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ABSTRACT 

Cerebellar disorders are a class of neurological impairments characterized by unsteady gait and 

uncoordinated movements, typically resulting from lesions or pathologies affecting the 

cerebellum. These disorders may arise from congenital anomalies, hereditary ataxias, or 

exposure to environmental neurotoxicants such as heavy metals. Mercury, a highly toxic heavy 

metal, is known to exert deleterious effects on the central nervous system. Its lipophilic nature 

enables it to cross the blood-brain barrier, where it accumulates and induces oxidative stress, 

leading to neuroinflammation, neuronal damage, and impaired motor coordination. Dietary 

antioxidants have shown promise in combating mercury-induced neurotoxicity. Accordingly, 

this study investigated the activity of ethanol extract of Pleurotus ostreatus (P. ostreatus) 

against mercuric chloride (HgCl2) induced cerebellar toxicity in Wistar rats. In this study, forty-

two (42) Wistar rats were randomly assigned into six groups (A-F). Group A rats served as 

control; Group B received 4 mg/kg body weight [bw] of HgCl2 only; Group C received 4 mg/kg 

bw of HgCl2+ 250 mg/kg of P. ostreatus; Group D received 4 mg/kg bw of HgCl2 + 500 mg/kg 

of P. ostreatus; Group E received 250 mg/kg bw of P. ostreatus only and Group F received 

500mg/kg bw of P. ostreatus only. All administrations were done orally for twenty-eight (28) 

days. Neurobehavioural activity was subsequently evaluated using the Open Field, String, 

Movement Initiation and Step Tests. Following the assessments, the experimental rats were 

sacrificed via cervical dislocation and the cerebellum harvested for antioxidant enzymes 

activity, lipid peroxidation, mercury concentration and histological assessments. The findings 

revealed that rats exposed to HgCl2 exhibited significant (p <0.05) weight loss, motor deficit, 

impaired antioxidant defense, elevated lipid peroxidation, elevated mercury levels and 

degeneration of Purkinje cells and molecular layer neurons. However, co-administration with 

P. ostreatus significantly (p < 0.05) mitigated these mercury-induced cerebellar alterations in 

Wistar rats. Overall, the findings from this study indicate that P. Ostreatus mitigates mercuric 

chloride-induced cerebellar toxicity, primarily through its antioxidant, neuroprotective, and 

metal-chelating properties, thus making it a promising agent for the development of novel 

therapeutic strategies aimed at managing mercury neurotoxicity and its associated motor 

impairments. 
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND OF THE STUDY 

The cerebellum, situated dorsally to the brainstem, constitutes a structurally and functionally 

specialized region of the vertebrate hindbrain (Khamas et al., 2024; Sagar et al., 2025). As a 

pivotal neural integrator, the cerebellum orchestrates a wide spectrum of sensorimotor 

activities, including the regulation of posture, balance, voluntary movement, and fine motor 

coordination (Marchand et al., 2025; Florio, 2025). Although it does not directly initiate motor 

output, the cerebellum plays a central role in refining and calibrating movement by processing 

afferent input from the spinal cord, vestibular nuclei, and various cortical and subcortical 

regions (Prati et al., 2024; Marchand et al., 2025). Through this integrative function, it ensures 

the precision, timing, and fluidity necessary for smooth motor execution. The cerebellum, 

traditionally linked to motor control, is now recognized for its role in cognitive and emotional 

functions, including attention, language, and memory (Habas, 2021; Grimaldi, 2021). By 

integrating input from proprioceptive and vestibular systems, it refines motor responses and 

adapts to environmental changes. Damage to the cerebellum can result in ataxia, dysmetria, 

dysarthria, and postural instability—key signs of cerebellar dysfunction (Grimaldi, 2021; 

Joshua et al., 2022).  

Cerebellar motor disorders are a diverse group of neurological conditions marked by impaired 

motor coordination due to damage or dysfunction within the cerebellum (Grimaldi, 2021; Xia 

et al., 2023). Symptoms often include gait abnormalities, tremors, and postural instability, 

severely affecting mobility and quality of life. These disorders are more common than 

previously thought, with a global prevalence exceeding 20% (Xia et al., 2023). Their causes 

are varied, ranging from congenital malformations and hereditary ataxias to acquired insults 

such as infections, trauma, and neurotoxicity (Grimaldi, 2021). The cerebellum’s high 
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metabolic activity and limited repair capacity make it particularly susceptible to toxic damage, 

especially from heavy metals like mercury, which disrupts cerebellar function through 

oxidative stress, mitochondrial damage, and excitotoxicity (Althobaiti, 2024; Dubey et al., 

2025). 

Mercury is a globally widespread and highly toxic heavy metal existing in elemental, inorganic, 

and organic forms, each with distinct exposure routes and toxicological effects. Occupational 

exposure, especially in mining and industrial settings, primarily involves inhalation of 

elemental mercury vapours, while the general population is more frequently exposed to organic 

forms—particularly methylmercury—through consumption of contaminated seafood (Zafar et 

al., 2024; Charkiewicz et al., 2025). The cerebellum is one of the primary targets of mercury 

toxicity, due to its high lipid content, metabolic activity, and the sensitivity of Purkinje neurons 

(Novo et al., 2021). Mercury disrupts neural homeostasis by generating reactive oxygen species 

(ROS), impairing mitochondrial function, depleting antioxidants, and triggering 

neuroinflammation (Kaur et al., 2021; Novo et al., 2021). These mechanisms result in 

structural degeneration and motor deficits, including impaired coordination and balance. 

Mercury crosses the blood–brain barrier and accumulates in neural tissue, causing persistent 

motor impairments, especially during neurodevelopmental windows (Zafar et al., 2024). 

Antioxidants are essential bioactive compounds that neutralize ROS and reduce oxidative 

stress, a key contributor to various degenerative diseases, including neurotoxicity 

(Olufunmilayo et al., 2023). Although synthetic antioxidants are used clinically, natural 

alternatives—particularly those from plants and fungi—are increasingly favoured due to their 

effectiveness, safety, and low toxicity (Maraveas et al., 2021; Stoia and Oancea, 2022). One 

such candidate is Pleurotus ostreatus (oyster mushroom), a functional food and medicinal 

fungus rich in antioxidant compounds such as flavonoids, phenolic acids, ergothioneine, 
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polysaccharides, selenium, and zinc (Mishra et al., 2022; Effiong et al., 2024). These 

components work synergistically to scavenge free radicals and modulate oxidative stress, 

thereby protecting cells from damage. The antioxidant and metal-chelating effects of Pleurotus 

ostreatus have been demonstrated in several in vitro and in vivo models, showing its ability to 

reduce heavy metal induced oxidative damage (Ćilerdžić et al., 2019; Fadugba et al., 2024). 

This is particularly relevant in mercury-induced neurotoxicity, which involves excessive ROS 

production, lipid peroxidation, and mitochondrial disruption—processes Pleurotus ostreatus 

can potentially counteract through both enzymatic and non-enzymatic mechanisms. In 

addition, its nutritional profile—comprising quality proteins, fibre, and essential vitamins—

enhances its value as a therapeutic agent. Its anti-inflammatory and immune-modulating 

properties further support its potential role in protecting against cerebellar damage linked to 

oxidative stress. Consequently, the rich pharmacological properties of Pleurotus ostreatus 

highlights its promising use in therapeutic applications, thus, aligning with the wider trend 

towards leveraging the medicinal properties of natural antioxidants for comprehensive and 

sustainable healthcare solutions. 

 

1.2 STATEMENT OF THE RESEARCH PROBLEM  

Mercury contamination represents a persistent and under-addressed environmental and public 

health crisis, especially in regions with inadequate environmental controls and industrial 

regulation (Huo and Zhou, 2025; Fuller et al., 2025). Inorganic mercury compounds, 

particularly mercuric chloride (HgCl₂), are known for their high toxicity and neurodegenerative 

potential (Basu, 2023; Nawabjan et al., 2025). Globally, mercury exposure contributes to an 

increasing burden of disease, with the World Health Organization listing mercury among the 

top ten chemicals of major public health concern due to its irreversible effects on human health, 

particularly the nervous system (World Health Organisation, 2019). 
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In Nigeria, mercury exposure has become increasingly concerning, not just because of 

industrial and artisanal mining activities, but also due to its tendency to accumulate in the 

environment and the lack of effective regulatory enforcement (Awogbami et al., 2024; Anene 

et al., 2024). Reports from the Federal Ministry of Environment and independent monitoring 

agencies indicate increasing mercury levels in water bodies, soil, and food chains in mining-

intensive regions such as Zamfara, Kebbi, and Osun states (Nigeria Health Online, 2019; 

WHO, 2019; Akinsooto et al., 2024). While widespread surveillance data remains limited, 

recent findings estimate that thousands of individuals in affected areas may be at risk of chronic 

mercury toxicity, including vulnerable populations such as pregnant women and children 

(Nigeria Health Online, 2019; Akinsooto et al., 2024). Yet, public awareness and intervention 

strategies remain grossly inadequate. 

A major concern lies in the effect of mercury on the brain—particularly the cerebellum, a 

region critical for coordinating voluntary movement, maintaining balance and posture, and 

regulating fine motor control (Ganguly et al., 2022; Kumari et al., 2023). The cerebellum’s 

highly oxidative environment, abundant mitochondria, and dense neuronal circuitry make it a 

prime target for mercury-induced neurotoxicity (Kang et al., 2024). Previous studies have 

demonstrated that even low-level exposure to inorganic mercury can result in significant 

cerebellar alterations, including Purkinje cell loss, glial activation, neuroinflammation, and 

impaired synaptic integrity (Chamoli and Karn, 2024; Kang et al., 2024; Zahed et al., 2024; 

Salavoura, 2025). These pathological changes often manifest clinically as motor deficits, such 

as truncal ataxia, tremor, impaired coordination, and dysmetria—all features of cerebellar 

motor disorders (Kumari and Chand, 2023; Chamoli and Karn, 2024). 

In experimental models, exposure to HgCl₂ has been associated with elevated oxidative stress 

markers, mitochondrial dysfunction, and histopathological damage in the cerebellum (Douae 

et al., 2025; Nawabjan et al., 2025). Mercury’s affinity for sulfhydryl groups on proteins leads 
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to glutathione depletion and disruption of antioxidant defenses, ultimately triggering neuronal 

apoptosis (Kang et al., 2024; Zahed et al., 2024). The chronic retention of mercury in nervous 

tissue further exacerbates its long-term impact, with a biological half-life ranging from several 

weeks in soft tissues to years in the brain and bones (Zafar et al., 2024) 

Despite the seriousness of cerebellar motor disorders linked to heavy metal toxicity, existing 

treatment strategies remain limited (Rehman et al., 2021). Most therapeutic approaches are 

symptomatic, focusing on relieving motor impairments rather than reversing the underlying 

pathology (Billeri and Naro, 2021). Pharmacological interventions, such as dopamine agonists, 

GABA modulators, or deep brain stimulation, have been employed to manage ataxia, tremor, 

or dystonia (Ranjan et al., 2024). However, these interventions are not curative, often carry 

significant costs, and may not be accessible in low-resource settings like Nigeria. Furthermore, 

their efficacy is inconsistent and rarely targets the oxidative or inflammatory mechanisms 

central to heavy metal-induced cerebellar damage (Rehman et al., 2021; Althobaiti, 2024). The 

persistent burden of mercury exposure in Nigeria, combined with the vulnerability of the 

cerebellum to oxidative damage and the limitations of existing therapies, underscores the 

urgent need for novel, affordable, and mechanism-targeted interventions.  

 

1.3 AIM OF THE STUDY  

The aim of the study was to investigate the activity of ethanol extract of Pleurotus ostreatus 

against mercuric chloride-induced cerebellar toxicity in Wistar rats.   

 

1.4 SPECIFIC OBJECTIVES 

The specific objectives of the study were to:  

i. Compare the brain and body weight changes in rats across the experimental groups   
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ii. Determine the neurobehavioral activities (Open field, Movement initiation, String and 

Step tests) in rats across the experimental groups.    

iii. Evaluate the antioxidant enzymes (Catalase, Superoxide dismutase and Glutathione 

peroxidase) activity and lipid peroxidation (Malondialdehyde concentration) activity in 

the cerebellum of rats across the experimental groups.    

iv. Quantify mercury concentration in the cerebellum of rats across the experimental 

groups 

v. Examine the histology of the cerebellum of rats across the experimental groups 

While also determining:   

vi. the mycochemical constituents (qualitative and quantitative) and proximate analysis of 

ethanol extract of Pleurotus ostreatus   

vii. the free radical scavenging activity of ethanol extract of Pleurotus ostreatus in 

comparison to a standard antioxidant (Ascorbic acid).  

 

1.5 JUSTIFICATION OF THE STUDY 

The increasing incidence of mercury-induced neurotoxicity, particularly in low-resource 

settings, underscores the urgent need for accessible and effective therapeutic interventions 

(Chamoli et al., 2024). Current treatment options are limited in scope, primarily addressing 

symptoms rather than targeting the underlying pathophysiological mechanisms. Specifically, 

they often fail to address the oxidative stress and inflammatory responses that drive cerebellar 

damage—a region especially vulnerable due to its high metabolic activity and intricate 

neuronal circuitry (Ganguly et al., 2022; Chamoli et al., 2024; Zahed et al., 2024). 

In light of these therapeutic limitations, scientific attention has increasingly shifted toward the 

exploration of bioactive natural products with multitargeted pharmacological potential. Among 

these, edible and medicinal mushrooms—particularly Pleurotus ostreatus (commonly known 
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as the oyster mushroom)—have emerged as promising candidates. This fungus is rich in health-

promoting compounds such as flavonoids, phenolic acids, terpenoids, polysaccharides, and 

essential trace elements like selenium (Mishra et al., 2022; Effiong et al., 2024; Fadugba et al., 

2024). These constituents are well-known for their antioxidant, anti-inflammatory, and metal-

chelating properties, all of which are mechanistically relevant in countering mercury-induced 

oxidative damage and neuroinflammation (Effiong et al., 2024; Fadugba et al., 2024). 

Although preliminary studies have demonstrated the neuroprotective potential of Pleurotus 

ostreatus in various models of oxidative stress (Ćilerdžić et al., 2019; Famii and Favour, 2019), 

there remains a critical gap in our understanding of its specific efficacy against mercury-

induced cerebellar toxicity. This gap is particularly concerning given the cerebellum’s essential 

role in motor coordination and its heightened susceptibility to heavy metal insults, such as those 

posed by mercury exposure. 

Conventional therapeutic options remain largely inaccessible in many affected regions due to 

high costs, limited availability, and their primarily symptomatic nature. This reality highlights 

the pressing need for alternative, safer, and more affordable neuroprotective strategies. 

Pleurotus ostreatus, with its nutritionally rich profile and wide array of bioactive components, 

presents a viable and potentially transformative option in this regard. Evaluating the 

mushroom’s capacity to mitigate mercury-induced cerebellar alterations could offer vital 

insights into the development of integrative and evidence-based interventions for heavy metal 

neurotoxicity. Ultimately, findings from this study may lay a strong foundation for future 

translational research and encourage the incorporation of natural product-based strategies in 

the management of mercury-related neurological disorders, particularly in resource-

constrained regions. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 THE BRAIN 

The brain, protected within the bony neurocranium, is the central organ of the central nervous 

system, working in close coordination with the spinal cord (Junior et al., 2021; Palejwala et 

al., 2021). It governs a wide range of functions, from essential life-sustaining processes to 

complex cognitive activities. Structurally, the brain is organized into distinct regions, each 

exhibiting specialized functions and reflecting evolutionary development (Bhushan et al., 

2022). Based on both anatomical structure and functional roles, the brain is commonly 

subdivided into the following key parts: 

• Telencephalon – Representing the most evolutionarily advanced region of the brain, 

the telencephalon encompasses the cerebral hemispheres and cerebral cortex. It is 

responsible for higher-order functions, including reasoning, perception, voluntary 

movement, and memory (Palejwala et al., 2021). 

• Diencephalon – Situated deep within the brain, the diencephalon comprises structures 

including the thalamus, hypothalamus, and metathalamus. It is crucial for relaying 

sensory information, controlling autonomic functions, and regulating endocrine 

activity. Along with the telencephalon, it constitutes the forebrain, also known as the 

prosencephalon (Bhushan et al., 2022). 

• Mesencephalon (Midbrain) – A relatively small region, the midbrain comprises the 

tectum, tegmentum, and cerebral peduncles. Serving as a critical conduit for ascending 

and descending nerve tracts, it plays a key role in auditory and visual processing, and 

motor control (Bhushan et al., 2022). 

• Rhombencephalon (Hindbrain) – This posterior section of the brain includes: 
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✓ The metencephalon, comprising the pons and the cerebellum, which coordinate 

movement and balance. 

✓ The myelencephalon, which forms the medulla oblongata and manages vital 

autonomic functions such as heart rate and respiration (Junior et al., 2021; 

Bhushan et al., 2022). 

Embedded within these regions lies the ventricular system, an interconnected network of 

cavities filled with cerebrospinal fluid that cushions the brain and meticulously regulates its 

chemical environment (Nazareth et al., 2021). Beyond its structural complexity, the brain's 

function is supported by glial cells such as astrocytes, oligodendrocytes, and microglia, which 

maintain homeostasis, support neurons, and defend against pathogens (Borst et al., 2021; 

Nazareth et al., 2021). Additionally, the blood-brain barrier ensures a tightly regulated 

environment by controlling substance exchange between the brain and bloodstream (Sultana et 

al., 2024). 

 

Figure 2.1: Gross Anatomy of the Brain (Bhushan et al., 2022) 
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2.2 THE CEREBELLUM 

The cerebellum is the principal coordinator of muscle activity and plays a critical role in the 

acquisition and refinement of motor tasks (Miall et al., 2022). It synchronizes muscle 

contractions both within and across muscle groups, smoothing movements by finely regulating 

and modulating muscle tension (Lara-Aparicio et al., 2022). Consequently, the cerebellum is 

essential for maintaining equilibrium and muscle tone. Anatomically, it is situated in the 

posterior cranial fossa, beneath the tentorium cerebelli and posterior to the pons and medulla 

oblongata (Lara-Aparicio et al., 2022; Miall et al., 2022). The cerebellum processes sensory 

input related to ongoing motor activity entirely at an unconscious level. It does not contribute 

to conscious perception or higher cognitive functions such as intelligence. 

Sensory input to the cerebellum originates from the vestibular system, stretch receptors 

(including neuromuscular spindles and Golgi tendon organs), and various somatosensory 

sources throughout the head and body (Miall et al., 2022; Kebschull et al., 2024). Additionally, 

auditory and visual systems project fibres to the cerebellum. These diverse inputs are 

functionally integrated into motor pathways, primarily through outputs to upper motor neurons 

and cerebellar feedback circuits that interconnect with the cerebral cortex, vestibular apparatus, 

and reticular formation of the brainstem (Kebschull et al., 2024). 

2.2.1 Gross Anatomy of The Cerebellum 

The cerebellum is located directly beneath the posterior aspects of the temporal and occipital 

lobes, within the posterior cranial fossa. It is structurally separated from the overlying cerebral 

cortex by the tentorium cerebelli, a dural reflection that forms a protective roof over its superior 

surface (Tanabe et al., 2018; Singh, 2020; Kebschull et al., 2024). Anteriorly, the cerebellum 

attaches to the brainstem at the level of the pons via three major fibre bundles known as the 

cerebellar peduncles. These include: the inferior cerebellar peduncle (restiform body), which 

carries both afferent and efferent fibres; the middle cerebellar peduncle (brachium pontis), 
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consisting entirely of afferent fibres from the contralateral pontine nuclei; and the superior 

cerebellar peduncle (brachium conjunctivum), which primarily conveys efferent fibres to the 

midbrain and thalamus (ten Donkelaar et al., 2020; Schmahmann, 2023).  

 

Figure 2.2: Structure of the Cerebellum (ten Donkelaar et al., 2020) 

In situ, the most visually prominent features of the cerebellum are its two large hemispheres, 

characterized by transverse fissures and narrow, leaf-like ridges called folia (Kebschull et al., 

2024). These surface features define the cerebellar hemispheres, which flank a centrally 

positioned, longitudinal structure know. Although the vermis is not readily visible externally, 

it runs along the midline from anterior to posterior and plays a central role in coordinating axial 

body movements (ten Donkelaar et al., 2020; Lara-Aparicio et al., 2022). 

Approximately one-third of the distance from the brainstem along the dorsal surface lies the 

primary fissure, a prominent landmark that separates the cerebellum into two major lobes: the 

anterior lobe (rostral to the fissure) and the posterior lobe (caudal to it) (Schmahmann, 2023; 

Tanabe et al., 2018). Similar to the cerebral cortex, the cerebellum has undergone significant 

phylogenetic expansion, particularly in the posterior lobes of the hemispheres. This is reflected 

in the predominance of afferent projections to the posterior lobe from the cerebral cortex, 

highlighting its role in higher-order motor coordination (Lara-Aparicio et al., 2022; Miall, 
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2022). On the ventral surface, near the junction of the cerebellum and brainstem, are two small 

lateral protrusions known as the flocculi. Bridging these structures is the nodulus, typically 

concealed from view (Tanabe et al., 2018; Miall, 2022; Schmahmann, 2023). Collectively, the 

flocculi and nodulus form the flocculonodular lobe, which is the phylogenetically oldest part 

of the cerebellum and is primarily involved in vestibular function and balance (Miall, 2022; 

Schmahmann, 2023). 

Another structural classification system divides the cerebellum into lobules, demarcated by 

other prominent surface fissures that span both the vermis and hemispheres. These lobules are 

identified by both descriptive names and Roman numerals: Lobules I–V constitute the anterior 

lobe, VI–IX the posterior lobe, and Lobule X corresponds to the flocculonodular lobe. 

(Kebschull et al., 2024). While these anatomical subdivisions are useful for descriptive and 

developmental purposes, functional divisions are more commonly employed in clinical 

contexts. These include the vestibulocerebellum, spinocerebellum, and cerebrocerebellum 

(also referred to as the pontocerebellum), each associated with distinct inputs, outputs, and 

physiological roles. These functional divisions will be discussed in greater detail in subsequent 

sections (ten Donkelaar et al., 2020; Sultana et al., 2024). 

 

2.2.2 Connections of The Cerebellum 

All afferent and efferent communication with the cerebellum occurs exclusively via the three 

cerebellar peduncles. The overall organizational scheme is relatively straightforward: with one 

notable exception for each, most afferent fibres enter the cerebellum through the inferior and 

middle cerebellar peduncles, while all efferent output exits through the superior cerebellar 

peduncle (Hatten et al., 2020; Carey, 2024). The cerebellum receives input from three principal 

sources: the spinal cord, brainstem nuclei, and the cerebral cortex. In general—and again, with 

a single major exception—afferent fibres originating from the spinal cord and brainstem nuclei 
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project to the cerebellum via the inferior cerebellar peduncle, whereas input from the cerebral 

cortex, transmitted through corticopontine pathways, reaches the cerebellum via the middle 

cerebellar peduncle (Hatten, 2020; Carey, 2024). 

2.2.2.1  Inferior Cerebellar Peduncles 

The inferior cerebellar peduncle (restiform body) serves as a major conduit for afferent input 

into the cerebellum, particularly from the spinal cord, medulla, and brainstem. Among the 

primary afferent pathways entering via this peduncle are the dorsal spinocerebellar tract 

(DSCT), which originates in the dorsal nucleus of Clarke, and the cuneocerebellar tract 

(CuCT), which arises from the lateral cuneate nucleus of the medulla. These tracts transmit 

non-conscious proprioceptive and kinesthetic information from muscle spindles and tendons—

DSCT from the lower extremities and CuCT from the upper extremities (Fastenrath et al., 

2022; Carey, 2024). The rostral spinocerebellar tract (RSCT), although less well defined, also 

enters through the inferior cerebellar peduncle and likely serves a role analogous to that of the 

ventral spinocerebellar tract (VSCT) for the upper limbs. Both RSCT and VSCT are thought 

to convey non-conscious somatosensory feedback, such as pressure, touch, and nociceptive 

inputs, as well as proprioceptive signals. Additionally, they may relay information related to 

spinal reflexes and intrinsic spinal cord activity via interneuronal circuits, influenced by 

descending corticospinal and bulbospinal inputs (Jossinger et al., 2020; Hatten, 2020; Lim et 

al., 2025). 

The VSCT is unique among the spinocerebellar tracts in that it decussates within the spinal 

cord and then re-crosses within the brainstem, ultimately delivering predominantly ipsilateral 

input via the superior cerebellar peduncle (Lim et al., 2025). The trigeminocerebellar tract, 

originating in the principal sensory and spinal nuclei of cranial nerve V, also enters through the 

inferior peduncle. This pathway transmits proprioceptive and tactile information from the face 

and head and remains entirely ipsilateral (Sathyanesan et al., 2019; Hatten, 2020; Carey, 2024). 
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Additional significant afferent inputs via the inferior cerebellar peduncle arise from the 

vestibular nuclei, inferior and accessory olivary nuclei, and reticular nuclei. 

Vestibulocerebellar fibres are noteworthy in that, unlike most other inputs which project to 

both anterior and posterior lobes, they target primarily the flocculonodular lobe. These fibres 

travel through the juxtarestiform body, a medial subdivision of the inferior peduncle (Jang and 

Do Lee, 2020; Lim et al., 2025). 

An important exception to the general rule that the inferior cerebellar peduncle carries only 

afferent fibres is that the juxtarestiform body also contains efferent projections. These arise 

from the flocculonodular lobe and associated fastigial nuclei and return to the vestibular and 

reticular nuclei, thus completing feedback loops vital for equilibrium and posture (Jossinger et 

al., 2020). The vestibular system, influenced by these cerebellar circuits, is essential for 

maintaining balance and coordinating eye movements. Its descending pathways, such as the 

vestibulospinal tract, exert excitatory effects on extensor motor neurons and inhibitory effects 

on flexor motor neurons, thereby supporting antigravity posture (Jossinger et al., 2020; Jang et 

al., 2020; Baran et al., 2022). Afferents from the inferior olivary complex are especially 

distinct. These fibres are entirely contralateral and project broadly across the cerebellar cortex. 

Unlike other cerebellar inputs, which take the form of mossy fibres synapsing on granule cells, 

the olivocerebellar fibres are climbing fibres that form powerful, exclusive synapses on 

Purkinje cells. These synapses are crucial for motor learning and cerebellar modulation of 

movement precision (Brownwonwi et al., 2019; Jang and Do Lee, 2020). 

2.2.2.2  Middle Cerebellar Peduncles 

The middle cerebellar peduncle, or brachium pontis, is by far the largest of the three cerebellar 

peduncles and serves as the principal route through which the cerebral cortex exerts its 

influence on the cerebellum. The majority of corticofugal fibres descending through the 

cerebral peduncles of the midbrain ultimately project to the cerebellum. These fibres terminate 
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ipsilaterally in the pontine nuclei, located in the anterior (basilar) portion of the pons (Çavdar 

et al., 2018; Stephen et aal., 2024). Neurons in the pontine nuclei then give rise to a massive 

band of transverse fibres that decussate across the midline and enter the cerebellum via the 

middle cerebellar peduncle, although a small proportion may remain uncrossed. This prominent 

fibre system contributes significantly to the characteristic transverse striation of the pons 

(Hamdy et al., 2022; Stephen et al., 2024). 

The middle cerebellar peduncle conveys projections to all cerebellar regions except the 

flocculonodular lobe. Alongside climbing fibres from the inferior olivary nucleus, it constitutes 

a major source of input to the cerebellar hemispheres. The corticopontocerebellar pathway 

arises predominantly from the sensorimotor cortices surrounding the central sulcus. However, 

in humans, the prefrontal cortex, cortical association areas, and limbic cortices also contribute 

substantially to this pathway (Baran et al., 2022; Handy et al., 2022; Stephen et al., 2024). 

These extensive inputs suggest that the cerebellum not only receives information regarding 

ongoing motor activity and somatosensory feedback but also anticipates planned or intended 

movements. Moreover, it processes higher-order information, including visual, auditory, and 

affective signals, thereby supporting its emerging role in cognition and emotion in addition to 

motor coordination (Baran et al., 2022; Baran et al., 2022; Lim et al., 2025). 

2.2.2.3  Superior Cerebellar Peduncles 

The superior cerebellar peduncle, or brachium conjunctivum, serves as the principal efferent 

pathway from the cerebellum. A notable exception is the output from the flocculonodular lobe 

and the fastigial nuclei, which project to the vestibular and reticular nuclei via the inferior 

cerebellar peduncle (Lim et al., 2025). Although primarily an output structure, the superior 

cerebellar peduncle also conveys one major afferent pathway—the anterior (or ventral) 

spinocerebellar tract (VSCT). This tract transmits both peripheral and spinal cord information 

from the lower extremities and is unique in that it decussates twice, ultimately resulting in an 
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ipsilateral projection (Bruckert et al., 2019; Metwally et al., 2021). Some evidence also 

suggests that proprioceptive information from the muscles of mastication, transmitted via the 

mesencephalic nucleus of the trigeminal nerve, may enter the cerebellum through this peduncle 

(Bruckert et al., 2019; Stephen et al., 2024). With the exception of some direct projections 

from the flocculonodular lobe to the vestibular nuclei, virtually all cerebellar efferents originate 

from the deep cerebellar nuclei: the fastigial, globose, emboliform, and dentate nuclei. The 

fastigial nucleus projects fibres through both the inferior and superior cerebellar peduncles, 

primarily targeting the vestibular and lateral reticular nuclei. In contrast, efferents from the 

globose, emboliform, and dentate nuclei exit exclusively via the superior cerebellar peduncle 

(Çavdar et al., 2018; Hamdy et al., 2022; Stephen et al., 2024). 

The major targets of these efferents include the contralateral inferior olivary nucleus, red 

nucleus, and ventrolateral nucleus of the thalamus. The latter projects to the primary motor and 

premotor cortices, thereby linking cerebellar output to motor planning and execution (Handy 

et al., 2022). Although these cerebellar pathways decussate, they influence motor systems—

such as the corticospinal tract—that themselves cross the midline. Consequently, the 

cerebellum exerts an overall ipsilateral influence on motor control (Metwally et al., 2021; 

Handy et al., 2022). This complex arrangement allows the cerebellum to modulate motor 

activity at multiple hierarchical levels, ensuring coordination, timing, and precision of 

voluntary movement (Handy et al., 2022). 

 

2.2.3 Cerebellar Cortex 

Like the cerebrum, the cerebellum possesses a cortex, underlying white matter composed of 

afferent and efferent axonal fibres, and deep cerebellar nuclei (Van Essen et al., 2018; Hull and 

Regehr, 2022). However, the cerebellar cortex differs fundamentally from its cerebral 

counterpart in both structure and function. Unlike the multilayered cerebral cortex, the 



17 
 

cerebellar cortex consists of only three distinct layers (Sereno et al., 2020). This three-layered 

architecture is remarkably uniform throughout the cerebellum and features a highly organized, 

relatively straightforward neuronal arrangement. The three layers of the cerebellar cortex are: 

The molecular layer (outermost), the Purkinje cell layer (middle), and the granular layer 

(innermost) (Sereno et al., 2020; Guell and Schmahmann, 2020; Metwally et al., 2021). 

2.2.3.1  Molecular Layer 

The molecular layer is the most superficial and has the lowest neuronal density of the three 

layers. It contains two main types of inhibitory interneurons: stellate cells and basket cells. 

Despite its relative paucity of cell bodies, the molecular layer is densely packed with neuronal 

processes. Most prominent among these are the expansive dendritic arbors of the Purkinje cells 

and the parallel fibres originating from granule cells in the granular layer (Metwally et al., 

2021). 

The dendritic trees of Purkinje cells are highly branched yet constrained to a single sagittal 

plane, perpendicular to the longitudinal axis of the cerebellar folia. In contrast, the parallel 

fibres run transversely across the molecular layer, intersecting the dendritic planes of Purkinje 

cells at right angles. This orthogonal arrangement allows each parallel fibre to synapse with 

potentially thousands of Purkinje cell dendrites, providing a broad excitatory input (Van Essen 

et al., 2018; Sereno et al., 2020). 

Stellate cells, with their relatively short dendrites, form inhibitory synapses with the dendrites 

of a limited number of nearby Purkinje cells. Basket cells, which have more extensive dendritic 

arbors, exert their inhibitory influence directly on the Purkinje cell soma and proximal 

dendrites. Both cell types receive excitatory input from the parallel fibres and act as modulatory 

interneurons by dampening Purkinje cell activity through GABAergic synapses (Guell and 

Schmahmann et al., 2020; Sereno et al., 2020). 
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2.2.3.2  Purkinje Layer 

The Purkinje layer forms the narrow middle tier of the cerebellar cortex and is composed 

exclusively of the large, flask-shaped Purkinje cell bodies, which are among the most 

prominent and morphologically distinctive neurons in the central nervous system. These cells 

serve as the sole output neurons of the cerebellar cortex (Van Essen et al., 2018; Sereno et al., 

2020). The extensive dendritic arbors of Purkinje cells ascend into the overlying molecular 

layer, where they form a dense, planar network that receives synaptic input primarily from 

parallel fibres and climbing fibres. In contrast, the axons of Purkinje cells project downward 

through the granular layer to synapse on neurons in the deep cerebellar nuclei, exerting 

GABAergic inhibitory control. These inhibitory projections form the primary efferent pathway 

from the cerebellar cortex to the cerebellar output centers (Bruckert et al., 2019; Hull and 

Regehr, 2022; Metwally et al., 2021). 

Notably, a subset of Purkinje cells, particularly those located in the vermal region and 

flocculonodular lobe, send their axons directly to the vestibular nuclei in the brainstem, 

bypassing the deep cerebellar nuclei. These projections also convey inhibitory output and are 

essential for vestibular regulation and balance (Hamdy et al., 2022; Stephen et al., 2024). 

Additionally, the Purkinje layer contains fibres in transit between other cortical layers. These 

include climbing fibres (originating from the inferior olive), aminergic fibres (modulatory 

inputs), and processes of granule cells, Golgi cells, and basket cells, many of which terminate 

on or near the Purkinje cell soma (Guell and Schmahmann, 2020; Hull and Reghe, 2022). 

2.2.3.3  Granular Layer 

The innermost layer of the cerebellar cortex, the granular layer, is characterized by an 

exceptionally high density of small neurons, primarily granule cells, along with Golgi type II 

cells. Despite their diminutive size, granule cells are the most numerous neurons in the human 

brain (Consalez et al., 2021; D’Angelo, 2021). Granule cells serve as the excitatory 
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interneurons of the cerebellar cortex. Their axons ascend into the molecular layer, where they 

bifurcate into parallel fibres that course transversely and form excitatory synapses with the 

dendrites of Purkinje cells, as well as with basket and stellate cells. This parallel fibre system 

is central to the integration and distribution of afferent input within the cerebellum (D’Angelo, 

2021; Florimbi et al., 2021). 

The second principal cell type in this layer, the Golgi cells, function as inhibitory interneurons. 

While some of their dendritic processes extend into the molecular layer to interact with parallel 

fibres, their axons form inhibitory synapses with granule cell dendrites within specialized 

structures called glomeruli. Through these inhibitory synapses, Golgi cells modulate granule 

cell activity, forming a key component of the cerebellar cortical feedback circuit (Lackey et 

al., 2018; D’Angelo, 2021; Poudel et al., 2023). Together, the granule and Golgi cells establish 

a tightly regulated balance of excitation and inhibition within the cerebellar cortex, critical for 

the timing and precision of cerebellar processing (Poudel et al., 2023). 

 

2.2.4 Cerebellar Nuclei 

Embedded within the white matter at the anterior aspect of the cerebellum are several pairs of 

deep nuclei that serve as the primary output centers of the cerebellar circuitry. In humans, these 

are, from medial to lateral: the fastigial, globose, emboliform, and dentate nuclei (Boyken et 

al., 2018; Urrutia Desmaison et al., 2023). The globose and emboliform nuclei are often 

collectively referred to as the interposed nuclei due to their intermediate anatomical position 

between the fastigial and dentate nuclei, and their shared functional characteristics. These 

nuclei receive converging inputs from two principal sources:  

• collateral branches of afferent fibres entering the cerebellum, and  

• inhibitory efferents from Purkinje cells in the overlying cerebellar cortex (Urrutia 

Desmaison et al., 2023).  
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With the exception of a subset of Purkinje axons from the flocculonodular lobe that terminate 

directly in the vestibular nuclei, virtually all cerebellar output is mediated through these deep 

cerebellar nuclei (Bostan and Strick, 2018; Urrutia Desmaison et al., 2023). The fastigial 

nucleus, the most medially located, lies adjacent to the roof of the fourth ventricle and primarily 

receives inputs from the vermal and flocculonodular cortical regions, particularly those 

involved in balance and postural control. Its projections are directed to the vestibular nuclei 

and reticular formation, thus participating in the regulation of axial musculature and 

vestibulospinal reflexes (Willet et al., 2019; Urrutia Desmaison et al., 2023). 

The interposed nuclei—comprising the globose and emboliform—are more prominent in 

higher primates, including humans. These nuclei receive afferent input mainly from the 

paravermal regions of the cerebellar cortex, which process spinal proprioceptive signals, 

especially from the limbs (Bostan and Srick, 2018; Willet et al., 2019). In addition to cortical 

input, they receive direct collaterals from ascending spinal afferents and other subcortical 

sources, including the reticular formation, inferior olivary complex, and potentially the red 

nucleus (Sarnaik ad Raman, 2018; Boyken et al., 2018). The dentate nucleus, the most laterally 

situated and phylogenetically the newest of the cerebellar nuclei, is the largest and most 

structurally complex. It receives dominant input from the lateral cerebellar hemispheres, 

particularly from regions implicated in planning and coordination of voluntary movement. It 

also receives some input from the anterior lobe (Boyken et al., 2018). Like the interposed 

nuclei, the dentate also receives collateral afferents from extracerebellar sources, although the 

precise afferent contribution patterns are still under active investigation (Bostan and Striick, 

2018; Boyken et al., 2018). 

Output from the dentate and interposed nuclei is relayed primarily via the superior cerebellar 

peduncle, targeting the contralateral red nucleus and the ventrolateral thalamic nuclei, the latter 

of which project to motor and premotor cortical areas (Wllet et al., 2019). The dentate nucleus 
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preferentially projects to the thalamus, whereas the interposed nuclei maintain stronger 

connections with the red nucleus. Both nuclei also send fibres to other brainstem targets, 

including the inferior olive, reticular formation, and superior colliculus, thus participating in 

multiple feedback and modulatory circuits (Wllet et al., 2019; Poudel et al., 2023). Several 

fundamental organizational principles of cerebellar output are evident. Firstly, the cerebellum 

exerts an ipsilateral influence on movement. This results from the double-crossing of its major 

output pathways (e.g., cerebellar projections to contralateral motor centers that themselves 

project to the contralateral body), meaning that lesions in a given cerebellar hemisphere affect 

movement on the same side of the body (Sarnaik and Raman, 2018; Florimbi et al., 2021; 

Urrutia Desmaison et al., 2023).  

Secondly, the cerebellum engages in indirect modulation of spinal motor circuits through its 

projections to supraspinal centers such as the thalamus, red nucleus, vestibular nuclei, and 

reticular formation, which in turn influence the corticospinal, rubrospinal, vestibulospinal, and 

reticulospinal tracts (Florimbi et al., 2021; Urrutia Desmaison et al., 2023). Furthermore, the 

cerebellum is integrated into reentrant feedback loops that refine motor planning and execution. 

A key example includes the circuit: dentate nucleus → thalamus → cerebral cortex → 

corticopontine fibres → pontocerebellar pathway, thereby allowing the cerebellum to monitor 

and fine-tune cortical motor output (Sarnaik and Raman, 2018). Additional loops include 

reciprocal interactions between the vestibular nuclei and the flocculonodular lobe, essential for 

balance, equilibrium, and coordination of eye movements (Florimbi et al., 2021). 

 

2.2.5 Functional Sub-Divisions of The Cerebellum 

The cerebellum is functionally organized into three major divisions: the vestibulocerebellum, 

spinocerebellum, and cerebrocerebellum (also referred to as the pontocerebellum). These 

subdivisions are delineated not only by their primary sources of afferent input but also by their 
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distinct roles in motor coordination, postural control, and, more recently, higher-order 

cognitive and affective processes (Diedrichsen et al., 2019; Miall, 2022; Donnelly, 2023). An 

appreciation of this functional compartmentalization benefits from a brief anatomical 

orientation. Running along the midline of the cerebellum is the vermis, named for its worm-

like appearance, which extends in the anterior-posterior direction (Diedrichsen et al., 2019). 

Flanking the vermis are the cerebellar hemispheres, which represent the most lateral regions of 

the cerebellum. The intermediate region between these two, lacking clearly defined anatomical 

borders, is known as the paravermal zone (Guell et al., 2018; Diedrichsen et al., 2019; Miall, 

2022). 

The vermal zone is primarily associated with control of axial musculature, including the 

muscles of the head, neck, and trunk. It plays a crucial role in balance, postural equilibrium, 

and associated reflexive motor responses. In addition to its established somatic functions, there 

is emerging evidence suggesting that anterior portions of the vermis may participate in 

modulating affective behaviours (Diedrichsen et al., 2019; Donnelly, 2023). The paravermal 

zone is more closely linked with regulation of appendicular movements, particularly those of 

the arms and legs. It is functionally involved in the coordination and correction of limb 

movements, relying heavily on proprioceptive feedback (Guell et al., 2018; Bostan and Strick, 

2018). The lateral cerebellar hemispheres, particularly within the posterior lobes, are 

implicated in the modulation of executive motor functions such as motor planning, motor 

learning, and the formation of habitual responses. Increasingly, this region is also being 

recognized for its contributions to non-motor processes, including aspects of cognition, 

language, and emotional regulation (King et al., 2019; ten Donkelaar et al., 2020). 

Each of these zones has relatively specific connections to the deep cerebellar nuclei, which 

serve as their principal output structures (Donnelly, 2023). These functional and anatomical 

relationships support the following tripartite division of cerebellar function:  
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2.2.5.1  Vestibulocerebellum 

Comprising primarily the flocculonodular lobe and closely associated with the fastigial 

nucleus, this division receives input from the vestibular system and is essential for balance, 

gaze stabilization, and vestibulo-ocular reflexes (Guell et al., 2018; Bostan et al., 2018; King 

et al., 2019). The vestibulocerebellum is the phylogenetically oldest part of the cerebellum, 

often referred to as the archicerebellum. It comprises the flocculonodular lobe, including the 

nodulus (part of the anterior vermis) and the flocculus. This region receives its primary input 

from the vestibular nuclei, although like all cerebellar divisions, it also receives substantial 

afferent input from the inferior olivary nucleus (Guell et al., 2018; Donnelly, 2019). 

Anatomically, the vestibulocerebellum partially overlaps with the anterior regions of the 

vermal zone. The Purkinje cells within this region project mainly to the fastigial nuclei, though 

some fibres project directly back to the vestibular nuclei, bypassing the deep cerebellar nuclei 

entirely (Guell et al., 2018; Bostan et al., 2018). Functionally, the vestibulocerebellum is 

essential for the modulation of postural tone and equilibrium in response to vestibular inputs. 

It plays a central role in the control of gait, balance, and reflexive eye movements. Lesions in 

this region are often associated with truncal ataxia, gait instability, and disturbances in the 

vestibulo-ocular reflex (Sarnail and Raman, 2018; King et al., 2019). 

2.2.5.2  Spinocerebellum  

The spinocerebellum comprises portions of both the vermal and paravermal zones, and receives 

significant afferent input from the spinal cord. These spinal afferents include proprioceptive 

signals, cutaneous sensory input, and analogous sensory information from the trigeminal 

nuclei. The vermis also receives secondary vestibular input, further integrating balance-related 

information (King et al., 2019; Diedrichsen et al., 2019). This division is also referred to as the 

paleocerebellum, reflecting its evolutionary development. Functionally, the vermal region of 

the spinocerebellum is primarily concerned with the regulation of muscle tone, synergistic 
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muscle coordination, and the postural adjustments required during ongoing, semi-automatic 

motor activities such as walking or running (Guell et al., 2018). Although such actions are 

consciously initiated, the cerebellum ensures their fluid and adaptive execution (Mariën and 

Borgatti, 2018; Guell et al., 2018; Donnelly, 2023). The paravermal zones are more involved 

in limb movement control, particularly in relation to fine-tuning of speed, force, direction, and 

the temporal sequencing of voluntary motor actions (Mariën and Borgatti, 2018). These areas 

likely operate in conjunction with the lateral hemispheres to support skilled motor performance, 

especially when dynamic or variable adjustments are needed (Mariën and Borgatti, 2018; King 

et al., 2019; Diedrichsen et al., 2019). 

2.2.5.3  Pontocerebellum (Cerebrocerebellum) 

The cerebrocerebellum, also known as the pontocerebellum or neocerebellum, corresponds to 

the lateral hemispheric zones of the cerebellum. It receives its predominant input from the 

cerebral cortex, especially from the prefrontal, frontal, and parietal lobes, via the corticopontine 

tract. These cortical fibres synapse in the pontine nuclei, from which secondary fibres project 

to the cerebellum through the middle cerebellar peduncle (Mariën and Borgatti, 2018; King et 

al., 2019). This division is the most evolutionarily recent and has undergone considerable 

expansion in concert with the growth of the cerebral hemispheres.  

Functionally, the cerebrocerebellum is implicated in the planning, timing, and learning of 

complex motor activities, including visually guided movements, tool use, and other forms of 

motor memory (Bostan and Strick, 2018; Willett et al., 2019; Urrutia Desmaison et al., 2023). 

Recent evidence further suggests that the pontocerebellum contributes to non-motor functions, 

such as working memory, attention, language processing, and executive function (Rousseau et 

al., 2022). These cognitive roles are believed to emerge through cerebellar connections with 

prefrontal cortical areas via the dentate nucleus and thalamic relays (Rousseau et al., 2022; 

Donnelly, 2023). 
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Table 2.1: Functional Division of the Cerebellum 

Division  
Primary 

Function(s) 
Primary Input(s)  Associated Nuclei 

Vestibulocerebellum 

(flocculonodular 

lobe and adjacent 

portions of vermis) 

 

Balance, 

equilibrium, gait, 

reflex eye 

movements  

Vestibular, inf. 

olivary  

Fastigial 

Spinocerebellum 

(paravermal and 

vermal regions) 

Muscle tone, control 

of axial (vermis), 

and limb 

(paravermal 

region) movements 

 

Spinal cord, inf. 

olivary, vestibular, 

reticular 

Emboliform, 

globose, and 

fastigial (with 

vermis) 

Cerebrocerebellum 

or pontocerebellum 

(cerebellar 

hemispheres) 

Modulation, 

memory 

of skilled motor, 

and voluntary eye 

movements 

Cerebral cortex (via 

pontine n.), inf. 

Olivary 

Dentate 

 

2.2.5 Development of The Cerebellum 

The hindbrain, or rhombencephalon, represents the most caudal segment of the embryonic 

brain and gives rise to several key structures, including the cerebellum (Badura et al., 2018). 

During early development, the hindbrain undergoes segmentation into a series of transient, 

bilaterally symmetrical bulges known as rhombomeres. These eight rhombomeres (Rh1–Rh8) 

serve as fundamental patterning units that guide the spatial and functional organization of 

neural structures (Rahimi-Balaei et al., 2018; Badura et al., 2018). The cerebellum specifically 

originates from the dorsal aspect (alar plate) of the neural tube and emerges from two key 

regions: rhombomere 1 (Rh1) caudally and the isthmic organizer rostrally, at the midbrain–

hindbrain boundary (Badura et al., 2018; Van Essen et al., 2018). These domains coordinate 
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developmental signaling that delineates cerebellar identity within the broader architecture of 

the neural tube (Van Essen et al., 2018) 

Two distinct neurogenic zones give rise to the major neuronal populations of the cerebellum: 

• The Ventricular Zone:  

Located in the roof of the fourth ventricle, this zone originates from the neuroepithelium 

of the alar plate and generates GABAergic inhibitory neurons, including Purkinje cells 

and neurons of the deep cerebellar nuclei—the principal output elements of the 

cerebellar cortex and the cerebellum as a whole (Van Essen et al., 2018; Rahimi-Balaei 

et al., 2018). These cells form the backbone of cerebellar circuitry responsible for 

integrating and modulating motor commands (Rahimi-Balaei et al., 2018). 

• The Rhombic Lip:  

Situated at the dorsolateral margin of the fourth ventricle, the rhombic lip is a secondary 

germinal zone that gives rise to glutamatergic excitatory neurons, including granule 

cells, unipolar brush cells, and large projection neurons of the cerebellar nuclei 

(Rahimi-Balaei et al., 2018; Badura et al., 2018). These cells migrate extensively during 

development and play essential roles in forming the layered cerebellar cortex and 

establishing long-range cerebellar connections (Badura et al., 2018). 

The distinction between these two germinal sources is not only anatomical but also 

neurochemical: neurons derived from the ventricular zone are predominantly GABAergic, 

whereas those from the rhombic lip are mainly glutamatergic. This dichotomy underpins the 

functional diversity of cerebellar microcircuits and reflects the evolutionary specialization of 

cerebellar processing (Badura et al., 2018). 
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2.2.6 Arterial Supply and Venous Drainage of the Cerebellum 

The cerebellum receives its vascular supply from three principal arteries, which originate from 

the vertebrobasilar system. These arteries ensure perfusion to distinct cerebellar territories and 

also contribute to the blood supply of associated brainstem and ventricular structures 

(Błaszczyk et al., 2024). 

• Superior Cerebellar Artery (SCA):  

The SCA arises bilaterally from the distal portion of the basilar artery, immediately 

inferior to the origin of cranial nerve III (oculomotor nerve). It courses dorsally around 

the midbrain and supplies the superior aspect of the cerebellar hemispheres, superior 

vermis, superior medullary velum, portions of the pons, and occasionally the pineal 

gland (Martirosyan et al., 2011). Its precise perfusion territory makes it vital for 

maintaining the functional integrity of the cerebellar cortex and brainstem interface 

(Miao et al., 2020; Arslan et al., 2018). 

• Anterior Inferior Cerebellar Artery (AICA):  

The AICA arises from the basilar artery at the pontomedullary junction, typically just 

inferior to cranial nerve VI (abducens nerve). It courses laterally and posteriorly to 

supply the anterior inferior portion of the cerebellum, particularly the flocculus, middle 

cerebellar peduncle, and adjacent portions of the pons (Scremin, 2015). Due to its 

proximity to cranial nerve VII (facial nerve), vascular compromise in this region is 

often associated with neurovascular syndromes involving cranial nerves (Tripathi and 

Sieber, 2019; Miao et al., 2020). 

• Posterior Inferior Cerebellar Artery (PICA):  

The PICA typically arises from the vertebral artery proximal to its junction with the 

basilar artery, usually just superior to the rootlets of cranial nerve XI (accessory nerve). 

It is the largest and most variable of the cerebellar arteries and supplies the posterior 
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inferior surface of the cerebellum, including the inferior vermis and deep cerebellar 

nuclei (Tatu et al., 2012). It also perfuses the dorsolateral medulla, thus its involvement 

is commonly associated with Wallenberg syndrome (Arslan et al., 2018; Tripathi et al., 

2019). 

Venous outflow from the cerebellum is coordinated by an intricate network of superficial and 

deep cerebellar veins that collectively form the cerebellar venous system (Blaszczyk et al., 

2024). This system plays a critical role in maintaining intracranial venous homeostasis by 

channeling blood efficiently into the major dural venous sinuses (Arslan et al., 2018; Miao et 

al., 2020). The superficial venous system includes the superior cerebellar veins, which drain 

the dorsal cerebellar surface and empty predominantly into the straight sinus and superior 

petrosal sinus (Miao et al., 2020). The posterior inferior cerebellar veins drain the inferior 

aspects of the cerebellum, directing blood toward the transverse and occipital sinuses (Miao et 

al., 2020). 

In addition to these superficial pathways, deep cerebellar structures also contribute venous 

return through connections with the great cerebral vein (vein of Galen), thereby linking 

infratentorial drainage with supratentorial venous circuits (Miao et al., 2020; Blaszczyk et al., 

2024). This hierarchical venous architecture not only ensures efficient removal of metabolic 

byproducts but also provides functional redundancy, allowing bidirectional communication 

between different venous territories (Arslan et al., 2018). Disturbances in this system—such as 

venous sinus thrombosis or compression—can compromise drainage, leading to cerebellar 

congestion, edema, and in severe cases, venous infarction, all of which significantly impair 

cerebellar function (Blaszczyk et al., 2024). 
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2.3 CEREBELLAR DISORDERS 

Cerebellar disorders constitute a diverse spectrum of neurological conditions resulting from 

dysfunction or structural damage to the cerebellum—a region of the brain fundamentally 

involved in the coordination, precision, and temporal regulation of movement (Grimaldi, 2021; 

Joshua et al., 2022). Given its central role in integrating sensory input with motor commands, 

the cerebellum is essential for both gross motor functions such as gait and balance, and fine 

motor skills, including tasks like handwriting or speech articulation (Sathyanesan et al., 2019). 

Damage to the cerebellum disrupts the cerebellar circuits that underlie sensorimotor integration 

and feedforward control, resulting in deficits in movement accuracy, timing, and adaptability 

(Grimaldi, 2021). Furthermore, growing evidence has expanded our understanding of the 

cerebellum’s role beyond motor control, implicating it in a range of cognitive and affective 

processes. Consequently, cerebellar pathology can lead to both motor and non-motor 

dysfunctions, often with a profound impact on an individual's daily functioning and overall 

quality of life (Sathyanesan et al., 2019; Grimaldi, 2021). 

  

2.3.1 Ataxia and Associated Cerebellar Motor Disorders 

Ataxia is the hallmark motor manifestation of cerebellar dysfunction and broadly refers to 

impairments in the coordination and execution of voluntary movements. It reflects deficits in 

the timing, force, amplitude, and direction of movement, resulting in poor balance, instability, 

and imprecise motor control (Sathyanesan et al., 2019; D’Arrigo et al., 2021). Several distinct 

motor abnormalities commonly co-occur under the umbrella of cerebellar ataxia, each 

revealing different aspects of disrupted cerebellar processing (Joshua et al., 2022). 

One key feature is dysmetria, characterized by the inability to properly scale movement 

amplitude. This may manifest as either overshooting (hypermetria) or undershooting 

(hypometria) a target. Dysmetria is particularly evident during rapid, goal-directed, or multi-
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joint movements and is thought to result from impaired temporal coordination between agonist 

and antagonist muscle groups, as well as altered contraction timing (Joshua et al., 2022; 

Iskusnykh et al., 2024). Patients often display abnormal muscle co-contraction and delayed 

movement initiation, pointing to dysfunction in motor planning circuits involving the dentate 

nucleus and motor cortex (Iskusnykh et al., 2024). Dysmetria may also stem from difficulties 

in sensory prediction and movement outcome estimation. 

The rebound phenomenon, or lack of check, reflects difficulty in terminating a movement after 

resistance is removed. It is typically demonstrated during resisted elbow flexion, where sudden 

release of the resistance causes an exaggerated rebound motion due to delayed antagonist 

muscle response (Sathyamesam et al., 2019; Grimaldi, 2021; Iskusnykh et al., 2024). Similarly, 

dysdiadochokinesia, the inability to perform rapid alternating movements, leads to irregular, 

clumsy actions, especially during repetitive tasks like tapping or forearm pronation-supination. 

These signs indicate a failure of the cerebellum to switch smoothly between opposing muscle 

groups (Grimaldi, 2021). 

Intention tremor, a hallmark of cerebellar dysfunction, appears during voluntary movements 

and intensifies near the endpoint. Unlike the resting tremors seen in basal ganglia disorders, 

cerebellar tremors stem from poor timing and control during deceleration, often worsening with 

visual input. Some patients also exhibit postural or truncal tremor (titubation) when attempting 

to stay still (McCreary et al., 2018; Paredes-Acuna et al., 2024). 

Dyssynergia, the disruption of multi-joint coordination, results in fragmented, stepwise 

movements instead of smooth, integrated actions, as seen in the heel-to-shin test. This reflects 

a failure to properly activate and stabilize synergistic muscle groups (Stoffel, 2016). Hypotonia, 

or reduced resistance to passive movement, often co-occurs and may present with pendular 

reflexes. While its cause is unclear, it may involve altered spinal reflexes or decreased muscle 

spindle sensitivity (Stephen et al., 2019; Joshua et al., 2022). 
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Dysarthria, another common symptom, affects the motor execution of speech. Though 

phoneme articulation remains intact, speech becomes slow, slurred, and scanning due to poor 

coordination of the oral and respiratory muscles (Tanaka et al., 2015; Duffy et al., 2018). 

Nystagmus, an involuntary oscillation of the eyes, reflects cerebellar-vestibular dysfunction 

and, in unilateral lesions, may cause the eyes to drift toward the lesion, impairing gaze stability 

(MacLean et al., 2018; Stephen et al., 2019). 

 

2.3.2 Motor Performance Deficits  

A hallmark of cerebellar dysfunction is ataxic gait, marked by a wide stance, irregular foot 

placement, reduced stride length, and instability (Pillay et al., 2019). These abnormalities are 

amplified during tandem walking, which often reveals dysmetria, mistimed steps, and 

variability in trajectory (Martini and Broglio, 2018; Neely et al., 2019; Pillay et al., 2019). 

Tandem walking is useful for both diagnosis and tracking progress in rehabilitation. Postural 

adjustments that normally stabilize the body during voluntary movement are often impaired in 

cerebellar disorders (Arumugam and Parasher, 2019). Patients struggle to maintain balance, 

particularly during quiet standing or when reacting to shifts in body mass. This instability arises 

from poor temporal coordination of muscle activity and may be worsened by vestibular or 

visual processing deficits (Martini and Broglio, 2018). 

Tasks like rising on tiptoes highlight deficits in timing and muscle coordination. Patients often 

display delayed or poorly sequenced activation of key muscles such as the tibialis anterior and 

quadriceps, resulting in failure to complete the movement or a return to heel contact (Martini 

and Broglio, 2018). These patterns reflect dyssynergia—disruption of smooth muscle 

integration (Arumugam and Parasher, 2019). Postural sway during standing is often increased 

in cerebellar patients, though in some cases, such as vermal lesions, reduced sway has been 

observed. This suggests that lesion location affects balance strategies, though the clinical 
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relevance of sway remains debated due to natural variability among healthy individuals 

(Martini and Broglio, 2018). Upper limb movements such as reaching or tracking reveal 

dysmetria and poor coordination, especially during rapid actions. Patients show excessive 

muscle co-contraction, prolonged agonist activity, and delayed antagonist response, all 

contributing to instability (O’Leary et al., 2018; Pillary et al., 2019; Neely et al., 2019). Even 

during slower movements, deficits persist. In tasks like repetitive throwing, cerebellar patients 

struggle to maintain consistent hand trajectories and fail to adjust for joint interaction torques, 

indicating impaired internal models for motor prediction and control (Neely et al., 2019; 

Arumugan et al., 2019). 

 

2.3.3 Aetiology of Cerebellar Disorders 

Cerebellar disorders arise from a diverse array of causes and may occur as isolated conditions 

or as part of broader neurological or systemic diseases. These disorders can stem from 

structural, genetic, autoimmune, infectious, vascular, toxic, metabolic, or idiopathic origins, 

and may also be associated with malignancies through paraneoplastic mechanisms (Zwergal et 

al., 2020; Reumers et al., 2025). 

• Structural Abnormalities:  

One of the primary aetiologies is structural damage to the cerebellum. Such lesions may 

result from developmental anomalies (e.g., Arnold–Chiari malformation, Dandy–

Walker syndrome), birth-related complications (e.g., hypoxia), traumatic brain injury, 

neoplasms, strokes, or infections such as encephalitis (Geng et al., 2020). Additionally, 

structural cerebellar involvement may occur in demyelinating conditions like multiple 

sclerosis, hereditary diseases such as Friedreich’s ataxia, and in various degenerative, 

metabolic (e.g., Wilson’s disease, myxoedema), vascular (e.g., vertebrobasilar 
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insufficiency), and toxic contexts, including drug or alcohol intoxication (Geng et al., 

2020; Sahoo et al., 2022; Reumers et al., 2025). 

• Genetic Factors:  

Genetic contributions are significant in cerebellar pathology. A range of hereditary 

syndromes are implicated, including spinocerebellar ataxias—progressive 

neurodegenerative disorders marked by cerebellar degeneration. Other genetically 

linked conditions such as Friedreich’s ataxia also leads to cerebellar dysfunction, 

typically following autosomal recessive or dominant inheritance patterns (Geng et al., 

2020; Sahoo et al., 2022).  

• Autoimmune Disorders:  

Autoimmune mechanisms can similarly underlie cerebellar disorders. In these cases, 

aberrant immune responses target cerebellar tissue, as observed in gluten ataxia—a 

condition associated with celiac disease where antibodies cross-react with cerebellar 

antigens. This results in coordination deficits and progressive ataxia (Reumers et al., 

2025). 

• Infections:  

Certain infections also have a direct cerebellar impact. Viral agents like varicella-zoster 

virus and Epstein–Barr virus can cause cerebellitis, an acute inflammatory condition 

affecting the cerebellum. Such infections often result in transient or sometimes 

permanent cerebellar dysfunction (Geng et al., 2020; Reumers et al., 2025).  

• Vascular Lesions:  

Vascular causes, including cerebellar infarctions, haemorrhages, or ischemic strokes, 

can compromise the cerebellum by disrupting its blood supply. Insufficient perfusion 

leads to neuronal injury, with both acute and chronic implications for cerebellar 

function (Zwergal et al., 2020; Sahoo et al., 2022).  
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• Idiopathic Causes: 

In some cases, the underlying cause remains unknown, leading to a diagnosis of 

idiopathic cerebellar disorder. These instances are particularly challenging in clinical 

practice due to the absence of identifiable pathology and are likely influenced by 

multifactorial interactions that remain poorly understood (Pontillo et al., 2020).  

• Paraneoplastic Syndromes:  

Paraneoplastic cerebellar degeneration represents a rare but important aetiology, 

typically occurring in the context of malignancy. In these syndromes, the immune 

response to neoplastic antigens cross-reacts with cerebellar tissue, resulting in 

progressive cerebellar symptoms. Treating the underlying cancer may lead to symptom 

stabilization or partial recovery (Yshii et al., 2020; Loehrer et al., 2021). 

• Toxic and Metabolic Factors:  

Toxic and metabolic factors are well-established contributors to cerebellar damage 

(Penticoff and Fortin, 2023). Chronic alcohol use is notably associated with cerebellar 

degeneration, particularly targeting the anterior superior vermis (Hammoud and 

Jimenez-Shahed, 2019).  

Metabolic conditions such as Wilson’s disease also affect the cerebellum through 

abnormal copper accumulation (Lorincz, 2018). Heavy metals, like Mercury (Hg), 

represent potent neurotoxins with established cerebellar effects, including ataxia and 

tremor (Cariccio et al., 2019; Ganguly et al., 2022). 
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2.4 MERCURY 

Mercury (Hg) is a naturally occurring heavy metal ubiquitously distributed across the 

environment, posing a substantial global public health concern (Basu, 2023). Its widespread 

presence means that all human beings are routinely exposed to certain quantities of mercury, 

ranging from low background levels to higher concentrations in specific contexts (Wu et al., 

2024). This pervasive exposure, even at low levels, can induce molecular, cellular, 

developmental, and behavioural alterations in various organisms, including humans (Basu, 

2023; Wu et al., 2024). The World Health Organization (WHO) recognizes mercury as one of 

the top ten chemicals of major public health concern, and chronic mercury poisoning holds the 

distinction of being one of the oldest occupational diseases (WHO, 2024). The constant, low-

level background exposure for the general population implies that the cumulative effect over a 

lifetime or during critical developmental windows could have widespread, subtle, and 

potentially under-recognized neurotoxic consequences across populations, extending beyond 

acute poisoning incidents (Basu, 2023; WHO, 2024; Wu et al., 2024). Mercury exists in several 

distinct chemical forms: elemental (metallic) mercury (Hg), inorganic mercury compounds 

(e.g., mercuric chloride, HgCl2, or Hg2+), and organic mercury compounds (e.g., 

methylmercury, MeHg) (Kalisińska et al., 2019; Wu et al., 2024).  

2.4.1 Human Exposure to Mercury 

Mercury (Hg) remains a significant public health concern due to its widespread environmental 

presence and persistence. Human exposure occurs primarily through anthropogenic activities 

that release mercury into the atmosphere and aquatic systems (Calao-Ramos et al., 2021). 

According to the Global Mercury Assessment (GMA) 2018 conducted by the United Nations 

Environment Programme (UNEP), the major sources of global mercury emissions include 

artisanal and small-scale gold mining (ASGM), accounting for 37.7% of total emissions; 
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stationary combustion of fossil fuels and biomass (21%); non-ferrous metal production (15%); 

and cement production (11%) (UNEP, 2019). 

 

Figure 2.3:  Human exposure to elemental and Organic Mercury 

ASGM is particularly hazardous, as it employs mercury to form amalgams with gold. This 

process releases mercury vapors when the amalgam is heated, resulting in significant 

inhalational exposure among workers and surrounding communities (Henriques et al., 2019). 

Additionally, elemental mercury released into water bodies undergoes microbial methylation, 

forming methylmercury, a highly bioavailable and toxic organic form (Zulaikhah et al., 2020; 

Calao-Ramos et al., 2021). Methylmercury accumulates in aquatic organisms and magnifies 

through the food chain, making dietary intake—especially through fish and seafood—a 

primary route of exposure for the general population (Calao-Ramos et al., 2021). 

Occupational exposure remains a concern not only in mining but also in sectors such as chlor-

alkali production, dentistry, and manufacturing involving electrical components and 
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fluorescent lighting. In many developing regions, inadequate regulation and safety practices 

further exacerbate mercury exposure risks in these environments (Vianna et al., 2019; Calao-

Ramos et al., 2021). Environmental contamination from mercury also contributes to indirect 

exposure via soil, air, and water. Communities living near industrial sites or mercury-

contaminated ecosystems are particularly vulnerable. Inhalation of mercury vapor, ingestion of 

contaminated food or water, and dermal contact represent key pathways through which 

mercury enters the human body (Henriques et al., 2019; Zulaikhah et al., 2020; Calao-Ramos 

et al., 2021). 

 

2.4.2 Toxicokinetics and Exposure Pathways of Mercuric Chloride 

The toxicokinetics of mercuric chloride (HgCl2), an inorganic mercury compound, dictate its 

absorption, distribution, metabolism, and excretion within the body, profoundly influencing its 

neurotoxic potential. The predominant route of human exposure for HgCl2 is ingestion 

(Cappelletti et al., 2019; Zulaikhah et al., 2020). Upon oral intake, approximately 7% to 15% 

of the ingested dose is absorbed through the gastrointestinal tract (Cappelletti et al., 2019). 

While less common, dermal absorption is also a documented pathway, particularly from 

historical or illicit topical applications of ointments containing inorganic mercury salts (Zhao 

et al., 2022; Zhao et al., 2025). Inhalation of inorganic mercury salts is rare, as these compounds 

are typically non-volatile solids at ambient temperatures (Cappelletti et al., 2019; Zhao et al., 

2022). 

Once absorbed, inorganic mercury is distributed systemically to all tissues. However, it 

preferentially accumulates in the kidneys, which are recognized as a major target organ for 

inorganic mercury toxicity (Zulaikhah et al., 2020; Zhao et al., 2025). Within the kidney, the 

proximal tubule is the primary site of mercuric ion uptake and accumulation (Zhao et al., 2025). 

Intracellularly, Hg2+ exhibits a strong and detrimental affinity for endogenous biomolecules 
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containing thiol (-SH) groups. This includes essential proteins, small molecular weight 

peptides such as glutathione, and amino acids like cysteine (Zulaikhah et al., 2020). This 

binding disrupts critical metabolic processes, inhibits enzymatic activities, and interferes with 

normal cellular functions and detoxification pathways (Cappelletti et al., 2019; Zhao et al., 

2022; Zhao et al., 2025). 

HgCl2 has a poor lipid solubility, hence, only a small fraction of inorganic mercury readily 

crosses the blood-brain barrier (BBB) and the placental barrier (Gu et al., 2023; Auza et al., 

2024). Despite this limited permeability, multiple studies have unequivocally demonstrated 

that inorganic mercury (Hg2+) can reach the brain and accumulate there, leading to neurotoxic 

effects (Auza et al., 2024; Zhao et al., 2025). This observation highlights a critical aspect: while 

the initial rate and quantity of HgCl2 crossing the BBB may be lower compared to highly lipid-

soluble forms, the cumulative accumulation over time, even of small amounts, is sufficient to 

induce significant neurotoxicity. This is particularly critical for the immature brain, which 

exhibits heightened susceptibility (Gu et al., 2023). The poor lipid solubility might indicate 

that alternative, perhaps slower, transport mechanisms (e.g., specific ion channels, transporters, 

or even subtle disruptions of BBB integrity under chronic exposure) facilitate its brain uptake, 

allowing for persistent accumulation. This implies that even chronic, low-level exposure to 

inorganic mercury, despite its perceived limited BBB permeability, can still pose a substantial 

neurological risk, especially for vulnerable populations, necessitating careful long-term 

monitoring (Cappelletti et al., 2019; Auza et al., 2024). 

Excretion of HgCl2 predominantly occurs through urine and faeces (Parida and Patel, 2023; 

Uddin et al., 2023). The excretion rate is typically biphasic, characterized by an initial rapid 

phase followed by a slower, more prolonged elimination. The biological half-life of inorganic 

mercury is estimated to be approximately 60 days (Uddin et al., 2023). Urinary mercury is 

considered an ideal biomarker for assessing long-term exposure to inorganic mercury and 
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serves as a reliable indicator of the overall body burden (Parida and Patel, 2023). Given the 

kidney's prominent role as a major target organ and primary excretion route for inorganic 

mercury, monitoring renal health and urinary mercury levels is not solely for assessing kidney 

damage but also functions as a crucial indirect biomarker for the overall systemic inorganic 

mercury burden. This systemic burden, even if only a small fraction ultimately reaches the 

brain, is indicative of potential neurological risk, particularly when considering the immature 

brain's heightened susceptibility (Parida and Patel, 2023; Uddin et al., 2023; Auza et al., 2024). 

 

2.4.3 Mechanisms of Neurotoxicity 

The neurotoxic effects of HgCl2 are mediated by a complex interplay of cellular and molecular 

mechanisms, primarily centred around oxidative stress, disruption of protein function, and 

damage to critical organelles. 

2.4.3.1  Oxidative Stress  

Oxidative stress is widely recognized as a predominant mechanistic pathway in mercury 

neurotoxicity (Antunes dos Santos et al., 2018; Farina and Aschner, 2019; Novo et al., 2021). 

HgCl2 exposure in animal models, such as rats, consistently leads to a significant increase in 

lipid peroxidation, as evidenced by elevated levels of thiobarbituric acid reactive substances 

(TBARS) and malondialdehyde (MDA) (Jalili et al., 2021; Naraki et al., 2025). This indicates 

extensive damage to cellular membranes. Concurrently, HgCl2 treatment results in a significant 

decrease in the levels of reduced glutathione (GSH), a crucial endogenous antioxidant that 

plays a vital role in cellular defense against oxidative damage (Raeeszadeh et al., 2021; Naraki 

et al., 2025). 

Furthermore, HgCl2 profoundly alters the activity of key antioxidant enzymes. Studies show a 

significant decrease in the enzymatic activity of superoxide dismutase (SOD), catalase (CAT), 

and glutathione peroxidase (GPx) (Aysin et al., 2020; Raeeszadeh et al., 2021). Conversely, 
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there is a significant increase in glutathione reductase (GR) levels (Raeeszadeh et al., 2021; 

Naraki et al., 2025). This imbalance in the antioxidant defense system leads to an exacerbated 

production of reactive oxygen species (ROS) (Naraki et al., 2025). Brain tissues are particularly 

vulnerable to oxidative damage due to their high metabolic rate, elevated oxygen consumption, 

and relatively lower antioxidant capacity compared to other organs (Aysin et al., 2020; Jalili et 

al., 2021; Naraki et al., 2025). The reaction of mercury with glutathione peroxidase, 

specifically via thiol and/or selenol groups, further impairs this critical enzyme (Jalili et al., 

2021; Naraki et al., 2025). 

2.4.3.2  Protein and Enzyme Disruption 

A fundamental aspect of HgCl2 toxicity stems from its strong affinity for endogenous 

biomolecules containing thiol (-SH) groups (Perrone et al., 2023). This includes a wide array 

of essential proteins, small molecular weight peptides like glutathione, and amino acids such 

as cysteine (Piscopo et al., 2020; Perrone et al., 2023). This robust binding disrupts critical 

metabolic processes and can profoundly alter the structure and function of numerous proteins 

(Jha et al., 2019; Piscopo et al., 2020). Beyond thiol interactions, mercury also causes 

irreversible inhibition of selenoenzymes, such as thioredoxin reductase, which are vital for 

regenerating reduced forms of vitamins C and E and other important antioxidant molecules 

(Piscopo et al., 2020). The depletion of cellular selenium and selenoproteins further 

compromises the body's intrinsic antioxidant defenses against mercury-induced damage (Aysin 

et al., 2020; Perrone et al., 2023). The binding to thiol groups appears to be a foundational 

event that triggers a cascade of downstream cellular damage, including oxidative stress, 

mitochondrial dysfunction, and changes in antioxidant enzyme activities.  

2.4.3.3  Mitochondrial Dysfunction, Apoptosis, and Endoplasmic Reticulum Stress 

Heavy metals, including mercury, induce cytotoxicity through a complex and interconnected 

network of molecular mechanisms, prominently featuring oxidative stress, mitochondrial 
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dysfunction, apoptosis (programmed cell death), and endoplasmic reticulum (ER) stress 

(Rojas-Franco et al., 2019; Gao et al., 2023). Mercury exposure leads to a deterioration of 

mitochondrial quality and function, thereby impairing cellular energy production (Rojas-

Franco et al., 2019; Gao et al., 2023). The disruption of intracellular calcium homeostasis, often 

intricately linked to mitochondrial dysfunction, can trigger apoptosis in cells, ultimately 

leading to neurodegenerative damage (Rojas-Franco et al., 2019). Histological observations in 

animal models reveal that HgCl2 can induce fragmentation of the rough endoplasmic reticulum 

and ballooning of the Golgi apparatus, clear indicators of significant cellular stress (Van 

Noorden et al., 2005; Rojas-Franco et al., 2019; Gao et al., 2023). This implies a cascading 

effect where initial damage in one pathway (e.g., excessive ROS production) rapidly 

propagates and exacerbates dysfunction in others (e.g., mitochondrial impairment), thereby 

amplifying cellular injury.  

2.4.3.4  Impact on Neurotrophic Factors and Neuroinflammation 

Brain-Derived Neurotrophic Factor (BDNF) plays a crucial role in neuronal survival, growth, 

neurotransmitter modulation, and neuronal plasticity—all essential for learning and memory 

(Said et al., 2021). Mercury-induced BDNF expression in astrocytes has been observed to 

protect neurons against metal toxicity (Corrêa et al., 2020; Said et al., 2021). Mercury-induced 

inhibition of neurodifferentiation and neurogenesis is mechanistically associated with 

epigenetic alterations in critical genes, including BDNF (Kang et al., 2024). While astrocytes 

may upregulate BDNF as an acute or compensatory protective response at certain exposure 

levels, chronic or specific mercury exposures can lead to epigenetic alterations in BDNF genes, 

potentially impairing the long-term function or expression of BDNF, which is crucial for 

ongoing neurodevelopment and neurogenesis. Beyond direct cellular damage, previous studies 

report the modulation of the neuroimmune system, including the selective release of 
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inflammatory mediators in the CNS, as a significant mechanism of mercury neurotoxicity 

(Corrêa et al., 2020; Said et al., 2021; Kang et al., 2024). 

 

Figure 2.4: Toxicokinetics and Cellular Mechanisms of Mercury neurotoxicity 

 

2.4.4 Effect of Hg on the Cerebellum 

The cerebellum exhibits a pronounced vulnerability to mercury toxicity, a susceptibility 

primarily attributed to its elevated metabolic rate and inherent sensitivity to oxidative stress. 

Mercury, in its various forms including methylmercury (MeHg) and inorganic mercury, readily 

traverses the blood-brain barrier, thereby exerting deleterious effects on both cerebellar 

structure and function. 

Developmental exposure to mercury is particularly insidious, as evidenced by studies 

demonstrating irreversible cognitive and motor deficits. Farina et al. (2012) reported that 

maternal consumption of contaminated fish, leading to developmental Hg exposure, precisely 
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targets the cerebellum. Their research elucidated oxidative stress as a primary mechanism of 

damage, characterized by reduced glutathione levels and inhibition of crucial antioxidant 

enzymes such as glutathione peroxidase (GPx) and glutathione reductase (GR). Further 

substantiating this, Ceccatelli et al. (2010) demonstrated that Hg exposure induces apoptosis 

in developing cerebellar neurons, particularly granule cells. These apoptotic events were 

intimately linked to caspase activation and profound mitochondrial dysfunction. The enduring 

impact of in utero mercury exposure on cerebellar development was further underscored by 

Hematian (2013), who observed a dose-dependent reduction in the thickness of cerebellar grey 

and white matter, along with a decrease in cellular density within these layers in the offspring 

of pregnant rats exposed to mercuric oxide. 

In the adult brain, inorganic mercury, commonly encountered as mercury vapor, also exerts 

significant neurotoxicity. Altunkaynak et al. (2019) reported a significant reduction in 

cerebellar volume and Purkinje cell numbers following mercury vapor exposure. Histological 

analyses revealed severe cellular damage, including the presence of pyknotic nuclei and 

vacuolization. These findings were corroborated by Sørensen et al. (2000), who observed a 

12.7% loss of Purkinje cells and a 15.6% loss of granule cells in rats exposed to mercury vapor. 

Importantly, their comparative analysis indicated distinct toxicity profiles between mercury 

vapor and MeHg, with inorganic mercury demonstrating a more pronounced central nervous 

system (CNS) focus.  

Bittencourt et al. (2021) utilized proteomic analysis to investigate long-term inorganic mercury 

exposure, revealing increased cerebellar mercury levels, oxidative stress, and mitochondrial 

dysfunction. Altered expression of proteins critical for synaptic transmission and energy 

metabolism suggested a progression towards neurodegeneration. Warfvinge (2000) provided 

crucial insights into mercury accumulation patterns, identifying its presence in Purkinje cells, 

Bergmann glia, Golgi cells, and granule cells in both neonatal and adult monkey brains, with 
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the cerebellar nuclei exhibiting the highest concentrations. This consistent accumulation 

pattern across developmental stages points to similar uptake mechanisms despite varying age-

related vulnerabilities. 

The predominant mechanisms underlying mercury-induced cerebellar damage appear to be 

oxidative stress and apoptosis. Early evidence by Chang and Hartmann (1972) demonstrated 

that mercury impairs RNA and protein synthesis in neurons, with cerebellar granule cells 

exhibiting particular sensitivity. Farina et al. (2012) highlighted the disruption of redox 

homeostasis via MeHg's interaction with sulfhydryl groups on glutathione, culminating in 

excessive reactive oxygen species (ROS) accumulation. Sumathi et al. (2012) further 

confirmed that MeHg exposure inhibits key antioxidant enzymes such as superoxide dismutase 

(SOD), catalase (CAT), and GPx. Bittencourt et al. (2021) reinforced these mechanistic 

findings with proteomic data, unequivocally demonstrating that oxidative stress, mitochondrial 

dysfunction, and apoptosis collectively contribute to cerebellar degeneration. 

The histological and molecular damage observed in the cerebellum has direct functional 

consequences, notably impairing motor functions. Enogieru and Inneh (2022) reported 

significant motor deficits in mercury-exposed rats, including impaired locomotion and reduced 

exploratory behavior, which correlated with the degeneration of Purkinje cells. Animoku et al. 

(2019) similarly observed necrosis, vacuolation, and disorientation of Purkinje cells in the 

cerebellum of mercury-exposed rats, changes that were directly linked to deficits in motor 

performance. 
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Table 2.2: Effect of Mercury on the cerebellum 

Mercury Type 

& Dosage 
Duration Model of Study 

Histopathological 

Findings 

Mechanism of 

Action 
Reference 

Methylmercury 

(low dose, 

maternal fish 

consumption) 

Gestational Humans 

(epidemiological) 

Cognitive/motor 

deficits, 

cerebellum as 

primary target 

Oxidative stress, 

reduced 

glutathione, GPx, 

GR 

Farina et al. 

(2012) 

Methylmercury Acute (in 

vitro) 

Cerebellar cell 

culture 

Apoptosis of 

granule neurons 

Caspase 

activation, 

mitochondrial 

dysfunction 

Ceccatelli et 

al. (2010) 

Mercuric oxide 

(unspecified) 

Gestation Pregnant rats Reduced thickness 

of cerebellar 

layers, decreased 

cell numbers 

Oxidative stress Hematian et 

al. (2013) 

Mercury vapor Sub-

chronic 

Adult rats Reduced cerebellar 

volume, pyknotic 

Purkinje cells, 

vacuolization 

Oxidative stress, 

neurodegeneration 

Altunkaynak 

et al. (2018) 

Mercury vapor 11 weeks Adult rats 12.7% Purkinje 

cell loss, 15.6% 

granule cell loss 

Neuronal toxicity Sørensen et 

al. (2000) 

Inorganic 

mercury 

Chronic  Adult rats Increased Hg in 

cerebellum, altered 

protein expression, 

mitochondrial 

dysfunction 

Oxidative stress, 

apoptosis, 

synaptic 

disruption 

Bittencourt 

et al. (2021) 

Methylmercury 

(unspecified) 

Prenatal Pregnant 

monkeys 

Accumulation in 

Purkinje cells, 

Golgi cells, 

granule cells 

Transplacental 

uptake, cellular 

toxicity 

Warfvinge 

(2000) 

Mercury 

chloride 

(unspecified) 

Acute Animal 

(unspecified) 

RNA/protein 

synthesis 

inhibition, granule 

cell loss 

Oxidative damage, 

transcription 

inhibition 

Chang and 

Hartmann 

(1972) 

Methylmercury 

+ antioxidant 

4 weeks Adult rats Reduced SOD, 

CAT, GPx; 

improvement with 

Bacopa monniera 

Antioxidant 

depletion, ROS 

accumulation 

Sumathi et 

al. (2012) 

Methylmercury 

(unspecified) 

30 days Adult rats Degeneration of 

Purkinje cells, 

motor coordination 

deficit 

Neurotoxicity 

linked to structural 

cerebellar damage 

Enogieru 

and Inneh 

(2022) 

Mercury 

(unspecified) 

28 days Adult rats Necrosis, 

vacuolation, 

Purkinje cell 

disorientation; 

improvement with 

ascorbic acid  

Oxidative stress, 

antioxidant 

protection 

Sule et al. 

(2021) 
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2.4.5 Current Treatment Options for Cerebellar Disorders and Hg Toxicity 

Effective treatment for cerebellar disorders involves an integrated strategy. Pharmacological 

interventions primarily modulate neurotransmitter systems: dopaminergic agents (e.g., 

levodopa) restore dopamine balance, while GABA-enhancing drugs (e.g., benzodiazepines, 

baclofen) alleviate symptoms like spasticity (Nimgampalle et al., 2023). Additional drugs 

include anticholinergics (e.g., trihexyphenidyl) for tremor and rigidity (LeWitt et al., 2024), 

beta-blockers (e.g., propranolol) for intention tremors (Frei and Truong, 2022), and 

anticonvulsants (e.g., phenytoin) for seizures. NMDA receptor modulators (e.g., memantine) 

offer neuroprotection (LeWitt et al., 2024), and immunosuppressants (e.g., corticosteroids) 

may be used for autoimmune causes (Frei and Truong, 2022). 

For heavy metal neurotoxicity, especially mercury (Hg), treatment focuses on reducing the 

body's metal burden. Chelation therapy, using agents like DMSA, facilitates metal excretion. 

However, caution is needed due to potential side effects (Kim et al., 2019). Nutritional 

interventions are also crucial: calcium supplementation inhibits Hg absorption (Kim et al., 

2019), and a diet rich in iron, zinc, and vitamin C aids detoxification (Flora et al., 2022).  

Antioxidants are vital in counteracting oxidative stress from heavy metals. Hg elevate ROS, 

causing neuronal damage (Cariccio et al., 2019). Vitamins C and E neutralize ROS, protecting 

neural tissue (Cariccio et al., 2019). Heavy metals disrupt mitochondrial function, leading to 

cell death (Sun et al., 2022). Antioxidants help restore mitochondrial function and cellular 

balance. Notably, alpha-lipoic acid has both antioxidative and mild chelating properties, 

enhancing its neuroprotective effects (Sun et al., 2022). Naturally-derived antioxidants are also 

gaining recognition for their role in mitigating metal toxicity.  
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2.5 Pleurotus ostreatus 

Pleurotus ostreatus, commonly known as the oyster mushroom, is among the most widely 

cultivated edible fungi globally. It ranks as the second most commercially produced mushroom 

worldwide (Effiong et al., 2024). 

 

Figure 2.5: Image showing Pleurotus ostreatus [Oyster mushroom] (Majesty et al., 2019) 

2.5.1 Botanical and Organoleptic Characteristics  

The basidiocarp of Pleurotus ostreatus typically presents with a broad, reniform to 

infundibuliform pileus, ranging in diameter from 2 to 30 cm. Natural specimens exhibit a 

chromatic spectrum from albescent to argenteous or fulvous to fuscous. The pileus margin is 

characteristically involute in juvenile stages, subsequently becoming smooth and frequently 

undulate or lobed (Majesty et al., 2019; Effiong et al., 2024). The context (flesh) is pallid, firm, 

and exhibits variable thickness contingent upon the stipe's arrangement. The lamellae are 

adnate to decurrent, ranging in color from white to cream. In instances where a stipe is present, 

the lamellae descend along its length. The stipe, if manifest, is typically eccentric with a lateral 

attachment to the substratum (Vlasenko and Kuznetsova, 2020). The resultant sporaprint is 

albescent to lilac-grey, optimally observed against a dark background for enhanced contrast. 
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The stipe of P. ostreatus is frequently rudimentary or absent; when present, it is characterized 

by a short, robust morphology. A distinctive organoleptic attribute is the presence of a 

bittersweet aroma, attributable to benzaldehyde, a compound also characteristic of bitter 

almonds (Semenova et al., 2023; Effiong et al., 2024). 

 

2.5.2 Nomenclature and Etymology 

Both the binomial Latin and vernacular appellations for P. ostreatus directly reference the 

morphology of its fruiting body (Seethapathy et al., 2023). The genus epithet Pleurotus, 

derived from Greek, signifies "side-ear," alluding to the characteristic lateral growth of the 

stipe relative to the pileus (Seethapathy et al., 2023; Effiong et al., 2024). The specific epithet 

ostreatus, alongside the common English name "oyster mushroom," refers to the pileus's 

resemblance to the eponymous bivalve mollusc (Li et al., 2019). An alternative etymological 

hypothesis suggests the "oyster" descriptor may also originate from the mushroom's 

characteristic lubricous texture. The common name "grey oyster mushroom" is frequently 

employed to denote P. ostreatus (Majesty et al., 2019; Semenova et al., 2023; Seethapathy). 

Table 2.3: Scientific Classification of Pleurotus ostreatus 

Domain Eukaryota 

Kingdom:   Fungi 

Division:   Basidiomycota 

Class:    Agaricomycetes 

Order:    Agaricales 

Family:   Pleurotaceae 

Genus:   Pleurotus 

Species:    Ostreatsus 

Scientific name:   Pleurotus ostreatus 
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2.5.3 Distribution, Habitat and Ecology 

The oyster mushroom is widespread in many temperate and subtropical forests throughout the 

world, although it is absent from the Pacific Northwest of North America, being replaced by 

P. pulmonarius and P. populinus. It is a saprotroph that acts as a primary decomposer of wood, 

especially deciduous trees, and beech trees in particular. It is a white-rot wood-decay fungus 

(González et al., 2021). The standard oyster mushroom can grow in many places, but some 

other related species, such as the branched oyster mushroom, grow only on trees. While this 

mushroom is often seen growing on dying hardwood trees, it only appears to be acting 

saprophytically, rather than parasitically (Ackay et al., 2023). As the tree dies of other causes, 

P. ostreatus grows on the rapidly increasing mass of dead and dying wood. They actually 

benefit the forest by decomposing the dead wood, returning vital elements and minerals to the 

ecosystem in a form usable to other plants and organisms (Fufa et al., 2021; Muswati et al., 

2021). Oyster mushrooms bioaccumulate lithium. Although predatory behavior on nematodes 

has evolved independently in all major fungal lineages, P. ostreatus is one of the few known 

carnivorous mushrooms. Its mycelia can kill and digest nematodes, which is believed to be a 

way in which the mushroom obtains nitrogen (Akcay et al., 2023; Effiong et al., 2024; Zhao et 

al., 2024). 

 

2.5.4 Traditional Uses  

In ethnomedicine, Pleurotus ostreatus is primarily valued as a nutritious edible mushroom, but 

it also holds medicinal significance in some cultures. Documented ethnographic surveys 

indicate that P. ostreatus are incorporated into traditional remedies by various West African 

communities. For example, in Nigeria among the Igala people, the “Pearl oyster” (P. ostreatus) 

is eaten as a healthful food and employed topically or orally as a folk medicine (Johnson 

Afolabi et al., 2024). Igala informants report using P. ostreatus to treat asthma and respiratory 
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complaints, heal skin wounds and burns, and to manage hypertension (Johnson Afolabi et al., 

2024; Ojone and Ayodele, 2025). 

Elsewhere in Africa, Pleurotus mushrooms (notably wild species like P. tuber-regium) are 

traditionally used to treat fevers, coughs, gastrointestinal disorders and pain, suggesting a 

shared cultural appreciation of oyster-type mushrooms in folk medicine (Fernandes et al., 

2021; Adetunji et al., 2022; Johnson Afolabi et al., 2024). Although specific records of P. 

ostreatus per se are limited, its properties are consistent with these practices. Ethnomycological 

compilations note that P. ostreatus and related Pleurotus species are reputed to possess 

antimicrobial activity and to bolster general wellness (Adetunji et al., 2022; Ojone and 

Ayodele, 2025).  

 

2.5.5 Pharmacological activities 

While Pleurotus ostreatus is widely recognized for its culinary value, it has also been reported 

to possess notable pharmacological properties and potential health-promoting effects. These 

include the following: 

2.5.5.1  Antibacterial and Antimicrobial Activities 

Pleurotus ostreatus has been consistently recognized for its significant and broad-spectrum 

antibacterial properties, extending beyond simple inhibition to encompass complex 

immunomodulatory effects. A study by Elhusseiny et al. (2021) highlighted the isolation of a 

crucial β-D-glucan, known as pleuran, from the fruiting bodies of P. ostreatus. This specific 

polysaccharide demonstrated a remarkable ability to enhance survival rates in murine models 

subjected to bacterial challenges, suggesting its role in fortifying host defense mechanisms. 

The antibacterial effects of P. ostreatus are indeed multifactorial, stemming from a synergistic 

interplay of various bioactive compounds. β-glucans, such as pleuran, are potent biological 

response modifiers. Their mechanism of action primarily involves the activation of innate 
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immune cells, including macrophages, neutrophils, and natural killer (NK) cells, through 

specific pattern recognition receptors like Dectin-1 and Toll-like receptors (TLRs). This 

activation leads to a cascade of events, including enhanced phagocytosis, increased production 

of ROS, and the release of pro-inflammatory cytokines (e.g., TNF-α, IL-1β, IL-6), all of which 

contribute to an effective antimicrobial response (Mishra et al., 2022). 

Beyond the immunomodulatory polysaccharides, P. ostreatus contains a rich array of 

secondary metabolites, notably phenolic compounds and tannins. These phytochemicals exert 

direct antimicrobial effects through distinct molecular mechanisms. Phenolic compounds, 

encompassing flavonoids, phenolic acids, and lignans, can disrupt microbial cell membrane 

integrity, leading to leakage of intracellular contents and eventual cell lysis. They are also 

known to inhibit vital microbial enzymes involved in cell wall synthesis, DNA replication, and 

protein synthesis. Furthermore, tannins can interfere with microbial adhesins and biofilm 

formation, thereby preventing bacterial colonization and subsequent infection (Cowan, 1999). 

The comprehensive study by Khinsar et al. (2021) provided empirical evidence for this broad-

spectrum efficacy, demonstrating potent inhibitory effects of petroleum ether and acetone 

extracts against both Gram-positive (e.g., Staphylococcus aureus) and Gram-negative bacteria 

(e.g., Escherichia coli, Pseudomonas aeruginosa). Interestingly, their findings also revealed 

solvent-dependent selectivity, with methanolic and chloroform extracts exhibiting a more 

pronounced activity against Gram-positive species, underscoring the importance of extraction 

methodologies in isolating specific bioactive components. This multifaceted antibacterial 

action, encompassing both immune enhancement and direct antimicrobial effects, positions P. 

ostreatus as a promising source for novel antibacterial agents, particularly in an era of 

increasing antibiotic resistance. 
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2.5.5.2  Antifungal and Antimicrobial Properties 

Expanding upon its antibacterial capabilities, P. ostreatus also exhibits a significant antifungal 

and broader antimicrobial spectrum, which is critically influenced by the extraction solvent. 

Research by Gashaw et al. (2020) and Liu et al. (2020) collectively elucidated the 

comprehensive antimicrobial profile of methanolic extracts from P. ostreatus. These extracts 

demonstrated efficacy against a diverse panel of pathogenic microorganisms, including 

clinically significant bacteria such as Escherichia coli, Staphylococcus aureus, Bacillus 

megaterium, and Klebsiella pneumoniae. More importantly, these studies confirmed potent 

antifungal activity against a range of fungal pathogens, specifically targeting Candida species 

(e.g., C. albicans), Trichophyton species (a common dermatophyte responsible for ringworm), 

and Epidermophyton species (another group of dermatophytes). This broad activity against 

both bacterial and fungal pathogens highlight its potential as a dual-action antimicrobial agent. 

The observed antimicrobial activity was notably solvent-dependent, a phenomenon crucial for 

the targeted isolation of specific bioactive compounds. For instance, ether extracts were found 

to be more effective against Gram-negative organisms, likely due to their ability to extract non-

polar compounds that can readily permeate the outer membrane of Gram-negative bacteria 

Törős et al. (2023). Conversely, acetone extracts, while still active, showed different profiles. 

This differential efficacy based on solvent polarity suggests the presence of distinct 

antimicrobial compounds with varying chemical properties within P. ostreatus. The 

identification of such a broad antimicrobial spectrum, encompassing common bacterial and 

fungal strains relevant to human health, positions P. ostreatus as a valuable candidate for 

further pharmacological exploration, particularly in the development of natural antimicrobial 

remedies or as a source for lead compounds against multi-drug resistant pathogens. 
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2.5.5.3  Antiviral Potential 

The antiviral properties of P. ostreatus represent a highly promising area of research, primarily 

associated with the presence of specific protein-based components such as laccases and 

ubiquitin-like factors. A study by Elhusseiny et al. (2021) provided compelling evidence for 

the anti-hepatitis C virus (HCV) activity of P. ostreatus laccase. Laccases are multi-copper 

oxidoreductases widely distributed in fungi, known for their ability to oxidize phenolic 

compounds. In this context, the P. ostreatus laccase demonstrated its capacity to inhibit HCV 

entry into HepG2 cells, a crucial step in the viral life cycle, and subsequently impede viral 

replication. This suggests that laccase might interfere with host-cell receptor interactions or 

directly target viral proteins involved in replication. The low cytotoxicity observed in these 

studies further enhances its therapeutic appeal, differentiating it from many conventional 

antiviral drugs that often come with significant side effects. 

Furthermore, the isolation of a distinct ubiquitin-like protein from P. ostreatus by Pérez-

Bassart et al. (2024) revealed its potential against human immunodeficiency virus type 1 (HIV-

1). This protein was shown to impede HIV-1 reverse transcriptase activity, an enzyme critical 

for the conversion of viral RNA into DNA within the host cell. Inhibition of reverse 

transcriptase is a well-established therapeutic target for HIV-1, and the discovery of such a 

natural inhibitor with potentially novel binding sites could offer a new avenue for antiretroviral 

drug development. The low cytotoxicity and reduced propensity for viral resistance, as 

suggested by the preliminary findings, are critical advantages in the context of long-term 

antiviral therapy, where drug resistance remains a significant challenge. These findings 

collectively underscore P. ostreatus as a valuable bioresource for the discovery and 

development of novel antiviral compounds, potentially broadening the therapeutic arsenal 

against persistent viral infections (Seo and Choi, 2021). 
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2.5.5.4  Antidiabetic Effects 

The growing body of scientific literature robustly supports the significant hypoglycemic and 

broader antidiabetic effects of P. ostreatus, particularly evidenced in various diabetic animal 

models. The work by Nweze et al. (2020) revealed intriguing synergistic glucose-lowering 

effects when P. ostreatus was co-administered with other botanicals in alloxan-induced 

diabetic rats. Alloxan selectively destroys pancreatic β-cells, inducing a type 1 diabetes-like 

state; therefore, the observed improvements suggest P. ostreatus may either protect residual β-

cells, stimulate their regeneration, or enhance insulin sensitivity in peripheral tissues. Agunloye 

and Oboh (2022) provided further depth, demonstrating that high-dose P. ostreatus extract was 

remarkably effective in reducing not only hyperglycemia but also associated diabetic 

complications, including DNA damage, chromosomal aberrations, and even sperm 

abnormalities, surpassing the efficacy of the standard antidiabetic drug, amaryl (glimepiride). 

This suggests P. ostreatus's action extends beyond glycemic control to mitigating oxidative 

stress and genotoxicity commonly linked to chronic hyperglycemia. 

Further corroborating these findings, Nnemolisa et al. (2024) reported comprehensive 

improvements in diabetic mice treated with P. ostreatus, observing amelioration of 

hyperglycemia, hyperlipidemia (abnormal lipid levels), and renal dysfunction, all hallmarks of 

advanced diabetes. These systemic benefits point to a multifaceted mechanism of action. 

Proposed mechanisms include direct activation of glucokinase, a pivotal enzyme in glucose 

metabolism that phosphorylates glucose to glucose-6-phosphate, thereby increasing glucose 

utilization. Furthermore, P. ostreatus may stimulate insulin secretion from pancreatic β-cells, 

potentially through protection against oxidative damage or by enhancing their secretory 

capacity. Inhibition of glycogen synthase kinase is another postulated mechanism, which 

would promote glycogen synthesis and storage in the liver and muscles, thereby reducing 

circulating glucose levels. Importantly, human trials involving diabetic and hypertensive 
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patients have echoed these preclinical observations, showing statistically significant reductions 

in fasting glucose, glycated hemoglobin (HbA1c, a long-term glycemic control marker), and 

blood pressure, critically without adverse renal or hepatic effects. This clinical translation 

potential, coupled with its safety profile, positions P. ostreatus as a promising dietary 

intervention or complementary therapeutic agent for managing diabetes and its associated 

complications. 

2.5.5.5  Antioxidant and Anti-Aging Properties 

Pleurotus ostreatus is replete with compounds that confer robust antioxidant activity, making 

it a subject of significant interest for anti-aging and health promotion. Abdelkader et al. (2024) 

provided compelling evidence for its role in mitigating age-related oxidative stress by 

observing enhanced catalase expression and reduced protein oxidation in aged rats following 

P. ostreatus intake. Catalase is a crucial endogenous antioxidant enzyme that catalyzes the 

decomposition of hydrogen peroxide to water and oxygen, thereby neutralizing a potent 

reactive oxygen species. Reduced protein oxidation, a marker of oxidative damage to cellular 

components, further signifies the protective effect of P. ostreatus against cellular senescence. 

According to Paterska et al. (2024) and Luo et al. (2024), beyond bolstering endogenous 

antioxidant defenses, various extracts of P. ostreatus demonstrate direct scavenging 

capabilities. Ethanol extracts, for example, have shown potent in vitro scavenging of 

superoxide radicals (O2⋅−), hydroxyl radicals (OH⋅), and ferrous ions (Fe2+), all of which are 

highly reactive species implicated in cellular damage and aging. Moreover, these extracts 

exhibited significant inhibition of lipid peroxidation, a process where free radicals attack lipids, 

leading to cellular membrane damage and dysfunction. Polysaccharide fractions, such as 

PSPO-1a, have also contributed substantially to this antioxidant profile, exhibiting strong 

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity and effective nitric oxide 

(NO) inhibition. NO, while a vital signaling molecule, can form highly reactive peroxynitrite 
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in excess, contributing to oxidative stress. Collectively, these findings underscore the 

multifaceted antioxidant defense provided by P. ostreatus, acting both through direct radical 

neutralization and by enhancing the body's intrinsic antioxidant machinery. This 

comprehensive antioxidant capacity strongly supports its utility as a functional food additive 

or a nutraceutical to combat age-related oxidative stress and associated chronic diseases, 

potentially extending healthy lifespan (Rukhsar et al., 2025). 

2.5.5.6  Antitumor and Anticancer Activity 

The antitumor and anticancer potential of P. ostreatus is extensively documented, with research 

spanning several decades. Findings by Elhusseiny et al. (2021) were pivotal in identifying 

antitumor β-glucans within this mushroom, laying the groundwork for subsequent detailed 

investigations. These findings have been corroborated by numerous in vitro and in vivo studies, 

which have elucidated complex mechanisms of action (Khinsar et al., 2021; Mishra et al., 

2022). For instance, hot-water extracts of P. ostreatus have demonstrated significant inhibitory 

effects against a panel of human cancer cell lines, including PC-3 (prostate adenocarcinoma), 

MCF-7 (breast carcinoma), HT-29, and HCT-116 (colon carcinoma) (Khinsar et al., 2021; 

Mishra et al., 2022). The observed cytotoxicity was attributed to the induction of apoptosis, a 

programmed cell death pathway, often mediated through both extrinsic (death receptor-

dependent) and intrinsic (mitochondrial-dependent) pathways. Furthermore, these extracts 

induced cell-cycle arrest, specifically at the G0/G1 phase, thereby halting uncontrolled 

proliferation by preventing DNA replication and cell division. Modulation of key tumor 

suppressor pathways, such as p53/p21, was also noted, indicating that P. ostreatus components 

can reactivate critical cellular checkpoints that are often dysfunctional in cancer cells. 

Beyond polysaccharides, protein extracts from P. ostreatus have also shown remarkable 

anticancer activity, notably by triggering reactive oxygen species (ROS)-mediated apoptosis in 

leukemic cells such as SW480 (colon cancer) and THP-1 (acute monocytic leukemia). While 
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ROS can be detrimental at high levels, their controlled increase within cancer cells can 

overwhelm antioxidant defenses, leading to mitochondrial dysfunction and apoptotic initiation. 

In vivo studies have further validated these antitumor effects. Mycelial proteoglycans, complex 

molecules combining proteins and polysaccharides, have been shown to significantly reduce 

the growth of sarcoma-180 tumors in animal models (Mishra et al., 2022). This effect was not 

solely direct but also highly immunomodulatory, involving the enhancement of natural killer 

(NK)-cell cytotoxicity and increased macrophage nitric oxide production. NK cells are crucial 

components of the innate immune system, capable of recognizing and destroying tumor cells 

without prior sensitization. Macrophage activation, leading to increased nitric oxide 

production, contributes to the antitumor microenvironment. These immunomodulatory effects 

are partially attributed to the binding of P. ostreatus compounds with glucose/mannose-specific 

lectins present on the surface of immune cells, facilitating their activation and downstream 

immune responses (Elhusseiny et al., 2021). The confluence of direct cytotoxic effects, cell 

cycle perturbation, and immune-mediated tumor regression highlights the profound potential 

of P. ostreatus as a source of anticancer biotherapeutics. 

2.5.5.7  Immunomodulatory Effects 

The immunomodulatory potential of Pleurotus ostreatus stems from its rich content of 

bioactive compounds—particularly polysaccharides, lectins, and protein-polysaccharide 

complexes. These molecules act as biological response modifiers by engaging pattern 

recognition receptors like Dectin-1 and CR3 on macrophages and neutrophils, triggering 

intracellular signaling that enhances phagocytosis and reactive oxygen species (ROS) 

production. They also promote cytokine secretion (e.g., TNF-α, IL-1β, IL-6) and chemokine-

mediated immune cell recruitment (Wang et al., 2022; Du et al., 2024). 

Both fruiting-body and mycelial extracts have been shown to increase neutrophil oxidative 

burst and stimulate proliferation of lymphocytes and splenocytes, enhancing overall immune 
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surveillance. These effects are largely mediated by the binding of mushroom-derived lectins to 

immune cell receptors, triggering signal transduction pathways that support immune cell 

activation, differentiation, and maturation. This capacity to modulate and strengthen immune 

responses highlights P. ostreatus as a promising adjunct in immunotherapy and infection 

control (Llauradó Maury et al., 2021). 

2.5.5.8  Hypocholesterolemic and Hypolipidemic Effects 

Pleurotus ostreatus has a well-established history and a growing body of contemporary 

research supporting its significant cholesterol-lowering (hypocholesterolemic) and lipid-

lowering (hypolipidemic) properties. The key bioactive compounds responsible for these 

effects include specific dietary β-glucans and, notably, statin-like compounds, with lovastatin 

being a well-identified example. These compounds collectively exert their effects by favorably 

modulating the lipid profile, leading to significant reductions in low-density lipoprotein (LDL) 

cholesterol ("bad" cholesterol), very-low-density lipoprotein (VLDL) cholesterol, and 

triglycerides, while simultaneously promoting an increase in high-density lipoprotein (HDL) 

cholesterol ("good" cholesterol) (Iqbal et al., 2024). 

The mechanisms underpinning these beneficial lipid alterations are multifaceted. One primary 

route involves the impaired intestinal absorption of dietary lipids and cholesterol. β-glucans, 

being viscous soluble fibres, form a gel-like matrix in the digestive tract, which can entrap bile 

acids and dietary cholesterol, thereby preventing their absorption and promoting their 

excretion. This forces the liver to synthesize more bile acids from endogenous cholesterol, 

further reducing circulating cholesterol levels. A more direct and potent mechanism involves 

the inhibition of hepatic HMG-CoA reductase, the rate-limiting enzyme in cholesterol 

biosynthesis. The presence of lovastatin-like compounds in P. ostreatus directly interferes with 

this enzyme, mimicking the action of prescription statin drugs and thereby reducing 

endogenous cholesterol production. 
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Empirical evidence from rodent models, encompassing normal, genetically 

hypercholesterolemic, and Triton WR-1339–induced hyperlipidemia, consistently 

demonstrates the efficacy of P. ostreatus. Administration of ethanol extracts or dietary 

inclusion of 5–10% P. ostreatus biomass consistently achieved substantial reductions (ranging 

from 20–65%) in total cholesterol and triglycerides. Human clinical trials have further 

validated these preclinical findings. Dyslipidemic and diabetic patients who incorporated P. 

ostreatus into their diet experienced similar lipid-lowering effects, indicating the translational 

potential of these findings (Abidin et al., 2017). Advanced gene expression analyses conducted 

in these studies have identified the modulation of key genes involved in lipid metabolism, such 

as Dgat1 (diacylglycerol acyltransferase 1), an enzyme crucial for triglyceride synthesis, and 

various lipid transport genes. This molecular insight reinforces the comprehensive nature of P. 

ostreatus's hypolipidemic action, suggesting its utility as a natural adjunct in the management 

of dyslipidemia and cardiovascular risk (Abidin et al., 2017; Sultan and Abed, 2023; Iqbal et 

al., 2024). 

2.5.5.9  Hepatoprotective Effects 

While perhaps less extensively investigated compared to its other renowned properties, the 

hepatoprotective activity of Pleurotus ostreatus, particularly its polysaccharide-rich extracts, 

is an emerging area of significant interest. Liver injury, often caused by xenobiotics, oxidative 

stress, or inflammation, leads to cellular damage and impaired hepatic function. Polysaccharide 

fractions from P. ostreatus have been shown to exert protective effects by enhancing the 

activity of critical hepatic antioxidant enzymes. These include catalase, superoxide dismutase 

(SOD), and potentially glutathione peroxidase. SOD converts superoxide radicals to hydrogen 

peroxide, which is then neutralized by catalase and glutathione peroxidase. By bolstering these 

endogenous antioxidant defenses, P. ostreatus extracts help to mitigate oxidative stress-
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induced damage within hepatocytes, preserving cellular integrity and function (Famii and 

Ebuka, 2019; Osman and Toliba, 2019). 

Furthermore, these extracts have been observed to significantly reduce the levels of necrotic 

markers in serum, specifically aminotransferases such as alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST), and alkaline phosphatase (ALP). Elevated serum levels of 

these enzymes are classical indicators of hepatocellular injury, as they leak from damaged liver 

cells into the bloodstream. The reduction in these markers in various toxicological models (e.g., 

carbon tetrachloride-induced or paracetamol-induced liver injury) demonstrates the ability of 

P. ostreatus to prevent or attenuate liver cell necrosis. The proposed mechanisms likely involve 

not only direct antioxidant effects but also anti-inflammatory properties and stabilization of 

hepatocyte membranes. The findings by Duan et al. (2020) underscore the potential of P. 

ostreatus as a natural hepatoprotective agent, warranting further in-depth research to fully 

elucidate its mechanisms and therapeutic applications in liver diseases. 
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Table 2.4: Summary of The Pharmacological properties of Pleurotus ostreatus  

Pharmacological 

Property 

Key Bioactive 

Compounds 

Study Methods & 

Models 

Main Findings & 

Mechanistic Insights 
References  

Antibacterial / 

Antifungal 

Methanol/chlorofor

m extracts, 

panisaldehyde, 

AgNPs, tannins, 

phenolics 

In vitro (agar 

diffusion, broth 

dilution) 

Broad-spectrum activity; 

disrupts membrane, 

inhibits enzymes 

Gashaw et al. 

(2020); Liu et 

al. (2020); 

Törős et al. 

(2023) 

Antiviral Laccase, ubiquitin, 

β-glucans 

In vitro (HIV, HCV, 

HSV, Influenza A) 

Inhibits HIV-1 RT, 

blocks HCV entry, HSV-

1, West Nile virus 

Elhusseiny et 

al. (2021); 

Seo and Choi 

(2021); Pérez-

Bassart et al. 

(2024) 

Antidiabetic / 

Antihyperglycemic 

Polysaccharides, 

phenols, 

flavonoids, 

saponins, 

terpenoids 

In vitro (enzyme 

assays); In vivo 

(alloxan, STZ 

models); Clinical 

(diabetics) 

↓ Glucose, HbA1c, lipids; 

inhibits α-amylase, α-

glucosidase; improves 

insulin secretion 

Nweze et al. 

(2020); 

Agunloye and 

Oboh (2022); 

Nnemolisa et 

al. (2024) 

Antioxidant / Anti-

Aging 

Phenolics 

(flavonoids, gallic 

acid, etc.), β-

glucans, 

ergothioneine, 

vitamins C & E, 

carotenoids, 

saponins 

In vitro (DPPH, β-

carotene inhibition); 

In vivo 

(Wistar/hypercholeste

rolemic rats) 

Scavenges ROS, inhibits 

lipid peroxidation, 

upregulates SOD & 

catalase, chelates metal 

ions 

Abdelkader et 

al. (2024); 

Paterska et al. 

(2024); Luo et 

al. (2024); 

Rukhsar et al. 

(2025) 

Antitumor / 

Anticancer 

β-glucans, 

proteoglycans, 

POPS-1, Pleuran, 

POMP-2, methyl 

gallate, flavonoids 

In vitro (MCF-7, HT-

29, HepG2); In vivo 

(sarcoma-180, 

DMBA); Limited 

clinical use 

Induces apoptosis, 

inhibits proliferation, 

arrests cell cycle, 

immune activation (NK, 

macrophages) 

Elhusseiny et 

al. (2021); 

Khinsar et al. 

(2021); 

Mishra et al. 

(2022) 

Immunomodulatory Polysaccharide–

protein complexes, 

β-glucans, lectins, 

PSP 

In vivo (mice, 

children); Clinical 

(HIV+, GI cancer) 

↑ IL-2, TNF-α, 

CD4+/CD8+ ratio, ROS 

burst; activates 

macrophages, neutrophils 

Llauradó 

Maury et al. 

(2021); Wang 

et al. (2022); 

Du et al. 

(2022) 

Hypocholesterolemic 

/ Hypolipidemic 

β-glucans, 

lovastatin analogs, 

chrysin, gallic acid 

In vivo 

(hyperlipidemic rats); 

Clinical (HIV+ 

patients) 

↓ LDL, VLDL, TG; ↑ 

HDL; improves lipid 

metabolism gene 

expression 

Abidin et al. 

(2017); Sultan 

and Abed 

(2023); Iqbal 

et al. (2024) 

Hepatoprotective Polysaccharides, 

phenolics, 

antioxidants 

In vivo (toxin-

challenged or stressed 

rats) 

↓ ALT, AST; protects 

from oxidative injury, 

improves hepatic 

enzymes 

Famii and 

Ebuka (2019); 

Osman and 

Toliba (2019); 

Duan et al. 

(2020) 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 ETHICAL APPROVAL 

Ethical approval was obtained before the commencement of this study from the Research 

Ethics Committee (REC), College of Medical Sciences, University of Benin, Benin City, 

Nigeria with REC Approval Number: CMS/REC/2024/792. 

 

3.2 REAGENTS AND CHEMICALS 

Mercuric chloride (MOLYCHEM – P. Code: 15700 – MCR-27769: Badiapur District, India) 

was purchased and used for the study. A previously reported oral dose of 4 mg/Kg body weight 

was used to induce neurotoxicity (Owoeye et al., 2018; Ajibade et al., 2019). 

 

3.3 COLLECTION AND EXTRACTION OF MYCO-MATERIAL 

Fresh Pleurotus ostreatus was obtained from the African Centre for Mushroom Research and 

Technology Innovations (ACMRTI), University of Benin, Benin City, Nigeria. A total of 

3000g of fresh fungi material was cleaned thoroughly, air-dried and blended into fine powder 

using a mechanical blender. For extraction, 1 L of Ethanol was added to 1000g of extract and 

then allowed to sit at room temperature for 72 hours with periodical stirring – after every 6 

hours. The mixture was then filtered using Whatman No. 1 filter paper. The solvent was 

concentrated by evaporating the ethanol extract at 40oC using a water bath. The resulting 

extract was stored at 4oC until further use. The extract was reconstituted in distilled water to 

the desired working concentrations used in this study.   
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3.4 MYCOCHEMICAL SCREENING 

Mycochemical screening is the systematic analysis of fungal extracts to detect and characterize 

the presence of bioactive compounds. This process includes both qualitative and quantitative 

assessments aimed at identifying key secondary metabolites which contribute to the medicinal 

and nutritional properties of the fungus. 

3.4.1 Qualitative Mycochemical Screening 

The mycochemical examinations was carried out by dissolving 1.0 g of the ethanol extract in 

50 mL of 95% ethanol in a 100 mL beaker. The solution was transferred to a 100 mL standard 

flask. The beaker was rinsed three times with 10 mL portions of ethanol and added to the flask. 

The volume was made up to the mark with ethanol, corked, mixed thoroughly, and kept aside 

for mycochemical analysis. The final solution had a concentration of 10,000 µg/mL. The 

mycochemical examinations were carried out using standard methods as described by Tiwari 

et al. (2016). 

3.4.1.1  Test for alkaloids (Mayer’s reagent test)   

This was done by evaporating 2.0 ml of the fungus extract to dryness. Then the resultant 

residues were dissolved in 5ml of HCl (2 mol/ dm3) and filtered. The filtrate was divided into 

two test tubes. To the first test tube, a few drops of Mayer’s reagent were added, and the 

formation of a yellow-coloured precipitate indicates the presence of alkaloids. The second test 

tube was treated with a few drops of Wagner’s reagent, and the brownish-red precipitate 

formation indicates alkaloids (Tiwari et al. (2016). 

3.4.1.2  Test for Glycoside 

Ethanol extract (0.5 mg) was dissolved in 1 mL of ethanol. A few drops of aqueous sodium 

hydroxide (NaOH) solution were then added. The appearance of a yellow coloration was taken 

as a positive indication for the presence of glycosides (Tiwari et al., 2016). 
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3.4.1.3  Tests for Tannins  

To 1.0 mL of the ethanol extract, 1.0 mL of 1% gelatin solution containing sodium chloride 

was added. The mixture was observed for the formation of a white precipitate, which indicates 

the presence of tannins (Tiwari et al., 2016). 

3.4.1.4  Tests for Phenols 

To 1.0 mL of the ethanol extract, 4 drops of ferric chloride (FeCl₃) solution were added. The 

appearance of a bluish-black coloration was taken as a positive indication for the presence of 

phenolic compounds (Tiwari et al., 2016). 

3.4.1.5  Tests for Saponins 

Saponin detection was carried out using both the foam test and froth test methods. In the foam 

test, 0.5 g of the ethanol extract was shaken vigorously with 2.0 mL of distilled water. The 

formation of a stable foam that persisted for at least 10 minutes was taken as a positive 

indication of saponins. In the froth test, 5.0 mL of the ethanol extract was diluted to 20.0 mL 

with distilled water in a 50 mL graduated cylinder, then shaken vigorously for 15 minutes. The 

development of a persistent foam layer approximately 1 cm in height indicated the presence of 

saponins (Tiwari et al., 2016). 

3.4.1.6  Tests for Flavonoids 

Flavonoid detection was carried out using the alkaline reagent test and the lead acetate test. In 

the alkaline reagent test, the ethanol extract was treated with a few drops of 2 mol/dm³ sodium 

hydroxide (NaOH) solution. The appearance of an intense yellow coloration that became 

colorless upon the addition of dilute hydrochloric acid (2 mol/dm³ HCl) indicated the presence 

of flavonoids. In the lead acetate test, the ethanol extract was treated with a few drops of lead 

acetate solution. The formation of a yellow precipitate was taken as a positive result for 

flavonoids (Tiwari et al., 2016). 
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3.4.1.7  Tests for Eugenols 

Approximately 2.0 mL of the ethanol extract was mixed with 5.0 mL of 5% potassium 

hydroxide (KOH) solution. The resulting mixture was allowed to separate, and the aqueous 

layer was carefully filtered. A few drops of hydrochloric acid (HCl) were then added to the 

filtrate. The formation of a pale-yellow precipitate was considered a positive indication (Tiwari 

et al., 2016). 

3.4.1.8  Tests for Steroids 

Steroid detection was performed using the Salkowski test. To 0.5 g of the ethanol extract, 2.0 

mL of acetic anhydride was added, followed by 2.0 mL of concentrated sulfuric acid (H₂SO₄). 

A color change from violet to blue or green was considered indicative of the presence of 

steroids (Tiwari et al., 2016). 

3.4.1.9  Tests for Terpenoid 

Terpenoid detection was carried out using the Salkowski test. Approximately 0.2 g of the 

ethanol extract was mixed with 2.0 mL of chloroform (CHCl₃), and 3.0 mL of concentrated 

sulfuric acid (H₂SO₄) was carefully added to form a separate layer. The appearance of a reddish-

brown coloration at the interface was taken as a positive indication for the presence of 

terpenoids (Tiwari et al., 2016). 

  

3.4.2 Quantitative Mycochemical Screening 

Quantitative mycochemical analysis provides accurate estimations of the concentrations of key 

bioactive constituents within fungal extracts (Tiwari Pandey et al., 2021). In this study, the 

quantitative evaluation of Pleurotus ostreatus ethanol extract was conducted according to 

established methods. The analysis included the determination of total phenolic content, 

alkaloid, flavonoid, total saponin and tannin contents. 
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3.4.2.1  Total Phenolic Content Estimation 

The total phenolic content of the Pleurotus ostreatus ethanol extract was determined using the 

Folin–Ciocalteu method as described by Ainsworth and Gillespie (2007). Tannic acid was used 

as the standard. Briefly, 1.0 mL of the extract solution (250 µg/mL) was transferred into a test 

tube, followed by the addition of 1.0 mL of Folin–Ciocalteu reagent. The mixture was vortexed 

and allowed to stand for 5 minutes at room temperature. Subsequently, 15.0 mL of 20% sodium 

carbonate (Na₂CO₃) solution was added, and the reaction mixture was incubated at room 

temperature for 2 hours. The absorbance was measured at 760 nm using a UV-Visible 

spectrophotometer (Jenway 6100, Dunmow, Essex, U.K.). The total phenolic content was 

calculated and expressed as micrograms of tannic acid equivalents (µg TAE), using a standard 

calibration curve generated from known concentrations of tannic acid. 

3.4.2.2  Alkaloid Content Estimation 

The total alkaloid content of Pleurotus ostreatus ethanol extract was determined using the 

method described by Sharma et al. (2021). Briefly, 5 g of the dried ethanol extract was placed 

in a 250 mL beaker, and 100 mL of 20% acetic acid in ethanol was added. The mixture was 

covered and allowed to stand at room temperature for 2 hours to ensure complete extraction. It 

was then filtered, and the filtrate was concentrated to one-quarter of its original volume using 

a water bath. Concentrated ammonium hydroxide was added dropwise to the concentrated 

extract until complete precipitation of alkaloids was achieved. The solution was allowed to 

settle, and the resulting precipitate was collected by filtration, washed with 1% ammonia 

solution, dried, and weighed. All samples were analyzed in triplicates, and the results were 

expressed as a percentage of the total extract weight. 

Alkaloid (%) = [Weight of residue / Weight of sample] x 100 
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3.4.2.3  Flavonoid Content Estimation 

The total flavonoid content of Pleurotus ostreatus ethanol extract was determined using the 

method described by Kamtekar et al. (2014). Quercetin was used as the reference standard, and 

the results were expressed as micrograms of quercetin equivalent per gram of extract (µg 

QE/g). Briefly, 30 µL of the ethanol extract was transferred into a test tube and diluted with 90 

µL of methanol. To this, 6 µL of 10% aluminum chloride (AlCl₃) solution and 6 µL of 1 M 

sodium acetate (CH₃CO₂Na) were added. Finally, 170 µL of methanol was added to bring the 

total reaction volume to 302 µL. The mixture was incubated at room temperature for 30 

minutes, and the absorbance was measured at 415 nm using a UV-Vis spectrophotometer. All 

samples were analyzed in triplicate, and flavonoid content was quantified based on a quercetin 

standard calibration curve. 

3.4.2.4  Total Saponins Content Estimation 

The total saponin content of Pleurotus ostreatus ethanol extract was estimated using the 

vanillin–sulfuric acid colorimetric method as described by Mir et al. (2016). Briefly, 50 µL of 

the ethanol extract was mixed with 250 µL of distilled water in a test tube. Then, 250 µL of 

vanillin reagent (prepared by dissolving 800 mg of vanillin in 10 mL of 99.5% ethanol) was 

added, followed by 2.5 mL of 72% sulfuric acid (H₂SO₄). The mixture was vortexed and 

incubated in a water bath at 60°C for 10 minutes. After incubation, the reaction mixture was 

immediately cooled in ice-cold water, and the absorbance was measured at 570 nm using a 

UV-Vis spectrophotometer. Standard saponin solutions (0–25 ppm) were prepared from a stock 

solution and treated in the same way as the test samples. Total saponin content was calculated 

from the standard calibration curve and expressed in parts per million (ppm). 

3.4.2.5  Tannin Content Estimation 

The total tannin content of Pleurotus ostreatus ethanol extract was determined using the Folin–

Denis method. Precisely 0.20 mL of the ethanol extract was added to 20 mL of 50% methanol 
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in a test tube and incubated in a water bath at 77–80°C for 1 hour, with intermittent shaking. 

The resulting extract was quantitatively filtered through a double-layered Whatman No. 1 filter 

paper. To the filtrate, 20 mL of distilled water, 2.5 mL of Folin–Denis reagent, and 10 mL of 

17% sodium carbonate (Na₂CO₃) solution were added and mixed thoroughly. The mixture was 

allowed to stand at room temperature for 20 minutes to allow for full color development. A 

series of standard tannic acid solutions were prepared in methanol and treated similarly. The 

absorbance of both standards and samples was measured at 760 nm using a UV-Visible 

spectrophotometer. Total tannin content was calculated from the tannic acid standard 

calibration curve and expressed as µg tannic acid equivalents (TAE) per gram of extract (Mir 

et al., 2016). 

3.5 PROXIMATE ANALYSIS 

3.5.1 Ash Content 

The ash content of Pleurotus ostreatus was determined using the dry ashing method. Two 

grams (2 g) of the dried sample was accurately weighed into a pre-weighed porcelain crucible. 

The crucible was then placed in a preheated muffle furnace set at 900°C and incinerated for 1 

hour to ensure complete combustion of organic matter. After ashing, the crucible was carefully 

transferred to a desiccator and allowed to cool to room temperature. The final weight of the 

crucible and its inorganic residue (ash) was recorded. The percentage ash content was 

calculated using the formula: 

Ash = 100 Wash (%) / Wo 

Where, Wash = content weight after final drying. 

Wo = the dried weight of the sample. 

3.5.2 Moisture Content 

The moisture content of Pleurotus ostreatus was determined using the oven-drying method 

(Agbagwa et al., 2020). Two grams (2 g) of the sample was accurately weighed and placed in 



69 
 

a clean, dry moisture dish. The sample was then dried in a hot air oven at a controlled 

temperature (typically 105°C). The sample was reweighed at 10-minute intervals until a 

constant weight was achieved, indicating that all moisture had been evaporated. The moisture 

content (%) was calculated using the following formula: 

[(W0 – Wdry) / W0] x 100 

Where, W0 = initial weight 

Wdry = dry weight (final weight) 

3.5.3 Crude Fibre Content 

Crude fibre content was determined following the standard method described by Agbagwa et 

al. (2020). Exactly 4 g of moisture-free sample was weighed into a 250 mL beaker, followed 

by the addition of 50 mL of 4% sulfuric acid (H₂SO₄) and distilled water to a total volume of 

200 mL. The mixture was brought to a boil and maintained at boiling for 30 minutes, with 

constant stirring using a rubber-tipped glass rod.  

The volume was kept constant throughout by adding hot distilled water. After 30 minutes, the 

mixture was filtered through a Buchner funnel fitted with ashless Whatman No. 40 filter paper 

and connected to a vacuum pump. The beaker and residue were thoroughly rinsed with hot 

distilled water until the filtrate was acid-free, confirmed using litmus paper. The residue was 

then transferred back into the beaker, using 5% sodium hydroxide (NaOH) and hot distilled 

water to reach 200 mL.  

The mixture was again boiled for 30 minutes, with continuous stirring and volume adjustment. 

It was then filtered and rinsed thoroughly with hot water until alkali-free, followed by two 

washes with 2 mL of 95% ethanol. The final residue, including the filter paper, was transferred 

into a pre-weighed porcelain crucible, dried in an oven at 110°C to constant weight, cooled in 

a desiccator, and weighed. The crucible was then ignited in a muffle furnace at 550°C for 8 
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hours, cooled, and reweighed. All analyses were carried out in triplicate. The percentage crude 

fibre content was calculated using the formula: 

    Crude Fibre (%) = [100 (y- a)] / x 

Where, x = Weight of sample (g)  

y = Weight of insoluble matter (g)  

a = Weight of Ash (g) 

3.5.4 Crude Fat Content 

Crude fat content was determined using the Soxhlet extraction method as described by Irshad 

et al. (2023). This method is based on the principle that non-polar lipids are readily soluble in 

organic solvents such as petroleum ether. Exactly 3.0 g of oven-dried (moisture-free) sample 

was weighed into a fat-free thimble, which was then plugged with glass wool. The thimble was 

inserted into a Soxhlet extractor containing 160 mL of petroleum ether (boiling point 60–80°C). 

A clean, dry, and pre-weighed receiver flask was attached to the extractor.  

The Soxhlet unit was assembled and extraction was performed for 8 hours, with continuous 

circulation of cold water through the condenser and the water bath maintained at 60°C. After 

extraction, the thimble was removed and dried in a hot air oven at 70°C for 3 hours to ensure 

complete removal of solvent. It was then cooled in a desiccator and weighed to a constant 

weight using an analytical balance. The crude fat content was calculated as:  

% Fat = [X –Y] / Z 

Where, x = Weight sample and thimble and oil  

Y = Weight of empty thimble  

Z = Weight of sample 

3.5.5 Crude Protein Content 

Crude protein content of the defatted Pleurotus ostreatus samples was determined using a 

micro-Kjeldahl method as described by Chromý et al. (2015). Three grams (3g) each of the 
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defatted samples were separately weighed on pre-weighed into micro-Kjeldahl digestion flask 

together with few anti bumping granules. Two grams of catalyst mixture (CuSO4: Na2SO4: 

SeO2, 5:1:02 w/w) was added to each flask and then 10 mL nitrogen free concentrated H2SO4 

also added to each flask. The flasks were placed in inclined position on a heating mantle in a 

fume cupboard. Digestion was started at temperature of 30°C until frothing ceased and then 

heating was increased to 50°C for another 30 min and finally at full heating (100°C) until a 

clear solution was obtained. Simmering was continued below boiling point for another 30 min 

to ensure complete digestion and conversion of nitrogen to ammonium sulphate. After 

digestion was completed, samples were allowed to cool and then transferred quantitatively to 

100 mL volumetric flasks with washing and cooling to room temperature. Volumes were made 

up to mark with distilled water.  

Afterwards, 5ml of the filtrate from the digest was transferred with the aid of a 10ml pipette 

into a 25ml standard flask. 2.5ml of the Alkaline Phenate was added and the solution shaken 

to mix properly. Then 1ml of Sodium Potassium Tartarate was added, shaken properly followed 

by the addition 2.5ml of sodium hypochlorite. There after the solution was made up to the 25ml 

mark with distilled water and the absorbance of the resultant solution measured with the aid of 

UV/visible spectrophotometer, at 630nm. The Nitrogen standards were treated the same way 

with the sample. The crude protein content was calculated using the formula: 

%N = [Instrument. Reading x Slope Reciprocal x Color Vol. x Digest Vol.] / Weight 

of Sample x Aliquot Taken x 10000 

% Crude Protein = % Nitrogen × 6.25 

3.5.6 Estimation of total carbohydrate   

The total carbohydrate content of the diet samples was obtained by subtracting the sum of the 

percentage crude protein, crude fat, Moisture, Fibre, and ash from 100.  

Carbohydrate content = 100% - (moisture + crude protein + crude fat + ash + crude fiber)% 
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3.6 DPPH RADICAL SCAVENGING SCREENING ACTIVITY 

From the stock extract solution which contains 10000µg/ml, five different concentrations (250, 

200,150,100, and 50µg/ml) were prepared, using the dilution formula of C1V1 ₌ C2V2. The free 

radical scavenging activities of each of the plant extracts were assayed using a stable DPPH 

standard method as described by Musa et al. (2016) and Siripongvutikorn et al. (2024). 2 ml 

of each diluted extract was placed in test tubes that had been washed, rinsed with distilled 

water, dried, and labelled accordingly. Also, 2 ml of methanol was added to another test tube 

labelled control. Thereafter 2ml of the prepared DPPH solution was added to each of the test 

tubes. The test tubes were agitated a little for proper mixing of the content and then incubated 

in the dark for 30 minutes. The absorbance of the reaction mixtures was measured using a 

UV/Visible Spectrophotometer at 518 nm wavelength, and the ability of the extracts to 

scavenge DPPH radical were calculated by following the equation: 

𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (%) =
(𝐴0 − 𝐴1)

𝐴0
× 100 

Where, A0 = the absorbance of the control  

A1 = the absorbance of extract/standard taken as ascorbic acid. 

 

3.7 PROCUREMENT AND CARE OF EXPERIMENTAL ANIMALS 

A total of forty-two (42) adult Wistar rats, weighing between 170–190 g, were procured and 

acclimatised for 2 weeks in the Animal House of the Department of Anatomy, School of Basic 

Medical Sciences, College of Medical Sciences, University of Benin, Benin City, Nigeria. The 

animals were housed in clean polypropylene cages under standard laboratory conditions and 

maintained at ambient room temperature with 12-hour light/dark cycles. All rats had ad libitum 

access to water and were fed with Chikun Feed Grower Mash (Olam Agri Holdings Pte Ltd., 

Lagos State, Nigeria). Body weights were measured weekly, starting before the 

commencement of treatment and continuing throughout the duration of the experiment, using 
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a calibrated digital weighing scale (Mettler Toledo, LLC – Columbus, United States). Weight 

values were recorded to the nearest gram. All experimental procedures complied with the 

National Research Council’s Guide for the Care and Use of Laboratory Animals (2011). 

 

3.8 EXPERIMENTAL DESIGN 

After the period of acclimatization (2 weeks), the animals were randomly assigned into six (6) 

groups (A, B, C, D, E, and F) of seven (7) rats each (n=7). Doses 250 mg/kg and 500 mg/kg 

body weight of Pleurotus ostreatus ethanol extract were adopted for this study as previously 

reported by Zitte and Bernard (2019) and Valappil et al. (2020). 

Table 3.1: Summary of Experimental Design 

GROUP TREATMENT  

Group A Control 

Group B  4 mg/Kg body weight of mercuric chloride only 

Group C  4 mg/Kg body weight of mercuric chloride + 250 mg/kg body weight of 

Pleurotus ostreatus  

Group D 4 mg/Kg body weight of mercuric chloride + 500 mg/kg body weight of 

Pleurotus ostreatus  

Group E 250 mg/kg body weight of Pleurotus ostreatus only 

Group F 500 mg/kg body weight of Pleurotus ostreatus only 

 Administration lasted for twenty-eight (28) days. All administrations were carried out via oral 

route using an orogastric tube.  

 

3.9 NEUROBEHAVIOURAL ASSESSMENTS 

On day 28, following the final administration of treatments, neurobehavioural evaluations were 

conducted to assess the functional integrity of the central nervous system. Neurobehavioural 

assessment involves the systematic observation of behavioural patterns to detect changes 

indicative of neurological dysfunction (Echefu et al., 2025). It is an essential investigative tool 
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for distinguishing between organically driven impairments and behaviours that are secondary 

or reactive to neurological injury (Cozza and Boccardi, 2023). To evaluate the effects of 

treatments on neurobehavioral activities, the tests that were carried out include; open field test 

(OFT), step test, string test, and movement initiation test (MIT). 

3.9.1 Open Field Test 

This test was performed according to the method of Olopade (2020). The open field test is 

widely used to evaluate exploratory and locomotory activities in rodents. The test assesses the 

rat's overall locomotor activity by measuring parameters such as distance traveled, velocity, 

and time spent moving as well as exploratory patterns, including entries into different zones 

within the open field. Briefly, each rat was placed in an open field, a 72 by 72 cm square box 

with lines on the floor dividing it into 18 by 18 cm square that allowed the definition of central 

and peripheral parts. 

 

Figure 3.1: Open Field Test Apparatus 



75 
 

Each animal was then placed in the center of the field and the following parameters were 

measured:  

✓ Rearing: frequency with which the animal stands on their hind limbs and raise their 

upper body vertically (erect postures).   

✓ Grooming: Self-grooming behaviour is demonstrated by licking or scratching various 

regions of the body, including the face, head, fur, paws, and tail.   

✓ Ambulation: total time of locomotor activity or movement within the open field arena.   

✓ Immobility: absence or minimal movement of the rat within the open field arena.   

✓ Sniffing: total time of sniffing behavior   

✓ Thigmotaxis: the frequency with which the animal stays close to walls when exploring 

an open field box  

✓ Crossing: total number of the square crossing during the test period   

✓ Central square entry: total number of times the animal enters the central square with 

all four paws. 

After each test, the open field box was cleaned with 70 % ethanol and allowed to dry before 

introducing another rat. This was done to eliminate olfactory bias. 

 

3.9.2 String Test 

The string test was used to assess grip strength and limb impairment. The steel wire is 

positioned at a height of 50 cm over a cushion support, and the rat is allowed to hold it with its 

forepaws (2 mm in diameter and 60 cm in length). The parameters measured include; latency 

to grip loss and limb impairment score. A cut-off time of 180 seconds was used to measure 

how long the rat was able to retain the wire before it broke. According to Ijomone et al. (2014), 

this latency to grip loss is regarded as a proximate indicator of grip strength. To assess limb 

impairment, rats were scored 3 for grasping the wire with both of their hind paws, 2 for using 
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one hind paw to grasp the wire and 1 for not using either hind paw to grasp the wire. The total 

score was used to represent the results (Ijomone et al., 2014). 

 

Figure 3.2: String Test Apparatus 

 

3.9.3 Movement Initiation Test 

An isolated forelimb test was used in the MIT to evaluate the stepping movements made by 

each forelimb (Tillerson et al., 2002). To hold the weight of the animal's body with just one 

forelimb, the rat was hoisted above the surface of a table by its hind limbs and held by its torso. 

The time to initiate one step is recorded for each forelimb. To establish a score, the average of 

the initiation time of the two forelimbs was taken (Flemming et al., 2004). 
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Figure 3.3: Movement Initiation Test Apparatus  

3.9.4 Step Test 

Postural stability is evaluated using the step test (Idemudia and Enogieru, 2025). Animals were 

supported throughout this test in the same way it was done during the movement initiation test, 

where one forelimb supports the animal's weight. The parameters measured include; right 

forelimb and left forelimb test. Over the course of 5 seconds, the animal is transported laterally 

across a tabletop at a distance of 90 cm. Each forelimb's adjustment steps are counted as the 

animal is moved over the table. Each forelimb's average step count over three trials is used for 

analysis (Ijomone et al., 2014). 

 

 

Figure 3.4: Step Test Apparatus 
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3.10 EVALUATION OF BODY AND BRAIN WEIGHTS 

Following completion of the neurobehavioural assessments, the rats were euthanized under low 

level anaesthesia, followed by cervical dislocation to ensure humane sacrifice. The brains were 

carefully excised, freed from adherent blood and connective tissue, and blotted dry with filter 

paper. Each brain was then immediately weighed using a precision electronic balance 

calibrated in milligrams, and the weights were recorded to the nearest two decimal places. The 

relative brain weights were calculated as follows:   

Relative brain weight = [𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑏𝑟𝑎𝑖𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 (g) / b𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑟𝑎𝑡 (g)] x 100 

Relative cerebellar weight = [𝑐𝑒𝑟𝑒𝑏𝑒𝑙𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) / f𝑖𝑛𝑎𝑙 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑟𝑎𝑡 (g)] x 100 

Cerebellum/brain weight ratio = 𝑐𝑒𝑟𝑒𝑏𝑒𝑙𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 (g) / a𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑏𝑟𝑎𝑖𝑛 𝑤𝑒𝑖𝑔ℎ𝑡 

 

3.11 CEREBELLAR OXIDATIVE STRESS ASSESSMENTS 

The cerebellum was removed from the brain after being harvested, blotted of blood, and 

weighed right away with an electronic balance calibrated in milligrams and recorded to the 

nearest two decimal places. The harvested and weighed hippocampi were washed twice in cold 

phosphate buffered saline (PBS), homogenized using acid-washed sand and PBS in porcelain 

mortar and pestle. The homogenate was centrifuged at 10,000 ×g for 15 minutes at 4°C. The 

supernatants were collected for the estimation of the various biochemical assays. 

3.11.1 Estimation of Superoxide Dismutase (SOD) Activity 

This was determined according to the method of Misra and Fridovich (1972)  

Principle: Adrenaline undergoes autoxidation rapidly to adrenochrome whose concentration 

can be determined at 420 nm with the aid of a spectrophotometer. The auto-oxidation of 

adrenaline depends on the presence of superoxide anions. Superoxide dismutase inhibit auto-
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oxidation of adrenaline by catalyzing the breakdown of superoxide anion. The degree of 

inhibition reflects the activity of SOD which is determined at 420 nm.  

Preparation of reagents: Carbonate buffer (0.05 M) pH 10.2: this was prepared by dissolving 

0.2014 g of Na2CO3, 0.2604 g of NaHCO3 and 0.0372 g of EDTA in 100 ml of distilled water. 

Hydrochloric acid (0.005 M): this was prepared by adding 0.044 concentrated HCl to 99.96 ml 

of distilled water. Adrenaline solution (0.3 mM): this was prepared by dissolving 0.01098 g of 

Adrenaline in 100 ml of 0.005 M HCl solution.  

Procedure: Supernatant volume of 0.2 ml was mixed with 2.5 ml of carbonate buffer and 0.3 

ml of adrenaline solution; 0.2 ml of distilled water was mixed with 2.5 m of carbonate buffer 

and 0.3 ml adrenaline as reference sample. These were mixed and absorbance read at 420 nm.  

% inhibition = [(O. D test − O.D ref) x 100] / O.D test 

Enzyme activity was thus calculated thus:  

SOD activity (Unit / mg protein) = % inhibition / (50 x Y) 

Where Y = mg of protein in the volume of sample used. 

3.11.2 Estimation of Catalase (CAT) Activity 

This was determined by the method of Cohen et al. (1970).  

Principle: Catalase is present in nearly all animal, plant, and bacteria cells. It acts to prevent 

the accumulation of noxious H2O2 which is converted to O2 and H2O.   

Preparation of reagent: 0.01M KMnO4 was prepared by dissolving 0.158g of KMnO4 in 

100ml of distilled water; Phosphate buffer (pH 7.4); 0.426 of NaHPO4 NaH2PO4 was weighed 

and dissolved in 100ml of distilled water; 6M H2SO4: 32.3ml of conc. H2SO4 was added to 

66.7 ml of distilled water 30Mm H2O2 solution was prepared by measuring 0.34ml of 30% of 

H2O2 in 1001ml of phosphate buffer.   
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Procedure: To a known volume of supernatant (0.5ml), 5.0ml of H2O2 was added. This was 

then mixed by inversion and allowed to stand for 30 minutes. The reaction was stopped by 

adding 6M H2SO2. The absorbance was taken at 480nm within 30-60 seconds against distilled 

water.  

Activity = [OD x min x Vt] / [M x V x L x Y] 

Where, OD = absorbance  

L = light path = 1cm  

V1 = total volume of the reaction sample  

M = molar extinction co-efficient of H2O2 (40/M/cm). 

3.11.3 Estimation of Glutathione Peroxidase (GPx) Activity 

This was determined by the method of Rotruck et al., (1973).  

Principle: This is based on the oxidation of pyrogallol to purpurogallin by peroxidase activity, 

resulting to a deep brown colour disposition, read at 430 nm. 

Preparation of reagent: Pyrogallol (20 mM): 0.2552g of pyrogallol was dissolved in 100 ml 

of distilled water.   

Procedure: To an aliquot of supernatant (0.2 ml), 2.5 ml of phosphate buffer, 2.5ml of H2O2, 

1.5ml of distilled water and 2.5 ml of pyrogallol was added. The reaction was allowed to stand 

for 30 minutes at room temperature. A deep brown color was formed which was read at 420nm.  

Activity = [(OD / Min) x (Vt x Df)] / [E x Vs x Y]   

Where, OD = Absorbance of test   

Vt = Total volume of reaction mixture  

Df = Dilution factor = 1  

E = Molar extinction coefficient (12/M/cm)  

Vs = Volume of sample  

Y = mg of protein used 
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3.11.4 Estimation of Malondialdehyde Concentration 

Malondialdehyde was determined using the thiobarbituric acid assay (Buege and Aust, 1978).   

Principle: Malondialdehyde which is a product of lipid peroxidation reacts with thiobarbituric 

acid to give a red species.  

Preparation of reagent: Stock TCA-TBA-HCL was prepared by mixing 15 g of trichloroacetic 

acid, 0.375 g of thiobarbituric acid and 0.25 N hydrochloric acid. This solution was mildly 

heated to assist in the dissolution of the thiobarbituric acid.   

Procedure: A volume of supernatant (1.0 ml) was added to 2.0 ml of TCA-TBA-HCL and 

mixed thoroughly. The solution was heated for 15 minutes in a boiling water bath. After 

cooling, the flocculent precipitate was removed by centrifuging at 1000 g for 10 minutes. The 

absorbance was determined at 535nm against a blank.  The concentration of MDA was 

determined using the formula:  

MDA (unit/mg protein) = (A x Vt x 1000) / (M x V x 1 x Y)  

Where, A = absorbance of sample test at 535nm  

Vt = total volume of the reaction = 3ml  

M = molar extinction co-efficient of product = 1.56 × 105m-1cm-1  

l = light path = 1cm  

V = volume of tissue extract used = 1ml  

Y = mg of tissue in the volume of sample used 

 

3.12 ESTIMATION OF MERCURY CONTENT  

Mercury retention in brain tissue was determined using a mercury analyzer equipped for cold 

vapor atomic absorption spectrometry (CVAAS). At the end of the experimental period, brain 

tissues were excised, blotted dry, and accurately weighed. Samples were then digested with a 
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mixture of nitric acid and sulfuric acid under controlled temperature conditions until a clear 

solution was obtained. The digests were cooled, filtered, and analyzed for total mercury content 

using the mercury analyzer according to the manufacturer’s protocol. The mercury 

concentrations were expressed in micrograms per gram (µg/g) of wet tissue weight. All 

measurements were carried out in triplicate to ensure accuracy and reproducibility (Verma et 

al., 2023). 

3.13 HISTOLOGICAL PROCESSING OF CEREBELLAR TISSUE 

Briefly, the excised cerebellum tissues were fixed in 10% buffered formal saline and processed 

by paraffin embedding with sections cut at 5µm thickness. The paraffin wax embedding 

method of Drury and Wallington (1980) was used to prepare the tissues. They were each 

dehydrated for an hour at room temperature using ethanol concentrations of 70%, 90%, 

absolute ethanol I, and absolute ethanol II. Two xylene changes at room temperature, lasting 

an hour each, was used to clear dehydrated tissue. The tissues were soaked in two separate 

batches of molten paraffin wax for one hour each at 60 °C before being embedded in multi 

block paraffin wax molds. The paraffin blocked tissues were cut into smaller pieces and put on 

a wooden chuck for rotary microtome sectioning. A rotary microtome was used to slice the 

tissue blocks into sections that were 5 µm thick. To spread the folded ribbons, the sections were 

placed in a water bath at 40 °C. These pieces were fixed to a fresh, spotless glass slide. To 

increase the adherence of the sections to the slides, these were dried at 40 °C using a slide 

dryer. 

3.14 HEMATOXYLIN AND EOSIN STAINING PROCEDURES 

Haematoxylin and Eosin staining on the cerebelli sections was carried out according to methods 

described by Drury and Wallington (1980). The sections were dewaxed in two changes of 

xylene, spending approximately two minutes in each to effectively remove the paraffin. 

Following dewaxing, the tissues were rehydrated through descending grades of ethanol—
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absolute ethanol II, absolute ethanol I, 95%, 90%, 70%, and 50%—with each step lasting two 

minutes. The rehydrated sections were then rinsed in distilled water for three minutes before 

being stained in hematoxylin for 15–20 minutes.  

To remove excess hematoxylin, the slides were rinsed under running tap water for two to three 

minutes and examined microscopically to confirm the adequacy of nuclear staining. This was 

followed by differentiation in acid alcohol (0.5% HCl in 70% ethanol) for two to three minutes 

to achieve clearer nuclear definition. After differentiation, the slides were rinsed thoroughly in 

running water for 10–15 minutes, then counterstained in 1% aqueous eosin for two to four 

minutes to highlight the cytoplasm. Excess eosin stain was removed by washing in running 

water, and the sections were again observed under the microscope to verify appropriate staining 

intensity. The sections were then dehydrated in ascending grades of ethanol, cleared in xylene, 

and mounted using a synthetic resin mounting medium (DPX) for microscopic evaluation. 

3.15 PHOTOMICROGRAPHY 

The sections of the cerebellum were obtained and examined under an Olympus DP71 Digital 

Camera mounted on a 12.0 MP Eakins USB Digital Microscope Camera. The camera features 

12 megapixels (3488×2616 pixel) high resolution colour digital camera and 0.5X reduction 

lengths connected to a laptop on which was installed ToUPView Software (version 

x64,3,7,71,49,2016). A view of the slides was captured using x10 and x40 objective lenses.   

3.16 STATISTICAL ANALYSIS 

The obtained data were analysed using the IBM Statistical Package for the Social Sciences 

(SPSS), Version 23 (International Business Machines Corporation [IBM], Armonk, NY, USA; 

2015). All values were presented as mean ± standard error of the mean (SEM) for all 

experimental groups. Significance was determined using one-way analysis of variance 

(ANOVA) followed by Tukey’s multiple comparisons post hoc test, and a p-value less than 

0.05 (p < 0.05) was considered statistically significant.  
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CHAPTER FOUR 

RESULTS 

4.1 MYCOCHEMICAL SCREENING 

Table 4.1 shows the qualitative mycochemical constituents of Pleurotus ostreatus. Results 

showed the presence of glycosides, Phenols, Terpenoids, Alkaloids, Flavonoids, Saponins and 

Tannins, while Eugenols, Steroids and Reducing sugars were absent.  

Table 4.2 shows the quantitative estimation of mycochemical constituents of Pleurotus 

ostreatus. Results showed that the highest concentration was tannins, with Alkaloids having 

the least concentration.  
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Table 4.1: Qualitative screening of mycochemical constituents of Pleurotus ostreatus ethanol 

extract 

 

S/N CONSTITUENTS  RESULT 

1. Glycosides + 

2. Saponins + 

3. Phenols + 

4. Eugenols - 

5. Terpenoids + 

6. Steroids - 

7. Alkaloids + 

8. Flavonoids + 

9. Tannins + 

10. Reducing Sugar - 

 

+: Present  

-: Absent 
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Table 4.2: Quantitative estimation of mycochemical constituents of Pleurotus ostreatus 

ethanol extract  

 

S/N CONSTITUENTS CONCENTRATION (mg/100g) 

1. Alkaloid 1.25 ±0.04 

2. Tannins 31.43 ±0.66 

3. Phenolics 29.41 ±0.48 

4. Saponins 18.95 ±1.15 

5. Flavonoid 25.45 ±1.33 
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4.2 PROXIMATE ANALYSIS 

Table 4.3 shows the proximate composition of Pleurotus ostreatus. Results showed that 

carbohydrate content and ash content were the most composition, with protein content being 

the least.  
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Table 4.3: Proximate composition of ethanol extract of Pleurotus ostreatus  

S/N PARAMETERS  

1. MOISTURE (%) 7.2 

2. PROTEIN (%) 4.0 

3. FAT (%) 5.0 

4. FIBRE (%) 5.1 

5. ASH (%) 8.4 

6. CARBOHYDRATE (%) 70.3 
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4.3 DPPH RADICAL SCAVENGING ACTIVITY 

Figures 4.1 and 4.2 illustrate the DPPH radical scavenging activity of Pleurotus ostreatus and 

ascorbic acid (used as the standard antioxidant) across a concentration range of 0–250 µg/mL. 

Figure 4.1 presents the corresponding absorbance values, while Figure 4.2 displays the 

percentage inhibition of DPPH radicals. Results showed a clear concentration-dependent 

antioxidant effect with increased concentrations resulting in lower absorbance values and 

higher % inhibition. Pleurotus ostreatus exhibited notable radical scavenging activity that, 

while slightly lower, was comparable to that of Ascorbic acid.  
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Figure 4.1: DPPH Absorbance of Pleurotus ostreatus and Ascorbic acid  
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Figure 4.2: DPPH % Inhibition by Pleurotus ostreatus and ascorbic acid 
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4.4 EFFECT OF TREATMENT ON BODY AND BRAIN WEIGHTS 

Figure 4.3 shows the initial body weights across the experimental groups. There was no 

significant difference (p >0.05) in the initial body weight across the experimental groups. 

Figure 4.4 shows the final body weights across the experimental groups. There was a 

significant decrease (p <0.05) in the final body weight of rats treated with HgCl2 compared to 

control. However, there was a significant increase (p <0.05) in the HgCl2-exposed rats treated 

with Pleurotus ostreatus when compared to HgCl2 only. There was no significant difference (p 

>0.05) in the Pleurotus ostreatus only groups when compared to control. 

Figure 4.5 shows the body weight change (difference in initial and final body weights) across 

the experimental groups. There was a significant decrease (p <0.05) in the body weight change 

of rats treated with HgCl2 only when compared to control. However, there was a significant 

increase (p <0.05) in the HgCl2-exposed rats treated with Pleurotus ostreatus when compared 

to HgCl2 only. There was no significant difference (p >0.05) in the Pleurotus ostreatus only 

groups when compared to control. 

Figure 4.6 shows the whole brain weights across experimental groups. There was a significant 

decrease (p <0.05) in the whole brain weights of rats treated with HgCl2 only when compared 

to control. However, there was a significant increase (p <0.05) in the HgCl2-exposed rats 

treated with Pleurotus ostreatus when compared to HgCl2 only. There was no significant 

difference (p >0.05) in the Pleurotus ostreatus only groups when compared to control. 

Figure 4.7 shows the relative brain weights across experimental groups. There was a significant 

decrease (p <0.05) in the relative brain weights of rats treated with HgCl2 only when compared 

to control. However, there was a significant increase (p <0.05) in the HgCl2-exposed rats 

treated with Pleurotus ostreatus when compared to HgCl2 only. There was no significant 

difference (p >0.05) in the Pleurotus ostreatus only groups when compared to control. 
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Figure 4.8 shows the cerebellar weights across the experimental groups. There was a significant 

decrease (p <0.05) in the cerebellar weights of rats treated with HgCl2 only when compared to 

control. However, there was a significant increase (p <0.05) in the HgCl2-exposed rats treated 

with Pleurotus ostreatus when compared to HgCl2 only. There was no significant difference (p 

>0.05) in the Pleurotus ostreatus only groups when compared to control. 

Figure 4.9 shows the relative cerebellar weights across the experimental groups. There was a 

significant decrease (p <0.05) in the relative cerebellar weights of rats treated with HgCl2 only 

when compared to control. However, there was a significant increase (p <0.05) in the HgCl2-

exposed rats treated with Pleurotus ostreatus when compared to HgCl2 only. There was no 

significant difference (p >0.05) in the Pleurotus ostreatus only groups when compared to 

control. 
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Figure 4.3: Initial body weight across experimental groups.    
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Figure 4.4: Final body weights across experimental groups. 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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Figure 4.5: Body Weight Change (difference in initial and final body weights) across the 

experimental groups. 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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Figure 4.6: Whole Brain Weight across the experimental groups. 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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Figure 4.7: Relative Brain Weight across the experimental groups. 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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Figure 4.8: Cerebellar Weights across the experimental groups. 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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Figure 4.9: Relative cerebellar Weight across the experimental groups. 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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4.5 EFFECT OF TREATMENT ON NEUROBEHAVIOURAL ACTIVITY 

4.5.1 Open Field Test 

Figure 4.10 shows the rearing frequency across the experimental groups. There was a 

significant decrease (p <0.05) in the rearing frequency of rats treated with HgCl2 only when 

compared to control. However, there was a significant increase (p <0.05) in the HgCl2-exposed 

rats treated with Pleurotus ostreatus when compared to HgCl2 only. There was no significant 

difference (p >0.05) in the Pleurotus ostreatus only groups when compared to control. 

Figure 4.11 shows the grooming time across the experimental groups. There was a significant 

increase (p <0.05) in the grooming time of rats treated with HgCl2 only when compared to 

control. However, there was a significant decrease (p <0.05) in the HgCl2-exposed rats treated 

with Pleurotus ostreatus when compared to HgCl2 only. There was no significant difference (p 

>0.05) in the Pleurotus ostreatus only groups when compared to control. 

Figure 4.12 shows the ambulation duration across the experimental groups. There was a 

significant decrease (p <0.05) in the ambulation time of rats treated with HgCl2 only when 

compared to control. However, there was a significant increase (p <0.05) in the HgCl2-exposed 

rats treated with Pleurotus ostreatus when compared to HgCl2 only. There was no significant 

difference (p >0.05) in the Pleurotus ostreatus only groups when compared to control. 

Figure 4.13 shows the immobility time across the experimental groups. There was a significant 

increase (p <0.05) in the immobility time of rats treated with HgCl2 only when compared to 

control. However, there was a significant decrease (p <0.05) in the HgCl2-exposed rats treated 

with Pleurotus ostreatus when compared to HgCl2 only. There was no significant difference (p 

>0.05) in the Pleurotus ostreatus only groups when compared to control. 

Figure 4.14 shows the thigmotaxic frequency across the experimental groups. There was a 

significant increase (p <0.05) in the thigmotaxic frequency of rats treated with HgCl2 only 
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when compared to control. However, there was a significant decrease (p <0.05) in the HgCl2-

exposed rats treated with Pleurotus ostreatus when compared to HgCl2 only. There was no 

significant difference (p >0.05) in the Pleurotus ostreatus only groups when compared to 

control. 

Figure 4.15 shows the sniffing time across the experimental groups. There was a significant 

increase (p <0.05) in the sniffing time of rats treated with HgCl2 only when compared to 

control. However, there was a significant decrease (p <0.05) in the HgCl2-exposed rats treated 

with Pleurotus ostreatus when compared to HgCl2 only. There was no significant difference (p 

>0.05) in the Pleurotus ostreatus only groups when compared to control. 

Figure 4.16 shows the central square entry across the experimental groups. There was a 

significant decrease (p <0.05) in the grooming time of rats treated with HgCl2 only when 

compared to control. However, there was a significant increase (p <0.05) in the HgCl2-exposed 

rats treated with Pleurotus ostreatus when compared to HgCl2 only. There was no significant 

difference (p >0.05) in the Pleurotus ostreatus only groups when compared to control. 

Figure 4.17 shows the crossing frequency across the experimental groups. There was a 

significant decrease (p <0.05) in the crossing frequency of rats treated with HgCl2 only when 

compared to control. However, there was a significant increase (p <0.05) in the HgCl2-exposed 

rats treated with Pleurotus ostreatus when compared to HgCl2 only. There was no significant 

difference (p >0.05) in the Pleurotus ostreatus only groups when compared to control. 
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Figure 4.10: Rearing frequency across the experimental groups 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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Figure 4.11: Grooming time across the experimental groups 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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Figure 4.12: Ambulation time across the experimental groups 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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Figure 4.13: Immobility time across the experimental groups 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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Figure 4.14: Thigmotaxis across the experimental groups 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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Figure 4.15: Sniffing time across the experimental groups 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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Figure 4.16: Central square entry frequency across the experimental groups 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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Figure 4.17: Crossing frequency across the experimental groups 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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4.5.2 String Test 

Figure 4.18 shows the latency to grip loss across the experimental groups. There was a 

significant decrease (p <0.05) in the latency to grip loss of rats treated with HgCl2-only when 

compared to control. However, there was a significant increase (p <0.05) in the HgCl2-exposed 

rats treated with Pleurotus ostreatus when compared to HgCl2 only. There was no significant 

difference (p >0.05) in the Pleurotus ostreatus only groups when compared to control. 

Figure 4.19 shows the limb impairment score across the experimental groups. There was a 

significant decrease (p <0.05) in the latency to grip loss of rats treated with HgCl2-only when 

compared to control. However, there was a significant increase (p <0.05) in the HgCl2-exposed 

rats treated with Pleurotus ostreatus when compared to HgCl2 only. There was no significant 

difference (p >0.05) in the Pleurotus ostreatus only groups when compared to control. 
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Figure 4.18: Latency to Grip Loss across the experimental groups 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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Figure 4.19: Latency impairment Score across the experimental groups 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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4.5.3 Movement Initiation Test 

Figure 4.20 shows the movement initiation time across the experimental groups. There was a 

significant increase (p <0.05) in the movement initiation time of rats treated with HgCl2-only 

when compared to control. Conversely, there was a significant decrease (p <0.05) in the HgCl2-

exposed rats treated with Pleurotus ostreatus when compared to HgCl2 only. There was no 

significant difference (p >0.05) in the Pleurotus ostreatus only groups when compared to 

control. 

  



115 
 

 

Figure 4.20: Movement Initiation time across the experimental groups 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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4.5.4 Step Test 

Figure 4.21 shows the step test duration across the experimental groups. There was a significant 

decrease (p <0.05) in the movement initiation time of rats treated with HgCl2-only when 

compared to control. Conversely, there was a significant increase (p <0.05) in the HgCl2-

exposed rats treated with Pleurotus ostreatus when compared to HgCl2 only. There was no 

significant difference (p >0.05) in the Pleurotus ostreatus only groups when compared to 

control. 
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Figure 4.21: Step test time across the experimental groups 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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4.6 EFFECT OF TREATMENT ON ANTIOXIDANT ENZYMES ACTIVITY 

Figure 4.22 shows the superoxide dismutase (SOD) activity across the experimental groups. 

There was a significant decrease (p <0.05) in SOD activity of rats treated with HgCl2-only 

when compared to control. However, there was a significant increase (p <0.05) in the HgCl2-

exposed rats treated with Pleurotus ostreatus when compared to HgCl2 only. There was no 

significant difference (p >0.05) in the Pleurotus ostreatus only groups when compared to 

control. 

Figure 4.23 shows the Catalase (CAT) activity across the experimental groups. There was a 

significant decrease (p <0.05) in CAT activity of rats treated with HgCl2-only when compared 

to control. However, there was a significant increase (p <0.05) in the HgCl2-exposed rats 

treated with Pleurotus ostreatus when compared to HgCl2 only. There was no significant 

difference (p >0.05) in the Pleurotus ostreatus only groups when compared to control. 

Figure 4.24 shows the Glutathione peroxidase (GPx) activity across the experimental groups. 

There was a significant decrease (p <0.05) in GPx activity of rats treated with HgCl2-only when 

compared to control. However, there was a significant increase (p <0.05) in the HgCl2-exposed 

rats treated with Pleurotus ostreatus when compared to HgCl2 only. There was no significant 

difference (p >0.05) in the Pleurotus ostreatus only groups when compared to control. 
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Figure 4.22: Superoxide dismutase (SOD) activity across the experimental groups 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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Figure 4.23: Catalase (CAT) activity across the experimental groups 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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Figure 4.24: Glutathione peroxidase (GPx) activity across the experimental groups 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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4.7 EFFECT OF TREATMENT ON LIPID PEROXIDATION 

Figure 4.25 shows the Malondialdehyde (MDA) concentration across the experimental groups. 

There was a significant increase (p <0.05) in MDA concentration of rats treated with HgCl2-

only when compared to control. However, there was a significant decrease (p <0.05) in the 

HgCl2-exposed rats treated with Pleurotus ostreatus when compared to HgCl2 only. There was 

no significant difference (p >0.05) in the Pleurotus ostreatus only groups when compared to 

control. 
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Figure 4.25: Malondialdehyde (MDA) concentration across the experimental groups 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 
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4.8 EFFECT OF TREATMENT ON MERCURY CONCENTRATION 

Figure 4.26 shows the cerebellar mercury concentration across the experimental groups. There 

was a significant increase (p <0.05) in cerebellar mercury concentration of rats treated with 

HgCl2-only when compared to control. However, there was a significant decrease (p <0.05) in 

the HgCl2-exposed rats treated with Pleurotus ostreatus when compared to HgCl2 only. There 

was no significant difference (p >0.05) in the Pleurotus ostreatus only groups when compared 

to control. 
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Figure 4.26: Cerebellar mercury concentration across the experimental groups. 

* p <0.05 compared with control group; # p <0.05 compared with HgCl2 only group. 

 

    

0

2

4

6

8

10

control HgCl2 HgCl2 +
250mg/kg P.

ostreatus

HgCl2 +
500mg/kg P.

ostreatus

250mg/kg P.
ostreatus

500mg/kg P.
ostreatus

co
n

ce
n

tr
at

io
n

 (
μ

g/
g)

*

#

#



126 
 

4.9 EFFECT OF TREATMENT ON HISTOLOGY OF THE CEREBELLUM 

Plate 4.1 - 4.6 shows the histology of the cerebellum of rats across experimental groups. Plate 

4.1 (A and B) shows the cerebellum histology in control group with normal histological 

structure with distinct molecular, Purkinje, granular layers and white mater. Plate 4.2 (A and 

B) shows the cerebellum of rats treated with HgCl2-only showing marked signs of damage, 

with Purkinje cell degeneration and molecular neuron degeneration. Plates 4.3 (A and B) and 

4.4 (A and B) shows the cerebellum of HgCl2-exposed rats treated with Pleurotus ostreatus – 

250mg/kg and 500mg/kg respectively - showed relatively normal histological structure. Plate 

4.5 (A and B) and Plate 4.6 shows the cerebellum of rats treated with Pleurotus ostreatus – 

250mg/kg and 500mg/kg respectively – showed a relatively normal histological structure. 
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Plate 4.1A: Sections from control show: normal tissue architecture: molecular (MO), Purkinje 

(PU), granular (GR) layers and white mater (WM): H&E 100 X 

 

 

 

Plate 4.1B: Sections from control show: normal tissue architecture: molecular (MO), Purkinje 

(PU), granular (GR) layers and white mater (WM): H&E 400 X 
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Plate 4.2A: Cerebellum given mercury chloride only show: Purkinje cell degeneration (PD) 

and molecular neuron degeneration (MD): H&E 100 X 

 

 

 

 

Plate 4.2B: Cerebellum given mercury chloride only show: Purkinje cell degeneration (PD) 

and molecular neuron degeneration (MD): H&E 400 X 
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Plate 4.3A: Rat `cerebellum given Mercury Chloride + 250mg/kg Pleurotus ostreatus show: 

normal granular cell (NG), Purkinje (NP) and molecular cells (NM): H&E 100 X 

 

 

 

Plate 4.3B: Rat `cerebellum given Mercury Chloride + 250mg/kg Pleurotus ostreatus show: 

normal granular cell (NG), Purkinje (NP) and molecular cell (NM): H&E 400 X 
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Plate 4.4A: Rat `cerebellum given Mercury Chloride + 500mg/kg Pleurotus ostreatus show: 

normal tissue architecture molecular (NM), Purkinje (PC) and granular (GN) neurons: H&E 

100 X 

 

 

Plate 4.4B: Rat `cerebellum given Mercury Chloride + 500mg/kg Pleurotus ostreatus show: 

normal tissue architecture molecular (NM), Purkinje (PC) and granular (GN) neurons: H&E 

400 X 
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Plate 4.5A: Rat `cerebellum given 250mg/kg Pleurotus ostreatus only show: granular neurons 

(GN), Purkinje cells (PC), molecular neurons (MN), all normal: H&E 100 X. 

 

 

 

Plate 4.5B: Rat `cerebellum given 250mg/kg Pleurotus ostreatus only show: granular neurons 

(GN), Purkinje neurons (PC), molecular neurons (MN), all normal: H&E 400 X 
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Plate 4.6A: Rat `cerebellum given 500mg/kg Pleurotus ostreatus only show: granular neurons 

(GN), Purkinje cells (PC) and molecular neurons (MN), all normal: H&E 100 X 

 

 

 

Plate 4.6B: Rat `cerebellum given 500mg/kg Pleurotus ostreatus only show: granular neurons 

(GN), Purkinje cells (PC) and molecular neurons (MN), all normal: H&E 400 X 
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CHAPTER FIVE 

DISCUSSION, CONCLUSION AND RECOMMENDATION 

5.1 DISCUSSION 

5.1.1 Pleurotus ostreatus Possesses Bioactive and Antioxidant Properties  

Pleurotus ostreatus continues to attract scientific attention for its dual role as both a 

nutritionally valuable food and a medicinally significant bioresource. Consistent with existing 

literature, findings from this study confirmed the presence of a diverse array of mycochemical 

constituents in the ethanol extract of Pleurotus ostreatus, including glycosides, saponins, 

phenols, terpenoids, alkaloids, flavonoids, and tannins. Notably, eugenols, steroids, and 

reducing sugars were absent. The presence of these secondary metabolites affirms the 

mushroom's biochemical richness and lends further support to the view that Pleurotus ostreatus 

is a functional food with considerable pharmacological potential (Sales-Campos et al., 2021; 

Sharma et al., 2021; Bulam et al., 2022). 

Quantitative estimations revealed that tannins and phenolic compounds were the most 

abundant, followed by flavonoids and saponins, while alkaloids had the lowest concentration. 

This phytochemical distribution is of particular interest because tannins and phenolics are well-

established antioxidants that exert multiple biological effects, including metal-chelating, anti-

inflammatory, and enzyme-modulating activities (Soldado et al., 2021; Nemzer et al., 2021; 

Rana et al., 2022). Their abundance in Pleurotus ostreatus strengthens its potential as a 

neuroprotective agent, particularly in the mitigation of oxidative stress associated with heavy 

metal neurotoxicity. 

The proximate composition of Pleurotus ostreatus further underscores its nutritional 

significance. Carbohydrates constituted the major component, followed by crude ash, fiber, fat, 

and moisture, with protein representing the lowest proportion. The high carbohydrate and fiber 
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content suggests its suitability as an energy-dense and gut-friendly dietary inclusion, 

supporting previous reports that mushrooms contribute positively to digestive health and 

energy metabolism (Cerletti et al., 2021; Bell et al., 2022; Zhang et al., 2022). Although 

relatively low in protein, Pleurotus ostreatus contains essential amino acids and bioactive 

peptides, making it a complementary component in balanced diets, especially when paired with 

higher-protein foods (Goswami et al., 2021; Lesa et al., 2022). 

Critically, the antioxidant profile of Pleurotus ostreatus was validated through the DPPH 

radical scavenging assay. Results demonstrated a concentration-dependent increase in 

scavenging activity across the 0–250 µg/mL range, characterized by reduced absorbance and 

enhanced % inhibition. Although the antioxidant activity was slightly lower than that of the 

ascorbic acid, Pleurotus ostreatus still exhibited a comparably high radical-neutralizing effect. 

This strong antioxidant response is attributable to the substantial levels of phenolics and 

flavonoids present in the extract, both of which are capable of donating electrons or hydrogen 

atoms to neutralize free radicals (Tumilaar et al., 2024; Chouikh et al., 2025). These 

compounds may also interrupt radical chain reactions and stabilize reactive oxygen species 

(ROS), thereby limiting oxidative damage. 

 

5.1.2 Pleurotus ostreatus Mitigates Mercury-induced Weight Loss 

Body weight is a vital physiological indicator frequently used to assess systemic toxicity, 

especially in preclinical studies involving environmental toxicants (Idris et al., 2021; Dutta et 

al., 2022; Ding et al., 2024). Alterations in weight not only reflect disruptions in homeostasis 

but also offer critical insight into the biological burden exerted by xenobiotics such as heavy 

metals (Dutta et al., 2022). Among these, mercury remains a particularly hazardous neurotoxin 

with a well-documented profile of systemic toxicity, including marked reductions in somatic 

and organ-specific weights (Enogieru and Omoruyi, 2022; Zafar et al., 2024). 
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Inorganic mercury compounds, when ingested, can interfere with normal growth trajectories 

by impairing gastrointestinal function, inducing anorexia, and triggering metabolic 

derangements (Basu, 2023; Zafar et al., 2024). Mercury exposure is also known to generate 

reactive oxygen species (ROS), leading to cellular damage, muscle catabolism, and overall 

cachexia (Gouvêa et al., 2021; Rausch et al., 2021). The cumulative effect of these 

pathophysiological mechanisms often results in significant body weight loss, as well as 

decreased brain and cerebellar weights, particularly in developing animals (Enogieru and 

Inneh, 2022; Enogieru and Abhelemhen, 2025). Such neuroanatomical changes have critical 

implications for motor coordination and cognitive outcomes, further emphasizing the systemic 

reach of mercury toxicity. 

In this study, a significant decrease in body, whole brain, and cerebellar weights was observed 

in rats administered HgCl₂. This is consistent with previous studies (Enogieru and Omoruyi, 

2022; Imosemi and Oladejo, 2023; Kang et al., 2024). This weight reduction can be attributed 

to mercury-induced oxidative stress, gastrointestinal dysfunction, impaired nutrient 

assimilation, and reduced appetite. However, the treatment with Pleurotus ostreatus, markedly 

attenuated these toxic effects. The restoration of weight parameters in mercury exposed rats 

treated with Pleurotus ostreatus suggests a multifaceted protective role. Pleurotus ostreatus is 

rich in bioactive compounds, which may contribute to improved nutritional status and enhanced 

metabolic efficiency (Sen et al., 2021; Lesa et al., 2022). Moreover, its potent antioxidant 

capacity allows it to neutralize Hg-induced ROS, thereby preserving cellular integrity and 

limiting catabolic wasting. These antioxidative mechanisms not only mitigate tissue damage 

but may also promote the recovery of vital metabolic pathways necessary for growth and organ 

development. 
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5.1.3 Pleurotus ostreatus Mitigates Mercury-Induced Motor Deficits 

The cerebellum plays a central role in the regulation of posture, balance, and finely coordinated 

voluntary movements (Langlois et al., 2024; Stańczak et al., 2025). Disruption of cerebellar 

integrity—such as that induced by neurotoxicants like mercury—can result in pronounced 

motor impairments that manifest as ataxia, tremors, and other locomotor abnormalities 

(Ganguly et al., 2022). Behavioural assessments are indispensable for quantifying these 

impairments in animal models (Sadler et al., 2022; Petković and Chaudhury, 2022), offering 

valuable insight into both neural dysfunction and therapeutic efficacy. 

The Open Field Test (OFT) is a well-established and extensively used behavioural test for 

assessing general locomotor activity in rodent models. The OFT provides a quantitative 

measure of motor performance and anxiety-like behaviours by exposing the animal to a novel, 

open, and enclosed arena (Voikar and Stanford, 2022). In this study, ambulation, rearing, 

grooming, immobility, thigmotaxis, sniffing, frequency of central square entries, and crossings 

were assessed. Rearing behaviour, wherein the animal stands on its hind limbs with or without 

support, is closely linked to vertical exploratory activity and balance control. The cerebellum 

contributes significantly to postural adjustments required for rearing; thus, a decrease in rearing 

frequency may reflect cerebellar ataxia, motor impairment, or musculoskeletal weakness 

(Durosaro et al., 2021). Rodent grooming is a stereotyped sequence of self-directed 

behaviours—such as forepaw rubbing, facial cleaning, and body licking—that reflects both 

motor coordination and emotional regulation. It serves as a useful biomarker in 

neurotoxicological and behavioural studies (Idemudia and Enogieru, 2025). Ambulation, 

which refers to the movement of the rodent across the arena, is typically quantified as the total 

distance traveled or the number of floor grid crossings. It serves as a direct measure of overall 

motor activity and is sensitive to impairments in locomotion that may result from cerebellar or 

basal ganglia dysfunction (Gromer et al., 2021). A significant reduction in ambulation suggests 
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compromised neuromuscular coordination, hypoactivity, or possible sedative effects of test 

substances (Durosaro et al., 2021; Voikar and Stanford, 2022). Motor deficits can also affect 

the rodent’s ability to move freely. For instance, increased immobility or freezing behaviour in 

the open field may be indicative of motor dysfunction or impaired motor planning and 

execution. Thigmotaxis, the tendency of rodents to remain close to the walls of the arena, is 

generally interpreted as an anxiety-related behaviour. A pronounced preference for the 

periphery and reluctance to explore the centre zone may not only reflect increased anxiety but 

could also stem from motor-related fear or impaired proprioception (Gromer et al., 2021; 

Voikar and Stanford, 2022). The frequency of sniffing behaviour in the open field test can be 

altered by motor impairments, as such behaviour depends on intact sensory-motor integration 

(Voikar and Stanford, 2022). Disruptions in motor coordination may reduce or modify sniffing 

patterns, reflecting underlying deficits in neuromuscular control and exploratory drive 

(Durosaro et al., 2021; Voikar and Stanford, 2022). Entries into the central zone and time spent 

therein serve as indicators of reduced anxiety or increased risk-taking, but in motor-deficient 

animals, they may also suggest physical limitations rather than purely emotional ones (Borba 

et al., 2025). The number of crossings—defined as transitions between zones within the open 

field arena—serves as a key indicator of motor competence and locomotor function. A marked 

decline in crossing frequency often signifies impaired gait or reduced voluntary movement 

(Durosaro et al., 2021; Borba et al., 2025). Findings from this study showed that HgCl₂-

exposed rats exhibited significantly increased grooming, immobility, thigmotaxis, sniffing 

durations and decreased rearing, ambulation, central square entry and line crossing frequency 

when compared to control. This is consistent with previous studies by Ganguly et al. (2022) as 

well as Imosemi and Oladejo (2023), who reported similar findings. However, treatment with 

Pleurotus ostreatus significantly attenuated the mercury-induced motor deficits in rats, as 
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evidenced by the increased line crossing frequency, central square entry, ambulation, rearing 

as well as significantly decreased grooming, immobility, thigmotaxis, and sniffing durations. 

The string test is a widely used behavioural assay for evaluating motor function in rodents. 

Two primary parameters assessed in this test are the latency to grip loss and the limb 

impairment score (Enogieru and Abhelemhen, 2025). Latency to grip loss refers to the duration 

a rodent can maintain its grip on a suspended string, serving as a quantitative measure of grip 

strength, muscular endurance, and coordination (Gromer et al., 2021). A shortened latency is 

indicative of compromised neuromuscular integrity, reflecting early signs of motor 

dysfunction. The limb impairment score, on the other hand, evaluates the functionality and 

coordination of the forelimbs and hindlimbs based on the rodent's ability to grasp, support, and 

manoeuvre along the string (Voikar and Stanford, 2022). Lower scores correspond to more 

pronounced motor deficits, such as limb weakness, uncoordinated movement, or reduced 

postural control. Significant reductions in both latency-to-grip loss and limb performance are 

strong indicators of underlying locomotor pathology (Voikar and Stanford, 2022). Results from 

this study showed that HgCl2-only treated rats exhibited significant reductions in latency to 

grip loss and limb impairment score when compared to control. However, treatment with 

Pleurotus ostreatus increased both latency to grip loss and limb impairment score when 

compared to mercury-only treated rats, indicating Pleurotus ostreatus’ ability to attenuate 

HgCl₂-induced motor deficits. 

The movement initiation test is used to assess motor planning and execution by measuring the 

latency to initiate movement in response to a stimulus. This task is particularly sensitive to 

disruptions in neural circuits involved in voluntary motor control (Ganjuly et al., 2022; 

Heckman et al., 2023). Prolonged initiation times may indicate deficits in motor readiness, 

often observed in neurological disorders affecting basal ganglia or cortical motor regions 

(Heckman et al., 2023). Findings from this study showed that HgCl2-exposed rats exhibited 
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increased movement initiation time in rats – indicative of impaired central control of motor 

functions. However, treatment with Pleurotus ostreatus showed significant improvement, 

exhibited as decreased movement initiation time compared to HgCl2-only group. 

The step test is a widely employed behavioral assay for assessing motor coordination and 

locomotor performance in rodents. It evaluates the animal’s ability to make purposeful, 

coordinated stepping movements, serving as a reliable indicator of forelimb or hindlimb motor 

function (Dike et al., 2023). Higher step scores typically reflect intact motor performance and 

neuromuscular control, while reduced scores are associated with motor deficits such as 

impaired coordination, bradykinesia, or weakness (Eltokhi et al., 2021). Findings from this 

study showed a significant decrease in step test score in HgCl2-only treated rats when compared 

to control. This is consistent with studies by Fagundes et al. (2022) and Dike et al. (2023), who 

both reported significant HgCl2-induced deficits in step-test scores. However, treatment with 

Pleurotus ostreatus increased this step test score, an indication of improved motor 

performance.  

Collectively, findings from this study demonstrate that HgCl₂ exposure induces significant 

motor and locomotor impairments in rodents, as evidenced by altered performance highlighting 

deficits in motor coordination, planning, and execution likely stemming from cerebellar 

dysfunction. Notably, treatment with Pleurotus ostreatus effectively mitigated these deficits 

across all tests, suggesting its therapeutic potential in reversing mercury-induced neuro-motor 

impairments through restoration of neuromuscular and locomotor function. 

 

5.1.4 Pleurotus ostreatus Inhibits Mercury-Induced Oxidative Stress 

Heavy metals, including mercury, are known to induce neurotoxicity through several 

mechanisms, of which initiation of oxidative stress is a major pathway (Balali-Mood et al., 

2021; Thakur et al., 2021). This induction of oxidative stress is through the generation of free 
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radicals, resulting in an imbalance attributed to increased reactive oxygen species (ROS) 

production, decreased defensive mechanisms, or a combination of both factors (Novo et al., 

2021; Thakur et al., 2021). Mercury is known to cross the blood-brain barrier leading to 

inhibition of several enzymes’ activity (Azar et al., 2021).  

Antioxidant enzymes play a pivotal role in cellular defense against oxidative stress by 

neutralizing reactive oxygen species (ROS) and preventing free radical-mediated damage. 

Among these, superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) 

are key enzymatic antioxidants that work synergistically to maintain redox homeostasis and 

protect neural tissues from oxidative injury (Engwa et al., 2022; Demirci-Çekiç et al., 2022; 

Sadiq, 2023). SOD catalyzes the dismutation of superoxide anions —highly reactive species 

generated during aerobic metabolism—into molecular oxygen (O₂) and hydrogen peroxide 

(H₂O₂) (Andrés et al., 2023; Sadiq, 2023). This is particularly important in the brain, where 

high oxygen consumption and abundant polyunsaturated fatty acids render neuronal tissues, 

including the cerebellum, highly vulnerable to oxidative damage (Engwa et al., 2022). By 

limiting superoxide accumulation, SOD provides a crucial first line of defense in preserving 

neuronal integrity and motor function (Rosa et al., 2021). The hydrogen peroxide produced by 

SOD activity must be further detoxified to prevent its accumulation and conversion into more 

reactive hydroxyl radicals via the Fenton reaction. CAT performs this task efficiently by 

catalyzing the decomposition of hydrogen peroxide into water and oxygen (Dan et al., 2022; 

Khan et al., 2024). In doing so, CAT not only neutralizes a potent oxidant but also protects 

SOD from hydrogen peroxide-induced inactivation, thus maintaining the antioxidant defense 

system's functional continuity (Rosa et al., 2021; Khan et al., 2024). Deficiencies in CAT 

activity have been associated with increased oxidative burden and neuronal damage, 

particularly in cerebellar regions implicated in motor control (Dan et al., 2022; Engwa et al., 

2022; Khan et al., 2024). GPx complements this enzymatic defense system by reducing 
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hydrogen peroxide and lipid hydroperoxides using glutathione (GSH) as a substrate, forming 

water and oxidized glutathione (GSSG) (Pisoschi et al., 2021; Pei et al., 2023). GPx is 

especially important in lipid-rich tissues such as the brain, where it prevents peroxidation of 

membrane lipids and helps maintain cellular structural integrity. Together, SOD, CAT, and 

GPx form an integrated antioxidant network that counteracts ROS-induced neuronal damage, 

making them critical biomarkers and therapeutic targets in conditions of heavy metal toxicity, 

including mercury and lead exposure (Pisoschi et al., 2021; Khan et al., 2024). Findings from 

this study showed that mercury significantly decreased SOD, CAT and GPx in the cerebellum. 

This agrees with previous studies that have reported the neurodegenerative effects of mercury 

through induction of oxidative stress characterized by reduced activity of antioxidant enzymes 

(Enogieru and Inneh, 2022; Imosemi and Oladejo, 2023; Yahyazadeh and Gur, 2024). 

However, treatment with Pleurotus ostreatus significantly improved these antioxidant enzymes 

activity in the cerebellum of experimental rats exhibited by significantly increased SOD, CAT 

and GPx activity. This improvement in the cerebellar antioxidant defense system could be 

attributed to the potent antioxidant property of Pleurotus ostreatus. 

On the other hand, Malondialdehyde (MDA), a widely recognized and reliable biomarker of 

oxidative stress serving as a stable end product of lipid peroxidation, is primarily generated 

through the oxidative degradation of polyunsaturated fatty acids (PUFAs) within cellular 

membranes under conditions of elevated reactive oxygen species (ROS) (Bencivenga et al., 

2023). Because neuronal tissues, including the cerebellum, are rich in PUFAs, they are 

particularly susceptible to lipid peroxidation during oxidative insults (Mohideen et al., 2023; 

Bencivenga et al., 2023). The accumulation of MDA reflects the extent of oxidative damage to 

membrane lipids, which compromises membrane fluidity, disrupts cellular signaling, and 

contributes to neurodegenerative processes (Bencivenga et al., 2023). Elevated MDA 

concentrations are indicative of impaired antioxidant defense and ongoing cellular damage, 
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especially under conditions of heavy metal exposure such as mercury or lead. Findings from 

this study showed a significant increase in cerebellar MDA concentrations in the HgCl2-

exposed rats. The increase in the cerebellum MDA levels observed in this study demonstrates 

the potency of mercury in the induction of lipid peroxidation. These findings are consistent 

with previous reports indicating that mercury exposure induces significant lipid peroxidation 

in the cerebellum, as evidenced by elevated MDA levels (Egba et al., 2022; Mousa and 

Ibrahim, 2023; Zahed et al., 2024). Notably, treatment with Pleurotus ostreatus effectively 

mitigated this oxidative damage, restoring MDA concentrations to near-control levels. This 

suggests that Pleurotus ostreatus exerts potent anti-peroxidative effects, likely through its 

antioxidant constituents that counteract mercury-induced lipid membrane degradation.   

 

5.1.5 Pleurotus ostreatus Inhibits Mercury Accumulation in the Cerebellum 

Accumulation of mercury in the cerebellum has been strongly implicated in the pathogenesis 

of cerebellar dysfunction, leading to impaired motor coordination, ataxia, and other 

neurological deficits (Ganguly et al., 2022; Chamoli and Karn, 2024). Mercury’s high affinity 

for sulfhydryl groups in proteins allows it to disrupt critical enzymatic processes, promote 

oxidative stress, and induce neuronal apoptosis, particularly in the cerebellar cortex. As such, 

reducing mercury burden in neural tissues is a key therapeutic objective. One established 

strategy involves the use of chelating agents—chemical compounds with multiple electron-

donating ligands capable of binding to heavy metal ions with high specificity (Fasae et al., 

2021; Yudaev and Chistyakov, 2022). These agents form stable, water-soluble complexes with 

mercury, facilitating its mobilization and excretion via urine or feces, thereby reducing tissue 

toxicity and limiting further neuronal damage (Yudaev and Chistyakov, 2022). 

Findings from this study demonstrated a significant increase in cerebellar mercury levels in 

rats exposed to HgCl₂, confirming the neurotoxic accumulation of mercury within motor 
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control centres of the brain (Ijomone et al., 2021; Imosemi and Oladejo, 2023). However, 

treatment with Pleurotus ostreatus markedly reduced cerebellar mercury concentrations, 

suggesting its potential as a natural chelating agent. This chelating effect is likely attributed to 

the mushroom’s rich profile of bioactive compounds, including phenolics, flavonoids, and 

polysaccharides, which possess multiple electron-donating groups capable of binding heavy 

metal ions (Oyetayo et al., 2021; Effiong et al., 2024). By forming stable coordination 

complexes with mercury, these compounds may reduce its bioavailability, limit its ability to 

cross the blood–brain barrier, and ultimately prevent its deposition in sensitive neural tissues 

such as the cerebellum. This highlights Pleurotus ostreatus as a promising dietary intervention 

for mitigating mercury-induced neurotoxicity. 

 

5.1.6 Pleurotus ostreatus Alleviates Mercury-Induced Cerebellar Histopathology 

The cerebellum plays a central role in the regulation of fine motor coordination, postural 

balance, and sensorimotor integration. Given its complex architecture and high metabolic 

demand, it is particularly susceptible to damage from neurotoxicants such as mercury (Kumari 

and Chand, 2023; Chamoli and Karn, 2024). Among cerebellar neurons, Purkinje cells are 

especially vulnerable due to their extensive dendritic arborization and high oxidative sensitivity 

(Khaled et al., 2024; Dickmeiß et al., 2025). Disruption to this neuronal population can result 

in profound motor impairments and cerebellar dysfunction (Iskusnykh et al., 2024). 

Histological analysis of cerebellar sections from rats exposed to HgCl₂-only revealed extensive 

neurodegenerative changes, characterized by Purkinje cell shrinkage, pyknotic nuclei, and 

widespread cellular disorganization. The molecular layer displayed dense, darkly stained 

degenerating neurons along with vacuolations, indicative of synaptic disruption and reactive 

gliosis. These structural abnormalities are consistent with mercury-induced oxidative damage 

and excitotoxicity, which disrupt mitochondrial function, elevate intracellular calcium, and 
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trigger neuronal apoptosis (Novo et al., 2021; Zahed et al., 2024). The vulnerability of Purkinje 

cells—given their metabolic demands and central role in cerebellar output—renders them a 

primary target of mercury neurotoxicity. However, treatment with Pleurotus ostreatus 

markedly preserved cerebellar architecture in a dose-dependent fashion. At 250 mg/kg, 

histological sections demonstrated appreciable protection of the Purkinje, granular, and 

molecular layers, with reduced evidence of neurodegeneration and vacuolations. This 

protective effect was more pronounced at 500 mg/kg, where the cerebellar cortex appeared 

largely comparable to the control group, with intact layering and minimal structural 

abnormalities.  

These findings suggest that Pleurotus ostreatus attenuates mercury-induced histological 

alterations/damage, potentially by interfering with the toxicant’s cellular targets or neutralizing 

its oxidative effects in real time. The neuroprotective capacity of Pleurotus ostreatus is likely 

mediated through its abundant phytochemicals—particularly phenolics, flavonoids, and 

polysaccharides—which possess antioxidative, anti-inflammatory, and metal-chelating 

properties (Olukemi et al., 2021; Michalska et al., 2025; Seethapathy et al., 2025). These 

compounds may act synergistically to reduce mercury accumulation, attenuate lipid 

peroxidation, chelate free mercury ions, stabilize cellular membranes and preserve 

mitochondrial integrity, thereby preventing apoptosis of Purkinje and cortical neurons. These 

results align with previous findings on natural antioxidants mitigating heavy metal 

neurotoxicity by preserving neural structure and function (Shohag et al., 2022; Murumulla et 

al., 2024). By restoring normal cerebellar histoarchitecture, Pleurotus ostreatus not only 

protects against structural degeneration but may also contribute to the preservation of motor 

function, as supported by parallel behavioural assessments in this study. 
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5.2 LIST OF FINDINGS 

The findings from this study are as follows:   

i. Ethanol extract of P. ostreatus mitigated mercuric chloride-induced weight loss.   

ii. Ethanol extract of P. ostreatus mitigated mercuric chloride-induced locomotor and 

motor deficits.    

iii. Ethanol extract of P. ostreatus inhibited mercuric chloride-induced dysregulation of 

antioxidant enzymes in the cerebellum of experimental rats.    

iv. Ethanol extract of P. ostreatus protected against mercuric chloride-induced lipid 

peroxidation in the cerebellum of experimental rats.    

v. Ethanol extract of P. ostreatus mitigated mercuric chloride-induced histological 

alterations in the cerebellum of experimental rats.    

vi. Ethanol extract of P. ostreatus contains an array of bioactive phytochemicals such as 

glycosides, phenols, terpenoids, alkaloids, flavonoids, and tannins.  

vii. Ethanol extract of P. ostreatus possesses comparable neuroprotective activity to 

ascorbic acid. 

 

5.3 CONTRIBUTIONS TO KNOWLEDGE 

This study has shown novel evidence and demonstrated that ethanol extract of Pleurotus 

ostreatus:   

i. mitigates mercury-induced weight loss in the experimental rats. 

ii. mitigates mercury-induced neurobehavioral deficits in the experimental rats.   

iii. mitigates mercury-induced oxidative stress in the cerebellum of experimental rats. 

iv. mitigates mercury accumulation in the cerebellum of experimental rats.    

v. protects against mercury-induced cerebellar alterations in the experimental rats.    
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5.4 CONCLUSION 

Results from this study show that Pleurotus ostreatus significantly mitigates mercury-induced 

cerebellar toxicity, primarily through its antioxidant, neuroprotective, and metal-chelating 

properties. These findings suggest that Pleurotus ostreatus may serve as a promising candidate 

for the development of novel therapeutic strategies aimed at managing mercury neurotoxicity 

and its associated motor impairments. 

 

5.5 RECOMMENDATION 

Comprehensive mechanistic studies using diverse in vivo and in vitro models should be 

undertaken to elucidate the precise molecular pathways through which Pleurotus ostreatus 

attenuates mercury-induced oxidative stress and neuronal damage, particularly within the 

cerebellum. Comparative evaluations between Pleurotus ostreatus and conventional chelating 

agents or synthetic antioxidants should be conducted to assess its relative efficacy and potential 

as a complementary or alternative therapeutic option. Given its dietary origin and promising 

neuroprotective profile, Pleurotus ostreatus warrants further exploration as a functional food 

or nutraceutical in populations at risk of chronic mercury exposure. Clinical studies are 

recommended to evaluate its potential in preventing or mitigating mercury-related 

neurodegenerative conditions. 
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