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					ABSTRACT  

					ARTICLE INFO  

					Article history:  

					The study investigates 4G radiofrequency-modulated electromagnetic fields (RF-EMF) impact on  

					prenatal/postnatal neurogenesis in Wistar rats' dentate gyrus, crucial for memory and learning,  

					amid concerns over gadget-related RF exposure. Thirty-five pregnant female Wistar rats were  

					randomly assigned into seven groups (n=5/group): A-G. Group A was the control, while the rest  

					were exposed to varying durations of electromagnetic fields. At birth, four pups/group were  

					euthanized; the rest were exposed until postnatal day 35. Neurobehavioral tests (Y-maze, Open  

					field), histological (Haematoxylin & Eosin), Immunohistochemical (Ionized calcium-binding  

					adaptor molecule 1, caspase-3 assays), neurotransmitters (glutamate, serotonin, dopamine,  

					Gamma Amino Butyric Acid), and Enzymes (Cytochrome-c-oxidase assay) were evaluated in  

					dentate gyrus pre and postnatally. Radiofrequency radiation had mixed effects on dentate gyrus  

					functions, impacting behavior both positively and negatively. Neurotransmitter and enzyme  

					assays indicated mild negative effects, while histological and immunohistochemical analyses  

					revealed aberrations in both pre and postnatal exposure groups. Altogether, 4G RF induced mild  

					alterations in the overall structure of the dentate gyrus which could interfere with neurogenesis  

					and neural plasticity.  
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					The sources of RF could be natural (ultraviolet rays, earth, and  

					ionosphere) or artificial (telecommunication devices, ovens,  

					microwaves, and the rest). Although nonionizing radiation has a lower  

					frequency and is generally considered safe, some types have enough  

					energy to produce deleterious effects in living tissues.8  

					Introduction  

					Neurogenesis is the process by which neural progenitor cells  

					differentiate into mature neurons;1 it begins embryonically, continues  

					postnatally, and even throughout adulthood specifically in the dentate  

					gyrus and the subventricular zone of the lateral ventricle.2 Hippocampal  

					neurogenesis plays a very important role in learning and memory.3 It  

					has been proposed that hippocampal-mediated learning could be a result  

					of neuronal regeneration in the dentate gyrus.4 The dentate gyrus is  

					known to be the major structure for information transfer to the  

					hippocampus.5 It has been well established in previous literature that  

					exposure to any environmental stressor at a critical brain developmental  

					window can result in neurobiological and behavioural changes.6  

					Radiofrequency (RF) denotes the conveyance of energy via radio waves,  

					encompassing any frequency within the electromagnetic radiation  

					spectrum's oscillation rate. RF, encompassing radio waves and  

					microwaves, constitutes a nonionizing form of radiation, lacking the  

					energy necessary to disrupt chemical bonds or displace electrons.7  

					Recent studies show that EMF exposure at different frequencies can  

					have adverse effects on health.9 The brain is considered more exposed  

					to RF because, during most conversations with mobile phones, it is  

					usually placed close to the head.10 Aslan et al .,11 reported that exposure  

					to Electromagnetic frequency (EMF) can lead to a variety of  

					neurological conditions such as a decreased number of pyramidal and  

					Purkinje cells in the Cornus ammonis. Low frequency of RF-EMF can  

					affect spatial memory and place learning tasks in rodents when tested  

					using water and radial arm maze.12 Prenatal and early postnatal are the  

					most sensitive and high-risk periods to be exposed to EMF.13 The proper  

					formation and differentiation of stem cells (neural) at the embryological  

					development stage can be disrupted by exposure to EMF.14 It can also  

					influence neural function, regulation of neurotransmitter systems,  

					neural survival, synaptic plasticity, and memory and learning.15 In a  

					report by Mausset et al,16 EMFs prenatal exposure could distort granule  

					cell neurogenesis at the dentate gyrus (DG) which could then lead to  

					disturbance in postnatal behavior and cognitive functions in line with  

					the hippocampus. Hence this study investigated the biochemical,  

					histomorphological, immunohistochemical, and behavioural changes  

					caused by 4G RF on the pre and postnatal developmental neurogenesis  

					of the DG of Wistar rats.  
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					21 days, a typical period for Wistar rats. Customized cages with  

					controlled exposure to radio-frequency radiation were provided, with  

					each group assigned one mobile phone and Wi-Fi modem. The distance  

					between the cage base and the devices was measured for standardization.  

					At birth, four offspring per group were randomly chosen and sacrificed  

					to assess the immediate effects of gestational radiation exposure. The  

					remaining offspring were observed until Post-natal day 35 to evaluate  

					longer-term impacts on development and health.  

					Materials and Methods  

					Experimental Animals:  

					Rats weighing 80 g - 100 g were utilized in this study, comprising 7  

					male and 35 female animals. The female rats were separated into seven  

					groups, each group containing 5 individuals. A single male rat was  

					placed in each cage for mating purposes, and pregnancy was validated  

					by a vaginal plug, that was tagged on day 0 of gestation.  

					The experimental procedures were performed with approval from the  

					Ethical Committee for Health Research at Babcock University  

					(BUHREC) with the registered number 762/19.  

					Experimental Design/Procedure:  

					The female Wistar rats were divided into seven groups (n=5) ” table 1”.  

					Mating with male rats induced pregnancy, confirmed by the presence  

					of a vaginal plug marking day 0 of gestation. Most pregnancies lasted  

					Table 1: The Animal Grouping and Treatment  

					GROUPS  

					NO OF ANIMALS  

					(ADULT FEMALES)  

					NO OF ANIMALS  

					(ADULT MALES)  

					1

					NO OF ANIMALS  

					DURATION  

					(PUPS)  

					A

					B

					C

					5

					4

					No radiation  

					12 hours every day  

					12 hours/3 days in a  

					week (Monday,  

					Wednesday, and  

					Sunday)  

					5

					5

					1

					1

					4

					4

					D

					E

					5

					5

					1

					1

					4

					4

					6 hours per day  

					6 hours/3 days in a  

					week (Monday,  

					Wednesday, and  

					Sunday)  

					F

					5

					5

					1

					1

					4

					4

					24 hours everyday  

					24 hours/ 3 days in a  

					week  

					G

					The groupings are consistent with the initial groupings as stated in the methodology. However, neonates in group F were lost  

					Neurobehavioral evaluation  

					allowed to explore the three arms freely for three minutes. To compute  

					the percentage of alteration, the count of arm entries and triads is  

					documented. An entry is registered when all four limbs are within the  

					arm. This study was done for all the animals in each group and it was  

					done twice for each of them. After each animal exploration, the maze  

					was cleaned with 70% ethanol to remove all dirt and smell.19  

					The neurobehavioral evaluation was carried out on PND 30 using the  

					open field test and Y-maze. The open field test is used to test for  

					explorative behaviour in rodents, while the Y-maze spontaneous  

					alternation parameter is used to check for short-term and spatial  

					memory in rodents.17  

					The Open Field Test (OFT) serves as a widely used assessment tool for  

					evaluating exploratory behaviour and overall activity levels in rodents,  

					enabling measurement of both qualitative and quantitative aspects.  

					Essentially, the OFT consists of a spacious enclosed cuboid container  

					with barriers preventing escape, measuring 72cm x 72cm x 36cm  

					(Length x Width x Height respectively). One side of the wall is made  

					up of plexiglass for rat visibility, red lines were used to divide the floor  

					into sixteen 18 x 18cm 2 and a central square (18 x 18cm) was drawn in  

					the middle of the open field using blue marker. The fundamental and  

					prevalent outcome of interest, movement, can be affected by various  

					factors such as motor function, exploratory tendencies, freezing  

					responses indicative of fear, illness, and the specific time within the  

					circadian rhythm, among numerous other variables. Each animal was  

					placed in the centre square and allowed to explore for five minutes, in  

					this time the animals were recorded using a monitoring camera;  

					outcomes such as defecation, grooming, rearing, center square entry,  

					and number of lines crossed were evaluated18. It is important to note  

					that after each animal’s time, the apparatus is cleaned using cotton wool  

					and ethanol to avoid olfactory and visual cues.18  

					Sacrifice and histological analysis  

					On Postnatal Day 35, the animals were euthanized via cervical  

					dislocation. Subsequently, the skull was meticulously opened to  

					facilitate the retrieval of brain tissues. The hippocampal formation was  

					identified and extracted, then preserved in 10% formal saline to initiate  

					histological procedures for Haematoxylin & Eosin, Cresyl violet, Luxol  

					fast Blue, and Immunohistochemical assessment.  

					Biochemical assay  

					Brain tissues intended for biochemical assays underwent  

					homogenization in ice-cold 0.1M phosphate buffer at a ratio of four  

					volumes to facilitate further assessment of neurotransmitter levels and  

					enzyme activities.  

					Glutamate  

					Glutamate level was conducted following the method described by  

					Adelodun et al.,20 The dentate gyrus was homogenized by adding 2 ml  

					of sucrose and a pestle for grinding, after which the homogenate was  

					poured into clean sample bottles and was kept in a centrifuge at 4000G  

					for 15 minutes. Supernatants were moved to fresh sample bottles for  

					quantifying glutamate levels using ELISA kits. A microplate reader at  

					450nm was used, with samples adjusted to 50µL with assay buffer.  

					The Y-maze test is sensitive to hippocampal damage and gene  

					manipulations (Creative Biolabs). Assessment can be conducted by  

					permitting mice to explore all three arms of the maze, each situated at a  

					120° angle to the others, driven by rodents' innate curiosity to  

					investigate new territories.17 The maze was sanitized with 70% ethanol  

					to remove smell and dirt and a video camera was placed above it for  

					recording. After the rat was placed at the center of the maze, it was  
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					Glutamate levels were determined using the manufacturer's standard  

					curve (ab83389, Abcam).  

					decreased CcO activity in certain brain areas, including the dentate  

					gyrus. Given the high energy demand during neurogenesis, the  

					observed increase in CcO activity underscores its significance in brain  

					development, as evidenced by studies in zebrafish showing  

					neurodegeneration due to CcO deficiency.26  

					Dopamine  

					During early development, Gamma-Aminobutyric Acid (GABA)  

					initially acts excitatory before transitioning to a different role alongside  

					glutamate. GABA has implications in various neurogenesis processes,  

					while glutamate, the primary excitatory neurotransmitter in the CNS,  

					plays crucial roles in neurodevelopment, learning, and stress  

					responses.20 This study observed increased levels of both GABA  

					(Figure 2) and glutamate (Figure 3) across experimental groups,  

					consistent with Owolabi et al.'s findings22 following radiofrequency  

					exposure. However, abnormal increases in GABAergic signaling may  

					impede development, while glutamatergic over-activity could hinder  

					neurogenesis.27  

					Dopamine and serotonin, neurotransmitters regulating mood and  

					implicated in anxiety and depression, also influence neuroplastic  

					changes prenatally and postnatally within the hippocampal formation  

					and cortex.28 This study noted significant changes in dopamine (Figure  

					4) and serotonin (Figure 5) levels across all groups exposed to prenatal  

					and postnatal radiofrequency, aligning with Ismail et al.'s28 findings  

					suggesting stress-related dopaminergic effects and anxiogenic serotonin  

					effects. Increased serotonin levels may lead to learning impairments and  

					spatial memory deficits.29  

					The assay utilized the competitive inhibition enzyme immunoassay  

					technique, as documented by Atacket al.,21 A microplate was coated  

					with a monoclonal antibody tailored to dopamine. A competitive  

					inhibition reaction ensued between biotin-labeled dopamine and  

					unlabeled dopamine (both standards and samples) with the dopamine-  

					specific antibody pre-coated on the microplate. Following incubation,  

					any unbound conjugate was washed away. Avidin linked to Horseradish  

					Peroxidase (HRP) was introduced into each well and allowed to  

					incubate. Subsequently, upon addition of the substrate solution, the  

					intensity of color developed was inversely correlated to the  

					concentration of dopamine in the sample. Following the procedural  

					steps, 50μL of stop solution was introduced, and absorbance was  

					promptly read at 450 nm.  

					Serotonin  

					Serotonin levels were determined using the method described by  

					Owolabi et al.,22 In this procedure, 100 μL of acylated standards,  

					controls, and samples were dispensed into appropriate wells of 5Ht/5-  

					HIAA Microtiter Strips, followed by adding 25 μL of 5Ht antiserum to  

					all wells. Plates were sealed with adhesive foil and incubated for 15 to  

					20 hours at 2 to 8 °C. The standard serotonin ELISA protocol was  

					adhered to consistently. Absorbance was measured within 10 minutes  

					using a microplate reader set at 450 nm, with a reference wavelength  

					ranging from 620 nm to 650 nm.  

					The Y-maze test (Figure 6) evaluated spatial memory, showing no  

					significant differences across exposed groups compared to the control.  

					However, spontaneous alternation decreased in moderate and low  

					intermittent exposure groups, suggesting that radiofrequency exposure  

					intensity may influence neurobehavioral alterations.30 The open field  

					test (Figure 7) revealed decreased exploratory behavior across exposed  

					groups, consistent with previous reports.31  

					Gamma Amino Butyric Acid (GABA)  

					Histological assessment (Plate 1) revealed altered dentate gyrus  

					structure following prenatal and postnatal radiofrequency exposure,  

					with notable cell loss and condensed granule cells. These findings align  

					with studies reporting hippocampal cell loss due to EMF exposure.32  

					Additionally, immunohistochemical analysis showed mild to moderate  

					microglial (Plate 2) activation in postnatal dentate gyrus, suggesting  

					potential neuroinflammatory responses, but no acute inflammation at  

					birth, consistent with previous studies.33,34  

					Brain homogenates were prepared and centrifuged at 3000G for 20  

					minutes; the supernatant was collected and assayed by bringing the  

					samples to a 50ųL standard solution and adding the GABA antiserum  

					to each well. Subsequently, the solution was thoroughly mixed, and 100  

					μL of stock solution was added. Absorbance was then at a wavelength  

					of 450 nm was measure, with reference wavelengths set at 620 nm and  

					650 nm.  

					Cytochrome-C-oxidase  

					Expression of caspase-3 (Plate 3), a mediator of apoptosis, was mild in  

					prenatal groups but varied in postnatal groups, possibly affecting  

					synaptic pruning and plasticity. The dose-dependent effects observed  

					indicate that prolonged exposure may induce more significant apoptotic  

					potentials.35  

					Following the homogenization of the brain tissues (dentate gyrus),  

					enzymes (cytochrome c-oxidase were analyzed. ELISA analysis was  

					conducted at 450 nm utilizing a microplate reader, according to the  

					manufacturer’s instructions provided.  

					Conclusion  

					Statistical analysis  

					Statistical analysis was done using Graph Pad Prism 8.4.2 software,  

					where raw data was transformed into grouped data and analyzed via  

					one-way analysis of variance (ANOVA). The outcomes were presented  

					as mean ± error of the mean (SEM) in tabular format. Subsequently, the  

					Student Newman-Keuls post hoc test was employed to compare means,  

					identifying any significant differences, with a significance level set at  

					P<0.05.  

					Exposure to 4G radiofrequency radiation had a mild effect on the  

					behavioural, biochemical, histoarchitectural, and immunohistochemical  

					profile of the prenatal and postnatal dentate gyrus. However, the effects  

					were in a time and intensity-dependent manner which suggests that  

					consistent and long-term exposure could produce more deleterious  

					effects which will directly or indirectly harm neurogenesis and  

					neuroplasticity. The mechanism of action of 4G-RF on the blood-brain  

					barrier permeability should be further explored.  
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					Results and Discussion  

					The dentate gyrus is recognized for its crucial involvement in learning  

					and memory formation. Consequently, this research aimed to explore  

					4G radiofrequency radiation (RFR) effects on prenatal and postnatal  

					neurogenesis within the dentate gyrus of Wistar rat models, employing  

					biochemical, histological, and immunohistochemical methodologies.  

					Cytochrome-c-oxidase (CcO) activity in the brain is a specific indicator  

					of oxidative metabolism.23 Being the final enzyme in the electron  

					transport chain, CcO is closely linked to mitochondrial dysfunction.24  

					The present study (Figure 1) demonstrated increased CcO activity in  

					both prenatal and postnatal dentate gyrus, consistent with Owolabi et  

					al.'s findings22 indicating a positive effect of radiofrequency exposure  

					on prenatal and postnatal brain neurochemistry. However, this contrasts  

					with Amari et al.'s findings,25 where exposure to GSM signals led to  
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					Figure 1: Bar Chart showing pre-natal and postnatal  

					Cytochrome C oxidase concentration across the groups.Values  

					are mean ± SEM of data obtained. P values (p <0.05). *;  

					Indicates statistical significance when compared to the control  

					group (A), #; Indicates statistical significance when compared  

					to the 12 hrs continuous group (B) $; Indicates statistical  

					significance when compared to the 12 hrs intermittent group (C),  

					@; Indicates statistical significance when compared to the 6 hrs  

					continuous group (D).  

					Figure 4: Bar Chart showing pre-natal and post-natal Dopamine  

					concentration across the groups. Values are mean ± SEM of data  

					obtained. P values (p <0.05). *; Indicates statistical significance  

					when compared to the control group (A) at p<0.05, #; Indicates  

					statistical significance when compared to the 12 hrs continuous  

					group (B) at p<0.05, $; Indicates statistical significance when  

					compared to the 12 hrs intermittent group (C) at p<0.05, @;  

					Indicates statistical significance when compared to 6hrs  

					continuous group (D) at p<0.05.  
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					Figure 2: Bar Chart showing pre-natal and postnatal GABA  

					concentration across the groups.Values are mean ± SEM of data  

					obtained. P values (p <0.05), *; Indicates statistical significance  

					when compared to the control group (A) at p<0.05, #; Indicates  

					statistical significance when compared to the 12 hrs continuous  

					group (B) at p<0.05, $; Indicates statistical significance when  

					compared to the 6hrs intermittent group (E) at p<0.05.  

					GROUPS  

					Figure 5: Bar chart showing levels of Serotonin in Pre and  

					post-natal dentate gyrus.  
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					Figure 3: Bar Chart showing pre-natal and postnatal glutamate  

					concentration across the groups. Values are mean ± SEM of data  

					obtained. P values (p <0.05). *; Indicates statistical significance  

					when compared to the control group (A) at p<0.05, #; Indicates  

					statistical significance when compared to the 12 hrs continuous  

					group (B) at p<0.05, $; Indicates statistical significance when  

					compared to the 12 hrs intermittent group (C) at p<0.05, @;  

					Indicates statistical significance when compared to 6 hrs  

					intermittent group (E) at p<0.05; Indicates % statistical  

					significance when compared to 24 hrs continuous group (F) at  

					p<0.05  
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					Figure 7: Bar chart showing the open field test parameters in  
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					Histological and immunohistochemical evaluation of the  
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					Plate 3a: Photomicrographs showing Caspase- 3 expression in  
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					Blue arrows indicate mild to moderate expression of the  

					apoptotic protein in groups B- G  

					b

					References  

					1.  

					Liu F, Tian N, Zhang HQ, Li SH, Zhou QZ, Yang Y, Zheng  

					J, Wang JZ. GSK-3β activation accelerates early-stage  

					consumption of Hippocampal Neurogenesis in senescent  

					mice.  

					Theranostics.  

					2020;10(21):9674-9685.  

					doi:  

					10.7150/thno.43829.  

					Plate 1a: Photomicrographs showing H&E staining of the  

					dentate gyrus of the pre-natal hippocampal formation (X 400)  

					(ML- molecular layer, GL- granule layer and PL- polymorphic  

					layer)  

					2. Komada M, Nagao T, Kagawa N. Prenatal and postnatal  

					bisphenol A exposure inhibits postnatal neurogenesis in the  

					hippocampal dentate gyrus. J Toxicol Sci. 2020;45(10):639–  

					50.  

					3. Gil-Mohapel J, Boehme F, Kainer L, Christie BR.  

					Hippocampal cell loss and neurogenesis after fetal alcohol  

					exposure: insights from different rodent models. Brain Res  

					Rev. 2010;64(2):283–303.  

					4. Madhyastha S, Sekhar S, Rao G. Resveratrol improves  

					postnatal hippocampal neurogenesis and brain derived  

					neurotrophic factor in prenatally stressed rats. Int J Dev  

					Neurosci. 2013;31(7):580–5.  

					Plate 1b: Photomicrographs showing H&E staining of the  

					dentate gyrus of the post-natal hippocampal formation (X 400)  

					(ML- molecular layer, GL- granule layer and PL- polymorphic  

					layer)  

					a

					5. Pofahl M, Nikbakht N, Haubrich AN, Nguyen T, Masala N,  

					Distler F, Braganza O, Macke JH, Ewell LA, Golcuk K, Beck  

					H. Synchronous activity patterns in the dentate gyrus during  

					immobility.  

					Elife.  

					2021;10:e65786.  

					doi:  

					10.7554/eLife.65786.  

					6. Reznikov R, Binko M, Nobrega JN, Hamani C. Deep brain  

					stimulation in animal models of fear, anxiety, and  

					posttraumatic stress disorder. Neuropsychopharmacology.  

					2016;41(12):2810–2817.  

					7386  

					© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					Trop J Nat Prod Res, June 2024; 8(6):7382-7387  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					7. Narayanan SN, Kumar RS, Potu BK, Nayak S, Bhat PG,  

					Alzheimer  

					disease,  

					and  

					Parkinson  

					disease.  

					Mailankot M. Effect of radio-frequency electromagnetic  

					radiations (RF-EMR) on passive avoidance behaviour and  

					hippocampal morphology in Wistar rats. Ups J Med Sci.  

					2010;115(2):91–6.  

					Neuropsychopharmacology. 2019;44(5):837–849.  

					25. Cichocki A, Yang HH. A new learning algorithm for blind  

					signal separation. Advances in neural information processing  

					systems. 1996;8:757–763.  

					8. Hitchcock RT. Nonionizing radiation. In: Applications and  

					Computational Elements of Industrial Hygiene. CRC Press;  

					2018. p. 485–554.  

					9. Miah T, Kamat D. Current understanding of the health  

					effects of electromagnetic fields. Pediatr Ann.  

					2017;46(4):e172–e174.  

					10. Yang CL, Chang CK, Lee SY, Chang SJ, Chiou LY.  

					Efficient four-coil wireless power transfer for deep brain  

					stimulation. IEEE Transactions on Microwave Theory and  

					Techniques. 2017;65(7):2496–507.  

					26. Baden KN, Murray J, Capaldi RA, Guillemin K. Early  

					developmental pathology due to cytochrome c oxidase  

					deficiency is revealed by a new zebrafish model. J Biol Chem.  

					2007;282(48):34839–49.  

					27. Fabiyi OS, Ogunbiyi OE, Owolabi JO, Adelodun ST,  

					Adetunji OA, Olanrewaju JA, Lawal OB, Adeniji K, Sambo  

					AJ. Effects of Moringa oleifera on 3, 4-  

					Methylenedioxymethamphetamine  

					(MDMA)  

					Induced  

					Neurotoxicity in the Pre-Frontal Cortex of Experimental  

					Wistar Rats. J Pharmacol Toxicol. 2023;18:17-24.  

					11. Aslan A, İkinci A, Baş O, Sönmez OF, Kaya H, Odacı E.  

					28. Lonstein JS, Linning-Duffy K, Yan L. Low daytime light  

					intensity disrupts male copulatory behavior, and upregulates  

					medial preoptic area steroid hormone and dopamine receptor  

					expression, in a diurnal rodent model of seasonal affective  

					disorder. Front Behav Neurosci. 2019;13:72.  

					Long-term exposure to  

					a

					continuous 900 MHz  

					electromagnetic field disrupts cerebellar morphology in  

					young adult male rats. Biotech Histochem. 2017;92(5):324–  

					330.  

					12. Wang B, Lai H. Acute exposure to pulsed 2450‐MHz  

					microwaves affects water‐maze performance of rats.  

					Bioelectromagnetics. 2000;21(1):52–6.  

					13. Azimzadeh M, Jelodar G. Prenatal and early postnatal  

					exposure to radiofrequency waves (900 MHz) adversely  

					affects passive avoidance learning and memory. Toxicol Ind  

					Health. 2020;36(12):1024–1030.  

					14. Tumkaya T, Burhanudin S, Khalilnezhad A, Stewart J, Choi  

					H, Claridge-Chang A. Most primary olfactory neurons have  

					individually neutral effects on behavior. Elife.  

					2022;11:e71238.  

					15. Manikonda PK, Rajendra P, Devendranath D, Gunasekaran  

					B, Aradhya RSS, Sashidhar RB, Subramanyam C. Influence  

					of extremely low frequency magnetic fields on Ca2+  

					signaling and NMDA receptor functions in rat hippocampus.  

					Neurosci Lett. 2007;413(2):145–9.  

					29. Adetunji OA, Obasi K, Oyewopo AO, Adetunji IT.  

					Ameliorative Effects of Progesterone on Prefrontal Cortex  

					Plaques and Neurofibrillary Tangles Associated with  

					Streptozotocin-Induced Diabetic Rats Brain. GSJ.  

					2018;6(10):256-268. Online: ISSN 2320-9186  

					30. Ismail AF, El-Sonbaty SM. Fermentation enhances Ginkgo  

					biloba protective role on gamma-irradiation induced  

					neuroinflammatory gene expression and stress hormones in  

					rat brain. J Photochem Photobiol B. 2016;158:154–63.  

					31. Tang YZ, Wu BS, Yang LQ, Yue JN, He LL, Li N, Ni JX.  

					The long-term effective rate of different branches of  

					idiopathic trigeminal neuralgia after single radiofrequency  

					thermocoagulation:  

					2015;94(45):e1994.  

					a

					cohort  

					study.  

					Medicine.  

					32. Obajuluwa AO, Akinyemi AJ, Afolabi OB, Adekoya K,  

					Sanya JO, Ishola AO. Exposure to radio-frequency  

					electromagnetic waves alters acetylcholinesterase gene  

					expression, exploratory and motor coordination-linked  

					behaviour in male rats. Toxicol Rep. 2017;4:530–534.  

					33. Odaci D, Gacal BN, Gacal B, Timur S, Yagci Y.  

					Fluorescence sensing of glucose using glucose oxidase  

					modified by PVA-pyrene prepared via “click” chemistry.  

					Biomacromolecules. 2009;10(10):2928–34.  

					16. Mausset AL, De Seze R, Montpeyroux F, Privat A. Effects  

					of radiofrequency exposure on the GABAergic system in the  

					rat  

					cerebellum:  

					clues  

					from  

					semi-quantitative  

					immunohistochemistry. Brain Res. 2001;912(1):33–46.  

					17. Kraeuter AK, Guest PC, Sarnyai Z. The Y-maze for  

					assessment of spatial working and reference memory in mice.  

					Methods Mol Biol. 2019;1916:105-111.  

					18. Gould TD, Dao DT, Kovacsics CE. The open field test.  

					Mood and anxiety related phenotypes in mice:  

					Characterization using behavioral tests. 2009;1–20.  

					19. Olton DS. Mazes, maps, and memory. Am Psychol.  

					1979;34(7):583-96.  

					20. Adelodun ST, Ishola OA, Abijo AZ, Olatunji SY, Owolabi  

					JO, Olanrewaju JA, Adekomi DA. Aluminium chloride-  

					induced hippocampal damage: CA3 hippocampal subfield  

					involvement and the neuroprotective role of Buchholzia  

					coriacea ethanolic seed extract. Phytomed Plus.  

					2021;1(4):100104.  

					34. Adetunji OA. Progesterone Treatment on Prefrontal Cortical  

					Demyelination in Experimental Diabetes Induced Brain  

					Injury. Int J Adv Res Gynaecol Obstet. 2023;1(1):26-33.  

					35. Jeong YJ, Son Y, Han NK, Choi HD, Pack JK, Kim N, et al.  

					Impact of long-term RF-EMF on oxidative stress and  

					neuroinflammation in aging brains of C57BL/6 mice. Int J  

					Mol Sci. 2018;19(7):2103.  

					21. Atack CV. The determination of dopamine by a modification  

					of the dihydroxyindolefluorimetric assay. Br j of pharmacol.  

					1973;48(4):699–714.  

					22. Owolabi JO, Adefule KA, Shallie PD, Fabiyi OS, Olatunji  

					SY, Olanrewaju JA, Ajibade TP, Oyewumi S, Ogunnaike PO.  

					Experimental study of pre- and postnatal caffeine exposure  

					and its observable effects on selected neurotransmitters and  

					behavioural attributes at puberty : Caffeine exposure and its  

					observable effects on selected neurotranmitters and  

					behaviour. Metab Brain Dis. 2021;36(7):2029-2046.  

					23. Chege PM, McColl G. Caenorhabditis elegans: a model to  

					investigate oxidative stress and metal dyshomeostasis in  

					Parkinson’s disease. Front aging neurosci. 2014;6:89.  

					24. Holper L, Ben-Shachar D, Mann JJ. Multivariate meta-  

					analyses of mitochondrial complex I and IV in major  

					depressive disorder, bipolar disorder, schizophrenia,  

					7387  

					© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

	
EPUB/images/img_06.png







EPUB/toc.xhtml

Table of Contents


		Page






EPUB/images/img_02.png
N






EPUB/images/img_01.png










EPUB/images/img_11.png





EPUB/images/img_08.png





EPUB/images/img_07.png





EPUB/images/img_10.png





EPUB/images/img_09.png





