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Mobile brain imaging in butoh dancers: from rehearsals to public performance

Dissecting the neurobiology of dance would shed light on a complex, yet ubiquitous,
form of human communication. In this experiment, we sought to study, via mobile

electroencephalography (EEG), the brain activ...
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> Full Text > PDF

The cognitive neuroscience and neurocognitive rehabilitation of dance

Creative movement, in the form of music- and dance-based exercise and rehabilitation,
can serve as a model for learning and memory, visuospatial orientation, mental imagery,

and multimodal sensory-motor integr...

Madeleine Eve Hackney, Agnieszka Zofia Burzynska and Lena H. Ting
BMC Neuroscience 2024 25:58
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> Full Text > PDF

APOE4 rat model of Alzheimer's disease: sex differences, genetic risk and diet

The strongest genetic risk factor for Alzheimer's disease (AD) is the €4 allele of
apolipoprotein E (ApoE £4). A high fat diet also adds to the risk of dementia and AD. In
addition, there are sex differences as w...

Bradley Colarusso, Richard Ortiz, Julian Yeboah, Arnold Chang, Megha Gupta, Praveen
Kulkarni and Craig F. Ferris
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ZA-11-05, a novel NMDA-receptor antagonist reverses vanadium-induced neurotoxicity
in Caenorhabditis elegans (C. elegans)

Vanadium is a widely used transition metal in industrial applications, but it also poses
significant neurotoxic and environmental risks. Previous studies have shown that

exposure to vanadium may lead to neurod...

Amany Ladagu, Funmilayo Olopade, Paul Chazot, Taiwo Elufioye, Toan Luong, Madison
Fuller, Ethan Halprin, Jessica Mckay, Zeynep Ates-Alagoz, Taidinda Gilbert, Adeboye
Adejare and James Olopade
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Research ' Published on: 28 October 2024
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Structural and functional sex differences in medial temporal lobe subregions at
midlife

Research has increasingly recognized sex differences in aging and Alzheimer’s Disease
(AD) susceptibility. However, sex effects on the medial temporal lobe (MTL), a crucial

region affected by aging and AD, rem...

Marie Caillaud, Isabelle Gallagher, Janelle Foret and Andreana P. Haley
BMC Neuroscience 2024 25:55
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Exploring sex differences in auditory saliency: the role of acoustic characteristics in
bottom-up attention

Several cognitive functions are related to sex. However, the relationship between
auditory attention and sex remains unclear. The present study aimed to explore sex

differences in auditory saliency judgments, ...

Naoya Obama, Yoshiki Sato, Narihiro Kodama, Yuhei Kodani, Katsuya Nakamura, Ayaka

Yokozeki and Shinsuke Nagami
BMC Neuroscience 2024 25:54
Research ' Published on: 24 October 2024

> Full Text > PDF

Retraction Note: MicroRNA expression profile of the hippocampus in a rat model of
temporal lobe epilepsy and miR-34a-targeted neuroprotection against hippocampal
neurone cell apoptosis post-status epilepticus

Kai Hu, Yuan-Yuan Xie, Chen Zhang, Dong-Sheng Ouyang, Hong-Yu Long, Dan-Ni Sun,
Li-Li Long, Li Feng, Yi Li and Bo Xiao

BMC Neuroscience 2024 25:53
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Tinnitus is associated with increased extracellular matrix density in the auditory
cortex of Mongolian gerbils

Most scientists agree that subjective tinnitus is the pathological result of an interaction of
damage to the peripheral auditory system and central neuroplastic adaptations. Here we

investigate such tinnitus r...


https://bmcneurosci.biomedcentral.com/articles/10.1186/s12868-024-00909-5
https://bmcneurosci.biomedcentral.com/articles/10.1186/s12868-024-00909-5
https://bmcneurosci.biomedcentral.com/articles/10.1186/s12868-024-00909-5
https://bmcneurosci.biomedcentral.com/counter/pdf/10.1186/s12868-024-00909-5.pdf
https://bmcneurosci.biomedcentral.com/articles/10.1186/s12868-024-00908-6
https://bmcneurosci.biomedcentral.com/articles/10.1186/s12868-024-00908-6
https://bmcneurosci.biomedcentral.com/articles/10.1186/s12868-024-00908-6
https://bmcneurosci.biomedcentral.com/articles/10.1186/s12868-024-00908-6
https://bmcneurosci.biomedcentral.com/counter/pdf/10.1186/s12868-024-00908-6.pdf
https://bmcneurosci.biomedcentral.com/articles/10.1186/s12868-024-00904-w
https://bmcneurosci.biomedcentral.com/articles/10.1186/s12868-024-00904-w

Konstantin Tziridis, Antonia Maul, Jwan Rasheed, Patrick Krauss, Achim Schilling and

Holger Schulze
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Making sense together: dance improvisation as a framework for a collaborative
interdisciplinary learning processes

This editorial outlines the outcome of an interdisciplinary session on collective sense-
making through dance improvisation, which took place during the ‘Neural and Social

Bases of Creative Movement’ workshop. ...

Lisa Nelson, Julien Laroche, Nara Figueiredo, Jodo Fiadeiro, Joseph Dumit and Asaf
Bachrach
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Correction to: Simulated complexes formed from a set of postsynaptic proteins
suggest a localised effect of a hypomorphic Shank mutation

Marcell Miski, Aron Weber, Krisztina Fekete-Molnar, Bence Mark Kedmley-Horvath, Attila

Csikasz-Nagy and Zoltan Gaspari
BMC Neuroscience 2024 25:50
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> Full Text > PDF

Neuroprotective effects of psilocybin in a rat model of stroke

Psilocybin is a psychedelic 5HT2A receptor agonist found in “magic mushrooms”. Recent
studies have indicated that 5SHT2A agonists, such as dimethyltryptamine, given before

middle cerebral artery occlusion (MCAo...

Seong-Jin Yu, Kuo-Jen Wu, Yu-Syuan Wang, Eunkyung Bae, Fabio Chianelli, Nicholas
Bambakidis and Yun Wang

BMC Neuroscience 2024 25:49
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> Full Text > PDF

Vocal usage learning and vocal comprehension learning in harbor seals

Which mammals show vocal learning abilities, e.g., can learn new sounds, or learn to use
sounds in new contexts? Vocal usage and comprehension learning are submodules of

vocal learning. Specifically, vocal usa...

Diandra Duengen, Yannick Jadoul and Andrea Ravignani
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Tactile stimulation designs adapted to clinical settings result in reliable fMRI-based
somatosensory digit maps

Movement constraints in stroke survivors are often accompanied by additional
impairments in related somatosensory perception. A complex interplay between the

primary somatosensory and motor cortices is essenti...

Till Steinbach, Judith Eck, Inge Timmers, Emma E. Biggs, Rainer Goebel, Renate Schweizer
and Amanda L. Kaas
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> Full Text > PDF

Distinct connectivity patterns in bipolar and unipolar depression: a functional
connectivity multivariate pattern analysis study

Patients with bipolar disorder (BD) and major depressive disorder (MDD) exhibit
depressive episodes with similar symptoms despite having different and poorly

understood underlying neurobiology, often leading t...

Martin Pastrnak, Monika Klirova, Martin Bares and Tomas Novak
BMC Neuroscience 2024 25:46
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Thymoquinone ameliorate oxidative stress, GABAergic neuronal depletion and
memory impairment through Nrf2/ARE signaling pathway in the dentate gyrus
following cypermethrin administration

Exposure to chemical toxins, including insecticides, harms bodily organs like the brain.
This study examined the neuroprotective of thymoquinone on the cypermethrin’s
harmful effects on the histoarchitecture o...

Abubakar Lekan Imam, Akeem Ayodeji Okesina, Fatimo Ajoke Sulaimon, Aminu Imam,
Rugayyah Yetunde Ibiyeye, Lukuman Aboyeji Oyewole, Sikiru Abayomi Biliaminu, Monsur
Shehu, Abdulhameed Oluwatomi Alli, Oluwatosin Olasheu Omoola and Salihu Moyosore
Ajao
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Dorsal root ganglion inflammation by oxaliplatin toxicity: DPEP1 as possible target
for peripheral neuropathy prevention

Peripheral neuropathy (PN) constitutes a dose-limiting side effect of oxaliplatin
chemotherapy that often compromises the efficacy of antineoplastic treatments. Sensory

neurons damage in dorsal root ganglia (D...

Karen Alvarez-Tosco, Rebeca Gonzalez-Fernandez, Maria Angeles Gonzalez-Nicolas, Rita
Martin-Ramirez, Manuel Morales, Ricardo Gutiérrez, Lucio Diaz-Flores, Maria Rosa Arnau,
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The reliability and validity of rapid transcranial magnetic stimulation mapping for
muscles under active contraction

Rapid mapping is a transcranial magnetic stimulation (TMS) mapping method which can
significantly reduce data collection time compared to traditional approaches. However,

its validity and reliability has only ...

Nahian S. Chowdhury, Wei-Ju Chang, Rocco Cavaleri, Alan K.I. Chiang and Siobhan M.
Schabrun
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> Full Text > PDF

Neural acetylcholinesterase and monoamine oxidase deregulation during
streptozotocin-induced behavioral, metabolic and redox modification in Nauphoeta
cinerea

Genetic and environmental factors have been linked with neurodegeneration, especially
in the elderly. Yet, efforts to impede neurodegenerative processes have at best addressed

symptoms instead of underlying pa...

Opeyemi B. Ogunsuyi, Olawande C. Olagoke, Mayokun E. Famutimi, Damilola M.
Olatunde, Diogo O. G. Souza, Ganiyu Oboh, Nilda V. Barbosa and Joao B.T. Rocha
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Neuroethics and Al ethics: a proposal for collaboration
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The scientific relationship between neuroscience and artificial intelligence is generally
acknowledged, and the role that their long history of collaboration has played in

advancing both fields is often emphas...
Arleen Salles and Michele Farisco

BMC Neuroscience 2024 25:41
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> Full Text > PDF

Modulation of audiovisual integration in the left and right sides: effects of side and
spatial coherency

Using event-related potentials (ERPs), we aimed to investigate audiovisual integration
neural mechanisms during a letter identification task in the left and right sides. Unimodal
(AV) and bimodal (AV) stimuli...

XiaoHui Wen, GuoQiang Li, XuHong Wang, XiaoLan Hu and HongJun Yang
BMC Neuroscience 2024 25:40
Research | Published on: 27 August 2024

> Full Text > PDF

Comparative analysis of the effects of the computer-based and paper-based trail
making tests on oxygenation in the prefrontal cortex

The trail making test (TMT) is a commonly used tool for evaluating executive functions,
and the activation of cerebral oxygenation in the prefrontal cortex (PFC) during the test

can reflect the participation o...
Li-Sha Xiang, Jia-Nan Zhang, Fan Xie, Xiao Fei, Ya Wang, Yue Shi and Yi Zhang

BMC Neuroscience 2024 25:39
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Ectopically expressed rhodopsin is not sensitive to X-rays

Visual perception of X-radiation is a well-documented, but poorly understood
phenomenon. Scotopic rod cells and rhodopsin have been implicated in visual responses

to X-rays, however, some evidence suggests tha...

Kelli Cannon, Aundrea Bartley, Lynn Dobrunz and Mark Bolding
BMC Neuroscience 2024 25:38
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> Full Text > PDF

Role of the sympathetic nervous system in cancer-associated cachexia and tumor
progression in tumor-bearing BALB/c mice

Adipose and muscle tissue wasting outlines the cachectic process during tumor
progression. The sympathetic nervous system (SNS) is known to promote tumor

progression and research suggests that it might also co...

Isaias Gutierrez-Leal, Diana Caballero-Hernandez, Alonso A. Orozco-Flores, Ricardo
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Intracerebroventricular administration of the exercise hormone irisin or acute
strenuous exercise alleviates epileptic seizure-induced neuroinflammation and
improves memory dysfunction in rats

Status epilepticus is a common and potentially life-threatening neurological emergency
with a high risk for cognitive and neurobiological impairment. Our aim was to evaluate
the neuroprotective effects of cent...

Zarife Nigar Ozdemir-Kumral, Tugce Akglin, Ceren Hasim, Ezgi Ulusoy, Mehmet Kaan
Kalpak¢ioglu, Muhammet Ferzan Yiksel, Tunahan Okumus, Zeynep Us, Dilek Akakin,

Meral Yiksel, Zafer Goren and Berrak C. Yegen
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> Full Text > PDF

Establishment and evaluation of a clinical prediction model for cognitive impairment
in patients with cerebral small vessel disease

There are currently no effective prediction methods for evaluating the occurrence of

cognitive impairment in patients with cerebral small vessel disease (CSVD).
Fangfang Zhu, Jie Yao, Min Feng and Zhongwu Sun
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Efferent pathways from the suprachiasmatic nucleus to the horizontal limbs of
diagonal band promote NREM sleep during the dark phase in mice
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The regulation of circadian rhythms and the sleep—wake states involves in multiple neural
circuits. The suprachiasmatic nucleus (SCN) is a circadian pacemaker that controls the

rhythmic oscillation of mammalia...

Lei Chen, Changfeng Chen, Qiaoling Jin, Yue Liang, Jian Wu, Pingping Zhang, Juan Cheng
and Liecheng Wang
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> Full Text > PDF

Cardiovascular history and risk of idiopathic Parkinson's disease: a cross-sectional
observational study

Parkinson's disease (PD), while often associated with its distinctive motor symptoms, can
also exert a notable impact on the cardiovascular system due to the development of

severe autonomic dysfunction. One of...

Shubhra Acharya, Andrew |. Lumley and Yvan Devaux
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Simulated complexes formed from a set of postsynaptic proteins suggest a localised
effect of a hypomorphic Shank mutation

The postsynaptic density is an elaborate protein network beneath the postsynaptic
membrane involved in the molecular processes underlying learning and memory. The

postsynaptic density is built up from the same...

Marcell Miski, Aron Weber, Krisztina Fekete-Molnar, Bence Méark Kedmley-Horvath, Attila

Csikasz-Nagy and Zoltan Gaspari
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Persistent vocal learning in an aging open-ended learner reflected in neural FoxP2
expression

Most vocal learning species exhibit an early critical period during which their vocal
control neural circuitry facilitates the acquisition of new vocalizations. Some taxa, most

notably humans and parrots, reta...

Bushra Moussaoui, Kennedy Ulmer, Marcelo Araya-Salas and Timothy F. Wright
BMC Neuroscience 2024 25:31

Research = Published on: 4 July 2024

> Full Text > PDF



https://bmcneurosci.biomedcentral.com/articles/10.1186/s12868-024-00880-1
https://bmcneurosci.biomedcentral.com/counter/pdf/10.1186/s12868-024-00880-1.pdf
https://bmcneurosci.biomedcentral.com/articles/10.1186/s12868-024-00879-8
https://bmcneurosci.biomedcentral.com/articles/10.1186/s12868-024-00879-8
https://bmcneurosci.biomedcentral.com/articles/10.1186/s12868-024-00879-8
https://bmcneurosci.biomedcentral.com/counter/pdf/10.1186/s12868-024-00879-8.pdf
https://bmcneurosci.biomedcentral.com/articles/10.1186/s12868-024-00900-0

Changes of brain functional network in Alzheimer's disease and frontotemporal
dementia: a graph-theoretic analysis

Alzheimer's disease (AD) and frontotemporal dementia (FTD) are the two most common
neurodegenerative dementias, presenting with similar clinical features that challenge

accurate diagnosis. Despite extensive re...
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The angiotensin Il receptors type 1 and 2 modulate astrocytes and their crosstalk
with microglia and neurons in an in vitro model of ischemic stroke

Astrocytes are the most abundant cell type of the central nervous system and are
fundamentally involved in homeostasis, neuroprotection, and synaptic plasticity. This

regulatory function of astrocytes on their...
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Diabetes mellitus and risk of incident dementia in APOE ¢4 carriers: an updated
meta-analysis
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Diabetes raises the risk of dementia, mortality, and cognitive decline in the elderly,
potentially because of hereditary variables such as APOE. In this study, we aim to
evaluate Diabetes mellitus and the risk...
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Autism spectrum disorders detection based on multi-task transformer neural network

Autism Spectrum Disorders (ASD) are neurodevelopmental disorders that cause people
difficulties in social interaction and communication. Identifying ASD patients based on

resting-state functional magnetic reso...
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Automated glioblastoma patient classification using hypoxia levels measured through
magnetic resonance images

The challenge of treating Glioblastoma (GBM) tumors is due to various mechanisms that
make the tumor resistant to radiation therapy. One of these mechanisms is hypoxia, and

therefore, determining the level of ...
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Central nervous system anomalies in 41 Chinese children incontinentia pigmenti

Incontinentia pigmenti (IP) is a rare neuroectodermal dysplasia caused by a defect in the
IKBKG gene. The pathogenesis of central nervous system injury is believed to be related

to microvascular ischemia. Current...
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Characterizing dysregulations via cell-cell communications in Alzheimer's brains using
single-cell transcriptomes

Alzheimer's disease (AD) is a devastating neurodegenerative disorder affecting 44 million
people worldwide, leading to cognitive decline, memory loss, and significant impairment

in daily functioning. The recen...
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A new era in cognitive neuroscience: the tidal wave of artificial intelligence (Al)

Translating artificial intelligence techniques into the realm of cognitive neuroscience
holds promise for significant breakthroughs in our ability to probe the intrinsic
mechanisms of the brain. The recent unp...
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Computational modeling of light processing in the habenula and dorsal raphe based
on laser ablation of functionally-defined cells

The habenula is a major regulator of serotonergic neurons in the dorsal raphe, and thus
of brain state. The functional connectivity between these regions is incompletely
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The effects of multi-colour light filtering glasses on human brain wave activity

The prevalence of electronic screens in modern society has significantly increased our
exposure to high-energy blue and violet light wavelengths. Accumulating evidence links

this exposure to adverse visual and...
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The effect of early mobilisation (<14 days) on pathophysiological and functional
outcomes in animals with induced spinal cord injury: a systematic review with meta-
analysis

The optimum time to mobilise (standing, walking) following spinal cord injury (SCI) is
unknown but may have implications for patient outcomes. There are no high-quality

experimental studies that examine this i...
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Neuroscience of taste: unlocking the human taste code

Since antiquity human taste has been divided into 4-5 taste qualities. We realized in the
early 1970s that taste qualities vary between species and that the sense of taste in

species closer to humans such as p...
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Auditory brainstem responses are resistant to pharmacological modulation in
Sprague Dawley wild-type and Neurexin1a knockout rats

Sensory processing in the auditory brainstem can be studied with auditory brainstem
responses (ABRs) across species. There is, however, a limited understanding of ABRs as
tools to assess the effect of pharmac...
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Serum interleukin-17 A and homocysteine levels in children with autism

Autism Spectrum Disorder (ASD) is a neurodevelopmental condition that typically
emerges early in childhood. This study aimed to explore the potential link between

serum levels of vitamin B12 and homocysteine (...
Hui Li, Yunhao Dang and Ying Yan

BMC Neuroscience 2024 25:17

Research = Published on: 12 March 2024

> Full Text > PDF

Administration methods and dosage of poly(lactic acid)-glycol intervention to myelin
oligodendrocyte glycoprotein-induced experimental autoimmune encephalitis mice

Myelin oligodendrocyte glycoprotein-associated disorders (MOGAD) is an autoimmune
central nervous system disease. Antigen-specific immune tolerance using nanoparticles

such as Polylactic-co-glycolic acid (PLGA...
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Discrimination of the moving direction is improved depending on the pattern of the
mechanical tactile stimulation intervention

The mechanical tactile stimulation, such as plastic pins and airflow-driven membrane,
induces cortical activity. The cortical activity depends on the mechanical tactile
stimulation pattern. Therefore, the stim...
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State-transition dynamics of resting-state functional magnetic resonance imaging
data: model comparison and test-to-retest analysis

Electroencephalogram (EEG) microstate analysis entails finding dynamics of quasi-stable
and generally recurrent discrete states in multichannel EEG time series data and relating
properties of the estimated sta...
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Resistance training modifies of serum levels of matrix metalloproteinase 2 and tissue
inhibitor of matrix metalloproteinases in multiple sclerosis women - a randomized
controlled trail

The objectives of the present study was to investigate the effects of resistance training
(RT) on serum levels of controlling blood-brain barrier (BBB) permeability indices and

cognitive performance in MS wome...
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Defined co-cultures of glutamatergic and GABAergic neurons with a mutation in
DISC1 reveal aberrant phenotypes in GABAergic neurons

Mutations in the gene DISCT are associated with increased risk for schizophrenia, bipolar
disorder and major depression. The study of mutated DISC1 represents a well-known and

comprehensively characterized approa...
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Prodromal Parkinson disease signs are predicted by a whole-blood inflammatory

transcriptional signature in young PinkT/~ rats

Parkinson disease (PD) is the fastest growing neurodegenerative disease. The molecular
pathology of PD in the prodromal phase is poorly understood; as such, there are no
specific prognostic or diagnostic tests...
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Current state of neuroprotective therapy using antibiotics in human traumatic brain
injury and animal models

TBI is a leading cause of death and disability in young people and older adults
worldwide. There is no gold standard treatment for TBI besides surgical interventions and

symptomatic relief. Post-injury infecti...
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Thymoquinone ameliorate oxidative stress,
GABAergic neuronal depletion and memory
impairment through Nrf2/ARE signaling
pathway in the dentate gyrus following
cypermethrin administration

Abubakar Lekan Imam’, Akeem Ayodeji Okesina® ©, Fatimo Ajoke Sulaimon', Aminu Imam', Rugayyah
Yetunde Ibiyeye®, Lukuman Aboyeji Oyewole?, Sikiru Abayomi Biliaminu®, Monsur Shehu', Abdulhameed
Oluwatomi Alli®, Oluwatosin Olasheu Omoola’ and Salihu Moyosore Ajao'

Abstract

Background Exposure to chemical toxins, including insecticides, harms bodily organs like the brain. This study
examined the neuroprotective of thymoquinone on the cypermethrin’s harmful effects on the histoarchitecture of the
dentate gyrus and motor deficit in the dentate gyrus.

Methods Forty adult male rats (180-200 g) were randomly divided into 5 groups (n=8 per group). Groups |, II, lll, IV,
and V received oral administration of 0.5 ml of phosphate-buffered saline, cypermethrin (20 mg/kg), thymogquinone
(10 mg/kg), cypermethrin (20 mg/kg) +thymoquinone (5 mg/kg), and cypermethrin (20 mg/kg) + thymoquinone

(10 mg/kg) for 14 days respectively. The novel object recognition test that assesses intermediate-term memory was
done on days 14 and 21 of the experiment. At the end of these treatments, the animals were euthanized and taken for
cytoarchitectural (hematoxylin and eosin; Cresyl violet) and immunohistochemical studies (Nuclear factor erythroid
2-related factor 2 (Nrf2), Parvalbumin, and B-cell lymphoma 2 (Bcl2).

Result The study shows that thymoquinone at 5 and 10 mg/kg improved Novelty preference and discrimination
index. Thymoquinone enhanced Nissl body integrity, increased GABBAergic interneuron expression, nuclear factor
erythroid 2-derived factor 2, and enhanced Bcl-2 expression in the dentate gyrus. It also improved the concentration
of nuclear factor erythroid 2-derived factor 2, increased the activities of superoxide dismutase and glutathione, and
decreased the concentration of malondialdehyde level against cypermethrin-induced neurotoxicity.

Conclusion thymogquinone could be a therapeutic agent against cypermethrin poisoning.

Keywords Cypermethrin, Thymoquinone, Cresyl fast violet, GABBAergic interneuron, Dentate gyrus
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Background

Oxidative stress arises from an imbalance between reac-
tive oxygen species (ROS) and the antioxidant defense
system. ROS can lead to covalent oxidative modifications,
such as ribonucleic acid (RNA) oxidation, and induce
mutations in mitochondrial DNA (mtDNA), thereby
destabilizing nucleic acids [1, 2]. These modifications
may result in cellular dysfunction and apoptosis. The
mitochondrial-dependent caspase pathway is crucial in
apoptosis [3]. Stimulation of this cascade releases pro-
apoptotic factors, including cytochrome c (Cyc), activat-
ing caspase-9 and caspase-3, ultimately triggering cellular
apoptosis [4, 5]. Hence, antioxidant pathways that miti-
gate oxidative damage may exhibit neuroprotective
effects [6].

Persistent pesticide exposure, such as pyrethroids,
adversely affects various physiological functions [7]. For
example; long-term exposure can disrupt the function-
ing of different organs, posing serious health risks [8, 9].
Nigeria has witnessed numerous cases of food poisoning
due to pesticides, resulting in significant fatalities and
economic losses [10]. Pyrethroids, widely used in agri-
culture and household insect control, were detected in a
large portion of the population [11]. Despite their broad
application, pyrethroids exhibit adverse effects, including
neurobehavioral and molecular target disruption in the
nervous system [12, 13]. Cypermethrin, a common pyre-
throid, crosses the blood-brain barrier, inducing oxida-
tive stress and apoptotic cell death [14, 15].

Medicinal plants offer a sustainable therapeutic
approach against chemical toxins; for example, thymo-
quinone (TQ), derived from Nigella sativa L., possesses
antioxidant and anti-inflammatory properties [16, 17].
TQ has shown neuroprotective effects in various mod-
els of brain injury and neurodegenerative diseases by
inhibiting lipid peroxidation and apoptosis [18, 19]. Its
antioxidant effects are mediated through the nuclear fac-
tor erythroid 2-related factor 2 (NRF2) pathway, which
regulates cellular defense mechanisms against oxidative
stress [20, 21]. Activation of NRF2 induces the expression
of antioxidative and detoxifying enzymes, crucial for cel-
lular function [22]. Whereas, the Dysregulation of NRF2/
ARE signaling has been implicated in neurodegenerative
disorders [23].

Given the increasing incidence of pesticide-induced
food poisoning, there is a need for effective anti-
dotes with shared mechanisms of action. This study
aims to evaluate the efficacy of thymoquinone against
cypermethrin-induced  neurotoxicity, focusing on
GABAergic interneuron disruption, dentate gyrus cyto-
architectural disorganization, and oxidative stress-
induced cell damage.
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Methods

Experimental design

The experimental design involved 40 adult male Wis-
tar rats (180-200 g). Thymoquinone was obtained from
MedChemEpress (MCE) USA (Cat No: HY-d0803)
Cypermethrin 10% EC product was sourced from Yubaili
Agrotec (ACEC20L068) and NAFDAC No: A5-0108 was
obtained from Ibukun Oluwa Agrochemical Distop. Ilo-
rin, Nigeria. The rats were housed in the a Faculty of Basic
Medical Sciences, College of Health Sciences, University
of Ilorin’s animal holding facility under natural day-night
cycles, with a standard chow diet and water ad libitum.
Informed consent was obtained from the owner(s) of the
animals involved in this study. All procedures were con-
ducted with the owners’ approval and were reviewed and
approved by the University of Ilorin Ethical Review Com-
mittee (Approval No. UERC\ASN\2021\2137).

The rats were randomly divided into 5 groups (n=8 per
group). Groups I, II, III, and IV received oral adminis-
tration of 0.5 ml of phosphate buffered saline, 20 mg/kg
of cypermethrin, 10 mg/kg of thymoquinone, 20 mg/kg
cypermethrin plus 5 mg/kg of thymoquinone, and 20 mg/
kg of cypermethrin plus 10 mg/kg of thymoquinone for
14 days respectively. Memory behavior was assessed on
the 14th day of the experiment.

Behavioral evaluation

Intermediate memory recognition of the experimental
rats following exposure to cypermethrin and thymoqui-
none was assessed using the novel object recognition
(NOR) paradigm. The test apparatus is made from ply-
wood measuring 100 cm by 100 cm with walls that are
50 cm high. Novelty preference and Discriminatory index
were evaluated [24]. Twenty-four hours after the behav-
ioral study, the animals were euthanized using 20 mg/
kg bw ketamine intramuscularly, and brain tissue was
excised and processed for histological, immunohisto-
chemistry, and biochemical analysis.

Tissue collection

After the completion of perfusion (brain tissues for his-
tology and immunohistochemistry), the whole brain
tissues were excised and were post-fixed in 4% para-
formaldehyde overnight. The whole hippocampal CA
regions were excised and equilibrated in 30% sucrose
solution, before histological and immunohistochemi-
cal analyses. The sections were taken at 2 um on paraf-
fin wax-embedded tissue blocks and mounted on a glass
slide [25].

Histological analysis and immunohistochemistry

The hematoxylin and eosin (H and E) staining technique
was used to demonstrate the general histo-architecture
of the cells; and to show the location of the normal or
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abnormal nucleus of the hippocampal cells [26]. Cre-
syl violet: This technique was used to demonstrate Nissl
bodies (endoplasmic reticulum and ribosomes) in the
cells; and to show normal or abnormal protein synthesis
in the cytoplasm of the hippocampus [27].

For immunochemistry: Nuclear factor erythroid
2-related factor 2 (Nrf2), Parvalbumin, and B-cell lym-
phoma 2 (Bcl2) (human monoclonal; Elisa and micro-
array) were used to understand their roles in oxidative
stress response, neuronal survival, and apoptosis regu-
lation within dentate gyrus. The avidin-biotin complex
method was used. The antibody dilution factor used was
1:100 for all the antibody markers. The processed tissues
were sectioned at two microns on the rotary microtome
and placed on a hotplate at 90 °C for at least 40 min.
Image ] software cell counter was used for counting the
immunopositive cells for Nrf2, Parvalbumin, and Bcl2 in
the dentate gyrus [28].

Biochemical investigation

Following the end of the various treatments, some hip-
pocampal tissues were homogenized. The homogenates
were collected in a 5 ml plain bottle and centrifuged
for 10 min at 5000 rpm using a centrifuge. The super-
natant was carefully decanted and stored at -4 °C for
enzymatic assays of superoxide dismutase (SOD) activ-
ity [29], glutathione (GSH) concentration [30], malondi-
aldehyde (MDA) [29] concentration and nuclear factor
erythroid 2-derived factor 2 (NrF2) a product of Elab-
science Biotechnology Inc.USA (E-EL-R0673) method
and absorbance was read using microplate reader. A four-
parameter logistic curve (4PL-curve) was plotted and val-
ues obtained from the samples were extrapolated using
GraphPad Prism 8.0.

Statistical analysis

Data from the behavioral investigation, biochemical
assays, and immunopositive cell count were analyzed
using one-way analysis of variance (ANOVA) and sub-
jected to post hoc Bonferroni’s multiple comparison test.
The results were expressed as mean+SEM. Statistical
analyses were performed using GraphPad Prism software
(version 8.0.2). Values of p<0.05 were considered statisti-
cally significant.

Results

Thymoquinone restore inter-mediate related behaviors
following cypermethrin exposure

The novelty preference of Wistar rats in the CYM group
for new objects in the novel object recognition test was
significantly low (32.70+3.93) compared to the PBS con-
trol group at p<0.05, compared to the CYM group, the
TQ group, and the CYM-LHQ group showed higher
preference for new object which was significant at
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p<0.05. However, the CYM-10mgTHQ group showed a
higher preference than the CYM group with no signifi-
cance at p<0.05 Fig. 1B. The discrimination index was
significantly reduced in the CYM group (-0.34£0.08)
compared to the PBS group (0.47+0.10) and THQ group
(0.81£0.11) at p<0.05. Groups CYM-LTHQ and CYM-
HHQ showed a higher discrimination index when com-
pared to the CYM group but were not significant at
p<0.05 (Table 1).

Oxidative stress biomarker

The concentration of Nrf2 in the CYM group was sig-
nificantly reduced p<0.05 when compared to both the
PBS control and the other experimental groups (Fig. 1A).
Moreover, a significant reduction p<0.05 in the SOD
activity was observed in the CYM-exposed group, rela-
tive to the PBS control group, while all the other experi-
mental groups showed a significant increase in the SOD
activities p<0.05 when compared to the CYM group
(Fig. 1B). However, SOD activities in the TQ, CYM-LTQ
and CYM-HTQ groups were not significantly lower com-
pared to the PBS control (Fig. 1B). In addition, the GSH
concentration was significantly reduced (p<0.05) in the
CYM group relative to the PBS group (Fig. 1C). Subse-
quent treatment with LTQ and HTQ led to a significant
increase in the GSH levels (p<0.05) when compared to
the CYM-only group (Fig. 1C). Regarding the lipid per-
oxidation marker MDA, its level was notably higher
(p<0.05) in the CYM group compared to the PBS group
(Fig. 1D). While MDA levels were lower in other experi-
mental groups, significance (p<0.05) was only observed
in the CYM-LTQ group compared to the CYM group
(Fig. 1D).

PBS=phosphate-buffered saline, CYM=cypermethrin,
TQ=thymoquinone, CYM-LTQ=cypermethrin followed
by low dose thymoquinone and CYM-HTQ=cyperme-
thrin followed by High dose thymoquinone.

Histochemical examination of the dentate gyrus
revealed chromatolytic-like alterations in rats exposed to
CYM. This was characterized by the disrupted integrity
of Nissl granules and distortions in the shape and organi-
zation of granule cells. Additionally, numerous pyknotic
and vacuolated cells were observed due to CYM expo-
sure. Thymoquinone demonstrated a mitigating effect
against CYM-induced toxicity, this was observed as a
result of a reduction in the extent of neurodegenerative-
like changes. Specifically, there was an improvement
in Nissl body integrity and better enhancements were
observed in the cellular shape and arrangement in the
rats exposed to thymoquinone following CYM neurotox-
icity (Fig. 2).

The immunohistochemical assessment of the dentate
gyrus utilizing anti-Nrf2, anti-Parvalbumin (Parv), and
anti-Bcl2 antibodies revealed diminished expression of
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Fig. 1 Effects of thymoquinone post treatments on the cpermethrin-induced dentate gyrus oxidative stress. (A) Nrf2 (B) SOD (C) GSH (D) MDA. One-way
ANOVA followed by Bonferroni's post hoc test multiple comparisons was used for analysis. Data is presented as mean + SEM (n=5). *p <0.05 compared to

PBS group; #p < 0.05 compared to CYM group

Table 1 Novelty preference and discrimination index of rats
following cypermethrin and thymoquinone exposure

Groups Novelty preference (%) Discrimination index
N=5

PBS 77.60+3.82 0.28+0.24

CcYMm 39.30+7.00% -0.20+0.15

TQ 90.30£541# 081+0.11#

CYM-LTQ 65.00+11.20 0.44+0.09

CYM-HTQ 46.00+12.00 0.23+0.06

PBS=phosphate-buffered saline, CYM=cypermethrin, TQ=thymoquinone,
CYM-LTQ=cypermethrin followed by low dose thymoquinone and CYM-
HTQ=cypermethrin followed by High dose thymoquinone. Single asterisk (*)
indicates significant (p<0.05) compared to PBS, Hash (#) indicates significant
(p<0.05) compared to CYM

Nrf2, Parv, and Bcl2 positive cells in the dentate gyrus of
rats exposed to CYM. Conversely, post-treatment with
thymoquinone exhibited a notable enhancement in the
expression of Nrf2, Parv, and Bcl2 immunopositive cells
in the dentate gyrus (Figs. 3, 4 and 5).

Quantification of immuno-positive cell counts using
Image] software demonstrated a significantly higher
(p<0.05) Nrf2 cell count in the dentate gyrus of PBS con-
trol rats compared to those exposed to CYM (Fig. 3A &
B). Thymoquinone administration led to a significant

increase (p<0.05) in Nrf2 immunopositive cells in the
CYM-LTQ and CYM-HTQ groups compared to CYM-
exposed rats (Fig. 3A & B). Similarly, there was a signifi-
cantly higher (p<0.05) count of Parvalbumin-positive
cells in the dentate gyrus of PBS control rats compared
to CYM-exposed rats (Fig. 4A & B). Thymoquinone sig-
nificantly (p <0.05) increased the number of Parvalbumin
cells in the CYM-LTQ and CYM-HTQ groups compared
to CYM-exposed rats (Fig. 4A & B).

Moreover, the cell count of the anti-apoptotic protein
Bcl2 was higher in the PBS control group than in CYM-
exposed rats (Fig. 5A & B). Administration of thymoqui-
none resulted in a higher Bcl2 count in the CYM-LTQ
and CYM-HTQ groups compared to CYM-exposed rats
(Fig. 5A & B).

Discussion

Continuous application of pesticides and other agro-
chemicals, driven by the need to increase food produc-
tion and prevent pest and insect-induced crop damages,
has led to increased exposure to the harmful effects
of these chemicals, including pyrethroid insecticides,
due to their residual accumulation in crops, fruits, and
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Fig. 2 Nissl substance of Dentate gyrus stained with cresl fast violet (CFV). PBS group showed neurons with intact Nissl bodies (black arrows). the CYM
group presented chromatolytic-like cytoplasm, indicating Nissl body loss with vacoulations (red arrow): TQ group displayed neurons with intact Niss!
bodies (black arrows); CYM-LTQ group showed numerous neurons with well-stained cytoplasm indicating intact Nissl bodies (black arrows) and few pale
neurons (red arrows): Also, CYM-HTQ group showed more neurons with well-stained cytoplasm indicating intact Nissl bodies (black arrows) and few pale
neurons (red arrows). TQ=thymoquinone, CYM-LTQ=cypermethrin followed by low dose thymoguinone and CYM-HTQ=cypermethrin followed by
High dose thymoquinone

Fig. 3 (A) Immunostaining for Nrf2 in the dentate gyrus (scale bar =100 um), PBS group showed numerous Nrf2 expression (black arrows). CYM group
displayed low Nrf2 expression indicating high Nrf2 inactivation (red arrows): TQ group showed high Nrf2 positive cells (black arrows): CYM-LTQ presented
high Nrf2 positive cells (black arrows) compared to CYM group: CYM-HTQ group also displayed numerous Nrf2 positive cells (black arrow) compared
to CYM group. (B). Nrf2 positive cell count. PBS group had significantly high Nrf2 positive cells (*p <0.05) compared to CYM group. CYM group showed
significant difference (#p <0.05) compared to CYM-LTQ and CYM-HTQ groups N=6. PBS = phosphate-buffered saline, CYM =cypermethrin, TQ =thymo-
quinone, CYM-LTQ=cypermethrin followed by low dose (5 mg/kg) thymogquinone and CYM-HTQ=cypermethrin followed by High dose (10 mg/kg)
thymoquinone

vegetables. When humans and other animals are exposed This study demonstrates that thymoquinone increases
to these chemicals, they can induce toxicity through the activities of antioxidant enzymes, akin to its parent
mechanisms involving mitochondrial dysfunction, oxida-  molecule Nigella sativa oil [31, 32], thereby preventing
tive stress, and inflammation. This toxicity can manifest lipid peroxidation and preserving dentate gyrus archi-
as movement disorders, loss of cognition, or a combina-  tecture, ultimately enhancing memory function against
tion of both. CYM toxicity.
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Fig. 4 GABAergic interneuron of the dentate gyrus. (A) immunostaining for Parvalbumin in the dentate gyrus (scale bar =100 pm), PBS group showed
numeruos Parvalbumin positive cells (black arrows). CYM group displayed low parvalbumin positive cells indicating high inactivation of GABAergic
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Parvalbumin positive cell count. PBS group had significantly high parvalbumin positive cells (*p <0.05) compared to CYM group. CYM group showed
significant difference (#p < 0.05) compared to TQ, CYM-LTQ and CYM-HTQ groups (N=6). PBS = phosphate-buffered saline, CYM =cypermethrin, TQ=thy-
mogquinone, CYM-LTQ=cypermethrin followed by low dose (5 mg/kg) thymoquinone and CYM-HTQ=cypermethrin followed by High dose (10 mg/kg)
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Fig. 5 Bcl2 expression in the dentate gyrus. (A) immunostaining for Bcl2 in the dentate gyrus (scale bar =100 um), PBS group showed high Bcl2 expres-
sion (black arrows). CYM group displayed low Bcl2 expression (red arrows): TQ group showed high Bcl2 expression (black arrows): CYM-LTQ presented high
Bcl2 (black arrows) compared to CYM group: CYM-HTQ group also displayed numerous Bcl2 expression (black arrow) compared to CYM group. (B).Bcl2
positive cell count. PBS group had significantly high Bcl2 positive cells (*p <0.05) compared to CYM group. CYM group showed no significant difference
(#p <0.05) compared to TQ, CYM-LTQ and CYM-HTQ groups (N=6). PBS=phosphate-buffered saline, CYM =cypermethrin, TQ=thymoquinone, CYM-
LTQ=cypermethrin followed by low dose (5 mg/kg) thymoquinone and CYM-HTQ = cypermethrin followed by High dose (10 mg/kg) thymoquinone

In this study, cypermethrin caused a reduction in the
expression of the Nuclear factor erythroid 2-related fac-
tor 2 (Nrf2), a regulatory protein responsible for initiating
and expressing the antioxidant system. The reduced con-
centration and low expression of Nrf2 cells in the dentate
gyrus of CYM-exposed rats are undoubtedly respon-
sible for the reduction in the activities of the antioxi-
dant enzymes SOD and GSH, leading to oxidative stress
as indicated by the high level of MDA in CYM-exposed
rats. Due to high unsaturated fatty acids, the brain is
especially susceptible to oxidative stress, which causes
membrane lipid peroxidation and disrupts the normal
organizational structure of brain cells, as observed in

the dentate gyrus of CYM-exposed rats. Cypermethrin
exposure caused neuronal damage, impaired Nissl body
integrity, and induced chromatolytic-like changes in the
dentate gyrus due to oxidative stress. It was observed that
continuous CYM exposure not only disrupted neuronal
shapes in the dentate gyrus but also induced Nrf2 expres-
sion. Since appropriate activation of Nrf2 and its nuclear
translocation establishes the Nrf2/ARE complex and
subsequently boosts the expression and synthesis of anti-
oxidant enzymes, the decreased level of Nrf2 observed
contributes to the lower activity of antioxidant enzymes
SOD and GSH, which encourages further oxidative stress
damage and raises the level of MDA. Cypermethrin
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decreased the level and activity of antioxidant enzymes
like SOD, GSH, and catalase (CAT) in cypermethrin-
induced toxicity in the Wistar rat model of Parkinson’s
disease and peripheral blood. The findings of this study
are indeed strengthened by earlier studies by [33-35],
which reported an excessive increase in the level of MDA
and reduced antioxidant capacity of SOD, CAT, GSH,
and GPx, leading to increased lipid peroxidation in the
peripheral blood and in the nigrostriatum of cyperme-
thrin-exposed rats.

Intervention with thymoquinone was observed to
reactivate Nrf2, as shown by the high expression of Nrf2
immunopositive cells. This increased nuclear availability
of Nrf2 leads to the Nrf2/ARE complex, thereby stimu-
lating the production and expression of antioxidant
enzymes and resulting in high SOD and GSH activity, as
reported in this study, and reduced MDA levels, indicat-
ing a low level of lipid peroxidation. This finding is con-
sistent with an earlier study by [31], who found that the
parent plant of thymoquinone, black seed oil, increased
total antioxidant capacity and GSH while decreasing total
ROS levels in rats exposed to Dichlorvos. The findings of
this study are also strengthened by the study of Kanter,
who reported enhancements in hepatic and pancreatic
antioxidant capacities of catalase and GSH following
Nigella sativa against STZ-induced diabetes in rats [36].

Apoptosis is characterized by morphological changes
in cells such as nuclear pyknosis, DNA fragmentation,
chromatin condensation, cytoskeleton destruction, mem-
brane blebbing, formation of membrane apoptotic bod-
ies phagocytosed by macrophages and and so on [37].
Continuous exposure to environmental toxins frequently
causes apoptosis in cells [38] Anti-Bcl-2-stained dentate
gyrus had a low expression of Bcl-2-positive cells due to
cypermethrin exposure. Cypermethrin caused apoptosis
in the rat brain by producing ROS and cytotoxins. Cyper-
methrin also induced apoptosis via mitochondrial dam-
age, cytochrome c release, and activation of caspases 3
and 9, which are involved in both extrinsic and intrinsic
apoptosis pathways [39-41]. When Bcl-2 and other anti-
apoptotic proteins are cleaved by caspases following the
initiation of apoptosis, their anti-apoptotic action is fre-
quently converted to pro-apoptotic action [37]. The find-
ings of this study are similar to the report of the previous
study where a type 2 pyrethroid, deltamethrin, following
its exposure in rats, induced apoptosis by increasing the
level of Bax, caspase-3, cytochrome c, and decreasing the
expression of Bcl-2 pro-survival proteins [42, 43]. Thy-
moquinone exhibits anti-apoptotic effects, as administra-
tion of thymoquinone brings about a marked increase in
the expression of Bcl-2 immunopositive cells in the hip-
pocampal dentate gyrus of the experimental rats. Bcl-2,
as a pro-survival protein, has a hydrophilic carboxyl-ter-
minal domain linked to mitochondria outer membrane
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and helps preserve mitochondrial integrity, preventing
unnecessary cytochrome c release and caspase activa-
tion [37]. Bcl-2 prevents Bax and other pro-apoptotic
genes from oligomerizing, which stimulates the release
of apoptogenic molecules from the mitochondria. Apart
from inhibiting Bax oligomerization, Bcl-2 directly binds
and inactivates B blocks cytochrome c release, and thus
inhibits adaptor molecule APAF-1 and caspase-9 activa-
tion, thereby preventing caspase cascade activation [37,
44]. In accordance with the findings of this study [45],
showed that thymoquinone, in concentrations of 10 M
and 20 M, prevented arsenic-induced neurotoxicity,
apoptosis, and cytotoxicity by either decreasing the levels
of Bax or increasing the level of Bcl-2. Also, in agreement
with the data of this study, a previous study revealed that
thymoquinone administration decreased p53 and Bcl-2
gene expression but increased BAD gene expression in
MCE-7 cells; however, it increased the expression of
Bcl-2 gene and p53 gene but decreased Bax/BAD gene
expression in non-cancer HEK293 cells [46].

In the dentate gyrus, basket cells constitute the GAB-
Aergic neurons in the granule layer with the recep-
tors localized in the molecular layer. Reduced levels
of parvalbumin-positive cells in the dentate gyrus of
cypermethrin-exposed rats indicate that CYM inhibits
GABAergic interneurons. GABAergic interneurons con-
stitute the inhibitory neurons in the CNS that are vital for
modulating various physiological activities [47]. Reduced
GABAergic interneuron expression due to CYM expo-
sure interferes with the activity of GABAergic interneu-
rons and disrupts excitatory and inhibitory balance in the
brain. Previous studies have shown that CYM hinders
the opening of the voltage-gated chloride channels and
inhibits the GABA-dependent uptake of chloride ions,
resulting in hyper-excitation of neuronal cells and lead-
ing to changes in the delayed rectifier voltage-dependent
potassium channel, which regulates neuronal excitability
[15, 48, 49].

Thymoquinone enhances parvalbumin-positive cell
expression against cypermethrin toxicity. The improve-
ment in motor functions observed in this study, which
is one of the crucial functions controlled by GABAer-
gic interneurons, complements the increased expres-
sion of the Parvalbumin-positive cells [15] As a result
of thymoquinone’s activation of GABA receptors, which
results in hyperpolarization and inhibits neuronal
activity, the N-methyl-D-aspartate NMDA receptor’s
enhanced glutamate functions produce prolonged neu-
ronal stimulation [50]. According to earlier research by
[51, 52], TQ increased GABA receptor activation after
prilocaine-induced cardiotoxicity, epileptiform activ-
ity, and seizures in rats as well as seizures brought on by
pentylenetetrazole.
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Conclusion

Thymoquinone improves motor function by activating
Nrf2, reducing the level of NF-KB, increasing the activi-
ties of SOD and GSH, and decreasing the concentra-
tion of MDA against cypermethrin neurotoxicity. It also
enhances the expression of parvalbumin-positive cells as
well as Bcl-2-positive cells. Therefore, thymoquinone can
be employed to manage pyrethroid and other insecticide
poisoning.
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