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Abstract

Mercury exposure poses significant risks to human health and the environment, causing neurological
damage and oxidative stress. Conversely, Syzygium aromaticum, offers medicinal benefits, including
antioxidant and anti-inflammatory properties. This study investigated the effects of aqueous extract of
Syzygium aromaticum (AESA) on mercury chloride-induced cerebellar damage in Wistar rats. Thirty-
six (36) rats were assigned into six groups of six rats each. Group A (Control) received 1 ml of distilled
water, B [4 mg/kg mercury chloride (HgCly)], C (250 mg/kg AESA), D (500 mg/kg AESA), E (250
mg/kg AESA and 4 mg/kg HgCly) and F (500 mg/kg AESA and 4 mg/kg HgCl»). Following 28 days
of oral treatment, rats were euthanized via cervical dislocation, the cerebella were harvested, weighed
and analyzed for histological changes. Findings from the study showed no significant difference
(p>0.05) in the cerebellar and relative cerebellar weights of rats treated with mercury and AESA when
compared to control. Histological findings showed cerebellar alterations, marked by degeneration of
Purkinje cells with abnormal nuclei and vacuolation in the Granular cell layer of HgCl,-exposed rats.
However, relatively normal histo-architecture of the cerebellum, marked by intact cerebellar layers and
cells was observed in HQCly-exposed rats pretreated with AESA. Conclusively, S. aromaticum
demonstrated neuroprotective activity, underscoring its therapeutic potential in attenuating the
neurological damage linked to heavy metal exposure.

Keywords: Syzygium aromaticum, Mercury, Antioxidant, Neuroprotective, Cerebellum

INTRODUCTION

The nervous system has a profound impact on overall health, influencing various bodily
functions including cognition, movement, balance, sensory perception, sleep, aging, and
stress response, ultimately affecting overall well-being (Vitetta et al., 2005). The nervous
system, particularly the brain, is exceedingly vulnerable to the deleterious effects of heavy
metals, with mercury being one of the most potent neurotoxins known to date, due to its
ability to cause irreversible damage to brain cells and disrupt normal brain function (Carocci
et al., 2014; Yadav, 2022). This susceptibility can be attributed to the unique chemical
properties of mercury, which enable it to readily cross the blood-brain barrier (BBB) and
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accumulate in brain tissue, thereby inducing a cascade of toxicological processes that
ultimately culminate in neurological dysfunction, characterized by impaired cognitive
function, motor dysfunction, and emotional disturbances (Andreoli and Sprovieri, 2017).
Mercury's affinity for the nervous system is further exacerbated by its ability to mimic the
chemical structure of essential ions, such as calcium and magnesium, which are crucial for
maintaining normal neuronal function and communication (Vassallo et al., 2011), allowing it
to interfere with normal neurotransmission and disrupt cellular homeostasis. Consequently,
mercury is able to bind to specific receptors and proteins within the brain, leading to a
disruption in normal cellular homeostasis and triggering a range of downstream effects,
including a state of imbalance between the production of reactive oxygen species and the
body's ability to neutralize them (oxidative stress), inflammation, which can lead to tissue
damage and exacerbate oxidative stress, and mitochondrial dysfunction, which can impair
energy production and further contribute to oxidative stress (Carocci et al., 2014; Cariccio et
al., 2019). Since oxidative stress is a key mechanism by which heavy metals exert their
neurotoxic effects, there is a growing conviction that the introduction of external antioxidants
may serve as a viable strategy to attenuate the deleterious effects of heavy metal exposure
(Unsal et al., 2020). By supplementing with exogenous antioxidants, it is hypothesized that
individuals may be able to bolster their defenses against the neurotoxic effects of heavy
metals, thereby reducing the risk of neurological damage and promoting overall brain health
(Flora et al., 2008), and medicinal plants have been reported to possess a wide range of
antioxidant properties, providing protection against oxidative stress and associated disorders
(Nwozo et al., 2023).

Syzygium aromaticum, commonly known as clove, is a highly prized spice that has been
employed for centuries not only as a food preservative but also for its diverse medicinal
properties (Sulieman et al., 2023). Native to Indonesia, clove cultivation has expanded
globally, with Brazil's Bahia state emerging as a prominent producer (Cortés-Rojas et al.,
2014). This versatile plant is renowned for its exceptional richness in phenolic compounds,
including eugenol, eugenol acetate, and gallic acid (Cortés-Rojas et al., 2014). Reports
consistently demonstrate that Syzygium aromaticum (clove) exhibits significant antioxidant
activity, largely attributed to its rich composition of phenolic compounds (Cortés-Rojas et al.,
2014). The high concentration of eugenol, a primary component of clove essential oil, is
particularly noted for its potent ability to scavenge free radicals (Khalil et al., 2017). In vitro
studies have shown that clove extracts can effectively inhibit lipid peroxidation and
demonstrate comparable or even higher antioxidant capacity than some synthetic
antioxidants (Jirovetz et al., 2006). Furthermore, research suggests that the antioxidant
potential of clove may contribute to its observed anti-inflammatory and antimicrobial effects
(Sharifi-Rad et al., 2017). For instance, a study by Lourhlam and colleagues highlighted the
remarkable free radical scavenging activity of clove bud extracts and its potential therapeutic
applications (Lourhlam et al., 2023). These properties provides tremendous potential for
applications across various industries, including pharmaceuticals, cosmetics, food, and
agriculture (Cortés-Rojas et al., 2014). The phytoconstituents of S. aromaticum have
demonstrated exceptional biological efficacy, notably in their ability to effectively scavenge
free radicals, thereby reducing oxidative stress and mitigating the associated damage to
cellular components (El-Saber Batiha et al., 2020). Furthermore, these phytoconstituents also
modulate the body's inflammatory response, suppressing the production of pro-
inflammatory cytokines and enzymes, which are key players in the inflammatory cascade
(Arunsi et al., 2022). By virtue of these dual actions, Syzygium aromaticum hold great promise
as therapeutic agent in the prevention and treatment of various oxidative stress and
inflammation-related disorders. Consequently, this study was aimed at investigating the
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effects of aqueous extract of Syzygium aromaticum (AESA) on mercury chloride-induced
cerebellar damage in Wistar rats.

MATERIALS AND METHODS

Plant Material

Syzygium aromaticurn was procured from Lagos Street market in Benin City, Nigeria, and
subsequently authenticated at the University of Benin's Herbarium unit, receiving the
designation UBH-S385. The sample was then prepared by blending 10g with 100ml of distilled
water for 30 minutes, followed by a 72-hour steeping period. The resulting mixture was
tiltered and stored in a properly labeled and sealed container.

Animals

Thirty-six adult Wistar rats, weighing between 180-190g, were obtained and housed in the
Department of Anatomy's Animal House at the University of Benin, Benin City. The rats were
kept in clean cages and provided with food (Premier Feed Mills' Grower's mash) and water
ad libitum for the entire duration of the experiment.

Experimental Design

The thirty-six (36) Wistar rats were randomly assigned to six groups of six rats each and
acclimatized for two weeks. The groups were then treated as follows: Group A served as
control, group B rats were administered 4 mg/kg mercury chloride (HgClz) only, group C
rats were administered 250 mg/kg of aqueous extract of Syzygium aromaticum (AESA) only,
group D rats were administered 500 mg/kg AESA only, group E rats were administered 250
mg/kg AESA and 4 mg/kg HgCl,, and group F rats were administered 500 mg/kg AESA
and 4 mg/kg HgCl,. Administration was done orally and lasted for 28 days.

Histological Evaluation

Following the final administration, the rats were humanely euthanized using a combination
of low-level anesthesia and cervical dislocation. The cerebella were excised from their skulls,
blotted clean of blood and weighed and recorded in the nearest decimal. The tissues were
subsequently preserved in 10% buffered formal saline for 72 hours, followed by paraffin wax
embedding using established techniques. Finally, histological staining was performed using
hematoxylin and eosin as previously described (Drury and Wallington, 1980).

Statistical Analysis

Data analysis was done using IBM SPSS Statistics version 20. Data were expressed as mean +
standard error of the mean (SEM). To assess statistical significance, a one-way analysis of
variance (ANOVA) was conducted, followed by Tukey's post hoc test for multiple
comparisons, and a value of (p<0.05) was considered significant.

RESULTS

Effect of Treatment on Cerebellar and Relative Cerebellar Weights

Figure 1 shows the changes in the cerebellar and relative cerebellar weights of rats in the
experimental groups. There was no significant difference (p>0.05) in the cerebellar and
relative cerebellar weights of rats across the treatment groups when compared to control.
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Effects of Treatment on Histology of the Cerebellum

Figure 2 shows histological sections of the cerebellum stained with H&E, revealing histo-
architecture in both the control and S. aromaticum-treated groups, as marked by intact
cerebellar layers and cells. However, degenerative changes were observed in the Purkinje
cells, characterized by irregularly shaped, darkly stained, and pyknotic nuclei. Additionally,
vacuolation was observed in the Granular cell layer.
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Figure 1: Effects of treatment on cerebellar and relative cerebellar weights across the experimental groups
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histological structure of cerebellum layers - Molecular layer (ML); Purkinje Cell layer (PCL); Granular Cell layer
(GCL); (E) Normal histological structure of cerebellum layers observed in control and AESA treated groups.
However, degenerating Purkinje cells, with nuclei appearing irregular, darkly stained and pyknotic (big arrows)
as well as vacuolations in the Granular cell layer (black arrows) was observed in HgCl, only treated group. (H&E
400x; Scale bar: 25pm)

DISCUSSION

Syzygium aromaticum, prized for its distinctive flavor and fragrance, has garnered
considerable scientific attention due to its outstanding nutritional profile and impressive
potential to deliver numerous health benefits (El-Saber Batiha et al., 2020). The
pharmacological properties of S. aromaticum is delineated by a rich abundance of vital
phytoconstituents, including phenols, flavonoids, eugenols, amino acids, proteins, fatty acids,
and vitamins (Xue et al., 2022) that synergistically contribute to its therapeutic efficacy (Mittal
et al., 2014). Its unique blend of bioactive compounds has fueled in-depth research into its
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therapeutic potential, solidifying its position as a promising natural solution for enhancing
overall health and mitigating a range of diseases, especially those linked to oxidative stress
(El-Saber Batiha et al., 2020). On the other hand, mercury is a known toxicant which uses
oxidative stress as a key mechanism to set off a cascade of detrimental processes that
culminates in tissue damage and dysfunction, ultimately compromising the integrity of
various physiological systems and impacting general well-being (Wu et al., 2024).

Organ weights are universally acknowledged as sensitive and dependable biomarkers of
toxicological effects, providing a valuable indicator of adverse responses to toxic substances
(Akhigbe, 2014). Findings from the present study showed no significant difference in
cerebellar and relative cerebellar weights across the treatment groups when compared to
control. This is consistent with findings of previous study where mercury did not alter
cerebellar and relative cerebellar weights (Enogieru and Inneh, 2022).

Histological findings occupy a position of paramount importance in the progression of
biomedical and clinical research, serving as a crucial gateway to understanding the intricate
microscopic architecture and spatial arrangement of tissues (Gurcan et al., 2009). By offering
a detailed examination of the cellular and tissue-level morphology, histological analyses
provide invaluable information that not only elucidates the underlying mechanisms of
disease but also informs the development of novel therapeutic strategies and diagnostic tools
(Gurcan et al., 2009). Research indicates that the cerebellum, a complex and sensitive brain
structure crucial for regulating motor and non-motor activities, is exceptionally prone to
damage from toxic substances (Enogieru and Inneh, 2022). Cerebellar lesions can disrupt
motor coordination and balance, with Purkinje cells being particularly vulnerable to the
deleterious impact of heavy metal exposure, leading to significant functional impairments
(Abubakar et al., 2019). Findings from the histological examination of the cerebellum of HgCl»-
exposed rats showed notable alterations, ranging from the presence of degenerating Purkinje
cells, with a darkly stained, irregular and pyknotic nuclei, as well as vacuolations in the
granular cell layer. These alterations suggest a profound disruption of cellular integrity,
triggering a cascade of deleterious effects that compromise normal cellular function,
ultimately culminating in a plethora of motor deficits, including impaired coordination,
diminished dexterity, and compromised neuromuscular control. This corroborates previous
study by Enogieru and Inneh, (2022). However, HgCl-exposed rats pretreated with AESA
demonstrated a protective effect, characterized by a substantial preservation of cerebellar
histological architecture and a significant attenuation of mercury-induced neurodegenerative
processes and their associated neuropathological consequences.

CONCLUSION

S. aromaticum demonstrates substantial neuroprotection against the deleterious effects of
mercury exposure, significantly attenuating cerebellar histological alterations, thereby
underscoring its potential as a therapeutic agent in mitigating mercury-induced
neurodegenerative diseases.

Further studies are recommended to elucidate the role of specific bioactive compounds in S.
aromaticum that drive its neuroprotective activity and to investigate the underlying molecular
mechanisms, thereby providing a deeper understanding of its therapeutic potential.
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