


 

 

 

JORNADA CIENTÍFICA INCYL 2021 
Viernes, 19 de noviembre de 2021  

 

SESIÓN CIENTÍFICA 

Moderadores: Dra. Arantxa Tabernero Urbieta, Dr. Manuel Sánchez Malmierca y Dr. 

Rafael Coveñas Rodríguez 

9:15 – 9:20 

Presentación de la Jornada 

9:20 – 9:30 

Dr. José Carretero González  

Facultad de Medicina – Neuroendocrinología – “Prolactin system in the Hippocampus”. 

9:30 – 9:40 

Dr. Miguel Ángel Merchán Cifuentes 

Laboratorio 4 del INCyL – “Neuroplasticidad Auditiva”.  

9:40 – 9:50 

Dr. Rubén Deogracias Pastor 

Laboratorio 3 del INCyL – “Voces Internas durante el desarrollo de las neuronas”. 

 

 

 



 

 

9:50 -10:00 

Dr. Juan Carlos Arévalo Martín 

Laboratorio 13 del INCyL – “Descifrando mecanismos moleculares de las neurotrofinas 

y sus receptores”. 

10:00 – 10:15 – DESCANSO 

10:15 -10:25 

Dr. Enrique Saldaña Fernández  

Laboratorio 6 del INCyL - «Laboratorio de Neurohistología: Conexiones entre núcleos 

auditivos del cerebro de los mamíferos». 

10:25 – 10:35 

Dr. Enrique Saldaña Fernández 

“Taller de Escritura Científica”. 

10:35 -10:45 

Dra.  Conchi Lillo Delgado 

Laboratorio 10B del INCyL- “Trastornos degenerativos del sistema visual”. 

10:45 -10:55 

Dra. Arantxa Tabernero Urbieta 

Laboratorio 15 del INCyL - “Posibilidades terapéuticas de péptidos basados en la 

conexina-43 en gliomas”. 

 

 

 



 

 

10:55 -11:05 

Dr. David Pérez González 

Laboratorio 1 del INCyL - “Neurociencia auditiva y cognitiva”. 

11:05 -11:20 – DESCANSO 

11:20 – 11:30 

Dr. Adrián Santos Ledo 

Laboratorio 10 del INCyL - “Desarrollo, degeneración y regeneración del sistema visual” 

11:30 – 11:40 

Dr. David Díaz López 

Laboratorio 7 del INCyL –“Reciprocity between immune and nervous systems in 

neurodegenerative processes”. 

11:40 – 11:50 

Dr. Eduardo Weruaga Prieto 

Laboratorio 7 del INCyL – “Estrategias de neuroprotección en un modelo experimental 

de neurodegeneración selectiva.” 

11:50 – 12:00 

Dra. María Dolores E.  López García 

Laboratorio 12 del INCyL – “Trastornos audiomotores y epilepsias reflejas” 

12:00 -12:10 

Dra. Arantxa Tabernero Urbieta 

“Sesión Informativa sobre el Doctorado en Neurociencias”  

 



12:10 -12:30 – DESCANSO 

12:30 -13:30 – Ponencia de Invitada Especial 

Dra. María Dolores Ledesma Muñoz 

Colaboradora de la División de Coordinación, Evaluación y 
Seguimiento Científico y Técnico. 

Gestora del área científica: Biomedicina (BME). 
Subárea: Enfermedades del sistema nervioso (ESN). 
Lugar de trabajo: Centro Biología Molecular Severo Ochoa. 

Licenciada en Química (1991) y Doctora en Ciencias (1995) 
por la Universidad Autónoma de Madrid realizó su 
posdoctoral en el Laboratorio Europeo de Biología Molecular 
(EMBL, Alemania 1996-2000). Como investigadora 
independiente se incorporó a la Universidad de Turín (Italia 
2001-2005) y a la Universidad de Lovaina (Bélgica 2006-

2008). Desde 2008 es Científica Titular en el Centro de Biología Molecular Severo 
Ochoa (CBMSO) donde dirige el grupo que investiga el papel de los lípidos en la fisiología 
y patología neuronal. 

Su trabajo ha sido pionero en describir la existencia de nanodominios formados por 
colesterol y esfingomielina en las neuronas y su contribución al establecimiento de la 
polaridad axonal y a la regulación de la proteólisis de membrana alterada en la 
enfermedad de Alzheimer. Desde su incorporación al CBMSO su investigación se centra 
en las alteraciones del colesterol y la esfingomielina en patologías neurológicas de 
depósito lisosomal, como las enfermedades de Niemann Pick, y en el envejecimiento. 
Utilizando modelos murinos con metabolismo lipídico alterado su equipo ha revelado 
mecanismos por los que la esfingomielina y el colesterol participan en procesos tales 
como la plasticidad sináptica, la autofagia, la homeostasis del calcio y la inflamación. 
Además, se han llevado a nivel preclínico estrategias terapéuticas, tanto genéticas como 
farmacológicas, para las enfermedades de Niemann Pick que han dado lugar a patentes 
y a un ensayo clínico. 

Posee experiencia evaluadora como miembro de comités nacionales e internacionales y 
pertenece al comité científico asesor de fundaciones relacionadas con las enfermedades 
de Niemann Pick. 



 

 

EXHIBICIÓN DE PÓSTERES 2021 
Vestíbulo del Instituto de Neurociencias de Castilla y León: 16,30 - 19,30 h  

P01 – Lorena Casado Román 

P02 – Ana Belén Lao Rodríguez 

P03 – Guillermo Varela Carbajal 

P04 - Milagros Jerónimo Fulmero 

P05 – Miriam Isabel Marrufo Pérez 

P06 – Peter T. Johannesen 

P07 – Verónica González Núñez 

P08 – Inés Santos Fernández 

P09 – Iván Díaz García 

P10 – Ana Cecilia Comenárez Raga 

P11 – Venezia Carmona 

P12 – Débora Díez Sandoval 

P13 – Héctor Rincón Iglesias 

P14 – Juan Luis Laínez Mejía 

P15 – Mario Gómez-Martínez 

P16 – David Díaz López 

P17 -Laura Pérez Revuelta 

P18 – David Pérez Boyero 

P19 – Valeria Lorena Cabedo 

P20 – Pablo González Téllez 

P21 – Carlos Hernández Pérez 

P22 – Jorge Valero Gómez Lobo 



P23 – Ester Pérez Martín 

P24 - Alicia Segurado 

P25 – Alejandro Martín Toribio 

P26 – Cristina Pérez Montes 

P27 – Sandra M. Díaz Rodríguez 

P28 – Jaime Gonçalves Sánchez 

P29 – Laura Zeballos Fernández 

P30 – Giselda Cabral-Pereira 

P31 – Amanda Larissa Díaz Pacheco 

P32 – Silva-Jr, R.M.P. 

P33- Irem Çankaya 

P34 – Juan Carlos Arévalo 

P35 – Laura Calvo Enrique 

P36 – Daniel Cañada García 

P37 – Andrea Álvarez Vázquez 

P38 – Raquel Flores Hernández 

P39- Claudia Ollauri Ibáñez 

P40 – Maria del Pilar Cerveró García 

P41 – Rocío Talaverón Aguilocho 

P42 – Camilo José Morado Díaz P43 

- Marta Carretero - Hernández P44 

– Escarlata Fernández Puente 



 

 

 P01  

PREDICTION ERROR SIGNALING AND NEURONAL MISMATCH IN THE MEDIAL 

PREFRONTAL CORTEX 

Lorena Casado-Román1,2, *, Guillermo V. Carbajal1,2, *, David Pérez-González1,2 & Manuel 

S. Malmierca1,2,3 

1 Cognitive and Auditory Neuroscience Laboratory, Institute of Neuroscience of Castilla y León (INCYL), 

University of Salamanca, Salamanca 37007, Castilla y León, Spain 

2 The Salamanca Institute for Biomedical Research (IBSAL), Salamanca 37007, Castilla y León, Spain 

3 Department of Cell Biology and Pathology, Faculty of Medicine, Campus Miguel de Unamuno, University 

of Salamanca, Salamanca 37007, Castilla y León, Spain 

*These authors contributed equally.  

The mismatch negativity (MMN) is a key biomarker of automatic deviance detection 

believed to emerge from two cortical sources. Primarily, the auditory cortex (AC) 

encodes spectral regularities and detects frequency-specific deviances. Then, the 

prefrontal cortex (PFC) encodes more abstract representations, which allow to detect 

contextual changes of potential behavioral relevance. Nevertheless, the precise 

location and time asynchronies between neuronal correlates underlying the 

frontotemporal network remain unclear. Our study recorded neuronal spiking- and 

local field potential activity across the rat medial PFC (mPFC) while passively presenting 

the oddball paradigm to find mismatch signals to sequence violations under a regular 

stimulation context. To separate prediction errors from repetition suppression effects 

of mismatch responses, we played two no-repetition control sequences: the many-

standards and cascade paradigms. Whereas mismatch responses in the auditory system 

are mainly induced by stimulus-dependent effects, we found that auditory 

responsiveness in the mPFC was driven by unpredictability, yielding context-

dependent, comparatively delayed, more robust, and longer-lasting mismatch 

responses mostly comprised of prediction error signals. This clearly different 

composition discarded that mismatch responses in the mPFC could be simply inherited  

or amplified from the auditory system. Conversely, it is more likely that the mPFC exerts 

top-down influences on the AC since the mPFC showed flexible and potent predictive 

processing, capable of suppressing redundant input more efficiently than the AC.  the 

time course of the mismatch responses in the spiking- and local field potential activity 

of the combined AC and mPFC coincided with the time course of the large-scale MMN-

like signals reported in the rat brain. This finding, thereby, links automatic deviance 

detection at the microscopic, mesoscopic, and macroscopic levels. 

 



 

 

P02 

THE SOUND OF SILENCE: NEURONAL RESPONSES TO OMITTED TONES IN THE 

AUDITORY BRAIN. 

Ana B. Lao Rodríguez1, Karol Przewrocki2, David Pérez-González1, Artoghrul 

Alishbayli2, Bernhard Englitz2 and Manuel S. Malmierca2.  

1 Auditory Neuroscience Laboratory. Institute of Neuroscience of Castilla y León (INCyL). Salamanca. 

Spain  

2 Computational Neuroscience Lab. Department of Neurophysiology. Donders Centre for 

Neuroscience. Nijmegen, The Netherlands  

 

Key words: Auditory pathway; Mismatch Negativity (MMN); Predictive Coding; 

Omission 

MMN was first recorded in the 70s using EEG in the context of the oddball paradigm and 

is currently interpreted in terms of predictive processing. According to this framework, 

the brain does not respond passively to incoming inputs, but it extracts the regularities 

and uses them to actively predict what should happen next. Similar experimental 

approaches in previous studies have demonstrated that neurons in the auditory system 

adapt to repeating sounds and resume their firing to new, unexpected sounds. This 

phenomenon seen at the neuronal level is referred to as stimulus-specific adaptation 

(SSA) and has been suggested to be the neuronal contributor of MMN. MMN has also 

been found to occur using an omission deviant but to date neuronal responses to 

stimulus omissions have been elusive.  

We recorded single neurons from inferior colliculus and auditory cortex in anesthetized 

rats and awake mice using an oddball paradigm using an omission deviant. Our results 

reveal a subset of neurons in the auditory pathway that appear to respond to omitted 

tones. Omission responses shown by auditory cortex neurons are stronger than those 

from inferior colliculus, showing a higher probability of occurrence with shorter SOAs. 

In awake animals we found a higher response magnitude suggesting that anesthesia may 

affect the level of predictions.  

 

Our findings suggest that the auditory system does not need an external stimulus 

trigger to detect a deviation from expectations (Bendixen, et al 2012). The 

predominance of omission responses at an SOA of 125ms aligns with the highest 

probability of omission responses at short latencies in humans (Raij et al. 1997; Hughes 

et al. 2001; SanMiguel et al., 2013a, 2013b). This supports that the rodent brain can 

generate predictions and the existence of predictive coding in animal models with 

varying degrees from subcortical to cortical stages and anesthetized to awake 

conditions. 



 

 

P03 
NEURONS ALONG THE AUDITORY PATHWAY EXHIBIT A HIERARCHICAL 

ORGANIZATION OF PREDICTION ERROR 

Carbajal GV 1,2, Parras GG 1,2 , Nieto-Diego J 1,2 , Valdés-Baizabal C 1,2 , Escera 

C 3,4,5 , Malmierca M 1,2,6 

 
1 Auditory Neuroscience Laboratory, Institute of Neuroscience of Castilla y León (INCYL), University of 

Salamanca, Salamanca Castilla y León, Spain 
2 Institute for Biomedical Research of Salamanca (IBSAL), University of Salamanca, Salamanca Castilla y 

León, Spain 
3 Brainlab-Cognitive Neuroscience Research Group, Department of Clinical Psychology and 

Psychobiology, University of Barcelona, Barcelona Catalonia, Spain 
4 Institute of Neurosciences, University of Barcelona, Barcelona Catalonia, Spain 
5 Institut de Recerca Sant Joan de Déu, Esplugues de Llobregat Catalonia, Spain 
6 Department of Cell Biology and Pathology, Faculty of Medicine, University of Salamanca, Salamanca 

Castilla y León, Spain 

 

According to the predictive coding framework, our perceptions emerge from the 

reciprocal exchange of predictions and prediction error signals between hierarchically 

organized neural regions. This interaction has been identified in macroscopic brain 

activity (e.g., MMN), but hierarchical predictive processing at the neuronal level remains 

unrevealed in the auditory pathway. In this study, anaesthetized rats and awake mice 

were played sound sequences designed to separate the neuronal responses due to 

prediction errors from those due to adaptation, while single-neuron and local-field 

activity was recorded from different subdivisions of auditory midbrain, thalamus, and 

cortex. Predictive activity was indeed detected already at the level of inferior colliculus, 

increasing in proportion from subcortical structures towards cortical ones, and from 

lemniscal to nonlemniscal divisions. Greater predictive activity was found for low 

intensity stimulation, maybe acting as a gain system for challenging stimular contexts. 

Local-field recordings confirmed the time frame of this neuronal prediction error signals 

was compatible with that of the MMN. The generation of prediction errors was 

consistent between species and states of awareness, indicating that it is a cellular 

automatic process and a fundamental component of auditory processing. 

 

 

 

 

 



 

 

P04 

LATERALIZATION OF VIRTUAL SOUND SOURCES WITH A BINAURAL COCHLEAR-

IMPLANT SOUND CODING STRATEGY INSPIRED BY THE MEDIAL 

OLIVOCOCHLEAR REFLEX 

Enrique A. López-Poveda, Almudena Eustaquio-Martín, Milagros J. Fumero, Joshua S. 

Stohl, Reinhold Schatzer, Peter Nopp, Robert D. Wolford, Jose Manuel Gorospe, Ruben 

Polo López, Auxiliadora Gutiérrez Revilla, Blake S. Wilson. 

University of Salamanca, Salamanca, ESP; MED-El GmbH, Durham, NC, USA; MED-EL GmbH, Innsbruck, 

AUT; Hospital Ramon y Cajal, Madrid, ESP; Duke University, Durham, NC, USA. 

Many users of bilateral cochlear implants (BiCIs) localize sound sources less accurately 

than do people with normal hearing. This may be partly due to using two independently 

functioning CIs with fixed compression, which distorts and/or reduces interaural level 

differences (ILDs). Here, we investigate the potential benefits of using binaurally 

coupled, dynamic compression inspired by the medial olivocochlear reflex, an approach 

termed “the MOC strategy” (Lopez-Poveda et al., 2016, Ear Hear 37:e138-e148). 

Twelve BiCI users were asked to localize wideband (125- 6000 Hz) noise tokens in a 

virtual horizontal plane. Stimuli were processed through a standard (STD) sound 

processing strategy (i.e., involving two independently functioning sound processors) 

and three different implementations of the MOC strategy: one with fast contralateral 

control of compression (MOC1), one with slow contralateral control of compression but 

effectively greater contralateral inhibition in the higher than in the lower frequency 

channels (MOC2), and one with slower control of contralateral inhibition and slightly 

greater inhibition in the lower than in the high frequency channels (MOC3). Localization 

was most accurate with the MOC1 strategy, presumably because it provided ILDs that 

were closer to the natural headshadow ILDs. The angle error improved slightly from 

25.3 degrees with the STD strategy to 22.7 degrees with this MOC1 strategy. The 

improvement in localization ability over the STD strategy disappeared when the 

contralateral control of compression was made slower and/or greater in the lower 

frequency channels. Results suggest that some MOC implementations hold promise for 

improving not only speech-in-noise intelligibility, as shown elsewhere, but also sound 

source lateralization. 

 [Work supported by MED-EL GmbH, the Spanish Ministry of Economy and Competitiveness (grant 

BFU2015‐65376‐P), and the European Regional Development Fund.] 

 

 



 

 

P05 

EFFECTS OF NOISE LEVEL STATISTICS AND INSTANTANEOUS COMPRESSION ON 
ADAPTATION TO NOISE IN WORD RECOGNITION 
 
Enrique A. Lopez-Poveda; Miriam I. Marrufo-Pérez; Dora Sturla; Almudena Eustaquio-
Martín. 
 
University of Salamanca, Salamanca, Spain 

Key words: auditory compression; dynamic range adaptation; medial olivocochlear 

reflex; speech recognition; statistical adaptation 

 

The recognition of isolated words in noise is easier when words are presented later 

rather than earlier in the noise. This phenomenon has been referred to as noise 

adaptation and is probably due to the leading noise shifting (adapting) the dynamic 

range of auditory neurons, which can improve the neural encoding of spectral and/or 

temporal (envelope) cues in speech. At least two mechanisms can produce the shifts in 

question: (1) activation of the medial olivocochlear efferent reflex (MOCR) by the 

leading noise (MOCR adaptation); and/or (2) adaptation of the neural synapses to mean 

sound level in the leading noise (“statistical” adaptation). However, noise adaptation is 

more likely due to “statistical” than to MOCR adaptation because cochlear- implant (CI) 

users show noise adaptation despite lacking MOCR effects. Here, we further 

investigated the importance of “statistical” adaptation for noise adaptation. We 

compared speech reception thresholds (SRTs) (defined as the signal-to-noise ratio at 

50%-word recognition) for words delayed 50 ms (early condition) or 1500 ms (late 

condition) from the onset of a simultaneous speech-shaped noise. In the late condition, 

the level of the leading noise was either constant (65 dB SPL) or was changing every 50 

ms such that 80% or 20% of the 50- ms segments were at 65 dB SPL. Noise adaptation 

was quantified as the SRT improvement in the late condition with respect to the early 

condition. Noise adaptation was largest (1.8 dB) for the constant-level noise, 0.8 dB for 

the mildly fluctuating (80%) noise, and smallest (0.4 dB) for the highly fluctuating (20%) 

noise. Instantaneous compression of the stimulus degraded recognition (increased 

SRTs) but produced as much adaptation in the highly fluctuating noise as in the 

constant-level noise. Altogether, the results support the notion that noise adaptation in 

speech recognition is due to “statistical” adaptation rather than to MOCR adaptation. 

Further, they suggest that instantaneous compression, such as that applied by the 

basilar membrane, facilitates adaptation in fluctuating noise by reducing the amplitude 

fluctuations in the noise. This also suggests that hearing-impaired listeners show less 

noise adaptation than do normal-hearing listeners possibly because they have reduced 

cochlear compression. Lastly, our results suggest that the strong compression used in 

CIs facilitate noise adaptation.  
[Work supported by grant BFU2015-65376-P from the Spanish MINECO]. 
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COCHLEAR SYNAPTOPATHY UNCORRELATED WITH AGE-RELATED AUDITORY 

TEMPORAL PROCESSING DEFICITS IN HUMANS 

Enrique A. Lopez-Poveda, Peter T. Johannesen, Byanka Cagnacci 

University of Salamanca, Salamanca, Spain 

 

In humans, ageing is associated with auditory temporal processing deficits as well as 

with cochlear synaptopathy, and several studies suggest that synaptopathy degrades 

the neural coding of temporal sound features. Here, we investigate if synaptopathy may 

underlie age-related temporal processing deficits. For each of 62 listeners (aged 12 to 

68 years) with normal hearing (thresholds < 20 dB HL), we measured the slope of 

threshold-duration functions (TDSs), gap detection thresholds (GDTs), frequency 

modulation detection thresholds (FMDTs), lifetime noise exposure, and the slope of the 

ABR wave-I magnitude-level function (in units of microVolts/dB). Based on animal 

research, we assumed that the shallower the slope of ABR wave-I, the higher the risk of 

suffering from synaptopathy. TDSs were inferred from absolute detection thresholds 

for pure tones (0.5 to 8 kHz) with durations from 2 to 20 ms and TDSs were corrected 

for the effects of long tone (500 ms) thresholds. GDTs were measured as the shortest 

detectable silent gap between two marker tones (2 kHz, 80 dB SPL) with 5 or 50 ms 

durations. FMDTs were measured for 30- and 60-dB SL carrier tones at 1.5 kHz 

modulated at 2 Hz. ABR wave I slope decreased with increasing age but was not 

correlated with noise exposure, consistent with age-related but not noise-related 

synaptopathy. TDSs, GDTs and FMTDs were not correlated with noise exposure. GDTs 

and FMDTs increased significantly with increasing age (consistent with previous 

studies) but TDSs were not correlated with age. TDS and FMDT were not correlated 

with wave I slope. GDTs increased with decreasing wave I slope, but the correlation 

became not significant after correcting GDTs and wave-I slopes for the effect of 

absolute threshold. Altogether, the data suggest that synaptopathy is not the cause of 

age-related deficits in gap and frequency modulation detection. In addition, the data 

undermine the notion that synaptopathy impairs the detection of brief sounds (Marmel 

et al., 2014, Front. Aging Neurosci. 7:63).  

[We thank James M. Harte, Niels H. Pontoppidan and Filip Rønne for useful discussions. Work supported 

by the Oticon Foundation (ref. 15-3571), Junta de Castilla y León (ref. SAP023P17), MINECO (ref. 

BFU2015-65376-P), and the European Regional Development Fund]. 
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ANALYSIS OF THE NEUROBIOLOGICAL EFFECTS OF DRUGS OF ABUSE AND OF 

ANALGESIC AGENTS. AN IN VIVO APPROACH 

Authors: Andrés Ángel Calderón García*, Mónica González Fernández, María Martínez 

Anta, Aylin Alaçam, Silvia Sánchez Herrero y Verónica Gonzalez Núñez 

Instituto de Neurociencias de Castilla y León (INCyL). University of Salamanca, Spain. Institute of 

Biomedical Research of Salamanca (IBSAL), Spain. Department of Biochemistry and Molecular Biology. 

Faculty of Medicine. University of Salamanca, Spain. * Present address: IOBA, University of Valladolid, 

Spain. 

At present, drugs of abuse are considered a serious public health problem due to their 

addictive properties. The recreational use of new compounds, either obtained from 

natural products or of synthetic origin, with potential to develop tolerance and 

dependence is rapidly rising up. Drugs of abuse elicit their actions by stimulating the 

reward pathway and by increasing mesencephalic dopamine release, but there is a lack 

of knowledge regarding their side effects, putative targets and signalling pathways, as 

well as their long-term consequences. Zebrafish (Danio rerio) is an advantageous tool to 

evaluate the in vivo effects of pharmacological agents. Zebrafish neurotransmitter 

systems share similar molecular, pharmacological and biochemical profiles with their 

human homologues, so that the obtained results can be easily extrapolated to higher 

vertebrates. 

Our research interests are focused on the effects of several agents in the development 

of the Central Nervous System using the zebrafish as an experimental model and their 

effect on several behavioural responses. Morphine and other opiate analgesics are the 

drugs of election to treat moderate-to-severe pain and they elicit their actions by 

binding to the opioid receptors. The activation of this neurotransmitter system is also 

responsible for the undesirable side-effects of opiates, such as tolerance and 

dependence, which lead to the instatement of addiction and produce long-term 

dysfunctions in the Central Nervous System. 

Zebrafish embryos were exposed to morphine and cocaine from 5 hpf (hours post-

fertilization) to 3-6 dpf (days post-fertilization) and then we have used different 

experimental approaches to analyze the biochemical effects of these drugs of abuse. 

The amount of drug absorbed by the embryos was assessed by Mass Spectrometry 

techniques, transcriptomic changes have been determined by RNAseq followed by 

qPCR validation, Western Blot has been used to determine the effect of these 

treatments in the protein levels, global methylation assays have shown epigenetic 

modification elicited by morphine and cocaine and finally we have measured the levels 

of several low-weight metabolites. Our results indicate that all levels of biological  



 

 

information can be modified by drugs of abuse: epigenetics, transcriptome, proteome 

and metabolome, and that the elicited changes depend on the drug used, the length of 

the treatment and the developmental stage, which can be related to the maturation of 

the Central Nervous System.  

Our results indicate that we have validated an experimental model to in vivo test the 

biological effects of drugs of abuse, and the outcome can be easily extrapolated to 

higher vertebrates (i.e. mammals), as the observed effect is similar to those found in 

mammalian models and in human subjects. 

  



 

 

P08  

DOES ELECTRICAL STIMULATION OF THE CORTEX AFFECT THE INFLAMMATORY 
REACTION CAUSED BY ACOUSTIC TRAUMA IN THE INNER EAR? 
 

I.S. Fernández del Campo, Iván Díaz, Ana C. Colmenárez-Raga, Venezia G. Carmona, 

Ignacio P.López, Miguel A. Merchán. 

Keywords: cochlea, ChAT, hearing loss, macrophages, monocites 

Is well known that acoustic trauma induces a macrophagic inflammatory reaction in the 

Organ of Corti, most likely by cleaning cell debris after outer hair cell (OHC) damage or 

by eliminating catabolic molecules resulting from receptor overactivation. 

 

We recently communicated that, in an animal model of temporary threshold shift (TTS), 

the number of monocytes and macrophages increases after the stimuli (8-16KHz noise 

band,110 dB, 90 mins). Previous results from our laboratory show that multisession 

epidural electrical stimulation of the auditory cortex prevents threshold-shifts after 

sound stimulation. In the present work, after counting the total number of mobile cells 

(MC) in cochlear surface preparations, a low number of cells was found in the 

experimental condition of electric stimulation plus acoustic trauma, both at short and 

long term. The MC shown in these preparations are immunoreactive to ChAT. 

 

Previous analysis shows a decrease in size and density of cholinergic buttons in absence 

of OHC. This data suggests a possible role of the inflammation in clearing ChAT after 

synaptic depletion induced by olivocochlear overactivation. Since most MC are found in 

areas with a loss of cholinergic buttons, we suggest that MC may be involved in the 

reorganization of efferent terminals after AT. 
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EFFECTS OF EPIDURAL ANODAL DIRECT CURRENT STIMULATION ON DE RAT 

AUDITORY CORTEX. 

Díaz, I.1, Colmenárez, A. 1, Pernia, M. 1, Plaza, I. 1, Carro, J.1, Delgado, J.M. 2, Merchán, 

M.A. 1 

1 Institute for Neuroscience of Castilla y León-INCyL, University of Salamanca, Spain 

2 Faculty of Experimental Sciences. Pablo de Olavide University, Sevilla, Spain 

Epidural electrical stimulation (EES) is an invasive technique used to treat brain 

diseases. Applying low-intensity electrical current in the brain has been demonstrated 

its effectiveness in neuro-otological diseases such (e.g., tinnitus, acoustic hallucinations, 

etc.).  

Under gas anesthesia (Isofluorane 2.5%), a silver ball electrode of 1.2mm in diameter 

(anode) was inserted in the skull over the auditory cortex (AC) area of 13 Wistar rats by 

a stereotaxic guide and two screws (cathode) in the rostral contralateral side. After 7 

days rats were stimulated awake with 0.1mA direct current during 7 sessions in 

alternate days. To check the effectiveness of stimulation auditory brainstem responses 

were recorded after surgery, at the end of stimulation protocol and four days after the 

end of the last stimulation session. In stimulated animals an increase in thresholds of 20–

30 dB was shown. 4 sham controls were equally implanted, recorded and processed in 

parallel with EES group.  

After fixation, serial coronal sections were alternatively immunostained for GFAP and 

Iba1 to assess potential lesions and for the activity-dependent early gene c-Fos to 

analyze neuronal activation. Increases in glial immunoreactivity and changes in shape 

and size allowed localizing current injection sites in the AC. Increase in GFAP 

immunoreactivity in areas that are in contact with cerebrospinal fluids suggests an 

electrolytical activation.  

Statistical and morphometric analyisis for c-Fos immunoreactivity show an increase in 

supragranular layers and a decrease in layer 6 as well as a loss of laminar organization in 

the ipsilateral cortices. In this paper we conclude that multi-session EES on the AC 

induces local and global glial activation, due to an electrolytic effect, and 

cytoarchitectural changes of cortical layers.  

 

 

 



 

 

P10  

EPIDURAL AUDITORY CORTEX ANODAL DIRECT CURRENT STIMULATION AFTER 

SOUND OVERSTIMULATION. A NEW APPROACH FOR OTOPROTECTION. 

Colmenárez-Raga A.C., Díaz I, Pernia M., Pérez-González D., Delgado-García J.M., Plaza 

I, and Merchán MA. 

In previous works from our group, we showed an increase in auditory thresholds 

(measured by auditory brainstem evoked potentials recordings) after 0.1 mA anodal 

epidural multisession stimulation (EMS) of the auditory cortex. Such decrease in 

auditory sensitivity (up to 20 dB) is exploited here to analyze its potential otoprotective 

effect to minimize hearing loss induced by acoustic overstimulation. A silver square 

(1x3mm) electrode was stereotaxic implanted along the rostro-caudal axis of the 

auditory cortex. A week after surgery, 0.1 mA direct current was delivered in awake 

male Wistar rats of 250 gr in 10-minute-long, 7 alternating sessions. After the end of 

stimulation protocol, rats were exposed to a 90-minutes-long single session of 110 dB, 

band-pass noise of 8-16 kHz.  The sham control group was stimulated by a similar EES 

protocol but without acoustic overstimulation. To evaluate changes in auditory 

thresholds, ABRs were recorded after surgery in parallel to sham control and sound 

overstimulated animal groups 1, 7 and 14 days after the electric current stimulation 

protocol. Brains and cochleae of all animals were fixed for immunocytochemical analysis 

at the end of experiments. To assess the effects of epidural electric stimulation (EES) on 

the brain cortex, well characterized functional anatomical markers of glial cells 

(GFAP/Astrocytes and Iba1/microglial cells) and neurons (c-Fos) were analysed in 

alternate serial sections by quantitative immunocytochemistry. Immunostaining for c- 

Fos, Iba 1 and GFAP of serial sections allowed to demonstrate the precise localization 

of the electrode and also a local and a global electrolytic overactivation without lesional 

effects on the brain. Increases of 20 to 30 dB ABR auditory thresholds were observed 4 

days after the EES multisession protocol. Time course of tresholdshift, wave amplitudes 

and latencies of the ABRs in control and sound overstimulated groups will be discussed 

by the authors. 
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It is known that electrical stimulation (ES) of the cerebral cortex can influence directly on brain 

metabolism, activates neuronal networks, and regulates neural plasticity (Fritsch et al., 2010). 

In our laboratory, we have worked with invasive multisession epidural stimulation applied to 

the auditory cortex (Colmenárez-Raga et al., 2019) (Diaz et al., 2021) demonstrating:  

1) Increases in hearing thresholds measured by auditory brainstem responses (abr), 

2) Changes in cortical activation shown by c-fos immunoreactivity measured through 

quantitative immunocytochemistry 

Recently, a non-invasive method for restricted cortical stimulation is currently available in the 

literature, which promises a deeper, more steerable and selective stimulation of the brain. 

This technique known as temporarily interfering electric fields (TIEF) consists of applying to 

the brain two circuits of high-frequency alternating currents that have a frequency difference 

which is capable of generating neuronal activation (Grossman et al. 2017). 

Under this premise, we have been interested in testing this new brain stimulation technique 

by an invasive (epidural) and non-invasive approach, and also by comparing its effect with our 

previous results with continuous current multisession anodal stimulation. 

Preliminary data in our animals show us that stimulation with TIEF produces neuronal 

activation in both approaches that has been different with respect to the location, extension 

and density of reactivity of c-fos throughout the brain. However, in our animals we did not 

observe a focused and restricted activation of the deeper areas of the brain as the results 

shown by Grossman. 
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The relationship between acoustic stimuli and emotions is very intriguing. The posterior 

intralaminar nucleus of the thalamus (PIN) acts as an interface between the auditory 

system and the limbic system: it receives information from neurons of the most 

superficial layer of the inferior colliculus (IC) and innervates the amygdaloid complex. 

Despite this pivotal role, the projection from the IC to the PIN remains to be studied in 

detail.  

To characterize the projection from the IC to the PIN, we have injected the anterograde 

tracers Phaseolus vulgaris-leucoagglutinin (PHA-L), biotinylated dextran amine (BDA) 

and tetramethylrhodamine-conjugated dextran (D-TMR) into the superficial layers of 

the external cortex of the rat IC (ICx) and analyzed the trajectory, morphology and 

distribution of the axons labeled in the PIN. To delimit the PIN, we followed 

neurochemical criteria, because this nucleus is immunonegative for parvalbumin and 

immunopositive for calretinin and calbindin (Márquez-Legorreta et al., 2016, Front 

Neuroanat 10:82). 

All three tracers provided congruent results, which showed that ICx axons run 

caudorostrally in the brachium of the IC and innervate diffusely the entire ipsilateral 

PIN identified neurochemically. Within the PIN, ICx terminal axons are thin and scarcely 

ramified, and bear small, homogeneous en passant and terminal synaptic boutons. Many 

labeled ICx axons extend rostromedially, past the PIN, to innervate the ipsilateral 

subparafascicular nucleus of the thalamus. Given the near absence of inhibitory neurons 

in the most superficial layer of the IC, the ICx-to-PIN projection is most likely excitatory. 

The present results refine the delimitation of the PIN and will serve as a basis for future 

morphological and functional studies.  
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Sounds do not usually reach both ears at the same time. This difference in arrival time 

(interaural time difference [ITD]) is an extremely useful cue to localize the sources of 

low-frequency sounds in the horizontal plane. ITDs are encoded in the medial superior 

olive (MSO), one of the nuclei of the superior olivary complex. 

Although the rat is a favorite experimental model in auditory neuroscience, the 

projections of the rat MSO remain to be studied in detail with anterograde tracers. This 

may be due not only to the high-frequency hearing range of this species, which 

supposedly does not use ITDs for sound localization, but also to the extreme narrowness 

of its MSO, which renders experimental manipulations problematic.  

To study the projections of the rat MSO, we have made small, single injections of the 

bidirectional tracer biotinylated dextran amine (BDA) into the MSO of this species and 

analyzed the trajectory, morphology, and distribution of the labeled axons. 

Our results are based on nine successful cases, whose injection site affected solely or 

almost exclusively the MSO. In all of them, dense plexuses of terminal axons were 

labeled ipsilaterally in the central portion of the dorsal nucleus of the lateral lemniscus 

and in the most dorsolateral portion of the central nucleus of the inferior colliculus, 

which are the regions of these nuclei where low-frequency sounds are processed. Minor 

projections, not previously described with anterograde tracers, were observed in the 

ipsilateral ventral nucleus of the lateral lemniscus and medial geniculate body of the 

thalamus. 

Despite the widespread belief that the MSO of rats and mice is rather insignificant, our 

data demonstrate that it is hodologically similar to that of mammals with a lower 

auditory range, like the cat or the gerbil. They further suggest that MSO function is not 

limited to ITD coding. 
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To locate sound sources, animals use interaural level differences (ILD), as sounds reach 

the nearest ear with higher intensity. ILDs are encoded in the lateral superior olive 

(LSO), a nucleus innervated by four neuronal types of auditory brainstem nuclei: 

spherical bushy cells (SBCs) and planar multipolar neurons of the ipsilateral ventral 

cochlear nucleus, principal neurons of the ipsilateral medial nucleus of the trapezoid 

body (MNTB), and small multipolar neurons of the contralateral ventral nucleus of the 

trapezoid body (cVNTB) (Gómez-Álvarez and Saldaña, 2016, J Comp Neurol 524:2230-

2250). Neurons in the LSO are excited by sounds reaching the ipsilateral ear, and 

inhibited by sounds reaching the contralateral ear, yet how this integration occurs 

remains unclear. 

We designed four tract-tracing experiments to label selectively each one of the 

projections to the rat LSO. We injected the tracer biotinylated dextran amine (BDA) into 

the anteroventral and dorsal cochlear nucleus (AVCoN and DCoN), superior paraolivary 

nucleus (SPON) and VNTB and studied the axons labeled in the LSO. 

All LSO afferents form flattened plexuses that follow the laminar organization of the 

LSO. These projections differ in morphological aspects, including the caliber and 

branching pattern of the axons, and the size and abundance of terminal and en passant 

boutons. 

Injecting BDA into the DCoN, SPON, and VNTB labels selectively the axons of planar 

multipolar neurons, MNTB principal neurons, and cVNTB neurons, respectively. 

Conversely, injecting BDA into AVCoN to label the axons of SBCs leads to confusing 

results, since AVCoN is innervated by MNTB neurons that also innervate LSO. The 

axons of SBCs and MNTB principal neurons, which represent 80% of the neurons that 

innervate the LSO, have fewer synaptic boutons than those of planar multipolar neurons 

and VNTB neurons. Therefore, the functional relevance of the latter two projections 

should not be underestimated. 
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Animals integrate auditory and somatosensory stimuli because the perception of 

sounds depends not only on their position relative to the sound source, but also on the 

posture of the head and ears. This integration first occurs in the dorsal cochlear nucleus 

(DCoN). Key to the integration of different sensory modalities is the laminar structure 

of the DCoN, very similar to that of the cerebellar cortex. In the cerebellum, afferent 

information reaches mainly the deep layers and is subsequently transmitted to the 

superficial layers. However, the DCoN receives a presumably auditory afferent that, 

unlike what happens in the cerebellum, does not reach the deep layers: the projection 

from the ventral nucleus of the trapezoid body (VNTB).  

Our goal was to carry out the first detailed morphological investigation of the projection 

from the VNTB to the DCoN of the rat. Using albino rats, we have performed two types 

of experiments. First, to analyze the distribution and morphology of the axons that 

innervate the DCoN, we injected the bidirectional tracer biotinylated dextran amine 

(BDA) into VNTB. Second, to characterize the neurons that give rise to this projection, 

we injected BDA into DCoN. 

The VNTB-to-DCoN projection is very predominantly contralateral. VNTB axons form 

an amazingly dense terminal plexus restricted to the molecular layer and very rich in 

synaptic boutons. In this plexus, bands of higher density perpendicular to the pial 

surface alternate with bands of lower density. This projection is tonotopic. 

VNTB neurons that innervate the DCoN possess medium-size multipolar cell bodies, 

occupy the central dorsoventral third of the nucleus and are distributed along the entire 

rostrocaudal length of the VNTB. They seem to belong to a hitherto unidentified neuron 

type. 

These features suggest that the projection from the VNTB exerts an unknown, strong 

influence on the function of the DCoN.  
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The Purkinje Cell Degeneration (PCD) mutant mouse suffers the postnatal death of the 

mitral cells of the olfactory bulb. Previous results demonstrated that a transplant of 

healthy bone marrow slows down the degeneration of these neurons, improving the 

olfaction of PCD mice. Besides, IGF1 is a growth factor with neuroprotective properties 

that is also defective in PCD mice. Then, we combined both cell and gene therapies by 

over-expressing the Igf1 gene in transplanted cells for optimizing the neuroprotection 

for PCD’s bulbar degeneration. 

Hematopoietic stem cells from healthy green fluorescent protein (GFP) donors were 

cultured during 9 days in vitro (DIV). At DIV 7, the cells were infected with lentiviruses 

carrying the Igf1 gene under the EF1a constitutive promoter, and the cyan fluorescent 

protein (CFP) as reporter molecule. In parallel, the bone marrow of PCD mice was 

ablated by an irradiation of 7.5 Gy at postnatal day 19 (P19). At P20, irradiated animals 

received an intravenous transplant of 7.5 million of unfractioned healthy bone marrow 

stem cells, supplemented with genetically modified hematopoietic cells (ratio 1:1). At 

P150, animals were sacrificed, and their olfactory bulbs were analyzed by 

immunofluorescence techniques and quantitative PCR. 

Our results showed that the transplantation of a genetically modified healthy bone 

marrow virtually stopped the mitral cell loss of PCD mice. Interestingly, it also allowed 

the survival of certain Purkinje cells, a practically inexistent neuronal population in PCD 

mice at P150. Both standard and genetically modified transplants activated PCD’s 

microglia also changing its inflammatory pattern, which resembled a wild-type one. 

Additionally, the genetically modified transplant prevented DNA damage, which seems 

to be the most plausible mechanism that underlies its higher protection. Therefore, the 

combination of cell and gene therapy supposes a remarkable strategy to achieve 

neuroprotection. 
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Autism spectrum disorder (ASD) is an abnormal neurodevelopmental process 

characterized by a central symptomatology. The cerebellum is a key structure in the 

study of ASD for both its motor function and its involvement in cognitive, affective, and 

social behaviour. Patients with ASD have a specific loss of Purkinje cells, together with 

an affectation of neurotrophic factors (NF), which also causes neuronal alterations.  

This work aims at studying the social conditions present in ASD and related with 

cerebellum, employing the PCD mutant mouse, an animal model that presents a specific 

loss of Purkinje cells. For the analysis of the relationship between NF and cerebellar 

destructuration, both gene and protein expression of NF, such insulin growth factor 1 

(Igf-1), vascular endothelial growth factor A and B (Vegf-A and Vegf-B) and brain-

derived neurotrophic factor (Bdnf) were analysed at different ages: P10, P15, P20, P25, 

P30 and P40 (i.e. before and during the Purkinje cell loss). 

Our preliminary results demonstrated a statistically significant increase in both gene 

and protein expressions of Igf-1 at P25 and P40, and Vegf-B at P15 and P20 in the 

cerebellum of PCD mice, while the other NF remained similar to control mice. In 

addition, the pattern of expression of Igf-1 and Vegf-B resulted radically different 

amongst genotypes: in wild type mice we observed oscillations in their expression, being 

higher at P20 and P30, while in PCD mice we did not observe that, but a constant 

increase of these NF. These fluctuations seem to be important for proper cerebellar 

function and development, whereas the increase may be related to an attempt to 

neuroprotection in front neuronal death.   

Finally, these data have been used to carry out a pharmacological treatment with 

neuroprotective factors, which is currently underway.   
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The Purkinje Cell Degeneration (PCD) mouse presents a mutation in the Ccp1 gene that 

produces the selective post-natal death of Purkinje cells. Along with this neuronal loss, 

a strong microgliosis takes place in the cerebellum, but it is not fully understood whether 

it plays a beneficial or a harmful role in the development of the pathology. In this sense, 

it is also unknown if this gliosis is a direct consequence of the neurodegeneration, or if, 

by contrast, the pcd mutation itself causes an aberrant microglial behavior. Therefore, 

the direct effect of the pcd mutation on the functioning of the microglia was studied 

using cell cultures, without the influence of a neurodegenerative environment. 

For this purpose, hematopoietic cells were isolated from the bone marrow of both wild-

type and PCD mice and differentiated into microglia. Subsequently, 

immunofluorescence techniques and qPCR analyses were performed to characterize 

microglia by studying different markers and gene expression. Likewise, the viability of 

these cells was studied by means of a proliferation essay with Alamar Blue. 

The preliminary results obtained suggest that the hematopoietic cells of PCD mice 

differentiated into microglia have a predominant polarization towards an anti-

inflammatory phenotype. Besides, a differential gene expression has been observed for 

all the analyzed genes. Finally, the Alamar Blue essay demonstrated that PCD cells show 

a higher proliferation than the wild-type cells. 

Therefore, it can be concluded that the mutation of the Ccp1 gene affects some 

microglial features related to cell neurochemical, gene expression and proliferation. 
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Autism is a neurodevelopmental disorder with a multifactorial origin and diverse 
manifestations. Although many progresses have been made in the knowledge of this 
condition, there is still a long way to understand its cellular, neuroanatomical, and 
behavioural bases. In addition, it is mandatory to explore possible treatments that might 
ameliorate the symptomatology of people with this disorder. In this sense, biomedical 
research using animal experimentation has generated significant advances in the 
knowledge of autism. Nowadays several animal models that mimic autism in humans are 
used, either generated from exposure to environmental factors or carrying identified 
human genetic mutations.  
One of the most validated and worldwide employed animal models for autism research 
is the valproic acid-induced rodent model of autism (VPA). However, we have detected 
multiple difficulties to obtain it and, unfortunately, the existing literature does not 
expose these arising hindrances. In the present work we describe the path that our team 
followed to generate the VPA model. Several problems emerged related to difficulties 
on the set of the optimal dosage of valproic acid: sedative and/or epileptogenic signs in 
dams, abortion in pregnant mice and mortality in dams and offspring.  
Once solved these obstacles, we started to investigate the olfactory bulb 
histopathology of the animal model by histochemistry and immunohistochemistry, and 
its olfactory capabilities through a variation of the Marble Burying Task using odorants. 
Our preliminary results suggest variations at both levels in the VPA model. The analysis 
of the olfactory system will shed light on the autism spectrum disorders research field, 
as it has been shown that the sensory alterations in this condition could be affecting its 
general pathogeny.  
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Calcium-binding proteins such as calbindin, calretinin or parvalbumin are essential for 

the correct functioning of the brain. Their distribution has been widely studied in the 

central nervous system, mainly for neuroanatomical purposes since they provide a 

“Golgi-like” staining with noteworthy details of neurites. Secretagogin is another 

calcium-binding protein that also provides a high-quality immunostaining of specific 

neuronal populations, but whose distribution throughout the brain is poorly known. 

Here, we analysed the expression of secretagogin in the brain of adult mice by 

immunohistochemistry, identifying positive cell populations in different areas and 

nuclei according to Paxinos mouse brain atlas. Combined immunofluorescence was 

used for studying colocalization between secretagogin and other common calcium-

binding proteins. 

We observed many secretagogin-positive cells throughout the brain. The staining was 

remarkable in some areas of the olfactory bulb, basal ganglia, thalamus and 

hypothalamus. Secretagogin-positive cell populations were very heterogeneous, 

concerning both size and distribution: in some nuclei positive cells occupied all the 

analysed area, but in others few disperse positive cells were observed. Interestingly, in 

some cases such distribution did not fit with the nuclei traditionally described, 

suggesting either neurochemical subdivisions for partial-labelled regions or shared 

functions for adjacent nuclei. Regarding colocalization, results were also very variable. 

Depending on the region, secretagogin colocalized with either calbindin, calretinin or 

parvalbumin, but in other areas, even with high neuronal density, no colabelling was 

identified and they were independent populations. 

We conclude that secretagogin is present in many different neuron populations in the 

mouse brain. The function of these cells seems to be heterogeneous, and this protein is 

expressed either independently or in combination with other calcium-binding proteins. 

Secretagogin can be a useful neuronal marker in different brain areas for specific 

populations and its knowledge advances the complex regulatory mechanisms of calcium 

levels in the central nervous system. 
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NEURODEGENERATION OF THE PCD MOUSE. 
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The PCD mouse suffers a mutation in the Ccp1 gene; this gene codifies a 

carboxypeptidase responsible for the stability of the cytoskeleton; under its absence in 

the PCD mouse, thePurkinje Cells (PC) of the cerebellum collapse and at 30 days post-

natal (P30) just a few PC remain alive. However, the lobule X maintains its cell 

population longer than the other lobules.  

We have studied several genes related with Ccp1 and the equilibrium of the 

cytoskeleton like Ccp4, Ccp6 and Ttll1 by qPCR and by Western Blot; the Ccp family 

deglutamylates the cytoskeleton, and the Ttll family polyglutamylates it, both families 

must stay in equilibrium. On the other hand, we have studied with 

immunohistochemistry techniques the expression of HSP25, a Heat-Shock-Protein 

responsible of the neuroresistance of the lobule X in other ataxia animal models. 

Moreover, by immunohistochemistry too, we have studied the expression of the 

phosphorylated version of HSP25 (HSP25-P), which has even more anti-apoptotic 

properties.  

 

We saw that the lobule X of the wild type of cerebellum has a lower expression of Ccp1, 

so it is possible that this lobule is less dependent of its expression during its absence in 

the PCD mouse. If we look at the Ttll1 data, we can observe that it is less expressed in 

the lobule X than in the vermis: as Ttll1 is lower expressed in the lobule X, this could 

imply that its cytoskeleton is less glutamylated, so that is why is less required the 

deglutamylation function of Ccp1. Finally, we have seen that HSP25, and HSP25-P are 

more expressed in the lobule X of the PCD mouse than in the wild type one. So HSP25 

and HSP25-P could be responsible of the neuroresistance of the lobule X in the PCD 

mouse. 
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Maternal dietary intake of the polyunsaturated fatty acids omega-3 (Ω3) and omega-6 

(Ω6) impacts hippocampal development and function. Hippocampal development 

continues during adulthood in the dentate gyrus (DG), where new neurons and 

astrocytes are continuously added (adult neurogenesis). Moreover, Ω3 and Ω6 are 

precursors of inflammatory regulators that may also affect neurogenesis and glia. 

Therefore, we postulated that dietary Ω6/Ω3 balance regulates the cellular composition 

of the adult DG, modulating inflammation and affecting adult neurogenesis and glia, 

mainly microglia: the brain's immune cells. To check our hypothesis, we fed young male 

and female mice (1.5 months old) with either Ω6/Ω3 balanced or deficient diets for ten 

weeks. To analyze the immunomodulatory potential of dietary Ω6/Ω3 ratio, we 

challenge our animals with an inflammatory event that reduces hippocampal adult 

neurogenesis (intraperitoneal injection of the bacterial lipopolysaccharide, LPS). Our 

results revealed an effect of diet on adult neurogenesis (number of stem cells and 

neuroblasts), DG volume, and microglia, but not in astrocyte number. LPS treatment 

transitorily reduced neuroblasts, showing a greater impact in mice fed with the Ω6/Ω3 

deficient diet. Notably, the effect of diet on most mature neuroblasts was exclusively 

significant in female mice. Finally, our colocalization data and multivariate analysis 

revealed a strong association between microglia and neurogenesis and confirmed that 

Ω6/Ω3 dietary balance affects the DG, with a more significant impact in female mice. 

Our study points to the relevance of balancing Ω3 dietary intake to preserve brain 

health. 

Fundings: Spanish Ministry of Science and Innovation (FEDER funds, RTI2018-099267-B-I00); Basque 

Government (PI_2016_1_0011); Tatiana Foundation (P-048-FTPGB_2018), Ikerbasque Foundation, and 
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PCD MUTANT MOUSE. 
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The endocannabinoid oleoylethanolamide (OEA) has been proven to exert anti-

inflammatory and neuroprotective effects in different animal models with brain injury 

of varied etiology. Indeed, a previous study of our laboratory demonstrated that the 

exogenous administration of OEA -prior to the onset of the neurodegenerative process- 

resulted in neuronal protection of Purkinje cells and improvement of the behavioral 

defects observed in Purkinje Cell Degeneration (PCD) mutant mice. 

In this study, we tested whether OEA treatment (10 mg/kg, i.p. at postnatal day 12) 

modulates neuroinflammation and attenuates microglial activation in the mouse model 

of severe cerebellar degeneration PCD. First, changes in mRNA levels of different 

proinflammatory, neurotrophic and neuroprotective factors in the cerebellum were 

measured by quantitative PCR in the short- (3- and 24-hours post-treatment), medium- 

(P20) and long-term (P30; n=6 animals per group). Secondly, modulation of microglial 

activation and its phenotype was analyzed in parasagittal sections of cerebellar vermis 

by immunohistochemistry at P30 when the neurodegenerative process has ended (n=7 

animals per group).  

Our results showed that OEA treatment significantly reduced mRNA levels of the 

proinflammatory factors IFNγ, IL1β and TNFα, and increased the 

neurotrophic/neuroprotective factors BDNF, GAP43 and MAP2 in cerebellum 3 and 24 

hours after administration. Additionally, treated animals showed an increase in the 

mRNA levels of all the analyzed factors in the medium term comparing with untreated 

animals. By contrast, a decrease in mRNA levels of IL1β and IL6 was observed in those 

treated animals in the long term. Finally, results from immunohistological analysis of 

cerebellar microglial cells showed that OEA treatment reduced the microglial density in 

the cerebellum of PCD mice, which was exacerbated as a consequence of 

neurodegeneration. These findings demonstrate the neuroimmunomodulatory 

properties of OEA in the PCD mouse and shed light on the possible mechanisms of 

action of OEA as a therapeutic agent which could be a co-occurrence among down- 



 

 

regulation of neuroinflammation, modulation of microglial activation and neuronal 

protection.  
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CRB2 IS INVOLVED IN THE APICOBASAL POLARIZATION OF RPE CELLS BY 
PARTICIPATING IN TIGHT JUNCTION MAINTENANCE AND CELL CYCLE ARREST  
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Apicobasal polarity is essential for the precise performance of epithelial cell’s functions. 

It is determined by the expression of three polarity protein complexes named Scribble, 

Par and Crumbs. While Scribble complex promotes the differentiation of the basolateral 

domain, both, the Par and the Crumbs complexes, promote the apical side identity. The 

Crumbs complex is composed by PALS1, PATJ and the CRB proteins. We have described 

the expression of one of the CRB proteins in retinal pigment epithelial (RPE) cells, the 

CRB2 protein. To better understand the highly regulated process of polarization, we 

have studied the role of the polarity protein CRB2 in human RPE cells during 

differentiation in vitro and in mature murine RPE cells in vivo. To do this, we have 

analyzed the sequential expression and localization of the polarity proteins during 

human RPE cells differentiation. We have knocked down CRB2 in cultured RPE cells and 

analyzed their proliferation rate, expression and localization of proteins related with 

the establishment of junctional complexes and those involved in polarization. We have 

also measured the transepithelial electrical resistance, a direct measure of the strength 

of the cell-cell junctions, during ordinary differentiation and after a severe disruption of 

junctional complexes with a calcium switch assay. Finally, we have analyzed the role of 

CRB2 in adult mouse RPE cells in vivo. The results showed that CRB2 is the latest of the 

whole pull of polarity proteins to be positioned at the cell membrane. Subsequently, the 

absence of the CRB2 protein from these cells results in a delay in the formation of cell-

cell junctions and in an increase in cell proliferation in human RPE cells. In addition, our 

studies in vivo show that knocking down CRB2 in RPE cells affects the distribution of 

different apical polarity proteins and perturbed the retinal homeostasis. Together our 

results demonstrate that CRB2 is a key protein for the development and maintenance 

of a polarized epithelium. 
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EXPRESIÓN DE SOX2 EN EL SISTEMA VISUAL DE PECES 

Alejandro Martín Toribio, Laura DeOliveira-Mello, Juan M. Lara, Almudena Velasco, 

Rosario Arévalo y Andreas F Mack. 

A diferencia de los mamíferos, el Sistema Nervioso Central de los peces teleósteos crece 

durante toda la vida del animal. De esta manera, el sistema visual de los peces (retina, 

cabeza del nervio óptico y nervio óptico) sirven como un excelente modelo de 

neurogénesis en adultos. En estos procesos de crecimiento participan las células gliales, 

tanto astrocitos como oligodendrocitos, guiando, orientando y mielinizando los nuevos 

axones. En esta región, existen diferentes progenitores gliales que son fundamentales 

para la organización y mielinización de estos nuevos axones. Sox2 es un factor de 

transcripción que realiza diferentes funciones en células madre y regula el desarrollo del 

sistema visual. En este trabajo analizamos si las células madre presentes que se 

mantienen en el sistema visual de peces son Sox2 y si este factor está implicado en los 

procesos de crecimiento. Hemos identificado células Sox2 tanto en la retina, Cabeza y 

nervio óptico, tanto en pez cebra (Danio rerio) como en un pez cíclido (Haplochromis 

burtoni).  
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ORGANIZACIÓN DE CÉLULAS GLIALES POSITIVAS A SOX2 EN EL NERVIO ÓPTICO 

ASOCIADO A FIBRAS EN CRECIMIENTO EN EL SISTEMA VISUAL DE PECES. 

Cristina Pérez Montes, Laura De Oliveira-Mello, Andreas F. Mack, Juan Lara,  Almudena 

Velasco y Rosario Arévalo) 

El sistema visual de peces teleósteos presenta capacidad de crecimiento y regeneración 

durante toda la vida del animal. Tanto la retina, cabeza y nervio óptico de peces adultos 

sirven como un modelo para el estudio de la neurogénesis y regeneración del Sistema 

Nervioso. Trabajos previos han mostrado diferencias de expresión de Sox2 en estas 

regiones, lo que indica que este factor de transcripción puede tener diferentes funciones 

en el SNC. En este trabajo hemos realizado una caracterización de la población de 

células Sox2+ localizadas en las regiones más rostrales del nervio óptico. Hemos 

utilizado como modelo el pez adulto Astatotilapia burtoni que continúa creciendo e 

incorporando nuevos axones durante toda su vida. En muestras aclaradas del sistema 

visual (ojo completo con nervio óptico) y mediante inmunotinción, hemos identificad 

una población de células gliales positivas a Sox2. Estas células están organizadas en 

torno a los axones de nuevas neuronas positivas a doblecortina. Nuestros resultados 

sugieren que esta población glial está asociada con la guía de los nuevos axones desde la 

retina. Sox2 puede estar implicado en señalización neuroquímica de células 

pluripotentes y puede estar actuar en combinación con otros factores reguladores en el 

sistema visual.  Conocer la variedad de tipos y subtipos celulares en el sistema visual y 

su plasticidad es clave para comprender los procesos de crecimiento y regeneración en 

el SNC de vertebrados adultos.  
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GRIK1 AND CACNA2D3 POLYMORPHISMS AND ITS IMPLICATION IN SEIZURES IN 

THE GASH/SAL MODEL OF EPILEPSY 

Sandra M. Díaz-Rodríguez1,2, M. Javier Herrero-Turrión1,2,3, José Manuel Pereda4, 

Dolores E. Lopéz1,2,4 
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The GASH/Sal hamster is a model of audiogenic epilepsy of genetic origin whose 

epileptogenic focus is the inferior colliculus (IC). Goals. To evaluate the mutations 

found in the Gash/Sal hamster exome analysis related to glutamate and calcium 

pathways. Using the Sanger sequencing technique, the mutations found in the 

GASH/Sal hamster exome related to glutamate and calcium pathways were validated; 

images of three-dimensional structures of the mutated proteins were created in the 

Pymol program. An immunohistochemical and Western blot analysis was performed 

where the difference in the protein expression of the Mesocricetus auratus control 

hamster vs. the GASH/Sal hamster was located and evaluated. Finally, its expression 

was observed by RT-qPCR. The Grik1 and Cacna2d3 genes showing a relationship with 

the formation of the kainate receptor involved in the glutamate pathway and the 

corresponding α2β3 subunit of the calcium channel CaV2.1 were validated. When 

carrying out the three-dimensional design of the protein structure of Grik1 and 

Cacna2d3, it is observed that the substitution could affect the intramolecular contact 

and the stability of the protein. Regarding the immunohistochemical analysis, Western 

blot and RT-qPCR, an increase in the expression of Grik1 was evidenced in GASH/Sal 

vs. control hamster in the inferior colliculus. The intensity of immunostaining in certain 

regions, such as the cerebellum, hippocampus and cortex, is weaker in the GASH/Sal 

than in the control for both proteins. However, in the brainstem, the immunostaining 

pattern is reversed, being higher in the GASH/Sal than in the control. The mutations 

found in the Grik1 and Cacna2d3 genes may be contributing to a change in the 

excitatory balance that facilitates the status epilepticus. 

 
Research supported by the Grants from the JCyL predoctoral research fellowship 2019 (BOCYL, 
EDU/556/2019), the Instituto de Salud Carlos III (ISCIII), (#PI19/01364, DL and RG-N) and JCyL (# 
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EFFECT OF THE COMBINED USE OF VAGUS NERVE STIMULATION AND 

ANTIEPILEPTIC DRUGS IN AN EXPERIMENTAL MODEL OF AUDIOGENIC EPILEPSY, 

THE GASH/SAL 
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To assess if Vagus Nerve Stimulation (VNS) and antiepileptic drugs (AEDs) induce a 

synergistic effect on convulsive seizures in the GASH/Sal, a model of audiogenic 

epilepsy. Methods: The chronic antiepileptogenic effect of four AEDs injected 

intraperitoneally (valproic acid, phenobarbital, levetiracetam and lamotrigine) was 

evaluated in the experimental model GASH/Sal for two weeks, both individually and in 

combination with VNS. In order to perform VNS in similar conditions to the clinic, we 

created an implantable VNS system for rodents. VNS parameters used were: 1.5mA, 

30Hz, 250µs, 30s ON, 5min OFF. The AEDs were administered at doses which reduced 

significantly seizure severity, but that did not cause total abolition of epileptogenic 

activity. Ethomatic software was used to evaluate the characteristics of the seizures in 

the experimental model, whereas open field tests were performed to assess their 

behavioral performance. Biochemical and hematological tests allowed to verify the 

general outcome of the animals. Results: Animals treated with VNS and/or the AEDs 

tested showed a reduction in seizure severity, without any demonstrable side effects. 

VNS effectiveness improved over time, as many animals did not show any epileptogenic 

activity at the end of the study, while others only showed the phases of wild running and 

stupor, but none of them showed tonic-clonic seizures. However, no statistically 

significant differences were found between the combination of AEDs at the doses 

selected and VNS, when compared to those animals treated only with VNS. Conclusions: 

Although chronic VNS shows great effectiveness in GASH/Sal model, low doses of AEDs 

do not enhance the antiepileptogenic effect of VNS. The GASH/Sal is a reliable model 

for the research on treatments for epilepsy, such as AEDs and VNS.  
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OBTENTION AND CHARACTERIZATION OF EXOSOMES FOR NON-INVASIVE 

EPILEPSY MONITORING 
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Exosomes are a type of small (30-200 nm) extracellular vesicles, which have a single 

membrane and a cytosol filled with proteins, DNA, RNA and other molecules. These 

vesicles play a fundamental role in intercellular communication, since they are 

synthesized by all types of cells and can transport molecules, even changing the 

phenotype of a receptor cell to a phenotype similar to the cell that has synthesized the 

vesicle. Such is their importance that they have already been related to several 

biological processes such as homeostasis, angiogenesis or the immune response; and to 

several pathologies such as cancer, neurodegenerative diseases and epilepsy. The aim 

of this project has been to perfect a method for isolating and characterization of blood 

exosomes from the GASH/Sal model of epilepsy using different techniques. The 

GASH/Sal constitutes an experimental model of reflex epilepsy of audiogenic origin 

derived from an autosomal recessive disorder. Differential centrifugation and size 

exclusion chromatography were the two isolation techniques chosen for this Project 

and those that allowed the isolation of exosomes from GASH/Sal hamsters. Regarding 

the characterization techniques, electron microscopy and Nanosight particle tracker 

were useful to characterize the size and concentration of exosomes. We obtained 

particles ranging in diameter from 50 to 180 nm and a concentration of 1.8-2 x 10 8 

particles/ml. However, Flow cytometry and western blotting did not identified 

exosomes in the samples, because commercial antibodies against CD63, one of the 

exosomal typical markers, did not work for Syrian hamster. Future challenges should 

focus on designing these types of antibodies and, above all, on analyzing the content of 

the exosomes to find molecules that may be related to epilepsy.  
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Introducción. El uso del cannabidiol (CBD) como agente anticonvulsivo ha mostrado ser 

efectivo en diversos modelos animales, aunque se sabe poco acerca de los efectos de la 

administración crónica de CBD en modelos de crisis convulsivas. Objetivos. Nos 

planteamos determinar el posible efecto anticonvulsivo de 200 mg/kg de CBD en 

modelo de convulsiones aguda y crónica, así como los posibles efectos adversos. 

Metodología. Los animales fueron tratados con 200 mg/kg de CBD (n=16) o vehículo 

(n=12) durante 14 días. Se evaluó el índice de severidad de las crisis para ver los efectos 

del tratamiento en la administración aguda y semi-crónica. Además, evaluamos el efecto 

del tratamiento sobre el peso corporal, perfil hepático y hematológico. Los niveles de 

CBD en sangre fueron monitorizados durante el tratamiento mediante HPLC. 

Resultados. En la administración aguda, el CBD disminuyó el índice de severidad de las 

crisis en todos los grupos experimentales. En la administración crónica, se observó 

ausencia de crisis en el 50% de los animales, disminución del índice de severidad en otro 

30% y el 20% de los animales restantes presentaron el índice de severidad máxima. No 

se observaron diferencias en el análisis de los perfiles hematológico y hepático al 

finalizar el tratamiento, tanto en machos como en hembras tratados y no tratados. 

Conclusión. Tras la administración 200 mg/kg de CBD en animales con epilepsia 

audiógena del modelo GASH/Sal ejerce un efecto anticonvulsivo tanto en los 

tratamientos agudos como semi-crónicos. El efecto fue mayor en la administración 

semi-crónica, siendo más notorio en las hembras. La administración de 200mg/Kg de 

CBD durante 14 días a animales GASH/Sal, no ejerce efectos adversos sobre el peso 

corporal, parámetros hematológicos ni hepáticos. 

Agradecimientos. Este estudio se ha realizado gracias a la colaboración de River Force Partners Inc y 

subvencionado en parte por el Instituto de Salud Carlos III (ISCIII) (# PI19 / 01364, PIs: DL y RG-N), cofinanciado 

con fondos FEDER de la Unión Europea.  

 



 

 

P31 

LA ADMINISTRACIÓN DE CANNABIDIOL EN EL MODELO ANIMAL DE EPILEPSIA 

GASH/SAL AFECTA A SU ACTIVIDAD LOCOMOTORA 

Amanda Larissa Días Pacheco1, Giselda Cabral-Pereira2,3, Vega Esteban-López2,3, Consuelo 

Sancho2,3,4, Luis J. Muñoz5, Ricardo Gómez-Nieto2,3, Orlando Castellano1,2, Dolores E. López1,2 

1Instituto de Ciencias Biológicas de Salud, Universidad Federal de Alagoas, Brasil 
2Instituto de Neurociencias de Castilla y León, Salamanca  
3Instituto de Investigación Biomédica de Salamanca  
4Departamento de Fisiología y Farmacología, Universidad de Salamanca, España 
5Servicio de experimentación animal. Nucleus.Universidad de Salamanca 

Introducción. A pesar del cúmulo de resultados que respaldan el uso de cannabidiol (CBD) 

como agente anticonvulsivo, existe controversia sobre su eficacia y también sobre los posibles 

efectos adversos que puede inducir. El tratamiento con CBD en pacientes epilépticos está 

asociado con la aparición de procesos como sedación, somnolencia, disminución del apetito, 

fatiga y alteraciones del sueño.  

Objetivo. Evaluar el efecto de la administración de CBD en el modelo animal de epilepsia 

GASH/Sal sobre variados ítems comportamentales, como la actividad locomotora, la 

exploración y eventos de acicalamiento.  

Metodología. Se utilizaron hámsteres machos y hembras con 2 meses de edad. Los animales 

fueron tratados con 200 mg/kg de CBD (n=16) o con vehículo (n=12) 12/12h durante 14 días. 

El software ANY-maze fue utilizado para analizar el comportamiento de los diferentes grupos 

de estudio mediante la prueba de campo abierto.  

Resultados. Tras la administración de CBD al GASH/Sal, los valores de distancia recorrida, de 

velocidad media de los desplazamientos, de actividad exploratoria en el plano vertical y de 

eventos de acicalamiento son significativamente menores en machos, mientras que en 

hembras no se detectan variaciones significativas. CBD produce un efecto sedante, 

principalmente en machos, caracterizado por reducción de la actividad locomotora y 

exploratoria, así como de los eventos de acicalamiento. Otros ítems comportamentales 

estudiados no muestran diferencias entre sexos ni entre los diferentes grupos de estudio.  

Conclusión. La administración de CBD en GASH/Sal induce cambios en ítems 

comportamentales relacionados con la actividad locomotora exploratoria, principalmente en 

machos, y no se detectan eventos adversos. 

Agradecimientos. Este estudio se ha realizado gracias a la colaboración de River Force Partners Inc y 
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Introducción. El cannabidiol (CBD) es uno de los principales componentes del Cannabis 

sativa presente en la fracción cannabinoide, sin efecto psicoactivo. El CBD demostró 

eficacia en varios ensayos farmacológicos, incluidos los de ansiedad, trastorno obsesivo 

compulsivo, depresión, esquizofrenia y control de las convulsiones epilépticas en 

pacientes y modelos animales. Las propiedades farmacocinéticas y las interacciones con 

otros fármacos, además de los mecanismos de acción del CBD en la actividad 

antiepiléptica, siguen siendo desconocidas y escurridizas. Objetivo. Investigamos los 

mecanismos de acción de CBD y HUF-101 (HU), un derivado de cannabidiol fluorado, in 

vitro, utilizando diferentes líneas celulares. Los cambios en la vía mitocondrial y los 

componentes del sistema endocannabinoide también fueron investigados por RNA-seq 

en un modelo de epilepsia animal, el hámster con epilepsia audiógena GASH/Sal. 

También, probamos la eficacia del CBD como anticonvulsivo contra las convulsiones 

inducidas químicamente por el pentilenetetrazol (PTZ). Métodos: Se realizaron curvas 

de respuesta a la dosis (IC50) en líneas celulares de neuroblastos (SH-SY5Y), linfocitos 

(Jurkat) y hepatocitos (HepG2), utilizando el ensayo de viabilidad de resazurina. El 

potencial de membrana mitocondrial se verificó en células Jurkat mediante citometría 

de flujo mediante el marcador fluorescente tetrametilrodamina etil éster (TMRE). Se 

realizó un ensayo de dinámica intracelular de iones calcio (Ca2+) en células HepG2 con 

dos concentraciones diferentes de CBD y HU. La señalización de Ca 2+ se controló 

mediante la sonda Fluor-4/AM en un microscopio confocal Zeiss LSM710. Para el 

análisis de RNA-seq, se utilizó el estudio previo de López-López y colaboradores (2017), 

y los datos para la identificación de genes expresados diferencialmente (DEGs) 

analizados en R con el paquete DESeq2. Se pre-trataron ratones macho Swiss (6 

semanas) (24h 12/12 h) con CBD (50mg/kg, i.p) antes de PTZ (120mg/kg, s.c.).  



 

 

Las convulsiones se registraron durante 30 minutos y se analizaron offline. Resultados: 

La IC50 para Jurkat, expresada micromolarmente, estuvo en 12,98 (CBD) y 2,830 (HU); 

para HepG2 10,13 (CBD) y 3,730 (HU), y para células SH-SY5Y 16,66 (CBD) y 13,81 

(HU). El potencial de membrana mitocondrial se vio afectado de manera dependiente de 

la dosis a concentraciones crecientes de CBD (0,001-25µM), y, solo en concentraciones 

superiores a 5µM, observamos efecto para HU. En las células HepG2, el tratamiento con 

CBD (13 y 130µM) aumentó la concentración intracelular de Ca 2+ en el núcleo 

(&gt;300%) y en el citosol (&gt;30%). El tratamiento con HU (3 y 30µM) indujo un mayor 

aumento de las concentraciones de Ca 2+ intracelular en el núcleo (450% y 900%) y el 

citosol (25% y 50%). Solo el 20% de los animales tratados con CBD tuvieron un índice de 

severidad de las crisis máximo en comparación con los animales no tratados (80%). El 

CBD también protegió al 60% de los animales de la muerte en este modelo. Se realizó 

una búsqueda dirigida de los DEGs en GASH/Sal enumerados en GO: 0006816 

(transporte de iones de calcio). Se obtuvo un total de 5 genes (Kcne2, Pkd1l11, Htr2b, 

Cckar e Mcoln2) regulados positivamente (log2foldchange &gt; 1) y 4 genes (Kcne3, 

Hcrt, Grin2c y Atp2a3) regulados negativamente (log2foldchange &lt; -1). Conclusiones: 

nuestros datos sugieren que el CBD y el HUF-101 comparten mecanismos de acción 

similares y dependen de la vía de señalización del calcio con efecto sobre el potencial de 

la membrana mitocondrial. Genes de la vía de transporte de iones calcio se expresan 

diferencialmente en el GASH/Sal, corroborando la importancia de esta vía y la potencial 

intervención farmacológica del CBD. También, demostramos que el CBD es un fármaco 

anticonvulsivo potencial en el modelo de convulsiones inducidas por PTZ. 
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Sancho2,3,4, Ricardo Gómez-Nieto2,3, Orlando Castellano 2,3, Dolores E. López2,3 
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Genetics, Istanbul, Turkey 
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Introduction: Epilepsy is a chronic neurological disorder which has been shown to be 

caused by neuroinflammation in the brain. Neuroinflammatory reactions are mediated 

mainly by cytokines which have a critical role in the frequency and severity of epilepsy 

seizures. Purpose: It has been observed that animal models of epilepsy present 

alterations in the levels of cytokines in blood, therefore we have compared the basal 

levels of inflammatory mediators in GASH/Sal and control hamsters (Mesocricetus 

auratus). Method: Blood samples are extracted right after the inhalation anesthesia 

from the cranial vena cava and subsequently stored in the plastic tubes. The blood 

samples are centrifuged and following this, we used abcam® ab211069 Mouse Neuro 

Antibody Array (Membrane, 23 Targets) to detect and compare the interleukin levels 

among GASH/Sal and control hamsters. The dot-blot was performed according to the 

manufacturer's protocol. Those membranes are imaged by MicroChemi 4.2 

chemiluminescence imaging system. Besides that, we used Fiji, ImageJ2 software to 

quantify the signal chemiluminescence of each interleukin and One-way ANOVA with 

bonferroni post test was performed using GraphPad Prism version 8.04 for Windows, 

La Jolla California USA, www.graphpad.com". Results: At basal conditions, SDF-1ɑ, 

MMP-3, MCP-, TARC, IL-4, KC, LIX, M-CSF and MCP-1 were detected in higher level in 

the GASH/Sal group; in contrast, only IGF-1 was in lower level in GASH/Sal animals 

compared to the control animals. Conclusion: At basal conditions, GASH/Sal animals 

show differences in blood cytokine levels which could influence the pathogenesis and 

course of epilepsy. Since some cytokines are able to cross the blood-brain barrier, they 

could be used as diagnostic, prognostic and predictive biomarkers for epilepsy disease. 
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ARMS/KIDINS220 REGULATES NOCICEPTION BY CONTROLLING BDNF 

SECRETION 

Julia Sánchez-Sánchez, Cristina Vicente-García, Dionisio Martín-Zanca, and Juan Carlos 

Arévalo 

Keywords: ARMS-Kidins220 / BDNF / NGF/ Nociception / TrkA 

Pain is an alarm mechanism to prevent body damage in response to detrimental and 

noxious stimuli. The NGF/TrkA axis plays an essential role as pain mediator and several 

clinical trials using antibodies against NGF have been yielded promising results, but side 

effects have precluded their clinical approval. A better understanding of the mechanism 

of NGF/TrkA-mediated nociception is needed. Here, we find that ARMS/Kidins220, a 

scaffold protein for Trk receptors, is a modulator of nociception. Male mice in which 

ARMS was exclusively reduced in TrkA-expressing cells displayed hyperalgesia to heat, 

inflammatory and capsaicin stimuli, but not to cold or mechanical stimuli. These 

responses depended on BDNF expression in the same TrkA-positive cells since specific 

deletion of BDNF reversed the effects of ARMS knock-down alone. Mechanistically, 

ARMS levels are reduced in vitro and in vivo in response to capsaicin, which leads to 

enhanced regulated BDNF secretion. Altogether, these data indicate that ARMS protein 

levels have a potential role as a pain modulator in the NGF/TrkA axis and its function is 

closely regulated by BDNF secretion. 
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BEX3 DIMERIZATION MODULATES NGF-DEPENDENT NEURONAL SURVIVAL AND 

DIFFERENTIATION BY REGULATING TRKA GENE TRANSCRIPTION. 

L. Calvo-Enrique, B. Anta, S. López-Benito, C. Martín-Rodríguez, F.S. Lee, P. Pérez, D. 

Martín-Zanca and J.C. Arévalo. 

The development of the nervous system is a temporally and spatially coordinated 

process that relies on the proper regulation of the genes involved. Neurotrophins and 

their receptors are directly responsible for the survival and differentiation of sensory 

and sympathetic neurons. However, it is not fully understood how genes encoding Trk 

neurotrophins receptors are regulated. Here, we show that Bex3 protein specifically 

regulates TrkA expression by acting at the transcription of the trkA promoter under 

basal conditions and also enhance NGF-mediated trkA promoter activation. Moreover, 

qChIP assays indicate that Bex3 associates with the trkA promoter within a 150bp 

sequence, immediately upstream from the transcription start site, which is sufficient to 

mediate the effects of Bex3. Consequently, the down-regulation of Bex3 using shRNA 

increases neuronal apoptosis in NGF-dependent sensory neurons deprived of NGF and 

compromises PC12 cells differentiation in response to NGF. Our results support an 

important role for Bex3 in the regulation of TrkA expression and in NGF-mediated 

functions through modulation of the trkA promoter. 
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UBIQUITIN LIGASE ADAPTORS AS PLAYERS IN NGF/TRKA PATHWAY. POSSIBLE 

IMPLICATIONS IN PAIN MODULATION AND CHRONIFICATION 
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Pain is defined by the IASP as “an unpleasant sensory and emotional experience 

associated with, or resembling that associated with, actual or potential tissue damage”. 

It is well established that NGF/TrkA pathway plays a critical role in sensory neuron 

survival during development and in pain modulation and chronification in adulthood. 

NGF binding to TrkA triggers the dimerization and activation of the receptor cascade 

from the axonal end to the neuronal soma. To this end,the NGF-TrkA-signaling complex 

is internalized in endosomes, and then it can be either recycled back to the membrane 

or degraded by the lysosomal pathway. The receptor fate is controlled by ubiquitination, 

being Nedd4-2 the specific E3-ubiquitin ligase that mediates TrkA polyubiquitination 

for its trafficking and degradation. Ndfip1 and Ndfip2 were described as adaptors for 

Nedd4 family members. Both bind to E3 ubiquitin ligases trough WW-PY motifs 

interactions, and they recruit Nedd4 family proteins from the cytoplasm to specific 

vesicles and discrete regions within the cell, stimulating or preventing cargos 

ubiquitination. In our lab, we are interested on identifying the role of Ndfip1 and Ndfip2 

in TrkA-expressing sensory neurons. We have demonstrated that Ndfip2 co-

immunoprecipitates with TrkA and Ndfip1 does with Nedd4-2. We hypothesize that, 

while Ndfip1 participates in TrkA ubiquitination together with Nedd4-2, Ndfip2 is 

implicated in TrkA biosynthesis, according to differences in TrkA levels,activation, 

ubiquitination and localization in the membrane, observed in DRG neurons in culture. 

At this moment we are generating a Ndfip2 KO mouse model to study the role of the 

adaptor protein in NGF/TrkA system in vivo, moving forward to a pain model trying to 

stablish a new target for the treatment of chronic pain. 
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EFFECT OF THE SRC INHIBITORY PEPTIDE TAT-CX43266-283 IN NEURAL STEM 

CELLS WITH EGFR OVEREXPRESSION OR EGFRVIII MUTATION 

Andrea Álvarez-Vázquez, Berta Segura-Collar, Pilar Sánchez-Gómez, Arantxa 

Tabernero  

Glioblastomas are one of the most malignant tumours worldwide. Among the causes of 

such malignancy is a subpopulation of tumour cells with stem cell properties known as 

Glioma Stem Cells (GSCs). These cells are resistant to standard treatments, such as 

temozolomide, which causes tumour recurrence. Several studies have proposed Neural 

Stem Cells (NSCs) from the subventricular zone (SVZ) as a possible origin for GSCs. The 

transition of NSCs to GSCs frequently concurs with epidermal growth factor receptor 

(EGFR) overexpression or mutations, such as EGFRvIII. Our group designed a cell 

penetrating peptide based on connexin43 (TAT-Cx43266-283) that inhibits the activity 

of the oncoprotein c-Src and therefore targets GSCs, increasing survival rates in glioma-

bearing mice. Because Src is involved in EGFR signaling, we aimed to explore the 

effect of TAT-Cx43266-283 in the transition of NSCs to GSCs. For this purpose, we 

analysed the cell growth of SVZ NSCs (Control-NSCs), NSCs with EGFR amplification 

(EGFRwt-NSCs) and NSCs with the mutant EGFRvIII (EGFRvIII-NSCs). Our results 

show that TAT-Cx43266-283 specifically inhibited the growth of EGFRwt-NSCs and 

EGFRvIII-NSCs, without significant effects in Control-NSCs. Importantly, we found that 

temozolomide and other control peptides did not affect the cell growth of any of these 

NSCs. To gain insight into the mechanism involved in the effect of TAT-Cx43266-283, 

we analysed the EGFR signaling pathway by Western blot. Our preliminary results show 

that TAT-Cx43266-283 decreased the activity of EGFR and EGFRvIII, as well as c-Src 

activity. So far, our results indicate that TAT-Cx43266-283 impairs EGFR signaling 

pathway with the subsequent reduction in the proliferation and survival of NSCs that 

overexpress or exhibit mutations in EGFR. These results stress the relevance of TAT-

Cx43266-283 as a future therapy against glioblastoma, alone or in combination with 

temozolomide or other treatments that do not target stem cells with EGFR alterations. 
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EFFECT OF A CELL-PENETRATING PEPTIDE BASED ON CONNEXIN43-SRC 

INTERACTION ON THE EXPRESSION AND LOCALIZATION OF CONNEXIN43 IN A 

MURINE GLIOMA MODEL 

 Raquel Flores-Hernández, Rocío Talaverón, Laura García-Vicente, Andrea Álvarez-

Vázquez, José M. Medina, Arantxa Tabernero 

Keywords: Connexin-43, TAT-Cx43266-283, glioma, astrocytes 

Gliomas are the most common and aggressive primary brain tumours. Glioblastoma, its 

most malignant grade, are composed by a heterogeneous population of cells, including 

some with stem-cell-like properties, called glioma stem cells (GSCs). These cells are 

highly tumorigenic and resistant to standard therapies. 

Connexin43 (Cx43) is an integral membrane protein, which in the brain is mainly found 

forming gap junctions in astrocytes. In addition, Cx43 forms hemichannels that release 

paracrine signals, and possesses significant channel-independent functions, including 

intracellular interaction with signalling molecules, such as the oncoprotein c-Src. Thus, 

depending on the different roles played by Cx43, it can have pro- or anti-tumorigenic 

effects in gliomas.  

Importantly, Cx43 inhibits c-Src activity by recruiting c-Src and its inhibitors. Based on 

this property, we developed a cell-penetrating peptide containing the region of Cx43 

that interacts with c-Src (TAT-Cx43266-283). TAT-Cx43266-283 inhibits c-Src activity, 

reducing the growth and invasion of glioma cells without affecting neurons and 

astrocytes in several preclinical glioma models, including freshly removed samples from 

glioblastoma patients. Consequently, we found that TAT-Cx43266-283 enhances the 

survival of glioma-bearing mice. 

Due to the relevance of Cx43 to glioma, in the present study we addressed the effect of 

TAT-Cx43266-283 on Cx43 in glioma cells and the tumour microenvironment in a murine 

glioma model. To do so, Gl261-GSCs were intracranially injected in C57BL/6 mice. For 

the treated group, TAT-Cx43266-28 was coinjected with Gl261-GSCs and IP 

administered twice a week. We first analyzed different immunohistochemical methods 

to find the optimal protocol to assess Cx43 in brain sections. Then, we studied the effect 

of TAT-Cx43266-283 on the expression and localization of Cx43 in glioma cells and 

astrocytes. Knowledge on Cx43 expression and localization within glioma cells and the 

tumour microenvironment upon TAT-Cx43266-283 treatment could encourage further 

research on the field of connexin dysregulation and cancer. 
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IMPAIRMENT OF AUTOPHAGIC FLUX PARTICIPATES IN THE ANTITUMOR 

EFFECTS OF TAT-CX43266-283 IN GLIOBLASTOMA STEM CELLS 

Sara G. Pelaz, Claudia Ollauri-Ibáñez, Concepción Lillo, Arantxa Tabernero 

Autophagy is a physiological process by which various damaged or non-essential 

cytosolic components are recycled, contributing to cell survival under stress conditions. 

In cancer, autophagy can have antitumor or protumor effects depending on the 

developmental stage. Here, we use Western blotting, immunochemistry, and 

transmission electron microscopy to demonstrate that the antitumor peptide TAT-

Cx43266-283, a c-Src inhibitor, blocks autophagic flux in glioblastoma stem cells (GSCs) 

under basal and nutrient-deprived conditions. Upon nutrient deprivation, GSCs 

acquired a dormant-like phenotype that was disrupted by inhibition of autophagy with 

TAT-Cx43266-283 or chloroquine (a classic autophagy inhibitor), leading to GSC death. 

Remarkably, dasatinib, a clinically available c-Src inhibitor, could not replicate TAT-

Cx43266-283 effect on dormant GSCs, revealing for the first time the possible 

involvement of pathways other than c-Src in TAT-Cx43266-283 effect. TAT-Cx43266-

283 exerts an antitumor effect both in nutrient-complete and nutrient-deprived 

environments, which constitutes an advantage over chloroquine and dasatinib, whose 

effects depend on nutrient environment. Finally, our analysis of the levels of autophagy-

related proteins in healthy and glioma donors suggests that autophagy is upregulated in 

glioblastoma, further supporting the interest in inhibiting this process in the most 

aggressive brain tumor and the potential use of TAT-Cx43266-283 as a therapy for this 

type of cancer. 
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EFFECT OF THE SRC INHIBITORY CONNEXIN43 REGION ON LUNG CANCER STEM 

CELLS. 

 P. Cerveró-García, L. García-Vicente, A. Tabernero. 

Connexin43 (Cx43) is a gap junction forming protein. Multiple studies have shown that 

Cx43 is related to cancer pathogenesis. Cx43 can suppress cancer cell growth through 

a mechanism mediated by its intracellular C terminus. Previous results indicate that 

Cx43 performs anti-tumourigenic effects in glioma cells by inhibiting the activity of c-

Src oncoprotein. Based on this mechanism, a cell penetrating peptide was designed (Tat-

Cx43266-283), which preserves the capacity of inhibiting Src on different in vitro and in 

vivo models of glioma. Src is a relevant oncogene, involved in numerous signaling 

pathways related to different cancer types, including lung cancer and lung cancer brain 

metastasis. Consequently, we asked whether the designed Src inhibitory peptide could 

impair brain metastasis as shown in primary brain tumours. To do so, we first analysed 

the effect on lung cancer stem cells. 

 

Using the human lung cancer cell line A549, we obtained a stem cell subpopulation from 

differentiated A549 cells. We carried out cell survival and protein expression assays at 

different times after the treatment with Tat-Cx43266-283 in differentiated and stem 

subpopulations of this cell line. 

 

We show the effects of Tat-Cx43266-283 on the expression of Cx43 and other Cx 

isoforms, on stem cell markers and on Src activity.  

These results aim us to explore the effect of the Src inhibitory peptide on lung brain 

metastasis models to address Tat-Cx43266-283 effects within the brain 

microenvironment 
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In malignant gliomas, the tumour-associated macrophages and microglia can comprise 
up to 30% of the tumour mass. Several studies demonstrated that glioma cells transform 
microglia to promote tumourigenesis by creating an immunosuppressive tumour 
microenvironment. A peptide based on connexin43, TAT-Cx43266-283, is an inhibitor of 
Src that exerts important antitumour effects on glioma cells. Src is an important 
oncogene involved in several signalling pathways related to cancer, but it can also 
participate in macrophage and microglia activation. Therefore, we investigated the 
effect of TAT-Cx43266-283 in macrophages and microglia using glioma models in 
immuncompetent mice. We analysed brain tumours at 7 and 15 days after tumour cell 
intracranial injections in control conditions vs TAT-Cx43266-283 treatment. First, we 
analysed the density of PU.1-positive cells within the tumour, in the transition zone and 
in the extra-tumour zone. We observed no significant differences in the density of PU.1-
positive cells between control and TAT-Cx43266-283 conditions, in any of these areas, at 
7 or 15 days postimplantation. Next, we analysed the percentage of MHCII-positive 
cells, as a marker of activation. We found a higher percentage of MHCII-positive PU.1 
cells within the tumours of TAT-Cx43266-283 treated animals when compared with the 
controls, at 7 days post-implantation. 
 
Interestingly, we did not find differences at 15 days post-implantation. Next, we 
analysed the expression of Ly6c in PU.1 cells to identify macrophages. We found an 
increase in the percentage of Ly6c-positive PU.1 cells within the tumours of TAT-
Cx43266-283-treated animals when compared with the controls at 7 days post-
implantation. This difference was not found at 15 days post-implantation. These results 
suggest that activated macrophages derived from infiltrating blood monocytes might 
play a role in the anti-tumour effects of TAT-Cx43266-283.  

 
Finally, we investigated if the tumour injection or/and the treatment with TAT-Cx43266-

283 evoked changes in the immune cell populations in peripheral blood. To do so, we 
analyzed peripheral blood cell populations by flow cytometry. We observed that glioma 
development promotes a transient increase in blood circulating monocytes that is 
reduced by TAT-Cx43266-283 treatment, probably due to the impairment of tumour 
development. 
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IMPLANTE DE MONOCITOS EN UN MODELO ORGANOTÍPICO DE GLIOMA 
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Los gliomas son los tumores cerebrales primarios más frecuentes y de peor pronóstico, 

especialmente en su grado más maligno, el glioblastoma. Nuestro grupo ha descrito que 

péptidos penetrantes basados en la interacción entre la conexina-43 y c-Src (TAT-

Cx43266-283) inhiben específicamente la actividad oncogénica de Src y, por tanto, tienen 

efecto antitumoral en modelos preclínicos de glioma. TAT-Cx43266-283 revierte el 

fenotipo de célula madre, reduce la migración y la tumorigenicidad de las células madre 

de glioma (GSCs) y, por tanto, alarga la supervivencia de ratones portadores de estos 

tumores. Los cultivos organotípicos de rodajas coronales de cerebro de ratón adulto 

microinyectadas con células tumorales, son un modelo ex vivo que permite el estudio de 

gliomas en su microambiente anatómico. Nuestra hipótesis es que las GSCs se valen del 

sistema inmunitario para el desarrollo de su malignidad, y que el tratamiento con TAT-

Cx43266-283 podría interferir en estos procesos. Para ello, hemos optimizado y 

caracterizado cultivos organotípicos de rodajas de cerebro de ratón adulto C57BL/6J 

en las que inyectamos células madre de glioma Gl261 y monocitos, junto al tratamiento 

con el péptido. Los resultados preliminares muestran una reducción del crecimiento 

tumoral en rodajas tratadas con TAT-Cx43266-283, siendo incluso menor en rodajas 

tratadas con monocitos y péptido. Estos prometedores resultados nos animan a seguir 

investigando el papel de las células del sistema inmune en los efectos antitumorales 

observados en el tratamiento con TAT-Cx43266-283.       

Financiado por: Junta de Castilla y León (CJM-D, SA0125P20(2)), Asociación Española Contra el Cáncer 

(RT, POSTD19008TALA), Ministerio de Universidades (LG-V, FPU17/01861). 
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VARIACIONES LIGADAS AL SEXO Y EL ENVEJECIMIENTO EN LA EXPRESIÓN 

HIPOCAMPAL DE PROLACTINA. 

Marta Carretero-Hernández, David Hernández-González, Enrique J. Blanco, Luis 

Torres Carretero, María José García-Barrado, José Carretero. 

Forming part of a broader line of research on: Neuroprotective and Neurogenic Effects 

of Brain Hormones, is the study of "Modifications of Prolactin expression in the 

Hippocampus that could occur during physiological Brain Aging" and, since the Prolactin 

is a hormone whose synthesis and peripheral release is affected by the gonadal steroid 

environment, whether there are differences between males and females. Among the 

more than 300 biological actions described for prolactin, several are developed in the 

central nervous system, highlighting: neuroprotection, neurogenesis, spatial learning-

memory, etc. In our laboratory, different groups of rats are being studied at different 

stages of life: prepubertal, pubertal, young adult, elderly and old. At this time, we can 

present the preliminary findings obtained by immunocytochemistry. Most notable is a 

clear progressive decrease in the presence of prolactin in the dentate gyrus and 

hippocampus (regions CA1 and CA3 of the horn of Ammon) as age advances, with 

significant differences among prepuberal, adult rats and old rats. In some stages of life, 

there are also differences depending on sex, with less presence in males than females. 

Along with this, immediate projects are: (1)The correlation of the expression of prolactin 

and aromatase P450 (hormone involved in the synthesis of estradiol); (2) Estrogenic, 

dopaminergic and GABAergic influence on prolactin receptor expression in the 

hippocampus; (3) Correlation between the presence of prolactin in the choroid plexuses 

and hydrocephalus; (4) Relationship between prolactin and proliferation, maturation 

and differentiation of subgranular precursor cells of the hippocampus, etc. 
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SKELETAL MUSCLE FIBRES USING FLUORESCENCE GENETICALLY-ENCODED 
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Reactive Oxygen and Nitrogen Species (RONS) play an essential role in 
pathophysiological processes. Hydrogen peroxide (H2O2) might act as a signalling 
molecule and modulate different crucial cellular signalling pathways, such as glucose 
uptake in skeletal muscle. Nitric oxide (NO) may play a prominent role on glucose uptake 
in skeletal muscle associated with the effect of insulin and in the development of insulin 
resistance. Glutathione (GSH) is part of the non-enzymatic antioxidant defense system 
of the cell, and the redox potential GSH/GSSG indicates celular oxidative stress.  
 
HyPer3, mito-HyPer, nuc-HyPer and GFP2-Orp1 are hydrogen peroxide biosensors. 
Mito-Grx1-roGFP2 and cyto- Grx1-roGFP2 biosensors are used for monitoring redox 
potential GSH/GSSG and G-geNOp is a nitric oxide biosensor. The coding sequences of 
these biosensors were microinjected and electroporated in muscle fibres isolated from 
the flexor digitorum brevis (FDB), or Viromer RED transfected in myoblasts. Isolated 
fibres or myoblast differentiated to myotubes in culture that expressed one of the 
biosensors were settled in the incubation chamber coupled to the fluorescence 
microscope. The chamber maintains temperature (37°C), environmental CO2 (5%) and 
humidity.  
 
Cells were exposed to different agents (H2O2, DTT, SNAP and CO2) and intracellular 
H2O2, NO or GSH/GSSG were registered in real time using fluorescence emitted by 
biosensors and microscopy imaging analysis. We observed that when there were 
environmental CO2 (5%) fluctuations, due to initial medium stabilization or occasional 
interruption of CO2 supply, the biosensors showed changes in the fluorescence 
emission, which were registered. The main consequence of CO2 fluctuations is the 
change in the pH of medium. The main part of the biosensor structure is a fluorescent 
protein, GFP in GFP2-Orp1, cytoGrx1-roGFP2, mitoGrx1-roGFP2 and GgeNOp, and 
YFP in de case of mito-HyPer, nuc-HyPer and HyPer3. It has been reported that these 
fluorescent proteins are sensitive to pH, and this might be a disadvantage for the 
biosensors. However, we propose that this pH sensitivity should be considered as an 
additional property of these biosensors, since they provide information in real time 
about the rapid changes of pH due to environmental fluctuation of CO2 and likely other 
gases such as O2 or N2. 
 

 




