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ABSTRACT
Aim: To investigate the ameliorative effects of Brassica oleracea against naphthalene-induced oxidative stress in the cerebellum of adult male Wistar rats. 
Methodology: Twenty five (25) adult male Wistar rats were randomly divided into five groups (A–E, n = 5). Group A served as control and received only feed and distilled water ad libitum. Group B received 15mg/kg of naphthalene. Group C received 15mg/kg of Naphthalene and 200mg/kgbw Brassica oleracea, Group D received 15mg/kg of Naphthalene and 400mg/kgbw Brassica oleracea while Group E received 400mg/kgbw Brassica oleracea only. The treatment lasted for 28 days and all administration was via oral gavage. At the end of the experiment, blood samples were collected for oxidative stress markers analysis, and cerebellum were excised for histopathological evaluation.
Results: Exposure to naphthalene caused significant (p < 0.05) increase in MDA and SOD levels (3.95±0.06 vs. 2.32±0.39 in controls and 25.83±0.53 vs. 17.33±0.59 in control, respectively) while the administration of Brassica oleracea significantly (p < 0.05) reduced their levels. Histopathological analysis of the cerebellum showed pyknotic pyramidal cells and severe degeneration and vacoulation in the different layers while the Brassica oleracea treated groups showed moderate regeneration in the different layers and active cells in a dose-dependent manner.
Conclusion: Ethanolic extract of Brassica oleracea exhibits ameliorative effects against naphthalene-induced oxidative stress and histopathological changes in the cerebellum of adult male Wistar rats. These findings suggest its potential as a natural therapeutic agent for neurotoxicities caused by naphthalene and other toxic agents.
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BACKGROUND OF THE STUDY
Oxidative stress is a pathological condition resulting from an imbalance between the production and accumulation of reactive oxygen species (ROS) in cells and tissues and the capacity of biological systems to detoxify these reactive intermediates or repair the resulting damage (Yao et al., 2021). Oxidative stress is often described as a self-propagating phenomenon, as excessive ROS generation can initiate cellular injury, leading to further ROS production. Damaged macromolecules may themselves act as sources of ROS, thereby amplifying oxidative damage. Consequently, the brain, owing to its high lipid content, elevated metabolic demand, and relatively low antioxidant defense capacity, is particularly vulnerable to oxidative insults (Schweighofer et al., 2004). 
Biochemical evidence indicates that neuronal populations exhibit differential susceptibility to oxidative stress. Neurons in the hippocampus, amygdala, and cerebellar granule layer have been reported to be among the most vulnerable to oxidative damage, and are therefore considered to be early sites of functional impairment (Martens et al., 2021). Accordingly, increased oxidative damage in the brain has been implicated in the pathogenesis of several central nervous system disorders, including neurodegenerative diseases such as Alzheimer’s disease and Parkinson’s disease, cerebrovascular disorders, demyelinating diseases, and various psychiatric conditions (Dash et al., 2025).
Chronic disruption of the balance between ROS generation and antioxidant defense mechanisms has been strongly associated with the development of numerous chronic diseases. These include cancer, atherosclerosis, nephritis, diabetes mellitus, rheumatic diseases, ischemic and cardiovascular disorders, as well as neurodegenerative diseases such as Alzheimer’s and Parkinson’s diseases (Jomova et al., 2023; Pizzino et al., 2017; Pham-Huy et al., 2008)
Epidemiological studies provide compelling evidence that regular consumption of fruits and vegetables confers significant health benefits, largely attributed to the antioxidant phytonutrients they contain (Rahaman et al., 2023; Jideani et al., 2021). Micronutrients such as vitamin C, vitamin E, carotenoids, and dietary flavonoids play critical roles in human nutrition, and diets rich in these compounds are associated with improved health outcomes (Rahaman et al., 2023). Consequently, there is increasing interest in edible plants and vegetables that possess antioxidant and health-promoting phytochemicals. 
Brassica oleracea  (family: Cruciferae), commonly known as cabbage, is rich in biologically active compounds, including polyphenols such as hydroxycinnamic acid esters, kaempferol and quercetin glucosides, as well as trace amounts of isorhamnetin (Cartea et al., 2010). Numerous epidemiological and clinical studies have demonstrated the health-promoting properties of Brassica oleracea (Podsędek, 2007; Cartea et al, 2010). High dietary intake of Brassica oleracea has been associated with a reduced risk of degenerative diseases, age-related chronic conditions and several types of cancer (Zhang et al., 2024). These protective effects are largely attributed to its rich content of vitamins, provitamins such as folic acid, diverse phenolic compounds, and organosulfur constituents (Khanam et al., 2012; Cartea et al., 2010). Phenolic compounds, in particular, have been strongly correlated with antioxidant activity in numerous studies (Leja et al., 2013). 
Naphthalene (NAP) is an organic compound with the chemical formula C₁₀H₈ and represents the simplest polycyclic aromatic hydrocarbon (PAH). It is a white crystalline solid with a characteristic odor detectable at concentrations as low as 0.08 ppm (Buckpitt et al., 2010). Naphthalene is widely used as an insecticide and pest repellent and was first registered as a pesticide in the United States in 1948. PAHs may bind to airborne particulate matter, and they can also be generated during high-temperature cooking of meat and other foods. Naphthalene is commonly detected in wastewater systems (Sampaio et al., 2021). Due to its chemical stability and lipophilic properties, NAP is resistant to biodegradation, facilitating its accumulation and biomagnification along the food chain (Berríos-Rolón et al., 2025). Exposure to naphthalene vapors has been associated with adverse health effects, including headache, nausea, dizziness, and vomiting.
Therefore, the present study aims to investigate the protective effects of Brassica oleracea against naphthalene-induced oxidative stress in the cerebellum of adult male Wistar rats. 
MATERIALS AND METHODS
Location of Study
The study was conducted in the animal house of Faculty of Basic Medical Sciences, Chukwuemeka Odumegwu Ojukwu University, Uli, Anambra state.
Ethical Consideration 
The experimental procedure was approved by the ethics committee of Chukwuemeka Odumegwu Ojukwu University Uli. The approval number is COOU/BMS/010.
Plant Collection and Extract Preparation
Fresh samples of Brassica oleracea (cabbage) were purchased from the School Market, Uli, Anambra State. Authentication was obtained from the Department of Biological Sciences, Faculty of Natural Sciences, Nnamdi Azikiwe University, Awka, Anambra State. The ethanolic extract of Brassica oleracea was prepared with slight modifications to a previously reported method (Sundrarajan et al., 2015). Approximately 12 g of cabbage leaves were carefully washed with distilled water, air-dried, and pulverized. The pulverized leaves were then collected and stirred at low rpm in a pot containing ethanol for 1 hour. Thereafter, the ethanolic extract was cooled and filtered using Whatman No. 1 filter paper (pore size 25 µm) and stored in a refrigerator for further use.
Experimental Animals
Twenty five (25) male Wister rats weighing 250-260g were obtained from an Animal Farm, located at Nnewi, Anambra State, and used for this study. The animals were obtained and housed in the Animal House of the Faculty of Basic Medical Sciences, Chukwuemeka Odumegwu Ojukwu University, Uli, under standard laboratory conditions (temperature 25 ± 2°C, 12 h light/dark cycle, and adequate ventilation). They were fed standard commercial rat pellets and given water ad libitum for two weeks to allow for acclimatization prior to the commencement of the experiment. After acclimatization, the rats were randomly allocated into six (5) experimental groups of five (5) animals each as follows:
Group A served as the control group, so only distilled water was given to them.
Group B was administered only 15mg/kg of naphthalene dissolved in 10mls of soya oil.
Group C was administered 15mg/kg of naphthalene dissolved in 10mls of soya oil and 200mg/kg of ethanolic extract of Brassica oleracea 
Group D was administered 15mg/kg of naphthalene dissolved in 10mls of soya oil and 400mg/kg of ethanolic extract of Brassica oleracea
Group E was administered 400mg/kg of ethanolic extract of Brassica oleracea  
All administration was via oral gavage. The experiments was terminated on the 28th day and 24 hours after administration of the last treatment, the animals were euthanized with under 40mg/kg of ketamine. Blood samples were collected for oxidative stress markers analysis while the cerebellum were excised for histological examination using H&E.
Statistical Analysis
All statistical were presented as mean ± standard deviation (SD) and statistical analysis was carried out using GraphPad Prism software (8.01). For comparison involving groups, one-way ANOVA followed by Turkey’s multiple comparison test was employed. Results with (P < 0.05) were considered as statistically significant.













RESULTS AND DISCUSSION
Effect of ethanolic extract of Brassica oleracea on oxidative stress markers in naphthalene induced cerebellar toxicity in adult male Wistar rats
Evaluation of oxidative stress markers following naphthalene-induced toxicity and concomitant administration of Brassica oleracea  revealed a significant (p < 0.05) increase in serum malondialdehyde (MDA) and superoxide dismutase (SOD) levels in Group B, which received 15 mg/kg body weight of naphthalene only, compared with Group A (control). In contrast, Groups C and D, treated with 200 mg/kg and 400 mg/kg body weight of Brassica oleracea extract, respectively, showed a significant (p < 0.05) attenuation of MDA and SOD levels when compared with Group B. Group E exhibited a slight elevation in MDA and SOD levels relative to the control group; however, these levels were significantly lower than those observed in Group B.
Table 1: Effect of ethanolic extract of Brassica oleracea on oxidative stress markers in naphthalene induced cerebellar toxicity in adult male Wistar rats
	
	Group A (Control)
	Group B (15mg/kg of naphthalene)
	Group C (15mg/kg of Naphthalene and 200mg/kgbw Brassica oleracea )
	Group D (15mg/kg of Naphthalene and 400mg/kgbw Brassica oleracea )
	Group E (400mg/kgbw Brassica oleracea )

	MDA(nmol/mL)
	2.32±0.39 
	3.95±0.06*
	 3.65±0.40*
	3.14±0.42*                           
	2.41±0.31*

	
	
	
	
	
	

	SOD(U/L)
	17.33±0.59
	25.83±0.53*
	         22.76±0.33*
	21.03±0.01*
	18.17±0.22*

	
	
	
	
	
	


MDA= Malondialdehyde, SOD= Superoxide Dismutase





Histopathological evaluation
The histoarchitecture of the cerebelulum of each group was evaluated and the photomicrographs presented in Fig 1 below.Plate 1: Photomicrograph of Group A, R1 and R2 cross section of control group (x100 x400) H&E. Shows cerebellum with molecular layer (ML) and well outlined active pyramidal cell (PC) and granular cells (GC)
Plate 2: Photomicrograph of Group B, R1 and R2 cross section (x100 x400) H&E. Shows high degeneration and vacaolation (V), high focal atrophy (A) of the granular cells (GC) with moderate pyknotic pyramidal cells (PC). 
Plate 3: Photomicrograph of Group C, R1 and R2 cross section (x100 x400) H&E. Shows moderate vacoulation (V) and moderate infiltration of pyramidal cells (P) into the granular cell (GC) layer.
Plate 4: Photomicrograph of Group D, R1 and R2 cross section (x100 x400) H&E. Shows moderate regeneration of pyramidal cells, the granular cells are moderately active. 
Plate 5: Photomicrograph of Group E, R1 and R2 cross section of control group (x100 x400) H&E. Shows cerebellum that the granular cells (GC) and pyramidal cells (P) are moderately active in R1 and moderate regeneration of pyramidal cells (P) in R2.























	



Fig. 1. Histopathological evaluation

[bookmark: _GoBack]The present study demonstrates that naphthalene exposure induces significant oxidative stress and cerebellar histopathological damage, while concomitant administration of the ethanolic extract of Brassica oleracea confers measurable neuroprotection in adult male Wistar rats. These findings are consistent with existing evidence implicating oxidative stress as a major mechanism underlying naphthalene-induced neurotoxicity. 
In this study, naphthalene administration resulted in a significant elevation of MDA, a widely accepted index of lipid peroxidation, indicating enhanced oxidative degradation of neuronal membrane lipids. Similar increases in MDA following naphthalene exposure have been reported by Şehirli et al. (2008) and Yost et al. (2021), who attributed such effects to excessive reactive oxygen species (ROS) generation during xenobiotic metabolism. Given the high lipid content of cerebellar neurons, particularly within myelinated regions, lipid peroxidation represents a critical pathway of neuronal injury (Milatovic & Aschner, 2011). 
The observed increase in SOD activity in the naphthalene-treated group aligns with previous studies reporting antioxidant enzyme upregulation as an adaptive response to oxidative challenge (Olufunmilayo et al., 2023; Chen et al., 2012). However, despite this compensatory increase, the concomitant rise in MDA suggests that endogenous antioxidant defenses were insufficient to counteract ROS-mediated damage, resulting in oxidative imbalance rather than effective neuroprotection. 
Administration of Brassica oleracea extract significantly attenuated both MDA and SOD levels, particularly at higher doses, indicating reduced lipid peroxidation and normalization of antioxidant responses. These findings are in agreement with Podsędek (2007) and Cartea et al. (2010), who reported strong antioxidant and cytoprotective properties of Brassica oleracea, attributed to its high content of polyphenols, flavonoids, vitamins, and organosulfur compounds. Similarly, Chidimma et al. (2025) demonstrated that various plant-derived materials possess strong neuroprotective effects against toxicant-induced neuronal damage. 
Histopathological evaluation provided morphological confirmation of the biochemical findings. The presence of pyknotic pyramidal cells, widespread degeneration, and vacuolation in the cerebellum of naphthalene-treated rats is consistent with reports of oxidative stress-induced neuronal apoptosis and necrosis (Yao et al., 2021). Conversely, cerebellar sections from Brassica oleracea -treated groups showed moderate regeneration, reduced degenerative features, and the presence of morphologically active neurons. These observations are consistent with studies by Chidimma et al. (2025), Khanam et al. (2012), and Leja et al. (2013), which demonstrated that phenolic-rich plant extracts not only reduce oxidative damage but also preserve tissue architecture and cellular integrity. The dose-dependent histological improvement observed in the present study further supports a protective role of Brassica oleracea against toxin-induced neurodegeneration. 
Conclusion
The findings of this study demonstrate that Brassica oleracea extract significantly attenuates ROS generated by naphthalene-induced oxidative stress, thereby mitigating both biochemical and structural cerebellar damage. This protective effect is most likely mediated through antioxidant mechanisms, supporting the potential application of Brassica oleracea as a natural neuroprotective agent against environmental and chemical neurotoxicants. Future studies should investigate the specific phytochemicals responsible for these effects and elucidate their molecular mechanisms of action.
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FIG 4.41: Photomicrograph of Group A, rf and 12 cross section of
control group (x100 X400/(H/E) shows cerebellum with molecular layer
(ML) and well outiined active pyramidal cell (PC) and granular cells
(6c)




image5.png
FIG 4.45: Photomicrograph of group E, r1 and r2 cross section of
Cerebellum administered with 400mg/kg of ethanolic extract of
Brassica oleracea only (x100 X400/(H/E) shows the granular cells (GC)
and pyramidal cells (P) are moderately active in r1, moderate
regeneration of pyramidal cells (P) in r2.
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FIG 4.43: Photomicrograph of group C, r1 and r2 cross section of Cerebellum
‘administered with 100mg/kg of naphthalene and 200mg/kg of ethanolic extract
of Brassica oleracea (x100 X400/(HIE) shows moderate vacoulation (V) and
‘moderate infilteration of pyramidal cells (P) into the granular cell (GC) layer
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FIG 4.42: Photomicrograph of group B, r1 and 12 cross section of
cerebellum administered with 100mglkg of naphthalene only (x100
X400/(H/E) shows high degeneration and vacoulation (V), high focal
attrophy( A) of the granular cells (GC) with moderate pyknotic

pyramidal cells (PC)
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FIG 4.44; Photomicrograph of group D, r1 and r2 cross section of
Cerebellum administered with 100mg/kg of naphthalene and 400mg/kg
of ethanolic extract of Brassica oleracea (x100 X400/(H/E) shows
moderate  regeneration of pyramidal cells, the granular cells are
moderately active.
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FIG 4.45: Photomicrograph of group E, r1 and r2 cross section of
Cerebellum administered with 400mg/kg of ethanolic extract of
Brassica oleracea only (x100 X400/(H/E) shows the granular cells (GC)
and pyramidal cells (P) are moderately active in r1, moderate
regeneration of pyramidal cells (P) in r2.
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FIG 4.43: Photomicrograph of group C, r1 and r2 cross section of Cerebellum
‘administered with 100mg/kg of naphthalene and 200mg/kg of ethanolic extract
of Brassica oleracea (x100 X400/(HIE) shows moderate vacoulation (V) and
‘moderate infilteration of pyramidal cells (P) into the granular cell (GC) layer
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FIG 4.42: Photomicrograph of group B, r1 and 12 cross section of
cerebellum administered with 100mglkg of naphthalene only (x100
X400/(H/E) shows high degeneration and vacoulation (V), high focal
attrophy( A) of the granular cells (GC) with moderate pyknotic

pyramidal cells (PC)
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FIG 4.44; Photomicrograph of group D, r1 and r2 cross section of
Cerebellum administered with 100mg/kg of naphthalene and 400mg/kg
of ethanolic extract of Brassica oleracea (x100 X400/(H/E) shows
moderate  regeneration of pyramidal cells, the granular cells are
moderately active.





