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APRESENTAÇÃO 

 

 Este boletim é uma fonte de informação secundária destinada a promover o acesso e a 

divulgação da produção científica dos pesquisadores do Instituto do Cérebro (ICe) da 

Universidade Federal do Rio Grande do Norte (UFRN).  Esta edição reuniu artigos publicados 

entre os meses de janeiro a março de 2019. Além de apresentar o título e o resumo dos 

documentos, fornece um link de acesso ao texto completo, preferencialmente pelo Repositório 

Institucional desta Universidade. 

O ICe é Unidade Acadêmica Especializada que passou a integrar a estrutura 

acadêmica e administrativa da UFRN em 29 de dezembro de 2010, por meio da resolução no 

016/2010 do Conselho Universitário (CONSUNI). Essa Unidade é voltada para o 

desenvolvimento da tríade ensino, pesquisa e extensão, com forte ação para a 

internacionalização dos programas na área de Neurociências, abrangendo os Cursos de: 

 Pós-Graduação Stricto Sensu em Neurociências, em nível de Mestrado e Doutorado. 

 Bacharelado em Ciências e Tecnologia, com formação generalista no eixo de 

Neurociências. 
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2019;13(1):e0007089. doi: 10.1371/journal.pntd.0007089 

 

Differential immunoglobulin and complement levels in leprosy prior to development of 

reversal reaction and erythema nodosum leprosum 

 

Abstract 

BACKGROUND: Leprosy is a treatable infectious disease caused by Mycobacterium leprae. 

However, there is additional morbidity from leprosy-associated pathologic immune reactions, 

reversal reaction (RR) and erythema nodosum leprosum (ENL), which occur in 1 in 3 people 

with leprosy, even with effective treatment of M. leprae. There is currently no predictive 

marker in use to indicate which people with leprosy will develop these debilitating immune 

reactions. Our peripheral blood mononuclear cell (PBMC) transcriptome analysis revealed 

that activation of the classical complement pathway is common to both RR and ENL. 

Additionally, differential expression of immunoglobulin receptors and B cell receptors during 

RR and ENL support a role for the antibody-mediated immune response during both RR and 

ENL. In this study, we investigated B-cell immunophenotypes, total and M. leprae-specific 

antibodies, and complement levels in leprosy patients with and without RR or ENL. The 

objective was to determine the role of these immune mediators in pathogenesis and assess 

their potential as biomarkers of risk for immune reactions in people with leprosy. 

METHODOLOGY/FINDINGS: We followed newly diagnosed leprosy cases (n = 96) for two 

years for development of RR or ENL. They were compared with active RR (n = 35), active 

ENL (n = 29), and healthy household contacts (n = 14). People with leprosy who 

subsequently developed ENL had increased IgM, IgG1, and C3d-associated immune 

complexes with decreased complement 4 (C4) at leprosy diagnosis. People who developed 

RR also had decreased C4 at leprosy diagnosis. Additionally, elevated anti-M. leprae antibody 

levels were associated with subsequent RR or ENL. 

CONCLUSIONS: Differential co-receptor expression and immunoglobulin levels before and 

during immune reactions intimate a central role for humoral immunity in RR and ENL. 

Decreased C4 and elevated anti-M. leprae antibodies in people with new diagnosis of leprosy 

may be risk factors for subsequent development of leprosy immune reactions. 

 

URI: https://repositorio.ufrn.br/jspui/handle/123456789/26529 
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Moulin TC, Petiz LL, Rayêe D, Winne J, Maia RG, Lima da Cruz RV, et al. Chronic in vivo 

optogenetic stimulation modulates neuronal excitability, spine morphology, and Hebbian 

plasticity in the mouse hippocampus. Hippocampus. 2019. doi: 10.1002/hipo.23080 

 

Chronic in vivo optogenetic stimulation modulates neuronal excitability, spine 

morphology, and Hebbian plasticity in the mouse hippocampus 

 

Abstract 

Prolonged increases in excitation can trigger cell-wide homeostatic responses in neurons, 

altering membrane channels, promoting morphological changes, and ultimately reducing 

synaptic weights. However, how synaptic downscaling interacts with classical forms of 

Hebbian plasticity is still unclear. In this study, we investigated whether chronic optogenetic 

stimulation of hippocampus CA1 pyramidal neurons in freely moving mice could (a) cause 

morphological changes reminiscent of homeostatic scaling, (b) modulate synaptic currents 

that might compensate for chronic excitation, and (c) lead to alterations in Hebbian plasticity. 

After 24 hr of stimulation with 15-ms blue light pulses every 90 s, dendritic spine density and 

area were reduced in the CA1 region of mice expressing channelrhodopsin-2 (ChR2) when 

compared to controls. This protocol also reduced the amplitude of mEPSCs for both the 

AMPA and NMDA components in ex vivo slices obtained from ChR2-expressing mice 

immediately after the end of stimulation. Finally, chronic stimulation impaired the induction 

of LTP and facilitated that of LTD in these slices. Our results indicate that neuronal responses 

to prolonged network excitation can modulate subsequent Hebbian plasticity in the 

hippocampus. 

Keywords: Long-term depression. Long-term potentiation. Optogenetics. Synaptic plasticity. 

Synaptic scaling 

 

URI: https://repositorio.ufrn.br/jspui/handle/123456789/26810 
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Souza BC, Lopes-dos-Santos V, Bacelo J, Tort ABL. Spike sorting with Gaussian mixture 

models. Sci Rep. 2019;9:3627. doi: 10.1038/s41598-019-39986-6 

 

Spike sorting with Gaussian mixture models 

 

Abstract 

The shape of extracellularly recorded action potentials is a product of several variables, such 

as the biophysical and anatomical properties of the neuron and the relative position of the 

electrode. This allows isolating spikes of different neurons recorded in the same channel into 

clusters based on waveform features. However, correctly classifying spike waveforms into 

their underlying neuronal sources remains a challenge. This process, called spike sorting, 

typically consists of two steps: (1) extracting relevant waveform features (e.g., height, width), 

and (2) clustering them into non-overlapping groups believed to correspond to different 

neurons. In this study, we explored the performance of Gaussian mixture models (GMMs) in 

these two steps. We extracted relevant features using a combination of common techniques 

(e.g., principal components, wavelets) and GMM fitting parameters (e.g., Gaussian distances). 

Then, we developed an approach to perform unsupervised clustering using GMMs, estimating 

cluster properties in a data-driven way. We found the proposed GMM-based framework 

outperforms previously established methods in simulated and real extracellular recordings. 

We also discuss potentially better techniques for feature extraction than the widely used 

principal components. Finally, we provide a friendly graphical user interface to run our 

algorithm, which allows manual adjustments.  

 

URI: https://repositorio.ufrn.br/jspui/handle/123456789/26757 
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Viol A, Palhano-Fontes F, Onias H, Araujo DB, Hövel P, Viswanathan GM. Characterizing 

complex networks using entropy-degree diagrams: unveiling changes in functional brain 

connectivity induced by Ayahuasca. Entropy. 2019;21(2):128. doi: 10.3390/e21020128 

 

Characterizing complex networks using entropy-degree diagrams: unveiling changes in 

functional brain connectivity induced by Ayahuasca 

 

Abstract  

With the aim of further advancing the understanding of the human brain’s functional 

connectivity, we propose a network metric which we term the geodesic entropy. This metric 

quantifies the Shannon entropy of the distance distribution to a specific node from all other 

nodes. It allows to characterize the influence exerted on a specific node considering statistics 

of the overall network structure. The measurement and characterization of this structural 

information has the potential to greatly improve our understanding of sustained activity and 

other emergent behaviors in networks. We apply this method to study how the psychedelic 

infusion Ayahuasca affects the functional connectivity of the human brain in resting state. We 

show that the geodesic entropy is able to differentiate functional networks of the human brain 

associated with two different states of consciousness in the awaking resting state: (i) the 

ordinary state and (ii) a state altered by ingestion of the Ayahuasca. The functional brain 

networks from subjects in the altered state have, on average, a larger geodesic entropy 

compared to the ordinary state. Finally, we discuss why the geodesic entropy may bring even 

further valuable insights into the study of the human brain and other empirical networks. 

Keywords: Entropy. Functional brain networks. Psychedelic state. Ayahuasca. Complex 

networks.  

 

URI: https://repositorio.ufrn.br/jspui/handle/123456789/26758  

https://www.mdpi.com/1099-4300/21/2/128/htm
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Sousa GC, Queiroz CM, Sousa P, Lima P, Silva AAM, Pires N, et al. Identification of 

hypsarrhythmia in children with microcephaly infected by zika virus. Entropy. 

2019;21(3):232. doi: 10.3390/e21030232 

 

Identification of hypsarrhythmia in children with microcephaly infected by zika virus 

 

Abstract 

Hypsarrhythmia is an electroencephalographic pattern specific to some epileptic syndromes 

that affect children under one year of age. The identification of this pattern, in some cases, 

causes disagreements between experts, which is worrisome since an inaccurate diagnosis can 

bring complications to the infant. Despite the difficulties in visually identifying 

hypsarrhythmia, options of computerized assistance are scarce. Aiming to collaborate with the 

recognition of this electropathological pattern, we propose in this paper a mathematical index 

that can help electroencephalography experts to identify hypsarrhythmia. We performed 

hypothesis tests that indicated significant differences in the groups under analysis, where the 

p-values were found to be extremely small. 

Keywords: Hypsarrhythmia. Electroencephalographic. Epileptic.  
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PKMζ inhibition disrupts reconsolidation and erases object recognition memory 

 

Abstract 

Object recognition memory (ORM) confers the ability to discriminate the familiarity of 

previously encountered items. Reconsolidation is the process by which reactivated memories 

become labile and susceptible to modifications. The hippocampus is specifically engaged in 

reconsolidation to integrate new information into the original ORM through a mechanism 

involving activation of brain-derived neurotrophic factor (BDNF) signaling and induction of 

LTP. It is known that BDNF can control LTP maintenance through protein kinase Mζ 

(PKMζ), an atypical protein kinase C isoform that is thought to sustain memory storage by 

modulating glutamatergic neurotransmission. However, the potential involvement of PKMζ in 

ORM reconsolidation has never been studied. Using a novel ORM task combined with 

pharmacological, biochemical, and electrophysiological tools, we found that hippocampal 

PKMζ is essential to update ORM through reconsolidation, but not to maintain the inactive 

recognition memory trace stored over time, in adult male Wistar rats. Our results also indicate 

that hippocampal PKMζ acts downstream of BDNF and controls AMPAR synaptic insertion 

to elicit reconsolidation and suggest that blocking PKMζ activity during this process deletes 

active ORM.SIGNIFICANCE STATEMENT Object recognition memory (ORM) is essential 

to remember facts and events. Reconsolidation integrates new information into ORM through 

changes in hippocampal plasticity and brain-derived neurotrophic factor (BDNF) signaling. In 

turn, BDNF enhances synaptic efficacy through protein kinase Mζ (PKMζ), which might 

preserve memory. Here, we present evidence that hippocampal PKMζ acts downstream of 

BDNF to regulate AMPAR recycling during ORM reconsolidation and show that this kinase 

is essential to update the reactivated recognition memory trace, but not to consolidate or 

maintain an inactive ORM. We also demonstrate that the amnesia provoked by disrupting 

ORM reconsolidation through PKMζ inhibition is due to memory erasure and not to retrieval 

failure.  

Keywords: PKMζ. Memory. Reconsolidation. 
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Crosstalk between mitochondria, calcium channels and actin cytoskeleton modulates 

noradrenergic activity of locus coeruleus neurons 

 

Abstract 

Locus coeruleus (LC) is the name of a group of large sized neurons located at the brain stem, 

which provides the main source of noradrenaline to the central nervous system, virtually, 

innervating the whole brain. All noradrenergic signalling provided by this nucleus is 

dependent on an intrinsic pacemaker process. Our study aims to understand how 

noradrenergic neurons finely tune their pacemaker processes and regulate their activities. 

Here we present that mitochondrial perturbation in the LC from mice, inhibits spontaneous 

firing by a hyperpolarizing response that involves Ca
2+ 

entry via L‐type Ca
2+

 channels and the 

actin cytoskeleton. We found that pharmacological perturbation of mitochondria from LC 

neurons using the protonophore carbonyl cyanide m‐chlorophenylhydrazone (CCCP), induced 

a dominant hyperpolarizing response when electrophysiological approaches were performed. 

Surprisingly, the CCCP‐induced hyperpolarizing response was dependent on L‐type Ca
2+

 

channel‐mediated Ca
2+

 entry, as it was inhibited by: the removal of extracellular Ca
2+

; the 

addition of Cd
2+

; nifedipine or nicardipine; but not by the intracellular dialysis with the Ca
2+

 

chelator 1,2‐Bis(2‐Aminophenoxy)ethane‐N,N,N′,N′‐tetraacetic acid, the latter indicating that 

the response was not because of a global change in [Ca
2+

]c but does not exclude action at 

intracellular microdomains. Further to this, the incubation of slices with cytochalasin D, an 

agent that depolymerises the actin cytoskeleton, inhibited the hyperpolarizing response 

indicating an involvement of the actin cytoskeleton. The data are consistent with the 

hypothesis that there is a crosstalk between mitochondria and L‐type Ca
2+

 channels leading to 

modulation of noradrenergic neuronal activity mediated by the actin cytoskeleton. 

Keywords: Actin cytoskeleton. Calcium channels. Locuscoeruleus. Mitochondria. Neuronal 

activity. Noradrenergic.  
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Computational fluid dynamic analysis of physical forces playing a role in brain organoid 

cultures in two different multiplex platforms 

 

Abstract 

Background: Organoid cultivation in suspension culture requires agitation at low shear stress 

to allow for nutrient diffusion, which preserves tissue structure. Multiplex systems for 

organoid cultivation have been proposed, but whether they meet similar shear stress 

parameters as the regularly used spinner flask and its correlation with the successful 

generation of brain organoids has not been determined. 

Results: Here we used computational fluid dynamics (CFD) to simulate two multiplex culture 

conditions: steering plates on an orbital shaker and the use of a previously described 

bioreactor. The bioreactor had low speed and high shear stress regions that may affect cell 

aggregate growth, depending on volume, whereas the computed variables of the steering 

plates were closer to those of the spinning flask. 

Conclusion: Our protocol improves the initial steps of the standard brain organoid formation, 

and the produced organoids displayed regionalized brain structures, including retinal 

pigmented cells. Overall, we conclude that suspension culture on orbital steering plates is a 

cost-effective practical alternative to previously described platforms for the cultivation of 

brain organoids for research and multiplex testing.  

 

URI: https://repositorio.ufrn.br/jspui/handle/123456789/26787  
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REHAB FUN: an assistive technology in neurological motor disorders rehabilitation of 

children with cerebral palsy 

 

Abstract 

Cerebral palsy is a childhood condition in which there is a motor disability (palsy) caused by 

a static, non-progressive lesion in the brain (cerebral), produced by decreased brain 

oxygenation during pregnancy at birth or soon after birth. The rehabilitation of patients with 

disabilities such as cerebral palsy is usually accomplished through exercises performed by a 

team of several specialists so that the patient can act independently or minimize the need for 

third parties. The virtual reality environment called REHAB FUN was developed as a purpose 

to aid in the treatment of patients with cerebral palsy from 3 to 8 years. The REHAB FUN is 

composed of 10 phases (activities) and a web area for analysis of the specialists to follow the 

evolution of the patients. Seven patients were participated using the virtual environment twice 

a week for 3 months (20 sessions). We measured attention levels, errors, and time. The 

REHAB FUN has been shown to be a motivating tool for patients, and through the data 

acquired, the specialists can direct the treatment in an individualized way so that there are 

greater effectiveness and efficiency in the treatment of motor rehabilitation. 

 

URI: https://repositorio.ufrn.br/jspui/handle/123456789/26808 
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