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			Abstract | Trado-medicinal and nutritional therapies are currently acceptable, compared to synthetic orthodox drugs with consequent side effects and worrisome dose-prescription. The aim of the study was to investigate the mechanism of protection of quail egg mixture against rotenone-induced cerebral oxidative stress, autophagy, inflammasomes, apoptosis, and PI3K-AKT-mTOR signaling pathways as potent in reversing the deleterious effects of this neurotoxicant against cognitive and on cognitive function. The constituents of the quail egg mixture were characterized to determine vitamins, mineral elements and amino acids present therein. Wistar rats were exposed to 5 mg/kg body weight (BWT) of rotenone intraperitoneally. 1000 mg/kg BWT of quail egg mixture (ROTQ) and 5 mg/kg BWT of ubiquinone (ROTU) were administered to mitigate for 5 weeks. Behavioral indices using Y-maze was conducted to determine the spatial working memory of the rats were conducted After the treatments, the gene expression of some endogenous biomarkers such as LC3, Beclin-1, NLRP3, IL-1β, Cas-3, Bax, Bcl-2, PI3K, AKT, and mTOR were evaluated. The results revealed the effects of rotenone and quail egg mixture on neuronal autophagy, inflammasome, apoptosis, and a major signaling pathway mechanism. The bioactive peptide in the quail egg mixture demonstrated neuroprotection by supplying amino acids that are precursors to dopamine, acetylcholine and GABA, mitigating neuronal cell death. The quail egg mixture is rich in vitamins that are bioactive in the protection of neurons and restoring of neuronal functions. Quail egg bioactive compounds challenged rotenone-induced neurotoxicity favorably with the significant restoration of the functions of the neuron.
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			Introduction

			Many insecticides, piscicide and pesticides are used in both large and small scale fumigation by individuals. Workers in industries where these chemicals are manufactured are not exempted from the deleterious effects of exposure to these products which contain rotenone, an isoflavone lipophilic pesticide, which is a neurotoxic substance (Narongchai et al., 2005) Rotenone has been shown to inhibit complex I (NADH:ubiquinone oxidoreductase) of the mitochondrial electron transport chain, leading to ATP depletion and electron leakage. This dysfunction contributes to the generation of reactive oxygen species (ROS) and oxidative stress. Intraperitoneal administration of rotenone in experimental models replicates key pathological hallmarks of Parkinson’s disease, including dopaminergic neuronal loss and motor impairments (Tanner et al., 2011; Zhang et al., 2019) coupled the toxicity of the dopaminergic neurons with the of the It has been implicated in the manifestation of neurodegenerative features majorly similar to Parkinson’s disease (Venkateshgobi et al., 2018) and the potential risk of Alzheimer’s disease (Alam and Schmidt, 2002). 

			At the cellular level, rotenone disrupts mitochondrial function by blocking the transfer of electrons from the iron-sulfur (Fe-S) clusters in complex I to ubiquinone, effectively inhibiting oxidative phosphorylation. This impairment results in a decline in mitochondrial membrane potential and subsequent energy crisis within cells (Yarmohammadi et al., 2020). In addition to mitochondrial dysfunction, rotenone modulates key molecular pathways, altering the expression of inflammasomes and apoptotic, anti-apoptotic, and autophagic proteins such as Beclin-1, LC3, NLRP3, IL-1β, caspase-3, Bax, Bcl-2, PI3K, Akt, and mTOR (Hong et al., 2010; Venkateshgobi et al., 2018; Priyanka et al., 2020; Yarmohammadi et al., 2020). The PI3K/Akt/mTOR pathway, a critical intracellular signaling cascade, regulates diverse cellular processes including growth, proliferation, apoptosis, and autophagy. Activation of PI3K leads to Akt phosphorylation and recruitment to the plasma membrane, promoting downstream signaling (Fulda, 2009; Priyanka et al., 2020). 

			Neurodegenerative disorders affect all ages, however it predominantly affect the elderly, and are characterized by progressive neuronal loss and associated symptoms such as motor tremors, postural instability, rigidity, bradykinesia, and cognitive decline (Wenyu et al., 2015). In Parkinson’s disease, the degeneration of dopaminergic neurons in the substantia nigra leads to dopamine deficiency and the formation of Lewy bodies, cytoplasmic inclusions composed mainly of α-synuclein and ubiquitin (Comoglu et al., 2013). Similarly, cognitive deficits arise from the degeneration of cholinergic neurons in the basal forebrain (Rizzi and Tan, 2017).

			The Japanese quail (Coturnix japonica) egg has been traditionally valued for its therapeutic properties in conditions associated with oxidative stress, inflammation, and apoptosis (Howard et al., 2006; Ibukun and Oladipo, 2016; Oladipo et al., 2020). Its beneficial effects are attributed to its rich content of amino acids, essential fatty acids, vitamins, and minerals, which support cellular growth and function. Vitamins such as the B-complex group are crucial for maintaining normal brain activity, while antioxidants like vitamin E protect neurons from oxidative damage. Zinc, an important trace element in quail eggs, exhibits anti-peroxidative effects and protects cells against free radicals. Moreover, zinc modulates the activity of enzymes such as carbonic anhydrase (Oladipo et al., 2020), DNA-dependent RNA polymerase (King et al., 2004), and thymidine kinase (Prasad and Oberleas, 1970), mitigating their potential deleterious effects.

			Given these neuroprotective properties, the present study investigates the effects of quail egg constituents in counteracting rotenone-induced neuronal dysfunction and exploring their potential in modulating oxidative stress and apoptotic pathways.

			Materials and Methods

			Rotenone (1g) used was manufactured by Sigma-Aldrich (CAS number 83-79-4) and obtained from Pascal Scientific Limited, Akure, Nigeria. Other chemicals used were of A.R. grade of research lab brand and were also procured from Pascal Scientific Limited, Akure, Nigeria.

			Sample collection

			Quail eggs (100 pieces) were obtained at a local market in Akure-South Local Government Area, Ondo State. Nigeria. The contents of the eggs were transferred into a petri dish, vortexed to homogeneity and freeze-dried using a Bioevopeak Benchtop Freeze Dryer (LYO06B-1S, Seattle, United States). The freeze-dried sample was stored at 4 oC until use. 

			Characterization of components

			HPLC-3100 (Seattle, United States) was used to characterize vitamins in the mixture as described by Oladipo et al. (2020). The mineral elements in the quail egg mixture were determined using a Flame Photometer and Atomic Absorption Spectrophotometry following standard operating procedures.

			Experimental intoxication by rotenone

			Adult male Wistar rats, weighing 180±20 g were acquired from Experimental Animal Farm, Ogbomoso, Nigeria. Rats were housed under controlled conditions of temperature (22±1 °C), humidity (50-55 %), and light (12 h light/12 h dark cycle). Experimental procedures were approved by the Centre for Research and Development, the Federal University of Technology, Akure, Nigeria (FUTA/SOS/2015/331). Carboxymethylcellulose (4%) and chloroform (1.25%) were used as the vehicle for dissolving 5mg/kg BWT of rotenone and administered intraperitoneally [20]. The treatments lasted for 5 weeks.

			The experiment was designed with five rats in each group and the mixture was administered orally:

			NC: Negative control; ROTQ: Rotenone (5mg/kg BWT i.p) and 1000mg/kg BWT of quail egg mixture (QEM); ROTU: Rotenone (5mg/kg BWT i.p) with ubiquinone 5mg/kg BWT; ROT: Rotenone (5mg/kg BWT i.p).

			Y-maze test 

			The spatial working memory of the rats was evaluated using Y-maze. The frequencies of alteration between the arms were recorded and plotted to determine the memory index (percentage spontaneous alternation) (Kraeuter et al., 2018).

			Tissue preparation

			Rats were weighed and sacrificed by cervical dislocation. The whole brain tissue was obtained after decapitation and careful dissection. Each brain was weighed, immersed in ice-cold 1.15% potassium chloride solution, and homogenized in 0.1 M potassium phosphate buffer (pH 7.4) in ratio 1:5 (w/v) using a Teflon homogenizer. The homogenized tissue was centrifuged at 3000 x g in a high-speed refrigerated centrifuge (CFGR-16DR, Seattle, United States) for 10 min at 4 ºC to separate the supernatant. A portion of the brain was processed into a 4-5 μm cross-sectional diameter stained with hematoxylin-eosin and examined under a microscope and a magnification of x100.

			mRNA genes of neuronal autophagy, inflammasome, apoptosis and anti-apoptosis, and signalling pathway proteins

			The mRNA expression was determined by extraction using a total RNA extraction kit (Sangon Biotech Co., Ltd, China) for the manufacturer’s protocol by RT-PCR. A wavelength of 260/280 nm was used in the determination of the purity of the total RNA. The reverse transcription of cDNA from RNA was conducted using cDNA biosynthesis kit (Sangon Biotech Co., Ltd) SYBR® Premix Ex TaqTM coupled with Applied Biosystems 7900 Fast RT-PCR System (Applied Biosystems, Stadt, California) was used to subject the cDNA samples to PCR. The gene expression formula 2-ΔΔCt was used in the calculation of the RT-PCR data. All values were normalized by β-actin. The primer sequences of the target genes are as follows:

			β-actin-  F: 5’GCCATGTACGTAGCCATCCA3’

			R: 5’GAACCGCTCATTGCCGATAG3’

			LC3 gene- F: 5’CCTGCTGCTGGCCGTAGT3’

			R: 5’TGATGAAGTCTTCCTGCCAAAA3’

			Beclin-1 F: 5’AGCACGCCATGTATAGCAAAGA3’

			R: 5’GGAAGAGGGAAAGGACAGCAT3’

			NLRP3 F: 5’TGCTCTTCACTGCTATCAAGCCCT3’ 

			R: 5’ACAAGCCTTTGCTCCAGACCCTAT3’ 

			IL-1β F: 5’TGGAAAAGCGGTTTGTCT3’ 

			R: 5’ATAAATAGGTAAGTGGTTGCC3’

			Caspase-3 F: 5’GTGGAACTGACGATGATATGGC3’

			R: 5’CGCAAAGTGACTGGATGAACC3’

			Bax  F: 5’CGGCGAATTGGAGATGAACTGG3’

			R: 5’CTAGCAAAGTAGAAGAGGGCAACC3’

			Bcl-2 F: 5’TGTGGATGACTGACTACCTGAACC3’

			R: 5’CAGCCAGGAGAAATCAAACAGAGG3’

			PI3K F: 5’ACACCACGGTTTGGACTATGG3’

			R: 5’GGCTACAGTAGTGGGCTTGG3’

			AKT F: 5’ATGTCCGAGATCCTACCCTACG3’ 

			R: 5’AGCGAAGAAGGAGTTGGTGTC3’

			mTOR F: 5’GGTGGACGAGCTCTTTGTCA3’ 

			R: 5’AGGAGCCCTAACACTCGGAT3’

			Western blot analysis

			Cold homogenization and centrifugation at 10,000 x g (5 min) of brain tissue before subjecting to T-PER (Tissue-protein extraction lysis solution) (50 mg/500 μl lysing solution) along with 10 μl protease inhibitor cocktail and 10 μl phosphatase inhibitor generated the protein lysates. Bradford assay was used to quantify protein and 35 μg of protein was loaded into the SDS-PAGE. The protein samples that were separated were then transferred to the nitrocellulose membrane by using Bio-Rad Transblot turbo transfer system. The membrane was sealed with 5 % Bio-Rad sealing reagent. The sealed membrane was then incubated with 1:1000 dilution primary rabbit antibodies (Cell Signaling Technology, USA) for 12 h at 4 °C. Thereafter, the membrane was washed and incubated with secondary antibody (1:20,000) treatment for 1 h. Bands were revealed and observed in the chemiluminescence document reader, on the addition of Immobilon Western chemiluminescent HRP substrate at standardized exposure time. Densitometry analysis was used to analyze bands of the two groups and compared to β-Actin (Major Science image analysis software) (Bathina and Das, 2018).

			Statistical analysis

			All values are expressed as mean ± standard deviation. Statistical evaluation was done using One-Way Analysis of Variance (ANOVA) followed by Duncan’s Multiple Range Test (DMRT). The significance level was set at p<0.05.

			Ethics approval and consent to participate

			The experiment and animal handling inclined with the Ethical Regulation and Guide for the Care and Use of Laboratory Animals of the Centre for Research and Development (CERAD), the Federal University of Technology, Akure, Nigeria (FUTA/SOS/2015/331).

			Results

			Biochemical effects of treatments on the brain

			The mRNA expression levels of LC3 and Beclin-1 are presented in Figure 1a, b, respectively. Rotenone intoxication significantly upregulated the expression of both LC3 and Beclin-1 (p < 0.05) compared to the quail egg mixture (QEM) and ubiquinone treatment groups. Although QEM treatment did not significantly reduce LC3 expression compared to the rotenone group, a lower expression was observed in QEM-treated animals relative to those treated with ubiquinone alone (p < 0.05).
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			Figure 1: mRNA expression levels of LC3 (a) and Beclin-1 (b) measured using RT-qPCR. Data are presented as the mean ± standard deviation (n=5/group). Superscripts indicate significant difference at p<0.05. NC: Negative control; ROTQ: Rotenone (5mg/kg BWT i.p) and 1000mg/kg BWT of quail egg mixture (QEM); ROTU: Rotenone (5mg/kg BWT i.p) with ubiquinone 5mg/kg BWT; and ROT: Rotenone (5mg/kg BWT i.p)
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			Figure 2: mRNA expression levels of NLRP3 (a) and IL- 1β (b) measured using RT-qPCR. Data are presented as the mean ± standard deviation (n=5/group). Superscripts indicate significant difference at p<0.05. NC: Negative control; ROTQ: Rotenone (5mg/kg BWT i.p) and 1000mg/kg BWT of quail egg mixture (QEM); ROTU: Rotenone (5mg/kg BWT i.p) with ubiquinone 5mg/kg BWT; and ROT: Rotenone (5mg/kg BWT i.p)

			The effect of QEM on the expression of NLRP3 (Figure 2a) and IL-1β (Figure 2b) showed a significant reduction in mRNA levels compared to both the untreated rotenone group (ROT) and the ubiquinone-treated group (ROTU) (p < 0.05). These findings suggest that QEM administration attenuated the expression of inflammasome-related genes.

			Similarly, the mRNA expression of caspase-3 (Casp-3) (Figure 3a) was significantly reduced in the QEM-treated group. Comparable trends were observed for Bax (Figure 3b) and Bcl-2 (Figure 3c), where QEM administration led to significantly lower expression levels of both pro- and anti-apoptotic markers (p < 0.05) compared to the ROT and ROTU groups.
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			Figure 3: mRNA expression levels of Cas-3 (a), Bax (b), and Bcl-2 (c) measured using RT-qPCR. Data are presented as the mean ± standard deviation (n=5/group). Superscripts indicate significant difference at p<0.05. NC: Negative control; ROTQ: Rotenone (5mg/kg BWT i.p) and 1000mg/kg BWT of quail egg mixture (QEM); ROTU: Rotenone (5mg/kg BWT i.p) with ubiquinone 5mg/kg BWT; and ROT: Rotenone (5mg/kg BWT i.p).
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			Figure 4: mRNA expression levels of P13K (a), Akt (b), and mTOR (c) measured using RT-qPCR. Data are presented as the mean ± standard deviation (n=5/group). Superscripts indicate significant difference at p<0.05. NC: Negative control; ROTQ: Rotenone (5mg/kg BWT i.p) and 1000mg/kg BWT of quail egg mixture (QEM); ROTU: Rotenone (5mg/kg BWT i.p) with ubiquinone 5mg/kg BWT; and ROT: Rotenone (5mg/kg BWT i.p).

			Table 1: Mineral elements. 

			
				
					
					
					
					
					
					
					
					
					
					
					
					
				
				
					
							
							
							K

						
							
							Na

						
							
							Ca

						
							
							Mn

						
							
							Fe

						
							
							Cu

						
							
							Zn

						
							
							P

						
							
							Mg

						
							
							N

						
							
							Se

						
					

					
							
							Quail egg mixture

						
							
							1825

						
							
							3465

						
							
							109850

						
							
							ND

						
							
							83

						
							
							2

						
							
							88

						
							
							1361.2

						
							
							51252

						
							
							69768

						
							
							1932

						
					

				
			

			The gene expression of PI3K (Figure 4a), Akt (Figure 4b), and mTOR (Figure 4c) key molecules in cell survival signal transduction was markedly suppressed by rotenone treatment. However, QEM significantly reversed this suppression. While the effect of QEM on PI3K was significantly lower than that of ubiquinone (p < 0.05), its administration led to significantly higher expression levels of Akt and mTOR compared to the ubiquinone-treated group (p < 0.05).
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			Figure 5: Spontaneous alternation test (memory index). Data are presented as the mean ± standard deviation (n=5/group). Superscripts indicate significant difference at p<0.05. NC: Negative control; ROTQ: Rotenone (5mg/kg BWT i.p) and 1000mg/kg BWT of quail egg mixture (QEM); ROTU: Rotenone (5mg/kg BWT i.p) with ubiquinone 5mg/kg BWT; and ROT: Rotenone (5mg/kg BWT i.p)

			Cognitive performance, assessed using the Y-maze spontaneous alternation test, is shown in Figure 5. Rats in the ROT group exhibited a significant reduction in spatial memory index relative to the normal control (NC) group (p < 0.05), indicating rotenone-induced memory impairment. Conversely, the ROTQ group (rotenone + QEM) demonstrated a significantly higher memory index than both the ROT and ROTU groups (p < 0.05), indicating a substantial recovery of cognitive function due to QEM administration.

			 

			Quantification of bioactive components in QEM

			As shown in Figure 6, chromatography analysis of QEM yielded eleven peaks on the chromatogram. These peaks showed the presence of vitamins A, D, E, K, B3, B6, C, B1, B2, B9, and B5. Figure 7 shows the amount of amino acids present in the QEM. Aspartic acid was the most predominant amino acid, other amino acids in significant amounts were isoleucine, leucine, lysine, methionine, phenylalanine, threonine, and alanine. Amino acids such as serine, tyrosine, proline, histidine, glycine, and arginine existed in concentrations less than 600 mg/100g. Other amino acids such as cysteine, glutamic acid, hydroxyproline and tryptophan existed in concentrations less than 200 mg/100g. The non-essential amino acid (NEAA) aspartic acid was the most abundant, accounting for 1543.3 mg/100g. Table 1 shows the amount of some mineral elements found in QEM. Mineral elements such as K, Na, Ca, Fe, Cu, Zn, P, Mg, N and Se were present.
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			Figure 6: Vitamins composition of quail egg mixture (mg/100g).
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			Figure 7: Amino acids composition in quail egg mixture.

			Discussion

			Zinc plays an essential role in growth, collagen synthesis and DNA repair through the inhibiting the processes of loss of cholinergic and dopaminergic neurons vis a vis the upregulation the biosynthesis of genes of regulating enzymes and proteins of cognitive functions (Erdman et al., 2011). Magnesium enhances brain function by impeding the activity of the glutamate-induced excitatory neurotransmitter, thus minimizing calcium influx into the postsynaptic neurons, and relaxing smooth muscle to increase cerebral blood flow. It also plays important role in the homeostatic balance of the pathways involved in the secondary phase of brain injury [24]. Selenium is another bioactive trace element with reported antioxidant properties [16] which could function in the regulation of bio-energetic activities in the brain.
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			Figure 8: Plates 1-4: Histopathology of the brain in rotenone-induced brain disease model and effects of quail egg mixture in the attenuation.
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			Figure 9: Western blot analysis of genes.

			Previously published studies had scored quail egg as a nutritional source of anti-inflammatory, anti-apoptotic and anti-oxidant compounds (Prasad and Oberleas, 1970; Oladipo et al., 2020; Pan-Montojo et al., 2010). The bioactive compounds of the yolk demonstrated anti-inflammatory effects against TNF-α and IL-6 in streptozotocin-induced type I diabetes mellitus (Prasad and Oberleas, 1970). In the present study, rotenone, a known inducer of neurodegeneration was investigated for its effects on initiation of neuronal apoptosis, inflammation, and a disruptor of cell-cell signaling. The effects of rotenone were established in this study through the alterations or impairments of genetic expression that would translate to proteins which will regulate biochemical processes for cognitive function and memory loss, resulting to the loss of dopaminergic neurons.

			Our investigation into the effects of rotenone-induced neurodegeneration (Schober, 2004; Dhillon et al., 2008; Pan-Montojo et al., 2010; Xiong et al., 2013) on LC3 mRNA levels cum the influence of QEM bioactive components, the study revealed significant alterations in the gene expression. The administration of rotenone-induced oxidative damage and a pathology similar to Parkinson’s disease (Schober, 2004; Dhillon et al., 2008; Pan-Montojo et al., 2010; Xiong et al., 2013). Rotenone increased the expression of this autophagosomal marker increasing autophagic activity in the neuronal tissue due to the accumulation of the LC3-II which is the lipidated form of LC3 (Cherra et al., 2010; Xiong et al., 2013). Although the neuroprotective effects of autophagy have been reported (Kouroku et al., 2007), the exact role requires elucidation. Our findings revealed that QEM bioactive demonstrate autophagy inhibition through the downregulation of the expression of LC3 gene. The upregulation of Beclin-1 advances autophagic response to neurotoxic stress vis a vis neuronal death. In this study, rotenone exacerbated Beclin-1 effects in the neuronal tissues. The administration of QEM mitigated the effects with a compensatory downregulation of the expression of Beclin-1 gene. Similar findings were reported in the investigation of the effects of autophagy inhibitor 3-methyladenine against the expression levels of LC3 and Beclin-1 (Hong et al., 2010). Vitamins C (Sangani et al., 2015) and D (Bhutia, 2022) had been reported to recruit autophagy in maintaining cellular homeostasis, these mechanisms are not without feedback and regulations in the instance of the occurrence of pathogenesis resulting from the autophagy. These vitamins and minerals present in QEM are potent as antioxidants and are inhibitors of autophagy as well (O’Connor et al., 2022).

			The mechanism of signalling which involves PI3K/Akt/mTOR is frequently altered in diseased states as they are implicated in cell cycle, cell survival, metabolism, motility, angiogenesis, chemoresistance and genomic instability (Fruman and Rommel, 2014; Pajarillo et al., 2019). PI3K/Akt/mTOR cascade was deactivated due to rotenone intoxication (Zhang et al., 2019), this was confirmed in our investigation, however, QEM demonstrated a reversing effect and activation of PI3K/Akt/mTOR. The increase in the expression level of PI3K/Akt/mTOR is associated to increased phosphorylation of Akt which contributes to the recovery of dopaminergic neurons. Apoptosis is the most deleterious effect of rotenone in the neuroblastoma cell lines (Zhang et al., 2019). The expression of cas-3 which is the caspase-3 gene was depleted following the administration of QEM. This indicates a recovery of the cognitive and memory function loss due to neuronal apoptosis. Similar results were obtained for the expression level of Bcl-2 and Bax. Contrary to some findings (Liu et al., 2018), the intoxication of rotenone upgraded the expression of Bcl-2, however, these findings revealed that rotenone administration depleted the expression. The justification for this could be the interaction of the proapoptotic Bax and the anti-apoptotic Bcl-2. Bcl-2 is a family of proteins that regulates the intrinsic pathway of apoptosis through outer mitochondrial permeability control (Liu et al., 2018). Bcl-2 forms a heterodimer with BECN1, which is a component of PtdIns3K complex.

			In summary, the results presented rotenone as an initiator of apoptosis, inflammation, and oxidative degeneration in the brain. The markers identified were correspondingly reduced by the bioactive compounds in the quail egg components. Dietary intake of sources of selenium and vitamin E could mitigate apoptosis (Nunes et al., 2003). Another study revealed the repression of caspase-3 and caspase-8 by folic acid and vitamin B12 (Lv et al., 2013), vitamins A, C, and D (Yuksek et al., 2017). Quail egg yolk is a rich source of selenium, folic acid, and vitamins E (Oladipo et al. 2017), these bioactive elements and compounds conferred the inhibition of caspase-3 on quail egg, thus the quail egg components reversed the apoptotic effects of rotenone on the neurons. Impaired intestinal zinc absorption and cellular zinc uptake are the major causes of zinc deficiency. 

			In quail egg yolk and albumen, there are neuro-functional bioactive substances, primarily vitamins, and amino acids, that are active in downregulating inflammatory responses. Retinoids which are derivatives of retinol (vitamin A) mitigates neuronal proliferation and differentiation through the activation of retinoid-associated signaling molecular pathways against neurodegeneration. Retinoids played role in synaptic plasticity, and cognitive and memory impairments (Misner et al., 2001; Etchamendy et al., 2003). Vitamins B derivatives such as B1, B6, B9, and B12 have been recognized as contributors to cognitive and memory improvement (Miodownik and Lener, 2010). Vitamin C scavenges free radicals and thus exhibits antioxidant property, protecting neurons from the pathophysiological effects of pro-oxidants. These vitamins which are present in the quail egg yolk can mitigate the bioenergetic defects induced by rotenone on the neurons.

			Peptides containing proline, methionine, and lysine have anti-inflammatory activity associated with decreased neurodegenerative disease and therapies for cognitive and memory defects of Parkinson’s disease, these are referred to as bioactive peptides. The amino acids constituents of the hydrolysates or peptides with neuroprotective effects interact with factors relating to cell death. The amino acids residues of the hydrolysates/peptide are a potent inhibitor of cholinergic loss, suppressing neuronal cell death or neuronal apoptosis. As a result of this, neuroprotective peptides are linked to the regulation of cholinergic breakdown, oxidative stress, and apoptotic factors (Lee and Hur, 2019). Serine is important as a major constituent of phosphatidylserine which is a vital part of the cell membrane of the neuron, this facilitates the efficient release of neurotransmitters that help to improve brain functions (de Koning and Klomp, 2004; Madeira et al., 2015). Aromatic amino acids like tryptophan and phenylalanine are not synthesized de novo therefore must be obtained via a protein-rich diet (Barazzoni et al., 1998). Tyrosine is a conditionally necessary amino acid that is the precursor of the catecholamine neurotransmitters-dopamine, norepinephrine, and adrenaline, and tryptophan is the primary precursor of serotonin (Fernstrom and Fernstrom, 2007), these directly play signaling effects by stimulating the brain. The quail egg mixture adopted the rich functional peptides present in it to inhibit the activity of caspase-3, enhancing cholinergic, GABAergic and dopaminergic functions.

			Conclusion

			This study highlights the diverse mitigating potentials of quail egg mixture against neurodegeneration, contributed by its bioactive compounds, which include: vitamins, amino acids and essential minerals. Rotenone caused neuronal autophagy, apoptosis-inflammasome activation, and disruption of key signaling pathways through variable pathological mechanisms. Nutritional intervention with the quail egg mixture effectively countered these effects, as evident by significant changes in gene expression, which include: LC3, Beclin-1, NLRP3, IL-1β, Caspase-3, Bax, Bcl-2, PI3K, Akt, and mTOR. The neuroprotective effect is further demonstrated by the amino acids and dipeptides in the quail egg mixture, which serve as precursors to essential neurotransmitters such as: dopamine, acetylcholine, and GABA thereby mitigating neuronal cell death and promoting recovery of dopaminergic, cholinergic, and GABAergic neuronal pathways. Additionally, the mixture’s vitamins contents play bioactive roles in restoring neuronal integrity and function through inhibition of pathological mechanisms and upregulation of antioxidant status and down-regulation of apoptosis in the neuronal hemisphere. Generally, the findings established that quail egg mixture causes significant neuroprotective interventions against rotenone-induced neurotoxicity and holds promise as a dietary neurotherapeutic agent.

			 

			Acknowledgement

			None.

			Novelty Statement

			This study provides the first mechanistic evidence that Coturnix japonica egg mitigates rotenone-induced cerebral injury by simultaneously regulating oxidative stress, autophagy, inflammasome activation, apoptosis, and the PI3K–AKT–mTOR signaling pathway, revealing a novel dietary-based neuroprotective strategy against neurodegenerative damage

			Author’s Contribution

			OGO: Formal analysis, conceptualization, methodology, supervision. POO, OT, OFB: Writing, editing. BFB: Fund acquisition, project administration. OMC, EO: Resources, visualization, supervision. MLO, AIA: Writing, editing, investigation. IOE: Supervision, conceptualization. 

			Ethics approval and consent to participate

			The study was carried out in accordance with the Federal University of Technology, Akure, Nigeria’s Ethical Regulation and Guide for the Care and Use of Laboratory Animals.

			Consent for publication

			The Authors declare consent to publish the article and the corresponding author to oversee the publication.

			Availability of data and materials

			The data used in the publication are owned by the Authors and are included in the manuscript.

			Funding information

			The study was conducted and funded by the authors, there was no funding, grant, or scholarship available.

			Generative AI and AI-assisted technology statement

			The authors used generative artificial intelligence tools solely to improve the clarity and language of the manuscript. These tools were not used for data analysis, interpretation, or generation of scientific content. All scientific conclusions and responsibility for the manuscript remain with the authors.

			Conflict of interest

			The authors have declared no conflict of interest.

			References

			Alam M, Schmidt W (2002). Rotenone destroys dopaminergic neurons and induces parkinsonian symptoms in rats. Behav. Brain Res., 136: 317. https://doi.org/10.1016/S0166-4328(02)00180-8

			Barazzoni R, Zanetti M, Vettore M, Tessari P (1998). Relationships between phenylalanine hydroxylation and plasma aromatic amino acid concentrations in humans. Metabolism, 47: 669–674. https://doi.org/10.1016/S0026-0495(98)90028-2

			Bathina S, Das UN (2018). Dysregulation of PI3K-Akt-mTOR pathway in brain of streptozotocin-induced type 2 diabetes mellitus in Wistar rats. Lipids Health Dis., 17: 168. https://doi.org/10.1186/s12944-018-0809-2

			Bhutia SK (2022). Vitamin D in autophagy signaling for health and diseases: Insights on potential mechanisms and future perspectives. J. Nutr. Biochem., 99: 108841. https://doi.org/10.1016/j.jnutbio.2021.108841

			Cherra SJ, Kulich SM, Uechi G, Balasubramani M, Mountzouris J, Day BW, Chu, T. C.  (2010). Regulation of the autophagy protein LC3 by phosphorylation. J. Cell Biol., 190(4): 533–539. https://doi.org/10.1083/jcb.201002108

			Comoglu SS, Güven H, Acar M, Öztürk G, Kocer B (2013). Tear levels of tumor necrosis factor-alpha in patients with Parkinson’s disease. Neurosci. Lett., 553:63-67 . https://doi.org/10.1016/j.neulet.2013.08.019

			de Koning TJ, Klomp LW (2004). Serine-deficiency syndromes. Curr. Opin. Neurol., 17(2): 197–204. https://doi.org/10.1097/00019052-200404000-00019

			Dhillon AS, Tarbutton GL, Levin JL, Plotkin GM, Lowry LK, Nalbone JT, Shepherd, S (2008). Pesticide/environmental exposures and Parkinson’s disease in East Texas. J. Agromed., 13(1): 37–48. https://doi.org/10.1080/10599240801986215

			Erdman J, Oria M, Pillsbury L (2011). Nutrition and traumatic brain injury: Improving acute and subacute health outcomes in military personnel. National Academies Press.

			Etchamendy N, Enderlin V, Marighetto A (2003). Vitamin A deficiency and relational memory deficit in adult mice: Relationships with changes in brain retinoid signalling. Behav. Brain Res., 145: 37–49. https://doi.org/10.1016/S0166-4328(03)00099-8

			Fernstrom JD, Fernstrom MH (2007). Tyrosine, phenylalanine, and catecholamine synthesis and function in the brain. J. Nutr., 137: 1539S–1547S. https://doi.org/10.1093/jn/137.6.1539S

			Fruman DA, Rommel C (2014). PI3K and cancer: Lessons, challenges and opportunities. Nat. Rev. Drug Discov., 13: 140–156. https://doi.org/10.7150/jca.8085

			Fulda S (2009). The PI3K/Akt/mTOR pathway as therapeutic target in neuroblastoma. Curr. Cancer Drug Targets, 9: 729–737. https://doi.org/10.2174/156800909789271521

			Hong N, Yong G, Yian-Zhen J, Le-Ling Z (2010). Autophagy inhibitor 3-methyladenine regulates the expression of LC3, Beclin-1 and ZnTs in rat cerebral cortex following recurrent neonatal seizures. World J. Emerg. Med., 1(3): 216–223.

			Howard BV, Manson JE, Stefanic ML (2006). Low fat dietary pattern and weight change over 7 years: The Women’s Health Initiative Dietary Modification Trial. JAMA, 295(1): 39–49. https://doi.org/10.1001/jama.295.1.39

			Ibukun EO, Oladipo GO (2016). Lipidomic modulation in stressed albino rats is altered by yolk and albumen of quail (Coturnix japonica) egg and poultry feed. Biochem. Res. Int., 2016: 2565178. https://doi.org/10.1155/2016/2565178

			King RA, Markov, D., Sen, R., Severinov, K. Weisberg, R.A. (2004). A conserved zinc binding domain. J. Mol. Biol., 342: 1143–1154. https://doi.org/10.1016/j.jmb.2004.07.072

			Kouroku Y, Fujita E, Tanida I, Ueno T, Isoai A, Kumagai H, Ogawa, S., Kaufman, R.J., Kominami, E., Momoi, T.  (2007). ER stress mediates the polyglutamine-induced LC3 conversion. Cell Death Diff., 14(2): 230–239. https://doi.org/10.1038/sj.cdd.4401984

			Kraeuter AK, Guest PC, Sarnyai Z (2018). The Y-maze for assessment of spatial working and reference memory in mice. Methods Mol. Biol., 105: 105–111. https://doi.org/10.1007/978-1-4939-8994-2_10

			Kuang L, Cao X, Lu Z (2017). Baicalein protects against rotenone-induced neurotoxicity through induction of autophagy. Biol. Pharma. Bull., 40: 1537–1543. https://doi.org/10.1248/bpb.b17-00392

			Lee SY, Hur SJ (2019). Mechanisms of neuroprotective effects of peptides derived from natural materials. Comprehen. Rev. Food Sci. Food Saf., 18(4): 923–935. https://doi.org/10.1111/1541-4337.12451

			Liu J, Liu W, Lu Y, Tian H, Duan C, Lu L, Gao, G., Wu, X., Wang, X., Yang, H (2018). Piperlongumine restores the balance of autophagy and apoptosis by increasing BCL2 phosphorylation in rotenone-induced Parkinson disease models. Autophagy, 14(5): 845–861. https://doi.org/10.1080/15548627.2017.1390636

			Lv FH, Gao JZ, Teng QL, Zhang JY (2013). Effect of folic acid and vitamin B12 on PPARγ and caspase expression. Exp. Therapeut. Med., 6: 184–188. https://doi.org/10.3892/etm.2013.1076

			Madeira C, Lourenco MV, Vargas-Lopes C, Suemoto CK, Brandão CK, Reis T, Leite, R.E.P., Laks, J., Jacob-Filho, W., Pasqualucci, C.A., Grinberg, L.T., Ferreira, S.T., Panizzutti, R (2015). D-serine levels in Alzheimer’s disease. Trans. Psych., 5: e561. https://doi.org/10.1038/tp.2015.52

			Miodownik C, Lerner V (2010). The neuroprotective efficacy of vitamins. In: (ed. M.S. Ritsner), Brain protection in schizophrenia, mood and cognitive disorders. Springer. pp. 355–372. https://doi.org/10.1007/978-90-481-8553-5_17

			Misner DL, Jacobs S, Shimizu Y (2001). Vitamin deprivation results in reversible loss of hippocampal long-term synaptic plasticity. Proc. Natl. Acad. Sci., 98: 11714–11719. https://doi.org/10.1073/pnas.191369798

			Narongchai P, Narongchai S, Thampituk S (2005). J. Med. Assoc. Thailand, 88: 984.

			Nunes VA, Gozzo A, Juliano MA, César MC, Sampaio MU, Sampaio CAM, Araujo, M.S. (2003). Antioxidant dietary deficiency induces caspase activation. Braz. J. Med. Biol. Res., 36(8): 1047–1053. https://doi.org/10.1590/S0100-879X2003000800010

			O’Connor EA, Evans CV, Ivlev I (2022). Vitamin and mineral supplements for the primary prevention of CVD and cancer. JAMA, 327(23): 2334–2347. https://doi.org/10.1001/jama.2021.15650

			Oladipo GO, Nlekerem CM, Ibukun EO (2016). Comparative in vitro anti-inflammatory activities Coturnix japonica Egg Components and Poultry Feed. J. Natl. Sci. Res., 6(17): 57–60.

			Oladipo GO, Nlekerem CM, Ibukun EO, Kolawole AO (2017). Quail egg yolk bioactive components attenuate testicular damage and oxidative stress in diabetic rats. Eur. J. Nutr., 2857-2867. doi: 10.1007/s00394-017-1554-4.

			Oladipo GO, Oladipo MC, Ibukun EO, Salawu SO (2020). Bioactive constituents of Quail (Coturnix japonica) egg attenuated 2-butoxyethanol-induced enzymatic dysregulation, disseminated thrombosis and hemolytic impairment in female Wistar rats. J. Ethnopharmacol., 251: 112527.

			Pajarillo E, Rizor A, Lee J, Aschner M, Lee E (2019). Posttranslational modifications in Parkinson’s disease. Biochim. Biophys. Acta Mol. Basis Dis., 1865: 1992–2000. https://doi.org/10.1016/j.bbadis.2018.11.017

			Pan-Montojo F, Anichtchik O, Dening Y, Knels L, Pursche S, Jung R, Jackson, S., Gille, G., Spillantini, M.G., Reichmann, H., Funk, R.H.W. Progression of Parkinson’s disease pathology. PLoS One, 5(1): e8762. https://doi.org/10.1371/journal.pone.0008762

			Prasad AS, Oberleas D (1970). Thymidine kinase activity. Trans. Res., https://doi.org/10.5555/uri:pii:0022214374900146

			Priyanka SH, Thushara AJ, Arun AR, Indira M (2020). Alcohol-induced NLRP3 inflammasome activation. Brain, Behav. Immun. Health, 2: 100024. https://doi.org/10.1016/j.bbih.2019.100024

			Rizzi G, Tan KR (2017). Dopamine and acetylcholine. Front. Neural Circuits, 11: 110. https://doi.org/10.3389/fncir.2017.00110

			Sangani R, Periyasamy-Thandavan S, Pathania R, Ahmad S, Kutiyanawalla A, Kolhe R, Bhattacharyya, M.H., Chutkan, N., Hunter, M., Hill, W.D., Hamrick, M., Isales, C., Fulzele, S. (2015). Vitamin C and SVCT2 in bone marrow stromal cell autophagy. Stem Cell Res., 15(2): 312–321. https://doi.org/10.1016/j.scr.2015.06.002

			Schober A (2004). Classic toxin-induced animal models. Cell Tissue Res., 318(1): 215–224. https://doi.org/10.1007/s00441-004-0938-y

			Tanner CM, Kamel F, Ross GW, Hoppin JA, Goldman SM, Korell M, Bhattacharyya, M.H., Chutkan, N., Hunter, M., Hill, W.D., Hamrick, M., Isales, C., Fulzele, S (2011). Rotenone, paraquat, and Parkinson’s disease. Environ. Health Persp., 119: 866–872. https://doi.org/10.1289/ehp.1002839

			Venkateshgobi V, Rajasankar S, Johnson WMS, Prabu K (2018). Neuroprotective effect of Agaricus blazei extract against rotenone-induced motor and nonmotor symptoms in experimental model of Parkinson’s disease. Int. J. Nutr. Pharmacol. Neurol. Dis., 8: 59.

			Wenyu F, Wenxin Z, Shuanhu Z, Xin W (2015). Plant-derived neuroprotective agents. Am. J. Trans. Res., 7(7): 1189–1202.

			Xiong N, Xiong J, Jia M, Liu, L., Zhang, X., Chen, Z., Huang, J., Zhang, Z., Hou, L., Luo, Z., Ghoorah, D., Lin, Z., Wang, T.   (2013). The role of autophagy in Parkinson’s disease. Behav. Brain Funct., 9: 13. https://doi.org/10.1186/1744-9081-9-13

			Yarmohammadi F, Wallace HA, Najafi N, Karimi G (2020). Protective effect of natural compounds against rotenone-induced neurotoxicity. J. Biochem. Mol. Toxicol., https://doi.org/10.1002/jbt.22605

			Yüksek V, Dede S, Taşpınar M, Çetin S (2017). Effects of vitamins A, D, E, and C on apoptosis and DNA damage. Fluoride, 50(3): 300–313.

			Zhang Y, Guo H, Guo Y, Ge D, Shi Y, Lu X, Lu, J., Chen, J., Ding, F., Zhang, Q (2019). Involvement of Akt/mTOR in neurotoxicity. Int. J. Environ. Res. Publ. Health, 16: 3811. https://doi.org/10.1016/j.neuro.2019.04.007

		

	OEBPS/image/Image34389750.png
1 2 3 4 5 & 7
Vitamin B3 Vitamin A Vitamin B2 Vitamin E
Retention Time (min)

8

g0
Vitamin K Vitamin &





OEBPS/image/Image343897471.png
P13K/B-ACTIN

08

06

04

02

NC  ROTQ ROTU

AKT/B-ACTIN

Ne

ROTQ ROTU ROT

N

ROTQ ROTU

ROT





OEBPS/image/Image34389752.png
Concentration Ratio

%
% o

&
w v"

l 5 6 79 9 10 1m1213 141516 1718
I 0\«“« o\
e <

Retention Time (min)

1916






OEBPS/image/Image34389746.png
W e wm o

s
NILOV-¢/1-uipes

@ @ s § ©

NILOV-g/€D1

ROT

ROTQ ROTU

NC

NC ROTQ ROTU ROT





OEBPS/image/Image343897461.png
NLRP3/B-ACTIN

NC ROTQ ROTU ROT

1L-18/B-ACTIN

07
08
os
04
03
02
01

N

ROTQ ROTU ROT





OEBPS/image/Image34389762.png





OEBPS/image/Image34389754.png
Plate
visible
seen.

No
lesions.

Plate 2: There is
4 mild spongiosis
of the
parenchyma.

Plate 3: There is
amild diffuse
spongiosis of the
parenchyma. Few
neuronal cells are
degenerate.

Plate 4: There is
severe  neuronal
degeneration.
The cells are
rounded and faint
staining. There is
a mild spongiosis
around the
degenerate cells.






OEBPS/image/Image343897472.png
2 o o o
T A& ] A

(%) xapu| Aoway

ROT

ROTQ ROTU

NC





OEBPS/image/1.png
OPEN 8ACC ESS South Asian Journal of Life Sciences

Research Article

Gheck for
updates.

Quail (Coturnix japonica) Egg modulated Cerebral Oxidative
Stress, Autophagy, Inflammasomes, Apoptosis and PI3K-AKT-
mTOR Signaling Pathways impaired by Rotenone in Rats
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Abstract | Trado-medicinal and nutritional therapies are currently acceptable, compared to synthetic orthodox drugs
with consequent side effects and worrisome dose-prescription. The aim of the study was to investigate the mechanism of
protection of quail egg mixture against rotenone-induced cerebral oxidative stress, autophagy, inflammasomes, apoptosis,
and PI3K-AKT-mTOR signaling pathways as potent in reversing the deleterious effects of this neurotoxicant against
cognitive and on cognitive function. The constituents of the quail egg mixture were characterized to determine vitamins,
mineral elements and amino acids present therein. Wistar rats were exposed to 5 mg/kg body weight (BWT) of rotenone
intraperitoneally. 1000 mg/kg BWT of quail egg mixture (ROTQ) and 5 mg/kg BWT of ubiquinone (ROTU) were
administered to mitigate for 5 weeks. Behavioral indices using Y-maze was conducted to determine the spatial working
memory of the rats were conducted After the treatments, the gene expression of some endogenous biomarkers such as
LC3,Beclin-1, NLRP3, IL-1B, Cas-3, Bax, Bcl-2, PI3K, AKT, and mTOR were evaluated. The results revealed the effects
of rotenone and quail egg mixture on neuronal autophagy, inflammasome, apoptosis, and a major signaling pathway
mechanism. The bioactive peptide in the quail egg mixture demonstrated neuroprotection by supplying amino acids that
are precursors to dopamine, acetylcholine and GABA, mitigating neuronal cell death. The quail egg mixture is rich in
vitamins that are bioactive in the protection of neurons and restoring of neuronal functions. Quail egg bioactive compounds
challenged rotenone-induced neurotoxicity favorably with the significant restoration of the functions of the neuron.
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INTRODUCTION individuals. Workers in industries where these chemicals
are manufactured are not exempted from the deleterious

Many insecticides, piscicide and pesticides are effects of exposure to these products which contain
used in both large and small scale fumigation by rotenone, an isoflavone lipophilic pesticide, which is a
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