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Abstract 

Background: The present study used lauric acid to attenuate anxiety, impaired memory and motor functions due to 
lead-induced cerebral cortex and hippocampal injury in wistar rat.  

Methodology: Thirty-five adult male wistar rats (150 – 200g) were divided into seven groups of experimental 
protocols: Food only, Pb2+ only, Noral saline + 1000mg/kg LA, (500mg/kg LA + Pb2+ ), (1000mg/kg LA + Pb2+), 
(2000mg/kg LA + Pb2+), and (0.2mg/kg Donepezil + Pb2+). Anxiety, impaired cognitive and motor functions were 
induced by oral administration of 120mg/kg of Pb2+ daily, for 7 days and treated with lauric acid for 14 days. Elevated 
plus maze, Y maze and walking beam test were performed on the animals. After the experimental period, the animals 
were sacrificed via cervical dislocation. Perfusion was made, and the brains were harvested, rinsed in normal saline, 
fixed in 10% formal saline, and subjected to histological studies.  

Results: There is a statistically significant (p < 0.05) increase in the percentage alternation and novel arm entry in the 
lauric acid post-treated groups after Pb2+ induced anxiogenic activity, impaired cognitive and motor functions when 
compared with the rats treated with Pb2+ without lauric acid intervention. In walking beam test, there is a statistically 
significant (p < 0.05) decrease in exploratory and locomotive activities of rats treated with Pb2+ when compared with 
the normal control and lauric acid treated. Also, there is a statistically significant (p < 0.05) decrease in open arm entry 
and open arm time for rats treated with lead (Pb2+) without lauric acid intervention when compared with the normal 
control and lauric acid intervention. The histology presents normal appearance of the neuroglial cells, with conspicuous 
apical and basal dendrites, and no signs of degeneration in the donepezil and lauric acid post-treated rats.  

Conclusion: There were comparable degrees of abatement as evidenced by the neurobehavioural results, normal 
histological appearance of the cerebral cortex and hippocampal architecture, with conspicuous apical and basal 
dendrites, and no signs of degeneration in the lauric acid treated rats. This indicates that lauric acid has the potential 
that may have restored the anxiogenic activity, cognitive and motor deficits caused by the Pb2+. Therefore, lauric acid 
has justified in this study that reduced anxiety, restored cognitive and motor functions may be the indication of its 
anxiolytic and anti-neurodegenerative properties. Meanwhile, it is worthwhile to consider this aspect at a deeper level 
of investigation using different animal models and methods. 
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1. Introduction 

Lead (Pb2+) toxicity is a prominent risk factor for impaired memory and motor functions, Ezugwu et al., 2022; Zhang et 
al., 2017. In rats, lead toxicity causes anxiogenic activities, impaired memory and motor functions Ashayeri et al., 2020; 
2021; Panahi et al., 2019; Liu et al., 2021; Khan et al., 2020; Iqubal et al., 2020; Issa et al., 2020; Ahmed et al., 2013; 
Bhattacharyya and Bhunia, 2021. Through inflammation, this eventually disrupt or even kill pyramidal cells, which are 
cells that process and transmit signals in the brain and other parts of the nervous system, Gorji, 2022; Ben-Azu et al., 
2020. Consequently, cognitive and motor deficits occur, Habas, 2013; Amanzadeh et al., 2019; Taejib et al., 2022; 
Balogun et al., 2021. Lead, as a neurotoxicant, crosses the blood-brain barrier to cause oxidative stress, Barkur and 
Bairy, 2015, morphologic damage, neurodegeneration, cognitive and motor impairment in the brain, particularly that 
of the developing brain, Zhang et al., 2017. Lauric acid is a medium-chain fatty acids (MCFA). MCFAs act as a non-
carbohydrate fuel source by enhancing the formation of ketones or ketone bodies, (Leppano et al., 2017). Ketone bodies 
are important alternative energy source in the brain, and is beneficial to people developing or already with memory 
impairment, as in Alzheimer's disease (AD), (Fernando, 2015). Lauric acid is a MCFA which constitutes the majority of 
coconut oil nutritional content, (Leppano et al., 2017). Lauric acid attenuates the inflammatory response induced in 
microglial cell, (Nishimura et al., 2018; Sona et al., 2018). Lauric acid promotes neuronal maturation mediated by 
astrocytes in primary cortical cultures, (Shingo and Hiroshi, 2020). Astrocyte-conditioned medium after lauric acid 
treatment also enhanced the presynaptic protein levels in the cortical neuron cultures, (Shingo and Hiroshi, 2020). Also, 
lauric acid directly activates the neuronal ERK and Akt signaling to prevent amyloid β toxicity (Nafar et al., 2017).  

Lead remains a considerable occupational and public health problem (Ezugwu et al., 2021), which is known to cause a 
number of adverse effects like impaired cognitive functions, severe behavioural anomalies, neuromuscular weakness, 
and decreased hearing, (Adekomi et al., 2017; Highab et al 2018). There is reported cases of lead poisoning in Zamfara 
and Ebonyi state of Nigeria, Zhang et al., 2017. Most current drugs for lead-induced neurotoxicity are not effective, have 
side effects, and are quite expensive, (Thangarajan et al., 2018). There are scanty discoveries on safe medicinal plant or 
natural remedy as treatment options for lead induced brain damage in our environment, (Varma et al 2017).  

2. Materials and method 

2.1 Materials 

2.1.1 Experimental animals 

Thirty-five (35) adult male wistar rats (150 – 205g) were procured and caged in a well ventilated animal house. They 
were divided into seven groups of experimental protocols (Table 2.2.1). Each group had five (5) rats. The experimental 
period lasted for 21 days, after which the animals were sacrificed via cervical dislocation. Perfusion was made, and the 
brains were harvested, rinsed in normal saline, weighed, fixed in 10% formal saline, and subjected to histological 
studies.  

Extracts, Drugs and Chemicals 

All the extracts, drugs and chemicals used in this study were purchased from Nigerian markets, Nigerian chemical stores 
and Pharmacy, and they are of analytical standard. 

2.1.1.1 Extract and Chemical 

Extracts and chemicals were purchased from Okey Scientific Store, Enugu main market, Enugu, Enugu State, Nigeria. 
They were authenticated at the department of Applied Biochemistry, University of Nigeria, Nsukka.  

2.1.1.2 Donepezil  

Donepezil was purchased from Care-Root Pharmacy and Stores, Trans-Ekulu, Enugu, Enugu State of Nigeria.  
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Experimental Protocol 

Table 1 Experimental Protocol 

Treatment Administration 

Food only Received food and normal saline only 

Control: Lead (Pb2+)  Received 120 mg/kg Pb2+ daily for 7 days 

1000mg/kg Lauric acid (LA) Received normal saline daily for 7 days. Then, 1000mg/kg lauric acid for 14 
days 

120mg/kg Pb2+ + 500mg/kg LA Received 120 mg/kg Pb2+ daily for 7 days. Then, 500mg/kg lauric acid for 14 
days 

120mg/kg Pb2+ + 1000mg/kg LA Received 120 mg/kg Pb2+ daily for 7 days. Then, 1000mg/kg lauric acid for 14 
days 

120mg/kg Pb2+ + 2000mg/kg LA Received 120 mg/kg Pb2+ daily for 7 days. Then, 2000mg/kg lauric acid for 14 
days 

120mg/kg Pb2+ + 0.2mg/kg 
Donepezil 

Received 120 mg/kg Pb2+ daily for 7 days. Then, 0.2mg/kg donepezil daily for 
14 days 

2.2 Neurobehavioural Studies  

2.2.1 Elevated Plus Maze 

The elevated plus maze relies upon rodents' proclivity to closed arm of the elevated plus maze (approach) and an 
unconditioned fear of heights/open arm (avoidance). This test is used to to determine anxiogenic behaviours in rats, 
Olakunle et al., 2012.  

2.2.2 Y Maze Spontaneous Alternation Test 

Y Maze Spontaneous Alternation is a behavioral test for for measuring memory and learning via the willingness of 
rodents to explore new environments (Olakunle et al., 2012).  

Number of triads = (Total entries – 2) Triad (set of three letters) containing all three letters is scored as alternation. 

Percent alternation = 
No of alternation x 100

No of tiad
 

2.2.3 Beam Balance (Beam walking) test  

The beam walking test is used to assess fine motor coordination and balance in rodents, especially in experimental 
models associated with an alteration of motor skills, Southwell et al., 2009.  

2.3 Wistar Rats Sacrifice  

After 24 hours following the last administration, the animals were sacrificed by cervical dislocation, and the blood 
samples were collected via orbital puncture from each rat and put in a plain blood specimen bottle for biochemical 
assay. The brain tissues were removed and fixed in buffered formalin solution. The specimens were taken to the 
histology laboratory for tissue processing (Highab et al., 2018).  

2.4 Haematoxylin and Eosin (H and E) Staining Method  

The methods of H and E and CFV staining were carried out according (Highab et al., 2018). Sections of the tissues were 
viewed under a light microscope, and photomicrographs were made using a digital am scope (MD 900) microscope. 
Pyramidal cells of the cerebrum and hippocampus were counted using Digimizer image analysis software. Pyramidal 
cells, neuroinflammatory and oxidative stress assays were done. 

2.5 Data Analysis  

Data obtained were expressed as mean ± SEM (standard error of mean). One-way analysis of variance (ANOVA) was 
used to compare the mean differences. Tukey's post hoc test was done where the result was significant. P-value less 
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than to 0.05 was considered statistically significant. All results were analysed using the Statistical Package for Social 
Sciences (SPSS version 22).  

3. Results 

3.1 Body and Brain Weight Results 

 

 

 Figure 1 Body and brain weight of the animals 
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3.2 Neurobehavioural results 

3.2.1 Elevated Plus Maze (EPM) 

 
Values are mean ± SEM; n = 5 in each group, (P < 0.05) = Statistically significant. ; * Significant when compared to the control at P < 0.05; ** 

Significant when compared to the control at P < 0.01; *** Significant when compared to the control at P < 0.001 

Figure 2 Open and Close arm entry of the elevated plus maze test 

 
Values are mean ± SEM; n = 5 in each group, (P < 0.05) = Statistically significant. ; * Significant when compared to the control at P < 0.05; ** 

Significant when compared to the control at P < 0.01; *** Significant when compared to the control at P < 0.001 

Figure 3 Open and Close arm time of the elevated plus maze test 
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3.2.2 Y Maze Test 

 
Values are mean ± SEM; n = 5 in each group, (P < 0.05) = Statistically significant. ; * Significant when compared to the control at P < 0.05; ** 

Significant when compared to the control at P < 0.01; *** Significant when compared to the control at P < 0.001 

Figure 4 Y maze test 

3.2.3 Walking Beam Test 

 
Values are mean ± SEM; n = 5 in each group, (P < 0.05) = Statistically significant. ; * Significant when compared to the control at P < 0.05; ** 

Significant when compared to the control at P < 0.01; *** Significant when compared to the control at P < 0.001 

 Figure 5 Walking beam test for number of Droppings, Slip, and Fall 
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Figure 6 Walking beam test for number of Line crossed 

3.2.4 Histology 

 

Figure 7: PA1&PA2: The prefrontal cortex normal control presents a normal neurons and shows normal appearance 
of neuroglial cells (NC); intensively stained normal pyramidal cells (PC) with conspicuous apical and basal dendrites, 
and no signs of degeneration (H&E stain, X400 and CFV stain, X400). 

HA1&HA2: The hippocampus of normal control shows well-defined glandular cell layer (GL) with numerous neroglial 
cells (NC). Note the well-defined and packed pyramidal cells (PC) in the glandular cell layer (GL) of connus ammonus 
(CA3) with cytoplasmic Nissl granules. Neurons have features of characteristic large multipolar neurons (H&E stain, 
X400 and CFV X400). 

 

Figure 8: PB1&PB2: The prefrontal cortex (PFC) of Group B induced with lead without treatment (positive control) 
shows cells with condensed irregular nuclei and large degeneration and vacuolation (DV), and necrosis of neuroglial 
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cells (NC), abnormal appearance of pyknotic pyramidal cells (PC) with chromatolysis as well as reduced apical and basal 
dendrites. There is a general sign of histopathological changes. (H&E X400 and CFV stain, X400). 

HB1&HB2: The hippocampus of Group B induced with lead without treatment (positive control) shows shrunken 
neuroglial cells (NC) and necrosis of all layers with a zone of vacuolation deep to the pyramidal layer. The pyramidal 
cells (PC) present chromatolysis and pyknosis with very reduced apical and basal dendrites. The pyramidal cells in the 
CA3 region of the hippocampus show pycnotic pyramidal cells organized in a cluster and apoptotic CA3 cells appear to 
be poorly stained as a sign of degenerative changes. The cellular assortment of the CA3 region of the hippocampus 
alongside the polymorphic layer adjoining it on either side appears distorted. (H&E X400 and CFV X400). 

 

Figure 9: PC1&PC2: The prefrontal cortex (PFC) of Group H treated with normal saline and 1000mg/kg lauric acid 
(negative control for curative) showed increased cellular density and intensively stained pyramidal cells (PC), with no 
signs of chromatolysis and pyknosis or degeneration. (H&E X400 and CFV stain, X400). 

HC1&HC2: The hippocampus of Group H treated with normal saline and 1000mg/kg lauric acid (negative control for 
curative) showed normal neuroglial cells (NC) and pyramidal cells (PC). The pyramidal cells (PC) present conspicuous 
apical and basal dendrites with no obvious chromatolysis and pykinosis (H&E X400 and CFV X400). 

 

Figure 10: PD1&PD2: The prefrontal cortex (PFC) of Group I induced with lead and treated with 500mg/kg (low dose) 
lauric acid (curative test) shows cells with regular nuclei and no peripheral vacuolation, and necrosis of the neuroglial 
cells (NC), but abnormal appearance of pyknotic pyramidal cells (PC) with chromatolysis as well as reduced apical 
dendrites. There is a mild sign of histopathological changes (H&E X400 and CFV stain, X400). 

HD1&HD2: The hippocampus of Group I induced with lead and treated with 500mg/kg (low dose) lauric acid (curative 
test) shows packed cells in the granular layer (GL) with regular nuclei but mild vacuolation, chromatolysis, and necrosis 
of the neuroglial cells (NC), abnormal appearance of pyknotic pyramidal cells (PC) with reduced apical and basal 
dendrites. There is a mild sign of histopathological changes (H&E X400 and CFV stain, X400). 
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Figure 11: PE1&PE2: The prefrontal cortex (PFC) of Group J induced with lead and treated with 1000mg/kg (medium 
dose) lauric acid (curative test) presents normal neurons generally; intensively stained normal moderate density 
pyramidal cells (PC) with conspicuous apical and basal dendrites, and no sign of conspicuous degeneration (H&E X400 
and CFV stain, X400). 

HE1&HE2: The prefrontal cortex (PFC) of Group J induced with lead and treated with 1000mg/kg (medium dose) lauric 
acid (curative test) presents packed cells in the granular layer (GL) with regular nuclei. Pyramidal cells (PC) with 
conspicuous apical and basal dendrites. Neuroglial cells (NC) appear normal. There is no obvious sign of 
histopathological changes (H&E X400 and CFV stain, X400) 

 

Figure 12: PF1&PF2: The prefrontal cortex (PFC) of Group J induced with lead and treated with 2000mg/kg (high dose) 
lauric acid (curative test) presents normal neurons generally; intensively stained normal high density pyramidal cells 
(PC) with conspicuous apical and basal dendrites, and no sign of conspicuous regeneration (H&E X400 and CFV stain, 
X400). 

HF1&HF2: The hippocampus of Group K induced with lead and treated with 2000mg/kg (high dose) lauric acid 
(curative test) presents generally normal histoarchitecture; intensively stained high density pyramidal cells (PC in the 
granular cell layer (GL) and conspicuous apical and basal dendrites, and no sign of conspicuous regeneration even in 
the neuroglial cells (NC) (H&E X400 and CFV stain, X400). 

 

Figure 13: PG1&PG2: The prefrontal cortex (PFC) of Group L induced with lead and treated with 0.2mg/kg Donepezil 
(curative test) showed increased cellular density and normal appearance of neuroglial cells (NC). Moreover intensively 
stained high density pyramidal cells (PC) with conspicuous apical (AD) and basal dendrites, and no signs of 
chromatolysis, pyknosis, or degeneration. (H&E X400 and CFV stain, X400). 

HG1&HG2: The hippocampus of Group L induced with lead and treated with 0.2mg/kg Donepezil (curative test) showed 
increased cellular density in the granular layer (GL) and normal appearance of neuroglial cells (NC). Moreover 
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intensively stained high density pyramidal cells (PC) with conspicuous apical and basal dendrites, and no sign of 
chromatolysis, pyknosis, or degeneration even on the cells of the molecular layer (ML). (H&E X400 and CFV stain, X400). 

4. Discussion 

The body weights (Figure 1) of rats treated with (Pb2+) reduced when compared to the normal control, donepezil, and 
lauric acid groups. Our results are in agreement with Ahmed et al., 2013; Kumawat et al., 2014, who reported that mice 
ingested 1/20 LD50 of (Pb2+) showed significant reduction in body weight. In the same trend, Flora et al. (2012) ; Kasten-
Jolly et al., (2012) reported a reduction (p<0.01) of mean body weight of mice exposed to lead acetate. There is a 
significant (p < 0.05) decrease in open arm entry and open arm time for rats treated with lead (Pb2+) without 
intervention and (Pb2+) and with 500mg/kg lauric intervention when compared with the normal control (Figure 2 to 
3). This shows that the lauric acid has the potential that may have protected the hippocampus (the anxiety centre) from 
neurodegeneration. This is in accordance with Taejib et al., 2022 report that prefrontal cortex and hippocampus 
respectively have different components of working memory and anxiety centre in rats. Moreover, in the walking beam 
test (Figure 4), there were a significant (p < 0.05) decrease in exploratory and locomotive activities of rats treated with 
Pb2+ when compared with the normal control, suggesting that Pb2+ induced anxiety and poor motor function in the rats. 
Analysis of the percentage alternation and novel arm entry of the Wistar rats in the Y-maze test indicates that there is a 
significant (p < 0.05) increase in the percentage alternation and novel arm entry in the lauric acid treated groups when 
compared with the rat treated with Pb2+ (Figure 4). It is also in agreement with the Abd Rashed et al., 2021 report on 
the use of essential oil like lauric acid as an anti-neudegenerative remedies, and Issa et al., 2020 report on impaired 
memory function due to Pb2+ induced toxicity. The histological reports of normal control present normal appearance of 
neuroglial cells (NC); intensively stained normal pyramidal cells (PC) with conspicuous apical and basal dendrites and 
no signs of degeneration when compared to the Pb2+ treated rats without lauric acid intervention (See Figure 7 to 13: 
PA to PG and HA to HG). These indicate that lauric acid has potential that may have protected the hippocampal and 
cerebral cortex pyramidal cells from degeneration. This is in agreement with the earlier report by Abd Rashed et al., 
2021, that essential oils like lauric acid have an anti-inflammatory remedy for neurodegenerative diseases. These 
overall results are in agreement with Ezigbo and Mbaegbu, 2016, report on the medicinal benefits of lauric acid, and 
also in agreement with Abuhamdah et al., 2015, report on the pharmacological and neuroprotective benefit of essential 
oil like lauric acid. 

5. Conclusion  

The results of this study suggest that lauric acid may have therapeutic potential against degenerative changes associated 
with demyelination and neurotoxicity of hippocampal and cerebral cortex due to lead toxicity. The mechanism 
underlying this protection seems to involve, in addition to improved permeability across lipid bilayers and blood-brain 
barrier as a ketogenic molecule. Several lines of data support this hypothesis, for example, cognitive disruption, such as 
that seen in humans including schizophrenic patients is known to involve alterations in the structure and function of 
the prefrontal cortex and hippocampal pyramidal cells. 

Findings 

• There are balance in the neurobehavioural and histological parameters with lauric acid post-treatment. 
• Lauric acid restored neurobehavioural, and histological alterations in the hippocampal and cerebral cortex.  

Recommendation  

We, hereby recommend that the intake of lauric acid should be encouraged to people having neurological disorders. 
Further studies on the exact molecular mechanisms responsible for the therapeutic role of lauric acid in the nervous 
system should be carried out. Meanwhile, it is worthwhile to consider this aspect at a deeper level of investigation using 
different animal models and methods. 

Contribution to Knowledge  

• Molecular mechanism associated with neurodegeneration and neuroregeneration has been elucidated in this 
research. 

• Lauric acid has been proven in this study as promising anxiolytic and memory improving agent. 
• Administration of medium dose lauric acid (1000mg/kg) produced the best abatement than the low dose 

(500mg/kg) and high dose (2000mg/kg). \ 



World Journal of Advanced Research and Reviews, 2026, 31(02), 060–073 

70 

Compliance with ethical standards 

Disclosure of conflict of interest 

The authors declare that there are no conflicts of interest regarding the publication of this article. 

Funding 

Funded by individuals. 

Dada availability 

All data are available at Department of Anatomy, University of Nigeria.  

References 

[1] Abd Rashed, A.; Abd Rahman, A.Z.; Rathi, D.N, (2021). Essential Oils as a Potential Neuroprotective Remedy for 
Age‐Related Neurodegenerative Diseases: A Review. Molecules 2021, 26, 1107. 
https://doi.org/10.3390/molecules26041107. 

[2] Ablasser, A.; Chen, Z.J, (2019). cGAS in action: Expanding roles in immunity and inflammation. Science 2019, 363, 
eaat8657. 

[3] Adekomi Damilare Adedayo, Adewole Olarinde Stephen, Tijani Ahmad Adekilekun, Adeniyi Temidayo Daniel, 
(2017). Lead induces inflammation and neurodegenerative changes in the rat medial prefrontal cortex. Anatomy 
2017;11(2):79–86 ©2017 Turkish Society of Anatomy and Clinical Anatomy (TSACA). 

[4] Ahmad Z., Hasham R., Aman Nor N.F., Sarmidi M.R., (2015). Physico-Chemical Characteristics of Virgin Coconut 
Oil Using West African Tall Variety, Journal of Advanced Research in Materials Science 13 (1). 

[5] Ahmed MB, Ahmed MI, Meki AR, AbdRaboh N, (2013). Neurotoxic effect of lead on rats: relationship to apoptosis. 
Int J Health Sci (Qassim) 2013;7(2):192-199. 

[6] Ahmed, M.; Iqubal, A.; Baboota, S.; Ali, J, (2021). Natural Bioactives as Potential Therapeutic Modalities Against 
NeuroAIDS. Curr. Top. Med. Chem. 2021, 21, 1052–1066. 

[7] Al Mamun, A.; Uddin, M.S.; Mathew, B.; Ashraf, G.M, (2020). Toxic tau: Structural origins of tau aggregation in 
Alzheimer’s disease. Neural Regen. Res. 2020, 15, 1417. 

[8] Amanzadeh, E.; Esmaeili, A.; Rahgozar, S.; Nourbakhshnia, M, (2019). Application of quercetin in neurological 
disorders: From nutrition to nanomedicine. Rev. Neurosci. 2019, 30, 555–572. 

[9] Anzaku AA, Akyala JI, Juliet A (2017). Antibacterial activity of lauric acid on some selected clinical isolates. Ann 
Clin Lab Res 5:2 

[10] Ashayeri Ahmadabad, R.; Khaleghi Ghadiri, M.; Gorji, A, (2020). The role of Toll-like receptor signaling pathways 
in cerebrovascular disorders: The impact of spreading depolarization. J. Neuroinflamm. 2020, 17, 108.  

[11] Ashayeri Ahmadabad, R.; Mirzaasgari, Z.; Gorji, A, (2021). Khaleghi Ghadiri, M. Toll-Like Receptor Signaling 
Pathways: Novel Therapeutic Targets for Cerebrovascular Disorders. Int. J. Mol. Sci. 2021, 22, 6153. 

[12] Augustin K, A. Khabbush, S. Williams, S. Eaton, M. Orford, J.H, (2018). Cross,S.J.R. Heales, M.C. Walker, R.S.B. 
Williams, Mechanisms of action for the medium chain triglyceride ketogenic diet in neurological and metabolic 
disorders, Lancet Neurol. 17 (2018) 84–93. 

[13] Balogun, O.; Abolaji, A.O.; Adedara, A.O.; Akinsanmi, A.O.; Alemika, T.E, (2021). Ameliorative Role of Plectranthus 
esculentus on 4‐Vinylcyclohexene Monoepoxide‐Induced Oxidative Stress in Drosophila melanogaster. 
Biointerface Res. Appl. Chem. 2021, 11, 9432–9442. https://doi.org/10.33263/briac112.94329442. 

[14] Barber CN, D.M. Raben, (2019). Lipid metabolism crosstalk in the brain: glia and neurons, Front. Cell. Neurosci. 
13 (2019) 212. 

[15] Barkur RR, Bairy LK, (2015). Assessment of oxidative stress in hippocampus, cerebellum and frontal cortex in rat 
pups exposed to lead (Pb) during specific periods of initial brain development. Biol Trace Elem Res 
2015;164(2):212-218. 



World Journal of Advanced Research and Reviews, 2026, 31(02), 060–073 

71 

[16] Ben-Azu, B., Ajayi, A.M., Adebesin, A., Emokpae, O., (2020). Cymbopogoncitratus aqueous leaf extract attenuates 
neurobehavioral and biochemical changesinduced by social defeat stress in mice. Chin. Herb. Med. 12 (3), 303–
309. 

[17] Bhattacharyya D, Bhunia A, (2021). Gut-Brain axis in Parkinson's disease etiology: The role of lipopolysaccharide. 
Chemistry and Physics of Lipids. 2021; 235: 105029.  

[18] Bono‐Yagüe, J.; Gómez‐Escribano, A.P.; Millán, J.M.; Vázquez‐Manrique, R.P, (2020). Reactive Species in 
Huntington Disease: Are They Really the Radicals You Want to Catch? Antioxidants 2020, 9, 577. 
https://doi.org/10.3390/antiox9070577. 

[19] Brockie, S.; Hong, J.; Fehlings, M.G, (2021). The Role of Microglia in Modulating Neuroinflammation after Spinal 
Cord Injury. Int. J. Mol. Sci. 2021, 22, 9706.  

[20] Cassidy, L.; Fernandez, F.; Johnson, J.B.; Naiker, M.; Owoola, A.G.; Broszczak, D.A, (2020). Oxidative stress in 
alzheimer’s disease: A review on emergent natural polyphenolic therapeutics. Complementary Ther. Med. 2020, 
49, 102294. https://doi.org/10.1016/j.ctim.2019.102294. 

[21] Chauhan NB, Mehla J, (2015). Ameliorative effects of nutraceuticals in neurological disorders. Bioactive 
nutraceuticals and dietary supplements in neurological and brain disease. Academic Press; San Diego: 2015. p. 
245-260. 

[22] Da Silva DC, M.G. Tavares, C.K.B. do Nascimento, E.C. Lira, A.A. Dos Santos, L.M.S.S. Maia, M. Batista-de-Oliveira 
Hornsby, (2018). Can coconut oil and treadmill exercise during the critical period of brain development 
ameliorate stress-related effects on anxiety-like behavior and episodic-like memory in young rats? Food Funct. 
9 (2018) 1492–1499. 

[23] Damon J. DiSabato, Ning Quan and Jonathan P. Godbout, (2016). Neuroinflammation: The devil is in detail. 2016 
International Society for Neurochemistry, J. Neurochem. (2016) 139 (Suppl. 2), 136--153. 

[24] Dayrit, F. M. (2015). The properties of lauric acid and their significance in coconut oil. Journal of the American Oil 
Chemists’ Society, 92: 1–15. 

[25] Espinosa-Garcia, C.; Zeleke, H.; Rojas, A, (2021). Impact of Stress on Epilepsy: Focus on Neuroinflammation-A 
Mini Review. Int. J. Mol. Sci. 2021, 22, 4061. 

[26] Flora G, Gupta D, Tiwari A, (2012). Toxicity of lead: a review with recent updates. Interdiscip Toxicol 2012;5:47–
58. 

[27] Ezigbo Veronica O and Mbaegbu Emmanuella A. (2016). Extraction of Lauric Acid from Coconut Oil, Its 
Applications and Health Implications On Some Microorganisms. African Journal of Education, Science and 
Technology, April, 2016 Vol 3, No. 2 

[28] Ezugwu NS, Anyanwu GE, Esom EA, (2021). Anti-Inflammatory And Protective Effect Of The Seed Of 
Tetracarpidium Conophorum (African Walnut) On Wistar Rats With Doxorubicin Induced Cardiotoxicity. 
J.Bio.Innov 10(1), Pp: 279-299, 2021 |Issn 2277-8330 (Electronic). 
Https://Doi.Org/10.46344/Jbino.2021.V10i01.24. 

[29] Ezugwu NS, Anyanwu GE, Mba CE. (2022). Anti-inflammatory properties of lauric acid from coconut oil on the 
hippocampal and cerebral cortex pyramidal cells of wistar rats with lead induced neurotoxicity. Int. Journal for 
Research Trend and Innov. 2022, Vol 7, Issue 11/ISSN: 2456-3315. http://doi.one/10.1729/Journal.32062. 

[30] González‐Fuentes, J.; Selva, J.; Moya, C.; Castro‐Vázquez, L.; Lozano, M.V.; Marcos, P.; Plaza‐Oliver, M.; Rodríguez‐
Robledo,V.; Santander‐Ortega, M.J.; Villaseca‐González, N, (2018). Neuroprotective Natural Molecules, from Food 
to Brain. Front. Neurosci.2018, 12, 721–721. https://doi.org/10.3389/fnins.2018.00721. 

[31] Gorji, A, (2022).Neuroinflammation: The Pathogenic Mechanism of Neurological Disorders. Int. J. Mol. Sci. 2022, 
23, 5744. https://doi.org/10.3390/ ijms23105744. 

[32] Guzman-Martinez, L.; Maccioni, R.B.; Andrade, V.; Navarrete, L.P.; Pastor, M.G.; Ramos-Escobar, N, (2019). 
Neuroinflammation as a common feature of neurodegenerative disorders. Front. Pharmacol. 2019, 10, 1008.  

[33] Habas A, J. Hahn, X. Wang, M. Margeta, (2013). Neuronal activity regulates astrocytic Nrf2 signaling, Proc. Natl. 
Acad. Sci. U. S. A. 110 (2013) 18291–18296. 

[34] Hampel, H.; Caraci, F.; Cuello, A.C.; Caruso, G.; Nisticò, R.; Corbo, M.; Baldacci, F.; Toschi, N.; Garaci, F.; Chiesa, P.A, 
(2020). A path toward precision medicine for neuroinflammatory mechanisms in Alzheimer’s disease. Front. 
Immunol. 2020, 11, 456.  



World Journal of Advanced Research and Reviews, 2026, 31(02), 060–073 

72 

[35] Imam A., Ajao M.S., Ajibola M.I., Amin A., Abdulmajeed A.I., Lawal A.Z, (2016). Black seed oil reversed 
scopolamine-induced Alzheimer and cortico-hippocampal neural alterations in male Wistar rats. Bulletin–
Faculty of Pharmacy, Cairo University.54:49–57 http://dx.doi.org/10.1016/j.bfopcu.2015.12.005. 

[36] Iqubal, A.; Ahmed, M.; Ahmad, S.; Sahoo, C.R.; Iqubal, M.K.; Haque, S.E, (2020). Environmental neurotoxic 
pollutants: Review. Environ. Sci. Pollut. Research Int. 2020, 27, 41175–41198.  

[37] Issa, M.Y.; Ezzat, M.I.; Sayed, R.H.; Elbaz, E.M.; Omar, F.A.; Mohsen, E, (2020). Neuroprotective effects of Pulicaria 
undulata essential oil in rotenone model of parkinson’s disease in rats: Insights into its anti‐inflammatory and 
anti‐oxidant effects. S. Afr. J. Bot. 2020, 132, 289–298. https://doi.org/10.1016/j.sajb.2020.04.032. 

[38] Issa, M.Y.; Ezzat, M.I.; Sayed, R.H.; Elbaz, E.M.; Omar, F.A.; Mohsen, E, (2020). Neuroprotective effects of Pulicaria 
undulata essential oil in rotenone model of parkinson’s disease in rats: Insights into its anti‐inflammatory and 
anti‐oxidant effects. S. Afr. J. Bot. 2020, 132, 289–298. https://doi.org/10.1016/j.sajb.2020.04.032. 

[39] Jarsky, T., Roxin, A., Kath, W. L. & Spruston, N, (2005). Conditional dendritic spike propagation following distal 
synaptic activation of hippocampal CA1 pyramidal neurons. Nature Neurosci. 8, 1667–1676 (2005). 

[40] Kappally S, Shirwaikar A, Shirwaikar A (2015). Coconut oil – a review of potential applications. Hygeia J D Med; 
7 (2) 34-41.  

[41] Kashif, H.; Shah, D.; Sukumari-Ramesh, S, (2021). Dysregulation of microRNA and Intracerebral Hemorrhage: 
Roles in Neuroinflammation. Int. J. Mol. Sci. 2021, 22, 8115.  

[42] Kasten-Jolly J, Pabello N, Bolivar VJ, Lawrence DA, (2012). Developmental lead effects on behavior and brain gene 
expression in male and female BALB/cAnNTac mice. Neurotoxicology 2012;33:1005–20. 

[43] Khalil M, Teunissen CE, Otto M, Piehl F, Sormani MP, Gattringer T, Barro C, Kappos L, Comabella M, Fazekas F 
(2018). Neurofilaments as biomarkers in neurological disorders. Nat Rev Neurol. 2018;14(10):577–89. 

[44] Khan, H.; Ullah, H.; Aschner, M.; Cheang, W.S.; Akkol, E.K, (2020). Neuroprotective Effects of Quercetin in 
Alzheimer’s Disease. Biomolecules 2020, 10, 59. https://doi.org/10.3390/biom10010059. 

[45] Kumawat KL, Kaushik DK, Goswami P, Basu A, (2014). Acute exposure to lead acetate activates microglia and 
induces subsequent bystander neuronal death via caspase-3 activation. Neurotoxicology 2014;41: 143–53. 

[46] Lappano R, Sebastiani A, Cirillo F, Rigiracciolo DC (2017). The lauric acid-activated signaling prompts apoptosis 
in cancer cells. Cell Death Discovery. 2017; 3, 17063; doi:10.1038/cddiscovery.2017.6.  

[47] Li S, Zhang Q, Gao Y, Nie K, Liang Y, Zhang Y, Wang L, (2021). Serum Folate, Vitamin B12 Levels, and Systemic 
Immune-Inflammation Index Correlate With Motor Performance in Parkinson's Disease: A Cross-Sectional Study. 
Frontiers in Neurology. 2021; 12.  

[48] Lingling Jiang1, Xueli Cai, Dongxiao Yao1, Jing Jing, Lerong Mei, Yingying Yang, Shan Li, Aoming Jin1, Xia Meng, 
Hao Li1, Tiemin Wei, Yongjun Wang, Yuesong Pan, and Yilong Wang, (2022). Association of inflammatory 
markers with cerebral small vessel disease in community‐based population. Jiang et al. Journal of 
Neuroinflammation (2022) 19:106 https://doi.org/10.1186/s12974-022-02468-0. 

[49] Liu, Z.; Zhou, T.; Ziegler, A.C.; Dimitrion, P.; Zuo, L, (2021). Oxidative Stress in Neurodegenerative Diseases: From 
Molecular 1254. 2020. 2021, 22, 6981. 704–722. 

[50] Lourdes Hanna1, Edward Poluyi, Chibuikem Ikwuegbuenyi, Eghosa Morgan and Grace Imaguezegie, (2022). 
Peripheral inflammation and neurodegeneration; a potential for therapeutic intervention in Alzheimer’s disease 
(AD), Parkinson’s disease (PD) and amyotrophic lateral sclerosis (ALS). Hanna et al. Egyptian Journal of 
Neurosurgery (2022) 37:15 https://doi.org/10.1186/s41984-022-00150-4 

[51] Panahi, Y.; Rajaee, S.M.; Johnston, T.P.; Sahebkar, A, (2019). Neuroprotective effects of antioxidants in the 
management of neurodegenerative disorders: A literature review. J. Cell. Biochem. 2019, 120, 2742–2748. 
https://doi.org/10.1002/jcb.26536. 

[52] Qin, L.; Zou, J.; Barnett, A.; Vetreno, R.P.; Crews, F.T.; Coleman, L.G., Jr, (2021). TRAIL Mediates Neuronal Death in 
AUD: A Link between Neuroinflammation and Neurodegeneration. Int. J. Mol. Sci. 2021, 22, 2547.  

[53] Taejib Yoon, Jeffrey Okada,Min W. Jung, and Jeansok J. Kim. (2022). Prefrontal cortex and hippocampus subserve 
different components of working memory in rats. Http://www.learnmem.org/cgi/doi/10.1101/lm.850808. 
15:97–105 © 2022 Cold Spring Harbor Laboratory Press. ISSN 1072-0502/08; www.learnmem.org 



World Journal of Advanced Research and Reviews, 2026, 31(02), 060–073 

73 

[54] Teleanu, D.M.; Niculescu, A.‐G.; Lungu, I.I.; Radu, C.I.; Vladâcenco, O.; Roza, E.; Costăchescu, B.; Grumezescu, A.M.; 
Teleanu, R.I, (2022). An Overview of Oxidative Stress, Neuroinflammation and Neurodegenerative Diseases. Int. 
J. Mol. Sci. 2022, 23, 5938. https://doi.org/10.3390/ijms23115938. 

[55] Wilairatana, P.; Mubarak, M.S, (2022). Neuroinflammatory Markers: Key Indicators in the Pathology of 
Neurodegenerative Diseases. Molecules 2022, 27, 3194. https://doi.org/10.3390/ molecules27103194. 

[56] Zhang L, Tu R, Wang Y, Hu Y, Li X, Cheng X, (2017). Early-Life exposure to lead induces cognitive impairment in 
elder mice targeting SIRT1 phosphorylation and oxidative alterations. Front Physiol 2017;8: 446. 

[57] Zicker MC, Silveira ALM, Lacerda DR, Rodrigues DF, Oliveira CT, de Souza Cordeiro LM, Lima LCF, Santos SHS, 
Teixeira MM, Ferreira AVM (2018). Virgin coconut oil is effective to treat metabolic and inflammatory 
dysfunction induced by high refined carbohydrate-containing diet in mice. J Nutr Biochem. 2019;63:117–128. 
doi: 10.1016/j.jnutbio.2018.08.013. 


