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Introduction  

Dementia, a neurodegenerative disease, is the gradual reduction of 

cognitive abilities that impacts language, memory, and daily 

functioning. As the world's population ages, dementia is on the rise, 

which is a significant public health problem. Numerous pharmaceutical 

interventions and therapy modalities have been studied to reduce the 

cognitive deterioration caused by this menacing disorder.1The most 

prevalent type of dementia is AD and accounts for between 60 and 70 

percent of cases. Dementia negatively affects cognitive abilities 2,3,4, 

which involves the mind's capacity for thought and memory.5,6Odu et 

al.7 found that the loss of structure and function in the brain of AD 

sufferers is primarily linked to cognitive impairment.  
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Cognitive function is hampered by dementia in several ways, 

commonly involving memory loss, trouble picking up new knowledge, 

language difficulties, confusion and disorientation, poor judgment, 

personality, and behavioural changes.8According to certain studies, 

olfactory impairment may be among the first signs of AD. Additionally, 

the entorhinal cortex is initially involved in the pathophysiology of 

typical AD. Unlike auditory and visual abnormalities frequently 

detected by clinicians, olfactory malfunction in AD mainly manifests as 

decreased olfactory recognition. It is linked to pathogenic protein 

alterations within the olfactory projection and bulb area. Acetylcholine 

and glutamate are abundant in the olfactory system, and a lack of certain 

neurotransmitters, especially acetylcholine, is thought to be a primary 

contributor to memory loss and other cognitive disorders. 9,10Plants have 

been investigated for their potency in managing dementia, especially 

those with antioxidant properties. One such plant is  Anacardium 

occidentale, reportedly indigenous to Brazil and introduced to Africa 

and Asia around the sixteenth century.11  

Anacardium occidentale (AO), a member of the Anacardiaceae family, 

is well-known for its nutritional and medicinal qualities and is a rich 

source of natural antioxidants.12,13 Due to their high concentration of 

polyphenols, flavonoids, and tannins, cashew leaves have drawn 

interest for their possible medicinal benefits.14 Numerous studies 

conducted in laboratories and animals have revealed that these bioactive 

substances have neuroprotective, anti-inflammatory, and antioxidant 

qualities.1 Usually, cashew leaves contain various volatile chemicals 
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Malondialdehyde (MDA), and histological analysis were conducted. In comparison to groups 2, 

4, and 5, the neurobehavioural investigation's findings showed a significant (p<0.05) improvement 
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significant (p<0.05) decrease in AChE and MDA activities after co-treatment with AO and MS. 

Furthermore, a section of the hippocampus showed moderate regeneration in groups co-treated 

with AO and MS. Conclusively, co-treatment with AO and MS exhibited a beneficial antioxidant 

and neuroprotective potential in mitigating Cd-induced brain insult. 
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that give them their distinct scent.15 The fruit contains other biological 

substances like carotenoids, vitamins C and A, and flavonoids. These 

phytochemical substances comprise a substantial portion of the content 

that may be connected to crucial biological functions.  

The banana (Musa sapientum) plant is a popular tropical fruit from the 

Southwestern Pacific. It arrived in India and spread throughout the 

earth's tropical regions around 600 BC.16 The Efiks call it 'Mboro,' the 

Igbos call it 'Unele,' and the Yorubas call it 'Ogede'.17Inwanget al.18 

reported that Musa sapientum is a Musaceae family member with 

significant antiulcer, antidiabetic, and antioxidant characteristics. 

Chabucket al.19 reported that Musa sapientum is an excellent source of 

vital nutrients, including antioxidants, vitamins, and minerals. 

Bioactive substances, such as flavonoids, carotenoids, and polyphenols, 

are found in the ripe peels of Musa sapientum.20It is thought that the 

antioxidants in bananas help protect cells from oxidative damage.21 

Headache and vertigo, olfactory dysfunction, Parkinson's symptoms, 

declining vasomotor performance, neuropathy, diminished equilibrium, 

cognitive deficit, and memory impairment are only a few of the 

symptoms of exposure to cadmium (Cd), which has a significant 

negative impact on nervous system function.23 Thus, it is essential to 

investigate how ripe fruit peels of Musa sapientum (MS) and ethanol 

leaf extract of Anacardium occidentale (AO) affect cognitive and 

olfactory functioning in female Wistar rats with Cd-induced dementia. 

Assessing how Anacardium occidentale and Musa sapientum affect 

cognitive functions is crucial. Most people in underdeveloped nations, 

such as Nigeria, take herbal medicines without proper awareness of 

their pharmacologic actions and side effects. The study considered 

female animals because approximately two-thirds of AD patients are 

females, and studies have shown that women are more likely than men 

to have AD.24, 25,26 

 

 

Materials and Methods  
 

Drugs  

Donepezil and Cadmium were obtained from Sigma-Aldrich 

Cooperation, USA. Cadmium and Donepezil were given orally using an 

oral cannula after being dissolved in normal saline (0.9% NaCl). All 

reagents used in the study were of analytical quality. 

 

Animals 

Thirty healthy female Wistar rats, about 6 months and weighing 

between 75-154 g, were obtained from the animal house of Alex 

Ekwueme Federal University, Ndufu Alike, Ebonyi State, Nigeria (AE-

FUNAI). The rats were housed in a normal environment, acclimated for 

2 weeks, and then randomly divided into six groups.  The animals were 

kept at ambient temperature, 50 ± 5% relative humidity, and a 12-hour 

cycle of light and dark. The animals had unlimited access to feed (raw 

chow, Vital Feeds Nigeria Ltd., Jos) and water. The ethical approval 

committee of the AE-FUNAI, Faculty of Basic Medical Sciences 

committee, provided the experiment with ethical permission number 

AEFUNAI 2024/00127. The animals were managed following the 

recommendations of the Committee on Care and Use of Laboratory 

Animals. 27  

 

Extraction of plant material  

Leaves of Anacardiumoccidentale were gathered from a few cashew 

trees at the Faculty of Agriculture, AE-FUNAI, Ebonyi State, on 

January 16, 2024. Similarly, unripe bananas were purchased from 

Nwakpu market, Ebonyi State, Nigeria, on January 17, 2024, and stored 

until they ripened. A taxonomist at the University of Uyo's Department 

of Botany and Ecological Studies identified and verified 

Anacardiumoccidentale and Musa sapientum plants. The voucher 

specimen was deposited in the department with the herbarium numbers 

UUPH51(b) and UUPH3(a), respectively.  The banana peels were cut 

into bits and allowed to dry before extraction. For around 14 days, the 

plant components were adequately cleaned and allowed to dry in the 

shade. The dried plants were ground into powder using an electric 

blender. A 1 kg powdered sample of each plant part was macerated in 2 

x 2.5 L of absolute ethanol for 72 hours in a glass jar with intermittent 

steering and filtered. The filtrates were concentrated separately at 40 °C 

in a rotary evaporator and stored at -4 °C until use. 

 

Experimental Design 

The extract's antitoxicity activity for dose selection was determined 

following a previously reported method.28The study's design and 

categorization are displayed as follows in Table 1: 

 

Table 1: Experimental Grouping For Dosages Administration 

Treatment 

Group 

(n=5) 

                           Dosage Duration 

Control 1 mL of distilled H2O 3 weeks 

Cadmium 100 mg/kg  3 weeks  

Donepezil+ Cd 2.5 mg/kg BW donepezil + 100 mg/kg 

BW Cd 

3 weeks 

AO+ Cd 200 mg/kg BW AO +100 mg/kg BW Cd 3 weeks 

MS+ Cd 200 mg/kg MS  BW+100 mg/kg BW Cd 3 weeks 

AO and MS + 

Cd 

200 mg/kg BW AO+200 mg/kg BW 

MS+100 mg/kg BW Cd 

3 weeks 

Key: AO =Anacardium occidentale, MS =Musa sapeintum, Cd= 

Cadmium, BW=Body weight 

Note: Group 6 received a combined treatment of AO (200 mg/kg BW) 

and MS (200 mg/kg BW) + Cd (100 mg/kg) each for three weeks. Doses 

were given once daily via the oral route for all groups. 

 

Neurobehavioral Test 

Radial Arm Maze (RAM) Test 

In neurobehavioral research, the RAM test is a behavioural assessment 

tool used to study rodents' spatial learning and memory, particularly in 

rats and mice. The training procedure was the same as previously 

described.29This experiment was done an hour after the last dose on day 

21. It was carried out from 8 am to 10 am. The maze has a platform at 

the centre (32 cm in diameter) with several arms extending outward (48 

x 3x 12 cm). The number of arms was 8, and 4 contained food rewards 

at the end. Before the test started, the animals were habituated to the 

testing facility. Reducing stress was necessary for precise behavioural 

evaluation. The animals were briefly deprived of food to spur them to 

explore and finish the task. The animals underwent a training phase in 

which they were taught the food locations and the maze's spatial 

arrangement. The animal was trained to link certain arms with rewards 

by baiting some arms with food. The Maze was arranged with some 

arms (4 arms) holding food rewards and others being empty during the 

testing phase. The animal was supposed to use its prior training to help 

it recall and select the arms that held rewards. The animal must learn to 

visit every arm without returning to an arm already visited during that 

session. The animal's decisions, right ones (visiting arms with reward) 

and wrong ones (visiting arms without rewards), were observed by the 

researcher and noted. The number of right choices and mistakes were 

recorded. 

 

Olfactory Response Test (Buried Feed Test) 

The olfactory test is a sensory experiment that assesses a rat's olfactory 

ability, level of social curiosity, and perception of social novelty. This 

experiment was done an hour after the previous experiment. It was 

carried out from 11 am to 1 pm. The rat was kept in a sterile 

polypropylene cage and given a feeding restriction for eight hours. A 

tiny quantity of feed was added to one of the cage's edges where the 

bedding had been spread out and used to cover the feed. A stopwatch 

recorded the rat's time to sniff the feed. 30 

 

Biochemical Analysis 

The animals were sacrificed by cervical dislocation on day 22 following 

behavioural tests. The sacrifice was carried out from 9 am to 10 am. The 
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entire brain was carefully extracted from the skull, weighed, and placed 

in a glass homogenizer. Subsequently, the tissue homogenate was 

prepared in 0.1M phosphate buffer (pH 7.4) and stored at -2 to 8 ℃. 

The mixtures were centrifuged for 10 minutes at 3000 revolutions per 

minute, yielding a cloudy liquid supernatant for biochemical 

examination. 

 

Acetylcholinesterase (AChE) Activity 

This was carried out according to the method of Ellmanet al. 31 

 

Superoxide Dismutase (SOD) Activity 

Pyrogallol oxidation was used to measure the activity of superoxide 

dismutase. The rate of pyrogallol oxidation was assessed using the 

increase in absorbance at 420 nm. 32, 33 

 

Malondialdehyde (MDA) Activity 

This was done according to the method of Ohkawaet al. 34  

 

Histopathological Studies 

Following behavioural and biochemical analyses, 4% 

paraformaldehyde in a 0.1 M phosphate buffer solution was used to 

perfusion-fix the brains of several groups. After being removed, the 

brain was post-fixed in the same fixative for an entire night at 48 ℃. 

Hematoxylin-Eosin staining was applied after the brains were 

submerged in paraffin. At 400 magnifications, the lesions were 

evaluated under a microscope. Because the hippocampus is an essential 

part of the brain for many types of learning and memory, its histology 

was considered. 35 

 

Statistical Analysis 

One-way ANOVA and Turkey's multiple comparison tests were used to 

examine the data,  reported as mean ± SEM. P values (p<0.05) were 

statistically significant. The Graph Pad Prism 8.0 program was used to 

do the statistical analysis. 

 

 

Results and Discussion 
 

Dementia is a neurological disease that causes mental disabilities, 

particularly memory loss and impairment of cognitive functions.36It 

results in a gradual loss of cognitive functions that makes daily activities 

difficult and is a major contributor to dependency, incapacity, and 

death. 37 In this study, the effect of concomitant administration of 

Anacardium occidentale and Musa sapientum on cognitive function and 

olfactory responses in cadmium-induced dementia was investigated. 

Following the extract administration and observation period, spatial and 

reference memory are evaluated using the Radial Maze, which also 

lowers the percentage of right answers, a sign of impairment in spatial 

working memory. 38 Figure 1 reports the Radial maze's number of 

correct choices.  
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Figure 1: Bar chart showing the number of correct choices in 

the Radial maze task. Data presented as mean ± SEM; (n=5); 

*control, #Cd; βAO & MS; μ MS (p<0.05).  

 

The results showed that the number of correct choices was significantly 

(p<0.05) lower in the cadmium-induced group than in the control group. 

Additionally, it was discovered that the co-treated group (AO + MS) 

had significantly more correct choices (p<0.05) than the cadmium-

induced group, the AO and MS groups had significantly (p<0.05) fewer 

correct choices than the co-treated group (AO + MS), respectively.  In 

addition, Figure 2 shows the total number of errors in the Radial maze. 

Comparing the cadmium-induced group to the control group, the results 

showed a significant (p<0.05) increase in the number of wrong choices. 

Furthermore, compared to the co-treated group (AO + MS), the MS 

group had a significant (p<0.05) reduction in the number of accurate 

choices. Comparing the co-treated group to the cadmium-induced group 

in this study, the former demonstrated a significant (p<0.05) increase in 

the number of correct choices and a significant (p<0.05) decrease in the 

number of errors, suggesting that the combined treatment of 

Anacardium occidentale and Musa sapientum significantly improved 

reference and spatial memory. Also, compared to the AO group, the co-

treated group had a significant (p<0.05) increase in the number of 

accurate selections. Similarly, it was discovered that the co-treated 

group significantly (p<0.05) outperformed the MS group regarding the 

number of correct choices. This suggests that the simultaneous 

administration of Musa sapientum and Anacardium occidentale was 

more effective than the MS and AO groups at improving spatial and 

reference memory.  
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Figure 2: Bar chart showing the number of errors in the Radial 

maze task. Data presented as mean ± SEM; (n=5); *control, 

#Cd; βAO & MS (p<0.05). 
 

In the olfactory response test, Figure 3 shows the rats' olfactory reaction 

to the olfactory response test. Comparing the cadmium-induced group 

to the control group, the results show a significant (p<0.05) increase in 

olfactory response time. AO's olfactory reaction time was significantly 

(p<0.05) lower than that of the co-treated group (AO + MS).  
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Figure 3: Bar chart showing olfactory response in all groups. 

Data presented as mean ± SEM; (n=5); *control, #Cd; βAO & 

MS; μ MS (p<0.05). 
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By inhibiting voltage-sensitive calcium channels or by entering neurons 

through L- or T-type calcium channels, all of which are found in the 

olfactory ORNs, cadmium has been shown in studies to impair a 

person's sense of smell 39 and may result in olfactory illness. The 

decrease in olfactory response time latency in the Musa sapientum (MS) 

and co-administered groups (AO + MS) in assessing food or perception 

of social novelty indicates an enhancement in olfaction.  

Also, the effect of the co-administration of Anacardium occidentale and 

Musa sapientum on Acetylcholinesterase Enzyme Activity was 

evaluated. The results of this study show how the co-administration of 

Anacardium occidentale and Musa sapientum affects the activity of the 

acetylcholinesterase enzyme (Figure 4).  
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Figure 4: Bar chart showing the effect of the co-administration 

of Anacardium occidentale and Musa sapientum on 

Acetylcholinesterase enzyme Activity. Data presented as mean 

± SEM; (n=5); (n=5); *control, #Cd; βAO & MS; μ MS 

(p<0.05). 
 

Acetylcholinesterase enzyme activity was shown to be significantly 

(p<0.05) lower in the AO, MS, and co-administered (AO + MS) groups 

than in the control group. Additionally, in comparison to the co-treated 

group (AO + MS), AO and MS exhibited a significant (p<0.05) increase 

in acetylcholinesterase enzyme activity. It was found that both extracts 

alone and in combination (AO and MS) decreased AChE activities, with 

the co-administration of AO and MS showing greater effectiveness in 

this regard. Due to excessive AChE activity, the breakdown of ACh 

causes the brain's Ach reserves to be depleted. The somatic nervous 

system neurotransmitter acetylcholine is also used at neuromuscular 

junctions, where it triggers motor neuron firing and affects voluntary 

movements.40 Acetylcholinesterase (AChE), an enzyme present in the 

nervous system, is involved in controlling the actions of acetylcholine 

(ACh). By dissolving ACh into its inert components, choline, AChE 

disrupts the ACh signal and stops prolonged muscle contraction. A 

study reported that Cadmium exposure reduced spontaneous alternation 

in female Wistar rats.41 This would most likely be the consequence of a 

drop in acetylcholine in the nervous system due to a decrease in 

cholinergic transmission brought on by an increase in 

acetylcholinesterase activity.42 

The effect of the Co-administration of Anacardium occidentale and 

Musa sapientum on Malondialdehyde (MDA) activity was also 

investigated. The study's results (Figure 5) revealed that the co-

administration of Musa sapientum and Anacardium occidentale reduces 

MDA activity. According to the results, the MDA activity in the 

cadmium-induced group was significantly higher (p<0.05) than in the 

control group. Additionally, in comparison to the cadmium-induced 

group, MDA activity was significantly (p<0.05) lower in the AO, MS, 

and co-administered (AO + MS) groups. Despite its modest size, 

Cordiano et al.43 found that malondialdehyde (MDA) is a highly 

reactive indicator of oxidative stress. Lipid peroxidation is known to 

produce MDA as a by-product. MDA levels were seen to drop in MS 

and AO groups when MS and AO were administered together.  

The Co-administration of Anacardium occidentale and Musa sapientum 

to the rats also affected superoxide dismutase (SOD) activity. The 

impact of simultaneous administration of Musa sapientum and 

Anacardiumoccidentale on SOD activity is presented in Figure 6.  
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Figure 5: Bar chart showing the effect of the co-administration 

of Anacardiumoccidentale and Musa sapientum on 

Malondialdehyde (MDA) activity. Data presented as mean ± 

SEM; (n=5); *control, # Cd; (p<0.05). 
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Figure 6: Bar chart showing the effect of the co-administration 

of Anacardium occidentale and Musa sapientum on Superoxide 

dismutase activity. Data presented as mean ± SEM; (n=5); 

*control, #Cd; βAO & MS; μ MS (p<0.05). 

 
 

SOD activity was significantly (p<0.05) lower in the cadmium-induced 

group than in the control group. Also, it was revealed that AO 

significantly (p<0.05) reduced SOD activity in comparison to the co-

treated group (AO and MS). Similarly, when compared to the co-treated 

group (AO and MS), MS and AO demonstrated a significant (p<0.05) 

decrease in SOD activities. A study reported that Musa sapientum ripe 

fruit peels had strong antioxidant activity.44 Comparing the cadmium-

induced group to the control group, there was a notable drop in SOD 

activity. The study's findings demonstrated that, in comparison to the 

cadmium-induced group, SOD activity was significantly higher in the 

AO, MS, and co-treated (AO + MS) groups. Furthermore, compared to 

the MS or AO groups, the co-treated (AO + MS) group exhibited a 

substantial increase in SOD activity, suggesting that the co-treated 

group's antioxidant activity was more potent than that of the AO or MS 

groups respectively. 

Histological staining of the hippocampus (Figure 7) photomicrograph 

shows a section of hippocampus with active granular cells (GC) and 

well perfused molecular layer (ML) (x400)(H/E)(CV) (A); 

Photomicrograph of the group  administered cadmium shows section of 

hippocampus  with severe  degeneration, sever  vacoulation 

(v)  and  severe decrease in the number of granular cell (LGC) 
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(x400)(H/E)(CV (B); Photomicrograph of the group administered 

cadmium and donepezil shows section of the hippocampus with mild 

regeneration, vacoulation (v) and decrease in the number   of granular 

cell (GC) (x100x400)(H/E) (C); Photomicrograph of the group 

administered cadmium  and AOshows section of hippocampus  with 

moderate regeneration, mild vacoulation (v) and active granular cell 

(GC) (x100x400)(H/E) (D); Photomicrograph of the group 

administered cadmium and  MS shows section of  the hippocampus 

with  mild regeneration, vacoulation (v) and moderate increase in the 

number of granular cell (GC) (x100x400)(H/E) (E); Photomicrograph 

of the group administered with cadmium and  treated with AO  andMS 

shows section of  the hippocampus with moderate regeneration, mild 

vacoulation(v) and  active granular cell (GC) (x100x400)(H/E) (E). 

Sections of the hippocampus of the cadmium-induced group showed 

degeneration and severe vacuolation (V), as well as a reduction in the 

number of granular cells (GC).  

 

 
Figure 7: Histological  sections of hippocampus (x100x400) 

H&E;Haematoxylin and eosin. V; vacoulation, GC; Granular 

cells; perfuse molecular layer (ML)Group1(GPA), Group2 

(GPB), Group3(GPC),Group4 (GPD),Group5(GPE), 

Group6(GPF) 
 

This is in line with a study done by Ritchie et al.45, which reported that 

histotype showed microvacuolation and loss of neurons in the 

hippocampus and cerebella cortex of dementia patients. Histological 

sections of the hippocampus of the cadmium-induced and  co-treated 

with Anacardium occidentale and Musa sapientum showed a 

hippocampus with moderate regeneration, mild vacuolation (V), and 

active granular cell (GC). Sections of the hippocampus of the cadmium-

induced group showed degeneration and severe vacuolation (V), as well 

as a severe decrease in the number of granular cells (GC). Ritchie et 

al.45 reported that histological sections of the hippocampus of the 

cadmium-induced and co-treated group (AO + MS) revealed a 

hippocampus with moderate regeneration, mild vacuolation (V), and 

active granular cell (GC). This is consistent with a study that found that 

dementia patients' cerebral cortex, hippocampus, basal ganglia, 

thalamus, and cerebella cortex all had micro vacuolation and neuron 

loss. 

 

Conclusion 
In conclusion, combined treatment with Anacardium occidentale and 

Musa sapientum demonstrated antioxidant and neuroprotective effects 

on fine motor performance, olfactory responses, spatial working, and 

reference memory. Bioactive substances that modulate antioxidative 

and neuroprotective potential properties include flavonoids, tannins, 

phenols, terpenoids, and phytosterols.  

 

Conflict of Interest 
Authors declare no conflict of interest. 

Authors’ Declaration 
The authors hereby declare that the work presented in this article is 

original and that any liability for claims relating to the content of this 

article will be borne by them. 

Acknowledgement 
The authors express their appreciation for the technical assistance AE-

FUNAI, Nigeria's academic and technical personnel provided. 

References 

1. Weiss J, Tumosa N, Espinoza R, Bragg E, Morgan JC, Flatt 

J, McConnell ES, Whiting G. Research recommendations to 

address dementia workforce development needs. 

OBMGeriat. 2021; 5(1):1 - 8. 

doi:10.21926/obm.geriatr.2101162. 

2. Arvanitakis Z, Shah RC, Bennett DA. Diagnosis and 

management of dementia. Jama. 2019; 322(16):1589-99. 

doi:10.1001/jama.2019.4782 

3. Suciati S, Putri HR, Rizqiyah W, Ardianto C, 

Widyawaruyanti A. Evaluation of antioxidant and 

cholinesterase inhibitory activities of various extracts of 

Cassia spectabilis. Trop J. Nat Prod Res. 2022; 6(6):921–

925. doi: 10.26538/tjnpr/v6i6.3. 

4. Iheanacho CM, Akubuiro PC, Oseghale IO, Imieje VO, 

Erharuyi O, Ogbeide KO, Jideonwo AN, Falodun A. 

Evaluation of the antioxidant activity of the stem bark 

extracts of Anacardiumoccidentale (Linn) Anacardiaceae. 

Trop J. Phytochem. Pharm. Sci. 2023; 2(2):65–69. doi: 

10.26538/tjpps/v2i2.4. 

5. Javeed A, Dallora AL, Berglund JS, Ali A, Ali L, Anderberg 

P. Machine learning for dementia prediction: a systematic 

review and future research directions. J. Med. Syst. 2023; 

47(1):17. Doi: 10.1007/s10916-023-01906-7. 

6. Chinelo A. Michael's Memories: A Journey of Hope, 

Healing, Awareness, and Resilience. Includes" Care partner's 

guide, practical insights and toolkit for Ageing and Living 

Well with Dementia". FriesenPress. 2025. 

7. Odu PO, Odu VK, Oyebanjo OT, Benneth B, Onasanwo SA. 

Cognitive And Neuroprotective Effects of 

Vernoniaamygdalina in Scopolamine-induced Memory 

Impaired Rats. Niger. J. Physiol. Sci.2024;39(2):233-40. 

https://doi.org/10.54548/njps.v39i2.9 

8. Alfeo F, Lanciano T, Abbatantuono C, Gintili G, De Caro 

MF, Curci A, Taurisano P. Cognitive, emotional, and Daily 

Functioning domains involved in decision-making among 

patients with mild cognitive impairment: a systematic 

review. Brain sci. 2024; 14(3):278. 

https://doi.org/10.3390/brainsci14030278 

9. Zou YM, Lu D, Liu LP, Zhang HH, Zhou YY. Olfactory 

dysfunction in Alzheimer's disease. Neuropsychiatr Dis 

Treat. 2016; 15:869-875. Doi: 10.2147/NDT.S104155. 

10. Akyuz E, Arulsamy A, Aslan FS, Sarisözen B, Guney B, 

Hekimoglu A, Yilmaz BN, Retinasamy T, Shaikh MF. An 

Expanded Narrative Review of Neurotransmitters on 

Alzheimer's Disease: The Role of Therapeutic Interventions 

on Neurotransmission. Mol. Neurobiol. 2025; 62(2):1631 - 

74. https://doi.org/10.1007/s12035-024-04333-y 

11. Oliveira NN, Mothé CG, Mothé MG, de Oliveira LG. 

Cashew nut and cashew apple: a scientific and technological 

monitoring worldwide review. J. Food Sci. Technol. 2020; 

57:12 - 21. https://doi.org/10.1007/s13197-019-04051-7 

https://doi.org/10.3390/brainsci14030278
https://doi.org/10.1007/s13197-019-04051-7


                               Trop J Nat Prod Res, June 2025; 9(6): 2907 – 2913                ISSN 2616-0684 (Print) 

                                                                                                                   ISSN 2616-0692 (Electronic)  
 

2912 

 © 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

12. Inwang UA, Ukaegbu KC, Onyagu LU, Uchewa OO and 

Ogbonna ID: Synergistic effect of ethanol extract of 

Anacardiumoccidentale leaves and Musa sapeintum peels on 

fine motor function against cadmium-induced neurotoxicity 

in rats. Int J Pharm Sci& Res 2025; 16(3): 733 - 40. 

doi:10.13040/ijpsr.0975-8232.16(3).733-40 

13. Gutiérrez-Paz C, Rodríguez-Moreno MC, Hernández-

Gómez MS, Fernández-Trujillo JP. The Cashew Pseudofruit 

(Anacardiumoccidentale): Composition, Processing Effects 

on Bioactive Compounds and Potential Benefits for Human 

Health. Foods. 2024; 13(15):2357. 

https://doi.org/10.3390/foods13152357 

14. de Freitas AS, Magalhães HC, Alves Filho EG, Garruti DD. 

Chemometric analysis of the volatile profile in peduncles of 

cashew clones and its correlation with sensory attributes. J. 

Food Sci. 2021; 86(12):5120 - 36. 

https://doi.org/10.1111/1750-3841.15957 

15. Souza NC, de Oliveira JM, Morrone MD, Albanus RD, 

Amarante MD, Camillo CD, Langassner SM, Gelain DP, 

Moreira JC, Dalmolin RJ, Pasquali MA. Antioxidant and 

Anti‐Inflammatory Properties of Anacardiumoccidentale 

Leaf Extract. eCAM. 2017; 1:2787308. 

https://doi.org/10.1155/2017/2787308 

16. Mohammad ZI, Saleha A. Musa paradisiaca L. and Musa 

sapientum L.: A phytochemical and pharmacological review. 

J. Appl. Pharm. 2011; 1(5):14 - 20. 

https://doi.org/10.1155/2017/2787308 

17. Okeke EC, Ene-Obong HN, Uzuegbunam AO, Ozioko A, 

Umeh SI, Chukwuone N. The Igbo traditional food system 

documented in four states in southern Nigeria. Indigenous 

peoples' food systems: The many dimensions of culture, 

diversity, and environment for nutrition and health. 2009; 

251 - 82. 

18. Inwang UA, Ben EE, Uchewa OO, Umoh EA, Nwaji AR. 

Ripe Musa sapientum Peels Exhibit Neuroprotection Against 

Lead Acetate-Induced Brain Damage in Wistar Rats. Nat 

Prod Commun. 2024; 19(7):1934578X241265192.    

https://doi.org/10.1177/1934578X241265192 

19. Chabuck ZA, Al-Charrakh AH, Hindi NK, Hindi SK. 

Antimicrobial effect of aqueous banana peel extract, Iraq. 

Res. Gate. Pharm. Sci. 2013; 1:73 - 5. 

20. Bilhman S, Ramanathan S, Dumjun K, Wunnoo S, 

Lethongkam S, Waen-ngoen T, Kaewnopparat N, Paosen S, 

Voravuthikunchai SP. Value-added from microwave-

assisted extraction of Musa sapientum waste as an alternative 

safe and effective agent for the treatment of 

hyperpigmentation. Waste Biomass Valori. 2023; 

14(5):1477 - 88. https://doi.org/10.1007/s12649-022-01969-

6 

21. Avram I, Gatea F, Vamanu E. Functional compounds from 

banana peel used to decrease oxidative stress effects. 

Processes. 2022;10(2):248. 

https://doi.org/10.3390/pr10020248 

22. Ruczaj A, Brzóska MM. Environmental exposure of the 

general population to cadmium as a risk factor of the damage 

to the nervous system: A critical review of current data. JAT. 

2023; 43(1): 66 - 88. https://doi.org/10.1002/jat.4322 

23. Monroe RK, Halvorsen SW. Cadmium blocks receptor-

mediated Jak/STAT signalling in neurons by oxidative 

stress. Free RadicBiol Med. 2006; 41(3):493 - 502. 

https://doi.org/10.1016/j.freeradbiomed.2006.04.023 

24. Brookmeyer R, Evans DA, Hebert L, Langa KM, Heeringa 

SG, Plassman BL, Kukull WA. National estimates of the 

prevalence of Alzheimer's disease in the United States. 

A&D. 2011; 7(1):61-73. 

https://doi.org/10.1016/j.jalz.2010.11.007 

25. Chapman RM, Mapstone M, Gardner MN, Sandoval TC, 

McCrary JW, Guillily MD, Reilly LA, DeGrush E. Women 

have farther to fall: gender differences between normal 

elderly and Alzheimer's disease in verbal memory engender 

better detection of Alzheimer's disease in women. JINS. 

2011; 17(4):654 - 62. 

https://doi.org/10.1017/S1355617711000452 

26. Institute of Laboratory Animal Resources (US). Committee 

on Care, Use of Laboratory Animals. Guide for the care and 

use of laboratory animals. US Department of Health and 

Human Services, Public Health Service, National Institutes 

of Health; 1986. 

27. Zhu D, Montagne A, Zhao Z. Alzheimer's pathogenic 

mechanisms and underlying sex difference. Cell Mol Life 

Sci. 2021;78:4907 - 20. https://doi.org/10.1007/s00018-021-

03830-w 

28. Inwang UA, Davies KG, Ekong MB, Obasi CP, Onyebuenyi 

M, Nwaji AR. The anti-oxidative and cognitive properties of 

Zingiberofficinale rhizome ethanol extract and its 

dichloromethane and n-hexane fractions against aluminium 

chloride-induced neurotoxicity in Swiss mice. International 

Journal of Pharmaceutical Sciences and 

Research.2023;14(3):1196-201. 

http://dx.doi.org/10.13040/IJPSR.0975-8232.14(3).1196-01 

29. Zou LB, Yamada K, Sasa M, Nabeshima T. Two phases of 

behavioral plasticity in rats following unilateral excitotoxic 

lesion of the hippocampus. Neurosci. 1999; 92(3):819 -  26. 

https://doi.org/10.1016/S0306-4522(99)00029-9 

30. Machado CF, Reis-Silva TM, Lyra CS, Felicio LF, Malnic 

B. Buried food-seeking test for the assessment of olfactory 

detection in mice. Bio Protoc. 2018;8(12):e2897. doi: 

10.21769/BioProtoc.2897. 

31. Ellman GL, Courtney KD, Andres Jr V, Featherstone RM. A 

new and rapid colourimetric determination of 

acetylcholinesterase activity. Biochem. Pharmacol. 1961; 

7(2):88 - 95. https://doi.org/10.1016/0006-2952(61)90145-9 

32. Marklund S, Marklund G. Involvement of the superoxide 

anion radical in the autoxidation of pyrogallol and a 

convenient assay for superoxide dismutase. Eur J Biochem. 

1974; 47(3): 469 -74. 

33. Singh JC, Alagarsamy V, Parthiban P, Selvakumar P, Reddy 

YN. Neuroprotective potential of ethanolic extract of 

Pseudarthriaviscida (L) Wight and Arn against beta-

amyloid(25-35)-induced amnesia in mice. Indian J 

BiochemBiophys. 2011; 48(3):197-201.  

34. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in 

animal tissues by thiobarbituric acid reaction. 

Anal. Biochem. 1979; 95(2):351 - 8. 

https://doi.org/10.1016/0003-2697(79)90738-3 

35. Amin SN, Younan SM, Youssef MF, Rashed LA, 

Mohamady I. A histological and functional study on 

hippocampal formation of normal and diabetic rats. 

F1000Research. 2013; 2:151. 

https://doi.org/10.12688/f1000research.2-151.v1 

36. Perrotta G. General overview of "human dementia 

diseases": definitions, classifications, neurobiological 

profiles and clinical treatments. Gerontol Geriatric Stud. 

2020; 6(1):GGS.000626. 

Doi:10.32474/GGS.2020.06.000626. 

37. Malik R, Kalra S, Bhatia S, Al Harrasi A, Singh G, Mohan 

S, Makeen HA, Albratty M, Meraya A, Bahar B, Tambuwala 

MM. Overview of therapeutic targets in management of 

dementia. Biomed. Pharmacother. 2022;152:113168.

 https://doi.org/10.1016/j.biopha.2022.113168

  

38. Lee JY, Kho S, Yoo HB, Park S, Choi JS, Kwon JS, Cha KR, 

Jung HY. Spatial memory impairments in amnestic mild 

cognitive impairment in a virtual radial arm maze. 

Neuropsychiatr Dis Treat.2014:653 - 60. 

https://doi.org/10.2147/NDT.S58185 

 

39. Werner S, Nies E. Olfactory dysfunction revisited: a 

reappraisal of work-related olfactory dysfunction caused by 

chemicals. J. Occup. Med. Toxicol. 2018;13(1):28.  

https://doi.org/10.1186/s12995-018-0209-6 

http://dx.doi.org/10.13040/IJPSR.0975-8232.16(3).733-40
https://doi.org/10.1016/j.biopha.2022.113168
https://doi.org/10.1016/j.biopha.2022.113168


                               Trop J Nat Prod Res, June 2025; 9(6): 2907 – 2913                ISSN 2616-0684 (Print) 

                                                                                                                   ISSN 2616-0692 (Electronic)  
 

2913 

 © 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

40. Sam C, Bordoni B. Physiology, Acetylcholine. StatPearls 

[Internet]. 2023 Apr 10 [cited 2025 Apr 9]; Available from: 

https://www.ncbi.nlm.nih.gov/books/NBK557825/ 

41. Lamtai M, Chaibat J, Ouakki S, Berkiks I, Rifi EH, El Hessni 

A, Mesfioui A, Hbibi AT, Ahyayauch H, Essamri A, 

Ouichou A. Effect of chronic administration of cadmium on 

anxiety-like, depression-like and memory deficits in male 

and female rats: possible involvement of oxidative stress 

mechanism. J. Behav. Brain Sci. 2018; 8(5):240-68. 

doi: 10.4236/jbbs.2018.85016  

42. Flieger J, Flieger W, Baj J, Maciejewski R. Antioxidants: 

Classification, natural sources, activity/capacity 

measurements, and usefulness for the synthesis of 

nanoparticles. Mater. 2021; 14(15):4135. 

https://doi.org/10.3390/ma14154135 

43. Cordiano R, Di Gioacchino M, Mangifesta R, Panzera C, 

Gangemi S, Minciullo PL. Malondialdehyde as a potential 

oxidative stress marker for allergy-oriented diseases: an 

update. Mol. 2023; 

28(16):5979.  https://doi.org/10.3390/molecules28165979 

44. Praveena A, Saraswathi PL, Saranya V, Yuvarani A. A 

pharmacological perspectives of Musa sapientum peels 

against lung cancer: An in vitro andin silico study. J. Cancer 

Res. Ther. 2023;618-22. doi: 10.4103/jcrt.jcrt_583_22 

45. Ritchie DL, Adlard P, Peden AH, Lowrie S, Le Grice M, 

Burns K, Jackson RJ, Yull H, Keogh MJ, Wei W, Chinnery 

PF, Head MW, Ironside JW. Amyloid-β accumulation in the 

CNS in human growth hormone recipients in the UK. 

ActaNeuropathol.2017;134(2):221-240. doi: 

10.1007/s00401-017-1703-0.  

 

https://www.ncbi.nlm.nih.gov/books/NBK557825/
https://doi.org/10.4236/jbbs.2018.85016
https://doi.org/10.3390/ma14154135
https://doi.org/10.3390/molecules28165979

