA3 with normal pyramidal cells. (c) CA3
of hippocampus among chitosan nanoparticles injected rats with few
vacuolated neurons. (d:g) are hippocampus CA3 sub-region of sodium
nitrite treated group reveal the different forms of necrotic and damaged
neurons in CA3 sub-region and enlarged nuclei called a gemistocyte
(plump astrocyte) (red arrows).( h&i ) are photomicrographs of chitosan
NP treatment for sodium nitrite injected rats revealed less vacuolated Strong immunoexpression of neurocan in CA3 cells in sodium nitrite
neurons. group (black arrow); (I.d) CA3 section obtained from sodium nitrite treated
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Fig. 7: Photomicrograph of immunoreactivity of anti-neurocan in CA3
area among different groups. (I. a) Negative expression in control group;

(I.b) Weak immunoexpression of neurocan in chitosan NP group; (I.c)

with chitosan NP showing decreased expression of neurocan in CA3 cells
compared with sodium nitrite group. II. Graphical representation of the
densitometry analysis of neurocan protein expression using Image J.
*p<0.05, **p<0.01, ***p<0.001.
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Fig. 5: Photomicrograph of neurons axons stained by Bielschowsky silver
nitrite. (a and b), control group and chitosan np, respectively showing
normal neuronal soma and dendrites. (¢) sodium nitrite injected rats group
with axonal terminal and dendrites fragmentation and axonal spines with
argyphilic neuron and axons deformation. (d) chitosan NP treated rats Fig. 8.I: Confocal microscope immunofluorescences analysis for the reactivity
group with ameliorated axonal structures. with Beclinl and LC3-II in hippocampal CA3 sub region of control group. (a)

DAPI, blue; (b) LC3-II, green; (c) Beclinl, red; (d) Co-localization, mixed colors.
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BECLM 1 : : : a BECLMN-1 OO EXPRESSION
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Fig. 8.I1: Confocal microscope immunofluorescences analysis for the Fig. 8.IV: Confocal microscope immunofluorescences analysis for the
reactivity with Beclinl and LC3-II in hippocampal CA3 sub region of reactivity with Beclinl and LC3-II in hippocampal CA3 sub region of
chitosan NP treated group. (a) DAPI, blue; (b) LC3-II, green, (c) Beclinl, chitosan NP treated group.( a) DAPI, blue;( b), LC3-II, green,( ¢) Beclinl,
red; (D) Co-localization, mixed colors. red; (D) Co-localization, mixed colors.
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Fig. 8.I11: Confocal microscope immunofluorescences analysis for the Fig. 9.I: :Confocal microscope immunofluorescences analysis for the
reactivity with Beclinl and LC3-II in hippocampal CA3 sub region of reactivity with Beclinl and LC3-II in hippocampal CA3 sub region of
chitosan NP treated group.( a) DAPI, blue; (b) LC3-II, green,( ¢) Beclinl, chitosan NP treated group.(a) DAPI, blue( b) LC3-II, green(c), Beclinl,
red; (D)Co-localization, mixed colors. red; (D), Co-localization, mixed colors.
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KL CLEN-1

Fig. 9.11: Confocal microscope immunofluorescences analysis for the
reactivity with Beclinl and LC3-II in hippocampal CA3 sub region of
chitosan NP treated group.( a) DAPI, blue;( b) LC3-II, green,( ¢) Beclinl,
red( D) Co-localization, mixed colors

COENPRESSNON

BECLIN-1

Fig. 9.111: Confocal microscope immunofluorescences analysis for the
reactivity with Beclinl and LC3-II in hippocampal CA3 sub region of
chitosan NP treated group(a) DAPI, blue; (b) LC3-II, green,( ¢) Beclinl,

red;( D) Co-localization, mixed colors.

Fig. 9.IV: Confocal microscope immunofluorescences analysis for the
reactivity with Beclinl and LC3-II in hippocampal CA3 sub region of
chitosan NP treated group.( a) DAPI, blue;( b) LC3-II, green, (c) Beclinl,

red; (D) Co-localization, mixed colors
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Fig. 10: Graphical representation of the densitometry expression analysis
of beclinl and LC3-II and their co-localization expression overlap
coefficient. (a), reveal expression in CA3;( b) Dentate gyrus( c¢) Their

co-localization in both CA3 and DG.
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DISCUSSION

Atrtificial food colors, additives, and other food
chemicals are increasingly being utilized among children,
resulting in behavioral and developmental impairments
as well as learning challengest*®. Furthermore, early-
stage cognitive diseases such as Alzheimer's disease (AD)
disclose histological hippocampal deficits frequently
report loss of learning/memory capacities as their primary
complaint manifestationst*'l.

Amyloid plaques formation in an AD patient's brain as
a result of the production and buildup of AB-peptides are
considered one of the most serious complications of the
disease's development. Plaques eventually developed as a
result of the gradual aggregation process from misfolded
monomers to soluble protofibrillar aggregates and insoluble
fibrils that are the most toxic products for neurons*?.

Therefore, the present study was directed in its main
aim to investigate the effective consequent complaints
of sodium nitrite supplementation on the young rats
learning and memory cognitive behavior activities; and the
employment of autophagy pathways for the clearance of
toxic beta-amyloid deposits.

The results showed that rats did not reveal significant
differences in the animal's ability for recognizing the
novel object. The recognition was analyzed through the
training and the test phase among all study groups with 24
hour intervals. Further, there were neither discrimination
changes with amelioration or deterioration behavior for
the novel object among injected rats with NaNO2 nor
the treated animals with chitosan nanoparticles. These
results may indicate that sodium nitrite does not affect
the discrimination ability among rats for detection of
the novelty. Furthermore, the novel objects recognition
(NOR) is deemed as a reliable and efficient memory
evaluation model to identify subtle cognitive and
behavioral impairments by measuring working memory
and memory consolidation®). The non-effective results
influencing their behavioral memory performance may be
due to injection hassles that triggered negative back draws
for their ability of exploration and discrimination time
without actual brain damage that may induce real changes
in hippocampus discrimination centers. Consequently,
Akkerman et al.,*¥ stated that after a twenty-hour retention
interval time, animals may stop items from distinguishing
if they had already observed the novel object. Our results
were disagree with Fahlstrom et al.,*) who stated that aged
mice faced dysfunction in behavioral memory recognition
of new objects and motor disorders. As sodium nitrite
injection triggered an effective negative role on young
animals' exploration and discrimination ability of the
"where" behavior to detect the new place and the new
location with increased time for the exploration and low
discrimination index among the familiar and novel place
for the same object with P<0.001 in comparison to control
group in both the training and test phases may be due to the
effectiveness of sodium nitrite to pass young animals to

aged phase. Parallel, there was an ameliorative role for the
chitosan NP injection for the consolidation and memory
retention activity to detect the new place of the familiar
object and new object in a new place with an increased
discrimination index.

Furthermore, the multiple pyknotic nuclei and
vacuolated  oligodendroglia ~ with  the prominent
chromatolysis of the CA3 hippocampus sub-region due
to the sodium nitrite injection may be associated with the
consequent behavioral disorders. Altogether, the highly
pathological conditions and the up-regulated neurocan
expression among sodium nitrite rats groups may clarify
the dysfunctional behavior in the recognition of novelty of
locations, not objects, and linked to the processing of neural
activity of the "where" behavior with CA3 damage. So, the
present study may engage the neurocan proteoglycan high
expression in CA3 among the NaNO2 injected rats and
the level of discrimination for novel places. On contrary,
Mandez et al® postulated that the CA1 and perirhinal
cortex are actively linked to the rate of both objects and
place recognition together with c-Fos expression levels
affecting real novelty preference, new location, and
novel object recognition. Additionally, Zhou et all*”
stated that neurocan expression levels were responsible
for the embryological and developmental stages of
axonal development functioning as a barrier to axonal
growth with a crucial role in axon guidance and neurite
formation throughout brain development. The present
results demonstrated that neurocan expression is enduring
during adulthood with dysfunctional activities due to the
sodium nitrite and could be associated with disorders of
learning and memory behavior. The revulsive role of
neurocan expression was supported by the appearance of
the fragmented neuronal axons stained. On the contrary,
Dere et al."™® proposed that working memory processing is
carried out in the prefrontal cortex area; whereas, memory
consolidation in the intact hippocampus functions. Asher
et al.*! reported that the distributed glial scars expressing
proteoglycans are responsible for brain dysfunction and
mainly hinder the regrowth of axons. Moreover, it was
plausible to mention that the chitosan NP ameliorated the
disordered conditions due to the sodium nitrite injection
may be due to the activity of chitosan nanoparticles to
induce antioxidant activity that pursues the oxidants and
toxic residues produced??.

Additionally, the current research revealed that sodium
nitrite injection has induced significant disturbance for
beclinl and LC3-II expression in both CA3 and DG
with various levels of down-regulations, in parallel with
significant increase for the beta-amyloid aggregations.
While chitosan NP triggered a homeostatic conditional state
with modulation of the expression levels and decreased beta
amyloids. Therefore, the activity of chitosan nanoparticles
may be owned to their ability to anchor to the negatively
charged cell surfaces of the deposits and enhancement for
their cellular uptake and their activity for adsorption or
binding of the peptide on nanoparticles surface*’..
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Pickford et alFV and Spencer et al’? concluded
that beclin-1 levels have dropped in neurodegenerative
diseases and impaired autophagy, whereas its up-regulation
induced beta-amyloid toxic aggregations reduction with
amelioration in the brain functions®?!. Additionally, Hara
et al.®¥ and Komatsu et al.’ correlated the deficiency of
Atg5 in the CNS with the dysfunctional progression of
neuronal functions parallel with the abnormal aggregated
toxic proteins®**7, Garcia-Jaramillo et al.P® concluded
that sodium nitrite treatment-induced initial loss in
learning and memory function. Carvar et al® claimed
that stimulation of proteostasis and autophagy systems
are closely linked to the prohibition of uncertain proteins
from misfolding or aggregation, or even is sustained in
healthy cells by the equilibrium of metabolic mechanisms
from protein synthesis to degradation®!l. Additionally,
LC3 overexpression of microtubule-associated proteins
was lipidated into LC3-II triggering the formation of the
phagophore with cytoplasmic debris generating complete
autophagosomel®?. Moreover, Sachdev et all® stated
that the autophagy mechanisms upregulated against
the nitrosative stress due to their hypoxic impairments
impacts in dermal microvascular endothelial cells and
pharmacologically targeted inhibitory mechanisms induce
autophagy-lysosome actions triggering the degradation
of tight junction proteins!®®!. The apparent modulating
activity of the chitosan nanoparticles came through
their polycationic nature enhancing their bio-adhesive
properties and attachment to cell membranes increasing
their  penetration  properties®*®”,  Santipanichwong
et al.[®® postulated that electrostatic interactions can cause
polysaccharide and protein association, resulting in the
production of hybrid polysaccharide-protein particles and
increasing nanoparticles penetration and transportation
activity specifically in the nervous system®!. Aktas
et al." postulated that the chitosan nano-vaccine carrier
had favorable permeability of BBB through its activity to
associate with FITC (isothiocyano group) beta amyloids
lysine amino groups with stable bonding.

CONCLUSION

From the outcome of our investigation, it is possible
to conclude that sodium nitrite has negative feedback
draws on the young rat's behavioral activities of cognitive
recognition activities of novel locations and objects in
place but not novel objects. Additionally, sodium nitrite
inhibited fear-aggravated behavior test for avoiding
aversive stimulus that was used to evaluate learning and
memory in rodent models of CNS disorders. Moreover,
on one hand, there were impairments in the autophagy
mechanisms through the down-regulation of expression
of both beclinl and LC-II with significant beta amyloids
AP deposits. On the other hand, chitosan NP induced
amelioration in the cognitive learning and memory ability
concerning the location and place recognition behavior
with down-regulation of neurocan in the CA3 sub-region
of the hippocampus. So, the findings of our research are
quite convincing that CA3 may be more sensitive to the

damage than the other hippocampal sub-regions and may
be responsible for controlling the novelty of location and
object in place cognitive recognition. On the other hand, it
was obvious that the nanoparticles were more effective in
the modulation of the autophagy proteins in DG than CA3
sub-regions of the hippocampus on cerebellar degeneration
in the hippocampus and dentate gyrus through their ability
to adsorb onto the toxic aggregations. So, more research
into the activity of the sodium nitrite mechanism of
distortion on cognitive learning and memory behavior and
the ameliorative effects of chitosan nanoparticles is still
necessary before obtaining a definitive answer to their role
in the up-regulation of autophagy mechanisms.
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