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Abstract
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Revised Date : 19 Dec. 2024 Abstract: Puerarin (Pur), a famous isoflavonoid, can be used in the regulation of many
Accept Date: 24 Dec. 2024 biological and clinical conditions. However, its role in protecting against LPS-induced

neuroinflammation is still unclear. This study supposed to assess the protective effect of
Keywords Pur against LPS-induced memory impairment and hippocampal inflammation. The study
included three groups of mice: Control group (n=6), LPS group (n=6), and LPS + Pur
group. In the LPS group, there was a marked increase in the time to reach the target box

e Neuroinflammation, L .
(TTB) and WME and RME compared to control mice, indicating impaired spatial

o ke memory and learning. This was also reflected in the histological picture of hippocampal
e Hippocampus neuronal damage. Additionally, LPS induced a classic picture of hippocampal oxidative
e cognitive function stress, evidenced by elevated MDA levels and depletion of GSH and GPx. Moreover,
e LPS LPS caused neuroinflammation, as shown by increased protein levels of hippocampal
e puerarin TLR4and NF-xB, along with the consequent secretion of IL-1B, TNF-a, IL-6.

Furthermore, intraperitoneal injection of LPS significantly increased the levels of
pyroptotic markers (NLRP3, caspase-1, IL-1B, IL-18, GSDMD) compared to normal
mice. Meanwhile, oral intake of Pur improved the cognitive functions of LPS-treated
mice by decreasing memory impairment parameters. These protective effects are
attributed to its preservation of hippocampal neuron structure, its antioxidant properties,
and its inhibition of LPS-activated TLR4/NF-kB and NLRP3/IL-1p pathways, thereby
reducing hippocampal inflammation and pyroptosis. Overall, we can conclude that Pur
has the ability to mitigate the negative impact of LPS on memory function in mice
through its anti-inflammatory effects. Thus, it might be used as a novel protective agent
against clinical forms of LPS-induced cognitive impairment.
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Introduction

Neuroinflammation offers a crucial role in the
pathology of  cognitive  impairment and
neurodegenerative disorders [1,2]. Injection of
LPS, from the wall of gram-negative bacteria,
induces significant neuroinflammation through the
release of inflammatory cytokines. [3,4]. It binds
to TLR4, which is expressed in many supporting
glial cells such as astrocytes, microglia, and
macrophages. [5]. After initiation of TLR4 by
LPS, the NF-kB inflammatory signaling pathway
is activated, mediating the neuroinflammatory
process. [6]. Many studies have reported that LPS
application induces cognitive impairment in mice
through its neuroinflammatory effects. [7-9].
Microglial activation plays an important role in the
neuroinflammatory response through the secretion
of NO, ROS, and inflammatory chemokines. [10].
Recent studies have focused on the inflammasome
complex as a regulatory factor in inflammatory
diseases. [11,12]. A well-known inflammasome,
NLRP3, activates caspase-1, which induces IL-1
and IL-18 production [11]. Inhibition of NLRP3 is
involved in the treatment of several inflammatory
diseases [13,14].

In recent years, Pueraria lobata, a famous Chinese
traditional plant, has been used in many functional
foods and medications [15]. The active compound
pur can cross the BBB, providing many beneficial
biological effects such as  antioxidant,
antiapoptotic, anti-inflammatory, and autophagy
modulation. [16]. It is used Clinically, it is used in
the prevention and treatment of many disorders
such as diabetes, AD, tumors, and PD [17,18].
Puerarin's neuroprotective role has been previously
examined in hydroxydopamine-induced neuronal

injury, highlighting its  anti-apoptotic  and

antioxidant characteristics [19-21]. Moreover,
another study discussed the protective effect of
puerarin against neuronal damage in a traumatic
brain model, attributing this to its antioxidant
effect [22]. Therefore, we were encouraged to
investigate the elucidative effect of puerarin
against LPS-induced cognitive impairment and
neuroinflammation,  exploring  the  involved
mechanisms.

2. Material and Methods

2.1. Animals

In the present work, we used eighteen male ICR
mice weighing between twenty-five and thirty-five
grams. They were classified into three groups
(n=6) and lived in polypropylene cages with
unlimited supply of food and water. The study was
conducted in accordance with the National
Institutes of Health guidelines for the care and use
of laboratory animals (NIH Publication No. 8023,
revised 1996).

2.2. Experimental design

The study included three groups as follows:

1. Control group: This group received
normal saline (10 mL/kg) via oral gavage
for thirty days.

2. LPS group: Mice in this group received
normal saline throughout the experiment
but were injected intraperitoneally with a
dose of 250 pg/kg on days twenty-three,
twenty-four, twenty-five, and twenty-six
to induce neuroinflammation [23,24].

3. LPS + Pur group: Animals in this group
received Pur at a dose of 200 mg/kg body
weight via oral gavage [25] for thirty days,
along with the previously mentioned dose
of LPS as in the LPS group.
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During the experiment, behavioral evaluation was
conducted using the Radial Arm Maze. The
animals were trained from days twenty-four to
twenty-six, preceded by diet restriction from day
sixteen today twenty-three. Memory evaluation
was then performed on days twenty-seven, twenty-
eight, twenty-nine, and thirty.

2.3. Behavioral Assessment Using the Radial
Arm Maze (RAM)

In this study, the Radial Arm Maze (RAM) was
used to evaluate the memory and spatial learning
of mice. The maze consisted of eight arms, each
measuring 48 x 12 centimeters, connected to a
central platform with a diameter of 32 centimeters.
The procedures followed were based on previous
studies [23,26]. Behavioral assessments were
conducted in three phases: food restriction,
training, and memory evaluation. Of the eight
arms, the first, third, fourth, sixth, and seventh
arms were baited with food, while the second,
fifth, and eighth arms were non-baited. A seven-
day diet restriction, from days 16 to 23 of drug
treatment, was implemented to create a food
motivation. During the training phase, which
spanned from day 24 to day 26, food was scattered
throughout the maze on the first day, allowing the
animals to explore for five minutes. On the
following days, only the baited arms contained
food. During the test phase, from day 27 to day 30
of the treatment time, memory parameters such as
the time taken to consume all five baits (TTB),
working memory errors (WME), and reference
memory errors (RME) were recorded over five
minutes of exploration. WME was defined as the
total number of re-entries into baited arms that had
already been visited, while RME referred to the

total number of entries into non-baited arms [26].

2.4. Determination of inflammatory and
pyroptotic markers

After the animals were sacrificed, their brains were
removed, homogenized, and then centrifuged at
4000 rpm for ten minutes. The resulting
supernatant was examined for TLR4 (Cat#
MBS2702402), MyD88 (Cat# MBS2533515), NF-
kB (Cat# MBS2023542), TNF-o (Cat# BMS607-
3), IL-1p (Cat# BMS6002), IL-6 (Cat#
KMCO0061), NLRP3 (Cat# MBS7606270),
caspase-1 (Cat# E-EL-MO0201), IL-18 (Cat#
BMS618-3), and GSDMD (Cat# ab233627) using
ELISA kits, following the manufacturers'
instructions.

2.5. Pathological Evaluation

Following the mice authentication, the brains were
removed and cut coronally to make sections of the
hippocampus. These sections were then fixed,
embedded in paraffin blocks, and cut into four-
micron sections on glass slides for H&E staining
and examination under a light microscope [27].
2.6. Assessment of the Oxidative Stress
Biomarkers

Malonaldehyde (MDA), a well-known lipid
oxidation marker, was assayed in hippocampal
homogenate in accordance with [28]. Additionally,
GSH and GPx were measured following the
procedures of [29,30].

2.7. Statistical Analysis

One-way analysis of variance (ANOVA) was
performed in our study using GraphPad Prism
(version 8.0.2), followed by Tukey's test to
compare the results between different study
groups. A p-value of less than 0.05 was considered

significant.
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3. Results

3.1. Mitigative effect of Pur against LPS-
induced memory impairment with hippocampal
histological improvement

As shown in Figure 1, the LPS group showed a
significant (p < 0.05) increase in the TTB time
over four days, indicating a clear deterioration in
the memory of the mice [Fig. 1A]. Additionally,
LPS-treated mice displayed a marked increase in
WME compared to control animals, indicating an
impairment of working memory [Fig. 1B]. The
LPS group also revealed a significant increase in
RME numbers compared to control mice over the
four days [Fig. 1C], reflecting deterioration in
refractory memory. Conversely, co-treatment with

Pur and LPS significantly (p < 0.05) decreased

TBB, WME, and RME compared to the LPS
group, indicating that Pur had a positive impact on
the memory of mice affected by intraperitoneal
injection of LPS.

Histological examination of hippocampal sections
(CA2, CA3) in the LPS group showed marked
neuronal degeneration in the form of neuronal
apoptosis and  shrinkage,  with  obvious
vacuolations and vascular congestion [Fig. 2C, D]
compared to the control group [Fig. 2A, B].
However, oral intake of 200 mg/kg of Pur with
LPS

improvement, with a decrease in the number of

displayed significant histological
damaged neurons and vacuolations [Fig. 2E, F].
The clear improvement in neuronal histology by

Pur supports its positive effect on memory.
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Fig. 1. Impact of Pur on behavioral testes (A)(TTB)the time which taken to consume in the five baits, (B) WME, (C)
RME. All numbers represented as mean+SD. *p<0.05 significant to control, #psignificant to LPS.
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LPS+Pur

Fig.2. H&E hippocampal sections revealed a normal pyramidal neuron in CA3&CA2 in control mice (A,B). Hippocampal sections
from LPS group showing marked neural shrinkage &apoptosis (arrowheads) with dilated blood vessels (red arrows) in CA2 (C), neural
shrinkage &apoptosis (arrowheads) and vacuolation (black arrow) in CA3 (D). Hippocampal sections from LPS+ Pur group showing
mild neural shrinkage & apoptosis (arrowheads) and vacuolation (black arrow) in CA2&CA3 (E,F). X: 400 bar 50.

3.2. Antioxidant effect of Pur on LPS-induced treated with both LPO and Pur, showed a reduction
hippocampal oxidative stress in MDA and rise in GSH and GPx, confirming the
As shown in Figure 3, LPS-treated mice exhibited powerful antioxidant function of Pur.

upsurge in hippocampal homogenate MDA, with a
decline in the levels of antioxidants GSH and GPx

compared to control mice. Meanwhile, Group IlI,

= 8
gsoo - -
o =
= 600 = gs
L »
=3 # o= #
S e =5"
P w =
£ 200 ©e-= -
=< =
2 - .
™ =g > S > S
<& = < & % 2 <
S <2 < <2
A B ~°
300
==
= B 200 #
= =2
s =
& E
a = 100
o =2
e
o
~ S
& S o <
<© =3
C X

Fig. 3. Modulatory effect of Pur on (A)MDA, (B) GSH, (C) GPx. All results expressed as mean+SD. *p<0.05 vs normal mice, #pvs
LPS mice.
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3.3. Impact of Pur on TLR4/NF-xB pathway in
LPS-induced neuroinflammation

Intraperitoneal administration of LPS significantly
(p < 0.05) increased the protein levels in the TLR4
pathway, including TLR4, MyD88, NF-kB, TNF-
a, IL-1B (Fig. 4A-E), and IL-6 (Fig. 4F), compared

to the control group. On the other hand, treatment
with Pur and LPS produced a remarkable decrease
in these inflammatory markers compared to the
LPS group. From these results, we can conclude
that Pur has an anti-inflammatory effect against

neuroinflammation.
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Fig. 4. Downregulatory impact of Pur on (A)TLR4, (B) MyD88 (C) NF-«xB, (D) TNF-a, (E) IL-1B, (F) IL-6. All data
represented as mean+SD. *p<0.05 indicates significancy to control animals, #pindicates significancy to LPS animals.

3.4. Negative effect of Pur on NLRP3/IL-1§
pyroptotic pathway

LPS injection in Group Il markedly elevated the
ELISA levels of the NLRP3 activation cascade,
including increased NLRP3 (Fig. 5A), Caspase-1
(Fig. 5B), IL-18 (Fig. 5C), and GSDMD (Fig. 5D),

compared to control animals. However, combined
treatment with LPS and Pur reversed these effects,
inhibiting the process of pyroptosis in the mice
hippocampus and preventing the inflammatory

form of cellular death.
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Fig. 5. Inhibitory effect of Pur on NLRP3 inflammasomes sequence (A)NLRP3, (B) Caspase-1 (C) IL-18, (D) GSDMD.
All study results displayed as mean+SD. *p<0.05 significant to control animals, #psignificant to LPS animals.

Discussion
Cognitive impairment and neurodegenerative
disorders are strongly linked to

neuroinflammation. The exact pathogenesis of
diseases such as MS, PD, and AD remains unclear,
which is why effective treatments are still lacking.
Therefore, animal models of neuroinflammation
the association

are essential for examining

between neuroinflammation, cognitive decline,
and neurodegenerative diseases [31]. The present
work demonstrated that LPS-induced
neuroinflammation affects spatial memory and
learning in mice, with notable histological changes
in the hippocampus. These cognitive changes in
the LPS group are attributed to hippocampal
oxidative damage and activation of neuronal

inflammation via the TLR4/NF-xB pathway,

leading to a surge in inflammatory cytokine
secretion. Additionally, LPS induced a pattern of
inflammatory neuronal cell death through the
NLRP3

Fortunately, co-treatment with Pur significantly

stimulation of inflammasomes.
improved memory in the mice by reversing the
aforementioned parameters.

RAM test was constructed to examine the working
memory and refractory memory in experimental
mouse study [32]. Recent research has reported
that LPS administration is associated with
microglial activation, which is linked to neuronal
damage in the mouse hippocampus, significantly
affecting memory [33]. The findings of our study
support this previous data, as the LPS group
disclosed a marked increase in TTB, WME, and

RME, reflecting impairments in memory and
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spatial learning. These cognitive deficits were
accompanied by hippocampal neuronal pyknosis
and vacuolation when compared to the control
group. These results are consistent with previous
studies [24,34]. Conversely, the intake of Pur
markedly improved the memory of the mice by
reducing working and reference memory errors
and decreasing hippocampal neuronal pyknosis.
These findings are consistent with the study by Cui
et al. [35], which reported that Pur administration
in cases of chronic alcohol toxicity improved
spatial memory in the WMT. This improvement
was evidenced by a decrease in escape latency and
distance, an increase in platform crossing times,
and total swimming distance, along with a
significant decline in the number of microglia in
the cerebral cortex and hippocampal dentate gyrus
of mice. Overall, these findings suggest that the
positive effect of Pur on memory in LPS-induced
memory impairment is due to its ameliorative
effect on the morphology of neurocytes.

Previous studies have documented that LPS
injection induces brain oxidative stress [36]. It is
well known that dementia in older individuals
results from oxidative stress [37]. Our findings
align with  previous data, showing that
intraperitoneal injection of LPS induces severe
hippocampal oxidative stress by increasing MDA
levels and decreasing the antioxidants GSH and
GPx compared to control mice homogenates,
consistent with [38]. Meanwhile, coadministration
of LPS with Pur significantly reversed
hippocampal oxidative injury by decreasing MDA
and increasing GSH and GPx, in agreement with
[24].

Oxidative stress and neuroinflammation are

involved in many neurodegenerative diseases,

significantly  impacting patients' lives [39].
Administration of LPS tends to bind to Toll-like
receptors (TLRs) on the surface of astrocytes and
microglia, inducing a neuroinflammatory response
[40]. TLR4 is also found on the surface of
Schwann cells, oligodendrocytes, and neurons in
response to DAMPs [41]. Activation of TLR4
leads to downstream signaling and activation of
the inflammatory transcription factor NF-«B,
resulting in the release of inflammatory
interleukins like 1L-6, IL-1p, and TNF-0, which
cause neuronal damage and glial activation
[42].0Our study findings align with these facts, as
the LPS group showed a significant elevation in
ELISA levels of TLR4, MyD88, NF-kB, and
inflammatory  cytokines. These results are
concomitant with the work by EI-Sahar et al. [43].
However, cotreatment with Pur markedly reduced
the protein levels of inflammatory biomarkers.
This is in line with previous work by Ren et al.
[44], who reported that a combination of Pur with
catalpol, borneol, and gastrodin, as natural
products, mitigates streptozotocin-induced
Alzheimer's disease by inhibiting microglial
activation through downregulation of the TLR4
inflammatory cascade. Additionally, the study by
Wang et al. [45] discussed the protective effects
against experimental lung, liver, and kidney sepsis
through NF-xB downregulation.

Activation of neurotoxic astrocytes has been
shown to result from microglial NLRP3
inflammasomes through the upregulation of the
NF-xB inflammatory cascade [46].
Lipopolysaccharide  (LPS)  activates  toxic
astrocytes by triggering NLRP3 inflammasomes,
followed by downstream instigation of caspase-1

and the release of the inflammatory cytokine IL-1p
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[47]. In our study, the LPS group showed a
significant upgrade in the ELISA levels of NLRP3,
caspase-1, IL-18, IL-1B, and GSDMD as
pyroptotic markers compared to control mice,
which is supported by previous research [48].
However, cotreatment with Pur significantly
reversed these pyroptotic markers, as confirmed by
the work of Zhou et al. [49].

Conclusions

Taken together, puerarin  demonstrated a
neuroprotective  effect against LPS-induced
memory impairment and hippocampal histological
alterations. This effect is attributed to its
antioxidant properties, suppression of neuronal
inflammatory  reactions by inhibiting  the
TLR4/NF-xB pathway, and downregulation of the
hippocampal pyroptotic process. Interestingly, the
present study suggests the potential
neuroprotective power of puerarin in LPS-induced

neuroinflammation and cognitive decline.

List of abbreviations

Pur Puerarin

LPS Lipopolysaccharide

TTB The time to reach the target
box

WME Working memory error

RME Relative memory error

MDA Malonaldehyde

GSH Reduced glutathione

GPx Glutathione peroxidase

TLR4 Tall like receptor 4

NF-xB Nuclear factor kappa beta

MyD88 Myeloid differentiation
primary response 88

IL-1B Interleukin-1 beta

TNF-a Tumor necrosis factor-alpha

IL-6 Interleukin-6

NLRP3 NOD-like receptor protein 3

NO Nitric oxide

ROS Reactive oxygen species

BBB Blood brain barrier

AD Alzheimer’s disease

PD Parkinsons disease

MS Multiple sclerosis
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