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Abstract

Purpose: Neuroinflammation is associated with oxidative stress, thereby leading to neuronal dysfunctions in the
central nervous system. Quercetin is a well-known potent anti-oxidant capable of reducing the generation of free
radicals. Preventing the generation of free radical may be a valuable therapeutic approach in the management of
disorders such as Parkinson’s disease, multiples sclerosis and Alzheimer’s disease associated with
neuroinflammation. This work was therefore designed to investigate the effect of quercetin on brain architecture in
lipopolysaccharide (LPS) induced neuroinflammation in mice.

Method: Fifteen (15) animals (mice) were randomly divided into a group of three consisting of five animals in each
group. Neuroinflammation was induced by a single injection of 2 mg/kg Escherichia coli bacterial
lipopolysaccharide (serotype 055:B5, Sigma, St Louis, MO, USA) dissolved in 0.9% sterile saline intra-peritonially
(IP).

Group A served as the control group and was administered distilled water for a period of three days while group B
received only LPS meanwhile group C was induced and treated with quercetin (40 mg/kg p.o) for three days. After
three days, all animals were sacrificed, and their brain tissues were carefully collected for analysis. Dendritic
arborization and deoxyribonucleic acid (DNA) were quantified using silver stain and feulgen stain respectively
Results: Silver stain revealed that quercetin in group C prevented axonal loss as compared to untreated group B.
Meanwhile in the feulgen stain, the DNA was preserved by quercetin as compared to untreated group B.
Conclusion: This study has clearly revealed that quercetin prevented neuronal dysfunction during
neuroinflammation through mechanisms that may involve preventing axonal and DNA loss.
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INTRODUCTION

Quercetin is one of the most widely distributed
flavonoids characterized by a crystalline, yellow
material which is completely insoluble in cold
water, soluble in alcohol and lipids, and
marginally soluble in hot water and is
distinguished by its bitter taste. Structurally, it is
an aglucone or aglycon that does not contain any
carbohydrate molecules, and it gives a range of
flowers great colors®. Quercetin is distributed in
nature and commonly present in floral
components, bark, stems, roots of various
species. Additionally, it is found in numerous
dietary sources such as wine, vegetables, tea,
and fruits such as apples, capers, berries,
cilantro, lovage, onions, and dill. Chemically,
Quercetin is composed of benzene rings and
hydroxyl groups. Quercetin  has been
extensively studied for its wide spectrum of
pharmacological properties including its
intriguing treatments for different health issues
such as anticancer activity?, antiallergic activity
3, anti-diabetes activity # anti-obesity activity®,
and its efficacy in managing hyperuricemia and
gouty arthritis® etc. The most important impact
of quercetin is its ability to inhibit the spread of
certain cancers including those of the breast,
cervix, lung, colon, prostate, and liver *.

The therapeutic potential of quercetin is largely
attributed to its antioxidant capacity. It directly
scavenges free radicals, chelate metals ions
perhaps inhibiting the formation of free radicals
by the ions, and its ability to modulate signaling
molecules & and also interacts with glutathione
(GSH) °. 1t has been found that quercetin can
modulate metallothionein which is an important
metal detoxification protein *°. The metabolites
of quercetin has been shown to promote growth
of beneficial gut microbiota, indicating its role
in maintaining intestinal healtht,
Neuroinflammation refers to the inflammatory
response within the brain or spinal cord. This
process involves the release of signaling
molecules like cytokines, chemokines and
reactive oxygen species. These mediators are
produced by resident CNS glia (microglia and
astrocytes), endothelial cells, and peripherally
derived immune cells. When tissue in the brain
(or spinal cord) becomes inflamed, they can lead
to inflammation in neural tissues, potentially
contributing to various neurological conditions.
Although inflammation on the skin is often
visible and painful, inflammation in the brain
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cannot be seen or felt in the same way. However,
during neuroinflammation, brain cells are
directly affected, and individuals may
experience temporary changes in mood,
behavior, concentration, memory, fatigue and
motivation. Neuroinflammatory responses are
mediated by several key pro-inflammatory
cytokines (IL-1pB, IL-6, and TNFa), chemokines
(CCL2, CCL5, CXCL1), secondary messengers
(NO and prostaglandins) and reactive oxygen
species (ROS). Many of these mediators are
produced by activated resident CNS cells
including  microglia ~ and  astrocytes'?
Lipopolysaccharide (LPS), a toxic compound
found in the outer membrane of Gram-negative
bacteria, is commonly used to model
neuroinflammation in animal studies because of
its strong ability to activate microgalia and
triggers the release of pro-inflammatory
cytokines such as (IL-1pB, IL-6, and TNFa)®.
Quercetin has been widely studied for its
antioxidant effects 1, as well as its roles in anti-
aging®®, anti cancer'®, treatment in kidney and
tumor tissues’, it also helps reduce oxidative
stress and blood pressure related markers in both
urine and blood®®, Antidepressant activity.
Despite its potentials, research specifically
investigating the effect of quercetin on neuronal
architecture in the context of LPS induced
neuroinflammation remains limited. This study
aims to investigate the effect of quercetin on
brain  architecture in  LPS  induced
neuroinflammation in mice

MATERIALS AND METHODS

Animals

Mice weighing between 20-30g were used for
this study. They were acclimatized for 2 weeks
at the Central Animal House, College of Health
Sciences, Prince Abubakar Audu University,
Anyigba. They were kept under standard
laboratory conditions, and fed on rodent cubes.
All experimental procedures on rodents were
conducted in accordance with established
protocols under the guidelines of the Principle of
Laboratory Animal Care (National Institute of
Health publication No. 85-23). Ethical approval
number (CREC-CHS/PAAU/2025/0011) was
obtained from the College of Health Sciences,
Prince  Abubakar Audu University ethical
committee.

Induction of Neuroinflammation

Following the method of (Yun et al., 2019) the
overnight fasted rats were injected intra-
peritoneal (i.p.) with 2 mg/kg Escherichia coli
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bacterial lipopolysaccharide (serotype 055:B5,
Sigma, St Louis, MO, USA) dissolved in 0.9%
sterile saline. Treatment was done on the day of
induction and continuously on a daily basis up to
the third day. Mice were sacrificed three days
after Lipopolysaccharide injection. After
sacrifice, brains were removed. Silver and
Feulgen stain were used to quantify the dendritic
arborization and DNA intensity respectively.

Animal grouping

Group A served as the control (not induced)
received distilled water for three days while
group B (induced) and received distilled water
for three days after administration of LPS
meanwhile group C was induced and treated
with Quercetin (40 mg/kg p.o) for three days.

Statistical Analysis

Data were presented as mean + Standard Error
of Mean (SEM) using GraphPad Prism version
10. Comparisons between groups were made
using the one-way analysis of variance
(ANOVA) followed by Duncan post-hoc test.
95% confidence level, and at p < 0.05 was
considered statistically significant.

RESULT AND DISCUSSION

This present study has investigated the role of
quercetin in preserving the cytoarchitecture of

Figure 1: Effects of Quercetin on Feulgen stain
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the brain using the LPS induced model of
neuroinflammation, meanwhile quantifying
cytoarchitecture by silver stain and feulgen
stain. Feulgen stain has earlier been used various
purposes, including the precise estimation of
chromatin ~ condensation  and  cellular
rearrangements of the cerebellar layers in X-ray
exposed mice?’, and the quantitation of nuclear
DNA content in lung carcincoma®. From the
results as shown in Figure 1, Group A had
intensity of +++ (indicating the measure of
nuclear stain concentration) in the cell and a cell
volume of ++ while Group B shows lesser
intensity of stain (+), although the same volume
of stain in group C, meanwhile Group A and C
are comparable. This result indicates that
quercetin given at 40 mg/kg preserved the brain
cytoarhitecture specifically preserving the DNA
in the brain cells as compared to untreated group
B, our findings suggest that quercetin maybe
preserving the cell via mechanism that are
associated with preventing free radicals in the
cell. Quercetin has earlier been reported for its
anti-oxidant capacity??-its ability to prevent
DNA loss may be attributed to this anti-oxidant
properties.

Both animal and plant cell research has relied on
the Feulgen reaction to perform specific DNA
analysis. In 2020, the application of Feulgen
staining was described for imaging of ovaries
and developing embryo sacs in maize?.

A- The photomicrograph above in feulgen stain show intensity(+++),vol(_++)
B- The photomicrograph above in feulgen stain shows intensity(+), volume(+++)
C- The photomicrograph above in feulgen stain show intensity(+++), vol(+++)

Silver stain is a highly sensitive colorimetric
technique used to detect proteins and low
molecular-weight nucleic acids in
polyacrylamide gels, enabling visualization of
even trace amount of the biomolecules. Silver

staining techniques have been widely utilized to
visualize diverse physical and biological

structures, for instance, Van Bregt et al*
observed that silver staining detects progressive
neuronal damage in the substantia nigra after
moderate diffuse brain injury. Burk et al®® also
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demonstrated the use of silver staining in
identifying axonal degeneration resulting from
combined deficiencies in Vitamin E and
Vitamin C in guinea pigs. Their findings
revealed fragmented axons and degenerating
fibers, particularly in the spinal cord and
brainstem regions.

From the results as shown in Figure 2, Group A
and B shows slight loss of axons while Group C
shows high volume of normal axons. From these
results, quercetin given at 40 mg/kg prevented
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axonal loss when compared with untreated
group B. This observation can be attributed to
the antioxidant activity of quercetin®*, Since free

radicals are generated during
neuroinflammation. Mitigating this would be a
valuable  therapeutic approach in the

management of neurodegenerative disorder
associated  with  free radicals linked

neuroinflammation.

Figure 2: Effects of Quercetin on Silver stain

A- The photomicrograph above in silver stain shows slight loss of axons
B- The photomicrograph above in silver stain shows slight loss of axons
C- The photomicrograph above in silver stain shows high volume normal axons

CONCLUSION

This study has clearly indicated that quercetin
protected the brain cytoarchitecture through
mechanisms that are likely to be associated with
preventing DNA and axonal loss.
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