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Abstract

BACKGROUND AND AIM: The alarming rise in Alzheimer's disease prevalence, projected to affect 153 million
people by 2050, underscores the urgent need for effective treatments. Previous research implicates oxidative
stress in the neuronal death mechanisms associated with Alzheimer's. Lycopene, a carotenoid, has demonstrated
neuroprotective properties, reduced oxidative damage, and minimized histopathological changes in animal
models of Alzheimer's disease. This study aimed to investigate the role of lycopene in lipopolysaccharide (LPS)-
induced cerebellar toxicity in rats.

METHODS: Fifty adult Wistar rats were divided into five groups: A (control; non-pelletized rat feed, oil, and water),
B treated with 150 mg/kg body weight of LPS only intraperitoneally, C treated with (LPS 150 mg/kg
intraperitoneally + 15 mg/kg lycopene orally), D (15 mg/kg lycopene orally + 150 mg/kg LPS intraperitoneally), and
E (15 mg/kg lycopene orally). The rats underwent neurobehavioral protocols, and post-sacrifice brain sections
were processed and stained using H&E, Silver, and Luxol fast blue counter-stained with Nissl stain.

RESULTS: The LPS treatment group exhibited significant body weight loss and motor coordination impairments,
indicated by increased orientation and transit times. Lycopene-treated groups showed mitigated weight loss and
improved motor coordination. Histopathological analysis revealed mild neuronal damage in the LPS group, while
lycopene-treated groups exhibited milder lesions.

CONCLUSION: Lycopene demonstrates significant neuroprotective effects in LPS-induced cerebellar damage in
rats, improving motor coordination and reducing neuronal damage. These findings suggest lycopene's potential

Keywords:

as a therapeutic agent for oxidative stress-related neurodegenerative conditions, such as Alzheimer's disease.
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INTRODUCTION

Alzheimer's disease (AD) is a growing health

concern, projected to affect 78 million people by
2030 (Gauthier et al., 2021). As of 2021, it ranks as
the seventh leading cause of death globally,
marked by memory loss, behavioral changes, and
eventual death. While amyloid-beta (AB) plaques
and neurofibrillary tangles (NFTs) have been
classic pathological markers since 1907, recent
research  highlights the  importance  of
neuroinflammation and oxidative stress in AD
progression (Armstrong, 2006; lrem et al., 2023).
Historically, AD research has focused on the
cerebral cortex, with limited attention to the
cerebellum, traditionally associated with motor
functions. However, studies now suggest the
cerebellum also plays a role in cognitive processes
(Strick et al., 2009; Stoodley and Schmahmann,
2009).

The cerebellum’s anterior regions are linked to motor

functions, while the posterior regions and the
vermis are involved in cognitive and emotional
regulation  (Keren-Happuch et al, 2014;
Schmahmann et al, 2016). The "dysmetria of
thought" theory posits that the cerebellum
regulates cognitive functions, similar to how it
regulates motor control (Schmahmann, 1991;
Schmahmann, 2019). Emerging evidence suggests
that cerebellar involvement in AD may contribute
to cognitive deficits (Tan et al.,, 2014; Christine et
al., 2016), supported by studies showing altered
electrical activity in cerebellar neurons, which
can exacerbate hippocampal-related behavioral
impairments (Cheron et al., 2022).
Histopathological studies on cerebellar
involvement in AD have yielded mixed results.
Some report amyloid-p deposits in the cerebellar
cortex, while others show few NFTs (Braak et al.,
1989; Joachim et al., 1989; Fukutani et al., 1997;
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Wang et al., 2002). Reports on Purkinje cell loss in cerebellum
(Wegiel et al, 1999; Sjobeck and Englund, 2001) are also
inconsistent, though some recent studies suggest that these cells
may remain largely intact (Andersen et al, 2012). Functional
neuroimaging studies have demonstrated cerebellar connections
to the cerebral cortex, and cerebellar atrophy—especially in
regions linked to the default mode network—may contribute to
cognitive deficits in AD (Buckner et al., 2011; Christine et al.,
2016).

Lycopene, a carotenoid with antioxidant and anti-inflammatory
properties, is gaining attention for its potential role in AD
prevention (Rao et al., 2006; Federica et al., 2021). Lycopene has
been shown to reduce mortality and improve cognitive function
in AD models, likely due to its impact on brain-derived
neurotrophic factor (BDNF) and antioxidative actions (Akbaraly et
al., 2007; Zhao et al., 2018). Lipopolysaccharide (LPS), a bacterial
endotoxin, has been implicated in neurodegenerative diseases
like AD, promoting amyloid-beta aggregation and tau
hyperphosphorylation (Zhan et al., 2016; Zhang et al., 2016). LPS-
induced neuroinflammation in animal models mimics key aspects
of AD pathology (Romo et al., 2024).

While lycopene's protective effects on cortical regions have been
studied, its impact on the cerebellum in AD remains
underexplored. This study aims to investigate lycopene's
therapeutic effects on an AD cerebellum model induced by LPS.

MATERIALS AND METHODS

Fifty (50) Adult Male Wistar rats weighing 180—220g were used for
this study. The animals were sourced from the animal house of the
Faculty of Basic Medical Sciences of Olabisi Onabanjo University.
They were housed in clean white plastic cages in a well-ventilated
environment with temperatures ranging from 24° to 28°C in 12
hours light and 12 hours dark cycle. The animals were fed with
standard non-pelletized rat feed and water ad libitum and
subjected to two (2) weeks of acclimatization before kick-starting
the experimental protocols. Lipopolysaccharides (LPS) (Cat. No.:
HY-D1056) and Lycopene (SKU: GE779DV5N8HWANAFAMZ,
NAFDAC NO: NF-HN333310 and Product Line: Gastrolife) were
purchased from MedChemExpress (1 Deer Park Dr, Suite Q,
Monmouth Junction, NJ 08852, USA). Approval for the work was
obtained from the institutional committee on Animal Care and
Use in Research, Education, and Testing (ACURET) Unit of Olabisi
Onabanjo University, Ago-lwoye with the ethical code
OOU/DREC/20/001. The animal experiments were conducted
according to the NIH Guide on Laboratory Animals for Biomedical
Research (NIH, 1978) and ethical guidelines for investigating
experimental pain in conscious animals (Zimmerman, 1983).

Experimental Design

Fifty male Wistar rats were randomly divided into five groups of
ten rats per group: Control group (group A) received an equal

volume of the dry standard non-pellitized rat feed, and clean
water ad libitum; Lipopolysaccharide (LPS)-only treated group
(group B) received 150 mg/kg body weight of LPS
intraperitoneally (ip) for 20 consecutive days; curative group
(group C) received 150 mg/kg body weight of LPS ip. for 10 days,
followed by 15 mg/kg body weight of lycopene for 10 days orally;
preventive group (group D) received 15 mg/kg body weight of
lycopene for 10 days orally, followed by 150 mg/kg body weight
of LPS for 10 days ip.; Lycopene-only treated group (group E) were
given 15 mg/kg body weight of lycopene orally for 20 days.

Body weight and Relative brain weight.

Accurate measurements of the animals’ body weights were
obtained using a sensitive weighing balance. The weight of each
animal was crucial as it served as the basis for calculating the
appropriate volume of lipopolysaccharides and lycopene to be
administered to each rat. This process was carried out
progressively on a weekly basis throughout the exercise induction
period. Furthermore, at the end of our induction the final body
weight we obtained before we sacrificed the animal was
subtracted from the initial body weight and this culminated our
differential body weight. Similarly, our relative brain weight were
obtain using a sensitive weighing balance. The brain weight of
each animal was essential and it served as the root of calculating
the percentage of relative brain weight. We generated the
percentage of our relative brain weight by using the value of each
animal brain weight divided by the final body weight multiply by
100.

Neurobehavioral Assessment

Static Rod Test: The static rods test is a motor coordination
assessment that can be used to measure cognitive function in
animals such as vestibular changes, spatial orientation, mental
rotation, and balance capacities (VanderHorst and Ulfhake, 2006;
Maitreyi et al., 2018; Kalinina et al.,, 2021). Rods of varying
diameters were used to refine the test. Subjects were assessed on
two rods of different diameters (22 and 28 mm). The orientation
and transit times were recorded, with a maximum score of 120
seconds allocated for each (Deacon, 2013). Orientation time is the
time taken to orientate 1802 from the starting position toward the
shelf, while the transit time is the time taken to travel to the shelf
end (nose beyond the 10 cm mark from the shelf end of the rod).
An animal that is able to orientate in a short time after being
placed on the rod signifies good motor coordination, and an
animal that takes a longer time before orientation and transiting
the rod signifies poor motor coordination. A successful transit is
recorded when the subject travels the rod in an upright position
as it indicates good motor coordination (Breuss et al., 2017). A
subject that traverses the rod in an upright position has better
motor coordination than a subject that orients upside-down on
the rod (Horiuchi et al., 2017).

JOURNAL OF EXPERIMENTAL AND CLINICAL ANATOMY - VOLUME 21, ISSUE 2, DECEMBER, 2024 347



Adeyeye et al.: Neuroprotective effects of lycopene on lipopolysaccharide-induced cerebellar damage

Tissue Sample Preparation

At the study's conclusion, the Wistar rats were euthanized with
chloroform. The whole brain was extracted, and coronal sections
of the brain in the region of the cerebellum were fixed in 10%
phosphate-buffered formalin (PBF) and processed for histological
analysis.

Haematoxylin and Eosin Routine Staining

Tissue sections underwent routine staining with haematoxylin and
eosin following standard procedures: Tissue sections were rinsed
in distilled water for 5 min, then stained in hematoxylin for 5 min,
rinsed in running tap water and differentiated in 0.3% acetic acid,
and rinsed in tap water before staining with eosin for 2 min.
Sections were then dehydrated in 70% for 1 min, 95% alcohol for
1 min, and 100% alcohol for 1 min (2 changes), respectively and
then taken to the oven overnight. Sections were subsequently
cleared in xylene and then placed DPX mountant and cover-
slipped for light microscopy (OrtizHidalgo and Pina-Oviedo, 2019).

Bielschowsky's Silver Staining Protocol

Bielschowsky's  silver stain  demonstrate nerve fibers,
neurofibrillary tangles and senile plaques also known as neuritic
plagues in central nervous system (Uchihara, 2007; Intorcia et al.,
2019), sections were stained with following established protocols:
Deparaffinized sections to distilled water and washed three times,
the slides were pre-warmed (402C) and stained in 10% silver
nitrate solution for 15 min, the slides were then placed in distilled
water and washed 3 times; added to the silver nitrate solution,
was concentrated ammonium hydroxide drop by drop until the
precipitate formed was just clear. The slides were placed back in
this ammonium silver solution and stained in a 402C oven for 30
min or until sections became dark brown, slides were placed
directly in the developer working solution for about 1 min and,
after these slides were dipped for 1 min in 1% ammonium
hydroxide solution to stop the silver reaction. Slides were then
washed in distilled water in 3 changes. Slides were then placed in
5% sodium thiosulfate solution for 5 min, followed by yet another
3 changes of washing in distilled water. The sections were
dehydrated and cleared through 95% ethyl alcohol, absolute
alcohol and xylene and mounted with resinous medium. Silver
stains demonstrate nerve fibers of a neuron (Nissl, 2014).

Luxol Fast Blue Counter Staining with Nissl| Stain

Tissue sections were stained using Luxol-fast blue and
counterstained with Nissl stain to demonstrate myelinated
neurons and nissl substance respectively (Alexander et al., 2019;
Kadar et al, 2009); tissue sections were deparaffinized and
hydrated to 95% ethyl alcohol, then staining with luxol fast blue
solution in 56 2C oven overnight (not longer than 16 h). The slides
were quickly rinsed off excess stain with 95% ethyl alcohol,
followed by differentiating the slides in lithium carbonate solution

for 30 s, followed by differentiation, and after this counterstained
in cresyl violet solution for 30—40 s. The slides were rinsed in
water, differentiated in 95% ethyl alcohol for 5 min and 100%
alcohol 2xfor 5 min each, and finally cleared in xylene 2 x5 min
and mounted with resinous medium (Mitroi et al. 2022).

Photomicrography

Photomicrographs were obtained using an Omax LED Digital
Camera. At 400x magnifications, the histoarchitectural features of
the cerebellum were assessed.

Statistical Analysis

The data underwent analysis of variance (ANOVA) using GraphPad
(9.0) (Geoff et al.,, 2007), and the results are presented as mean +
SEM. Statistical significance was defined as a p-value < 0.05.

RESULTS

Body weight and Relative Brain weight changes associated with
Alzheimer’s disease.

The mean of final body weight before induction across all groups
depicted a significant interaction {F @, 200 = 3.557, P<0.0001}
difference between the groups mean. Tukey’s post hoc test
showed a significant (p<0.001) decrease in final body weight
before induction observed in all the experimental groups
compared to the control. While pre-treatment (Lycopene then
LPS) and Lycopene-only groups showed a significant (p<0.001)
increase in weight gain when compared to the LPS-treated group
(Fig. 1).

Likewise, the mean of final body weight after induction across all
groups depicted a significant interaction {F (4,20)= 2.846, P<0.0001}
difference between the groups mean. Tukey’s post hoc test
showed a significant (p<0.001) decrease in final body weight after
induction observed in all the experimental groups compared to
the control. While pre-treatment (Lycopene then LPS) and
Lycopene-only groups showed a significant (p<0.001) increase in
weight gain when compared to the LPS-treated group (Fig. 2).

Additionally, the mean of differential body weight across all
groups depicted a significant interaction {F (4,200= 7.532, P<0.0001}
difference between the groups mean. Tukey’s post hoc test
showed a significant (p<0.001) decrease in body weight observed
in all the experimental groups compared to the control. While
pre-treatment (Lycopene then LPS) and Lycopene-only groups
showed a significant (p<0.001) increase in weight gain when
compared to the LPS-treated group (Fig. 3).

Furthermore, there was a significant effect {F @4, 200 = 12.09,
P<0.0001} across all groups for the absolute brain weight. Tukey’s
post hoc test showed a significant (p<0.0001) decrease in absolute
brain weight observed in the LPS-treated, LPS then Lycopene, and
Lycopene then LPS groups compared to the control. An increase
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(p<0.0001) in absolute brain weight was noted in the LPS then
Lycopene, Lycopene then LPS, and Lycopene groups in
comparison to the LPS-treated group. In addition, there was an
increase in absolute brain weight in the Lycopene-only group
when compared with the LPS then Lycopene group (Fig. 4).

Likewise, there was a significant effect {F (4, 20) = 54.04, P<0.0001}
across all groups for the relative brain weight. Tukey’s post hoc
test showed a significant (p<0.0001) decrease in relative brain
weight observed in the LPS-treated, LPS then Lycopene, and
Lycopene then LPS groups compared to the control. An increase
(p<0.0001) in relative brain weight was noted in the LPS then
Lycopene, Lycopene then LPS, and Lycopene groups in
comparison to the LPS-treated group. In addition, there was an
increase in relative brain weight in the Lycopene-only group when
compared with the LPS then Lycopene group (Fig. 5).

Neurobehavioral Results

Lycopene Ameliorates the Motor and Cognitive Deficits Induced by
Lipopolysaccharides.

The mean of 22 mm orientation time across all groups showed a
significant interaction {F @, 200 = 2.846, P<0.0001} difference
between the groups mean. Tukey’s post hoc test showed a
significant (p<0.0001) increase in orientation time in the LPS-
treated, LPS then Lycopene, and Lyc then LPS groups in
comparison to the control group. A decrease (p<0.0001) in
orientation time was noted in the lycopene-only only compared
to the control and in the Lyc then LPS and lycopene-only groups
compared to the LPS then Lyc (Fig. 6).

Similarly, there was a significant interaction {F 4 20 = 131.0,
P<0.0001} across all groups for the mean of 28 mm orientation
time. Tukey’s post hoc test showed a significant (p<0.0001)
increase in orientation time in the LPS-treated group compared to
the Lps then Lyc group. A decrease (p<0.0001) in orientation time
was noted in the Lyc then Lps group, in comparison to the LPS-
treated group (Fig. 7).

Furthermore, the mean 22mm transit time across all groups
showed a significant interaction {F (4, 200 = 239.3, P<0.0001}
difference between the groups mean. Tukey’s post hoc test
showed a significant decrease in transit time in the LPS-treated
group, (p<0.01), LPS then Lycopene, (p<0.01), and Lycopene then
LPS groups (p<0.01), and Lycopend-only (p<0.0001) when
compared to the control. An increase (p<0.0001) in transit time
was noted in the LPS then Lycopene, and (p<0.0001) Lycopene
then LPS group in comparison to the LPS-treated group. In
addition, there was a significant decrease in transit time in the
Lycopene-only group when compared to other treatment groups
(Fig. 8).

Lastly, there was a significant interaction {F @4 20 = 111.9,
P<0.0001} across all groups for the mean of 28mm transit time.

Tukey’s post hoc test showed a significant increase in transit time
in the LPS-treated group (p<0.0001) and LPS then Lycopene
(p<0.0001 and the Lycopene+LPS (p<0.05) group in comparison
with the control. A decrease (p<0.0001) in transit time was noted
in Lycopene then LPS and the Lycopene-only groups in
comparison to the LPS-treated group and LPS then Lycopene

group (Fig. 9).
Histological Observations of the Cerebellum

Lycopene Mollified the Histopathological Features induced by LPS
in Cerebellum.

The result of histological analysis using H&E staining of the
cerebellum are as follows: (a) The cerebellum of control group
showed normal Molecular layer (black double arrow) with clear-
cut basket cells (black arrow), and normal Purkinje layer (yellow
double arrow) along with distinct Purkinje cells (yellow arrow),
and explicit Granular layer (white double arrow) swarms with
granular cells and Cerebellar Islands (*). (b) Conversely, the
cerebellum of the LPS-Alzheimer’s Disease (AD)-modeled rats
group showed increased eosinophilia and hyperchromatic
Purkinje nuclei (green arrow) likewise neurodegeneration as
evidenced by significant loss of Purkinje cells in the Purkinje layer
and Vacuolations (white arrow) in Purkinje and granular layers
respectively (c) Following post-treatment with lycopene in LPS-
AD-modeled rats, there is some degree of preservation of the
cerebellum observed. (d) Pre-treatment with lycopene in LPS-AD-
modeled rats showed some degree of pale staining cortical layer,
degenerated Purkinje cell bodies (light blue arrow) along with
asymmetry and distorted cortical layer and Vacuolations (white
arrow) (e) Finally, the cerebellum of exposed exclusively to
lycopene shows an explicit cerebellum cortical layer (Fig. 10).

The result from the silver stain of the cerebellum is well-defined
as follows: (a) The cerebellum of the control group showed normal
nerve fibers (black circle) with a normal cortical cerebellum layer.
(b) The cerebellum of the LPS-AD modeled rat group showed
neurodegeneration as evidenced by a distorted neuropile
appearance along with Vacuolations (white arrow) in Purkinje and
Granular layers. (c) Post-treatment with lycopene in LPS-AD-
modeled rats showed some preservation of nerve fibers in
cerebellum cortical layers. (d) Following Pre-treatment with
lycopene in LPS-AD-modeled rats, there is some degree of
conservation of nerve fibers, likewise Vacuolations (white arrow)
were observed in the Purkinje layer. (e) Further, the cerebellum
of rats exposed exclusively to the lycopene group showed normal
nerve fibers with well-defined normal cortical cerebellum layers
along with some degree of Vacuolations in the Purkinje layer (Fig.
11).

Finally, the findings from the Luxol-fast blue stain counterstained
with Niss| stain reveal the following: (a) The cerebellum of the
control group shows deep stains, evidenced by myelinated
granular cells layer along with expression of Nissl bodies (red
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arrow). (b) On the other hand, the cerebellum of the LPS-AD
modeled rat group showed neurodegeneration by attrition in the
level of expression of Nissl substance, indicative of chromatolysis
along with degenerated Purkinje cell bodies (orange arrow). (c)
Post-treatment with lycopene in LPS-AD-modeled rats
demonstrates some degree of preservation as evidenced by
normal Purkinje cells in the Purkinje layer (d) Pre-treatment with
lycopene in LPS-AD-modeled rats reveals an extensive level of
vacuolations in the Purkinje cell layer and demyelination of
granular layer. (e) Lastly, the cerebellum of rats exposed
exclusively to lycopene demonstrates a strikingly level of
preservation, as indicated by well-defined Purkinje cells in the
Purkinje layer of the cerebellum (Fig. 12).
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between the groups for the body weight.
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groups. The results of the one-way ANOVA showed a significant
interaction {F (4,20) = 2.846, P<0.0001} in the mean * SE difference
between the groups for 22mm orientation time.
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Fig. 9. The mean of 28mm transit time for the experimental
groups. The results of the one-way ANOVA showed a significant
interaction {F (4,200 = 111.9, P<0.0001} in the mean * SE difference
between the groups for 28mm transit time.
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Fig. 10: Photomicrographs of H&E stain in the cerebellum of the experimental groups. (ObJective lens: 40x; scale bar = 20um). The
Molecular layer (black double arrow); basket cells (black arrow), Purkinje layer (yellow double arrow); Purkinje cells (yellow arrow),
Granular layer (white double arrow), Cerebellar Islands (*), Vacuolations (white arrow), hyperchromatic Purkinje nuclei (green arrow),
and degenerated Purkinje cell bodies (light blue arrow).

JOURNAL OF EXPERIMENTAL AND CLINICAL ANATOMY — VOLUME 21, ISSUE 2, DECEMBER, 2024 352



Adeyeye et al.: Neuroprotective effects of lycopene on lipopolysaccharide-induced cerebellar damage

Fig. 11: Photomicrographs of Bielschowsky’s Silver stain in the cerebellum of the experimental groups. (Objective lens: 40x; scale bar =
20um). The Molecular layer (black double arrow), nerve fibers (red circle), Purkinje layer (yellow double arrow), Granular layer (white
double arrow), and Vacuolations (white arrow).
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Fig. 12: Photomicrographs of Luxol-fast blue in the cerebellum of the experimental groups. (Objective lens: 40x; scale bar = 20um). The
Molecular layer (black double arrow); basket cells (black arrow), Purkinje layer (yellow double arrow); Purkinje cells (yellow arrow),
Granular layer (white double arrow), Cerebellar Islands (*), Nissl substance (red arrow), Vacuolations (white arrow), and degenerated
Purkinje cell bodies (orange arrow).
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DISCUSSION

The study results provide insights into the effects of pre- and post-
treatments on various physiological parameters, including body
weight, brain weight, motor coordination, and cerebellar
histopathology. The LPS treatment group, along with the
LPS+Lycopene and Lycopene+LPS groups, exhibited a significant
decrease in body weight, consistent with prior research indicating
that LPS can induce systemic inflammation and metabolic changes
leading to weight loss (Johnson, 2000). Conversely, the increase in
body weight in the LPS+Lycopene and Lycopene+LPS groups
suggests that lycopene may counteract LPS-induced weight loss,
potentially through its antioxidant properties mitigating
inflammation (Marzocco et al., 2021). The lycopene-only group
also showed weight gain compared to the LPS+Lycopene group,
highlighting lycopene's potential role in weight regulation.
Regarding brain weight, significant decreases were observed in
the LPS treatment group, LPS+Lycopene, and Lycopene+lLPS
groups, likely reflecting neuroinflammation and potential
neurodegeneration (Carter et al, 2001, Zhao et al, 2018).
However, the increases in brain weight in the LPS+Lycopene and
Lycopene+LPS groups suggest that Iycopene may offer
neuroprotective benefits, potentially mitigating brain weight loss
(Lars et al., 2015). The Lycopene-only group also showed
increased brain weight, indicating protective effects against
neuroinflammation (Kong et al., 2010).

In addition, we assessed motor coordination using the static rod
tests at both 22mm and 28mm diameters. Our findings revealed
significant changes in motor coordination and cognitive function
(Carter et al., 2001, Qin et al., 2007). The LPS group consistently
showed increased orientation and transit times, indicative of
impaired motor function and cognitive processing, in line with
studies on LPS-induced neuroinflammation and cognitive deficits
(Bacanh et al, 2017). Decreases in these times in the
LPS+Lycopene, Lycopene+lLPS, and Lycopene along groups
suggest lycopene's neuroprotective effect may enhance cognitive
performance and motor coordination. The neuroprotection is
achieved via lycopene antioxidant properties help reduce
oxidative stress and inflammation in the brain, potentially
improving neuronal function and protecting against cognitive
decline and motor deficits. (Rao & Agarwal, 2000).

Furthermore, histopathological analysis of the cerebellum in the
LPS group revealed mild neuroinflammation and neuronal
damage, characterized by increased eosinophilia, hyperchromatic
Purkinje nuclei, significant loss of Purkinje cells, Vacuolations,
nerve fiber degeneration, increased chromatolysis, degenerated
Purkinje cell bodies and demyelination (Carter et al, 2001). In
contrast, the pre-and post-treated groups with lycopene, as well
as the lycopene-only group, exhibited milder lesions, indicating
lycopene's protective effects against LPS-induced neurotoxicity
through its antioxidant and anti-inflammatory properties (Ye et
al., 2019).

Conclusion: In conclusion, lycopene demonstrated significant
protective effects against LPS-induced changes, maintaining body
weight, improving motor coordination, and reducing cerebellar
damage. These findings underscore lycopene's potential as a
therapeutic agent in neuroinflammation and motor deficits,
warranting  further exploration in the treatment of
neurodegenerative diseases.

Grant and Financial Support: Nil

Conflict of Interest: We declare that we have no conflict of
interest.

Authors Contribution: ATA: Data curation, Formal analysis,

Investigation, Software, Validation, Visualization, Writing —
original draft, & Writing - review & editing. SOF:
Conceptualization, Data curation, Formal analysis, Funding

acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization,
Writing — original draft, Writing - review & editing. STR: Formal
analysis & Investigation. ASA: Formal analysis, Investigation &
Methodology. SPD: Conceptualization, Data curation, Formal
analysis, Funding acquisition, Investigation, Methodology, Project
administration, Resources, Software, Supervision, Validation,
Visualization, Writing — original draft, Writing - review & editing.

REFERENCES

Akbaraly NT, Faure H, Gourlet V, Favier A, and Berr C (2007).
Plasma carotenoid levels and cognitive performance in
an elderly population: results of the EVA study. J Gerontol A Biol
Sci Med Sci. 62(3):308-316.

Alexander JM, Kathryn V, and Michael JS (2019). Neurofilament
Immunohistochemistry Followed by Luxol Fast Blue, for
Staining Axons and Myelin in the Same Paraffin Section of
Spinal Cord. Applied Immunohistochemistry & Molecular
Morphology  28(7):562-565.

Andersen K, Andersen BB, and Pakkenberg B (2012). Stereological
guantification of the cerebellum in patients with Alzheimer's
disease. Neurobiology of Aging 33(1), 197-e11.

Armstrong R (2006). Plaques and tangles and the pathogenesis of
Alzheimer’s disease, Folia Neuropathol. 44, 1-11.

Bacanli M, and Basaran NB (2017). "Lycopene: Is it Beneficial to
Human Health as an Antioxidant?" Turkish Journal of
Pharmaceutical Sciences. Turk J Pharm Sci 14(3): 311-318.

Braak H, Braak E, Bohl J, and Lang W (1989). Alzheimer's disease:
amyloid plaques in the cerebellum. J. Neurol. Sci. 93, 277-287.

Breuss MW, Hansen AH, Landler L, and Keays DA (2017). Brain-
specific knockin of the pathogenic Tubb5 E401K allele causes
defects in motor coordination and prepulse inhibition.
Behav Brain Res. 14;323:47-55.

JOURNAL OF EXPERIMENTAL AND CLINICAL ANATOMY - VOLUME 21, ISSUE 2, DECEMBER, 2024 355



Adeyeye et al.: Neuroprotective effects of lycopene on lipopolysaccharide-induced cerebellar damage

Buckner RL, Krienen FM, Castellanos A, Diaz JC, and Yeo BT (2011).
The organization of the human cerebellum estimated by
intrinsic functional connectivity. J. Neurophysiol. 106,
2322-2345.

Carter RJ, Morton J, and Dunnett SB (2001). "Motor Coordination
and Balance in Rodents" Current protocols in
neuroscience 1934-8584.

Cheron G, Dominique R, Javier M, Anna-Maria C, and Laurence R
(2022). Electrophysiological alterations of the Purkinje
cells and deep cerebellar neurons in a mouse model of
Alzheimer disease (electrophysiology on cerebellum of AD
mice). Euro. J. Neuroscience. Wiley. 56(9): 5547-5563.

Christine CG, Rachel T, John RH, Xintao H, Saber S, and Michael H

(2016). Network selective vulnerability of the human

cerebellum to Alzheimer’s disease and frontotemporal
dementia. Brain; 139:1527-38.

Deacon RM (2013). Measuring motor coordination in mice. J Vis
Exp. May 29;(75):e2609.

Fukutani, Cairns NJ, Rossor MN, and Lantos PL (1997). Cerebellar
pathology in sporadic and familial Alzheimer's disease including
APP 717 (Val-> lle) mutation cases: a  morphometric
investigation. J. Neurol. Sci. 149, 177-184.

Gauthier S, Rosa-Neto P, Morais JA, and Webster C (2021). World
Alzheimer Report 2021: Journey through the Diagnosis of
Dementia. London, England: World Alzheimer Report 2021:
Journey through the diagnosis of dementia. p314-c25.

Geoff C, Fidler F, and Vaux DL (2007). Error bars in experimental
biology. J Cell Biol. Vol. 177 (1) pp. 7 11.

Horiuchi M, Smith L, Maezawa I, and Jin LW (2017). CX3CR1
ablation ameliorates motor and respiratory dysfunctions and
improves survival of a Rett syndrome mouse model.
Brain Behav Immun. 60:106-116.

Intorcia AJ, Filon JR, Hoffman B, Serrano EG, Sue LI, and Beach TG
(2019). A Modification of the Bielschowsky Silver Stain for
Alzheimer Neuritic Plaques: Suppression of Artifactual Staining
by Pretreatment with Oxidizing Agents. Banner Sun Health
Research Institute, 10, 1-16.

Irem K, Kukula-Koch W, Karayel-Basar M, Busra G, Julide C, and
Baykal AT (2023). Proteomic alterations in the cerebellum and
hippocampus in an Alzheimer’s disease mouse
model: Alleviating effect of palmatine. Biomedicine &
Pharmacotherapy 158. 114111.

Joachim CL, Morris JH, and Selkoe DJ (1989). Diffuse senile plaques
occur commonly in the cerebellum in Alzheimer's
disease. Am. J. Pathol. 135, 309.

Johnson EJ (2000). "The Role of Lycopene in Health and Disease"
Nutrition in Clinical Care 3(1), 35 43.

Kalinina DS, Ptukha MA, Goriainova AV, Merkulyeva NS, Kozlova
AA, Murtazina RZ, Shemiakova TS, Kuvarzin SR, Vaganova AN,
Volnova AB, Gainetdinov RR, Musienko PE(2021). Role of the
Trace Amine Associated Receptor 5 (TAARS5) in the
Sensorimotor Functions. Sci. Rep. 11:23092. Kadar A, Wittmann
G, Liposits Z, and Fekete C (2009). Improved method for
combination of immunocytochemistry and Nissl staining. J
Neurosci Methods. 184(1): 115-118.

Keren-Happuch E, Shen-Hsing AC, Moon-Ho RH, and John ED
(2014). A meta-analysis of cerebellar contributions to higher
cognition from PET and fMRI studies. Hum Brain Mapp; 35:593—
615.

Kong K, Khoo H, Prasad KN, Ismail A, Tan C, and Rajab N (2010).
Revealing the Power of the Natural Red Pigment Lycopene.
Molecules, 15(2), 959-987.

Lars M, Catherine C, Gordon L, and Volker B (2015). Lycopene and
Its Antioxidant Role: the Prevention of Cardiovascular Diseases
— A Critical Review, Critical Reviews in Food Science and
Nutrition. 17;56(11):1868-79.

Maitreyi AN, Ajitkumar PM, Jacob JB, Haleh S, and Helen SC
(2018). Visual Dependence and Spatial Orientation in Benign
Paroxysmal Positional Vertigo. J Vestib Res. 27(5-6): 279-286.

Marzocco S, Rajeev KS, and Anna C (2021). "Multifaceted Effects
of Lycopene: A Boulevard to the Multitarget-Based Treatment
for Cancer" Molecules 26(17):5333.

Mitroi DN, Tian M, Kawaguchi R, Lowry WE, and Carmichaelet ST
(2022). Single nucleus transcriptome analysis reveals disease-
and regeneration-associated endothelial cells in white
matter vascular dementia. J Cell Mol. Med 26:3183-3195.

NIH (1978) Guide for the care and use of animal laboratory. 7:18.

Nissl CT (2014). Histology: Lecture 29: Introduction to special
stains techniques: Nerve Tissue Staining. 1 — 29. Available:
www.histology.com, (Accessed 30 May, 2024).

Ortiz-Hidalgo C, and Pina-Oviedo S (2019). Hematoxylin:
Mesoamerica's Gift to Histopathology. Palo de Campeche
(Logwood Tree), Pirates' Most Desired Treasure, and
Irreplaceable Tissue Stain. Int J Surg Pathol. 27 (1): 4—-14.

Qin L, Wu X, Block ML, Liu Y, Breese GR, Hong JS, Knapp DJ, and
Crews FT  (2007). Systemic LPS causes chronic
neuroinflammation and progressive neurodegeneration.
Glia. 55(5):453-62.

JOURNAL OF EXPERIMENTAL AND CLINICAL ANATOMY - VOLUME 21, ISSUE 2, DECEMBER, 2024 356


https://www.alzint.org/u/World-Alzheimer-Report-2021.pdf
https://www.alzint.org/u/World-Alzheimer-Report-2021.pdf

Adeyeye et al.: Neuroprotective effects of lycopene on lipopolysaccharide-induced cerebellar damage

Rao AV, and Agarwal S (2000). Role of Antioxidant Lycopene in
Cancer and Heart Disease, Journal of the American College of
Nutrition, 19:5, 563-569.

Rao AV, Ray MR, and Rao LG (2006). Lycopene. Adv Food Nutr Res;
51:99-164.

Ratto F, Franchini F, Musicco M, Caruso G, Di Santo SG (2021). A
narrative review on the potential of tomato and lycopene for
the prevention of Alzheimer's disease and other dementias.
Critical Reviews in Food Science and Nutrition, 62(18):4970-
4981.

Romo EZ, Hong BV, Patel RY, Agus JK, Harvey DJ, Maezawa |, Jin
LW, Lebrilla CB, and Zivkovic AM (2024). Elevated
lipopolysaccharide binding protein in Alzheimer’s disease
patients with APOE3/E3 but not APOE3/E4 genotype. Front.
Neurol. 15:1408220.

Schmahmann JD (1991). An emerging concept. The cerebellar
contribution to higher function. Arch. Neurol. 48(11):1178-87.

Schmahmann JD (2004). Disorders of the cerebellum: ataxia,
dysmetria of thought, and the cerebellar cognitive affective
syndrome. J. Neuropsychiatr. Clin. Neurosci. 16, 367-378.

Schmahmann JD (2016). Cerebellum in Alzheimer's disease and
frontotemporal dementia: not a silent bystander. Brain 139,
1314-1318.

Schmahmann JD (2019). The cerebellum and cognition. Neurosci.
Lett. 688, 62-75

Sjobeck M, and Englund E (2001). Alzheimer's disease and the
cerebellum: a morphologic study on  neuronal and glial
changes. Dement. Geriatr. Cogn. Disord. 12, 211-218.

Stoodley CJ, and Schmahmann JD (2009). Functional topography
in the human cerebellum: a meta-analysis of neuroimaging
studies. Neuroimage; 44:489-501.

Strick PL, Dum RP, and Fiez JA (2009). Cerebellum and nonmotor
function. Annu Rev Neurosci; 32:413-34.

Tan RH, Devenney E, Dobson-Stone C, Kwowk JB, Hodges JR,
Kiernan MC,  Halliday GM, and Hornberger M (2014).
Cerebellar integrity in the amyotrophic  lateral sclerosis-
frontotemporal dementia continuum. PLoS One; 9:e105632—
10.

Uchihara T (2007). Silver diagnosis in neuropathology: principles,
practice and revised interpretation. Acta Neuropathol 113:483—
499,

VanderHorst VGJM, and Ulfhake B. (2006). The organization of the
brainstem and spinal cord of the mouse: Relationships between
monoaminergic, cholinergic, and spinal  projection systems.
J. Chem. Neuroanat. 31, 2—36.

Wang HY, D'andrea MR, and Nagele RG (2002). Cerebellar diffuse
amyloid plaques are derived from dendritic AB42
accumulations in  Purkinje cells. Neurobiol. Aging 23,

213 223.

Wegiel J, Wisniewski HM, Dziewiatkowski J, Badmajew E,
Tarnawski M, Reisberg B, Mlodzik B, De-Leon MJ, and Miller DC
(1999).  Cerebellar atrophy in Alzheimer's disease-
clinicopathological correlations. Brain Res. 818, 41-50.

Yamamoto T, and Hirano A (1985). Hirano bodies in the perikaryon
of the Purkinje cell in a case of Alzheimer's disease. Acta
Neuropathol. 67, 167-169.

Ye H, Nanfei X, Tao M, Yumin L, Hong X, and Yunnan L (2019).
"Anti-Inflammatory Effect of Lycopene on Experimental Spinal
Cord Ischemia Injury via Cyclooxygenase-2 Suppression".
Neuroimmunomodulation, 26(2):84-92.

Zhan X, Stamova B, Jin LW, DeCarli C, Phinney B, and Sharp FR
(2016). Gram negative bacterial molecules associate with
Alzheimer disease pathology. Neurology. 87(22): 2324-2332.

Zhang R, Miller RG, Gascon R, Champion S, Katz J, Lancero M,
Narvaez A, Honrada R, Ruvalcaba D, and McGratha MS (2009).
Circulating endotoxin and systemic immune activation
in sporadic amyotrophic lateral sclerosis (SALS). J
Neuroimmunol. 206(1-2): 121-124.

Zhang R, Miller RG, Madison C, Jin X, Honrada R, Harris W, Katz J,
Forshew DA, and McGrath MS (2013). Systemic immune system
alterations in early stages of Alzheimer’s disease. J
Neuroimmunol. 256(1-2):38-42.

Zhao B, Liu H, Wang J, Liu P, Tan X, Ren B, Liu Z, and Liu X (2018)
Lycopene supplementation attenuates oxidative stress,
neuroinflammation, and cognitive impairment in aged
CD-1 mice. J Agric Food Chem 66:3127-3136.

Zimmermann M (1983). Ethical guidelines for investigations of
experimental pain in conscious animals. Pain. 16:109-110.

JOURNAL OF EXPERIMENTAL AND CLINICAL ANATOMY - VOLUME 21, ISSUE 2, DECEMBER, 2024 357



