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Abstract: Cerebral neuroinflammation has emerged as a significant pathway contributing to the
progression of Alzheimer's disease (AD) pathology. Research implicates the NOD-like receptor
family, pyrin domain containing 3 (NLRP3) inflammasome complex, initiating caspase 1-mediated
maturation of interleukin-1 B (IL-1B) and interleukin-18 (IL-18). This study investigates whether
chronic cerebral hypoperfusion (CCH), induced via permanent bilateral occlusion of the common
carotid arteries (PBOCCA), leads to cognitive dysfunction and NLRP3 inflammasome activation.
Twenty male Sprague Dawley (SD) rats underwent PBOCCA to induce CCH. Two weeks post-surgery,
locomotor and Morris water maze (MWM) tests were conducted to examine motor functions,
spatial learning, and memory, respectively. The gene expression levels of cathepsin B, NLRP3, an
apoptosis-associated speck-like protein containing a caspase recruitment domain (ASC), and
caspase-1 were analysed using real-time PCR, while the expression levels of the inflammatory
cytokines were estimated using the ELISA method. Structural damage to the hippocampus was
assessed using hematoxylin and eosin (HE) staining. Escape latencies and time spent in specific
guadrants in PBOCCA significantly increased compared to sham-operated animals. There was no
notable difference in locomotor activity between the PBOCCA and sham-operated groups. The
number of pyknotic neurons with cytoplasmic shrinkage increased in the hippocampus. Gene
expression of cathepsin B, NLRP3, ASC, and caspase-1 was upregulated in the PBOCCA group. The
expression levels of IL-1B, IL-18, interleukin-6 (IL-6), and amyloid-B 1-42 (AB 1-42) were elevated in
the PBOCCA group relative to sham. The findings confirm NLRP3 inflammasome induction, cognitive
dysfunction, and inflammatory cytokines associated with AD and cerebral ischemia. The PBOCCA
model provides a valuable tool for studying neurodegenerative including AD.
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1.0 INTRODUCTION

CCH is frequently observed due to different cerebral
vascular disorders and hemodynamic and blood
alterations (Scheffer et al., 2021). Recent investigations
have highlighted the significant involvement of CCH in
neurodegeneration and dementia, encompassing both
vascular dementia (VaD) and AD (Rajeev et al., 2022;
Scheffer et al., 2021). CCH contributes to
neurodegeneration and the development of AD through
diverse mechanisms, such as the induction of oxidative
stress, accumulation, and exacerbation of AR,
hyperphosphorylation of tau protein, impairment of
synaptic function, neuronal loss, white matter lesions,
and neuroinflammation (Chen et al., 2022).

AD, the second most common type of dementia, is
linked to cerebral hypoperfusion, which may contribute
to cognitive impairment (Bhuvanendran et al., 2019).
One of the main AD pathogenic characteristics is
neuroinflammation, which is primarily associated with
the deposition of cerebral AP accumulation,
neurofibrillary tangles resulting from the loss of neurons
and microtubule-associated proteins phosphorylation
(Spanié et al., 2022). These changes are closely related
to innate immune system impairment in the brain,
whereby there is an inflammatory immune response of
glial cells and nonspecific injury to brain blood vessels,
leading to the overactivation of inflammasomes (Hardy
& Selkoe, 2002; Mathys et al., 2019a, 2019b).

Inflammasome overactivation is a major feature of
neuroinflammation in AD. The NLRP3 inflammasome,
which comprises NLRP3, an apoptosis-associated speck-
like protein containing a caspase recruitment domain
(ASC) and pro-caspase-1, can trigger caspase-1
activation, leading to the initiation of pyroptosis and the
subsequent processing and release of IL-1 B and IL-18
(Li_et al., 2022; Zhao et al., 2023). Under normal
physiological conditions, the NLRP3 inflammasome,
integral to the innate immune response, orchestrates
host defence by recognising pathogen-associated or
danger-associated signals. Physiologically, it regulates
pro-inflammatory cytokine release, including IL-1B and
IL-18, promoting immune response, pyroptosis, and
tissue repair. However, dysregulated NLRP3 activation
can lead to pathological inflammation, implicating its
intricate role in immune homeostasis and disease
pathogenesis (Abaricia et al., 2021).

Therefore, understanding the balance in NLRP3
inflammasome activation is crucial for normal immune
function and preventing pathological conditions. The
NLRP3 inflammasome can be triggered by various

stimuli, such as disruptions in Ca2+ signalling, efflux of
K+, production of reactive oxygen species (ROS),
impairment of mitochondrial function, and rupture of
lysosomes. Recently, researchers have highlighted the
significant role of autophagy in regulating the NLRP3
inflammasome in inflammatory nervous system
disorders (Zhao et al., 2021). However, the related
mechanisms are not entirely clarified. Investigating the
relationship between CCH, NLRP3 inflammasome
activation, and cognitive dysfunction is crucial for
advancing our understanding of AD pathophysiology
(Poh et al., 2022). CCH induces sustained cerebral blood
flow  reduction, triggering  neuroinflammatory
responses. The NLRP3 inflammasome, a key mediator,
produces proinflammatory cytokines (Xu et al., 2023).

Examining the intricate connections between CCH,
inflammasome activation, and cognitive decline
elucidates potential mechanistic links in AD progression,
offering valuable insights for targeted therapeutic
strategies. Numerous animal models of CCH have been
generated in rodents by inducing cerebral blood flow
(CBF) restriction. These models serve the purpose of
studying the contributions and underlying mechanisms
of CCH in cognitive decline while also assessing the
effectiveness of potential medications for therapeutic
intervention (Yu et al., 2022). The rat model most
frequently employed involves permanent bilateral
common carotid arteries occlusion, also known as 2-
vessel occlusion (PBOCCA /2-VO) (Lee et al., 2021;
Xu et al., 2020; Yu et al., 2022).

Multiple research investigations have documented
spatial memory impairments in this CCH model (Hazalin
et al., 2020; Lin et al., 2023). After occlusion surgery,
various pathological changes occur in the hippocampus,
including decreased levels of postsynaptic density
protein 95 and synaptophysin, accumulation of
oligomeric AP over time, central cholinergic
dysfunction, and increased oxidative damage (Ahad et
al., 2023; Kumaran et al., 2022; Roy et al., 2022; Wang
et al.,, 2010). Additionally, there is evidence of white
matter damage, elevated pro-inflammatory cytokines
such as IL-1B and IL-6, decreased anti-inflammatory
cytokines like IL-4 and IL-10, disruption of lysosomal
function, and abnormal autophagy with accumulation
of autolysosomes (Calabrese et al., 2018; Simats & Liesz,
2022; Su et al., 2017; Su et al. 2018; Zhao et al., 2021).

Since previous research revealed the role of autophagy
in the regulation of the NLRP3 inflammasome,
disruption of lysosomal function and abnormal
autophagy through CCH, this study aims to investigate
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the hypothesis that CCH induced by the PBOCCA leads
to cognitive dysfunction, activation of NLRP3
inflammasomes, as well as alterations in cathepsin B
levels in both the hippocampus and frontal cortex. The
selection of the hippocampus and frontal cortex stems
from their central roles in neuroinflammation linked to
NLRP3 inflammasome activation and AD. The
hippocampus, vital for cognition, and the frontal cortex,
governing executive functions, offer insight into

inflammasome-related neurodegeneration (Cheon et

al., 2020). Examining inflammasome markers in these
regions enhances understanding of Alzheimer's
pathology.

2.0 MATERIALS AND METHODS

2.1 Animals

The Animal Research and Service Centre (ARASC),
Universiti Sains Malaysia (USM) provided a total of 20
male Sprague Dawley (SD) rats weighing between 250g
and 300 g for this study. The rats were housed in a
controlled environment, with a 12:12 light/dark cycle
and unrestricted access to food and water. The
temperature was maintained at 24°C + 1°C, and the
humidity was controlled at 60%. The Animal Ethics
Committee Universiti Sains Malaysia reviewed and
approved all experimental procedures involving animals
under reference number
USM/IACUC/2019/(119)/(1002).

2.2 Surgery and experimental design

The rats were allocated randomly to perform
permanent bilateral common carotid artery occlusion
(PBOCCA) and sham surgery as described previously
(Damodaran et al., 2014; Pappas et al., 1996;
Wang et al., 2018). Anesthesia was administered
intraperitoneally using a mixture of ketamine and
xylazine (80 mg/kg and 10 mg/kg). In the PBOCCA group,
the carotid arteries were exposed through a ventral
midline incision, separate from their sheaths and vagus
nerves, and ligated with a 4-0 monofilament nylon
suture approximately around 8-10 mm below the
external carotid artery origin. The incision was then
sutured, and the rats were kept at 25°C. The exact
surgical procedure was performed in the sham group,
but no arteries were tied. The survival rate was 16/20
rats, assigned randomly to two groups, with 8 per group.
After two weeks, the rats were subjected to behavioural
tasks. At the end of behavioural tasks, on day 22, the
animals from each group were sacrificed using CO,, and
the brains were procured for RT-PCR, ELISA, and
histochemical staining analyses.

2.3 Morris water maze task

Two weeks after surgery, the MWM was conducted with
slight modifications to a previously described protocol
(Vorhees & Williams, 2006). One day before training, all
rats underwent a pre-training session in which they
were given free access to a pool with a depth of 70 cm
and a diameter of 160 cm for 60 seconds without an
escape platform. During the formal training, the pool
was filled with water maintained at 25 + 1°C and divided
into four quadrants with a 10 cm diameter hidden
platform situated 2 cm below the water surface to make
it invisible in the central part of the west, south
quadrant. This quadrant was designated as the target
quadrant, and the platform's position remained
constant throughout the experiment. The training for
finding the hidden platform was conducted on four
consecutive days with eight daily trials. The rats
underwent four trials each time, followed by a rest
period, before proceeding to the next four trials. This
cycle was repeated for a total of eight trials per day, with
four separate trials conducted each time.

The rat was released into the pool from different
starting points on each training trial, and the starting
point varied each day. Once the rat located the hidden
platform, it was permitted to remain on it for 15
seconds. The time taken for the rat to reach the hidden
platform (escape latency) was measured using a
stopwatch and recorded via camera for each trial
session. There was a two-minute interval between each
trial. If the rat failed to locate the platform within 60
seconds, it was gently guided to the platform and
allowed to stay on it for 15 seconds, with these
instances being recorded as a score of 60 seconds.

On the 5th day, each rat completed a 60 s probe trial to
assess the rats' spatial memory. The platform was taken
away, and a probe trial performance was carried out, in
which each rat was allowed to swim freely for 60
seconds. The duration of each rat spent on the target
guadrant was recorded and analysed using a smart
video tracking system (Harvard Apparatus, USA). The
percentage of crossing in the target quadrant where the
former platform was previously located represented the
ratio between the time spent crossing that quadrant
and the total time spent crossing all the quadrants,
calculated as a measure of spatial reference memory.

2.4 Locomotor activity

The locomotor activity of both groups was evaluated
using the automated open-field apparatus (Pan Lab,
Spain) two weeks after the surgery. This apparatus had
a Perspex cage (height: 40 cm; length: 90 cm; width: 90
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cm), with the bottom partitioned into five zones. The
detection unit was composed of a 45 x 45 cm frame that
contained 16 x 16 infrared beams at an interval of 2.5
cm on the side, yielding 32 cells in one frame. An offline
tracking and analysis were done on the rat's
movements. Each rat was placed in the middle of an
open field for 20 minutes with 8 rats per group, and the
spontaneous activity (ambulation and rearing) was
monitored and recorded.

2.5 Hematoxylin and eosin (HE) staining

The histochemical staining was performed as per
established procedures (Damodaran et al.,, 2014).
Initially, the animals were given an intraperitoneal
overdose of pentobarbital (100 mg/kg) to anaesthetise
them. Next, normal saline was used for trans-cardiac
perfusion to achieve pre-fixation. The brain was
paraffin-embedded and sliced into 4-um-thick coronal
sections. Since the cholinergic projection starts from the
frontal cortex to the hippocampus, therefore the
sections corresponding to the Cornu Ammonis 1 (CA1)
of the hippocampus were deparaffinised, rehydrated,
stained, and examined at x400 magnification using an
Olympus-BX53 microscope by an investigator blinded to
the treatment history. Then, the features of neuronal
death were checked (counting the numbers of pyknotic
neurons with cytoplasmic shrinkage) in CA1 for both
Sham and PBOCCA groups. Then, we analyse it with one-
way ANOVA with Bonferroni's post hoc tests and report
it as H&E indices.

2.6 Reverse transcription and quantitative real-time
PCR

According to the manufacturer's protocol, total RNA
was isolated from hippocampus and frontal cortex
tissue using Monarch Total RNA Miniprep kit (New
England Biolabs, USA). Subsequently, 1ug of RNA per
sample was reverse transcribed to synthesise single-
strand cDNA using LunaScript ® RT SuperMix Kit (New
England Biolabs, USA) according to the protocol
provided by the manufacturer. While the genomic DNA
elimination reaction was incubated for 2 minutes at
45°C, the reverse transcription reaction cycle conditions
were incubated at 25°C, 55°C, and 95°C for 2,10, and 1
minute, respectively.

MmRNA expressions of NLRP3, ASC, Caspase-1, and
cathepsin B were analysed. The expression of
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
was used to normalise the expression levels of the
cytokines. The primers were reconstituted to prepare

100 puM stock solutions. The RT-PCR was conducted
according to Luna Universal gPCR Master Mix kit (New
England Biolabs, USA) protocol provided by the
manufacturer at MiniOpticon TM Real-Time Detection
System (Bio-Rad). The RT-PCR master mix, consisting of
10 pl master mix, 0.5 pl each of forward and reverse
primers, 2 pl cDNA, and 7 ul Nuclease-free Water, in a
total volume of 20 uL, was used for quantification of
both target and reference genes. Cycling conditions for
RT-PCR included enzyme activation (95 °C for 60 s), 40
cycles of denaturation (95 °C for 15 s), annealing or
extension (60 °C for 30 s), and melt curve analysis at 65—
95 °C for 5 s. Primers referenced in Table 1 were
provided by Integrated DNA Technologies (IDT).

Table 1. Primers for real-time PCR

Gene Forward (5’-3’) Reverse (5’-3’)
NLRP3 CCAGGGCTCTGTTC @ CCTTGGCTTTCACTT
ATTG CG
ASC CCCATAGACCTCAC | AGAGCATCCAGCAA
TGATAAAC ACCA
Caspase-1 AGGAGGGAATATG  AACCTTGGGCTTGT
TGGG CTT
CathepsinB = GTTGGGTTCAGCGA A GCGATGGTCGGGCA
GGACATA ATT
GAPDH CAGCCTCGTCTCAT  AAGGCAGCCCTGGT

AGACAAGATG AACCA

2.7 Enzyme-linked immunosorbent assay (ELISA)
analysis

ELISA was used to determine IL-1B, IL-18, IL-6 and
AB1-42 levels in the hippocampus and frontal cortex
samples isolated from the Sham and PBOCCA brain.
Commercially available ELISA kits (Elabscience, MD,
USA) for rat IL-1B (E-EL-R0012), IL-18 (E-EL R0567) and
IL-6 (E-EL-RO015) and AP1-42 (E-EL-R1402) were
performed according to the manufacturer's
instructions. Absorbance measurements were carried
out by a microplate spectrophotometer (Thermofisher
Automated ELISA Reader).

2.8 Statistical analysis

The findings are presented as the mean * standard error
of the mean (SEM). Statistical analysis for MWM, probe
trial, and locomotor activity was performed using an
unpaired Student's t-test. Other group means were
compared by one-way ANOVA with Bonferroni's post
hoc tests. A p<0.05 was considered statistically
significant. Statistical analysis was performed using
Graph Pad Prism (version 8).
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Figure 1. The CCH-induced spatial learning and memory deficits based on the Morris water maze analysis. (A) Typical swim
paths. (B) Escape latency. (C) Time spent in the target quadrant. (D) The mean swimming speeds. Data are expressed as mean

+ SEM. (n = 8 rats/group, p < 0.05 Sham vs. PBOCCA).

3.0 RESULTS

3.1 PBOCCA induced cognitive deficits.

The MWM is conducted to assess the spatial learning
and memory of PBOCCA and sham-operated rats, as
shown in Figure 1. The typical swimming paths of rats in
each group were recorded during the training trial, as
shown in Figure 1A, and their mean of escape latency
was measured over four days.

Our study revealed that the mean escape latency
between the PBOCCA and sham groups was significantly
different with p = 0.01 (Day 1), p = 0.002 (Day 2), p =
0.007 (Day 3) and p = 0.004 (Day 4) where the PBOCCA
groups exhibited higher escape latencies, implying
slower spatial learning compared to the sham group, as
shown in Figure 1B. On the fifth day, the platform was
taken away, and a probe trial performance was carried
out whereby each rat was allowed to swim freely for 60
seconds. The duration of each rat spent in the target
guadrant was observed and recorded. Results from
probe trial performance showed that the PBOCCA group
spent significantly less time in the target quadrant than
the Sham group, indicating decreased spatial memory

(p =0.008), as shown in Figure 1C. The rats' movement
was analysed using the SMART software system, and
there were no significant differences in swimming speed
between the POBCCA and Sham-operated groups
(Figure 1D, p = 0.6).

3.2 PBOCCA did not impair motor performance.

The locomotor activity of rats in both PBOCCA and
Sham-operated groups was evaluated using a 20-
minute open-field test session, and the results are
presented in Figure 2. There was no significant
difference in the locomotor activities, total distance
travel, and mean velocity recorded between the two
groups (Figure 2A, p = 0.3961; Figure 2B, p = 0.2994;
Figure 2C, p= 0.3721). This finding indicates that the
PBOCCA did not impair the motor performance of the
rat, and both groups showed similar levels of activity
and mobility during the test.

3.3 PBOCCA-induced hippocampal neuronal damage

The histological analysis using HE stains of hippocampal
pyramidal neurons revealed a notable difference
between the PBOCCA and Sham-operated groups. In the
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Sham group, the pyramidal neuron was observed to be
properly aligned along the striatum pyramidal, and the
individual neurons exhibited clear nucleoli and
abundant cytoplasm, as shown in Figure 3A. In contrast,
in the PBOCCA groups, the HE-stained section showed
disrupted cellular arrangement in hippocampal CA1 and
significantly increased pyknotic neuron numbers with
cytoplasmic shrinkage. The HE index was significantly
different among groups (Figure 3B, p < 0.001), with the
PBOCCA displaying the highest value (p < 0.05 compared
to the Sham control group).
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Figure 2. (A) Locomotor activity, (B) mean velocity and (C)
total distance travelled in an open field apparatus of PBOCCA
and sham-operated rats 2 weeks after the surgery. Data are
expressed as mean + SEM. (n=8 rats/group sham vs. PBOCCA).

3.4 PBOCCA incited the gene expression

Since disruption of lysosomal membranes and cathepsin
B release are required for NLRP3 inflammasome
activation, we measured the levels of cathepsin B mRNA
expression in the CCH-induced hippocampus and frontal
cortex by real-time PCR (Figure 4). The mRNA
expression levels of NLRP3, caspase-1, ASC and
cathepsin B in PBOCCA rats were significantly increased
compared to Sham control groups in the hippocampus
region (Figure 4A; p = 0.0057, Figure 4B; p = 0.0010,
Figure 4C; p = 0.0015, Figure 4D; p = 0.0061). In the
frontal cortex region, all levels of gene expression
showed a significant upregulation in PBOCCA groups
compared to the Sham group (Figure 4A; p = 0.0091,
Figure 4B; p = 0.0070, Figure 4C; p = 0.0021, Figure 4D;
p = 0.0055).

3.5 PBOCCA activated inflammatory response
Astrocyte and neuron activation status is closely linked
to the local neuroinflammatory state. Excessive
caspase-1 levels can trigger IL-1B and IL-18. Therefore,
we measured the levels of IL-1B, IL-18 and IL-6 as
proinflammatory cytokines and Ap1-42 in the
hippocampus and frontal cortex by ELISA (Figure 5). The
expression level of these proteins in PBOCCA rats was
significantly increased in the hippocampus area
compared to Sham groups (Figure 5A; p = 0.0099; Figure
5B; p = 0.0297; Figure 5C; p = 0.0041; Figure 5D; p =
0.0416). In PBOCCA rats, the levels of IL-1B, IL-18, IL-6
and AB1-42 were significantly elevated compared to the
Sham group in the frontal cortex region (Figure 5A; p =
0.0211; Figure 5B; p = 0.0111; Figure 5C; p = 0.0153;
Figure 5D; p =0.0191).

4.0 DISCUSSION

CCH is considered a contributing factor to both VaD
(Zhao et al., 2014) and AD (Park et al., 2019). However,
the precise mechanisms by which CCH leads to cognitive
impairment and contributes to the development of
Alzheimer's pathology remain insufficiently understood.
In our study, we explored the impact of CCH on the
expression of cathepsin B and its association with NLRP3
inflammasome and caspase-1 activation. We found that
CCH induces upregulation of cathepsin B, which in turn
contributes to the activation of NLRP3 inflammasomes
and Caspase-1. This cascade of events leads to elevated
levels of pro-inflammatory cytokines such as IL-18, IL-
18, and IL-6 in the hippocampus and frontal cortex
regions of rat brains.

The experimental rat model employed in this study
involved establishing the PBOCCA model. This model
was created by permanently ligating both common
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carotid arteries, leading to a notable reduction in CBF.  for investigating the underlying mechanisms of chronic
Consequently, the rats exhibited deficits in learningand  cerebrovascular disorders and for screening potential
memory and neuronal damage that resembled the therapeutic agents aimed at treating AD and VaD
conditions observed in patients with VaD. Over time, (Farkas et al., 2007; Kumaran et al., 2021; Kumaran et
the POBCCA rat model has proven to be a valuable tool  al., 2022; Shang et al., 2016; Shang et al., 2019).
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A series of behavioural tests (open-field test and MWM)
were conducted (Kumaran et al.,, 2022; Wang et al.,
2019) in Sham (without ligation) and PBOCCA-operated
rats, respectively, to assess both motoric and cognitive
functions. Recent studies by Damodaran, Farkas,
Kumaran and their colleagues indicated that the CCH
model did not exert any apparent effects on basic motor
abilities (Damodaran et al., 2020; Farkas et al., 2007;
Kumaran et al., 2021, 2022, 2023). In this study, the
locomotor activities at day 15 demonstrated a similar
effect in PBOCCA rats compared to a Sham control

group.

MWM is one of the methods used to assess cognitive
impairment in mammals caused by CCH (Bhuvanendran
et al., 2019; Cechetti et al., 2012; Deiana et al., 2011;
Hazalin et al., 2020). Recent studies demonstrated that
learning and spatial memory see a reduction after CCH
is induced in PBOCCA rats, as compared to Sham control
groups (Hazalin et al., 2020; Tiang et al., 2020). The
current study noted significant cognitive impairment in
the spatial memory test using the MWM. PBOCCA rats
showed a significant increase in escape latencies during
the 4-day training session and reduced the percentage
of time spent in the target quadrant during the probe
trial compared to Sham rats. These findings indicate

that rats exposed to prolonged cerebral ischemia i.e. 2
weeks after PBOCCA surgery, display significant
impairments in spatial reference learning and memory,
findings that align with previous studies (Damodaran et
al., 2014; Kumaran et al., 2021; Tiang et al., 2020).

Rats in both groups demonstrated similar mean
swimming speeds during probe trial tests. This indicates
that the results obtained from the spatial training and
reference memory during probe trials were not affected
by any motor dysfunction during swimming, lack of
motivation, or vision impairment in PBOCCA rats. These
outcomes align with previous studies on the subject
(Ahad et al., 2020; Kumaran et al., 2021).

Consistent with previous reports, CCH induced spatial
learning and memory deficits with structural damage to
the hippocampus in PBOCCA rats (Wang et al., 2017;
Wang et al.,, 2018). In the present study, the H&E-
stained brain tissue from CCH-induced rats revealed
arrangements of disrupted cellular activity in
hippocampal CA1 and significantly increased numbers
of pyknotic neurons with cytoplasmic shrinkage. These
results are consistent with earlier reports by Wang and
colleagues (2019).
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Su and colleagues carried out a sequence of
investigations, revealing that CCH triggered the release
of proinflammatory cytokines, disrupted lysosome
function, and led to the accumulation of autolysosomes,
ultimately leading to atypical autophagy responses (Su
et al., 2018). Nonetheless, the precise underlying
mechanisms remain partially elucidated. Recently, the
significance of autophagy in modulating the NLRP3
inflammasome within inflammatory conditions of the
nervous system has been highlighted (Zhao et al., 2021).
Autophagy assumes a counteractive role in controlling
the initiation of the NLRP3 inflammasome through the
removal of intrinsic inflammasome activators,
encompassing ROS originating from impaired
mitochondria, inflammatory constituents and cytokines
(Biasizzo & Kopitar-Jerala, 2020; Cao et al., 2019).
Previous research indicates that abnormal autophagy
led to lysosomal membrane destabilisation, K+ efflux,
and release of cathepsin B into the cytosol, which over-
activated the NLRP3 inflammasome and increased the
IL-1B constituent in primary mouse microglia and BV-2
cells (Wu et al.,, 2021). A study by Matsuyama and
colleagues also revealed that the levels of NLRP3,
caspase-1 and IL-1B increased significantly after CCH in
the thalamus and hippocampus of AD mice (Matsuyama
et al.,, 2020).

Nevertheless, the impact of autophagy on the NLRP3
inflammasome within the context of CCH remains
unexplored. Gene expression was evaluated using RT-
PCR to ascertain the potential involvement of
autophagy in the stimulation of the NLRP3
inflammasome and to elucidate its potential underlying
mechanism in the context of CCH. The results
demonstrated that the cathepsin B gene expression
level increased after CCH was induced in PBOCCA rats.
This enhancement in cathepsin B level has been
significantly seen in both hippocampus and frontal
cortex after PBOCCA surgery. The present results
demonstrated that CCH significantly increased the
NLRP3, ASC and caspase-1 gene expressions in PBOCCA
rats, which subsequently caused an increment in the
level of NLRP3 inflammasome. The findings of RT-PCR
analysis illustrated that the level of NLRP3, ASC and
caspase-1 gene expressions increased after CCH was
induced in PBOCCA rats. This enhancement has been
seen significantly after PBOCCA surgery in both
hippocampus and frontal cortex. The causal roles that
CCH plays in the neuro-pathologies and cognitive
impairment characteristic of AD and VaD have been
revealed in different studies (Wang et al., 2019;
Zhang et al., 2020).

Previous studies revealed that activation of microglia in
CCH-induced rats is associated with the release of
inflammatory cytokines such as IL-18, IL-1B, and IL-6
which leads to the progression of BBB disruption in AD
and VaD patients (Lee et al., 2016; Nath et al., 2020).
The present study's ELISA results demonstrated that the
amount of IL-1B, IL-18, and IL-6 increased significantly
following NLRP3 activation in the PBOCCA control group
compared to the Sham group. Findings from prior
research have also suggested that the NLRP3
inflammasome  undergoes oligomerisation and
subsequent activation, leading to the initiation of
caspase-1 activation. This activation, in turn, facilitates
the processing and subsequent release of IL-1B
(Matsuyama et al., 2020) and IL-18 (Roy et al., 2023).

Also, CCH could reduce CBF, as seen in the PBOCCA
model (Kumaran et al., 2021; Kumaran et al., 2022).Ina
prior study, Kitaguchi and colleagues observed that
prolonged cerebral hypoperfusion led to heightened AB
accumulation and facilitated the development of AD
pathology (Kitaguchi et al., 2009). The absence of the
NLRP3 inflammasome prompted microglial cells to
adopt an M2 phenotype, resulting in reduced AP
deposition (Heneka et al., 2012). We present the first
demonstration of how the amount of AB1-42
significantly increased in the PBOCCA group compared
to the control group. Therefore, over-amplifying
amplification of these immune responses and
prolonged reduction of CBF leads to the overproduction
of AR and a decrease of AP uptake by CBF.

On the other hand, insufficient CBF due to POBCCA
surgery reduced AB removal by blood vessels, leading to
the accumulation of AP and activating the innate
immune response and NLRP3 inflammasome
(LuciGnaité et al., 2020). The limitation of this study is
that cerebral blood flow should be measured using a
laser Doppler flowmetry technology to confirm the
reduction of CBF in this animal model. Secondly, other
biomarkers must be further investigated to ascertain
whether the induction of PBOCCA-induced CCH can be
represented as AD, such as hyperphosphorylation of tau
protein.

The results of this investigation imply that increased
NLRP3 inflammasome expression plays a role in shaping
the pathophysiology of individuals affected by vascular
cognitive impairment. In brief, the release of
proinflammatory cytokines in response to CCH is
intricately linked to cognitive decline, particularly in AD
progression (Farkas et al., 2007; Rajeev et al., 2022).
CCH triggers the activation of NLRP3 inflammasomes in
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microglia, leading to the secretion of cytokines such as
IL-1B, 1L-18 (Shang et al.,, 2019), and IL-6. These
cytokines contribute to neuroinflammation and
synaptic dysfunction, exacerbating cognitive
impairment observed in AD (Hanslik & Ulland, 2020).

The activation of NLRP3 inflammasomes exacerbates
tau pathology and contributes to the spread of AP
plaques in the brain (Van Zeller et al., 2021). Notably,
research demonstrates that NLRP3 inflammasome
activation precedes AD pathology, suggesting its
involvement as an early pathogenic eventin the disease.
Our study provides novel insights by elucidating the
association between CCH, autophagy, and NLRP3
inflammasome activation. Our study specifically
illustrates that CCH leads to an increase in cathepsin B
expression, which in turn contributes to the activation
of the NLRP3 inflammasome. This activation results in
elevated levels of proinflammatory cytokines, including
IL-1B, IL-18, IL-6, and AB1-42. These findings underscore
a potential mechanistic connection between vascular
dysfunction, neuroinflammation, and the progression of
AD. These findings underscore the importance of
targeting the NLRP3 inflammasome as a therapeutic
strategy to mitigate neuroinflammatory processes,
inhibit AR deposition, and potentially alleviate cognitive
decline in AD patients.
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