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ABSTRACT: Global trends show a rising adoption of plant-based diets due to their therapeutic benefits, however, 

studies show that some medicinal plants may induce neurotoxicity.  Accordingly, this study investigated the preliminary 

evidence of possible neurotoxic activity of aqueous Annona muricata (Soursop) leaf extract (AMLE) on the cerebellum 

of adult Wistar rats using appropriate standard procedures after the cerebella were assayed for antioxidant enzymes 

activity, lipid peroxidation and histological changes. Findings revealed no significant difference (p>0.05) in the body, 

brain, cerebellar, relative cerebellar weights, and cerebellum-brain weight ratio of all AMLE-treated rats compared to 

control. There was no significant difference (p>0.05) in CAT activity in AMLE-treated rats compared to control, 
however; there was a significant decrease (p<0.05) in SOD activity and a significant increase (p<0.05) in MDA 

concentration in rats treated with 5000 mg/kg BW of AMLE compared to control. Also, there was a significant decrease 

(p<0.05) in ambulation, line crossing, and movement initiation score, and a significant increase (p<0.05) in immobility 
in rats treated with 5000 mg/kg BW of AMLE compared to control. Histological findings reveal relatively normal and 

intact histology of the cerebellum in all AMLE-treated rats following comparison to control. Conclusively, treatment of 
the experimental rats with AMLE did not adversely affect the cerebellum except for a few parameters at 5000 mg/kg 

BW, thus indicating that AMLE may be toxic at higher doses.  
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The brain is an intricately complex organ, comprising 

billions of neurons, and it governs a wide range of 

vital functions, including cognition, memory, 

emotions, sensory perception, motor skills, and 

autonomic processes such as respiration, hunger and 

temperature regulation (Stiles and Jernigan, 2010). It 

consists of three major parts; cerebrum, brainstem 

and cerebellum, which together with the spinal cord 

forms the central nervous system (Orheruata and 

Enogieru, 2024). The cerebellum also known as the 

‘little brain’ is the largest structure of the hindbrain, 

located below the temporal and occipital lobes of the 

cerebrum (Orheruata and Enogieru, 2024). The 

cerebellum's main functions include; balance and 

equilibrium, muscle tone regulation, movement 

coordination, and supporting various cognitive 

abilities (Enogieru and Momodu, 2021a). Globally, 

neurological disorders pose a significant threat to 
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public health, affecting over one billion people 

worldwide and highlighting the urgent need for 

effective solutions and support (Zahiruddin et al., 

2020). Current medical treatments for neurological 

disorders typically only address symptoms and are 

often pricey, consequently, natural remedies, 

supplements, and nutrition-based therapeutics to 

support brain health and performance continue to rise 

(Orheruata and Enogieru, 2024; Zahiruddin et al., 

2020). 

 

According to the World Health Organization (WHO), 

a staggering 80% of the global population now relies 

heavily on traditional medicine, primarily derived 

from plants, as their primary means of healthcare 

(Jamshidi-Kia et al., 2017). Studies have shown that 

medicinal plants serve as effective therapeutic agents, 

offering a natural treatment approach for the 

treatment of neurological (Enogieru and Idemudia, 

2024; Enogieru and Momodu, 2021b), and metabolic 

disorders (Enogieru et al., 2015a; Enogieru et al., 

2015b). Annona muricata, a member of the 

Annonaceae family, has garnered significant 

scientific interest in recent years due to its notable 

medicinal properties (Zubaidi et al., 2023a). Studies 

have demonstrated the medicinal properties of 

Annona muricata, showing its potential in treating 

various health conditions through its anti-cancer, anti-

microbial, antioxidant, anti-ulcer, anti-diabetic, anti-

hypertensive, anti-inflammatory and wound healing 

activities (Orak et al., 2019; Zubaidi et al., 2023a). 

Several reports have identified approximately 212 

bioactive compounds in Annona muricata, with a 

significant presence of acetogenins, as well as notable 

amounts of alkaloids, phenolics, and several other 

bioactive substances (Coria-Téllez et al., 2018). 

These phytochemicals possess pharmacological 

activity against neurological and neurodegenerative 

disorders (Enogieru and Ezennia, 2024; Omoruyi et 

al., 2021). Despite the broad therapeutic potential of 

Annona muricata, the effects on the cerebellum 

remain largely unexplored. Accordingly, the 

objective of this paper is to investigate the 

preliminary evidence of possible neurotoxic activity 

of aqueous Annona muricata (soursop) leaf extract 

(AMLE) on the cerebellum of adult Wistar rats.  

 

MATERIALS AND METHODS 
Plant material: Annona muricata leaves were 

harvested in the Staff Quarters of the University of 

Benin, Benin City, Edo state, Nigeria. It was 

identified and authenticated in the Herbarium unit of 

the Department of Plant Biology and Biotechnology, 

University of Benin, Benin City, and assigned a 

herbarium number UBH-A356. Aqueous extraction 

was carried out as previously described (Okhah and 

Enogieru, 2023). Briefly, leaves weighing 3000 g 

were washed with tap water, chopped into pieces and 

then blended into smooth powdered specimens using 

an electric grinder. The powdered specimen was 

mixed in 10 litres of water and thoroughly mixed at 

intervals for 48 hours. The mixture was filtered using 

Whatman paper into a clean jar. The resulting 

solution was freeze-dried to obtain a dark greenish 

paste weighing 54.7g. The resulting extract was 

reconstituted with distilled water to give the desired 

concentrations used in this study. 

 

Experimental Design: Thirty (30) adult Wistar rats 

were randomly assigned into five (5) groups (A-E) of 

six (6) rats each. Group A (control) received 1 ml 

distilled water, group B received 100 mg/kg body 

weight (BW) of AMLE, group C received 1000 

mg/kg BW of AMLE, group D received 2500 mg/kg 

BW of AMLE and Group E received 5000 mg/kg 

BW of AMLE. All administration was done via an 

orogastric tube and lasted for 28 days. 

 

Evaluation of Neurobehavioral Activity: Twenty-four 

(24) hours after the last administration, 

neurobehavioral activities were evaluated using open 

field, string and movement initiation tests. 

 

Open Field Test (OFT): This is a test widely used to 

assess locomotor activity and exploratory behaviour 

in rodents and was performed as previously described 

by our laboratory (Enogieru and Inneh, 2022; 

Enogieru and Omoruyi, 2022). This was performed in 

a wooden open box apparatus (72 cm × 72 cm × 20 

cm) with lines on its floor sharing it into 18 cm by 18 

cm (Enogieru and Inneh, 2022). The OFT parameters 

assessed were ambulation (time spent making 

movements), line crossing (regularity of rats crossing 

lines in the box) and central square entry (regularity 

of rats moving into the center square in the box) and 

immobility (time spent motionless) (Enogieru and 

Inneh, 2022; Enogieru and Omoruyi, 2022). 

 

String Test: This test, often utilized to evaluate grip 

strength, was performed with the rats using the 

forepaws to hold a steel wire (2 mm – diameter x 60 

cm – length x 50 cm – height), as previously 

described (Enogieru and Idemudia, 2024; Ijomone et 

al., 2014). The duration of time (maximum 120 s) 

spent by the rats in holding the wire till it fell was 

recorded. 

 

Movement Initiation Test (MIT): This test, often 

utilized to evaluate motor functions, was performed 

as previously described (Ijomone et al., 2014). Here, 

the trunk of the rat is held, with its hindlimbs and 

forelimb raised above the table to allow for weight 
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support by only one forelimb. The time taken to 

initiate one step is recorded for each forelimb and 

averaged to arrive at the movement initiation score.  

 

Evaluation of Weights: After euthanizing the rats 

under mild anesthesia, their brains and cerebellum 

were harvested, and weighed, and the relative weights 

(%) were calculated as previously described 

(Enogieru and Egbon, 2022; Kim et al., 2008). 

Thereafter, the cerebellum was used for biochemical 

and histological assessments, respectively. 

 

Assessment of Biochemical Parameters: The 

harvested cerebella were homogenized in ice-cold 20 

mM Tris–HCl buffer (pH 7.4), and the homogenates 

were then centrifuged at 10,000 g for 10 min at 4 °C 

(Montilla et al., 2005). The supernatants were 

collected and evaluated for superoxide dismutase 

(Misra and Fridovich, 1972), catalase (Cohen, 1983) 

and malondialdehyde (Buege and Aust, 1978). 

 

Histological Evaluation: The cerebella were fixed in 

10% buffered formal saline for 72 hours, followed by 

the paraffin wax embedding as well as hematoxylin 

and eosin staining as previously reported (Drury and 

Wallington, 1980). 

  

Statistical Analysis: The data were analyzed using the 

GraphPad Prism, version 9. Values were presented as 

mean ± standard error of mean (SEM), and one-way 

analysis of variance (ANOVA) followed by Tukey’s 

multiple comparisons post hoc test was used to 

determine statistical significance (p<0.05). 

 

RESULTS AND DISCUSSION 
Effect of Treatment on Weights: Table 1 shows the 

weight findings of rats across experimental groups. 

There was no significant difference (p>0.05) in the 

weight parameters following treatment with 100 

mg/kg, 1000 mg/kg, 2500 mg/kg, and 5000 mg/kg 

AMLE when compared to the control group. 

 
Table 1: Weights across experimental groups 

 Concentration of aqueous Annona muricata (soursop) leaf extract (AMLE) received by 

experimental groups 

Parameters Group A 

(control): 1 ml 

distilled 
water 

Group B:  100 

mg/kg body 

weight (bw) 
of AMLE 

Group C:  

1000 mg/kg 

bw of 
AMLE 

Group D:  

2500 mg/kg 

bw of AMLE 

Group E :  

5000 mg/kg 

BW of 
AMLE 

Initial Body Weight (g) 194.8 ± 18.25 191.0 ± 8.48 190.7 ± 4.17 199.0 ± 13.69 201.8 ± 11.54 

Final Body Weight (g) 213.8 ± 16.67 212.3 ± 7.36 216.0 ± 2.48 214.8 ± 14.08 216.3 ± 10.73 

Weight Change (g) 19.0 ± 2.48 21.3 ± 2.06 25.3 ± 3.36 15.8 ± 0.85 14.5 ± 1.50 

Whole Brain Weight (g) 1.65 ± 0.03 1.53 ± 0.03 1.65 ± 0.03 1.58 ± 0.63 1.58 ± 0.05 

Relative Brain Weight (%) 0.79 ± 0.06 0.72 ± 0.02 0.76 ± 0.01 0.74 ± 0.02 0.73 ± 0.03 

Cerebellar Weight (g) 0.38 ± 0.03 0.35 ± 0.03 0.38 ± 0.03 0.35 ± 0.03 0.35 ± 0.03 

Cerebellum-Brain Ratio (g) 0.23 ± 0.01 0.23 ± 0.02 0.23 ± 0.01 0.22 ± 0.01 0.22 ± 0.01 

Relative Cerebellar Weight (%) 0.18 ± 0.01 0.16 ± 0.01 0.17 ± 0.01 0.16 ± 0.01 0.16 ± 0.01 

 

Table 2: Neurobehavioural Assessment of experimental rats. 

 Concentration of aqueous Annona muricata (soursop) leaf extract (AMLE) received by 

experimental groups 

Parameters Group A 

(control): 1 
ml distilled 

water 

Group B: 100 

mg/kg body 
weight (bw) of 

AMLE 

Group C: 1000 

mg/kg bw of 
AMLE 

Group D: 2500 

mg/kg bw of 
AMLE 

Group: E - 

5000 mg/kg 
BW of AMLE 

OFT  

Ambulation (s) 257.5 + 4.52 233.8 + 6.25 255.3 + 11.92 228.0 + 11.11 218.0 + 5.76 # 

LC (f) 73.8 + 3.86 69.0 + 2.12 79.0 + 2.80 63.8 + 2.96 53.0 + 2.55 # 

CSE (f) 4.3 + 0.48 4.0 + 0.41 4.3 + 0.48 4.0 + 0.41 3.8 + 0.48 

Immobility (s) 42.5 + 4.52 66.3 + 6.25 44.8 + 11.92 72.0 + 11.11 82.0 + 5.76 # 

STRING TEST  

Latency to grip loss (s) 148.3 + 18.4 132.5 + 17.1 149.8 + 17.5 119.8 + 8.4 106.5 + 4.7 

MIT  

Movement Initiation score (s) 1.3 + 0.14 1.3 + 0.14 1.2 + 0.16 1.5 + 0.08 1.9 + 0.12 # 
# p < 0.05 following comparison to control. 

Effect of Treatment on Neurobehavioural Activity: 

The findings from the OFT, string, and MIT 

evaluation are presented in Table 2. For OFT, a 

significant decrease (p<0.05) was observed in 

ambulation and line crossing in rats treated with 5000 

mg/kg AMLE when compared to the control. 

Similarly, a significant increase (p<0.05) in 

immobility was observed in rats treated with 5000 

mg/kg AMLE when compared to control. For the 

MIT, there was a significant increase (p<0.05) in the 

movement initiation score in rats treated with 5000 

mg/kg AMLE when compared to the control 
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Effect of Treatment on Antioxidant Enzymes and 

Lipid Peroxidation: The findings from the activity of 

antioxidants and MDA in the cerebella across 

experimental groups are presented in Table 3. A 

significant decrease (p<0.05) in cerebellar SOD was 

observed in rats treated with 5000 mg/kg AMLE 

when compared to control. Similarly, a significant 

increase (p<0.05) in MDA concentration was 

observed in rats treated with 5000 mg/kg AMLE 

when compared to the control. 

 
Table 3: Antioxidant Enzymes and Lipid Peroxidation in the cerebellum of experimental rats. 

 Concentration of aqueous Annona muricata (soursop) leaf extract (AMLE) received by experimental groups 

Parameters Group A (control) 

- 1 ml distilled 

water 

Group B - 100 

mg/kg body 

weight (bw) of 
AMLE 

Group C - 1000 

mg/kg bw of AMLE 

Group D - 2500 

mg/kg bw of AMLE 

Group E - 5000 

mg/kg BW of 

AMLE 

SOD (KU/L) 11.28 ± 0.41 9.67 ± 1.10 11.77 ± 1.29 9.22 ± 0.48 7.23 ± 0.63 # 

CAT (KU/L) 2.30 ± 0.21 2.02 ± 0.08 2.36 ± 0.19 1.99 ± 0.12 1.86 ± 0.12 

MDA (μM/mg 

Protein) 

0.17 ± 0.03 0.20 ± 0.04 0.18 ± 0.04 0.26 ± 0.04 0.33 ± 0.02 # 

#
 p < 0.05 following comparison to control.  

 

Effect of Treatment on the Histology of the 

Cerebellum: Plate 1A-D shows the representative 

cerebellum of rats in the control and AMLE-treated 

groups, displaying normal layers of the cerebellar 

cortex. The cortex is organized in layers, starting with 

the outer molecular layer, which houses baskets and 

stellate cells. Further layers include the Purkinje cell 

layer, containing Purkinje cell bodies, and the 

granular layer, which is densely packed with granular 

cells. However, in plate 1E, very few degenerating 

Purkinje cells with nuclei appearing irregular were 

observed in the Purkinje cell layer. 

 

 
Plate 1: Representative histology of the cerebellum across experimental groups. (A-D) Normal histological structure of cerebellum layers – 

Molecular layer (ML); Purkinje Cell layer (PCL); Granular Cell layer (GCL); (E) Normal histological structure of cerebellum layers 

observed. However, a degenerating Purkinje cell with nuclei appearing irregular [arrow] is also noticed. (H&E 400x; Scale bar: 25µm) 

 

Annona muricata has garnered significant attention 

due to its rich nutritional profile and potential health 

benefits (Santos et al., 2023). The bark, leaves, and 

roots are considered to have sedatives, antispasmodic, 

hypoglycemic, hypotensive, diuretic, and neuralgia 

properties (Adewole and Caxton-Martins, 2006). 

Studies show that Annona muricata is one of the 

plants that contain important phytochemicals that are 

beneficial for body and brain health (Gajalakshmi et 

al., 2012; Kim et al., 2020). Beyond its conventional 

applications, studies have revealed that the 

acetogenins present in Annona muricata leaf possess 

potent anti-cancer properties, selectively targeting 

and destroying cancerous cells (Pieme et al., 2014; 

Ragasa et al., 2012).  

 

Studies have shown that changes in body weight can 

be a critical indicator of overall health status in 

rodents and other experimental animals, offering 

valuable insight into their general well-being and 

health condition (Al-Shabanah et al., 2002). Organ 

weights are widely recognized as reliable indicators 

of toxicity, including toxicity caused by plant-based 

substances (Akhigbe, 2014). The ratio of body weight 

to organ weight provides valuable insights, and 

research suggests that exposure to toxic substances 
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can lead to decreased body and organ weights, 

serving as a potential marker of toxicity (Akhigbe, 

2014). Findings from this study showed no 

significant change in body weights of AMLE-treated 

rats when compared to control. This is consistent with 

findings from previous studies which demonstrated 

no significant change in body weights of rats treated 

with Annona muricata extract when compared with 

control (Opara et al., 2021; Zubaidi et al., 2023b). 

Also, there was no significant difference in cerebellar 

weights of AMLE-treated rats when compared to 

control.  

 

Accumulating evidence emphasizes the importance of 

incorporating behavioural evaluations into the 

assessment of neurotoxins (Roberts and Stout, 2023). 

Neurobehavioral assessments are crucial diagnostic 

tools for evaluating brain functions and examining 

the behavioural and cognitive effects of neurological 

disorders or exposure to environmental toxins (Kim 

and Kim, 2012). These assessments play a vital role 

in identifying the effects of neurotoxic exposure, 

which can lead to changes in cognitive abilities, 

motor skills, emotional control, mood, and social 

behaviour (Kaufer, 2015). The open field test is a 

fundamental and widely used neurobehavioral 

assessment that evaluates locomotor activity, 

exploratory behavior, and motor function in rodents, 

providing valuable insights into their neurological 

health (Ijomone et al., 2014). Significant decrease in 

ambulation and line crossings, as well as a significant 

increase in immobility, are indicative of impaired 

motor function and reduced exploratory behaviour in 

rodents, suggesting potential neurological deficits 

(Enogieru and Idemudia, 2024; Enogieru and Iyoha, 

2023). In this present study, 5000 mg/kg AMLE-

treated rats showed a significant reduction in 

ambulation, line crossing, and a significant increase 

in immobility, suggesting the toxicity of AMLE at 

higher doses. The movement initiation test is a 

valuable diagnostic tool for assessing motor functions 

in rodents. Better motor performance is typically 

indicated by a decreased movement initiation time, 

conversely, increased movement initiation time is an 

indicator of impaired central control of motor 

functions (Fleming et al., 2004). Findings from the 

present study revealed a significant increase in 

movement initiation score in the 5000 mg/kg AMLE-

treated rats when compared to the control, thus 

indicating the possibility of toxicity at higher doses. 

 

Antioxidants are natural compounds present in the 

body or various food supplements, which play a 

crucial role in mitigating the debilitating effects of 

oxidative stress and promoting overall physiological 

well-being (Enogieru et al., 2018; Mamta et al., 

2014). Superoxide dismutase (SOD), catalase (CAT), 

and glutathione peroxidase (GPx) are essential 

antioxidant enzymes that work together to provide a 

robust defence system against oxidative damage 

caused by reactive oxygen species and free radicals 

(Enogieru and Idemudia, 2024; Enogieru and 

Momodu, 2022). SOD catalyzes the breakdown of 

superoxide radicals into hydrogen peroxide and 

oxygen molecules, thereby mitigating cellular 

damage (Bhattacharya, 2015). CAT protects cells by 

breaking down hydrogen peroxide into water and 

oxygen molecules, thereby preventing its 

accumulation and potential toxicity (Andrés et al., 

2022). Consequently, the enzyme activities of SOD 

and CAT can serve as common biomarkers for 

assessing oxidative stress levels within cells 

(Enogieru and Idemudia, 2024). Reduced activities of 

SOD and CAT enzymes have been implicated in the 

lipid peroxidation process, which is a key indicator of 

oxidative damage (Karoui-Kharrat et al., 2017). 

Findings from the present study showed a significant 

decrease in SOD activity, and a significant increase in 

MDA concentration in the 5000 mg/kg AMLE-

treated rats when compared to the control, suggesting 

the induction of oxidative stress in the experimental 

rats treated with 5000 mg/kg AMLE.  

 

The examination of tissue structure at the 

microscopic level is pivotal for the advancement of 

biomedical and clinical research by providing critical 

insights into tissue morphology and organization at 

the microscopic level, which informs research and 

clinical applications (Gurcan et al., 2009). 

Histological examination is a gold standard for the 

diagnosis of many pathological diseases, for which 

staining is an essential component (Gurina and 

Simms, 2020). Histological findings from this study 

revealed that rats administered 100 mg/kg, 1000 

mg/kg, and 2500 mg/kg BW of AMLE exhibited a 

normal cerebellar microstructure, with clear 

preservation of the Molecular, Purkinje, and Granular 

cell layers, comparable to the control group. 

However, very few degenerating Purkinje cells were 

observed in the Purkinje layer of the cerebellum of 

rats treated with 5000 mg/kg BW of AMLE, 

indicating that higher doses of the extract could alter 

the microstructure of the cerebellum.  

 

Conclusion: This study demonstrates that Annona 

muricata is not toxic to the experimental rats at lower 

doses following comparison to control, however, 

doses of 5000 mg/kg and higher could be neurotoxic 

to the cerebellum, consequently causing locomotor 

and exploratory impairments. Further studies are 

needed to investigate the possible neuroprotective 

activity of Annona muricata against experimental 
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neurodegenerative models, particularly at lower 

doses.  

 

Declaration of Conflict of Interest: The authors 

declare no conflict of interest. 

 

Data Availability Statement: Data are available upon 

reasonable request from the corresponding author. 

 

REFERENCES 
Adewole, SO; Caxton-Martins, EA (2006). 

Morphological changes and hypoglycemic effects 

of Annona muricata linn. (annonaceae) leaf 

aqueous extract on pancreatic β-cells of 

streptozotocin-treated diabetic rats. Afr. J. 

Biomed. Res. 9(3): 173-187. 

DOI:10.4314/ajbr.v9i3.48903 

 

Akhigbe, RE (2014). Discordant results in plant 

toxicity studies in Africa: attempt of 

standardization. In Toxicological survey of 

African medicinal plants. Elsevier, pp. 53-61. 

DOI: 10.1016/B978-0-12-800018-2.00004-2 

 

Al-Shabanah, OA; El-Hadiyah, TM; Al-Majed, AA 

(2002). Effect of prolonged vigabatrin treatment 

on hematological and biochemical parameters in 

plasma, liver and kidney of Swiss albino mice. 

Sci. Pharm. 70(2): 135-145. DOI: 

10.3797/scipharm.aut-02-16 

 

Andrés, CMC; Pérez de la Lastra, JM; Juan, CA; 

Plou, FJ; Pérez-Lebeña, E (2022). Chemistry of 

hydrogen peroxide formation and elimination in 

mammalian cells, and its role in various 

pathologies. Stresses. 2(3): 256-274. DOI: 

10.3390/stresses2030019 

 

Bhattacharya, S (2015). Reactive oxygen species and 

cellular defense system. Free Radicals Hum. 

Health Dis. 17-29. DOI:10.1007/978-81-322-

2035-0_2 

 

Buege, JA; Aust, SD (1978). Microsomal lipid 

peroxidation. Methods Enzymol. 52: 302-310. 

DOI: 10.1016/S0076-6879(78)52032-6 

 

Cohen, G (1983). Catalase, glutathione peroxidase, 

superoxide dismutase, and cytochrome P-450. In 

Handbook of Neurochemistry: Volume 4 

Enzymes in the Nervous System, pp. 315-330. 

DOI: 10.1007/978-1-4899-1881-9_13 

 

Coria-Téllez, AV; Montalvo-Gónzalez, E; Yahia, 

EM; Obledo-Vázquez, EN (2018). Annona 

muricata: A comprehensive review on its 

traditional medicinal uses, phytochemicals, 

pharmacological activities, mechanisms of action 

and toxicity. Arab. J. Chem. 11(5): 662-691. DOI: 

10.1016/j.arabjc.2016.01.004 

 

Drury, R; Wallington, E (1980). Carleton’s 

histological technique 5th ed New York: Churchill 

Livingstone. 

 

Enogieru, AB; Charles, YO; Omoruyi, SI; Momodu, 

OI (2015a). Phyllanthus amarus: A 

hepatoprotective agent in acetaminophen induced 

liver toxicity in adult wistar rats. SMU Med. J. 

2(1): 150-165. 

 

Enogieru, AB; Charles, YO; Omoruyi, SI; Momodu, 

OI; Ezeuko, VC (2015b). Stem bark extracts of 

Ficus exasperata protects the liver against 

paracetamol induced toxicity in Wistar Rats. J. 

Appl. Sci. Environ. Manage. 19(1): 155-159. DOI: 

10.4314/jasem.v19i1.20 

 

Enogieru, A; Egbon, F (2022). Neurobehavioural and 

Histological Alterations in Lead Acetate-Exposed 

Rats Pretreated with Aqueous Leaf Extract of 

Vernonia amygdalina. African Journal of 

Biomedical Research. 25(2): 205-213. DOI: 

10.4314/ajbr.v25i2.14 

 

Enogieru, A; Omoruyi, S; Ekpo, O (2018). 

Antioxidant and apoptosis-inhibition potential of 

Carpobrotus edulis in a model of Parkinson’s 

disease. J. Afr. Assoc. Physiol. Sci. 6(2): 126-135. 

 

Enogieru, AB; Ezennia, MC (2024). Mercury 

chloride-induced hippocampal toxicity in Wistar 

rats: antioxidant activity of folic acid. J. 

Phytomed. Ther. 23(2): 1598-1606. DOI: 

10.4314/jopat.v23i2.16 

 

Enogieru, AB; Idemudia, OU (2024). Comparative 

protective activity of aqueous Zingiber officinale 

root and Theobroma cacao seed extracts on lead 

acetate-induced cerebellar toxicity in rats. J. Trace 

Elem. Min. 10: 100190. DOI: 

10.1016/j.jtemin.2024.100190 

 

Enogieru, AB; Inneh, CA (2022). Cadmium and 

Mercury Exposure: Oxidative, Neurobehavioural 

and Histological Alterations to the Cerebellum of 

Wistar Rats. Ibom Med. J. 15(2): 141-147. DOI: 

10.61386/imj.v15i2.252 

 

Enogieru, AB; Iyoha, EN (2023). Role of nitric oxide, 

TNF–α and Caspase-3 in lead acetate-exposed rats 



Preliminary Evidence Of Possible Neurotoxic Activity Of Aqueous Annona Muricata (Soursop)…                399 

EKWEAGA, E. C; TOBALU, F. O; ORHERUATA, A. R; MOMODU, O. I; IDEMUDIA, O. U; ENOGIERU, A. 

B   

pretreated with Aqueous Rosmarinus officinalis 

Leaf Extract. Biol. Trace Elem. Res. 202(9): 4021-

4031. DOI: 10.1007/s12011-023-03974-9 

 

Enogieru, AB; Momodu, O (2022). Neuroprotective 

effects of Zingiber officinale against lead-induced 

toxicity in Wistar rats. Nutrire. 48(1): 2. DOI: 

10.1186/s41110-022-00184-6 

 

Enogieru, AB; Momodu, OI (2021a). The developing 

cerebellum as a target for toxic substances: 

protective role of antioxidants. The Cerebellum. 

1-17. DOI: 10.1007/s12311-021-01231-0 

 

Enogieru, AB; Momodu, OI (2021b). African 

medicinal plants useful for cognition and memory: 

Therapeutic implications for Alzheimer’s disease. 

Bot. Rev. 87: 107-134. DOI: 10.1007/s12311-021-

01231-0 

 

Enogieru, AB; Omoruyi, SI (2022). Exploration of 

aqueous Phyllanthus amarus leaf extract as a 

protective agent in mercury chloride-exposed 

wistar rats: A neurobehavioural study. J. Appl. 

Sci. Environ. Manage. 26(4): 629-637. DOI: 

10.4314/jasem.v26i4.10 

 

Fleming, SM; Zhu, C; Fernagut, P-O; Mehta, A; 

DiCarlo, CD; Seaman, RL; Chesselet, MF (2004). 

Behavioral and immunohistochemical effects of 

chronic intravenous and subcutaneous infusions of 

varying doses of rotenone. Exp. Neurol. 187(2): 

418-429. DOI: 10.1016/j.expneurol.2004.01.023 

 

Gajalakshmi, S; Vijayalakshmi, S; Devi, RV (2012). 

Phytochemical and pharmacological properties of 

Annona muricata: a review. Int. J. Pharm. Pharm. 

Sci. 4(2): 3-6. 

 

Gurcan, MN; Boucheron, LE; Can, A; Madabhushi, 

A; Rajpoot, NM; Yener, B (2009). 

Histopathological image analysis: A review. IEEE 

Rev. Biomed. Eng. 2: 147-171. 

DOI:10.1109/RBME.2009.2034865 

 

Gurina, TS; Simms, L (2020). Histology, staining. 

https://www.ncbi.nlm.nih.gov/books/NBK557663

/. 

 

Ijomone, OM; Olaibi, OK; Biose, IJ; Mba, C; 

Umoren, KE; Nwoha, PU (2014). Performance of 

motor associated behavioural tests following 

chronic nicotine administration. Ann. Neurosci. 

21(2): 42-46. DOI:10.5214/ans.0972.7531.210203 

 

Jamshidi-Kia, F; Lorigooini, Z; Amini-Khoei, H 

(2017). Medicinal plants: Past history and future 

perspective. J. Herbmed Pharmacol. 7(1): 1-7. 

DOI:10.15171/jhp.2018.01 

 

Karoui-Kharrat, D; Kaddour, H; Hamdi, Y; Mokni, 

M; Amri, M; Mezghani, S (2017). Response of 

antioxidant enzymes to cadmium-induced 

cytotoxicity in rat cerebellar granule neurons. 

Open Life Sci. 12(1): 113-119. DOI:10.1515/biol-

2017-0013 

 

Kaufer, DI (2015). Neurobehavioral assessment. 

CONTIN. Lifelong Learn. Neurol. 21(3): 597-612. 

DOI:10.1212/01.CON.0000466655.51790.2f 

 

Kim, SK; Cho, KO; Kim, SY (2008). White matter 

damage and hippocampal neurodegeneration 

induced by permanent bilateral occlusion of 

common carotid artery in the rat: comparison 

between Wistar and Sprague-Dawley strain. 

Korean J. Physiol. Pharmacol. 12(3): 89-94. 

 

Kim, WS; Kim, YE; Cho, EJ; Byun, EB; Park, WY; 

Song, HY; Kim, K; Park, SH; Byun, EH (2020). 

Neuroprotective effect of Annona muricata-

derived polysaccharides in neuronal HT22 cell 

damage induced by hydrogen peroxide. Biosci. 

Biotechnol. Biochem. 84(5): 1001-1012. DOI: 

10.1080/09168451.2020.1715201 

 

Kim, Y; Kim, JW (2012). Toxic encephalopathy. 

Safety and Health at Work. 3(4): 243-256. DOI: 

10.5491/SHAW.2012.3.4.243 

 

Mamta; Misra, K; Dhillon, GS; Brar, SK; Verma, M 

(2014). Antioxidants. Biotransformation of Waste 

Biomass into High Value Biochemicals. 117-138. 

DOI: 10.1007/978-1-4614-8005-1_6 

 

Misra, HP; Fridovich, I (1972). The role of 

superoxide anion in the autoxidation of 

epinephrine and a simple assay for superoxide 

dismutase. J. Biol. Chem. 247(10): 3170-3175. 

DOI: 10.1016/S0021-9258(19)45228-9 

 

Montilla, P; Barcos, M; Munoz, MC; Bujalance, I; 

Munoz-Castaneda; Juan, R; Tunez, I (2005). Red 

wine prevents brain oxidative stress and 

nephropathy in streptozotocin-induced diabetic 

rats. BMB Rep. 38(5): 539-544. DOI: 

10.5483/BMBRep.2005.38.5.539 

 

Okhah, AA; Enogieru, AB (2023). Antioxidant and 

protective activities of aqueous Theobroma cacao 

seed extract against aluminium-induced 

https://www.ncbi.nlm.nih.gov/books/NBK557663/
https://www.ncbi.nlm.nih.gov/books/NBK557663/


Preliminary Evidence Of Possible Neurotoxic Activity Of Aqueous Annona Muricata (Soursop)…                400 

EKWEAGA, E. C; TOBALU, F. O; ORHERUATA, A. R; MOMODU, O. I; IDEMUDIA, O. U; ENOGIERU, A. 

B   

hippocampal toxicity in Wistar rats. Niger. J. 

Biochem. Mol. Bio. 38(4): 197-205. DOI: 

10.4314/njbmb.v38i4.5 

 

Omoruyi, SI; Ibrakaw, AS; Ekpo, OE; Boatwright, 

JS; Cupido, CN; Hussein, AA (2021). 

Neuroprotective activities of crossyne flava bulbs 

and amaryllidaceae alkaloids: Implications for 

parkinson’s disease. Molecules. 26(13): 3990. 

DOI:10.3390/molecules26133990 

 

Opara, PO; Enemor, VHA; Eneh, FU; Emengaha, FC 

(2021). Blood Glucose–Lowering Potentials of 

Annona muricata Leaf Extract in Alloxan–

Induced Diabetic Rats. Eur. J. Biol. Biotech. 2(2): 

106-113. DOI:10.24018/ejbio.2021.2.2.178 

 

 

Orak, HH; Bahrisefit, İŞ; Şabudak, T (2019). 

Antioxidant activity of extracts of soursop 

(Annona muricata L.) leaves, fruit pulps, peels, 

and seeds. Pol. J. Food Nutr. Sci. 69(4): 359-366. 

DOI:10.31883/pjfns/112654 

 

Orheruata, AR; Enogieru, AB (2024). Is aqueous 

extract of soybeans neurotoxic? Preliminary 

evidence from histological evaluation of the 

cerebellum and cerebrum of Wistar rats. J. Exp. 

Clin. Anat. 21(1): 8-13. DOI:10.4314/jeca.v21i1.2 

 

Pieme, CA; Kumar, SG; Dongmo, MS; Moukette, 

BM; Boyoum, FF; Ngogang, JY; Saxena, AK 

(2014). Antiproliferative activity and induction of 

apoptosis by Annona muricata (Annonaceae) 

extract on human cancer cells. BMC Complement. 

Altern. Med. 14: 1-10. DOI: 10.1186/1472-6882-

14-516 

 

Ragasa, CY; Soriano, G; Torres, OB; Don, MJ; Shen, 

CC (2012). Acetogenins from Annona muricata. 

Pharmacogn. J. 4(32): 32-37. DOI: 

10.5530/pj.2012.32.7 

 

 

 

 

 

 

 

 

 

 

 

 

 

Roberts, GK; Stout, MD (2023). Specifications for 

the conduct of toxicity studies by the division of 

translational toxicology at the National Institute of 

Environmental Health Sciences. 

https://pubmed.ncbi.nlm.nih.gov/37676988/. 

 

Santos, IL; Rodrigues, AMdC; Amante, ER; Silva, 

LHM (2023). Soursop (Annona muricata) 

properties and perspectives for integral 

valorization. Foods. 12(7): 1448. DOI: 

10.3390/foods12071448 

 

Stiles, J; Jernigan, TL (2010). The basics of brain 

development. Neuropsychol. Rev. 20(4): 327-348. 

DOI: 10.1007/s11065-010-9148-4 

 

Zahiruddin, S; Basist, P; Parveen, A; Parveen, R; 

Khan, W; Ahmad, S (2020). Ashwagandha in 

brain disorders: A review of recent developments. 

J. Ethnopharmacol. 257: 112876. DOI: 

10.1016/j.jep.2020.112876 

 

Zubaidi, SN; Mohd Nani, H; Ahmad Kamal, MS; 

Abdul Qayyum, T; Maarof, S; Afzan, A; Mohmad 

Misnan, N; Hamezah, HS; Baharum, SN; 

Mediani, A (2023a). Annona muricata: 

Comprehensive review on the ethnomedicinal, 

phytochemistry, and pharmacological aspects 

focusing on antidiabetic properties. Life. 13(2): 

353. DOI: 10.3390/life13020353 

 

Zubaidi, SN; Qadi, WS; Maarof, S; Mohmad Misnan, 

N; Mohammad Noor, HS; Hamezah, HS; 

Baharum, SN; Rosli, N; Jam, FA; Al-Olayan, E 

(2023b). Assessing the Acute Toxicological 

Effects of Annona muricata Leaf Ethanol Extract 

on Rats: Biochemical, Histopathological, and 

Metabolomics Analyses. Toxics. 11(8): 688. DOI: 

10.3390/toxics11080688 

https://pubmed.ncbi.nlm.nih.gov/37676988/

