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Fecal Microbiota Transfer reduces alcohol preference in stressed rats
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Alcohol use represents a significant public health concern, accounting for 4.5% of global disease
burden. Only a small proportion of individuals develop persistent alcohol use disorder though. With
current pharmacotherapies largely unsatisfying, discovering novel alternatives to prevent and treat
alcohol use disorder becomes a priority. Hence, identifying biological markers predicting vulnerability
to develop excessive alcohol consumption may lead to real improvement of clinical care. Converging
evidence suggests that gut microbiota is capable of influencing immunity, brain and behavior. We
thus investigated gut microbiome and signs of peripheral inflammation in stressed rats exhibiting
uncontrolled alcohol seeking behaviors defined as: 1) inability to abstain during signaled period of
reward unavailability, 2) increased motivation assessed in a progressive effortful task and 3)
persistent alcohol seeking despite aversive foot shocks. Compared to controls (n=10), rats exposed to
chronic stress during adolescence (n=11) exhibited impulsive, inattentive and disinhibited behaviors.
After 33 sessions of daily alcohol (10%weight/volume) self-administration, all rats were screened
according to the 3 criteria defined above. 7/9 of the vulnerable group was composed of stressed rats,
and 8/12 of the resilient group was composed of controls, confirming that stress during adolescence
increases the vulnerability to develop AUD-like behavior (addiction scores: for controls 1.086±1.75;for stressed rats 0.98 ± 1.93; unpaired t-test, p=0.0190). All rats were then given access
to 2 sources of reward: 0.1mL 10% w/v ethanol and 0.1mL saccharine (0.2 %, 0.00625%, 0%), 2
consecutive sessions for each concentration, during which stressed rats exhibited a clear-cut
preference for alcohol compared to controls (2-way ANOVA, group effect (F1,21=10.73, p=0.0036).
Strikingly, we identify a long-lasting peripheral inflammation in stressed rats (with increased blood
levels of (Rantes (CCL5) and decreased level of Interleukin-4), and not only fecal microbiota transfer
observed in controls.
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Spatial training in the Water Maze facilitates extinction and prevents
reinstatement of cocaine-induced Conditioned Place Preference
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Manipulation of adult hippocampal neurogenesis has been shown to affect the establishment of
cocaine-context associations as well as extinction learning and reinstatement of these maladaptive
memories. In this work, we aimed to study whether spatial training in the Water Maze (WM) task
was able to increase survival/differentiation of adult-born hippocampal neurons, thus facilitating
extinction and preventing primed reinstatement of cocaine-context associations. For this purpose, 20
adult male C57BL/6J mice (12 weeks-old) were trained in the Conditioned Place Preference (CPP)
paradigm with an ascending dosing schedule (2, 4, 8 and 16 mg/kg/day). Two days later, animals
received systemic bromodeoxyuridine (BrdU) injections (75 mg/kg) to label new cells that
proliferated after cocaine-CPP acquisition. One week later, a group of mice (n=10) was submitted to a
7-days spatial training in the WM while another group of mice (n=10) remained undisturbed at home
cage. When BrdU+ new-born hippocampal cells reached maturation (~6 weeks-old), mice were
tested for CPP memory retrieval. Then, animals were submitted to forced CPP extinction and tested
for CPP extinction and reinstatement induced by a 2 mg/kg cocaine priming. The results showed that
animals trained in the WM required fewer sessions to extinct cocaine-CPP and showed reduced
reinstatement compared to the animals maintained at home cage. Therefore, our data suggest that
learning in a spatial memory task is able to reduce long-term persistence of cocaine-context
associations. Further analyses are required to elucidate the role of adult hippocampal neurogenesis
on these beneficial effects.
Funding: PSI2017-82604; PRE2018-085673; I Plan Propio de Investigación, Transferencia y
Divulgación Científica de la Universidad de Málaga.
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Addictive vs. natural rewards processing by Central Amygdala
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Central Amygdala (CeA) with its medial (CeM) and lateral (CeL) parts is a structure which was shown
to process stimuli with strong emotional context. While CeL was shown to be engaged mostly to
aversive responses, CeM is primarily linked to appetitive ones. Appetitive stimuli have positive value
and pleasant effects exhibit not only natural rewards (available in the nature) but also addictive ones,
like cocaine. However, drugs-of-abuse used in animal studies may also have aversive component and
it was not known, how CeA deal with such strong and unexpected stimuli.
Thus, in this study we were testing how much similarities shares the initial exposure to addictive
substance, cocaine with natural one, sucrose. With electrophysiology techniques and by studying the
expression of immediate early genes (c-fos and arc) we examined the importance of mice CeM and
CeL during different rewards processing. Finally, we manipulated the CeA activity with Designer
Receptors Exclusively Activated by Designer Drugs (DREADDs) to alter animal behavior during sucrose
and cocaine exposure.
Our results indicate that indeed, both cocaine and sugar rewards engage CeM. They trigger there
rapid, already two hours after exposure, plastic changes visible as silent synapses. Contrary, only
addictive and not natural rewards caused alterations in CeL. Moreover, we found another
exceptionality of cocaine exposure: elevated Arc protein level in both CeM and CeL. Finally,
chemogenetic manipulations of CeM with DREADDs revealed its essentiality for processing both
drugs of abuse and natural rewards.
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Intermittent access heroin self-administration increases drug intake in both
sexes and relapse vulnerability in female rats
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Drug seeking progressively increases during abstinence (incubation of drug craving). Most studies of
this phenomenon used continuous access drug self-administration procedures. Recently, studies
using intermittent access drug self-administration procedures showed increased motivation to selfadminister and seek drugs. We compared the effects of intermittent and continuous access heroin
self-administration on heroin intake, patterns of heroin self-administration, modeled brain levels of
heroin and its active metabolites, and incubation of craving after forced or voluntary abstinence. We
trained male and female rats to self-administer a palatable solution and then heroin (0.075
mg/kg/inf) either continuously (6-h/d; 10 d) or intermittently (6-h/d; 5-min access/30-min; 10 d).
Next, we assessed heroin seeking after 1 or 21 abstinence days. Between tests, the rats underwent
either home cage forced abstinence or food choice-induced voluntary abstinence. We modeled brain
levels of heroin and its metabolites during drug self-administration and measured the female estrous
cycle after the relapse tests. Intermittent heroin access increased drug intake, induced higher spikes
of heroin and 6-monoacetylmorphine brain levels and increased heroin seeking during early, but not
late abstinence. In both sexes, continuous access to heroin determine incubation of craving after
forced, but not voluntary abstinence. Heroin seeking was higher in females after intermittent but not
continuous drug self-administration. This effect was independent of the estrous cycle phase.
Intermittent heroin access in rats mimic critical features of heroin addiction: binge-like intake and
high relapse vulnerability during early abstinence. Intermittent binge-like heroin intake may make
females more susceptible to relapse than males.
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Investigation of the function of nigrostriatal dopaminergic neurons in
motivated behaviors and alcohol addiction with DREADDs.
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Alcohol addiction is a chronic relapsing disorder characterized by compulsive seeking and drinking of
high amount of alcohol despite major negative consequences. A critical point explaining relapse is
the apparition of a negative emotional state during withdrawal including notably depression, anxiety
and apathy. Dopamine (DA), a key modulator of motivational and reward processes, has long been
thought to be involved in addiction, but despite extensive research, its exact contribution to alcohol
addiction remains unclear. Previous results from our team and others suggest a crucial role of the
nigrostriatal DA pathway in the control of affective and motivated behaviors. In this project, we
therefore ask whether the alteration of the nigrostriatal DA pathway leads to a negative emotional
and motivational state reminiscent of the alcohol withdrawal period and whether this alteration
leads to a compulsive alcohol consumption. To achieve this goal, we used the chemogenetic
approach called Designer Receptors Exclusively Activated by Designer Drugs (DREADDs). By using
transgenic TH-Cre rat, we selectively transduced SNc DA neurons with the inhibitory DREADD hM4Di.
To activate the DREADD, we choose the synthetic DREADD ligand C21 and we performed in vivo
electrophysiology as well as microdialysis experiment to validate that our approach induced a
reliable and selective DREADD-mediated hypodopaminergic activity of the nigrostriatal pathway.
Then, we have assessed the effect of this DREADD-mediated hypodopaminergia on motivation, as
well as on anxiety- and depression-related behaviors. Finally, we screened rats for their compulsivity
for alcohol and we tested whether the induction of a hypodopaminergic state in non-compulsive
animals led to the development of compulsive alcohol consumption.
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Cortico-striatal activity driving compulsive reward seeking
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Addicted individuals compulsively seek drugs. Cortico-striatal projections have been implicated in
persevering to seek rewards even when punished. The temporo-spatial determinants of the activity
underlying the compulsive reward seeking however remains elusive. Here we trained mice in a seektake chain, rewarded by optogenetic dopamine neuron self-stimulation (oDASS). Mice that
persevered when seeking was punished, exhibited an increased AMPA/NMDA ratio selectively at
orbitofrontal cortex (OFC) to dorsal striatum (DS) synapses. In addition, an activity peak of spiny
projection neurons (SPNs) in the DS at the moment of signalled reward availability was detected.
Chemogenetic inhibition of OFC neurons curbed the activity peak and reduced punished reward
seeking, as did optogenetic hyperpolarization of SPNs time locked to the cue predicting reward
availability, establishing a causal link. Taken together, we conclude that the strengthening of OFC-DS
synapses drives SPNs activity when a reward predictive cue is delivered, thus encouraging reward
seeking in subsequent trials.
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Cognitive impairment and persistent changes in exploration and hyperactivity
in mice after withdrawn from chronic cocaine
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Lasting neurobehavioral adaptations such as cognitive decline are induced by chronic cocaine
exposure in animal models. However, persistent changes in motor and exploratory responses are
rarely reported. In this study, mice were administered a cocaine dose (COC, 20 mg/kg/day) or saline
(SAL) repeatedly for 12 consecutive days in their home cage. After 24 days of drug withdrawal, they
were submitted to a behavioral test battery to assess motor/exploratory activity and anxiety-like
behavior (elevated plus maze and open field tests), behavioral despair (forced swimming test),
working and reference memory (spontaneous alternation behavior –SAB- and novel place
recognition memory tests). This behavioral assessment was carried out in drug-free conditions and in
unfamiliar environments, so no cocaine-associated stimuli were presented. The cocaine-withdrawn
mice showed cognitive deficits in spontaneous alternation behavior and place recognition memory.
Importantly, they also displayed hyperlocomotion, increased rearing activity and altered exploratory
patterns in different tasks. In the forced swimming test, they were more active (struggled/climbed
more) when trying to escape from the water albeit showing similar immobility behavior than
controls. In conclusion, in addition to cognitive deficits, chronic cocaine may induce lasting changes
in psychomotor activation even in unfamiliar environments not associated to the drug. This outcome
may be influenced by factors related to exploration, energy or emotionality.
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A potential neural signature of impaired self-control pertinent to excessive
asset trading: Low functional connectivity between dorsolateral and
ventromedial prefrontal cortex
Haracz J1
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Objective: Neuroeconomic studies have begun to examine heuristics (simple behavioral rules) and
biases (systematic deviations from rationality). Haracz (2021) proposed that inadequate deliberation
could bias traders toward simply using asset-price changes as guides, or heuristics, to popular or
unpopular assets, thereby letting investors fall under the spell of a bubble or crash bias, respectively.
These biases may promote trend-following investment strategies that yield price bubbles and
crashes. Ogawa et al. (2014) used fMRI to study neural mechanisms of a bias to buy stocks (i.e., a
bubble bias) while subjects traded in lab markets with stock-price bubbles, but they failed to discern
evidence that the bubble bias was associated with a neural signature of impaired self-control.
Therefore, their findings are presently re-examined.
Methods: Functional-connectivity data of Ogawa et al. (2014) were examined to determine whether
a bubble bias was associated with the neural signature of decreased self-control (Hare et al., 2014).
Results: Among all lab-market conditions (Ogawa et al., 2014), low dorsolateral prefrontal cortex
(DLPFC)-ventromedial PFC (VMPFC) connectivity was specific to the bubble period of historical 20032008 Lehman Brothers stock prices. Among all conditions, the finding of a bubble bias was specific to
the bubble period of Lehman Brothers stock prices.
Conclusions: The low DLPFC-VMPFC connectivity associated with a bubble bias (Ogawa et al., 2014)
resembles findings of low DLPFC-VMPFC connectivity when subjects had less self-control in the
presence of food or monetary rewards (Hare et al., 2014; Maier et al., 2015). Therefore, subjects with
a bubble bias show connectivity changes that may represent the neural signature of impaired selfcontrol. Neuroimaging studies should determine whether less-profitable investors who trade stocks
excessively (Barber et al., 2020) may show similarly decreased DLPFC-VMPFC connectivity. Further
research is needed on neural mechanisms underlying the bubble bias and traders’ self-control
problems that may promote asset-price bubbles.
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How relations between goods affect valuation
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Some goods are more desirable when consumed together with other goods than separately. For
example, people may prefer consuming cake together with coffee more than consuming each food
separately. These types of goods are called complementary goods. In contrast, substitute goods are
interchangeable to some degree such as coffee and black tea. While the brain circuits that are critical
for valuation and decision-making have begun to be identified, there is still a lack of understanding of
the conditional valuation processes for different relations between goods. This study aims to
investigate such processes at both behavioral and neural levels. In our experiment, participants
provided willingness to pay (WTP) bids for the same food items sometimes in isolation (single
condition) and sometimes in combination with other foods (paired condition). In the paired
condition, participants were given a free food on top of the food item they were bidding for. This
novel design allows us to investigate how WTP changes between single and paired conditions
(ΔWTP= WTPpaired - WTPsingle) while controlling for the intrinsic value of the food item. To
independently determine the interaction between goods, participants also provided ratings of
perceived complementarity and substitutability for each food pair after the experiment. Our
behavioral results show that valuation can be affected by the interactions between foods. We found
that ΔWTP increased in foods rated as more complementary. Conversely, ΔWTP decreased in foods
rated as more substitutable. Thus, these findings confirm our predictions and show that
complementary and substitutable relations between goods affect valuation. The preliminary fMRI
results replicate previous findings that medial orbitofrontal cortex encodes value as measured by
WTP. We are in process of testing our ex ante hypothesis that valuation regions process the degree
of substitutability (complementarity) as a function of the extent to which goods are experienced
together or separately.
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A role for neurons of the medial division of the central amygdala in appetitive
behaviours.
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The central amygdala (CeA) with its lateral (CeL) and medial divisions (CeM) orchestrates a wide
range of behaviours, including defensive and appetitive responses. The CeA is composed of
GABAergic neuron subpopulations that are marked by expression of neuropeptides, receptors and
kinases, and elicit distinct, sometimes opposite behavioural phenotypes. The relative contributions of
subpopulations in CeL versus CeM is, however, incompletely understood. Here, we took advantage of
an intersectional genetic approach, to investigate how neurons marked by expression of serotonin
receptor 2a (Htr2a) or somatostatin (Sst) located in either the CeL or CeM subdivisions regulate
feeding, drinking, and promote positive reinforcement.
To do so, we generated a novel transgenic mouse line that expresses a Tamoxifen-inducible version
of the Flp recombinase (FlpOER) specifically and widely in CeL, but not CeM (Wfs1-FlpOER). Double
transgenic mice carrying Wfs1-FlpOER and Htr2a-Cre or Sst-Cre in combination with intersectional
viral vectors allowed precise manipulation of CeL cells (positive for both Cre and Flp) versus CeM cells
(positive for Cre only). We made the surprising observation that optogenetic activation of the CeM
subpopulations mediated appetitive responses. Stimulation of CeM Htr2a and CeM Sst neurons
promoted drinking and positive reinforcement behaviour. Stimulation of CeM Htr2a, but not CeM
Sst, neurons increased food intake. Photoactivation of the corresponding CeL subpopulations failed
to elicit appetitive responses. Ongoing analysis of intra-CeA and long-range projections will provide
further insights into the specific roles of CeL and CeM subpopulations in appetitive responses.
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Some work and some play: the labor-leisure tradeoff under a limited time
budget
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Allocating limited time between work and leisure is a common yet tricky decision. In this study, we
designed a prolonged online experiment to investigate how individuals make decisions between
labor and leisure activities (N=81). For each trial, participants choose between four activities:
watching video clips of fashion shows or cute animals for entertainment (leisure activities); working
on a physical or mental effort task to earn tokens (labor activities). Before commencing the
experiment, participants set an initial goal for token collection, which can be reset during the
experiment. The information of cumulative tokens, token earning goal, and a count-down timer are
visible to participants and are constantly updated to remind participants of the progression.
Participants also filled out scales measuring procrastination traits. We found that the likelihood of
switching from labor to leisure activities is driven by two competing forces: participants are likely to
stay on labor tasks if they earn more tokens in the last trials and are likely to switch to leisure when
the cumulative tokens are closer to the token goals. Moreover, we found that participants who have
reset the initial goal and who have never reset the goal used different information when making
labor/leisure choices. Specifically, controlling for earned tokens in the last trials, we found that those
who did not reset token earning goals tracked the elapsed time to guide their labor/leisure decisions
such that they were likely to shift to leisure when the time was exhausting. In contrast, participants
who have reset the goals also monitored the cumulative tokens and were likely to switch to leisure as
the earnings grew. Critically, there was no difference in the initial goals, the total earnings or
procrastination traits between participants in these categories. Taken together, these results indicate
distinct decision-making processes underlying the goal-directed behaviors.
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How uncertainty affects decision-making in a compulsive phenotype of rats
selected by Schedule-Induced Polydipsia.
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Compulsivity is defined as repetitive, unwanted and functionally impairing behaviour without
adaptive function according to either rigid rules or for avoiding negative consequences. This kind of
behaviour is observed in some neuropsychiatric disorders, such as OCD, schizophrenia, substance
abuse and eating disorders, being considered a transdiagnostic trait. Aims: The purpose of the
present research was to study the possible relationship between compulsivity and others behavioural
disturbances under conditions of uncertainty. Method: male Wistar rats were characterised as either
high (HD) or low (LD) drinkers according to their drinking behaviour in Schedule-Induced Polydipsia
(SIP). Then, we assessed cognitive inflexibility by Probabilistic Spatial Reversal Learning (PSRL),
impulsivity by Variable Delay-to-Signal (VDS) and decision making by Rodent Gambling Task (rGT).
Results: HD rats performed fewer reversals than LD animals and showed less probability of pressing
the same lever that was previously reinforced in PSRL. HD animals also showed more premature
responses in VDS and performed more disadvantageous elections in rGT than LD animals.
Conclusions: These results highlight that compulsive phenotype exhibit cognitive inflexibility,
insensitivity to positive feedback, waiting impulsivity and risky decision making. Moreover, these
findings demonstrate the importance of mapping different behavioral and cognitive patterns to
better understand, diagnose and treat compulsive spectrum disorders.
This work was supported by a grant from the Ministerio de Ciencia, Innovación y Universidades
(Spanish Government) and Fondo Europeo de Desarrollo Regional (Grant numbers: MICINN-FEDER
PGC2018-099117-B-C21).
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Belief state strategies in mice during probabilistic reversal learning
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When faced with a constantly changing, uncertain environment it is necessary to infer its underlying
structure to guide behaviour. This has traditionally been viewed as a value updating problem – where
actions are chosen based on an incrementally updated weighted average of past reward. Activity of
midbrain dopamine neurons has been commonly associated with the error in such value prediction,
and it has been proposed to be crucial for learning and updating of values that inform decision
making. However, it has become increasingly apparent that humans and animals often use an
alternative strategy – based on the creation of belief states to make predictions and to guide their
choices. In this study we hypothesised that, as is commonly seen in humans, mice might use belief
state strategies even in simple tasks such as reversal learning, and that midbrain dopamine activity
would reflect the use of such strategies.
To investigate this, we used a probabilistic reversal learning task in mice. In this paradigm, for
optimal performance it is necessary to continuously integrate past trial outcomes to predict the state
transitions to new reward contingencies associated with different actions following the reversal.
Probing animals’ behaviour with computational modelling, we found that mouse behaviour was
consistently best fit by the models that utilised belief states, as opposed to value updating or
alternate strategies. Furthermore, by recording dopamine release in the nucleus accumbens during
the task using the dopamine sensor dLight, we found phasic dopamine was most strongly predicted
by belief state error, rather than reward prediction error.
Overall, we find that mouse behaviour and midbrain dopamine activity during probabilistic reversal
learning task is best described by a belief state rather than value updating strategy. Ongoing work is
investigating the sources of the belief state prediction that influence dopamine signalling during
decision making.
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Increased impulsivity by chronic high-fat diet: evidences in a preclinical study
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Impulsivity encloses actions or decisions prematurely expressed, performed without appropriate
forethought and/or unduly risky that might result in potential negative outcomes for the individual.
Although it is known to be a key symptom across several neuropsychiatric conditions such as
attention-deficit/hyperactivity disorder, schizophrenia, and obsessive-compulsive disorder, little is
known about the vulnerability factors that underlie this complex phenomenon. During the last
decade, neuroinflammation has raised attention as a putative contributor to poor impulse control
and, specifically, the impact of diet is being assessed. However, to the date, few studies have
addressed the topic with the aid of specific behavioral paradigms. In our study, we exposed Wistar
rats to either a control (Chow) or a high-fat (HF, supplementing Chow with commercial cheesecake)
diet from early adolescence (postnatal day 33, PND33) to adulthood (PND77), and then we assessed
inhibitory control with the aid of Variable Delay-to-Signal (vDS), delay discounting task (DDT) and 5choice serial reaction time task (5-CSRT task). We found a long-term increase in impulsive behavior
due to HF diet, as measured by the premature responding in vDS and 5-CSRT task, although no
differences were observed in DDT between animals exposed to HF diet and controls. Interestingly,
and for the first time in the literature to our knowledge, the mentioned vulnerability to impulsivity is
not purely attributable to body composition, since no differences existed in body weight between
the two groups either after HF diet or during behavioral assessment. Our study adds evidence to the
putative factors underpinning impulse control, and points to an implication of neuroinflammationrelated brain changes following exposure to dietary metabolic stress.
This work was supported by MINECO-FEDER funding (PGC2018-099117-B-C21).
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Bayesian approach to pathological and physiological decision making:
involvement of dorsal raphe nucleus serotoninergic neurons
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Background: Current theories for the role of serotonin (5-HT) in behaviour do not satisfactorily
explain its function on processing rewarding, aversive and ambivalent stimuli. Therefore, new
theoretical perspectives are required to define 5-HT contribution to behavior. Objectives: This study
evaluates the role of 5-HT neurons of the dorsal raphe nucleus (DRN) in behavior through a Bayesian
approach. As such, we consider decision that depends on recent observations and prior belief, built
upon previous experiences.
Methods: We apply Bayesian analysis on probabilistic discrimination where mice are presented two
wheels they can turn clockwise or anticlockwise for reward. We shape the wheel turning preference
by contrasting the probability of reward upon the different options. We manipulated task
parameters, used pharmacological and opto-genetic manipulations and fiber photometry of the
DRN5-HT neurons to evaluate the role of DRN5-HT in decision making.
Results: We validated the Bayesian analysis of probabilistic discrimination to be sensitive to
pathological conditions (evoked by acute systemic injection of ethanol) as well as sensitive to the
physiological conditions of uncertainty (evoked by tempering reward signaling). We found that
DRN5-HT neurons respond after turning the wheels and before reward collection that is at the time
of behavioural switching. Conversely, dorsolateral striatum 5-HT4 receptor antagonism reduced
behavioural switching as exemplified by an increase in perseverative responses and reduction in the
unfavorable use of recent observation. General photo inhibition of the DRN prevent further
reduction of the use of unfavorable recent observation upon following sessions, suggesting
integrated function of the different DRN neuronal population and their various targets in the
acquisition and expression of probabilistic discrimination.
Conclusion: This study demonstrates the use of Bayesian approach of decision making in pathological
and physiological conditions and suggest that DRN5-HT neurons respond to expected events in order
to switch motor action and possibly decisions.
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Complementary coding of sexual drive, hunger and thirst by the lateral
hypothalamus
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1

Institute for Vegetative Physiology, Cologne University Cologne Germany 2Max Planck Institute for Metabolism
Research Cologne Germany

Several, at times competing, needs have to be coordinated and prioritised to ensure survival and
reproduction. Little is known about the representation and orchestration of multiple innate
behaviours.
Here, we report two complementary neural populations of the lateral hypothalamus (LH) that
cooperate to enable the appropriate prioritisation of competing needs. Using a combination of deepbrain calcium imaging in freely moving animals and cell-type specific activity manipulations, we show
that leptin receptor-expressing (LepR) neurons track satiation to promote the prioritisation of sexual
exploration over feeding. Conversely, neurotensin-expressing (Nts) neurons track food consumption
to promote congruous water intake and discount social exploration. We further uncover that both
populations regulate distinct consummatory phases.
These complementary populations may provide a fundamental process to coordinate the pursuit of
orthogonal needs according to state and opportunity.
We thankfully acknowledge support from the ERC Consolidator Grant (HypFeedNet, to TK), the DFG
(CRC1451, to TK) and the RTG-NCA (GRK1960, to RF).
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A neuronal mechanism controlling the choice between feeding and mating in
Drosophila.

Rose S1 Rezaval C1
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Animals must express the appropriate behavior that meets their most pressing physiological needs
and their environmental context. However, it is currently unclear how alternative behavioral options
are evaluated and appropriate actions are prioritised. Here, we describe how fruit flies choose
between feeding and courtship; two behaviors necessary for survival and reproduction. We show
that sex- and food-deprived male flies prioritise feeding over courtship and that manipulation of food
quality or the animal’s internal state fine-tunes this decision. We show that the tyramine signaling
pathway as an essential mediator of this decision. We further identify feeding-promoting cells and
courtship- promoting cells necessary for the choice behaviour. We propose that antagonistic coregulation of neurons controlling alternative actions is key to prioritizing competing drives in a
context-dependent manner.
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Distinct roles of neurotensin neurons in the lateral hypothalamus and lateral
septum in driving innate behaviours
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1

University Of Cologne Cologne Germany 2Max Planck Institute for Metabolism Research Cologne Germany

Innate motivated behaviours such as feeding and social interaction are crucial for survival and
reproduction. Evolutionarily conserved brain areas including the lateral hypothalamus (LH) and the
lateral septum (LS) are part of the circuitry controlling motivation, yet it remains unclear how exactly
genetically identified subpopulations within this circuitry direct specific reward-related behaviours.
One of these subpopulations produces the neuromodulator neurotensin (Nts). It has been shown
that Nts is involved in motivated behaviour and reward, as central administration suppresses food
intake, while ventral midbrain infusion is rewarding and increases locomotion.
We manipulated the activity of Nts neurons in the LH or LS using chemogenetics (DREADDs), while
mice engaged in a range of motivated behaviours such as feeding and social interaction. We applied
MoSeq, an unsupervised machine learning algorithm developed for depth images, to automatically
classify mouse behaviour on a subsecond scale, thus enabling unbiased identification of behavioural
syllable sequences with sub-second precision.
We found that activation of Nts neurons in LH versus LS altered social interaction and food and water
intake in an opposite direction. Subsecond analysis of behaviour using MoSeq revealed changes in
multiple behavioural syllables related to motivation. For example, activation of LH-Nts neurons
increased expression of syllables involved in water seeking, while decreasing those involved in social
exploration. These results suggest that Nts neurons selectively regulate innate behaviours, with
differential effects specific for the brain region.
We thankfully acknowledge support from the ERC Consolidator Grant (HypFeedNet, TK), the Max
Planck Society (TK) and the DFG (CRC1451, TK; 233886668/GRK1960, FS).
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Cortisol effects on item and associative memory retrieval in humans
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Stress impairs memory retrieval and the stress-hormone cortisol has been particularly linked to this
impairment. Because episodic memory requires not only item memory but also binding to associative
information, an impairment of episodic memory retrieval can be further studied to its constituents.
Here, we aimed to examine the cortisol-specific effects on memory retrieval, in terms of item and
associative memory, considering potential sex effects. Seventy-four human female and male
participants were tested in a randomized, placebo controlled, double-blind, and between-subject
design, assigned to either a cortisol (10 mg hydrocortisone) or a placebo group. All participants were
presented with images of emotional or neutral content, on different background scenes and were
asked to form an association between the fore- and background image. Twenty-four hours later,
participants were tested for item and associative memory with a recognition task 20 minutes after
substance administration. Item and associative memory differed between the cortisol and the
placebo group, but only in interaction with sex. This study shows that pharmacologically increased
cortisol levels distinctly affect item and associative memory retrieval in female and male participants.
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Responsiveness of dentate neurons generated throughout adult life is
associated with resilience to cognitive aging
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The progressive decline of cognitive abilities associated with aging develops at different speed and
degrees amongst individuals. While a part of the population suffers from a consequent loss of
memory functions in the course of aging, another part remains resilient to this decline. Such interindividual differences toward cognitive aging suggest that some individuals achieve a successful aging
when others are not. Adult hippocampal neurogenesis constitutes a promising substrate for aging
memory as animals with preserved memory abilities display higher levels of neurogenesis at old age.
However, whether neurons produced earlier in life also play a role in the maintenance of memory
functions throughout life remained unexplored. Using the immediate early gene Zif268, we analyzed
the activation of dentate neurons born in embryonic (E18.5), adolescent (P28), adult (3 month-old),
middle-aged (12 month-old) and senescent (18 month-old) rats in response to learning once the
animals reached old age (22 month-old). We show that the populations of adult-born neurons (and
not developmental-born) generated 4, 10 and 19 months before learning display higher levels of
responsiveness to the learning task in old animals with preserved memory functions compared to
animals with deteriorated memory abilities. These data suggest that the maintenance of proper
functionality of adult-born neurons is key for the preservation of memory functions in the course of
aging. Yet, when in the lifetime and why adult-born neurons start to lose the ability to respond to
learning is currently under investigation.
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Preservation of procedural learning in Williams syndrome
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Williams syndrome (WS) is a genetic syndrome characterized by an uneven cognitive profile with
relative strengths and weaknesses in different domains. In the spatial domain, we have shown that
the majority of individuals with WS exhibit impaired hippocampus-dependent place learning and
facilitated striatum-dependent response learning or procedural learning. Here, we developed a new
Serial Reaction Time (SRT) task to evaluate striatum-dependent procedural learning in 36 individuals
with WS outside the spatial domain. The task was administered on a touchscreen computer that
recorded the participants’ responses automatically. A visual stimulus (a blue fish) appeared in one
corner of the screen and the participant had to touch it as fast as possible, after which the fish
disappeared and then appeared in another corner. In the first session, the stimulus appeared
sequentially in three pre-determined locations always in the same order (Pattern 1), for a total of 20
repetitions, followed by the presentation of two other patterns with 20 repetitions each. In the
second and third sessions, the length of the sequence increased to five and seven locations to assess
the influence of memory load. About 90% of individuals exhibited a decrease in reaction time as a
new sequence was learned and an increase in reaction time with a change in pattern, in at least one
testing session. The results of this new SRT task demonstrate the preservation of implicit motor
learning or procedural learning in most individuals with WS outside the spatial domain.
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Perineuronal net formation during a transient stay in an enriched housing is
necessary
for cognitive improvements of the Tg2576 mouse model of Alzheimer's
disease
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Alzheimer´s disease (AD) is associated with deep brain alterations, resulting in impairment of
cognitive functions. We recently established a link between impaired function of the inhibitory
neurons expressing the parvalbumin protein (PV), and cognitive impairments in AD mouse models
and patients. PV cells are associated with a extracellular matrix, the perineuronal net (PNN),
appearing at the end of critical period of maturation. We recently found that the presence of PNN
around PV cells was reduced in the hippocampus of the Tg2576 mice (AD model). As PNN presence
appears to be necessary for memory consolidation, their absence could contribute to memory
deficits. Importantly, transient exposure to enriched environment (EE), which has proven long-lasting
beneficial effects on memory in AD subjects, rescues the PV/PNN cell number deficits. Here, we
hypothesize that EE-induced cognitive improvements in Tg2576 mice are supported by a remodeling
of hippocampal PV/PNN cell network.
To address this question, we injected chondroitinase-ABC (ChABC), a PNN-degrading enzyme, into
the area CA1 of 5-month-old Tg2576 and non-transgenic mice, the day before placing them into EE
for 10 days. Doing so, we were aiming at preventing EE-induced PNN formation in the area CA1,
specifically. Twenty days after the end of EE, animals were subjected to the object location test to
assess spatial memory (CA1), and social memory (CA2). This allowed us evaluating the link between
absence of PNNs in a structure and memory performance in a specific task.
Our data show that a 10-day stay in EE was sufficient to induce memory improvements of Tg2576
mice. We observed that blocking EE-induced PNN in area CA1 of AD mice prevented improvement of
memory performance underlid by this brain area. This demonstrates that increased presence of
PNNs around PV cells is necessary to the long-lasting beneficial effects of EE on cognitive functions of
AD mice.
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Glucocorticoids promote fear generalization in male mice by increasing the
size of a dentate gyrus engram cell population
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Stressful and emotionally arousing events induce glucocorticoid (GC) release, which in turn enhances
memory processing of the event. To test whether GCs also modify the specificity of fear memories,
we examined the effects of GCs on the formation of memory-encoding neuronal ensembles in the
hippocampal dentate gyrus (DG) and whether these ensembles are responsible for GC-induced fear
generalization. Mice underwent mild fear conditioning and post-training corticosterone
administration. Corticosterone treatment did not alter freezing in the aversive context but enhanced
generalized freezing in a neutral context. To assess whether this fear generalization was due to
altered engram formation, we used transgenic mice with destabilized Venus (dVenus) expression
under control of the immediate early gene (IEG) Arc promotor. Elevated corticosterone levels after
fear conditioning induces a selective and persistent increase in excitability and number of dVenus+
cells. This was accompanied by an increased colocalization of dVenus+ cells with IEG c-Fos, indicating
increased activity patterns of the engram cells. To assess causality in generalized fear, we employed
inhibitory Gi-DREADDs (hM4Di) under the c-Fos promotor to specifically inhibit the engram cells in
the DG. Suppression of these hM4Di+ neurons following corticosterone reduced freezing behavior to
the novel context, demonstrating their critical role in regulating fear generalization. These findings
demonstrate that GCs reduce memory specificity and promote fear memory generalization by
increasing the size and excitability of engram cells. Selectively suppressing these neuronal ensembles
restores memory specificity. Understanding the role of GCs in modifying memory strength, fear
generalization and neuronal ensemble formation may provide insights into therapeutic targets for
stress-related disorders such as PTSD.
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Influence of spatial learning on the connectome of adult-born neurons in rats
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Experience such as learning enhances adult hippocampal neurogenesis in the dentate gyrus, a brain
region essential for learning and memory, by promoting newborn neurons development into the
dentate network. In return, adult-born neurons play an important role in the encoding of new spatial
memories. Yet, it is still unknown if spatial learning influences the connectome of adult-born
neurons. Here, using an approach allowing the visualization of the glutamatergic post-synaptic
densities and a retroviral retrograde monosynaptic tracing method, we characterized the
connectome of adult-born neurons following spatial learning at different time points of their
maturation. First, we showed that the glutamatergic post-synaptic density on adult-born neurons
immature at the time of learning is increased following spatial learning, suggesting an enhanced
excitatory innervation. We evidenced that this enhancement corresponds to a transient increase in
the innervation from other mature granule cells during the first days of life of newborn neurons.
Once adult-born neurons reach full maturity, we showed that spatial learning similarly increased
their total glutamatergic post-synaptic density and also their innervation from the hilus. The analyses
of their intrinsic properties by patch clamp confirm that spatial learning increase the presence of
glutamatergic receptors. All together our results indicated a crucial role of glutamatergic
transmission in learning–induced modulation of adult-born neurons.
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EEG correlates of bodily self-consciousness during spatial navigation
De Falco E1 Gauthier B1 Born M1 Blanke O1
1

Epfl Geneve Switzerland

Bodily self-consciousness (BSC) refers to the experience of being located within a body (selfidentification) occupying a specific location in space (self-location). BSC depends on the successful
integration of multisensory and sensorimotor cues and it can be experimentally altered using
immersive Virtual Reality (VR) technologies combined with online multisensory stimulation. BSC
alterations have been shown to impact several cognitive functions, including spatial processes. A
recent work (Moon et al., 2020) has shown that enhancing BSC during spatial navigation impacts
memory performance and the neural correlates of spatial representation in fMRI. However, the full
impact of BSC on spatial navigation and the electrophysiology of the associated neural signals
remained unexplored.
Here, we addressed this issue using a well-known BSC manipulation, the full body illusion (FBI), while
subjects performed a spatial memory task in immersive VR. High-density surface EEG recordings
were simultaneously acquired. During the FBI, participants received tactile stimulation on the back
while viewing, from a third person perspective, a virtual avatar being synchronously stroked. The FBI
elicits self-identification with the virtual avatar and induces a replicable drift in the experienced selflocation towards it. Following the illusion, participants performed a navigation task consisting of
memorizing and recalling the location of several objects within a virtual arena.
We found that behavioral performance was better in the manipulated BSC condition compared to
the control condition, thus suggesting that a stronger embodiment with the virtual avatar was able to
enhance performance. Furthermore, following the FBI, we observed a significant drift in the
memorized locations towards the position of the avatar. Finally, EEG correlates of both illusory and
navigation periods were altered by the BSC manipulation.
In summary, our data show that BSC, experienced self-location, and spatial memory are closely
linked together, and represent the first electrophysiological investigation of the neural substrates of
their interplay.
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Pavlovian Fear via Conditional Freezing, Flight or Darting?
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One of the most frequently used laboratory procedures for modeling learning and memory generally,
and anxiety disorders in particular, is fear conditioning, where a naturally innocuous conditional
stimulus (CS) such as a tone triggers fear-related conditional responses (CR). Fear conditioning
establishes a learned association between the CS and an aversive unconditional stimulus (US) such as
electric shock. The CR used in the vast majority of fear conditioning studies in rodents is the freezing
response. Freezing is a common and adaptive defensive behavior as it reduces the likelihood of
detection and attack by a predator. Some recent papers reported that under certain conditions,
running, jumping or darting replaces freezing as the dominant CR. The results were interpreted as a
competition between “active” and “passive” defenses. These findings raise both a critical
methodological problem and an important theoretical issue. If only freezing is measured but rodents
express their learning with a different response, then significant instances of learning, memory, fear
or anxiety may be missed, and current studies may need to be reinterpreted. In terms of theory,
whatever conditions lead to these different defensive behaviors may be a key to how animals
transition between different defensive responses and different emotional states. We replicated
these past results but along with several novel comparisons conditions. Contrary to the prior
conclusions running, jumping and darting were entirely a result of nonassociative processes and were
actually suppressed by associative learning. Freezing was the purest reflection of associative learning.
We also uncovered a rule that describes when these movements replace freezing: When afraid
freeze until there is a sudden novel change in stimulation, then burst into vigorous flight attempts.
This rule may also govern the change from fear to panic-related behavior.
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The modulatory effect of early dietary supplementation with compounds
found in coffee on the early-life stress induced cognitive and brain plasticity
alterations.
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Exposure to stress during the sensitive period of early-life increased the risk to develop cognitive
impairments and psychopathology later in life. We have shown earlier that early-life stress V(ELS)
leads to both immediate and lasting ‘programmed’ effects on different levels including cognitive
impairments associated with changes in adult hippocampal neurogenesis and neuroinflammation. In
particular, ELS has been shown to affect the brain macrophages, microglia, immediately following ELS
as well as to sensitize microglial response to later life challenges (e.g. LPS or high fat diet exposure).
Changes in the micro-environment of the brain that occur with inflammation may lead to changes in
adult neurogenesis, an important characteristic of ageing contributing to cognitive decline.
Hydroxycinnamic acid derivatives are phenols highly abundant in coffee (among other natural
beverages and food) and have been described to have potent anti-oxidant and anti-inflammatory
action. In addition, we showed a protective role of coffee in cognitive ageing in an untargeted
metabolomics study
We here tested the hypothesis that an early dietary supplementation with hydroxycinnamic acids
might protect against the ELS-induced cognitive deficits and the associated alterations in
neurogenesis and microglia. Chronic ELS based on limited nesting and bedding material was induced
in C57Bl/6J mice as previously described from postnatal day P2-P9. At P2, the mice in CTL/ES
condition (P2-P9) were also assigned to groups either fed a grain-based diet containing (0.02%
chlorogenic acid + 0.02% caffeic acid) or control diet up until P42. At P42, animals were placed back
on a grain-based standard chow diet. At 4 months of age all mice underwent a behavioural battery
(Object Location, Object recognition and Morris Water maze) and brains were taken for
immunohistochemical analysis of neuronal proliferation and microglia morphology. This is a currently
ongoing study, and the results will be available at the time of the conference.
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Do serotonergic median raphe (MR) projections alter hippocampal
information processing?
Gerdey J1 Masseck O1
1

University of Bremen Bremen Germany

The hippocampus is the main structure where cognitive representations of our environment are
formed and stored. Importantly, the ability and effectiveness to store and recall these
representations is regulated by the affective state of the system, such as arousal, attention, mood or
saliency. The serotonergic system is closely associated with the modulation of the affective state and
is known to influence memory acquisition within the hippocampus. We hypothesize that
serotonergic neurotransmission is able to change global excitability patterns within the
hippocampus. In a first series of experiments we scrutinized the direct impact of serotonin on object
recognition and spatial learning.
The main input from the hippocampus arises from the MR thus a double floxed Channelrhodopsin2
(ChR2) was injected in the MR of SERT-Cre mice to specifically target serotonergic neurons only.
Bilateral implantations of optical fibers right above the hippocampus enable then the precise release
of serotonin at axon terminals targeting the hippocampus. Control groups received an injection with
a fluorophore only.
A second set of experiments specifically investigated the activation of 5-HT1A signaling pathways in
pyramidal neurons of the CA1 region. Expression of light-activatable 5HT1A (Masseck et al 2014)
receptor chimeras in pyramidal neurons is utilized to optogenetically modulate 5-HT1A signaling
pathways during behavior.
For all cohorts optogenetic stimulation was performed during training sessions of the Barnes Maze
test and the Novel object recognition task. Our results show that only spatial memory but not object
recognition is influenced by modulation of serotonergic signaling, pinpointing to a key role of
serotonin in spatial information processing within the hippocampus.
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Disruption of memory allocation by stress: a role for parvalbumin
interneurons and endocannabinoid signaling
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AIMS: The ability to remember which cues in a particular environment predict threat, and which do
not, is imperative for survival. Overgeneralisation of threatening cues, such that also neutral cues are
perceived as threatening, may result in excessive anxiety-like behaviour, and is a core symptom in
many anxiety-related disorders and PTSD. Stress may promote such overgeneralisation of memory,
and hence may instigate or amplify such anxiety-disorders. The overarching objective of these
studies is to decipher the key pathways that underlie stress-induced memory generalisation at the
level of behaviour, network dynamics and the cellular level, with a focus on inhibitory interneuron
signalling.
METHODS: Mice were exposed to corticosterone injections or acute restraint stress, and the
specificity of memory during fear conditioning and reward learning was assessed. Using in vivo fibre
photometry, opto- and chemogenetics and iDISCO we establish the underlying cell types and
networks underlying these effects.
RESULTS: After stress, mice show stronger memory generalization, both for memory with a positive
and negative valence. In parallel, the lateral amygdala ensembles encoding for these memories are
enlarged, and these enlarged ensembles were responsible for the generalized expression of the
memories. Stress suppresses the activity of parvalbumin (PV)+-interneurons, and indeed the effects
of stress on memory and ensemble size could be prevented by activation of PV+-interneurons, while
inhibition of PV+-interneurons mimicked the effects of stress. We next show that endocannabinoid
signalling within the lateral amygdala, which is directly modulated by stress, underlies the stress
effects on interneurons and memory generalization.
CONCLUSIONS: Stress results in generalized memory expression, and disrupted memory allocation,
which is prevented by modulating PV+-interneuron activity. We propose that endocannabinoid
signalling mediates these effects. Understanding these neurobiological mechanisms of stress-induced
memory generalisation may be a first step towards the development of novel treatment strategies
for anxiety-related pathologies.
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Largely shared neural code for observed biological and non-biological
movements but not executed actions in monkey premotor cortex
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The neural processing of others’ observed actions recruits a large network of brain regions (action
observation network, AON), in which frontal motor areas are deemed to play a crucial role. Since the
discovery of mirror neurons in the ventral premotor cortex it was assumed that their activation was
conditional upon the presentation of biological rather than non-biological motion stimuli, supporting
a form of direct visuo-motor matching. Nonetheless, direct measures of representational similarity
among executed action and observed biological or non-biological movements are lacking. Here, we
addressed this issue by recording from two nodes of the AON that are gaining increasing interest,
namely, the dorsal premotor area F2 and mesial pre-supplementary motor area F6 of two macaques
while they 1) execute a reaching-grasping task, 2) observe an experimenter performing the task and
3) observe a non-biological effector moving in the same context. We found that even though the
observation of a biological action elicited a stronger response relative to the non-biological
movement, both kind of stimuli produced remarkably similar neural dynamics and relied on a largely
shared neural code, which strongly differed in both cases from that associated with executed actions.
Our findings indicate that visuo-motor remapping processes more complex than a direct visuo-motor
matching can occur in premotor areas in highly familiar contexts.
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A new method to study neuronal circuits underlying postural control
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Whether animals walk, fly, or swim, active sensorimotor control is required to maintain balance
while moving. Body motion estimation and postural control are based on mechanosensitive cells of
the vestibular system in the inner ear that detect gravitational and acceleration forces acting on the
body. Physiological vestibular stimulation requires rotation or translation of the animal's head in
space, which makes simultaneous recordings of neural signals and interrogation of neural circuits
difficult using standard methods. We have developed a method to directly stimulate the utricle in
head tethered larval zebrafish by using magnetic tweezers. Numerical simulations revealed a regime
with linear relation between the force exerted on the ear stone and its horizontal distance to the
magnet. In addition, we found that the exerted maximal force depends exponentially on the vertical
distance between the magnet and the ear. Using this system, we successfully evoked vestibulardriven eye and tail movements similar to those of vestibulo-ocular and vestibulospinal reflexes.
Moreover, we recorded the elicited brain-wide neuronal response with a functional light-sheet
calcium imaging system showing evoked neuronal activity in the vestibular nucleus and downstream
nuclei. The newly developed method is inexpensive, easy to implement, and compatible with all
types of fluorescence microscopy, optogenetics, and electrophysiological methods. In this way, our
method expands the toolbox of widely accessible sensory stimulation methods for zebrafish system
neuroscience.
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M2 Cortex-Superior Colliculus-Basal ganglia circuit dysfunction in
Huntington’s disease
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Alterations in cortico-Basal ganglia (BG) circuitry are deeply characterized and profoundly
compromised in Huntington’s Disease (HD). However, little is known about the implications of
subcortical-BG circuits in HD. The superior colliculus (SC) is a primitive subcortical sensorimotor area
that integrates visual and cortical afferents (particularly from M2-Cortex (M2) and the cingulate) and
modulates BG circuitry. Particularly, the cortico-SC-BG circuit is implicated in sensorimotor
transformations to direct gaze movements, including the saccadic movements known to be altered in
HD patients. Also, we recently described that activating M2 terminals in the striatum using
optogenetics is sufficient to restore motor deficits in symptomatic HD mice. Here, we aim to identify
and characterize structural and functional alterations of the M2-SC circuits in HD, to finally develop
circuit based therapeutic strategies.
Our data shows that symptomatic HD mice (20 week) has predominant approach vs defensive
behaviours compared to WT mice, seen by a significant reduction in active escaping response in the
looming task and an increase in active approaches in the beetle mania task, indicating alterations in
SC function in HD. Moreover, we used in vivo MRI to study functional connectivity from the M2 with
BG-related structures at symptomatic stages. Our data demonstrates that the SC is one of the nuclei
with higher functional correlation with the M2 in WT mice, and strikingly, significantly diminishes in
symptomatic HD mice. Then, we injected AAV-CamKII-GFP in M2 and observed reduced axon
terminals arriving to the SC in HD compared to WT mice. We are currently analyzing neuronal
response to M2 activation in the SC by combining optogenetics with multielectrode arrays.
Our results describe for the first time the structural and functional involvement of the M2-SC-BG
circuits in HD pathophysiology. By using optogenetics, we hope to modulate circuit function and
restore symptoms in HD.
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Somatostatin-expressing interneurons and sensory deprivation-induced
plasticity in the barrel cortex.
Dobrzański G1 Zakrzewska R1 Kossut M1
1

Nencki Institute of Experimental Biology Polish Academy Of Sciences Warsaw Poland

In rodents, vibrissae are essential sensory organs allowing for exploration of the environment and by
transmitting important tactile information to the brain they shape a wide range of behaviours. If such
a transmission is disrupted, for example by plucking out the vibrissae, a massive reorganization of the
barrel cortex is observed and this type of functional plasticity largely depends on cortical inhibition.
Among cortical inhibitory cells, an activity of somatostatin-expressing interneurons (SOM-INs) was
being recently proposed as a key player in formation of neuroplastic changes, but its role in barrel
cortex plasticity is largely unexplored. Here, we addressed the question of a role of the SOM-INs
activity in plastic change formation induced by sensory deprivation.
By using a cell-selective viral transductions under the optical recordings of intrinsic signals, we
introduced DREADDs into SOM-INs localized in a single somatosensory column of row C. Two weeks
later mice underwent a sensory deprivation paradigm, in which all whiskers but one (C3) on one side
of the snout were plucked for a week. During the paradigm, the activity of SOM-INs was modulated
by DREADDs activation with its agonist, CNO, continuously administered via Alzet® Osmotic Pumps.
To visualize the plastic change, [14C]-2-deoxyglucose brain mapping was performed. An area of
functional representation of the spared whisker and contralateral one in other hemisphere were
compared.
We found that SOM-INs inhibition in the column corresponding to the spared whisker did not
influence the area of activation of the spared whisker compared to transduced animals with saline
administration instead of CNO. However, blocking the activity of SOM-INs in the deprived column,
adjacent to the spared one, led to decrease of functional plasticity of spared whisker representation.
This data suggests involvement of SOM-INs activity in barrel cortex reorganization after sensory
deprivation.
ACKNOWLEDGEMENT: Polish National Science Centre Grant to GD (2017/27/N/NZ4/02639).
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Oxytocin release in periaqueductal gray induces analgesia through long term
suppression of spinal cord neuron activity
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Oxytocin (OT) promotes analgesia through inhibition of wide-dynamic-range (WDR) neurons in the
spinal cord. However, additional OT-mediated analgesic pathways are currently unknown. We
hypothesized that the periaqueductal gray (PAG), which plays a key role in the modulation of
nociceptive input through descending pathways, could be involved in OT-induced analgesia. Using
viral approaches and a new transgenic rat line (OTR-IRES-Cre) generated with CRISPR/Cas9, we found
OTR-expressing neurons and OT fibers in the PAG. In vivo electrophysiology showed that
optogenetically-evoked axonal OT release in the PAG resulted in an overall long-lasting increase of
PAG neuronal activity, linked to an indirect suppression of spinal cord neurons activity. Intriguingly,
we found no overlap between the PAG and spinal cord OT projections suggesting two anatomically
segregated networks. These results highlight a new pathway for OT-induced analgesia and pave the
way to a better understanding of the complex analgesic action of the neuropeptide.
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A collateral direct pathway from the striatum to the GPe supports motor
control
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Aims: The striatum is the main output region of the basal ganglia and a well-established brain region
regulating motor behavior. Its neuronal projections are divided into two routes: a direct (D1) and an
indirect pathway (D2), classically depicted as having opposite effects on movement and distinct
target regions (midbrain vs. globus pallidus=GPe). Interestingly, several anatomical studies have
described the existence of axonal collaterals (“bridging collaterals”): neuronal bridges arising from D1
neurons yet contacting the target region of D2 neurons: the GPe. These bridging collaterals are
plastic in the adult animal and regulated by neuronal activity and motor training. These observations
suggest an important role for bridging collaterals in motor function. Their relevance for behavior is
however unknown, and represent the topic of our work. Methods: Here, we used a combination of
genetic targeting, in vivo calcium imaging, terminal-specific chemogenetic/optogenetic
manipulations and deep learning-based behavioral tracking (DeepLabCut) to determine the role of
D1 bridging collaterals in motor function in mice. Results: We found that bridging collaterals were
activated during specific movements in a rotarod task. Bridging collateral inhibition also decreased
locomotion and impaired rotarod performance. Recent physiology work shows that bridging
collaterals preferentially target “stop neurons” expressing Npas1 in the GPe. We here found that
stimulation of D1 neurons inhibited native Npas1 motor signals in awake behaving mice. Finally, we
found that Npas1 stimulation recapitulated the effects of bridging collateral inhibition by decreasing
locomotion and rotarod function. We propose a model by which bridging collaterals support motor
function by inhibiting Npas1 neurons in the GPe. Conclusions: Thus, D1 terminals in the GPe act in
concert with the canonical D1 terminals in the midbrain by inhibiting a “stop” signal going back to the
striatum. Future work will look into the relevance of bridging collaterals to motor disease states, such
as Parkinson’s disease.
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A neuroethological approach to the investigation of the macaque's ventral
premotor cortex
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The monkey ventral premotor cortex is deemed to play an important role in several sensorimotor
processes, in particular in the domain of space-constrained motor representations. However,
traditional approaches suffer from several limitations, mostly arising from tethered neural recording
approaches, which require physical-restrain of monkeys to make possible the connection of
intracortical electrodes via cables to the amplifiers and the recording devices. For this reason, thanks
to newly developed technologies allowing wireless neural recording, we recorded the neural activity
while the monkey could freely move within a transparent experimental room (the NeuroEthoRoom)
monitored with a system of multiple cameras synchronized with the neural signal. We designed a
setup that allows us to study and compare neuronal activity both in typical laboratory settings and in
unconstrained, freely moving conditions.
Although preliminary, our findings open new ways to investigate the neural basis of natural primates’
behaviors.
Supported by the European Research Council grant WIRELESS (678307) to L.B.
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Transformation of neural coding for vibrotactile sensation along the
ascending somatosensory pathway
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Perceiving substrate vibrations is a fundamental component of somatosensation. In mammals, action
potentials fired by Pacinian corpuscle afferents are known to reliably time lock to the cycles of a
vibration (from 100 to 600 Hz). However, little is known about how this precise timing information is
processed in the rest of the central nervous system. We recently found that neurons in the
somatosensory cortex of mice encode vibration frequency with a rate code tuned to a preferred
value. Such surprising feature-selective rate coding raises an important question: how are cyclically
entrained action potentials (a temporal code), in afferents of peripheral mechanoreceptors,
transformed along the ascending neuraxis into a rate code in the cortex? Here, we traced this
transformation with electrophysiological recordings and two-photon calcium imaging along all stages
of the ascending somatosensory pathway: primary sensory afferents (mechanoreceptors), dorsal
root ganglia, dorsal column nuclei, thalamus and cortex. First, recordings from nerve fibers of
primary sensory neurons in lightly anesthetized mice showed that rapidly adapting mechanosensitive
units (RAII) display phase-locked spiking for vibrations up to 2000 Hz and some can respond to
vibrations over 3000 Hz. This precise temporal code was also found in dorsal column nuclei, but not
in thalamus. Second, diverse V-shaped vibrotactile sensitivity curves could be derived from RAII
responses and their combination closely resembled perceptual threshold curves obtained with
behavioral experiments. Finally, calcium imaging in dorsal column nuclei revealed that there could be
a topological organization of vibration frequency related to the somatotopic arrangement. Taken
together, by comparing the neural codes at different stages of the somatosensory pathway, we
discovered that major neural signal transformations occur between dorsal column nuclei and
thalamus. This finding allows modeling the underlying computational principle to reveal novel
features of vibrotactile sensation.

On-Site Poster Number: 38
Session (On-Site): Sensory & Motor Systems
Sunday, September 5th 2021, 10:00-11:30am

The sleepless heart: Cardio-audio synchronization prompts cardiac surprise
response in human wakefulness and sleep.
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Research investigating the relationship between exteroceptive and interoceptive (i.e. from outside
and inside the body) stimulus processing has revealed an important role of bodily signals in
explaining cognitive phenomena ranging from regularity processing to perceptual awareness. In
particular, the comparison of neural responses to sounds occurring in synchrony or asynchrony with
the ongoing heartbeat suggests that regularities established across interoceptive and exteroceptive
signals can induce temporal prediction of incoming sounds. As neural monitoring of the heartbeat is
essential for survival, taking advantage of the temporal cue provided by these signals may represent
one essential mechanism for anticipating sudden and potentially dangerous threats.
Here, we investigated whether heartbeat based sensory regularity processing depends on conscious
awareness of stimulus regularity. We recorded continuous electroencephalography and
electrocardiography in the same healthy volunteers (N=26) during wakefulness and sleep while
presented with isochronous auditory sequences or in synchrony and asynchrony to the ongoing
heartbeat. Regularity processing was investigated by analysing whether interbeat intervals were
affected by the omission and by the auditory regularity type. Repeated measures ANOVAs with factor
‘auditory condition’ (three levels) and ‘order’ (four levels, before, during, and two after the omission)
revealed an interaction during wakefulness (F=13.7,p<0.0005), NREM sleep (F=10.3,p<0.0005) and
REM sleep (F=3.16,p=0.007). Post-hoc analyses revealed that only omissions in the synchronous
condition produced a long-lasting heartbeat deceleration (p < 0.0005) during NREM and wakefulness.
Unfulfilled predictions in cardio-audio regularities strongly modulate the heartbeat response in
conscious wakefulness and in deep sleep, in contrast to purely exteroceptive sensory regularities.
The absence of heartbeat modulation during REM sleep might result from the high occurrence of
dreams during which internally generated stimuli compete with auditory regularity processing. Heart
rate monitoring provides an easily obtained and reproducible biomarker for probing predictive
processing during heartbeat based auditory regularities across conscious and unconscious states’
varieties.
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Sensorimotor and anhedonic behaviour reflect early cortico-striatal deficits in
the R6/1 mouse model of Huntington’s disease
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Huntington’s disease (HD) is a devastating hereditary neurodegenerative disorder caused by the
expansion of a CAG repeat within exon 1 of the HTT gene and characterized by motor, cognitive and
psychiatric disturbances. HD pathology is defined by a progressive disconnection of the corticostriatal pathway which appears before major motor symptoms. Particularly, the R6/1 mouse model
develops a neurologic phenotype involving molecular and behavioural disturbances, with cognitive
alterations appearing earlier than motor learning (12 weeks of age) and motor coordination
impairments (16 weeks of age), mimicking the development of the disease. Based on previous results
from our group in which different cortical and subcortical areas showed reduced functional
connectivity in magnetic resonance images from the striatum of HD mice, we aimed to explore how
distinct cortico-striatal functions are altered in HD. We evaluated somatosensory and fine motor
function, related to the performance of sensory and motor cortices, using the adhesive removal test
(ART), and anxiety and compulsive behaviour, linked to orbitofrontal regions, using the marble
burying test (MBT) in 8 to 16 weeks old mice. An increase in the removal time uncovers fine motor
deficits from 8 weeks of age. Our results in the ART also show a potential benefit of training in early
stages of the disease as differences in the removal time tend to disappear at 12 weeks after 4 weeks
of testing. Strikingly, R6/1 mice barely bury marbles in MBT also from 8 weeks of age which may be
exhibiting an apathic/depressive behaviour in these mice, a trait that is commonly observed in
human patients. All together, these results disclose motor and psychiatric symptoms related to
distinct cortico-striatal impairments appearing in early stages of the disease, before motor
coordination and learning disturbances appear, which would help the detection and monitoring of
HD.
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Mapping the Scene and Object Processing Networks by Intracranial EEG
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Aims: Functional imaging studies have identified various brain areas that contribute to visual analysis,
recognition, and processing of objects and scenes: primarily the occipital place area (OPA),
parahippocampal place area (PPA), the retrosplenial complex (RSC) and lateral occipital complex
(LOC). Only two of these areas, namely the PPA and LOC, were verified and further characterized by
intracranial electroencephalogram (iEEG), with high temporal and anatomical resolution. In the
current study, we aimed to expand on previous reports and examine brain activity selective for
scenes and objects in the broadband gamma frequency (50 - 150 Hz).
Methods: We collected iEEG data from 27 patients undergoing intracranial monitoring for surgical
treatment of medically refractory focal epilepsy while watching a series of images containing objects
and scenes. We identified 375 bipolar channels responding to at least one of these two categories.
Results: Beyond the previously described areas, we found iEEG responses in two other sceneselective areas, namely the OPA and RSC, that electrophysiological studies have not previously
reported. Moreover, our results reveal a broad network for scene-selective processing in the anterior
temporal lobe and an object-selective processing network in the parietal, frontal, and temporal
cortices, analyzed with a high time resolution.
Conclusions: Our report provides the initial description of this large-scale network and, thus,
contributes to a better understanding of visual processing in the human brain. This project was
supported by GACR grant 19-11753S and RVO: 67985823
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Failing to forget: Cortisol reactivity drives stress-induced impairment in
suppression-induced forgetting
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Suppressing unwanted memories facilitates forgetting. This, to some degree, enables us to control
which memories we remember and which we forget. Previous studies have demonstrated that acute
stress impairs suppression-induced forgetting, although which mechanism of the stress response
causes this impairment remains unclear. The aim of the current study was to investigate the role of
stress-induced cortisol reactivity on the ability to suppress unwanted memories. To this end, 87
healthy participants were exposed to the stress or control version of the Maastricht Acute Stress Test
(MAST). Thereafter, participants performed the Think/No-Think task, in which they had to either
retrieve or suppress memories of previously learned film scenes. Suppression-induced forgetting was
then determined from the results of the final recall test and compared between three groups: nostress controls, stress-exposed cortisol responders and cortisol non-responders. Results showed that
acute stress impaired the ability to forget. Interestingly, this effect was only observed in cortisol
responders. The current work expands on previous findings by demonstrating that the stress-induced
impairment observed in suppression-induced forgetting is driven by cortisol reactivity. These findings
provide insight into the role of cortisol in the ability to control unwanted memories, which may have
considerable implications for understanding stress-related psychopathologies.
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K-ATP channels link mitochondrial (dys)function to neuronal excitability in
the Nucleus Accumbens
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Increasing evidence from rodent and human studies supports the contribution of brain mitochondria
and bioenergetics to anxiety-related disorders and depression. Previous work from our group has
demonstrated that mitochondrial respiratory capacity in the nucleus accumbens (NAc) correlates
with trait anxiety in rodents, and that acute pharmacological manipulation of mitochondrial
complexes in the NAc alters the outcome of social competition between conspecifics (Hollis et al.,
2015). Here, we investigated the ionic mechanisms whereby acute mitochondrial manipulation
impinges on NAc excitability. In patch clamp recordings from mouse slices, we found that exposure
to the mitochondrial complex I inhibitor rotenone (100 nM) decreased the firing frequency and
increased the rheobase (~50% change) of medium spiny neurons (MSNs) in NAc shell, without
affecting the excitability of cholinergic interneurons, nor altering excitatory and inhibitory synaptic
inputs onto MSNs. The effects of rotenone were reduced when augmenting the intracellular
concentration of ATP, suggesting that the modulation of MSN excitability depends on an ATPsensitive mechanism. Fluorescent in situ hybridization revealed that MSNs express ATP-dependent
K+ (K-ATP) channels containing the Kir6.2 subunit. Notably, K-ATP channel blockade by Glibenclamide
(0.02 mM) boosted MSN firing and completely reverted the cellular effects of rotenone. To probe
whether complex I dysfunction alters the repetitive engagement of accumbal MSNs required in
effort-related tasks, we exposed mice to the forced swim test. Local infusion of rotenone significantly
increased the floating time, thus promoting the adoption of a passive-coping behavior typical for
depression-like states. Local infusion of Glibenclamide reverted the effects of rotenone by
normalizing the floating time to levels measured in vehicle-infused mice.
These results indicate that K-ATP channels act as fast ionic sensors translating mitochondrial activity
into MSN responsiveness, suggesting a novel target to rescue the behavioral consequences of NAc
mitochondrial dysfunction in anxiety-related disorders and depression.
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Reconceptualising resilience within a translational framework is supported by
unique and brain-region specific transcriptional signatures in mice
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Chronic social defeat (CSD) in mice has been increasingly employed in experimental resilience
research. Particularly, the degree of CSD-induced social avoidance is used to classify animals into
resilient (non-avoidant) versus susceptible (avoidant). Inspired by human data pointing to threatsafety discrimination and responsiveness to extinction training of aversive memories as
characteristics of resilient individuals, we here describe a translationally informed stratification which
identified three phenotypic subgroups of mice following CSD: the Discriminating-avoiders,
characterised by successful social threat-safety discrimination and successful extinction of social
avoidance; the Indiscriminate-avoiders, showing aversive response generalisation and resistance to
extinction, and the Non-avoiders displaying impaired aversive conditioned learning. Furthermore,
supporting the biological validity of our approach, we uncovered subgroup-specific transcriptional
signatures in classical fear conditioning and anxiety-related brain regions. Our reconceptualisation of
resilience in mice refines the currently used dichotomous classification and contributes to advancing
future translational approaches.
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Deletion of FKBP51 in POMC cells shapes the stress response and whole-body
metabolism
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There is increasing evidence of a high co-morbidity of metabolic and mental health disorders, but the
underlying mechanism linking these disorders is largely unresolved. The co-chaperone FKBP51 is a
very promising candidate in this context, as it has previously been genetically and functionally linked
to metabolic and psychiatric disorders and plays a central role in the regulation of the stress system,
which is a common risk factor for both disorders. Furthermore, FKBP51 was shown to be expressed
in POMC-positive cells, which play a key role in metabolic control in the arcuate nucleus (ARC) and
are also central in mediating the body’s stress response in the pituitary gland. We therefore here
tested the hypothesis that FKBP51 expression in POMC-positive cells may be causally involved in the
regulation of stress and metabolism.
Using a PomcFkpb5-/- knockout line or virally-mediated region-specific FKBP51 overexpression, we
assessed the standard diet (SD) and high fat diet (HFD) induced metabolic phenotypes as well as
basal and stress-induced hypothalamic-pituitary-adrenal (HPA) activity.
Our results confirmed that lack of FKBP51 in POMC cells of the pituitary leads to an enhanced
Glucocorticoid receptor (GR)-mediated negative feedback and thereby a suppression of HPA axis
function. At the same time, deletion of FKBP51 in POMC neurons of the ARC is driving resistance to
diet-induced weight gain, which is independent of food intake.
Taken together, our data underline the cell type specific effects of FKBP51 in regulating the stress
response and metabolism and position this protein as a promising molecular player and
pharmacological target that acts at the interface of metabolism and stress related physiological
changes.

On-Site Poster Number: 46
Session (On-Site): Stress & Anxiety I
Sunday, September 5th 2021, 10:00-11:30am

The impact of anxiety on the neural signature of Theory of Mind
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Theory of Mind (ToM) plays a fundamental role in our social life as it enables us to take the
perspective of others. Previous fMRI investigations of the neural underpinnings of this social capacity
have identified a network consisting of TPJ, mPFC, precuneus, and VLPFC that supports the
computations underlying ToM. While many cognitive processes, such as memory and attention, are
impaired under anxiety, it is to date unclear how anxiety affects the social cognitive processes
involved in ToM. We aimed to fill this gap by adapting the false belief task, which participants
completed under anxiety while also undergoing fMRI. Specifically, participants read vignettes that
involve false beliefs of others while either under threat of shock, or while in a safe control condition.
Our fMRI results reveal two main effects: (1) the main effect of belief (belief > outcome) identified
the canonical ToM network consisting of bilateral TPJ, dmPFC, precuneus, and bilateral temporal
pole; (2) the main effect of threat identified suppressed activity (safe > threat) in bilateral TPJ,
bilateral IFG and putamen. A conjunction analysis between the two main effects indicates that
activity in bilateral TPJ and IFG reflects false belief processing, and, at the same time, was suppressed
by the threat of shock. Furthermore, people with high and low dispositional prosociality showed an
entirely opposite dmPFC response to the affective adversity during mentalizing. Functional
connectivity analysis identified stronger connectivity in the false belief relative to the outcome
condition between the seed in left TPJ and targets in posterior cingulate cortex, left middle temporal
gyrus, and dmPFC. Moreover, the connectivity between left and right TPJ was suppressed by the
threat of shock. Taken together, our results indicate that incidental anxiety significantly disrupted the
integrity of the theory of mind network by specifically suppressing activity and connectivity of the left
TPJ.
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Impact of mitofusin 2 in the nucleus accumbens on motivated behavior and
underlying neurobiological mechanisms
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Mitochondrial dysfunction is increasingly being implicated in the aetiology of psychiatric disorders,
but the underlying cellular and molecular mechanisms have not been fully identified. Previous work
in our lab has established a link between trait anxiety and the expression of the mitochondrial fusion
protein mitofusin 2 (Mfn2) in the nucleus accumbens (NAc) (Gebara et al., 2020), a part of the ventral
striatum essential for motivation and goal-directed behavior. Here, we investigated the
consequences of downregulating Mfn2 levels in the NAc for motivated behavior, dendritic structure
and synaptic physiology of NAc medium spiny neurons (MSNs).
To downregulate Mfn2 in D1-MSNs, we employed a tamoxifen-dependent mouse line (Mfn2lox/loxDrd1aCreERT2) to induce conditional mfn2 knockout. In a second set of experiments, mfn2
downregulation in D1-MSNs in NAc was induced by infusion of a viral vector (AAV1-Dyn-Cre) in the
NAc shell of Mfn2lox/lox mouse line. Then, we evaluated animals’ performance in the forced swim
test, an effort-based motivation task. The results showed that Mfn2 deletion in NAc D1-MSNs
promotes the adoption of passive coping behaviors, as indicated by increased immobility. This was
associated with a decreased activation of NAc shell neurons during the task, as revealed by cFos
mapping. In ex vivo electrophysiological recordings, we found that -as compared to wild-type D1MSNs- D1-MSNs with mfn2 deletion show higher intrinsic excitability, reduced excitatory synaptic
inputs and reduced dendritic complexity.
These results indicate that Mfn2 downregulation impacts the morphology and electrophysiological
properties of accumbal D1-MSNs, leading to impaired engagement of the NAc during effort-related
behavior. Our findings can illuminate the understanding of the mechanisms underlying motivational
disorders and pave the way for the development of novel treatment strategies to depression.
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A gender-dependent association of Methyl-CpG binding protein 2 expression
with symptoms of stress-related disorders is mediated by adverse
experiences in childhood
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Background: numerous mental illnesses arise following stressful events in vulnerable individuals,
with females being generally more affected than males. Adverse childhood experiences are known to
increase the risk of developing psychopathologies, and DNA methylation was demonstrated to drive
the long-lasting effects of early life stress and promote stress susceptibility. Methyl-CpG binding
protein 2 (MECP2), an X-linked reader of the DNA methylome, is altered in numerous mental
disorders of stress origin, suggesting MECP2 as a promising marker of stress susceptibility.
Aim: the present work aims at exploring whether peripheral MECP2 expression marks increased
vulnerability to stress-related disorders in healthy men and women.
Methods: MECP2 mRNA levels were analyzed in blood samples from 63 people with no history of
mental health disorders. Childhood adversities and present symptomatology pertaining to depressive
and anxiety symptoms clusters were evaluated through self-reports. Structural Equation Modeling
was used to test the hypothesis that MECP2 expression associates to stress-related symptomatology
via the mediation of childhood adversities.
Results: gender moderates MECP2 association to depressive and anxiety symptoms via the mediation
of childhood adverse experiences. Indeed, despite MECP2 levels were overall increased in women
compared to men, decreased MECP2 expression was associated to more severe childhood
experiences and increased trait anxiety and depressed mood especially in females.
Conclusion: present results suggest a gender-specific modulation of MECP2 expression upon
childhood adversities, that supports vulnerability to suffer from symptoms of stress-related
disorders, and shed new light on the complex biology underlying gender bias in stress vulnerability.
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Individuals with blunted cortisol responsiveness to a laboratory stressor
display low fear conditioning responses
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There are important individual differences in the physiological stress responsiveness to psychosocial
stressors. Studies based on the delivery of laboratory stressors typically find a percentage (around
15%, depending on studies) of subjects that show blunted cortisol levels as opposed to a larger
proportion of subjects that mount a more ‘normative’ cortisol response. Here, we aimed at
characterizing potential differences between these two types of participants in a fear conditioning
and extinction (early recovery) paradigm. To this end, we probed an in-house database from a larger
study, in which participants visited our laboratory in two separate days (fear conditioning on day 1,
stress exposure in virtual reality on day 2). Our cohort contained 85 healthy male participants split
into cortisol responders (N=40) and non-responders (N=45) according to their cortisol changes
between successive saliva samples obtained during experimental day 2: if their cortisol changes did
not rise above the 1.5nmol/L threshold, participants were defined as non-responders.
The fear conditioning paradigm consisted of 4 blocks: habituation, 2 acquisition phases and
extinction. Significantly lower skin conductance responses (SCRs) were observed across all trials and
to both conditioned stimuli (CS+/CS-) in cortisol non-responders. In particular, compared to
responders, cortisol non-responders showed a more accentuated SCRs reduction in response to CS+
from the second acquisition block onwards, displaying signs of early recovery. Furthermore, cortisol
non-responders felt significantly less anxious about the CS+ when asked to rate their feelings
following extinction training.
Our results support recent interpretations of the psychobiological phenotype of healthy subjects
showing blunted or low cortisol responses to laboratory stressors pointing at a more efficient coping
and early adaptive recovery. Further studies are warranted to investigate this hypothesis and
interrogate the neurobiological correlates underlying rapid physiological recovery to stressors.
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Astrocytic differences in the nucleus accumbens relate to natural variation in
trait anxiety
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The nucleus accumbens (NAc), a brain region involved in reward and motivation, is implicated in the
regulation of anxiety-related behaviors. Astrocytes are powerful modulators of neuronal activity, and
their localization around blood vessels is important for brain metabolism. In this study, exploiting
natural phenotypic variation in anxiety-like behaviors in outbred Wistar male rats, we aimed at
investigating anxiety-related differences in astrocytic features in the NAc. We classified animals as
high (HA) or low anxious (LA) according to the time spent in the open arms of the elevated plus maze.
We assessed astrocyte’s morphology using GFAP immunostaining and did not find morphological
differences. However, gene expression analyses indicated a significant decrease in the expression
levels of Aquaporine 4 (Aqp4) in HA animals. Aqp4 is specifically expressed at the level of astrocytic
endfeet around blood vessels. Therefore, we asked whether HA and LA animals show differences in
blood brain barrier (BBB) permeability. Using Evan’s Blue injections, we observed higher blood
vessels’ permeability in the NAc of HA animals. Using electron microscopy, we observed a lower
number of endfeet processes around blood vessels in the NAc of HA animals. Furthermore, we
observed a lower number of contacts between the mitochondria and the endoplasmic reticulum in
those endfeets. Therefore, we show differences in the coverage of blood vessels by astrocytic
processes, and in the associated BBB permeability, as a function of individuals’ anxiety. Our findings
suggest that alterations in accumbal astrocytes may contribute to the vulnerability of high anxious
individuals to develop depression phenotypes.
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PHARMACOLOGICAL STIMULATION OF THE SEROTONIN RECEPTOR 7 RESCUES
PTSD-LIKE BEHAVIOURAL ALTERATIONS IN MALE MICE CARRYING A
TRUNCATED FORM OF MECP2
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Introduction: Post-traumatic stress disorder (PTSD) is a chronically impairing mental disorder,
occurring after the exposure to a traumatic event, characterized by intrusive memories, persistent
avoidance of trauma-related stimuli and hypervigilance. Current interventions display a high degree
of resistance or relapse. The serotonin (5-HT) system has been proposed to play a fundamental role
in dealing with stressful situations. In particular, the serotonin receptor 7 (5-HT7R) is clearly involved
in endocrine and behavioural responses undertaken to cope with stress, and in brain structural
changes related to memory processes, but its role in PTSD has not been investigated yet.
Aims: we sought to evaluate the effects of 5-HT7R pharmacological stimulation on PTSD-like
behavioural alterations in mice carrying a truncated form of the methyl-CpG binding protein 2
(MeCP2), an X-linked epigenetic modulator whose altered functionality seems to confer vulnerability
to develop PTSD-like symptomatology after trauma exposure.
Methods: male mice carrying truncated MeCP2 (MeCP2-308) and wild-type (wt) controls were
systemically treated with the 5-HT7R agonist LP-211 for 7 days (0.25 mg/kg/day), 24 hours after the
trauma (0.8 mA unescapable footshocks). Mice were tested for acquisition and retention of the
traumatic memory (Day 1 and 7 of treatment) and for avoidance of trauma-related stimuli (Day 6).
Results: Trauma-exposed MeCP2-308 mice generalized fear, as they performed freezing when
exposed to a novel, non-threatening context. Consistently, despite the absence of proper avoidance
of trauma reminders, traumatized MeCP2-308 mice exhibited fear regardless of the presence of
trauma-related stimuli in the avoidance task. LP-211 treatment rescued both aberrant behaviours,
normalizing the freezing response in either circumstances.
Conclusions: Present data provide novel evidence of a potential involvement of 5-HT7R in PTSD
vulnerability and suggest that 5-HT7R agonism might prove beneficial for counteracting fear
generalization, a maladaptive memory-related process typically observed in PTSD. Further studies are
needed to clarify the involved mechanisms.

On-Site Poster Number: 52
Session (On-Site): Stress & Anxiety I
Sunday, September 5th 2021, 10:00-11:30am

Mitochondria, adult hippocampal neurogenesis, and anxiety
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In the adult mammalian hippocampus, new neurons arise from stem and progenitor cell division, in a
process known as adult neurogenesis. These new granule neurons have been linked to behaviors
depending on hippocampal function, such as spatial navigation, learning, anxiety, stress regulation,
and social cognition.
Adult hippocampal neurogenesis is increased by antidepressants, and is required for some of their
behavioral effects. However, it remains unclear whether expanding the population of adult-born
neurons is sufficient to affect anxiety and depression-related behavior.
Moreover, emerging evidence indicates that mitochondria can regulate stem cell fate decisions and
are crucial for adult neurogenesis However, the roles of mitochondrial proteins or functions in adult
neurogenesis remain barely investigated.
In this study, we aimed at understanding the molecular mechanisms that link basal anxiety with
differences in mitochondrial function in stem cells and newly generated neurons in the dentate gyrus
of the hippocampus. We found that expression levels of mitofusin 2 (MFN2), a mitochondrial
membrane protein that participates in mitochondrial fusion and contributes to the maintenance and
operation of the mitochondrial network, are altered in high anxious animals. These findings are
observed along with changes in mitochondrial function and morphology, along with a dysregulation
of adult neurogenesis.
The identification of the molecular mechanisms linking high anxiety with impaired neurogenesis will
advance our understanding of the neuropathology underlying stress-related disorders.
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The role of brain mitochondrial function in postpartum depressive-like
behavior in rats
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AIMS: While postpartum depression (PPD) is the most common complication of childbirth, affecting
20% of mothers, it remains an understudied psychiatric illness. The precise mechanisms underlying
the pathology of PPD remain unclear, although many proposed mechanisms share a link with
mitochondria. These highly dynamic organelles function in various cellular processes including energy
production. Mitochondria are linked to trait anxiety and affected by stress, a major risk factor for
PPD. Considering the importance of mitochondria in regulating brain function and behavior, we
sought to identify mitochondrial dysfunction as a potential contributor to behavioral changes in a
stress-induced rat model of postpartum depression.
METHODS: Using a late-gestation chronic mild unpredictable stress (CMUS) paradigm, we induced
depressive-like behaviors in adult postpartum female Wistar rats. Depressive- and anxiety-like
behaviors were measured in the early postnatal period using sucrose preference test (SPT), elevated
plus maze (EPM), and forced swim test (FST). Maternal care was assessed using a pup retrieval task.
Immediately following euthanasia on postnatal day 11, mitochondrial respiratory function was
measured in prefrontal cortex (PFC), nucleus accumbens (NAc), and cerebellum (Cb).
RESULTS: We report that pregnant stressed (PS) dams exhibited behavioral differences in maternal
care, sucrose preference, and forced swim test compared to controls. Interestingly, gestational stress
decreased coupled respiration and maximum respiratory capacity in the PFC, but not the NAc or Cb
of PS dams.
CONCLUSION: Our findings highlight an association between PFC mitochondrial respiratory activity
and depressive-like behaviors following gestational stress. Further experiments will determine the
nature of this association.
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Prenatal stress increases vulnerability to PTSD-like memory
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Life events in childhood, experienced as early as during in utero life, play a pivotal role in shaping
adult behavior, and both clinical studies and experimental data obtained in animal models have
shown that exposure to prenatal stress (PS) could constitute a developmental risk factor for
psychiatric disorders, with behavioral features reminiscent to those of post-traumatic stress disorder
(PTSD).
One of the cardinal feature of PTSD is a paradoxical pattern of memory with hypermnesia for salient
traumatic cues not necessarily predicting the trauma and amnesia for peritraumatic contextual cues,
suggesting that a deficit in trauma contextualization might be involved. Furthermore, it has recently
been proposed that alteration in contextual pattern separation (i.e. an inability to form different
memories of similar episodes using contextual cues), which depends on adult neurogenesis, could
contribute to this abnormal memory profile of PTSD patients.
Altogether, this led us to examine the impact of PS in mice in a fear paradigm allowing to evidence
PTSD-associated memory disturbances, and to analyze the contribution of adult neurogenesis in the
PS-induced phenotype. We used optogenetics to target and activate 6-weeks old newborn neurons
when the mice were exposed to the fear paradigm in a specific context. We then measured the
effects of this stimulation on freezing behavior when the mice were re-exposed to the conditioning
context or to a neutral context. We report that PS mice exhibit a PTSD-like aberrant memory profile
after conditioning, while control mice develop a normal fear memory. Activating adult born neurons
prevents the memory decontextualization seen in PS mice while it has no effect in control mice.
In conclusion these results indicate that PS alters trauma contextualization, hence increasing the risk
of developing a PTSD-like memory, and that acting on adult-born neurons activity could help
restoring some of the induced impairments.
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The bidirectional action of EMF on HPA axis activity
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Existing data indicate that the exposure to EMF may count as a mild stress situation and could be a
risk factor in the development of disturbances of brain stress system: hypothalamo–pituitary–
adrenal (HPA) axis.
The research was aimed at evaluating the bidirectional action of EMF on the main stress system - the
hypothalamic–pituitary–adrenal (HPA) axis depending on its level. Old male Wistar rats were divided
into 3 groups: 1) animals exposed to EMF of 1 mT or 2) of 7 mT and 3) control animals subjected to
the same procedure except EMF exposure.
The periods of exposure to EMF (each: 7-day exposure; 1h a day) were repeated 3 times every 3
weeks. The changes in hormones and their receptors level were determined in the following
structures and tissues: in hippocampus, hypothalamus, pituitary gland, adrenal glands and plasma.
All parameters were analysed after each period of exposure (3 times) to evaluate the direction and
dynamics of changes in their levels.
A single exposure to EMF with a value of 1 mT resulted in a slight increase in HPA axis activity,
however, after each subsequent exposure the level became similar to control level. It may indicate
that EMF of low intensity activates some endogenous adaptive processes. EMF of 7 mT led to
sustained stimulation of stress systems activity which was higher with each next exposure, indicating
that EMF with this value exceed the organisms’ adaptation abilities.
EMF depending on its strength can drive the compensatory processes or can lead to disruption of
intracellular homeostasis towards the increase of vulnerability to a subsequent stress event.
Research supported by project No. 2017/25/B/NZ7/00638 National Science Centre, Poland and
project no. POWR.03.05.00-00-Z302/17 Universitas Copernicana Thoruniensis In Futuro, a part of the
programme Knowledge Education Development
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Early-life stress exposure and connectome development in preterm born
infants: mechanisms for resilience and vulnerability
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Excessive stress disrupts the developing brain's architecture and is associated with a marked increase
in stress-related disorders. The current study uses a developmental approach to assess alterations in
brain development following preterm birth to provide essential insights into how neurological
alterations caused by a stressful extra-uterine environment may hold relevance for the susceptibility
to manifest internalizing symptoms during early childhood.
Brain connectivity was reconstructed based on diffusion tensor imaging and tractography in a
population of preterm-born infants (gestational age <28 weeks) at 30 and/or 40 weeks of gestation
(N = 133, 45.9% female). Early-life stress was computed based on the number of invasive procedures
in the first two weeks of life. We assessed internalizing symptoms at 2 or 5 years of age in a
subsample of individuals (n = 91, 42.7% female; Child Behavioral Checklist). Using the residualization
approach, we classified individuals as resilient (stressor under-reactive) or vulnerable (stressor overreactive).
First, the analysis revealed a significantly connected sub-network of affected white matter pathways
involving 32 connections. These white matter pathways showed a slower growth from 30 to 40
weeks of gestation for infants exposed to higher stress levels. Second, we identified a small subset of
nodes showing alterations in edge-wise centrality measures in vulnerable compared to resilient
individuals. Follow-up analysis showed that network architecture significantly moderated the
relationship between early-life stress and future internalizing symptoms. Third, we found that global
and local network measures at term-equivalent age could reliably predict future group membership
with 96% cross-validated accuracy.
Our findings show that extra-uterine stress is associated with significant alterations in structural
connectivity in the neonatal brain, subsequently rendering infants vulnerable to develop internalizing
symptoms during early childhood. These results may aid the early identification of preterm infants at
risk for developing psychopathology.
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Coping with Stress Engages Distinct Mechanisms in Male and Female Rats
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Instrumental control over stress blunts many of the neurochemical and behavioral outcomes that
typically follow exposure to physically identical uncontrollable stress. Current evidence indicates that
the stress buffering effects of control require engagement of a cortical-striatal ‘action outcome
circuit’; involving the prelimbic cortex (PL) and dorsal medial striatum (DMS). Interestingly, the
protective effects of control are completely absent in females. Here we demonstrate that female rats
acquire the instrumental controlling response through a dorsal lateral striatum (DLS) ‘habit’ system
without the involvement of the PL. Following intra-DLS excitotoxic lesions, control over stress
provided protection in females. Given stress induced catecholamines can impair prefrontal cortex
function, in vivo micro dialysis was used to measure catecholamine levels in both males and females
during stress exposure. Behavioral control potently reduced prefrontal dopamine levels in males but
had no effect in females, in which dopamine remained elevated. Subsequent fluorescent in situ
hybridization revealed that PL GABA interneurons preferentially express the D1 receptor subtypes,
independent of sex. Intra-PL infusions of the D1 antagonist SCH-23390 (0.5μl / hemisphere) led
behavioral control to be protective in females. These findings suggest that stress induced PL
dopamine may bias females to acquire coping responses with an instrumental learning system
insensitive to action-outcome relationships. Furthermore, reduced benefit from coping responses
may present a novel approach for understanding differential sex prevalence in stress related
psychiatric disorders.
Funding acknowledgements: R21 MH116353 (MVB), R01 MH050479 (SFM)
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Sweetener load prior to acute stress does not affect post-stress hunger, but
increases desire to eat compared to sucrose load in fasted women
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Stress has been discussed to affect eating behaviour, and modulate hunger and food craving (desire
to eat independent of hunger). Further, there has been an ongoing debate on how the use of noncaloric sweeteners affect these internal states. So far, it is unclear whether sweeteners affect hunger
and desire to eat ratings in times of acute stress.
We investigated this question using a sample of N=98 women (mean_age=21.28, sd_age=2.64) who
participated in the study in groups of two to four. After an overnight fast
(mean_fasting_duration=12.87h), participants were randomly assigned to either consume a drink
containing sugar (saccharose; n=52), or an equally sweet drink containing sweetener (stevia; n=46).
Subsequently, they were exposed to a modified version of the Trier Social Stress Test for Groups.
During stress recovery, participants rated their hunger and desire to eat using the Food Craving
Questionnaire (state version). Throughout the session, physiological stress reactivity (cortisol, alpha
amylase and heart rate) and blood glucose levels were assessed. We expected that hunger and desire
to eat would be increased after sweetener as compared to sugar load, and that blood glucose
changes after drink consumption would be negatively related to hunger and desire to eat. We tested
these hypotheses using multiple linear regression models, while controlling for fasting duration.
Hunger ratings after acute stress were neither affected by the consumed drink, nor by drink-induced
changes in blood glucose levels. However, desire to eat after the stressor was higher after sweetener
as compared to sugar load, even when controlling for fasting duration. Accordingly, low blood
glucose changes after drink consumption significantly predicted desire to eat.
These preliminary findings, along with further results will be presented and discussed in the light of
the strengths and limitations of our study.
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Fear extinction impairments and sleep abnormalities in rats selected for
blunted glucocorticoid responsiveness
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Humans show inter-individual differences in vulnerability to develop post-traumatic stress disorder
(PTSD) following exposure to traumatic events. Although low cortisol levels have been linked to PTSD
pathophysiology, whether inter-individual differences in glucocorticoid responsiveness are
implicated in the development of PTSD is still unclear. We have addressed this question in lines of
Wistar rats genetically-selected for their differential habituation of glucocorticoid responses to stress
and focused on fear extinction as one of the key features typically impaired in PTSD. We observed
that rats with blunted corticosterone responsiveness to stress exhibit strong deficits in the
consolidation of fear extinction, as compared to rats with ‘normative’ glucocorticoid responses.
Notably, similar to PTSD patients, rats with blunted corticosterone responsiveness exhibit smaller
hippocampi, regardless of trauma exposure. Given that glucocorticoids are known to modulate
distinct hippocampal memory consolidation processes in sleep and wakefulness, and that sleep is
frequently disrupted in PTSD patients, we examined sleep/wake rhythms through polysomnographic
(EEG/EMG) recordings. We found that rats with blunted corticosterone responsiveness display an
altered sleep architecture, with longer bouts of REM sleep. In addition, immediately following fear
extinction training, they did not show the increase in the time spent in REM sleep observed in
normative corticosterone control rats, also reported in the literature as critical to support extinction
consolidation. Finally, we tested the causal involvement of corticosterone in the fear extinction
consolidation, and found that post-extinction corticosterone treatment markedly prevents their
deficits in extinction memory and attenuates fear relapse. Our findings strongly support an
involvement of blunted glucocorticoid responsiveness in the biobehavioral traits that provide higher
vulnerability to PTSD, supporting a causative role of low glucocorticoid levels in the establishment of
PTSD pathophysiology.
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Olfactory bulbectomy induces hyperlocomotion and mechanical allodynia
associated with astrogliosis in the rat
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Major depression disorder (MDD) induces a constellation of behavioral deficits including locomotor
disturbances as well as pain in the human being. A working hypothesis of MDD include immunologic
activation induced by astrogliosis in the central nervous system (CNS). Moreover, olfactory system
dysfunction has been associated with major depression in humans and olfactory bulbectomy (OBX) is
a well-known model of depression-related behavior in rodents. In the present study, we aimed to
investigate whether OBX induced hyperlocomotion and mechanical allodynia and evaluate possible
astrocyte remodeling in male rats. To measure locomotor behavior, we used the open field tests
(OFT). In the OFT, we also measured horizontal behaviors (rearing and grooming). To characterize
astrocyte remodeling, we measured the total astrocytic processes (TAP) in the hippocampus and
basolateral amygdala (BLA) in the CNS. OBX rats presented hyperlocomotion and increased rearing
and grooming in the OFT interpreted as a failure of adaptation to novel environment. Moreover, the
OBX rats also displayed mechanical allodynia in both paws evaluated. The number of astrocytes was
increased as well as the TAP in the BLA in the OBX rat. These results add further support to the
validity and usefulness of the OBX rat as a model of depression.
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Mobile brain imaging of active landmark-based navigation using immersive
virtual reality and high-density EEG
Delaux A1 de Saint Aubert J1 Ramanoël S1 Bécu M1 Gehrke L2 Klug M2 Chavarriaga R3,4 Sahel J1,5,6
Gramann K2 Arleo A1
1

Sorbonne Université, INSERM, CNRS, Institut de la Vision Paris France 2Institute of Psychology and Ergonomics,
Technische Universität Berlin Berlin Germany 3Center for Neuroprosthetics, Ecole Polytechnique Férérale de
Lausanne Geneva Switzerland 4Zurich University of Applied Sciences, ZHAW Datalab Winterthur Switzerland
5
CHNO des Quinze-Vingts, INSERM-DGOS CIC 1423 Paris France 6Department of Ophtalmology, The University
of Pittsburgh School of Medicine Pittsburgh United States of America

Mobility is inherent to natural navigation, but there are still few recordings of human brain activity
during active exploration of space. Since this ability requires a high level of integration between
sensorimotor, cognitive, and executive processes, the use of naturalistic experimental conditions
providing the full spectrum of sensory stimulations is essential to better understand the neural bases
of spatial behavior. However, human cortical correlates of spatial navigation have predominantly
been reported using static paradigms with strong body motion constraints. Here, following the
Mobile Brain/Body Imaging (MoBI) approach, we explored the cortical activity of actively behaving
young adults solving a Y-maze task. We performed simultaneous electroencephalographic (EEG) and
motion capture recordings combined with an immersive virtual reality setup. The presented EEG
analysis identified exploitable neural signals from a specific set of brain regions matching the stateof-the-art static imaging literature of landmark-based navigation. Expectedly, mobile spatial behavior
also involved sensorimotor areas related to motor execution and proprioception. Focusing on the
role of the retrosplenial complex during the task, we observed an alpha power desynchronization
while participants gathered visual information, consistent with its involvement in visuo-spatial
processing and coding. In line with previous evidence, we found behavior-dependent modulations of
the neural processes during navigation, like attentional demand and memory workload, identified as
transient time-frequency patterns in the cortical signal, respectively in the alpha/gamma range and
in the delta/theta range. Despite finding few differences between the encoding and retrieval phases
of the task, our results illustrate how to take advantage of the EEG fine temporal resolution to
capture the time course of neuro-behavioral correlations, as participants interact with their
environment. By successfully combining biometric measures with high-density EEG, this work paves
the way for more thorough investigations of brain areas and neural modulations subtending human
landmark-based navigation in ecological conditions.
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Exploratory preferences explain the cultural success of fictions with imaginary
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We propose that imaginary worlds in fictions co-opt exploratory preferences, a set of cognitive
preferences that have evolved in humans and non-human animals to motivate individuals to explore
new environments. Imaginary worlds are fictional superstimuli that tap into the human’s interest for
unfamiliar and potentially rewarding environments. This theory predicts that 1) fictions with
imaginary worlds should be more appealing for individuals higher in Openness to experience
(because there is empirical evidence that this Big Five personality trait is associated with exploratory
preferences), 2) such fictions should be more attractive for younger people (because young people
reap more rewards from exploratory behaviors and, consistently, there is evidence that they are
more motivated to explore novel environments) and 3) such fictions should be more successful in
more economically developed societies (because affluent ecologies lower the costs of exploration, as
predicted by behavioral ecology). We successively test these predictions with two large opencollaborative datasets, namely IMDb (N=85,855 films) and Wikidata (N=96,711 novels), and with the
Movie Personality Dataset, which aggregates averaged personality traits and demographic data from
the Facebook myPersonality Database (N=3.5 million). We provide evidence that the appeal for
imaginary worlds relies on our exploratory psychology and is therefore likely to be associated with
other exploratory behaviors. These findings support the hypothesis that cultural behaviors (e.g., the
consumption of fictions with imaginary worlds) can serve as proxies of other behaviors and cognitive
preferences at large (e.g., exploratory behaviors and preferences). Because today cultural behaviors
are highly trackable and observable, across time, across societies, and across individuals, this
contribution points to a new method that can greatly facilitate the large-scale computational
measurement of human behaviors and preferences, and that can arguably be generalized in various
domains.
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Data-driven discovery of control mechanism coordinating locomotor
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Locomotor behaviours such as walking or crawling encompass a broad spectrum of neural control
mechanisms; goal-oriented movements typically involve sensory feedback, while stereotypical ones
require minimal sensory input to maintain. Yet, stereotypy is a suboptimal indicator of the underlying
controller because stereotypical behaviours can arise from two disparate mechanisms: central
pattern generators (CPG), neural circuits which can produce self-sustained oscillations, and
decentralized reflex loops, which rely on sensory feedback to function. Distinguishing and modulating
their contribution is fundamental to understanding behaviour with possible implications to treating
motor disorders. In this talk, I will describe a data-driven theory to probe causal relationships
between limb kinematic observables, such as joint positions, from behavioural recordings of the fruit
fly, Drosophila melanogaster. Specifically, using the time series of an observable, I reconstruct a
dynamical system that maximally predicts its own future. Likewise, I use this dynamical system to
predict other observables. I find that the number of observables needed to predict other observables
can distinguish CPG and decentralized control architectures. Indeed, CPG controllers are
synchronised by direct neural couplings meaning few observables determine the complete state. In
contrast, in a decentralised controller, observables are mechanically coupled via whole-body
kinematics, hence predicting an observable is only possible from many other observables. I encode
the inferred control architectures in different behavioural scenarios as graphs where links represent
causal connections. I then use these graphs to study relations between architectures controlling fly
behaviours and inter-behavioural transition rates observed in experiments. My current work involves
optogenetic manipulation of leg mechanosensory neurons to test whether the preference for CPG or
decentralised controllers can be shifted and whether they are accompanied by corresponding shifts
in behavioural transitions.
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Idiosyncratic profiles in decision-making on the Iowa Gambling Task: A
Bayesian approach.
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Optimal decision-making is crucial for psychological wellbeing and daily-life functioning. Decisionmaking has been widely studied through different theoretical approaches and behavioural
paradigms, such as the Iowa Gambling Task (IGT). We aimed to disentangle the behavioural
mechanisms underlying decision-making when performing IGT.
Modified IGT plus sixty reversal learning trials was applied to 160 (58.75% women) students of the
University of Almeria. We applied a hierarchical and non-hierarchical clustering methods to explore
different decision-makers profiles, considering the number of choices of each deck to generate
clusters. A solution of five clusters composed of 44, 14, 22, 48, and 32 participants was found. In
order to better characterize these profiles, we applied the Value-Plus-Perseverance (VPP)
reinforcement learning model.
Bayesian mean comparisons showed different idiosyncratic response strategies for each cluster
based on different deck preferences. Hierarchical Bayesian multiple regression analyses revealed that
these preferences were driven by outcome sensitivity, loss aversion, loss impact, reinforcement
learning weight and response consistency. Moreover, a good performance was related with lower
values of reinforcement learning weight and outcome sensitivity. In the first 100 trials, higher values
of the decay parameter, which informs about how fast the perseverance strength of all decks
decrease, predicted a better performance. In contrast, good performance on reversal phases was
related with a lower learning rate, which controls how fast the recent outcomes update the expected
value.
These results remark some differences between changing and not-changing environments, and that
decision-making processes depend on several personality factors that may influence the followed
strategy in order to maximize long-term profit, which is hard to achieve even in healthy population.
Comprehending the nature of these differences may result helpful to develop novel intervention
strategies that may improve decision-making deficits in clinical and non-clinical populations.
Funding: Spanish Ministry of Science and Innovation, co-funded by ERDF funds [PID2019-108423RBI00; PID2019-110066GB-I00].
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Estimating axonal morphology in-vivo from MRI and EEG data
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The characterization of brain microstructure from in-vivo data allows the combined study of
microscopic brain changes and patient symptoms. Here, we present a novel biophysical model that
links Magnetic Resonance Imaging (MRI) and Electroencephalography (EEG) data with the
microstructure of white matter. This model allows the estimation of morphological features of axonal
bundles in-vivo, opening new avenues for the study of microscopic brain change in live individuals.
The data of interest include the MRI g-ratio (West, 2016) and the axonal conduction velocity,
estimated from an EEG measure of interhemispheric transfer time (Waxman & Bennet, 1972). With
the proposed model, both data depend on the radius and g-ratio of axonal fibers, averaged across all
axons of a white matter bundle. The axonal radius is assumed to follow a Gamma distribution with
mode and scale parameters that capture the peak and tail of the distribution, respectively.
In the current application, the dependence of the axonal g-ratio on axonal radius was taken from the
literature (Ikeda & Oka, 2012). The mode and scale parameters of the axonal radius distribution were
estimated for the trans-callosal visual tract, using a visual EEG paradigm to measure axonal
conduction velocity. The estimate of the mode, unchanged across tracts (Liewald, 2014), was used to
calculate the scale parameter of the frontal and motor trans-callosal tracts from the MRI g-ratio data
alone.
In four healthy participants, the axonal radius distribution peaked between 0.4 and 0.6 μm. The scale
parameter of the distribution, a measure of the number of large caliber axons, was higher for visual
(0.13 μm) and motor (0.18 μm) than frontal trans-callosal tracts (0.01 μm). These estimates,
consistent with histological findings, illustrate the feasibility of estimating morphological features of
axonal fibers from in-vivo data.
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A biological model relating cardio-vascular risk factors to the brain's white
matter microstructure
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There is much controversy about the mechanisms underlying the observed association between
cardio-vascular risk factors (CVRF) and brain pathology. Despite the well-established link between
micro-vascular changes, white matter (WM) “leukariosis”, behavioural and cognitive changes, our
knowledge about the underlying microstructural changes is still scarce. We sought to differentiate
between unique CVRF contributors to WM microstructure properties and relate this to underlying
neurobiological phenomena. We acquired diffusion-weighted (DWI) and relaxometry-based magnetic
resonance imaging data in a large-scale population-based cohort (n=1099, age range 46-87 years).
Brain tissue properties were assessed using relaxometry-based estimates of myelin and DWI-derived
metrics of axonal density and extracellular water content. We analysed 31 subject-specific major WM
tracts using a DWI-based segmentation tool (TractSeg). The CVRF components of our statistical
models included arterial hypertension, diabetes, dyslipidemia, body mass index (BMI), waist-to-hip
ratio (WHR) and smoking. Beyond age effects, our models showed widespread reduced myelination
and increased water content in individuals with hypertension, but no volume or axonal density
differences. High BMI and high WHR were associated with lower myelin content and tract volume,
and with higher water content and axonal density in multiple tracts. There was an interaction
between sex and myelin content, post-hoc analysis showing that the results were mainly driven by
male participants (β* between 0.25 and 0.41) and not by female participants (β* between 0 and
0.12). Fully adjusted models including APOE status, educational level, atypical and melancholic
subtypes of major depression, measured physical activity and self-reported alcohol consumption did
not substantially alter results. However, they showed that the amount of moderate-to-vigorous
physical activity was positively correlated with myelin content. Thus, CVRF-associated changes in the
WM were not indicative of axonal degeneration but rather of demyelination. The observed sex
differences could not be explained by lifetime covariates, requiring further investigation pointing
towards potential hormones-driven processes.
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Effectiveness of a smartphone-based, augmented reality exposure app to
reduce fear of spiders in real-life: a randomized controlled trial
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Although in vivo exposure therapy is highly effective in the treatment of specific phobias, only a
minority of patients seeks therapy. Exposure to virtual objects has been shown to be better
tolerated, equally efficacious, but the technology has not been made widely accessible yet.
We developed an augmented reality (AR) application (app) to reduce fear of spiders and performed a
randomized controlled trial comparing the effects of our app (six 30-min sessions at home over a
two-week period) with no intervention. Primary outcome was subjective fear, measured by a
Subjective Units of Distress Scale (SUDS) in a Behavioural Approach Test (BAT) in a real-life spider
situation at six weeks follow-up.
Between Oct 7, 2019, and Dec 6, 2019, 66 individuals were enrolled and randomized. The
intervention led to significantly lower subjective fear in the BAT compared to the control group
(intervention group, baseline: 7·12 [SD 2·03] follow-up: 5·03 [SD 2·19] vs. control group, baseline:
7·06 [SD 2·34], follow-up 6·24 [SD 2.21]; adjusted group difference -1·24, 95% CI -2·17 to -0·31;
Cohen’s d=0·57, p=0·01).
The repeated use of the AR app reduces subjective fear in a real-life spider situation, providing a lowthreshold and low-cost treatment for fear of spiders.
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Extended amygdala circuit triggers aversive responses through basal ganglia
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Corticotropin-releasing hormone (CRH) regulates neuroendocrine functions such as adrenal
glucocorticoid release and has a key role in stress-related behaviours. In addition, the corticotropinreleasing hormone receptor 1 (CRHR1) critically controls behavioural adaptation to stress and is
causally linked to stress-related emotional disorders. CRH is heavily express in structures of the
extended amygdala, including the anterior bed nucleus of the stria terminalis (aBNST) and the central
amygdala (CeA). Until recently there are reports about CRH expression in the interstitial nucleus of
the posterior limb of the anterior commissure (IPACL). However, behavioural contribution of IPACL
has been largely ignored and not much has been reported. Here we demonstrated that activation of
IPACL-CRH neurons triggers aversive responses through circuits projecting to the substantia nigra
(SN), with CRHR1 signalling from globus pallidus (GPe) as the receiving end. In this study, we
demonstrated upon activation, IPACL-CRH neurons triggers arousal and place aversion. This is
blocked by the administration of CRHR1 antagonist R121919. We identified SN as the main projection
site of the IPACL-CRH neurons but IPACL-CRH triggered aversive responses were not SN-CRHR1
dependent. In contrary, activation of pre-synaptic GPe-CRHR1 neurons showed similar responses as
activation of IPACL-CRH neurons. In addition, pre-synaptic GPe-CRHR1 mediated IPACL-CRH triggered
aversive responses. Furthermore, combination of IPACL-CRH and pre-synaptic GPe-CRHR1 resulted in
increased neuronal activities in the SN. Together, these results suggest that IPACL is involved in
triggering aversive responses by long-range projection into the SN. These behaviour outcomes were
mediated by pre-synaptic CRHR1 neurons projecting from the GPe rather than local CRHR1 neurons
in the SN.
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The influence of schizotypal personality traits on the observational fear
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Schizotypal personality traits reflect cognitive-perceptual and interpersonal features, as well as
disorganized behaviour and speech, which resemble symptoms usually present in patients with
schizophrenia, although milder in their expression, and that can be found in clinical and non-clinical
populations. The study of schizotypy could be interesting for identifying the core features of
schizophrenia, and it is also relevant regarding the field of individual differences. In this research, we
explore, whether schizotypal personality traits may affect the acquisition of conditioned fear by
observational means.
Undergraduate students (n=72; 52.8% women) from the University of Almeria performed a task of
social fear learning. They visualized a video of a trained actor that simulated to receive electric
shocks (US) when a square of a certain colour (CS+) was presented on his screen, while other colour
(CS-) was never paired with an electric shock. After this learning phase, they performed the test
phase, in which they watched a similar sequence of coloured squares and were told they were going
to receive electric shocks when they saw the CS+, although they did not receive any.
Results showed that participants with low scores in the Disorganized factor or the total score were
the only ones showing higher Skin Conductance Responses (SCRs) when they saw the US than when
they saw the CS- during the learning phase. People with high scores showed the same SCRs when
they watched both stimuli. This effect has been similarly found in patients with schizophrenia.
Furthermore, at the latter trials of the test phase, participants with the highest scores in the
Disorganized factor are the only ones that do not present extinction of the conditioned fear
response. This study suggest, for the first time, that schizotypal personality traits may influence
observational fear learning, perhaps affecting empathy and extinction in people with these traits.
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Emotional deficit and stress regulation in high compulsive rats selected by
Schedule-Induced Polydipsia.
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Compulsivity is a failure to stop an ongoing behavior that is becoming inappropriate to the situation.
Clinical researches indicate high comorbidity between compulsivity and other neuropsychiatric
symptoms such as those related with emotion and motivation, becoming compulsivity in a
transdiagnostic symptom. Moreover, populations with compulsive symptomatology seem to have a
dysregulation of the hypothalamic–pituitary–adrenal (HPA) axis. The purpose of the present research
was, first, to test the association between compulsivity and others behaviours on different
motivational and emotional preclinical models and, second, to study the differential response of the
HPA axis in a compulsive phenotype. Male Wistar rats were selected as either high (HD) or low (LD)
drinkers according to their behavior in Schedule-Induced Polydipsia (SIP). Subsequently, we assessed
propensity to attribute incentive salience to rewards and their associated stimuli by Pavlovian
Conditioned Approach (PavCA), motivation to gain reward by Progressive Ratio Schedule of
Reinforcement (PRSR), the hedonic status by Sucrose Preference Test (SPT), social dominance by
Tube Test (TT) and emotional memory by Passive Avoidance (PA). On the other hand, plasma
corticosterone (CORT) levels were measured immediately after SIP, at 45 minutes and at 90
minutes. HD rats showed less victories against unknown competidor in TT and more latency of
avoidance in the PA 10 days after the shock compared to LD rats. Finally, hormone analysis exhibited
differences in CORT response 45 and 90 minutes after SIP between phenotypes. The data of the
present study demonstrated that HD animals exhibit less social dominance, more resistant to
extinction and a differential HPA axis pattern. Furthermore, these findings may contribute to
highlight the importance of assessing different behavioral and biological parameters to enhancing
the knowledge about the vulnerability to developing a compulsive spectrum disorder.

Fundings: Ministerio de Ciencia, Innovación y Universidades (Spanish Government) and Fondo
Europeo de Desarrollo Regional (MICINN-FEDER PGC2018-099117-B-C21).

On-Site Poster Number: 71
Session (On-Site): Emotion
Monday, September 6th, 2021, 10:00-11:30am

Glucose-sensing neurons in the insular cortex as an interface between
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Glucose is the primary energy source for the brain. Its levels are constantly monitored by specialized
glucose-sensing neuronal populations that have been described so far mainly in subcortical areas
contributing to the regulation of energy homeostasis. The insular cortex (IC) is modulated by blood
glucose levels and has been described as an interface between interoception and emotions. The aim
of our work was to examine whether glucose-sensing cells are present in IC and, if so, to understand
their role in emotional behaviour. Monitoring c-Fos expression, we identified a cell population
activated by hypoglycemia in the mouse IC. We used a genetic mouse model to targed and record
those cells in vitro. With this approach we confirmed that they are glucose sensing neurons.
Morphological reconstructions showed that they are thick-tufted layer 5 pyramidal cells in the
posterior insula. We then devised an intersectional strategy to address those cells in vivo with
chemogenetic actuators. With this tool we determined that IC glucose sensing neurons affect fearlike behavior through projection to the central nucleus of the amygdala (CeA). Altogether, our data
provides the first evidence of the existence of glucose-sensing neurons in the insular cortex and of a
neuronal circuit linking directly interoception and emotional beaviour.
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Morphine-responsive neurons of the dorsal raphe nucleus: role in reward
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Introduction: The dorsal raphe nucleus (DRN) is the main producer of serotonin in the brain and is a
hotspot for reward processing, mood regulation and social behavior. This nucleus expresses the mu
opioid receptor (MOR), the main pharmacological target of opioids (30% of DRN cells express the
MOR), and DRN activity is therefore altered and adapts in response to opioids. Our laboratory has
demonstrated that knocking-down the MOR specifically in the DRN, before opioid exposure, prevents
the subsequent development of a negative affect characterizing abstinence from chronic morphine
(Lutz et al, 2014). We propose to further investigate the interaction between serotonergic and opioid
systems, and in particular, we wish to determine the role of morphine-responsive neurons of the
DRN in mood-related behaviors.
Methods: We used a novel MOR-Cre mouse line that expresses the Cre recombinase in MORexpressing neurons, which we have generated (Bailly et al, 2020) to target morphine-responsive
neurons of the DRN (DRN-MOR neurons) using tracing and optogenetic.
Results: Immunohistochemistry using a Cre-dependent reporter virus shows that MOR neurons
colocalize with diverse neuronal types in the DRN: 43% with GABAergic, 49% with glutamatergic and
8% with serotonergic neurons. Optogenetic stimulation of DRN-MOR neurons activation produced
significant place preference for a stimulation-paired chamber (real-time place testing), elicited
intracranial self-stimulation (operant nose-poke paradigm), enhanced time spent in a social-paired
chamber (three-chamber social preference test), promoted active coping (tail suspension test) and
decreased buried marbles (marble burying test). These results suggest that DRN MOR neuron
activation has reinforcing properties, enhances sociability, and also decreases depressive-like
behavior and anxiety.
Conclusion and Perspective: Altogether these results suggest that DRN-MOR neuron activity is
rewarding and facilitates positive affect. In the future, we aim to investigate the role of MOR in DRN
in the context of opioids addiction, by manipulating DRN-MOR neurons after chronic morphine
exposure.
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Modulation of neural facial emotion processing by acute
tryptophan-rich egg protein hydrolysate supplementation under stress
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Tryptophan, the precursor to the mood-regulating neurotransmitter serotonin, has been linked to
mood and stress benefits. In particular, a dietary tryptophan-rich egg protein hydrolysate (EPH) was
shown to counteract the stress-induced negative bias in the subjective processing of facial emotion
but the underlying neural mechanisms have never been investigated.
We investigated the acute effect of EPH supplementation in a chocolate matrix on facial emotion
processing after an experimental stressor. The stress-induced bias in emotion processing is visible in
event-related potentials (ERPs) to facial emotions. ERPs to neutral, angry and happy faces were thus
analyzed in 21 participants randomly assigned to either 0.5g EPH, 1g EPH or control group.
Topographic pattern analysis based on the algorithm for agglomerative hierarchal clustering (AAHC)
revealed five stable electric maps for all the stimuli and intervention groups, reflecting the ERP peaks
P1, N170, P2, P3 over the parieto-occipital areas and a late positive peak (LPP) with a centroposterior distribution. A different map for the LPP was obtained for the angry faces in the 1g EPH
group, displaying a more central distribution than for neutral and happy faces. The analysis of global
field power (GFP) from ERPs showed lower responses to angry than neutral faces in the P2 time
range for all groups, and that difference extended to the P3 in the EPH groups.
Following experimental stress, the three intervention groups displayed different patterns of GFP and
topographic modulations by facial emotion in latter stages of information processing. Results provide
new evidence on potential neural mechanisms of the mood and stress benefits of a tryptophan-rich
EPH.
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Hippocampal representation of positions of visual objects
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The hippocampus is a key structure for processing spatial information including the discrimination of
the location of objects in space. We combined single-unit electrophysiological recordings in rats with
the operant behavior task using visual stimuli presentation to decipher neural mechanisms involved
in the encoding of positions of visual objects. Our unconventional experimental design provided us
with the possibility to study the discrimination of positions of visual objects located in a part of an
environment that is not accessible to the animal. This is a crucial asset of the present behavioral task
as it prevents the rats from associating their position with the object at that location. We trained rats
to press a lever for food reward when an object displayed on a distant computer screen was at
particular positions and not to press it when the object was at other positions. Once a rat reached
asymptotic performance, we implanted an array of tetrodes and recorded the activity of dorsal
hippocampal CA1 neurons during the task. We performed a Generalized linear model (GLM) analysis
to unveil the effect of individual behavioral and task-related variables on the firing rate of recorded
cells. Preliminary analysis showed that the firing rate of hippocampal neurons can be influenced by
operant responses performed when the visual object is displayed at particular positions. These data
suggest that hippocampal neurons encode the positions of visual objects.
This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic
(MSMT) programme OP VVV project FGÚ MSCA Mobilita IV. CZ.02.2.69/0.0/0.0/20_079/0017164,
Czech Science Foundation (GACR) grant 20-00939S, and by “la Caixa” Foundation (ID 100010434)
grant LCF/BQ/DE17/11600005.
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Learning to achieve one’s goal in a complex environment is a complicated task. In reinforcement
learning (RL) tasks, an agent interacts with the environment to learn optimal actions. In humans,
striatal areas are strongly involved in these tasks. During aging, neurotransmitter levels in these
regions decrease provoking the question of how RL changes. Here, we developed a RL paradigm
comprised of several different states. For each state, there were four actions, which brought the
participants to another state. The objective of the participants was to reach a pre-defined goal state
as many times as possible in 8 (short inter-stimulus interval condition) and 40 (long inter-stimulus
interval condition) minutes. We tested a cohort of 40 healthy older participants (mean age = 68.75 ±
8.24) and 30 healthy young adults (mean age = 25.03 ± 4.09). Young participants reached more goals
and made more correct actions, within the given time limit, than the ageing cohort. In addition, older
participants exhibited more perseverative behaviors, namely, they repeatedly performed specific
state-action pairs regardless of the correctness. By applying a Q-learning model, we observed a
significant difference between older and young people in the exploration rate but not in the learning
rate and forgetting rate. From the computation model, we demonstrated that the deteriorated
performance for ageing is due to the deficit in neither learning nor working memory but from more
suboptimal judgments of the action selections. These results are in line with the studies that less
responsiveness of the striatal areas leads to more perseverative actions.
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Theta activity in the parahippocampal place area and gamma activity in
secondary motor cortex are markers of successful allocentric spatial working
memory maintenance
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Experiments have shown that regions of the medial temporal lobe and the right hemisphere are
particularly involved in spatial navigation. Nevertheless, the oscillatory patterns of the brain during
spatial working memory maintenance are poorly understood. To address this issue, we tested 25
young (21–32 years) and 28 older (64–76 years) healthy adults in a real-world trial-unique spatial
working memory task, while participants wore a backpack carrying EEG recording equipment. We
subsequently established criteria for designating recall trials as perfect (no errors) or as failures (first
choice incorrect and more than 12 locations searched to find all 3 rewards) and identified eight
young adults and thirteen older adults who had at least one perfect and one failed trial amongst the
10 recall trials. Spectral analysis employing individual alpha peak frequency (IAF) methodology was
used to identify oscillatory patterns during the interphase maintenance periods of identified perfect
and fail trials. Spectral scalp topographies showed that relative theta amplitudes (~6 Hz) were
significantly higher in perfect relative to fail trials in the frontal midline region and the posterior
region. Similarly, significantly higher gamma (30-40 Hz) relative power was observed in perfect
relative to fail trials in two electrodes over the right motor cortex region. Subsequent eLORETA
source analyses in the frequency domain identified (1) greater theta power in perfect relative to fail
trials in the right occipital lobe (max. voxels: fusiform gyrus: BA 19 and parahippocampal gyrus:
BA37); and (2) significantly greater gamma power in perfect relative to fail trials in the right
secondary motor cortex (M2; max. voxel: BA 6). These results suggest that theta oscillations in the
parahippocampal place area (PPA) and gamma oscillations in the right secondary motor cortex (M2)
play a special role in successful allocentric spatial working memory.
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Plasticity at the insular cortex - lateral amygdala synapse in fear learning
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Aversively motivated learning is necessary for animal survival. The lateral amygdala (LA) is centrally
important for integrating information about sensory cues like tones (the CS), and information about
primary re-inforcers like painful stimuli (the US). Nevertheless, the synaptic afferents to LA neurons
carrying US- and CS- information relevant for fear learning, remain elusive. The insular cortex
projects to various substructures of the amygdala; furthermore, the posterior insular cortex (pInsCx)
is a multimodal sensory area which processes auditory, somatosensory, nociceptive and
interoceptive information. Using circuit tracing and optogenetic approaches, we show evidence for a
robust excitatory connection from pInsCx → LA, and investigate its potential role in auditory-cued
fear learning. Optogenetically-assisted circuit mapping showed robust glutamatergic oEPSCs at the
pInsCx → LA connection, and retrograde tracing with rabies-virus revealed that LA-projecting
neurons are localized in the granular - and in part in the dysgranular region of pInsCx. Optogenetic
inhibition of LA-projectors in the pInsCx was performed by expressing AAVretro-Cre bilaterally in the
LA and Cre-dependent Arch bilaterally in the pInsCx. During the fear conditioning day, yellow-laser
light was applied during the footshocks, which caused a moderate but significant impairment of
learned freezing during fear recall one day later. Furthermore, optogenetically-evoked EPSCs at the
pInsCx → LA synapse showed a significant increase in AMPA/NMDA ratio after fear learning
compared to various control groups, suggesting a learning-induced post-synaptic LTP at this
connection. Our findings establish a robust pInsCx → LA glutamatergic connection and reveal a
contribution of this pathway to auditory-cued fear learning. Further experiments should address
whether this connection transmits learned CS-information and/or US-information to the LA during
fear learning.
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Reduced availability of sialylated HMOs during lactation impairs executive
function
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Aim
Breast milk (BM) is the optimal source of nutrition for mammals early life. It exerts multiple benefits,
including development of gut microbiota and protection against several diseases such as obesity,
infection of the respiratory tract, and sudden infant death syndrome. BM has also been shown to
improve the executive functions. However, which components of BM are involved in the proper
development of executive functions has remained elusive. Sialylated human milk oligosaccharides
(HMOs) may exert a pivotal role in the development of newborn’s central nervous system (CNS),
constituting the principal source of sialic acid, building block for brain development. We hypothesize
that reduced availability of two HMOs, sialyl(alpha2,6)lactose (6’SL) and sialyl(alpha2,3)lactose (3’SL),
may impair attention, cognitive flexibility, and memory.
Methods
We evaluated cognitive capabilities in mice that were exposed, during lactation, to maternal milk
containing reduced concentrations of 6’SL and 3’SL. To modulate their concentrations, we utilized a
mouse model characterized by the absence of genes that synthesize 3’SL and/or 6’SL (B6.129St3gal4tm1.1Jxm and St6gal1tm2Jxm-J, knock-out mice, hereafter KO), producing milk lacking 6’SL or
3’SL. Then, to expose wild-type (WT) pups to 3’SL-6’SL-poor milk, we adopted a cross-fostering
protocol in which WT mice were reared to KO dams. Adult subjects were tested for executive
functions.
Results
WT mice receiving HMO-poor milk showed reduced memory and attention. Specifically, compared to
control, WT mice reared to KO dams showed impaired working memory in the T-maze test and
reduced spatial memory in the Barnes maze and impairments in attentional capabilities during the
Attentional set-shifting task.
Conclusion
This study suggests that early life dietary sialylated HMOs play a crucial role in the development of
cognitive functions. The absence of 3’SL and 6’SL, may impair the development of executive
functions, suggesting that their presence during the lactational stage may contribute to the
development of the CNS.
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Ex vivo sharp wave-ripple activity in the ventral hippocampus as a correlate
of fear memory salience
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Sharp wave ripples (SW-R), prominent network oscillations observed during slow wave sleep and
consummatory behaviors, have been shown to play fundamental role in memory consolidation. Of
note, SW-R spontaneously occur in slice preparations containing ventral-to-mid portions of the
hippocampus and recruit similar cellular interactions as observed in vivo. Thus, they provide a robust
tool to study the effects of genetic and/or behavioral manipulations and can be used as proxy to
those that occur in vivo. In the present study, we hypothesized that SW-R properties of ventral
hippocampus (vHIP) might convey information about the salience of fear memories. In order to test
this, we designed a contextual fear conditioning and extinction paradigm where we assessed the
stability of fear memories over distinct mnemonic stages and corresponding ex vivo SW-R activity.
We performed fear conditioning in groups of animals that received a range of shock intensities (low,
mid, high) during training. After the training session, a retrieval session or five extinction sessions
followed, after which we assessed the SW-R in the vHIP. We prepared horizontal brain slices
containing ventral-to-mid HIP and performed local field potential recordings in Cornu Amonis 3(CA3)
and Cornu Amonis 1 (CA1) areas.We analyzed distinct SW-R properties and SW-R interactions in the
CA3-CA1 axis as well as the freezing levels of the mice during the behavioral tests and their
correlation to SW-R characteristics. We found that, after training, SW- and ripple- components and
propagation rates from CA3 to CA1 were altered in a shock-intensity-dependent manner that were
restored after fear extinction. However, mice with all shock intensities showed similar freezing levels
after training, which decreased to pre-training level, after the last extinction session. These findings
suggest that SW-R in the vHIP might underlie the salience of fear memories and could be used as a
complementary metric to freezing behavior.

On-Site Poster Number: 80
Session (On-Site): Learning & Memory II
Monday, September 6th, 2021, 10:00-11:30am

Prelimbic connections with the amygdala, the hippocampus and the
perirhinal cortex support temporal and contextual fear memory
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In associations separated in time, a neural representation of a conditioned stimulus (CS) must be
sustained over time to be associated with a later unconditioned stimulus. However, it remains
unknown the effect of this time factor in the neural circuit subserving fear conditioning, which may
differentially include an ensemble of distributed neurons that cooperate for a transient memory of
the CS. Given that the prelimbic cortex (PL) has been engaged in tasks that require the persistence of
stimuli over time, neurons in PL and brain regions that functionally or anatomically connect with it
may underlie temporal associations. The study aimed to determine the neural circuit supporting fear
associations separated in time. For this, we used a task in which the context is separated by a 5 s
interval from the US (CFC-5s). We examined the activity associated with encoding; the synaptic
plasticity associated with consolidation; the contributions of afferents to PL and basolateral
amygdala (BLA) in the encoding and the functional interaction with PL for the consolidation of the
CFC-5s. For this, we quantified the c-Fos expression, c-Fos expression in PL-projecting or BLAprojecting neurons, and pCREB expression induced by CFC-5s, preceded or not by temporary
inactivation of PL. Results showed that activation of the perirhinal cortex and ventral CA1 projections
to PL, and of PL projections to BLA, in addition to the activation of the infralimbic, lateral entorhinal,
and postrhinal cortices, lateral ventral and medial anterior amygdala, and ventral subiculum
subserves the encoding of CFC-5s. Synaptic plasticity induced by CFC-5s required functional
interaction between the PL and the amygdala and the dorsal hippocampus. Together, these brain
regions could provide the source of transient memory for associations separated in time to occur,
which may be relevant to understanding associations that rely on similar processes, such as trace
conditioning and working memory.
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A thalamo-septal circuits mediate extinction of remote fear memories.
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Memory formation is an active process that requires an orchestrated action of multiple brain regions,
thus discovering novel parts of the circuits is crucial to understand the complexity of memory
processing.
The current knowledge describes how the recent long-term memory (24 hour-old) is encoded,
stored, and recalled. It is, however, less understood how time affects memory processing and the
circuits involved in it.
A growing body of evidence suggests the importance of nucleus reuniens (RE) and medial septum
(MS) in fear memory processes, hence here I examined whether the RE and MS mediate extinction of
contextual fear, how their role in the regulation of fear memory extinction changes in time, and
finally whether the RE-MS projections contribute to extinction of remote fear.
Chemogenetic inactivation of RE prior to extinction results in great resistance to remote memory
extinction (30 days) and recent (24 hours), revealing its time-dependent role in contextual fear
memory processing. Whereas inhibition of MS impaired the remote, but not recent extinction
memories. Consequently, inhibition of RE projections to MS results in impaired remote fear
extinction, which suggests that MS-projecting RE neurons control MS activity during extinction
learning at of remote contextual fear.
Taken together my results suggest that RE is actively involved in the processing of freshly acquired
contextual fear memories and together with MS suppresses ones that happened in the past.
Moreover, the RE-MS pathway constitutes a part of the neuronal circuit that mediates remote fear
memory extinction.
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Long-term treatment with the antidiabetic drug metformin ameliorates
cognitive flexibility deficits in a female mouse model of Rett syndrome
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Rett Syndrome (RTT) is a rare neurological disorder, yet incurable. It is mainly due to mutations in the
gene encoding for the methyl-CpG-binding protein 2 (MECP2), a transcriptional regulator particularly
expressed in the brain. Females are the most affected, showing neuronal dysfunctions,
neurobehavioral and physiological symptoms since early infancy. RTT patients also display profound
metabolic alterations which are currently investigated as pathogenic players of RTT. We reported
that a 10-day-long treatment with the antidiabetic drug metformin (MET; 100 mg/Kg/day,
intraperitoneal injections) improves energy metabolism in the brain of Mecp2-308-heterozygous
female mice (Mecp2-Het), a validated RTT model. This 10-day-long treatment did not improve health
status and behavioural alterations of Mecp2-Het mice. The present study addressed whether a
longer treatment with MET could improve behavioural impairments in symptomatic Mecp2-Het
mice.
Symptomatic Mecp2-Het mice and wild-type (WT) littermates received oral 4-month-long treatment
with 150 mg/Kg/day of MET or tap water. Behavioural tests were performed to assess treatment
efficacy, with a special focus on cognitive abilities.
In the Barnes maze test, Mecp2-Het mice took longer to reach the target hole compared to WT
controls in the probe tests of both classical and reversal paradigms, confirming deficits in the spatial
reference memory and cognitive flexibility. MET significantly improved the performance of Mecp2Het mice selectively in the reversal paradigm. Significant differences among groups in the strategy
adopted to solve the task were evident in the reversal probe, with none of Mecp2-Het mice choosing
the correct one. MET significantly increased the percentage of Mecp2-Het mice adopting the right
strategy to solve the maze, thus rescuing the impaired cognitive flexibility of Mecp2-Het mice.
Present findings demonstrate that long-term treatment with MET improves cognitive flexibility in a
symptomatic RTT mouse model. Future studies are needed to further explore its potential
therapeutic efficacy as an innovative treatment for RTT.
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Can you remember the context? Quantification of human context fear
conditioning
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After psychological trauma, intrusive memory can be triggered by cues from the context that
surrounded the traumatic event. As a pre-clinical model of this situation, contextual fear conditioning
is commonly used to study memory formation and maintenance in humans. With a view to memory
modification studies, we sought to identify a contextual fear conditioning paradigm that supports
memory retention over 7 days, and to optimise its quantification from psychophysiological measures.
We first adapted an existing virtual reality paradigm (Kroes et al. 2017). Participants learned a
context-shock association on their first visit; memory retention was then tested one week later in the
absence of reinformcement. Measures of conditioning and retention were derived from startle eyeblink responses (SEBR) and autonomic responses, including skin conductance responses (SCR) and
pupil dilation. In two independent experiments with N = 23 and N = 28 healthy participants, selfreports on valence, arousal and shock expectancy suggested successful declarative memory
formation and retention, but psychophysiological responses did not reveal any differences between
the contexts. We then adapted a configural fear conditioning paradigm (CFG) using five static room
images as conditioned stimuli (CSs; Stout et al. 2019). One of the images (CS+) was reinforced by
unconditioned stimuli (US) during memory acquisition with a reinforcement rate of 83%. In two
independent experiments with N = 29 and N = 24 healthy human participants, aversive memory was
acquired with stronger SCR and pupil dilation responses to CS+ than to CS-. One week later, memory
was retained, reflected by stronger SEBR and pupil dilation responses to CS+. Subjective ratings
suggested successful declarative memory acquisition and retention as well. This paradigm can be
used in memory modification research when memory retention over several days is required.
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Investigation of a Model-based Working Memory Training and its
Comparative Efficacy: A Randomized, Double-blind Controlled Trial on
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Background: Various working memory (WM) trainings have been tested, but differences in
experimental designs, lack of theoretical background and need of identifying task-related processes
such as filtering efficiency limit conclusions about their comparative efficacy.
Objectives: In this study we compared the efficacy of a model-based WM training with (MB+) and
without (MB) distractor inhibition on improving WM capacity to a dual-n-back and active control
condition.
Methods: This randomized clinical trial included 123 healthy elderly adults (78 women, 45 men; aged
64.1±8.3 years). All groups underwent twelve 40-min training sessions over three weeks and four
cognitive testing sessions. The first two sessions served as double-baseline to account for practice
effects. Primary outcome was WM capacity post-training measured by complex span tasks. Near and
far transfer was assessed by simple span, n-back, visuospatial and verbal learning, processing speed
and reasoning tasks.
Results: Due to preliminary termination (COVID-19) 93 subjects completed the post-training and 60
the follow-up session. On whole group level, practice-effects occurred from pre-baseline to baseline
in WM capacity. Linear mixed effects models revealed a difference in WM capacity post-training
between MB+ and MB and a trend difference between MB+ and dual-n-back and control training.
Univariate analyses showed an increase between pre- and post-training for WM capacity within MB+
only. There was no difference between groups pre- and post-training regarding near and far transfer.
Univariate analyses showed improved visuospatial learning within MB+, improved processing speed
and n-back performance in MB and improved n-back performance in the dual-n-back training.
Interpretation: A model-based WM training including filtering efficacy may be a promising approach
to increase WM capacity and needs further investigation in randomized controlled studies.
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Investigating the shift between externally and internally oriented cognition
with a novel task-switching paradigm.
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Despite the brain’s constant need to flexibly balance internal and external information, research on
cognitive flexibility has focused solely on shifts between externally oriented tasks. In contrast, the
costs of switching across internally oriented processes (especially self-referential) or between
internal and external domains have never been investigated. We developed a novel cued taskswitching paradigm to induce shifts between external and internal monitoring, and tested it
behaviourally with 38 healthy volunteers.
In each trial, participants performed one of 4 possible tasks on written words (2 externally oriented,
2 internally oriented), depending on pre-stimulus cues. 40% of trials were switches to another task:
1/4 within-internal tasks, 1/4 within-external, 1/4 internal-to-external, and 1/4 external-to-internal.
We found evidence of switch costs (task repetition elicits faster RT than switching) both in the
internal and external domains (main effect of switching: p<.001; post-hoc internal and external
domain: p<.001). Moreover, within-domain switches were faster than between-domain switches
(p<.001).
We demonstrated the presence of switch costs in self-referential tasks for the first time and
observed increased effort in shifting across domains compared to staying within domain, possibly
suggesting competition between different underlying networks. We introduce a new method to
explore the interplay of these ubiquitous processes.
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Mental rotation, sex, and schizotypal personality traits: A bayesian approach
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Mental rotation is the capacity of rotating the mental representations of objects, which is a spatial
working memory (SWM) skill. Some studies have recently suggested that schizotypal personality
traits might be associated with spatial working memory deficits, yet there is a scarcity of results
concerning this topic.
The present study aims to further explore this issue by using a task that required mental rotation,
which consisted in the mental rotation of a black circle split into sixteen portions, two of which were
coloured white. Participants had to choose, after watching a sample stimulus, the stimulus that
consisted in the same circle rotated 90, 180, or 270 degrees, while three distractors were rotated by
different angles. A subset of “Easy” trials employed samples in which the coloured portions of the
stimulus were adjacent to the vertical and the horizontal axes, while the “Hard” subset of trials
employed samples with coloured portions in between them. After that, participants, 136 volunteers
of the University of Almeria, were assessed employing the Schizotypal Personality Questionnaire
(SPQ). Sex differences have also been previously found in SWM tasks, so we also considered sex as a
variable that could affect the performance in our task.
Mean differences were estimated employing Bayesian data analysis, and hierarchical Bayesian
multiple regression analyses were used to examine the relationship between schizotypal personality
traits and mental rotation. Results suggest that there were credible differences in the performance
of men and women in all the conditions of the task, with men outperforming women, except in the
180 degree rotation condition when the Hard subset of stimuli was employed. Hierarchical Bayesian
multiple regression suggested that, in women, the Disorganized factor was related to a better
performance under some conditions, which was an unexpected result.
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Brain mechanisms of visuospatial perspective-taking from intracranial
electroencephalography perspective
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Aims: Visuospatial perspective-taking (VPT) is imagining how a scene looks from another location. It
is important for scene processing and social interaction. fMRI studies outline the brain areas engaged
in VPT; however, their temporal dynamics are less known. We aimed at estimating the spatial and
temporal features of the VPT brain mechanisms.
Methods: In this study, we recorded intracranial EEG (iEEG) data from 30 patients undergoing
intracranial monitoring for surgical treatment of medically refractory focal epilepsy. The patients
performed the Arena perspective-taking task (APTT) on a computer. The task required laterality
judgments either from one’s actual location, self-perspective condition, or from imagined location,
VPT condition. To determine the spatial distribution and temporal dynamics of the brain areas
responding to VPT and self-perspective, we performed Time & Frequency analyses on the iEEG data
in the broad gamma band frequency domain (50–150 Hz).
Results: Several brain areas responded to the APPT task in the broad gamma spectrum. Lateral
prefrontal, superior parietal, medial temporal, and middle temporal brain areas predominantly
responded to VPT compared to self-perspective.
Analysis of the temporal dynamics showed that responses to VPT were faster compared to selfperspective. From those brain areas that responded to VPT, Insula was slower than parietal and
temporal brain areas.
Conclusions: Our results show the predominant engagement of the lateral prefrontal, superior
parietal, and temporal brain areas in VPT. Additionally, we show the precise temporal dynamics of
the neural responses to VPT.
This project was supported by GACR grant 19-11753S and RVO:67985823.
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In vivo imaging and function platform – Assessing correlation between
behavior analysis and in vivo imaging in rodent
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The functional exploration part of the in vivo imaging and functions platform of Lille is particularly
used in neuroscience research to better understand the pathways involved in brain function. These
projects aim to study the underlying processes and disorders induced by certain pathologies or
lesions of the central nervous system in rodents, with the objective of identifying new diagnostic
markers or new therapeutic targets in humans.
Different types of behaviour can be studied: motor functions (coordination, balance, strength),
various learning and memory processes (spatial working or reference memory, procedural memory,
object recognition or social recognition), complex cognitive functions (attention, executive functions,
mental flexibility...), as well as social behaviour or emotional states (anxiety, anhedonia). From
simple observation to fully automated tracking or conditioning equipment - including mazes of
different complexity - many behavioural exploration protocols are offered.
The tools used to evaluate rodent behaviour are increasingly similar to those used in humans, in
order to enhance the transposition of studies from the pre-clinical to the clinical setting. This is
particularly the case for the "Touchscreen" technology, which is an interactive and automated tool,
similar to the CANTAB test battery in humans. This system, developed at the University of
Cambridge, is composed of operating chambers with a touch screen on which rodents can respond to
visual stimuli presented according to different paradigms. Different protocols exist to study complex
cognitive processes, associative memory, visual discrimination, attention and mental flexibility and
motivation.
Thanks to the in vivo imaging and functions platform of Lille, behavioural analysis in rodent can be
coupled with brain imaging (MRI, PET...). Transnosographic and translational research projects
facilitate the discovery and evaluation of new innovative and more effective therapeutic strategies in
humans. This is illustrated by the COGPARK study looking for MRI biomarkers of the non-motor
symptoms in Parkinson’s disease models.
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Grid cell-like representation in human entorhinal cortex reflects illusory drift
in self-location
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Grid cells are place-modulated neurons encoding self-location in space through the integration of
various sensorimotor signals from the body. The integration of such bodily signals is also
fundamental for the conscious experience of selfhood (or bodily self-consciousness, BSC). Previous
BSC studies showed that synchronous online bodily stimulations can experimentally induce an
illusory drift in self-location toward an avatar seen in virtual reality (VR). Here, we aimed to assess
whether an illusory drift in self-location, induced by BSC modulation and in the absence of any active
spatial navigation, can elicit grid cell-like representation (GCLR), an fMRI proxy of grid cell activity, in
human entorhinal cortex (EC).
Adopting the BSC paradigms using VR to MRI, we induced drifts in self-location toward every 20˚
direction spanning the horizontal plane and confirmed the classical finding that drifts in self-location
were significantly larger in the experimental (synchronous stimulation) versus control condition
(asynchronous stimulation). In fMRI, we observed significant GCLR only in the synchronous condition.
Besides, the amplitude of the GCLR was proportional to the illusory change in self-location,
associating GCLR in EC with the illusory drift in self-location. We report, additionally, that although
the amplitude of GCLR related to the self-location drift was smaller than the GCLR during virtual
navigation, their grid orientations were similar. These data suggest that the brain mechanisms in EC
underlying the self-location drift are similar and comparable, albeit weaker, to those activated during
virtual navigation.
To summarize, for the first time, we showed that BSC-induced changes in self-location are associated
with grid cell-like activity in human EC. These data suggest that GCLR, arguably also grid cells,
represents where I ‘experience’ to be rather than where the individual’ body or viewpoint is located,
linking EC grid cell-like activity to BSC.
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Allocentric and egocentric spatial coding in the human brain: an intracranial
EEG study
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Aims: Using intracranial EEG (iEEG), we aimed to compare brain activity associated with allocentric
and egocentric spatial coding in a static scene, occurring primarily between 200 and 800 ms after
scene presentation. This time resolution is hardly approachable using the fMRI method but feasible
with EEG. Although the brain areas associated with the egocentric and allocentric reference frames
use have been described by functional imaging methods, the distinction of involved cognitive
processes and precise timing has not been established.
Methods: We developed a task requiring a fast spatial decision using allocentric or egocentric spatial
coding in the 3D circular arena. The task for subjects was to estimate which of two goals on the arena
floor was closer to a specific landmark or to themselves, respectively. We recorded iEEG data in 37
pharmacoresistant epilepsy patients and analyzed broadband gamma activity (50–150 Hz).
Results: We found channels responding more to egocentric reference frame use in the lingual gyrus,
inferior parietal lobule (supramarginal gyrus) and frontal lobe. Allocentric reference frame use was
accompanied by specific activation in the lateral temporal cortex, inferior (angular gyrus) and
superior parietal lobules and also frontal lobe. In the overlapping frontal areas, allocentric gamma
activation lasted significantly longer (from 200 to 800 ms) than the egocentric one (from 200 to 600
ms), with a higher response amplitude at 400-800 ms after stimuli onset.
Conclusions: Our findings suggest that egocentric and allocentric coding relies on overlapping but
partially distinct neural mechanisms.
This project was supported by GACR grant 19-11753S and RVO: 67985823.
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Behavioral and neural differences in temporal working memory between
appetitive and aversive conditions in Pavlovian conditioning in rats.
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In Pavlovian conditioning, pairing a conditioned stimulus (CS) with an unconditioned stimulus (US)
yields a conditioned response that develops with training with a temporal pattern reflecting a timed
expectancy of the arrival of the US. The literature suggests an anticipatory maximal expectancy (peak
time) with an aversive US, whereas the expectancy of the US time may show better accuracy when
the US is appetitive. Different brain structures have been highlighted to be involved in temporal
working memory (TWM), in appetitive or aversive conditions. This raises the question of whether
TWM functioning may differ between conditions, and how it is reflected at the neural network level.
With a gap (e.g., a temporary pause in the CS), the peak time is shifted with a magnitude depending
on the duration and location of the gap, reflecting the time remaining in TWM when the gap
terminates. In the present study, we used the GAP paradigm, in a within subject design, to compare
TWM functioning in appetitive and aversive conditions. Rats were trained in two Pavlovian
conditioning tasks in separate sessions, with non-reinforced trials to measure the temporal pattern
of behavior. In vivo electrophysiological recordings in 5 brain areas (prefrontal cortex, striatum,
hippocampus, amygdala) were made to determine their implication in aversive and appetitive
conditions. Behavioral results confirmed an earlier peak time with the aversive US only. When
different gaps were introduced to compare the effect of length and location of the gap, a difference
between conditions was observed when the gap was early in the CS, but no difference when the gap
was late, showing a differential effect of gap depending on the condition and gap location. These
results suggest differences in TWM mechanisms in appetitive and aversive conditions. Ongoing
analyses will provide more precise clues about the potential underlying neural correlates.
Funding: ANRTimeMemory
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Enhanced Attentional Modulation During Emotion Discrimination in Action
Video Game Players: An SSVEP Study
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Action video game players (AVGPs) outperform non-video game players (NVGPs) on a number of
cognitive tasks. Enhanced attentional processing has been hypothesized to mediate such benefits.
We investigated whether this attentional benefit generalises to the processing of emotional stimuli.
AVGPs (n=36) and NVGPs (n=32) performed a novel emotion discrimination task where they
attended to target emotions in one of two streams of emotional faces displayed sequentially. Steadystate visual evoked potentials (SSVEP) were used to measure the neural activity evoked by the
attended and unattended emotional streams. Data collection was conducted at two different times;
the study was pre-registered prior to the second phase of data collection. Experimenters were
blinded to experimental conditions, and participants were unaware of the study goals. AVGPs
performed better than NVGPs at detecting target emotions in the attended stream as indicated by a
higher d-prime (Hedge’s g= 0.51, p=0.04). Attentional modulation measured by SSVEP amplitudes
was larger in AVGPs than in NVGPs (Group x Attention interaction: F(1, 1054) = 7.949, p = 0.005, η2=
0.007). Importantly, the difference between attended and unattended SSVEP amplitudes correlated
with d-prime (r = 0.35, p=0.0031), highlighting the association between this neural measure of
attention and task performance. Thus, enhanced attentional modulation in AVGPs appears to be
linked to enhanced discrimination of facial emotions. Unlike in Mishra et al. (2011), the attentional
group difference was not limited to greater suppression of the unattended stream, but rather
emerged from a combination of both attentional enhancement and suppression. This study supports
the view that AVGPs exhibit enhanced perceptual decision-making that can be attributed to an
attentional advantage, and that this enhancement extends to the processing of emotional stimuli.
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Validation of an automated task to evaluate cognitive flexibility in mice
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Together with inhibition and working memory, cognitive flexibility is one of the three core
components of executive functions, a set of higher-order cognitive processes devoted to the
monitoring and control of thoughts and actions. Cognitive flexibility involves the capacity to rapidly
switch between different perspectives and implement novel strategies to cope with adverse
situations or changed circumstances. Most tasks used to assess cognitive flexibility, in both humans
and nonhuman animals, evaluate individual capability to acquire a rule in order to obtain a reward
and to subsequently disregard such rule in favour of a new one (mental set shifting), once the
learning criterion has been attained by trial and error. The Attentional Set-Shifting Task (ASST) is the
rodent equivalent of the Wisconsin Card Sorting Task, a classical task commonly used to investigate
cognitive flexibility in humans. The ASST is highly informative and has strong ethological validity. Yet,
it presents some limitations whereby it is extremely labour-intensive, not sufficiently standardised
and remarkably prone to experimental error and bias. Recently, an automated version of this task
(OPERON) has been developed to overcome these issues. Here, we systematically validated this
newly devised version of the ASST by comparing it with the traditional (manual) version in two
mouse strains, C57BL/6 and CD1. Our data show that C57BL/6 mice encountered more difficulties
(i.e. performing more trials) than CD1 mice in a specific stage of the test, be it conducted using the
manual or the automated version. Additionally, our data indicate that while C57BL/6 mice showed a
stage-dependent performance in completing the test, CD1 mice performed an indistinguishable
number of trials to complete the different stages. In conclusion, despite minor caveats, the results
obtained using OPERON are analogous to those afforded by the traditional version, while limiting
manpower and sources of confound.
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Neurofunctional, neurobehavioral and emotional state of prefrontal stroke
patients
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Acquired brain injury (ABI) is an important public health problem with a significant impact
worldwide. Stroke is a leading cause of ABI, being one of the greatest reasons for disease burden
globally. Consequences of stroke include important deficits in motor and language abilities, that have
been largely studied to date. However, impairments of cognitive functions are very common in
patients with stroke too, affecting 75% of cases, but such as impairments are often not visible and
have been understudied. Hence, it has been referred to it as a ‘silent epidemic’. Stroke frequently
involves the frontal circuits, consequently one of the most affected cognitive domains are inhibitory
control and decision making, affecting daily life functioning and consequently the patient’s emotional
state. The objective of the present work aimed to provide an integral view of the neurofunctional,
behavioral and emotional state of patients with prefrontal stroke. For that aim, we compared a
clinical population with prefrontal stroke (n=12) with a healthy population (n=12) (age range 18-55)
measuring hemodynamic changes assessed with resting-state functional near-infrared spectroscopy
(fNIRS) (16x16) in prefrontal and motor regions, inhibitory control and decision-making measured
with neurobehavioral tasks, and the emotional state and self-perceived quality of life assessed with
self-reported questionnaires. Results showed differences between the groups in the resting-state
functional connectivity patterns and, at a behavioral level, in the Delay Discounting Task (DDT)
prefrontal stroke patients discounted future rewards more steeply, showing decisional impulsivity
among other inhibitory control deficits. Specific outcomes and their implications on the emotional
state and quality of life are discussed within this work. This study aims to provide a better
understanding of the prefrontal stroke cognitive state contributing to the development of more
accurate cognitive rehabilitation strategies.
The present work was founded by the Ministry of Science and Innovation of the Spanish
Government: PID2019-108423RB-I00.
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Investigation of gender-dependent glutamatergic receptors, Kynureninepathway enzymes and behavioral changes at various developmental stages in
rat-schizophrenia model induced by maternal polysaccharide and juvenile
stress application
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There is an adequate evidence for the role of kynurenine (KYN) and glutamate in schizophrenia. This
study investigated impact of KYN activation in dorsal and ventral hippocampus (dHc, vHc) at various
developmental stages of rats by using the two hit animal model of schizophrenia: Maternal
lipopolysaccharide (LPS) and chronic stress at postnatal days (PND) 22-34 and adults at days 77-89
using 3-chamber social interaction (SI) and novelty preference (NP) test, Barnes maze and locomotor
activity (LA) test. NR2A and NR2B protein expression levels were determined by western blot, and
the expression of 3-HAAO and KATII mRNA by RT-PCR in dHc and vHc. The results revealed genderdependent mixed changes: In juveniles, the behavioral performance was increased in the females,
but decreased in the males. In the adults, females showed increased LA and SI, but decreased NP and
impaired cognition; males showed increased LA but decreased in other parameters. The molecular
parameters generally varied inversely with the behavioral activities. In vHc, expression of 3-HAAO
was increased, and KATII was decreased on PND35. However, the juvenile females exhibited an
increase in sociality accompanied with a decrease in expressions of glutamatergic receptors: NR2B
protein expression was decreased in vHc at PND4, and both NR2A and NR2B were decreased only in
vHc at PND 35. KATII mRNA expression was increased in vHc on PND 35.
This research provides evidence that the environmental factors and/or their combination have
gender dependent effects on KYN and glutamatergic transmission that underlies schizophrenia
spectrum. Those inverse molecular alterations had different behavioral consequences for both
genders at different developmental stages.
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Contribution of the amygdalo-cingulate pathway in depression, chronic pain
and their comorbidity
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Major Depressive Disorder (MDD) is a chronic and debilitating disease with poor treatment
outcomes. It is often found to be comorbid with chronic pain, resulting in an increased disability and
poorer prognosis than either condition alone. Evidences from animal models and human studies
suggest a crucial role of the anterior cingulate cortex (ACC) and the anterior part of the basolateral
amygdaloid nucleus (BLA) in mood disorders and chronic pain comorbidity. Indeed, lesion or
inhibition of the ACC in mice alleviates depressive-like symptoms in chronic pain-induced depression
model (CPID). Considering the BLA, a hyperactivity is also often associated with chronic pain or
depression. In addition, results of our group showed an alteration of the functional connectivity
between the BLA and the ACC in CPID. Therefore, we are interested in studying the role of this BLAACC pathway in mood regulation, with a focus on chronic pain condition. Using an optogenetic
approach in mice, we showed that the inhibition of the BLA-ACC pathway reversed CPID while the
activation of this pathway triggers depressive-like behaviors. To decipher the molecular mechanisms
involved in this behavioral observation we performed RNA sequencing in the ACC of mice after BLAACC activation. A comparison with transcriptomic data obtained in human diagnosed with severe
depression demonstrated a strong-shared genes dysregulation with our model. Further analysis
revealed a major down-regulation of genes involved in myelination and oligodendrocyte function in
both mice and human. Altogether, these results highlight that the BLA-ACC pathway plays a crucial
role in mood regulation through the dysregulation of oligodendrocyte function in the ACC.
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Social isolation during adolescence leads to emotional dysfunction in both
males and females
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Aims: Major depressive disorder in adolescents constitutes a huge medical and societal issue,
representing the second leading cause of death among teenagers. Girls appear to be more
susceptible to depression than boys over their adolescent years. Such differential vulnerability has
been proposed to emerge from a different susceptibility to social and cultural factors. For instance, a
lack of appropriate social experiences, which jeopardizes the individual socioemotional development
and triggers psychopathologies such as major depression, may differently affect the developmental
trajectories in males and females. In order to assess the role of social factors in the vulnerability to
depression in the two sexes, we investigated the effects of adolescent isolation in a mouse model of
depression.
Methods: From postnatal day 21 onward, we exposed adolescent C57BL/6 male and female mice
either to control housing conditions or to social isolation. After three weeks, we assessed the
emotional and cognitive domains, besides several neural plasticity markers.
Results: In late adolescence, isolated mice display a depressive- and anxiety-like profile as indicated
by a significantly worsened liking-type anhedonia (i.e., decreased saccharin preference) and
increased anxiety-related behavior in the elevated plus maze and open field test, compared to
control mice. Interestingly, male and female mice showed similar behavioral alterations, though
anhedonia was more pronounced in males and fear responses in females.
Conclusions: Our findings indicate that the lack of social experiences during adolescence leads to the
onset of emotional dysfunction, concerning both depression- and anxiety-like domains, in both sexes.
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Subjective experience of the environment affects the outcome of the SSRI
treatment: a preclinical study
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Aims: Increasing evidence indicates that Selective serotonin reuptake inhibitors (SSRIs), the first-line
antidepressant treatment, do not affect mood per se but amplify the influence of the living
environment on mood. Since the quality of the living environment is dependent not only on its
objective features but also on the individual’s experience of it, we hypothesized that the latter plays
a key role in determining SSRI treatment outcome.
Methods: We used two groups of mice reportedly showing significant differences in their experience
of the social and emotional environment: standard nesting (SN) and communal nesting (CN) mice,
the latter consisting in a single nest where three dams rear together their offspring and share
caregiving behavior. We thus treated adult CD-1 SN and CN mice with either the SSRI fluoxetine (10
mg/kg/day) or vehicle for three weeks and assessed their behavioral response.
Results: Behavioral phenotyping of CN mice confirmed that they experience the environment as
more socially challenging and potentially dangerous than SN mice, displaying high levels of offensive
and anxiety-like behavior. In line with our hypothesis, fluoxetine increased offensive and anxious
response in SN mice and produced an opposite effect in CN mice.
Conclusions: These findings suggest that the individual’s experience of the environment plays a key
role in determining the SSRI outcome and, in a translational perspective, indicates that the
antidepressant efficacy is affected not only by the objective quality of the patient’s living
environment but also by the personal experience of it.

On-Site Poster Number: 98
Session (On-Site): Psychiatric Disorders I
Monday, September 6th, 2021, 10:00-11:30am

Role of the endocannabinoid system in stress resilience and depression: a
master regulator of neurovascular health
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Only 30 to 50% of major depressive disorder (MDD) patients completely remit, making it a leading
cause of disability worldwide. This lack of efficacy suggests that current neuron-centric treatments do
not address important biological factors. Chronic stress, the main environmental risk for MDD
development, has been known to trigger a whole-body response including neuroimmune and
neurovascular adaptations. We recently reported that chronic social stress causes a detrimental
increase in blood-brain barrier (BBB) permeability, promoting infiltration of circulating inflammatory
mediators and development of depressive-like behaviours in mice. Those pathological changes have
been confirmed in brain samples of MDD patients. However, biological mechanisms underlying these
molecular changes in response to stress remain elusive. Interestingly, the endocannabinoid system
(ECS) is a crucial regulator of stress responses. Moreover, ECS was shown to regulate BBB
permeability under homeostatic and pathological conditions.
Here we combine molecular, cellular and morphological analyzes to behavioral studies and show that
the ECS is actively involved in stress resilience to chronic social defeat stress, a mouse model of
depression, in a sex- and brain region-specific manner.
Based on those results, we propose that stress-induced increased in BBB permeability could be due
to pathological changes in the ECS system, enabling release of inflammatory signals into the
circulation, vascular dysfunction and establishment of depressive behaviours.
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Prefrontal hemodynamic correlates of temporal discounting in ADHD
phenotypes based on symptom severity.
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Attention-Deficit/Hyperactivity Disorder (ADHD) is one of the most prevalent childhood-onset
disorders worldwide. This population is characterised by a poor tolerance to delays and a preference
for immediate gratifications because of underlying deficits in inhibitory control and reward-related
processes. Temporal discounting tasks, in which participants have to choose between a small-sooner
reward and a large but delayed one, are the goal standard to assess this expression of impulsivity on
decision-making. Neuroimaging research postulates that top-down neural control over reward
valuation systems is critical for a consistent hyperbolic discounting. The ADHD population usually
shows a steeper temporal discounting rate than healthy controls, which courses with abnormal
activity of frontostriatal pathways. Nonetheless, there is limited evidence to consider which
components motivate a steeper delay discounting in adolescents with ADHD. Thus, this study aimed
to analyse the behavioural and hemodynamic mechanisms of decisional impulsivity in ADHD,
combining, for the first time, the neuroimaging technique functional near-infrared spectroscopy
(fNIRS) with a temporal discounting task in the adolescent population. We recruited 30 clinic-referred
adolescents (12-16 years) with ADHD and 50 typically developing controls. We recorded the
hemodynamic activity of the prefrontal cortex while performing an experiential delay discounting
task. The task included five delays of 5, 10, 20, 30 and 60 seconds. We adopted a dimensional
approach by performing cluster analyses to identify homogeneous ADHD phenotypes based on
symptom severity. The changes in the subjective value of the delayed reward were related to
different patterns of hemodynamic activity of the prefrontal cortex. Further studies are necessary to
understand how decisional impulsivity contributes to the core features of ADHD and to disentangle
the neural underpinnings of temporal discounting.
The present work was funded by the Ministry of Science and Innovation of the Spanish Government
[PID2019-108423RB-I00].
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Patient stratification based on pupillometric response profiles and its brain
correlates in affective and anxiety disorders
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In previous work, we showed that pupil size increases with increasing working memory load and is
reliably correlated to activity in the frontoparietal network (FPN). Here, we investigate whether
pupillometry constitutes a valid marker for biological patient stratification in a dimensional crossdiagnostic approach.
Our sample consisted of 123 psychiatric patients with affective and anxiety disorders (Mage= 35.02
years, 86 female) who completed an N-back task with four conditions (fixation, 0-back, 1-back, 2back) during functional magnetic resonance imaging (fMRI) and simultaneous pupillometry. We used
latent class growth modeling (LCGM) to detect data driven subgroups with different pupillometric
response profiles. The model with the best fit according to the Bayesian Information Criterion was
chosen and the corresponding mean pupil values were entered into general linear models in SPM12.
For second level group comparisons, we used propensity score matching to control for age and sex
effects. We examined phenotypic group differences in depression (BDI-II), state/trait anxiety (TAI,
SAI) and childhood trauma (CTQ).
The LCGM resulted in two distinct subgroups: one with a stepwise increasing pupil size with
increasing working memory load (n=97, ‘typical’ group), and the other with a divergent pattern that
was less reactive (n=26). The statistical maps of the mean pupil values per block were largely similar
showing mainly the FPN; the differential contrast indicated that the pupil response profile of the
typical group revealed more activity in bilateral caudate, nucleus accumbens, temporoparietal
junction as well as amygdala, posterior insula, and anterior cingulate gyrus. Additionally, the typical
group showed higher scores on the CTQ (t(54) = 1.7, p = .008, d = -0.7), whereas no differences were
observed for BDI-II and TAI/SAI.
Through examination of individual pupil size growth patterns, we were able to identify potentially
meaningful transdiagnostic latent subgroups possibly pointing towards an association between
physiological signatures and childhood adversities.
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Implication of the mitochondrial fusion protein mitofusin 1 in the nucleus
accumbens in anxiety- and depression-like behaviors
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Many psychiatric disorders, e.g., anxiety and depression, are associated with mitochondrial
dysfunction, but the molecular mechanisms remain poorly understood. An increasing number of
studies over the last decades has implicated the nucleus accumbens (NAc), a brain region critical for
reward learning and motivation in these disorders. Given the importance of mitochondrial dynamics
for mitochondrial and neuronal health and function, we investigated the role of a mitochondrial
fusion protein, mitofusin 1 (Mfn1), in the NAc in the regulation of anxiety and depressive-like
behaviors. We found that exclusive neuronal (Synapsin-Cre) knockdown of Mfn1 in the NAc
enhanced anxiety-like behaviors as measured in the elevated plus maze (EPM), open field (OF), and
dark-light box (DLB) tests. Further, Synapsin-Cre injected mice showed increased passive coping in
the forced swim test (FST) and reduced saccharin preference. No changes in social preference were
observed. Within the NAc, analysis of neuronal subtypes distinguished by their predominant
expression of either D1 or D2 dopamine receptors, showed that Mfn1 knockdown in D1 neurons
(Dynorphin-Cre) resulted in increased anxiety-like behaviors and passive coping, but it did not alter
saccharin preference or social interaction. Conversely, Mfn1 knockdown selectively in D2 neurons
(Enkephalin-Cre) had no impact on basal anxiety or coping behaviors in the FST, but reduced
saccharin preference and sociability. Collectively, these data identify a novel and dissociable celltype-specific role for Mfn1 in the NAc underlying anxiety- and depression-like behaviors.
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MicroRNA-34 regulates 5-HT2CR expression in the Dorsal Raphe Nucleus and
contributes to the anti-depressant-like effect of fluoxetine
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Depression is a chronic debilitating mental illness. Selective serotonin reuptake inhibitors (SSRIs) like
fluoxetine are currently the first-line of therapy for the treatment of depression.
The improvement of symptoms requires chronic fluoxetine administration, suggesting the
involvement of adaptive long-term regulatory mechanisms, possibly acting by 5-HT receptors
modulation. Recent evidence suggests that microRNAs are critical during SSRI treatment and
contribute to their long-term efficacy.
In previous studies in mice, we showed how the MicroRNA-34 family regulates stress-coping
behaviours by modulating the expression of target genes in the Dorsal Raphe Nuclei (DRN).
We tested the hypothesis that MicroRNA-34, through modulation of 5-HT receptors 2C (5-HT2CR)
expression, mediates the fluoxetine-induced behavioural phenotypes in mice.
We report depression-like phenotype improved under chronic fluoxetine (CF) administration in wildtype mice, rather than with acute fluoxetine administration (AF). We observed that AF and CF
treatments differentially altered the expression of 5-HT2CR and MicroRNA-34 in the DRN of wild-type
mice.
AF increased the expression of 5-HT2CR, while no effect was found after CF. In contrast, microRNA34 expression was increased by CF, while no significant increase was evident following AF.
We hypothesized that the beneficial behavioural effects of CF were due to its ability to contrast
increased 5-HTC2R expression by up-regulating miR-34a expression into the DRN.
We tested this hypothesis through a specific blockade of the miRNA34/5-HTC2R binding into the DRN
of wild-type mice. This treatment prevented the behavioural effects of CF.
Collectively, we showed that miR-34a/5-HT2CR post-transcriptional regulation into DRN could
contribute to the effects of chronic fluoxetine treatment, with a specific effect on behavioural
constructs that are related to depression.
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Maternal Tryptophan Deficiency: Possible Model of OCD?
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Obsessive-compulsive disorder (OCD) is associated with the serotonergic (5-HT) system dysfunction
whose cause remains unknown. Most of the available models of 5-HT system manipulation are
invasive and lack ecological validity. Here we tested if dietary depletion of 5-HT precursor Ltryptophan (TRP) during pregnancy leads to OCD-like behavior and changes in 5-HT-associated gene
expression in the offspring. We tested two regimes of TRP diet: In the first regimen (L) female rats
received TRP deficient (0,5 mg/kg TRP) diet two weeks prior conception until birth, while in the
second regimen (S) female rats were kept on the same TRP deficient diet since conception until birth.
At PD5-PD11, we tested pups’ ultrasonic vocalization, negative geotaxis and homing. At the age of 3
months, we tested the behavior of offspring in marble-burying task, nestlet-shredding task, open
field, elevated plus maze and in T-maze. We collected brain samples for immunohistochemistry and
RT-qPCR at the age of 3 months. We found that both treatment regimens led to a significant
decrease in number and length of vocalization episodes at PD11. However, while the L regimen led to
a significant decrease in spontaneous alteration in T-maze, this effect was not found in the S
treatment regimen. Similarly, we found that the expression of 5-HT transporter mRNA significantly
increased in the dorsal raphe nuclei and decreased in the cortex of adult rats from L regimen but not
in adult S regimen rats. The number of 5-HT neurons remained unchanged in rats from both
treatment regimens. We conclude that maternal TRP depletion leads to changes in behavior and 5HT-related gene expression in the offspring, but the magnitude of these changes may depend on the
rate of TRP decline in the fetoplacental unit.
This work was supported by the Czech Health Research Council (AZV) grant NU20-04-00147 and GA
UK project 379121.
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High-resolution histological mapping of the human brain as a tool for
translational psychiatric neuroscience
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Neuropsychiatric disorders are prevalent diseases whose causes and mechanisms are most often
elusive. Neuroimaging studies suggest that they involve alterations in the function of distributed
brains circuits. However, those methods lack the resolution to identify the underlying disturbances in
neuronal circuit function. As an alternative, experimental approaches using animal models of
behavior combined with advanced circuit neuroscience methods enable studying the functional role
of neuronal pathways equivalent to those affected in humans with a great level of detail. This
strategy is hampered by the lack of a precise knowledge of the neurobiological bases of neuronal
circuits’ defects in human brain disorders and by the limited translational validity of behavioral
models. As a result, translating experimental findings to the clinic remains challenging. Here, we
propose to perform large scale mapping the human brain using next-generation neurohistological
methods to help identify the cellular, molecular and circuit underpinnings of brain disorders. We
developed tissue clearing and labeling techniques, combined with light-sheet microscopy and
advanced image-processing pipelines, to map cell types, gene expression, synaptic connectivity and
neuronal circuits in large areas of the postmortem human brain. By comparing diseased and nondiseased brains, we aim to pinpoint the molecular, cellular and connectomic signature of specific
disorders, which will help devise new experimental studies with a higher translational validity and
test new therapeutic targets. Those findings will also lead to the identification of potential
biomarkers that will be further tested in patients. In addition, a large-scale histological approach will
enable us to align cellular resolution maps to neuroimaging data and thus help infer the neuronal
circuit origins of neuroimaging changes in patients. Finally, this work will set the base for comparing
brain circuits across species and help refine experimental approaches.
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Attachment bond interference affects VTA transcriptomic pattern in a sexdependent manner
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Early life experiences affecting attachment bond formation can alter brain developmental
trajectories and result in maladaptive adult behaviours in a sex-dependent manner. The
dopaminergic system of the Ventral Tegmental Area (VTA), involved in processing motivational
stimuli and stress response, shows both structural and functional dimorphism and, interestingly,
seems to play a key role in the attachment bond formation. Investigating sex-specific molecular
pathways differently regulated by early experiences is crucial to understand the mechanisms
underlying the brain and behavioural sexual dimorphism.
To test how interfering with the attachment bond formation affects the VTA-related functions in a
sex-specific manner, we used a murine model of mother-pups bond alteration (Repeated Cross
Fostering; RCF). Through a comprehensive behavioural screening, in line with the NIH RDoC
guidelines, and by next-generation RNA-Seq experiments, we analyzed the long-lasting effect of RCF
on behavioural and transcriptional profiles related to the VTA, across different sexes and strains. We
found out that RCF strongly impacted VTA-related behaviours of females and this result mirrored the
transcriptional alterations in the VTA that were almost exclusively observed in females. In addition,
the sexual dimorphism was conserved across two inbred strains that respond differently to the RCF.
Analyzing the transcriptional differences between females of both strains, we identified 75 common
genes that could represent “plasticity genes”, conferring to females enhanced susceptibility to early
environment.
In conclusion, our data suggest that female genome responds more promptly to early environmental
perturbations, by inducing transcriptional changes, potentially responsible for sex differences
observed in many psychopathologies related with attachment bond interference.
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Behavioural and hemodynamic analysis in Obsessive-Compulsive Disorder
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According to the World Health Organization (WHO), Obsessive-Compulsive Disorder (OCD) is one of
the most prevalent mental health disorders worldwide causing a great degree of disability, related to
functional impairments in academic, work, social and family settings. Hence, this disorder is a public
health problem that increases the use of health systems and social and/or community services. To
develop accurate treatments, there is a pressing need to clarify the neurobehavioural mechanisms
that underlie OCD, with inhibitory control as a suitable multicomponent biomarker for this disease.
The objective of this study was to present an integrative view of the neurofunctional, behavioural
and emotional state of a sample of adults 18 to 55 years old with OCD diagnosis (n=15) in comparison
with a control group (n=15). Thus, different neurobehavioural tasks have been used to assess
different processes of inhibitory control and decision-making: Iowa Gambling Task (IGT), Delay
Discounting Task (DDT), Probabilistic Reversal Learning (PRLT) and Stop-Signal Reaction Time (SSRT).
The analysis included Functional Near-Infrared Spectroscopy (fNIRS) (16x16) neuroimaging technique
for recording the resting-state functional connectivity of the dorsolateral prefrontal cortex (DLPFC),
orbitofrontal cortex (OFC) and motor cortex activity. To explore the impact of OCD in daily life
functioning, we assessed the emotional state and self-perceived quality of life. Results showed
differences between groups in prefrontal hemodynamic activity and, in the DDT, patients with OCD
diagnosis discounted the value of the delayed reinforcer faster, showing more impulsive decisions,
along with other inhibitory control deficits. The results obtained at the different levels of analysis are
discussed within this study. The advance in the knowledge of the brain and behavioural mechanisms
involved in this disorder offers the possibility to improve evaluation and intervention protocols and,
ultimately, to enhance the quality of life of the person.
Funding: Ministerio de Ciencia, Innovación y Universidades (MICIU) [PID2019-108423RB-I00].
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Prenatal N-acetyl-cysteine administration prevents social anxiety and
modulates brain immune- and plasticity-related genes in adolescent offspring
born from high-fat diet C57Bl6/N mouse dams
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Aims. Maternal obesity is associated to increased oxidative stress (OS) representing a risk factor for
adult mental health however the mechanisms underlying the negative long-term effects are poorly
understood. We investigated inflammation, OS and hypothalamic-pituitary-adrenal (HPA) axis
function in a mouse model of maternal high-fat diet (HFD) as potential mechanisms affecting brain
development and emotional behaviour in the offspring. We also tested the antioxidant N-acetylcysteine (NAC) in preventing the long-term effects of HFD consumption during pregnancy.
Methods. Female C57BL/6N mice were fed HFD before and during pregnancy (13 weeks); after 5
weeks, half of them received NAC (1g/kg) for 8 weeks. Emotionality and social behaviour of male and
female adolescent offspring (35-45 days) were assessed through the elevated plus maze (EPM) and
the social interaction test (SIT); plasma corticosterone levels were assessed under basal conditions
and following an acute stress. Gene expression levels of CD68, Bdnf and Nrf2 were measured in
hippocampus as markers of microglial activation, brain plasticity and antioxidant capacity
respectively by RealTime PCR. We focused on adolescence, an age of vulnerability for the onset of
psychopathology.
Results. HFD offspring showed reduced exploration in the EPM and sociability in the SIT. These
effects were associated to decreased hippocampal Bdnf levels in females while males showed
increased CD68 expression and reduced basal corticosterone levels. Prenatal NAC administration
prevented social anxiety, restored HPA axis basal activity in males and Bdnf levels in females. These
effects may be partly mediated by Nrf2, an important regulator of antioxidant defence, as indicated
by its upregulation in the hippocampus of both sexes.
Conclusions. Prenatal HFD showed detrimental sex-dependent effects on brain, neuroendocrine
function and emotional behaviour; these changes were buffered by prenatal NAC suggesting that
immune and OS signalling may play an important role in fetal programming of adult diseases.
Funding: ERANET-NEURON-JTC-2018 Project EMBED
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Combining prenatal and postnatal stress paradigms in mice for a highly
translational model of developmental stress exposure
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Early life adversity leads to a higher risk of mood disorders in adolescence and adulthood, and a
growing body of research also implicates the fetal environment’s crucial impact on health outcome.
It is therefore known that stress exposure during neurodevelopmental time periods affects
susceptibility to these disorders; however, the biological mechanisms underlying this process are not
yet fully understood. These can be characterized through behavioral assessment and transcriptional
profiling in the adult brain following developmental stress exposure.
Here we begin this endeavor by assessing the complex social and anxiety-related behavior in adult
mice that were exposed to developmental stress. Developmental stress was modeled by a
combination of maternal corticosterone (CORT) injections during late pregnancy and a limited
nesting and bedding paradigm (ELS) during postnatal days 2-9.
Behavioral testing of both sexes in early adulthood (2 months old) revealed higher prevalence of
anxious behavior than controls during individual and social assessments, and increased likelihood of
taking on a subordinate role in a semi-naturalistic social setting. Furthermore, these phenotypes are
present at a more elevated degree in combined treatment CORT+ELS mice than mice that
experienced only the prenatal or only the postnatal stressor. As this combination of stress
treatments in the mouse is translationally relevant to stress exposure during the human gestational
and neurodevelopmental period, we intend to use this model to study the transcriptional response
to stress across brain regions moving forward. Through a full characterization of the developmental
stress transcription profile in males and females, we hope to unveil more possible targets for early
interventions in mood disorders like anxiety and depression.
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Keeping your ears pricked up during stress: How the neuropeptide Urocortin
3 (Ucn3) can help.
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Some level of stress is an inevitable constant in the daily lives of animals, as exemplified by circadian
secretion of cortisol and the profound impairments resulting from its lack.
However, scientists in the field of stress research are keenly aware of the high level of refinement
and variability of the stress response that seems to evade simplistic views based cortisol alone.
The classic definition of the stress response as a “return to homeostasis” implies the return to a
unique and set state of normal functioning. This might just fall short in portraying how animals can
brilliantly adapt and optimally function in multiple different environments and conditions. In
particular, mice seem to be evolutionarily adapted to both communal living and non-communal
living. These two social conditions present very different challenges to the mouse physiology as a
whole, but here, we focus on the ability to perceive threats and mute irrelevant information through
the auditory system.
When it comes down to perception, speed is crucial and fast-acting mediators surely play a privileged
role. Neuropeptides of the corticotrophin-releasing factor (CRF) family, such as Ucn3, act in many
ways similarly to neurotransmitters and can outrun the slower cortisol action.
Here we present expression patterns and physiological action of Ucn3 in the mouse auditory system.
We performed patch-clamp recordings at the giant Calyx of Held synapse, one of the fastest and
most reliable synapses in the mammalian CNS, to describe the effects of Ucn3 on auditory
processing. Subsequently, we propose how differential regulation of the receptors of the CRF family
of neuropeptides can boost sensory performance in different social situations in mice.
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Chronic social stress leads to altered cortico-limbic oligodendrocyte and
myelination status in adult mice.
Poggi G1 Albiez J1 Pryce C1
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Stress-related psychiatric illnesses often present with altered resting state functional connectivity
(rsFC) in the anterior cingulate cortex-amygdala (ACC-AMY) network. This potentially underlies some
major symptoms including increased reactivity to, reduced control of, and impaired extinction
learning about aversive events. Post-mortem studies report alterations of the oligodendrocyte
lineage (OL) and myelin content in the ACC and AMY of depressive patients. Given the essential role
of myelin in action potential propagation within/between brain regions, OL/myelin changes could
impact on ACC-AMY network FC, resulting in aversion processing dysfunctions.
In rodents, prelimbic (PrL) and infralimbic (IL) cortices exhibit structural/functional analogy with the
primate ACC. In male mice, 15-day chronic social stress (CSS) leads to changes in PrL/IL-AMY rsFC and
in aversion processing comparable with the above clinical symptoms. Also, CSS downregulates OLand axon-myelin-unit-related transcripts. Therefore, we investigated CSS effects on OL turnover and
on myelin, in PrL/IL and AMY.
Adult male C57BL/6 CSS mice (n=14) remained distally exposed to aggressive resident mice for 15
days and underwent brief daily attack without wounding; control mice (CON, n=12) were handled
daily. The animals had ad libitum access to 0.2mg/mL 5-ethynyl-2’-deoxyuridine (EdU) in drinking
water. Half-CSS/CON mice were perfused-fixated on day 16; the remaining on day 31. Tissue was
labelled for: EdU, OL markers, MBP, and NF200.
In PrL/IL, CSS had no effect on OL and led to increased MBP integrated density (IntDen) at day 31
(p<0.004). Ultrastructural quantification identified a tendency to increased myelin thickness (g-ratio
p<0.07/thickness(µm) p=0.1) and myelinated fibre density (p=0.05) at day 16. In AMY, CSS caused a
reduction in NG2+ cell proliferation (p=0.03), an increase in CC1+ cells density at day 31 (p<0.02), and
no effect on MBP IntDen(p>0.5).
Thus, CSS alters OL-myelin status in PrL/IL and AMY. This could contribute to the disruption of ACCAMY network and of aversion processing.
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Selecting antidepressants according to a drug-by-environment interaction: A
comparison of fluoxetine and minocycline effects in mice living either in
enriched or stressful conditions
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Aims. Major depression is a common mental disorder affecting over 300 million people worldwide.
Selective serotonin reuptake inhibitors (SSRIs) are the first-line treatment for major depressive
disorder. It has been recently proposed that these drugs, by enhancing neural plasticity, amplify the
influences of the living conditions on mood. Consequently, SSRI outcome depends on the quality of
the environment, improving symptomatology mainly in individuals living in favorable conditions. In
adverse conditions, drugs with a different mechanism of action might have higher efficacy. The
antibiotic minocycline, with neuroprotective and anti-inflammatory properties, has been recently
proposed as a novel potential antidepressant treatment.
Methods. To explore the drug-by-environment interaction, we compared the effects on depressivelike behavior and neural plasticity of the SSRI fluoxetine and minocycline in enriched and stressful
conditions. We first exposed C57BL/6 adult female mice to 14 days of chronic unpredictable mild
stress to induce a depressive-like profile. Afterward, mice received vehicle, fluoxetine, or minocycline
for 21 days, while exposed to either enriched or stressful conditions.
Results. During the first five days, fluoxetine led to an improvement in enrichment but not in stress.
By contrast, minocycline led to an improvement in both conditions. After 21 days, all groups showed
a significant improvement in enrichment while fluoxetine worsened the depressive like behavior in
stress. The effects of the drugs on neural plasticity, measured as long-term potentiation, were also
environment-dependent.
Conclusions. Overall, we show that the environment affects fluoxetine but not minocycline outcome,
indicating that the latter represents a potential alternative to SSRIs to treat depressed patients living
in adverse conditions. From a translation perspective, our finding call for considering the drug-byenvironment interaction to select the most effective pharmacological treatment.
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Reduced cortical 5HTR2A gene expression in high compulsive drinker rats
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Compulsivity is associated with the loss of inhibitory control over a broad range of behaviours that
are prone to excess. Increased repetitive acts could be under an alteration in the genetic expression
in brain areas associated with compulsivity. The present study was designed to investigate the
possible alteration in the genetic expression of receptors previously associated with inhibitory
control in high compulsive rats selected by schedule-induced polydipsia (SIP). First, after 20 sessions,
Wistar male rats (approx. 300 g) were selected as either high compulsive (HD) or low (LD) drinkers
according to their level acquisition of water intake (ml) on SIP (fixed time schedule of 60s). Second,
we carried out real-time qPCR quantification of the genomic sequences from: 5HT2A, 5HT2C, GRIN1,
GRIN2A, GRIN2B, GRIN2C, GRM2, and BDNF promoter genes in the frontal cortex, hippocampus and
basolateral amygdala in HD and LD rats. HD rats showed a decreased expression of 5HT2A
serotoninergic gene promoters in the frontal cortex compared to LD rats. A negative correlation
between the amount of water intake and the expression of GRIN1, 5HTR2A and BDNF genes in the
frontal cortex was also found. Future studies on SIP as a model of compulsivity could contribute to
identify the underlying mechanisms related to obsessive-compulsive disorder.
Keywords: Compulsivity; schedule-induced polydipsia; glutamate; serotonin; BDNF; real-time qPCR.
This work was supported by a grant from the Ministerio de Ciencia Innovación y Universidad (Spanish
Government) and Fondo Europeo de Desarrollo Regional (Grant numbers: MICINN-FEDER PGC2018099117-B-C21).
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Neurobehavioural profile of mice exposed to altered gravitational
environments in ground-based hyper- and micro-gravity experimental
paradigms
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Aims
The investigation of the animal response to altered gravitational environments, such as the
permanence in space or in conditions that in some way mimic weightlessness, represents an
opportunity to understand the phenomena underlying tolerance and adaptation to environmental
conditions. Among ground-based animal models, exposure to rotation-induced hypergravity (HG)
and the hindlimb unloading model (HU) are established approaches to reproduce the effects of
altered gravitational stress.
Aim of the present study was to determine neurobehavioural indicators of susceptibility to
gravitational stress comparing the neurobehavioural profile of mice subjected to HG and HU
procedures.
Methods
C57BL6J mice were subjected to rotation-induced 2g-hypergravity from one to 4 weeks to simulated
hypergravity conditions while other groups of C57BL6 mice were subjected to the tail suspension
procedure, which consists to remove gravitational loading from the hindlimbs by suspending the
animal by its tail. During and after the end of the procedures the spontaneous activity was video
recorded and the behavioural repertoire evaluated.
Results
Differences in the exploratory and habituation profile were observed in mice subjected to both
altered gravitational conditions. An impairment in the vertical movements (rearing, wall rearing) and
a reduction in locomotor activity (crossings) were related to the effects of gravitational stress
procedures.
Conclusions
Observed changes indicated the presence of differences in behavioural profile in mice exposed to the
two different altered gravitational conditions. Prospectively, cerebral NGF and BDNF will be also
assessed in selected areas of the central nervous system to correlate behavioural changes with
alterations in central levels of neurotrophins.
Work was supported by “MARS-PRE, marcatori biologici e funzionali per la medicina astronautica di
precisione” to DS and MG
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Neurobehavioural profile of Sparus aurata and Dicentrarchus labrax as a tool
for monitoring environmental neurotoxic pollutants
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Aims
Environmental pollutants interfere with the central nervous system of aquatic organisms adversely
affecting their behaviour. Fish represent an excellent model for neurotoxicological studies and for
monitoring potentially contaminated natural environments. The present study specifically
investigated the behavioural profile of two fish species exposed to a polluted environment (i.e. food
and sediment from Bagnoli-Coroglio, an Italian site currently subjected to environmental restoration
due to a previous invasive industrialization process).
Methods
Specimens of commercial seawater gilthead seabream (Sparus aurata) and sea bass (Dicentrarchus
labrax) were exposed to an ex situ environment through sediments and invertebrates taken from
Bagnoli-Coroglio. Spontaneous activity, predator and anti-predator responses were video recorded
during one month and subsequently analysed and biological markers (NOX, ChAT, neurotrophins)
evaluated in order to investigate underlying mechanisms of the observed behavioural changes.
Results
Specie-specific changes in locomotor activity as well as in the habituation profile and emotional
response were observed in animal exposed to polluted environment. In particular, a reduction in
floating, cheasing, biting and fighting behaviour was observed in Sparus aurata with a concomitant
alteration in the predatory response.
Conclusions
Further characterization on how alterations in behavioural profile of animals exposed to polluted
environment are related to neurobiological markers as well as to the specific physiological and
ecological characteristics of different fish species may add inside into mechanism of behavioural
alterations, define behavioural indicators for environmental monitoring, and lead to the
development of specific animal models to study the effects of emerging substances on the central
nervous system.
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Cortisol and autonomic responses to a novel stress test in virtual reality that
adjusts challenge to individual’s performance.
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Laboratory stressors are an essential tool to study the human stress response. However, most do not
adapt to individual abilities and require dedicated personnel. Virtual reality (VR) stress-induction
tests usually come with the cost of lower stress responses. Here, we present a novel 10 minutes VR
stress test that adapts to individual’s performance and contains important elements of stress
elicitation, such as social-evaluative threat and uncontrollability. Specifically, participants are
simultaneously exposed to mental and environmental challenges, with intense visual and auditory
stimulation, while having to rapidly respond to arithmetic calculations. Failure to respond accurately
is penalized with negative feedback and aversive stimulation.
We aimed at validating and characterizing the stress response to our test in one-hundred-andeighteen participants, split into stress (N=57) and control (N=61) groups, similar in age (21.1±4.83),
cognitive ability, trait and social anxiety. Besides cortisol, which was significantly elevated in the
stress group, a total of 50 autonomic nervous system (ANS) variables were computed in 2.5 minutes
blocks from each participant’s electrocardiogram, electrodermal activity and respiration. In the two
last blocks, more than 50% of all variables showed significant differences from the control group, in
pairwise comparisons using independent samples t-tests corrected for multiple comparisons,
consistent with known stress induced ANS activations. These were used to develop a machine
learning model that successfully identifies stress blocks, producing a stress score associated with
cortisol responses.
In summary, our new VR stress test is a potent method to induce robust changes in endocrine and
cardiovascular variables while mitigating known limitations.
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IDENTIFICATION AND MODULATION OF ALTERED SPECIFIC NEURONAL
SUBPOPULATIONS IN STRESS-INDUCED MAJOR DEPRESSION
Sancho-Balsells A1,2,3,4 Brito V1,2,3,4 Cid E5 Alberch J1,2,3,4 de la Prida L5 Girault J6 Giralt A1,2,3,4
1

Universitat De Barcelona Barcelona Spain 2Institut d'Investigacions Biomèdiques August Pi i Sunyer (IDIBAPS)
Barcelona Spain 3Centro de Investigación Biomédica en Red sobre Enfermedades Neurodegenerativas
(CIBERNED) Madrid Spain 4Institut de Neurociències, Universitat de Barcelona Barcelona Spain 5Instituto Cajal,
CSIC Madrid Spain 6INSERM UMR-S 839, Sorbonne Université Paris France

Major depression (MD) is a common, relapsing mental illness that affects millions of people
worldwide. One of the most studied risk factors associated with MD is chronic stress. Current
treatment is ineffective in 30% of patients so there is a need to fully understand the pathophysiology
of MD to design more effective therapeutic approaches.
Therefore, our objective was to identify specific neuronal subtypes playing crucial roles in the genesis
of stress-induced MD. To determine which cells were activated upon chronic unpredictable mild
stress (CUMS), we used a tamoxifen-inducible transgenic mouse model to label and map the
formation of neural engrams in the forebrain. Results showed that the CA1 of the hippocampus is
one of the main brain regions sensitive to chronic stress in terms of neural activity as we could find
different activation patterns depending on the chronicity of the stress protocol. Genetic and
chemogenetic modulation of the identified neuronal subtypes validate their relevance in the
regulation and development of the stress-induced depressive symptoms. Furthermore, the
characterization of such stress-induced neuronal engrams revealed a reorganization inside the
hippocampus across the progression of the chronic stress protocol.
In summary, our work suggests the presence of a hippocampal engram activated due to chronic
stress. Future work modelling specific subtypes of neurons within the engram will allow us to better
understand the contribution of these cells in the pathophysiology of MD.

On-Site Poster Number: 116
Session (On-Site): Stress & Anxiety II
Monday, September 6th, 2021, 10:00-11:30am

Exposure to early-life stress impairs memory acquisition and retrieval but
RU486 treatment in adolescence prevents its effects in a sex-dependent
manner.
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Early postnatal period is a sensitive time characterized by several neurodevelopmental processes
leading to define the final architecture and neural function. Hence, the brain is particularly
vulnerable to environmental factors at this time. Adverse experiences during this period, such as
early life stress (ELS) can persistently impair neuronal function and related cognitive functions
(learning and memory).
In this context, adolescence emerges as a second window of opportunity for therapeutical targeting
to reverse the ELS effects. It has been shown that resetting the stress system with the glucocorticoid
receptor antagonist RU486 improves stress-induced cognitive impairment. We now further study if
RU486 in such a sensitive period could prevent ELS effects on cognition.
Animals were exposed to a limited nesting and bedding model of ELS from postnatal day 2-9 and
injected i.p with RU486 at adolescent age (P28-30). At two months of age, these animals were tested
in the fear conditioning paradigm and freezing behavior during fear acquisition and contextual and
auditory testing were scored.
ELS, in general, impaired memory: in fear acquisition and both contextual and auditory retrieval.
RU486 had sex-dependent effects: in males it prevented ELS-effects in acquisition and in females also
in auditory retrieval.
Our data shows that stress early in life impairs acquisition of fear memories in adulthood and
consequently, impedes a proper retrieval of the experience. Glucocorticoid blockage during a second
developmental window prevents part of the ELS-effects in a sex-dependent manner.
Current studies are ongoing to correlate behavioural changes to number of activated neurons in
hippocampus and amygdala.
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Adrenaline level in SAM system and stress behaviour in rats – the long-term
effects of the exposure to low frequency electromagnetic field (50 Hz)
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The extremely low frequency electromagnetic fields (EMF) could be considered as a stress factor and
can be the cause of development of stress-related disorders. The effects induced by EMF on
biological systems are still unclear.
We put forward the hypothesis that the intensity of EMF and the daily duration of exposure can
determine its effect. Therefore the aim of the study was to evaluate the long-term consequences of
the exposure to 50 Hz, 1 and 7mT EMF on the adrenaline level in sympatho-adrenal system (SAM)
(one of the main stress systems in organism) and stress behaviour in rats.
Adult (3-month old) Wistar male rats were divided into groups: 1) animals exposed to EMF of 1mT) 2)
animals exposed to EMF of 7mT. Animals were exposed to EMF for one 7-day lasting period, 1h or
8h/day. Control animals were subjected to the same experimental procedure except magnetic field
exposure. The levels of adrenaline (the basal and the open field stress-induced) in the hypothalamus,
locus coeruleus, adrenal glands and plasma were measured immediately and 5 weeks after the
exposure in group exposed to 1mT and in group subjected to 7mT additionally 9 and 13 weeks after
the exposure.
In conclusion our data indicated that the EMF changes the adrenaline level in rat brain. 50Hz EMF of
both values of a flux density (1 and 7mT) increased the level of adrenaline in rats immediately after
exposure and the change in this hormone level was clear even 3 months later, but only in rats
exposed to 7mT independently on duration of exposure (1 or 8h/per day). It suggests that exposure
to EMF is a stressor acting in a dose dependent manner with permanent effect of stronger EMF and
transient of week EMF.
Research supported by project No. 2017/25/B/NZ7/00638 National Science Centre, Poland
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Differential c-Fos expression in the amygdaloid complex associated with long
term changes in appetitive preference of early life stress subjected mice
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Early life stress has been shown to elicit long term behavioral changes in mice. Mice subjected to
neonatal maternal separation exhibit reduced appetitive preference in a threat-perceptive
environment. We subjected mice to either neonatal maternal separation (MS) stress or early
weaning (EW)-maternal isolation stress. This resulted in increased anxiety-like behavior in matureadults from both groups, but increased latency to appetitive stimulus in a novel environment only in
the cohorts subjected to MS. Analysis of the distribution of c-Fos+ cells after appetitive stimulus in
the amygdaloid complex, known to play a major role in both appetitive and aversive behaviors in
mice, revealed that mature-adult post-MS mice had significantly reduced c-Fos expression in the
central and basolateral amygdala, as compared to the controls and early weaned mice. In contrast,
analysis of c-Fos in postnatal day (PND) 15 pups subjected to MS indicated increased expression in
the anterior basolateral amygdala (aBLA) as compared to the controls. Other reports have also
shown increase in c-Fos+ cells in BLA of mice subjected to MS after exposure to aversive stimulus.
These are intriguing results suggesting that aBLA is particularly associated with aversive behavior and
inhibition of appetitive behavior. We have also found that c-Fos+/Darpp32+ cells ratio (Darpp32 is a
molecular switch known for its role in addiction and reward and associated with dopaminergic
pathway) was significantly altered in mice subjected to maternal separation at both PND15 and
mature-adults as compared to control or early weaned mice. In summary, our results may indicate
developmental changes in the amygdaloid complex produced in response to stress associated with
maternal separation, which may in turn lead to alterations in appetitive-aversive pathway,
demonstrated as reduced appetitive preference in a novel threat perceptive environment.
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Structural differences in the hippocampus and amygdala of behaviorally
inhibited macaque monkeys
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Behavioral inhibition is a temperamental disposition to react warily when confronted by unfamiliar
people, objects or events. Behaviorally inhibited children are at greater risk of developing anxiety
disorders later in life. Previous studies reported that individuals with a history of childhood
behavioral inhibition exhibit abnormal activity in the hippocampus and amygdala. However, few
studies have investigated the structural differences that may underlie these functional abnormalities.
In this exploratory study, we evaluated rhesus monkeys exhibiting a phenotype consistent with
human behavioral inhibition. We performed quantitative neuroanatomical analyses that cannot be
performed in humans including estimates of the volume and neuron number of distinct hippocampal
regions and amygdala nuclei in behaviorally inhibited and control rhesus monkeys. Behaviorally
inhibited monkeys had larger volumes of the rostral third of the hippocampal field CA3, smaller
volumes of the rostral third of CA2, and smaller volumes of the accessory basal nucleus of the
amygdala. Furthermore, behaviorally inhibited monkeys had fewer neurons in the rostral third of
CA2. These structural differences may contribute to the functional abnormalities in the hippocampus
and amygdala of behaviorally inhibited individuals. These structural findings in monkeys are
consistent with a reduced modulation of amygdala activity via prefrontal cortex projections to the
accessory basal nucleus. Given the putative roles of the amygdala in affective processing, CA3 in
associative learning and CA2 in social memory, increased amygdala and CA3 activity, and diminished
CA2 structure and function, may be associated with increased social anxiety and the heritability of
behavioral inhibition. The findings from this exploratory study compel follow-up investigations with
larger sample sizes and additional analyses to provide greater insight and more definitive answers
regarding the neurobiological bases of behavioral inhibition.

On-Site Poster Number: 120
Session (On-Site): Stress & Anxiety II
Monday, September 6th, 2021, 10:00-11:30am

Cognitive and emotional functions of mice lacking the mineralocorticoid
receptor in glutamatergic or GABAergic neurons
Yang H1 Lopez J2,3 De Donno C2,3,4,5 van Doeselaar L1 Bordes J1 Brix L1 Engelhardt C1 Mitra S1 Narayan
S1 Eder M2 Deussing J6 Schmidt M1
1

Research Group Neurobiology of Stress Resilience, Max Planck Institute Of Psychiatry Munich Germany
Department of Stress Neurobiology Neurogenetics, Max Planck Institute of Psychiatry Munich Germany 3The
Max Planck Society–Weizmann Institute of Science Laboratory for Experimental Neuropsychiatry and Behavioral
Neurogenetics Rehovot & Munich Israel & Germany 4Institute of Computational Biology, Helmholtz Zentrum
München, German Research Center for Environmental Health Neuherberg Germany 5Department of
Mathematics, Technische Universität München Munich Germany 6Research Group Stress Neurogenetics, Max
Planck Institute of Psychiatry Munich Germany
2

The brain mineralocorticoid receptor (MR) plays an important role in the processing of stressful
information and has been shown to modulate stress-related behavioural phenotypes. In the
hippocampus MR is expressed in both glutamatergic and GABAergic neurons, however, the
functional role of MR in each cell type is so far not well studied.
We generated mice lacking the MR in glutamatergic neurons (MRlox/lox-Nex-Cre) or GABAergic
neurons (MRlox/lox-Dlx-Cre). First, we performed a basal phenotyping of knockout or wild-type litter
mates on anxiety-related behaviour and cognition. We then tested how their behaviour changes
after exposure to chronic social defeat stress (CSDS). In addition, we measured blood corticosterone
and the adrenal weights of the animals to test the reactivity of the hypothalamic-pituitary-adrenal
axis following the stress and harvested the brains for further analysis of gene expression.
Our results reveal that, under baseline conditions, MRlox/lox-Nex-Cre mice displayed increased
anxiety in the open field and elevated plus maze test, but the results for the cognitive performance
are so far inconclusive, due to an unexpectedly poor performance of the control animals, and will
have to be repeated. In contrast, mice lacking the MR in GABAergic neurons displayed no alterations
in anxiety-like behaviour under basal conditions, their learning and memory ability was improved
under stressful test conditions. Following CSDS there were few genotype x chronic stress interactions
in either male MRlox/lox-Nex-Cre or MRlox/lox-Dlx-Cre mice and CSDS showed mostly genotypeindependent effects.
Taken together, our initial data indicate a differential effect of the MR in glutamatergic and
GABAergic neurons. MR plays a specific role in regulating anxiety-related behaviour in glutamatergic
neurons, while it affects memory function in GABAergic neurons. Further studies will focus on the
correlation to molecular, functional and structural alterations in the hippocampus.
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The influence of parental bonding on the effect of a relaxation video
intervention on heart rate variability
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Different forms of early life adversity (ELA), for example parental maltreatment or neglect, are
associated with dysregulations of the autonomic nervous system (ANS) and an increased risk for
mental disorders later in life. In contrast to ELA, dispositional mindfulness (DM) might positively
influence ANS regulation by fostering regenerative relaxation responses. Thus, aim of this study was
to investigate DM as a potential buffer against effects of ELA on ANS regulation.
To investigate ANS reactivity in response to relaxation, we implemented a relaxation intervention
with three quasi-randomized groups: a meditation video, a relaxation video and a control video (total
N = 150 students; 51% female; age mean = 23.14 years, age range 18 – 49 years). High frequency
heart rate variability (HF-HRV), a vagally-mediated ANS component, was derived from heart rate
recordings during baseline and video watching, in conjunction with self-report measures of DM and
ELA (maternal and paternal care and overprotection). Effects of ELA and DM on changes in HF-HRV
were examined using multilevel mixed models.
Paternal, but not maternal overprotection predicted a lower HF-HRV across all experimental
conditions, while a significant negative association with DM was only observed for maternal
overprotection. We could not observe any interaction effects of ELA with DM to predict HF-HRV over
time.
To date, the majority of psychological research on adverse parenting effects has emphasized the role
of maternal behavior. Findings of this study now suggest that paternal overprotection reduces HFHRV and hence might also play an important role in ANS regulation.
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Oxidative stress and placental immune activation mediate sex-dependent
vulnerability in prenatally- stressed mouse offspring
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Prenatal stress (PNS) plays a key role in foetal developmental trajectories, inflammation and
oxidative stress (OS) are likely to mediate its effects on maternal environment with long-term
consequences on the offspring mental health. We set up a PNS mouse model and characterized the
effects of such condition on the placenta (the main mother-foetus interface), maternal behaviour
and pups’ neurodevelopment, focussing on OS and inflammation pathways. Pregnant C57Bl6/N mice
underwent 3-daily restraint stress sessions during the last pregnancy week; control dams were left
undisturbed until delivery. Half of them from both groups were administered with the antioxidant NAcetyl-cysteine (NAC-1g/kg), starting from 5 weeks before mating and throughout gestation. PNS
reduced dams’ body weight during pregnancy; the same effect was observed in all NAC-treated
dams, possibly due to a reduced number of pups/litter. In the PNS-NAC group, the placenta’s
labyrinth layer was characterised by an increased number of macrophages, suggesting that NAC
might prime the immune system to respond more efficiently to sub-optimal intrauterine conditions.
PNS overall disrupted the maternal circadian alternation between nursing and foraging that was
partially restored upon NAC administration. When 10-day-old offspring was assessed in the homing
test, both PNS and NAC-treated female pups showed a greater reactivity in this challenging context
being characterised by a reduced latency to reach the nest; male pups performance was not affected
by PNS in this test. Our results suggest that PNS affects OS and immune activation in both pre- and
post-natal maternal environment leading to a sex-dependent vulnerability in the offspring. Data on
NAC administration deserve a thorough investigation to better characterize its efficacy and specific
mechanisms of action. Proteomic analyses are ongoing aimed at characterizing placental
immunomodulation; targeted gene expression will be carried-out on pups’ brain inflammatory
mediators. Project “EMBED”-ERANET-NEURON-JTC-2018.
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The patterning of long-range axonal connections rely on the coordinated activation of cell-intrinsic
signaling pathways in response to environmental cues such as trophic factors, guidance molecules
and synaptic activity. The kinase LKB1 has been linked to several aspects of axon development (ie.
axon formation and terminal axon branching) through the sequential activation of intracellular
signaling pathways involving effector kinases such as the autism-linked kinase NUAK1. Yet the
extracellular factors ensuring the spatial and temporal regulation of LKB1-dependent signaling in the
axon remain largely unknown. We now gathered evidence that a single Serine residue (S431) in the
C-terminal end of the protein LKB1 acts as a molecular switch to integrate extracellular neurotrophin
signaling. In vivo analyses of callosal axon development revealed that S431 phosphorylation is
necessary for terminal axonal branching of layer 2/3 pyramidal cortical neurons. Interestingly, branch
formation on other regions of the brain such as the layer 5 ipsilateral plexus was largely unaffected
by the S431A mutation, suggesting that BDNF conveys spatial specificity to LKB1-mediated signaling.
LKB1 S431A knock-in mice show a range of behavioral alterations, including a decrease in the
preference for social novelty (but not social preference), similar to phenotypes previously described
for NUAK1 mice. Finally, we obtained evidence that BDNF stimulation affects mitochondria trafficking
and metabolic activity in the axon through the upregulation of LKB1 and NUAK1 signaling. The use of
metabolic modulators such as acetyl-L-Carnitine was sufficient to rescue axon branching in NUAK1deficient mice in vitro and in vivo, demonstrating a causal link between altered mitochondrial
metabolism and impaired axonal development. As a whole our results indicate that a LKB1/NUAK1
signaling pathway integrates extracellular BDNF signaling to promote axon branching and suggest
that a local regulation of metabolic activity participates in the balance between ipsilateral and
contralateral axonal projections.
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The development of functional neural circuits relies on tightly regulated cellular processes controlled
by complex cascades of signaling pathways, culminating in the proper development of axon terminals
and synaptic connections. A disruption of these molecular mechanisms can lead to life-altering
neurodevelopmental disorders such as autism spectrum disorders (ASD), mental retardation,
schizophrenia or cognitive defects. Our team identified previously that the autism-associated protein
kinase NUAK1 plays a central role in controlling axonal development in the mouse cortex (Courchet
et al. Cell 2013). In addition, we recently described that Nuak1 in haploinsufficient for mouse cortical
development (Courchet et al. 2018). Knockout of Nuak1 leads to alterations of cortical connectivity
and a wide-array of behavioral alterations including sociability defects, deficits in learning and
memory and abnormal sensory gating. Building on this work, we created a mouse line with a
mutation of the Nuak1 gene mimicking a de novo mutation identified in autistic patients. The
targeted knock-in mutation (Q434*) was achieved using the Crispr-Cas9 strategy. We will present the
first data of characterization of this novel, humanized mouse line. Furthermore we turned to a
candidate-approach to identify which signaling pathway and transcription factor could explains the
roles of NUAK1 in cued- and contextual fear memory. Overall, the comparison of this model with
conditional knockout models will allow to better characterize the cognitive defects associated to
Nuak1 and to identify the alterations in the neural circuits underlying these behavioral alterations.
Keywords : autism spectrum disorders, NUAK1, mouse model, memory, CREB.
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Epidemiological studies indicate that maternal infection during pregnancy is a risk factor for
neurodevelopmental disorders, such as autism spectrum disorder or schizophrenia. However, the
mechanisms underlying this phenomenon remain unclear. One of the highly expressed proteins in
the adult brain in response to infection is Lipocalin 2 (Lcn2), an innate immune response protein. The
aim of our studies is to characterize the role of Lcn2 in the regulation of neuronal circuitry
development, especially upon prenatal infection.
To mimic maternal infection the pregnant mice received three i.p. injections of lipopolysaccharide or
saline on E16, 17, and 18, representing infection in the second-trimester pregnancy in humans. To
evaluate Lcn2 mRNA expression in the fetal brain we performed qRT-PCR on fetal cortex and
hippocampus isolated 24 hours after the last injection. We also quantified Lcn2 expression in the
hippocampus during postnatal development. To address how lack of Lcn2 during prenatal infection
may influence intrinsic electrophysiological properties of neurons in the adult brain, we performed
excitability recordings from hippocampal CA1 pyramidal cells on acute brain slices from Lcn2 WT and
KO offspring after the LPS challenge.
Our results indicate that Lcn2 mRNA is significantly upregulated during maternal infection-induced
fetal brain inflammation. Moreover, Lcn2 is developmentally regulated in the hippocampus in vivo,
with the highest expression between P0 to P21. We also observed that the absence of Lcn2 in the
developing brain results in higher intrinsic excitability of hippocampal neurons in the adult brain, but
only in mice exposed to prenatal infection. These results suggest that Lipocalin 2 could be a
promising link between immune response and brain development, however, to answer questions
regarding its role in neurodevelopmental disorders more studies are required. This work was
supported with NCN grant 2017/27/B/NZ4/01639.
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Early life stress targets the transcriptional signature and functional properties
of voltage gated-sodium (Nav) channels in hippocampal NG2+ glia.
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Background: The detrimental effects of early life stress (ELS) on brain development and mental
health are well established. While studies have identified myelination and oligodendrocytes as
targets of ELS across species, knowledge about the precise molecular mechanisms and cell
populations involved is still lacking. NG2+ cells are a particularly interesting subpopulation,
comprising oligodendrocyte precursor cells with unique properties, as they form synapses with
neurons and respond to stress hormones.
Methods: Using a mouse model of ELS, we performed molecular profiling in hippocampal NG2+ cells
at early postnatal and adult stages. To further dissect the impact of glucocorticoids on ELS-induced
transcriptional changes, we integrated our data with Chip-seq data on genomic binding sites of the
glucocorticoid receptor (GR). The functional relevance of one candidate, Scn7a, was confirmed by
electrophysiological recordings in hippocampal NG2+ cells.
Results: ELS targeted the hippocampal NG2+ cell transcriptome, and the observed molecular changes
correlated with the ELS-induced increase of corticosterone. The overlap analysis with Chip-seq data
on genomic binding sites of the GR revealed nine overlapping genes. Amongst these, Scn7a, coding
for a subunit of sodium channels, remained upregulated until adulthood in ELS animals. Upregulation
of Scn7a was accompanied by an increase in the density of voltage-gated sodium channel activated
currents in hippocampal NG2+ cells.
Conclusions: Our findings indicate that ELS specifically targets the transcriptional profile and
electrophysiological properties of hippocampal NG2+ glia. Considering that voltage-gated sodium
channels are important for NG2+ cell-to-neuron communication, our findings suggest novel insights
into the pathophysiology of stress related mental disorders.
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While it is apparent that spontaneous neuronal signaling generates brain function, what patterns of brain
-organization remains an area of intense research. A key
development in this line of inquiry has been the calculation of Functional Connectivity (FC) distances
between brain regions. Calculated in terms of pairwise similarity---e.g. correlation, coherence, etc.--between regional brain signals; FC appears to capture coordinated information processing among brain
regions. In this way, functional brain organization is interpreted as a weighted graph of FC distances.
While many previous studies pursued geometric interpretations of FC graphs, theory and recent empirical
evidence supports a topological interpretation. One promising topological feature is 0-dimensional
persistent homology which captures how brain regions aggregate into clusters. Following this line of
inquiry, the present study develops a python repository to efficiently compute time-varying persistent
homology among thousands of brain regions. The proposed algorithm negotiates the curse of
dimensionality by developing topological primitives using witness complexes. From this perspective,
connectivity among very many brain regions is calculated through their common FC to a much smaller set
incorporate into a whole-brain parcellation. We demonstrate the utility of this approach to distinguish
patterns of whole-brain BOLD fMRI induced by experimentally-defined tasks, and those induced by a
naturalistic viewing paradigm.
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with Levodopa being the gold therapeutic standard. The response to levodopa treatment may be
varied, possible from the fact that the genetic variability may determine the response to the
treatment.
Aim: The aim of this work was to investigate the impact of genetic variants in the genes coding
monoamine oxidase B (MAOB), dopamine receptor D2 (DRD2) and DOPA decarboxylase (DDC) on the
levodopa treatment in the diagnosed patients.
Methods: 126 patients: women and men aged 39 to 95 were included in the study. Peripheral blood
samples were drawn, the genetic material in the form of DNA was extracted and the genotyping of
single nucleotide polymorphisms (SNP) was performed using the TaqMan probes.
Results: We detected rs2283265 and rs1076560 genetic variants of the DRD2 gene determining more
The results regarding the levodopa side effects did not reach statistical significance. We also
demonstrate that the rs1799836 genetic variant of the MAOB gene and rs921451 of the DDC gene did
Conclusion: We believe that genetic sequencing may in future serve as a tool to assess the future
clinical course as well as mental state of patients with diagnosis of Parkinson's disease.

On-Site Poster Number: 180
Session (On-Site): Hot Topics In Brain And Behaviour (Theme: Learning & Memory)
Tuesday, September 7th, 2021, 10:00-11:30am

CRISPR-based epigenetic reprogramming of memory cells in fear memories
Coda D1 Watt L2 Glauser L.1 Gräff J1
1

EPFL, School of Life Sciences, Brain Mind Institute, Laboratory of Neuroepigenetics Lausanne Switzerland
University of Aberdeen Aberdeen United Kingdom

2

The experience of traumatic, life-threatening events gives rise to some of the most enduring forms of
fear memories, which can degenerate into a devastating pathological state known as post-traumatic
stress disorder (PTSD). Nevertheless, surprisingly little is known about how long-lasting memories are
formed and stored. By virtue of being at the same time dynamic and stable, epigenetic mechanisms
have long been proposed as the molecular substrates for memory, but a cell type, locus-restricted and
temporally controlled demonstration thereof has thus far been lacking. Here, we combine in vivo
epigenetic reprogramming approaches with c-Fos driven engram tagging technologies. First, we show
that in transgenic c-Fos::tTA mice, overexpressing the histone acetyl transferase CREB binding protein
(CBP) in the dentate gyrus of memory encoding cells increases whole-genome H3K27ac levels and the
ability to recall recent fear memories. Then, we go on to show that epigenetic reprogramming of a
single site on the genome might be sufficient to alter memory performances by targeting CRISPRdCas9 coupled to transcriptional activators or repressors to the promoter of the Arc gene, a master
regulator of memory processes. Engram-specific, dCas9-VPR mediated upregulation of Arc improves
recent fear memory, whilst expression of dCas9-KRAB-MeCP2 in the same cells decreases Arc mRNA
levels and impairs fear memory recall. In vitro, we found that these CRISPR-dCas9 systems directly
cause bidirectional changes in H3K27ac levels at the Arc promoter. Overall, these findings show how
the modulation of epigenetic marks in a cell type and locus-specific manner can impact neuronal
function and memory capacity; at the same time, they open new perspectives for the development of
innovative approaches for the treatment of PTSD.
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Dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis as a consequence of adverse
childhood events increases the susceptibility of individuals to develop a range of neuropsychiatric
disorders. Here we present an early-life stress (ELS) zebrafish model, in which the HPA axis is
optogenetically activated by light during development leading to chronic elevation of cortisol
persisting into adulthood. In this fish, transcriptomic analysis has revealed dysregulation in
glucocorticoid signaling and increased expression of a subset of inflammation markers. Here we
demonstrate using novel assays, the effects of ELS in a range of behavioral domains in adult
zebrafish.
To measure the effects of ELS on adult behavior, we compare early-life HPA-activated fish (ELS+) fish
against both their non-transgenic sibling (ELS-) and wildtype. To measure their response to an acute
threat, we established a protocol to present an aerial-predator mimicking looming stimulus that
elicits a strong and consistent behavioral and cortisol response. Although ELS+ fish exhibit looming
stimulus induced behavior and cortisol responses, they subsequently fail to appropriately adapt in
novel environments, suggesting alterations in fear processing. To assess social functioning, we
developed a novel social-motivation assay that affords insight into four distinct social phases:
motivation, approach, interaction, and maintenance. The paradigm offers a choice between a safe
zone and an aversive area that fish need to traverse in order to engage in social interaction. ELS+
subjects display motivation and approach behavior, but most fail to perform and maintain social
interaction. Finally, ELS+ fish demonstrate differential feeding behaviors resulting in a range of body
sizes. In conclusion, ELS alters a range of behaviors spanning multiple neuropsychiatric domains in
adult zebrafish. Current work extends this analysis to the cognitive domain.
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Social behaviors, either conflictive or cooperative, are crucial for the survival and reproduction.
Neural circuit mechanisms underlying the regulation of social behaviors remain largely elusive.
Further, little is known about how the brain computes choices when competing stimuli for mutually
exclusive basic behaviors, e.g. social interaction vs. feeding, occur simultaneously. Aggression and
feeding-related behaviors are regulated by the lateral septum (LS), which is connected with
hypothalamic areas, the prefrontal cortex and hippocampus. We recently showed that somatostatinexpressing (Sst) neurons in the LS promote food-seeking (Carus-Cadavieco et al., Nature 2017). Here
we investigated functions of two cell populations in the LS, Sst-, and neurotensin-expressing (NT)
cells, in social interactions, ranging from stressful to rewarding, as well as in feeding-related
behaviors. Combining optogenetics, chemogenetics and calcium imaging in behaving mice, we found
differential neuronal activity and neuronal network dynamics in the LS selectively changes during
different stages of social behaviors. Optogenetic activation of NT cells resulted in increased social
interaction and decreased dominant behavior to conspecifics. In addition, opto- or chemogenetic
activation of NT cells in the LS decreased food intake, also in the absence of conspecifics. Subsecond
analysis of behavior using MoSeq, an unsupervised machine learning algorithm, upon chemogenetic
activation of NT cells, revealed changes of multiple behavioral modules on a subsecond scale.
Conversely, optogenetic activation of Sst cells in LS promoted food approach and decreased social
interactions. Analysis of spatial coding revealed that a subset of Sst cells could be classified as place
cells while exploring an open field, and Sst cells exhibited a more precise spatial coding than NT cells
in the presence of different stimuli. Taken together, our results suggest that Sst- and NT-expressing
subpopulations in LS complementary regulate multiple aspects of innate behaviors.
Acknowledgements: ERC Consolidator Grant (FeedHypNet, to TK) and DFG (233886668/ GRK1960, to
FS).
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The formation and storage of memories in the brain has been under deep investigation for several
decades. Nevertheless, the precise mechanisms by which memories are initially encoded and
subsequently stored in different brain areas are still unknown. Recent evidence has suggested that
the hippocampus (HIP) and the medial prefrontal cortex (mPFC) contain engram cells already at
encoding, but although the HIP engram is already active at learning, the mPFC one is kept silent until
the memory is fully consolidated. We hypothesized that the inputs to the mPFC are differentially
activated throughout consolidation to allow the switch of functional engram.
In order to identify the activation patterns of specific projections, we screened the activity of mPFC
inputs throughout consolidation of a fear memory using an unbiased retrograde tracing in adult
mice. We further tested their functional relevance by chemogenetically inhibiting these projections
during the different learning phases. This highlighted the role of the Claustrum and Basolateral
Amygdala to mPFC projections during the encoding of the fear memory, as well as the importance of
the Insular cortex input at recent recall. Finally, we investigated the effect of those manipulations on
the reactivation of the original mPFC engram using the engram tagging cFos-tTA mouse line.
Collectively, our data help to further refine the working model of memory formation by deciphering
the interplay between brain regions during the process of systems consolidation of a fear memory.
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Mounting clinical and preclinical evidence support the involvement of non-coding RNAs such as
microRNAs (miRs) in the adaptive (and maladaptive) brain responses to stressful stimuli. Among
miRs, the miR-34 family has been involved in the neurobiological mechanisms that underlie the
regulation of stress response. In particular was observed that miR-34a, which is highly expressed in
the Dorsal Raphe Nuclei (DRN), plays a role in mediating behavioral and neurochemical alterations
induced by stressful events.
Here we hypothesize that miR-34a could modulate acute stress response through a regulation of
GABAergic signalling in the DRN.
Using histological, molecular, and genetic approaches we first examined miR-34a cellular localization
in the DRN. Then, by in vivo microdialysis and ex vivo patch clamp recording, we evaluated if miR-34a
regulates acute stress-related GABAergic transmission in the DRN.
Within the DRN, miR-34a seems to be specifically expressed in GABAergic neurons. In this area, acute
stress exposure causes the inhibition of GABAergic response in control mice. However, miR-34
pharmacological inhibition, as well as selective genetic deletion in GABA neurons, caused an
enhanced GABAergic activity in the DRN in response to acute stress, demonstrated by the in vivo
enhanced local GABA release and by the higher mIPSCs frequency recorded in 5HT-positive neurons.
This study points out that miR-34a could be a selective GABAergic regulator of the DRN activity
during acute stress exposure. This factor could exert an inhibitory control on GABA neurons within
the DRN, that in turn regulates the serotonergic activity.
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The degeneration of dopaminergic (DA) neurons in the substantia nigra is a hallmark of Parkins
Disease (PD). Dysregulation of developmental transcription factors is implicated in dopaminergic
neurodegeneration, but the underlying molecular mechanisms remain largely unknown. Drosophila
Fer2 is a prime example of a developmental transcription factor required for the birth and
maintenance of midbrain DA neurons. Using an approach combining ChIP-seq, RNA-seq, and genetic
epistasis experiments with PD-linked genes, here we demonstrate that Fer2 controls a transcriptional
network to maintain mitochondrial structure and function, and thus confers dopaminergic
neuroprotection against genetic and oxidative insults. We further show that conditional ablation of
Nato3, a mouse homolog of Fer2, in differentiated DA neurons results in locomotor impairments and
mitochondrial abnormality in aged mice. Our results reveal the essential and conserved role of Fer2
homologs in the mitochondrial maintenance of midbrain DA neurons, opening new perspectives for
modelling and treating PD.
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Electrophysiological and behavioural alterations induced by early-life
experience: the role of Ih current in ventral tegmental area dopaminergic
neurons
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The experience of aversive events at an early age seems to be related to both the development of
psychopathology and resilience in adulthood, indicating how the same event can determine different
outcomes depending on the individual response to it.
Numerous clinical and preclinical studies have investigated the relationship between stress and the
development of psychopathologies such as depression and substance dependence, both
characterized by the presence of alterations of the mesocorticolimbic circuit, primarly involved in the
processing of rewarding stimuli. In particular, the ventral tegmental area (VTA) is the mesencephalic
area from which the circuit originates. Several studies have investigated the relationship between
electrophysiological alterations of VTA dopaminergic neurons and the development of a resilient or
vulnerable phenotype to depressive behaviours and rewarding stimuli, focusing in particular on the
evoked firing and the Ih current, involved in the regulation of firing rate in dopaminergic neurons.
Some authors found an association between stress-induced vulnerability to depression and increased
evoked firing and Ih current of VTA dopaminergic neurons, while others found a reduction of the
same parameters, associated with vulnerability to rewarding stimuli such as cocaine or alcol.
Previously published preclinical data by our group showed that mice subjected to an early post-natal
manipulation (Repeated Cross Fostering: RCF) manifest in adulthood vulnerability to rewarding
stimuli but, at the same time, resilience to the development of depressive-like behaviours. Here we
tested the hypothesis that RCF-induced electrophysiological alterations in the dopaminergic neurons
of VTA are involved in the development of these different behavioural phenotypes manifested by
RCF mice in adulthood.
Through an in-vivo pharmacological approach supported by ex-vivo electrophysiological measures,
we found that the alterations of the electrophysiological pattern of VTA dopaminergic neurons
manifested by RCF mice are responsible for the resilient and susceptible phenotype to depressive
behaviours and rewarding stimuli, respectively.
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Time Perception and Subjective Shortening of Perceived Time Intervals
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Time perception is one of essential cognitive principles organizing our representation of the
surrounding world and itself. The perception of time operates on various scales - from circadian
rhythms to millisecond timing. The interval timing operates in tenths of a second to tens of seconds
and it is under strong cognitive control. Although there are a number of theoretical models
attempting to explain interval timing, it is not yet fully understood neurophysiological mechanisms
behind these models.
Studies to date suggest that working memory plays a key role in interval timing, and that the time
interval representations maintained in memory are gradually "degraded," what leads to subjective
shortening of perceived time intervals.
In our study, we use reproduction of time intervals to test memory representations. We present the
participants with visual stimuli on a computer monitor, afterwards they should reproduce these
intervals by pressing a key. We vary not only the length of the intervals themselves, but also the time
intervals between the presentations of the stimuli and the responses.
We showed that shortening of reproduced time intervals correlated more with the lengths of stimuli
themselves than with the intervals between stimuli and responses, what may suggest contribution of
different memory mechanisms.
under grant number LO1611, with a financial support from the Ministry of Education, Youth and
Sports of the Czech Republic under the NPU I program and GACR 19-15728S.
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Role of environment and experimenter in reproducibility of behavioural
studies with laboratory mice
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Behavioral phenotyping of mice has received a great deal of attention during the past 25 years. In
this context, there is a pressing need to understand the variability caused by environmental and
biological factors, human interference, and poorly standardized experimental protocols. The
inconsistency of results is often attributed to the inter-individual difference between the
experimenters and environmental conditions. The present work aims to dissect the combined
influence of the experimenter and the environment on the detection of behavioral traits in two
inbred strains most commonly used in behavioral genetics due to their contrasting phenotypes, the
C57BL/6J and DBA/2J mice. To this purpose, the elevated O-maze, the open field with object, the
accelerating rotarod and the Barnes maze tests were performed by two experimenters in two diverse
laboratory environments. Our findings extend the well characterized behavioral differences between
these strains in exploratory behavior, motor performance, learning and memory. Moreover, the
results demonstrate how the experimenter and the environment influence the behavioral tests with
a variable-dependent effect, often with mutually exclusive contributions. In this context, the study
highlights how both the experimenter and the environment impact the strain effect size without
altering the direction of the conclusions. Importantly, the general agreement on the results is
reached by converging evidence from multiple measures addressing the same trait. In conclusion, the
present work elucidates the contribution of both theexperimenter and the laboratory environment in
the intricate field of the behavioral phenotyping reproducibility.
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An epigenetic contribution to neuronal competition during memory
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Over the past years, multiple lines of evidence have shown that long-lasting memories appear to be
stored in a small set of neurons scattered throughout the brain, so-called engram cells. From these
studies it is becoming apparent that during the process of memory formation, each region of the
brain involved in memory storage appears to recruit between 5 and 20 percent of excitatory neurons
to define a stable engram. Hence, as memories start to be encoded, the size constraints of the
engram to be formed likely imposes neurons to enter in competition for memory allocation. Indeed,
recent studies have revealed that the neuronal competition to participate in the memory engram is
not random; rather, post-synaptic neurons with a higher excitability then their neighbours are more
likely to be selected in the memory trace.
This project wants to further explore the process of memory allocation by studying how epigenetic
mechanisms contribute to neuronal selection. Specifically, we will focus on one of the main
epigenetic modifications studied in learning and memory: histone acetylation. Our hypothesis is that
based on its epigenetic make-up, and depending on the transcriptional outcome of such epigenetic
code, a neuron will acquire certain epi-transcriptomic signatures that defines its engagement in
memory formation.
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FKBP51 in glutamatergic forebrain neurons mediates beneficial effects of
moderate early life adversity on hippocampal structure and function.
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Exposure to stressors in early in life can be a risk factor for later psychopathologies, but may also
enhance stress resilience, dependent on the genetic background and later life conditions of an
individual. The chaperone FKBP51 has been implicated in mediating such effects, but the underlying
mechanism are still largely unclear. Furthermore, recent research has highlighted the differential
responses to stress between sexes.
In this study, we addressed the question whether early-life stress exposure can enhance cognitive
performance in adulthood and if FKBP51 plays a role in this process. Mice with a conditional deletion
of FKBP51 in forebrain glutamatergic neurons (FKBP51Nex) or wild-type (WT) litter mates were either
subjected to early life stress in the form of limited nesting and bedding material (ELS) or left
undisturbed. Cognitive testing in adulthood at 5 - 7 months of age revealed that predominantly in
female offspring ELS resulted in an improved cognitive performance specifically under high-stress
conditions, and this effect was absent in FKBP51Nex mice. Structural MRI following the behavioral
tests revealed genotype or ELS-induced volumetric changes in cortical brain regions or the BNST and
cerebellum, respectively. In addition, RNA bulk sequencing revealed interesting differences in
expression profiles within the ventral hippocampus of female mice, whereas field potential
recordings in CA1 dorsal hippocampal slices of a separate cohort of female FKBP51Nex and WT mice
exposed contrasting LTP induction profiles in response to a corticosterone application. Taken
together, our results show that moderate exposure to early life adversity can enhance resilience in a
sex-dependent manner by improving cognitive performance under high stress conditions as a result
of molecular, functional and structural changes. By further unraveling the structural and molecular
pathways responsible for this pro-resilient phenotype, we will gain valuable insights in potential
intervention and treatment strategies.
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Effect of Angiotensin-(1-7) on expression of nicotinic and metabotropicglutamate receptors and radial-maze performance of rat in a model of
Alzheimer’s disease induced by intra-amygdaloid Aβ1-40
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Alzheimer’s disease (AD) is characterized by deposition of extracellular Amyloid-β-peptide (Aβ)
plaques and dysfunction of the glutamatergic and acetylcholine systems levels that lead to learning
and memory impairment. Also, the balance of RAS is disturbed so that the regulator arm is decreased
whereas the classic Ang-II/III arm is elevated.
In this study, the AD model was induced by bilateral intra-amygdaloid injection of 3 nmol/3 µL
amyloid beta peptide (Aβ40). Angiotensin-(1-7) [Ang-(1-7)] was injected i.c.v. at 11.1 nmol/0.25 µL/h
for 7 days. Memory was evaluated by measuring correct choices (CC), error choice (EC) and latency in
8-arm radial maze (RAM) test. The expression of α7, α4 and β2 subunits of the nicotinic receptor
(nAChR) and the metabotropic glutamate receptors (mGluR1) group subunits, mGluR1 and mGluR5,
in amygdala (AMG) and hippocampus (HCP) were analyzed by Western-blotting method.
Aβ40 and Ang-(1-7) displayed differential effects on RAM and nAChR, mGluR1 and mGluR5. Aβ40
decreased CC, increased EC and prolonged the latency. Ang1-7 only decreased Aβ40-induced EC. In
AMG, Aβ40 decreased α7, α4 and β2 nAChR and mGluR5, but increased mGluR1. Ang-(1-7)
decreased α7-, α4-nAChR and mGluR5, but increased mGluR1. In HCP, only Ang-(1-7) significantly
increased β2 nAChR, an effect decreased by Aβ40. In Aβ40-treated rats’ AMG, Ang-(1-7) reversed
the effect of Aβ40 on α4 nAChR, but further increased that exerted on mGluR1, but its effect on
mGluR5 was reversed by Aβ40.
In conclusion, Aβ40 impaired RAM performance and decreased nAChR and mGluR5 especially in
AMG but increased mGluR1 in both AMG and HC. Ang-(1-7) improved Aβ40-induced EC, increased
β2 nAChR in HC, reversed the Aβ40-reduced α4 nAChR in AMG.

On-Site Poster Number: 128
Session (On-Site): Other Disorders Of The Nervous System
Tuesday, September 7th, 2021, 10:00-11:30am

Common and distinct resting-state functional connectivity correlates of
fatigue and depression in clinically isolated syndrome and relapsing-remitting
multiple sclerosis
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Fatigue and depression are common, often overlapping symptoms in patients with clinically isolated
syndrome (CIS) and multiple sclerosis (MS). However, the specifics of their common and/or distinct
underlying pathophysiological substrates remain unclear. The aim of the present cross-sectional
study was to identify common and distinct pathophysiological substrates between self-rated fatigue
and depression symptoms as reflected in functional brain connectivity at rest in patients with CIS
(n=24) and relapsing-remitting MS (RR-MS; n=29). Intrinsic Connectivity Contrast (ICC) maps,
assessing voxel-wise global connectivity, were tested for correlations with fatigue scores, after
controlling for depression, and with depression scores, after controlling for fatigue. In CIS patients
fatigue was distinctly associated with hyperconnectivity of posterior Default Mode Network (DMN)
components, while in MS patients fatigue was linked to hypoconnectivity of portions of the anterior
and posterior DMN, the subgenual and middle cingulate gyrus, and insula. Regarding depression
symptom severity (controlling for fatigue): in CIS patients it was distinctly associated with
hypoconnectivity of components of the sensorimotor, salience and visual networks, and of anterior
portions of the DMN. In MS patients additional distinct features of depression entailed
hypoconnectivity of posterior DMN regions. Taken together, whereas in CIS, that represents the
earliest stage of MS, depression and fatigue displayed highly dissociable functional connectivity
correlates, in later stages of the disease both types of symptoms were associated with
hypoconnectivity of anterior and posterior DMN, salience and sensorimotor networks.
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Sertraline treatment normalizes striatal protein translation and ameliorates
motor deficits in the R6/1 mouse model of Huntington’s disease
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Huntington’s disease (HD) is a dominant inherited neurodegenerative disorder caused by an unstable
expansion of a CAG repeat within the exon 1 of the huntingtin (HTT) gene. Early symptoms include
psychiatric alterations as depression or irritability that progressively add up to cognitive and motor
alterations in later stages, both related to dysfunction in hippocampal and corticostriatal pathways.
Previous results from our group suggest that an aberrant increase in protein translation in the
striatum of R6/1 HD mouse model contributes to the pathology of HD. This hypothesis is wellsupported by the amelioration of the characteristic motor deficits in R6/1 mice as a consequence of
the normalization of translation by intracerebral injection of 4EGI-1, an inhibitor of a protein
synthesis initiation complex. In this project, we aimed to investigate whether the antidepressant
Sertraline, an mTOR-pathway inhibitor widely used for the treatment of depressive symptoms in HD
patients, could also ameliorate motor performance in R6/1 mice through normalization of
translation. Here, we show that this increase in protein translation is dependent on the number of
CAG repeat expansion in HD patients’ fibroblasts and it is normalized by an in vitro treatment with
Sertraline. Furthermore, intraperitoneal administration of Sertraline improves motor learning and
coordination in R6/1 mice, which correlates with the normalization of the protein synthesis rate in
the striatum analysed by the SUnSET method. Accordingly, these results suggest a potential new use
of the antidepressant Sertraline for the treatment of motor symptoms in HD.
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Unravelling the involvement of direct and indirect pathways from the
dorsolateral and dorsomedial striatum to determine specific basal ganglia
sub-circuit alterations in Huntington’s disease
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Disruption of the basal ganglia (BG) circuits underlie several movement disorders, such as
Huntington’s disease (HD). Recent functional studies reveal that distinct BG sub-circuits modulate
different behavioral domains, i.e dorso-medial striatum (DMS) seems more involved in locomotion
while dorso-lateral striatum (DLS) in motor learning. While the topography of cortico- BG circuits is
well known, the knowledge regarding the functional implications of the segregated BG subcircuits in
the context of HD has not been explored. Here, we aim to understand how DLS and DMS are affected
in HD and the functional implication of the main striatal output pathways, direct and indirect, in
those subcircuits.
We used in vivo MRI to study functional connectivity from DLS and DMS with BG related brain
structures at symptomatic stages (20wk) of our R6/1 HD model. Our data indicates that in HD mice
the DLS, but not DMS, show functional connectivity deficits with all cortical subregions analyzed.
Then, we used optogenetics to stimulate specific BG sub-circuits by expressing the ChR2 in the DLS or
the DMS in Drd1-Cre and A2A-Cre mouse lines crossed with the R6/1 model of HD. Our results show
that unilateral stimulation of Drd1 and A2a neurons induce rotatory behaviour in HD mice, as
expected. Moreover, bilateral optogenetic stimulation of Drd1-neurons in the DLS induce opposite
locomotor effects in WT or HD mice in the open field and slightly improve motor learning in HD mice
using the accelerating rotarod task. Conversely, stimulation of Drd1-neurons in DMS did not
modulate locomotion nor motor learning. We are currently analyzing the involvement of A2aexpressing neurons in those behaviours. All together, these results suggest a major involvement of
the DLS in HD pathophysiology.
Our results highlight that by understanding BG sub-circuits alterations we could provide potential
circuit-based therapeutic strategies to recover symptoms in HD.
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Interaction CB1R-Grp78: a new regulatory mechanism of the cannabinoids’
neuroprotective action in Huntington’s Disease?
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Cannabinoids, the bioactive components of cannabis sativa that mimic endocannabinoids (ECs) in our
central nervous system (CNS), exert multiple functions upon binding to cannabinoid receptors (CBRs).
While two types of CBRs have been characterized, named CB1R and CB2R, the type-1 cannabinoid
receptor is the most expressed in the brain.
Although CB1R has been taking center stage in the treatment of multiple neurodegenerative
conditions including Huntington’s Disease (HD), much less is known about how this receptor can
modulate its activity. New evidence has pointed out that context-dependent factors including the
interaction with intracellular proteins via its C-terminal domain could play a critical role.
A potential interactor, the Glucose-regulated Protein 78 (Grp78), is thought to block CB1R’s
neuroprotective action on specific neuronal subpopulations. Therefore, the overall objective of this
research project is to characterize the functional relevance of the Grp78-CB1R interaction in HD given
that deregulation of the cannabinoid system has been described to be an important pathogenic
factor that exacerbates not only the HD symptoms but also the neuropathology.
To modulate the detrimental interaction between Grp78 and CB1R, we generated a new doubletransgenic mouse line by crossing Grp78+/- heterozygous mice with R6/1 mice that express a
pathogenic fragment of the human mutant huntingtin exon1. We analyzed motor and cognitive
behavior using the Fixed Rotarod and the Novel Object Location and Recognition tests, respectively.
Results have showed that genetic reduction of Grp78 in HD mice delays the onset of motor
coordination symptoms and reverts the hippocampal-dependent long-term spatial and recognition
memory deficits together with dendritic spine pathology. At the biochemical level, we have detected
that subcellular levels of Grp78 are differently expressed in R6/1 mice depending on the brain region
analyzed, which might suggest a whole new role for Grp78 beyond its well-stablished function within
the ER lumen as a molecular chaperone.
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Tmem117 in AVP neurons is a novel regulator of counterregulatory response
to hypoglycemia
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The counterregulatory response (CRR) to hypoglycemia, is an essential survival function. It
constitutes a brain-orchestrated neuroendocrine reflex characterized by the secretion of multiple
hormones that act on peripheral organs to minimize glucose utilization and stimulate glucose
production; ultimately leading to restoration of normoglycemia. Glucose responsive neurons of the
central nervous system (CNS) possess a crucial role in the CRR. However, the molecular mechanisms
underlying this coordinated response remain largely unexplored.
To identify novel candidate genes implicated in the CNS control of the CRR, we performed a genetic
screen using a panel of BXD recombinant inbred mouse strains. For each strain we quantified the
secretion of glucagon upon insulin-induced hypoglycemia and collected hypothalami for
transcriptomics. Combining cQTL and eQTL data led to the identification of Tmem117, a
transmembrane protein with unknown function, as a potential regulator of glucagon secretion. Using
immunofluorescence, we observed that Tmem117 is expressed in vasopressin magnocellular
neurons. c-Fos staining revealed that these neurons were activated by insulin-induced hypoglycemia
and ex-vivo slice electrophysiology verified that a subpopulation of them is activated by low glucose
(glucose-inhibited neurons). Furthermore, copeptin (vasopressin surrogate marker) was elevated 1
hour after insulin injection. To determine the role of Tmem117, we generated Tmem117flx/flx mice
and used a viral-mediated approach to conditionally knock-out Tmem117 only in vasopressin
neurons (cKO). This led to higher hypoglycemia-induced copeptin and glucagon secretion. In the
longer term, cKO mice exhibited progressive loss of vasopressin neurons, accompanied by
disappearance of the phenotype. Interestingly, the described secretory phenotype was observed in
male mice and only during the proestrus phase in females, suggesting a possible implication of sex
hormones in the underlying molecular mechanism.
Overall, our study identified Tmem117 as a novel hypothalamic regulator of CRR that affects
vasopressin secretion and neuronal survival, and its action appears to be sexually dimorphic.
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Ontogenesis of behavior and postnatal brain development of a murine model
of Coffin-Lowry syndrome associated with intellectual disability
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Coffin-Lowry syndrome (CLS) is a rare neurodevelopmental disorder characterized by severe
intellectual disability associated with physical and neurological abnormalities. CLS is due to mutations
of the RPS6KA3 gene located on the X chromosome that encode the RSK2 kinase involved in the MAP
kinase-signaling pathway, known for its key role in several cellular and cognitive processes. Although
CLS is a developmental disorder, there is as yet no study of postnatal development of the Rsk2-KO
mouse model of CLS. We therefore aimed to characterize brain development and ontogenesis of
behavior of juvenile Rsk2-KO mice. First, we analyzed different behavioral parameters and
neurological reflexes of wild-type (WT) and Rsk2-KO mice from postnatal day 4 (PND 4). While Rsk2KO mice were born healthy, we unveiled a delay in the acquisition of several reflexes including some
known as hallmarks of neurological disorders. Second, in vivo MRI analyses revealed reduced
volumes of the whole brain, hippocampus and cerebellum in Rsk2-KO mice from PND 14.
Interestingly, total brain volume spontaneously recovers WT level in adulthood, highlighting that the
delay in brain postnatal development is transient in Rsk2-KO mice. Using immunohistochemical
approaches, we further identified alterations of postnatal neurogenesis in the dentate gyrus of the
hippocampus at PND 14 and PND 35 in Rsk2-KO mice. Together, these results suggest that RSK2 plays
a crucial role in brain development during the post-natal period. The delayed maturation of brain
structures in the absence of RSK2 might reflect abnormal functional development of neuronal circuits
during this period, which could be at least in part responsible for cognitive deficits in CLS. Supported
by a grant from Fondation Jerome Lejeune to RP (N°1840) and a PhD fellowship from Fondation pour
la Recherche Médicale (FRM N°ECO 2018ECO201806006842) to LG.
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Intrastriatal injection of small RNAs derived from different Huntington’s
disease patients’ brain regions induce diverse neuropathological outcomes in
wild-type mice
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Progressive motor alterations and selective death of medium-sized spiny neurons in the caudate and
putamen are key pathological hallmarks of Huntington’s disease (HD), a neurodegenerative disorder
caused by a CAG trinucleotide repeat expansion in the coding region of the huntingtin (HTT) gene.
Most research has focused on the pathogenic effects of the resultant protein product(s); however,
growing evidence indicates that expanded CAG repeats within mutant HTT mRNA and derived small
CAG repeat RNAs (sCAG) participate in HD pathophysiology. The individual contribution of protein
versus RNA toxicity to HD pathophysiology remains largely uncharacterized and the role of other
classes of small RNAs (sRNA) that are strongly perturbed in HD is uncertain.
Here, we show that sRNA produced in the putamen of HD patients (HD-sRNA-PT) are sufficient to
induce HD pathology in vivo. Moreover, sRNA obtained from the motor cortex (as an affected region)
or from the cerebellum (as a less-affected region) are able to differently compromise motor function
in wild-type mice. This observation prompted us to identify which sRNA species are enriched in HD
putamen and present neurotoxic potential. We detected high levels of tRNA fragments (tRFs) in HD
putamen, and we validated the neurotoxic potential of an Alanine derived tRF in vitro. These results
highlight that HD-sRNA-PT are neurotoxic, and suggest that multiple sRNA species contribute to
striatal neuropathology, favouring therapeutic strategies based on the blockage of sRNA-mediated
toxicity.
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Vitamin D Receptor Mutations Influence on Course of Parkinson's Disease in
Patients Treated with Levodopa
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Background: Parkinson’s disease is second most often occuring neurodegenerative disease after
Alzheimer’s disease. Vitamin D is a steroid hormone crucial for calcium homeostasis and bone
metabolism, with proven role in psychiatric disorders. Several animal studies showed potential
protective attributes of VD in dopamine cells.
Aim: The aim of the study was to search for the connections between VDR gene mutations, the
functioning of the receptor and course of Parkinson's disease development.
Methods: Sequential analysis (Sanger sequencing) of VDR gene was performed on genomic DNA
isolated from peripheral blood leukocytes of 100 patients with diagnosed Parkinson’s Disease treated
with Levodopa. Tandem mass spectrometry (LC-MS / MS) of Vitamin D metabolites was also
performed.
Results: From analyzed VDR gene fragments splicing region of exon 1 turned out to be the most
interesting one. Mutation of “start”(ATG) codon was detected in most cases. In examined patients
C/C genotype was present 32 times, C/T 53 times and T/T 23 times. Patients in research group had
statistically significant prevalence of SNP. We found that dominant C/C alleles showed statistically
earlier average age of diagnosis. In addition, the presence of each subsequent T allele significantly
delayed the onset of the disease (p = 0.014). We have also connected C/T genotype of rs2228570
variant with higher chance of levodopa-induced dyskinesias. Detected metabolites concentrations
also further underline this connection, with specific substances connected to depression and
movement symptoms.
Conclusion: We conclude that VDR gene mutations may influence the mental state of patients as well
as the clinical course of Parkinson's disease. Widely advised Vitamin D supplementation may not
have expected impact on course of Patients with such changes.
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Cross species metabolomic study in Parkinson’s disease:
Brain mitochondrial reprogramming as a biomarker and therapeutic target

Mallet D1 Goutaudier R1 Dufourd T1 Carnicella S1 Barbier E1 Fauvelle F1 Boulet S1
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Parkinson’s disease (PD) remains an incurable neurodegenerative pathology affecting almost 1% of
the population beyond the age of 60. The two main factors that account for this therapeutic failure
are the late diagnosis, based on the cardinal motor symptoms of the disease appearing when
neurodegenerative process has already past rescue, and an incomplete understanding of PD
pathophysiology.
In this context, using proton nuclear magnetic resonance, we investigated serum and brain metabolic
markers in three different animal models of PD, mimicking different stages of the disease assessed by
behavioral and histological evaluation, and in 2 cohorts of de novo PD patients.
From our translational study, we first highlighted common metabolic dysregulations in serum of the
different animal models and PD patients. We propose a promising composite biomarker exhibiting a
high level of predictivity for PD diagnosis in its early phase, before motor symptoms appearance.
Moreover, mirrored brain and serum dysregulations strongly suggest dysfunctions in the pyruvate
metabolism, a central metabolic node to supply cellular energy, as possible therapeutic target.
In order to investigate this hypothesis, we therefore pharmacologically blocked mitochondrial
pyruvate carrier (MPC) in PD animals.
Indeed, as the sole point of entry for pyruvate into the mitochondrial matrix, the MPC plays a crucial
role in coordinating glycolytic and mitochondrial activities.
First results suggest a neuroprotective effect of MPC blockage, possibly by a remodulation of cellular
energy production.
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DYSREGULATION OF THE m6A EPITRANSCRIPTOME AS A NEW MECHANISM
INVOLVED IN HIPPOCAMPAL-DEPENDENT MEMORY DEFECTS IN HD MICE
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Recent advances in RNA biology have focused on a new layer of gene expression regulation termed
Epitranscriptomics. One of the most common mRNA modifications that is highly abundant in brain is
N6-methyladenosine (m6A), which has been involved in memory and learning. Indeed, different
studies have shown that m6A levels vary in response to cognitive tasks. Huntington’s disease (HD) is
an autosomal dominant neurodegenerative disorder caused by an unstable expansion of the CAG
repeat in exon 1 of the huntingtin gene. Given the early cognitive symptomatology in HD, we aimed
to determine whether expression of mutant huntingtin (mHtt) induces changes in the m6A
epitranscriptome profile and signalling, leading to the memory and learning deficits observed in HD.
For this purpose, genetically modified HdhQ7/Q111 mice were subjected to a hippocampal training
task and relative levels of the m6A-modifying proteins (FTO and METTL14) were determined in
different cellular compartments. In addition, identity of mRNAs with altered m6A profiles was
determined through methylated RNA immunoprecipitation sequencing (meRIP-seq). Our results
show that symptomatic HD mice display altered levels of FTO and METTL14 in the nuclear and in the
synaptic compartment. Moreover, transcriptome-wide profiling of m6A-modifed mRNAs has
revealed a prominent decrease in methylated peaks in HD mice in response to a training task when
compared to age-matched wild type (WT) littermates. Interestingly, genes that show differential m6A
peaks include immediate early genes and genes involved in synapse and neuronal function. Thus, our
results suggest that the altered levels of the m6A-modifying machinery in HD mice could be leading
to a differential epitranscriptomic profile, contributing to the cognitive symptomatology observed in
those animals. Altogether, our data uncover a promising role of m6A as a novel hallmark of the
disease, pointing to this RNA chemical modification as a potential target to improve cognitive
disturbances among HD patients.
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Discovery and characterization of selective NKCC1 inhibitors
to rescue core symptoms in Down syndrome, autism
and brain disorders with defective NKCC1/KCC2 ratio.
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Proper intracellular Cl concentration is fundamental for physiological brain development and
function. Accordingly, aberrant expression ratio of the Cl importer NKCC1 and the Cl exporter KCC2 is
implicated in several brain conditions, including Down syndrome (DS) and autism spectrum disorders
(ASD). Interestingly, NKCC1 inhibition by the FDA-approved diuretic bumetanide rescues core
symptoms of these several brain conditions in rodent models and/or in clinical trials in humans.
However, bumetanide has a strong diuretic effect due to inhibition of the kidney Cl transporter
NKCC2. This creates critical issues with drug compliance and health concerns, strongly jeopardizing
bumetanide from becoming a viable therapy for chronic treatment. Here, we present the discovery
of a new class of selective NKCC1 inhibitors (lead compound C6 and backup compound B1) obtained
by an extensive drug discovery effort supported by computational methods. C6 and B1 have a
favourable drug-like profile and are able to recover cognitive deficits in DS mice. C6 is also able to
rescue social/repetitive behaviours in ASD mice. Both the compounds did not show any diuretic
effect or overt toxicity upon chronic treatment in adult animals. C6 represent a solid lead compound
ready for advanced preclinical and manufacturing studies toward development into a clinicallyrelevant drug for unprecedented sustainable therapeutics in DS, ASD. Moreover, B1 further
strengthens the potential of our new chemical class of compounds for the treatment of core
symptoms of brain disorders characterized by defective NKCC1/KCC2 expression-ratio.
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Role of group I metabotropic receptors in the synaptic alterations in the
dorsal striatum of the R451C-Nlgn3 mouse model of autism
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Autism Spectrum Disorders (ASD), comprise heterogeneous neurodevelopmental disorders,
characterized by the early onset of communication and social interaction difficulties, restricted
interests, repetitive and stereotyped behaviors. Gene sequencing studies have identified hundreds of
genes potentially implicated in ASD, which converge on two main biological pathways: gene
expression regulation and neuronal communication. The projection neurons of the striatum, the
input nucleus of the basal ganglia, are characterized by a particularly high expression of ASDassociated genes. Indeed, structural and functional alterations of the striatum were described in ASD
patients, and a correlation of the dorso-ventral anatomo-functional subdivisions of the striatum with
specific domains of ASD symptoms was proposed. In support of this hypothesis, synaptic alterations
in the dorsal and ventral area of the striatum were described in the R451CNlgn3 knock-in (KI) mouse
model of ASD. In particular, in a previous work we described the loss of corticostriatal long-term
depression (LTD) in the dorsal striatum of KI mice. LTD was partially rescued by enhancing the
endocannabinoid tone or activating CB1 receptors.
Here, we aimed at identifying more effective strategies to rescue corticostriatal LTD. Activation of
group I metabotropic glutamate receptors (mGluIRs: mGlu1R, mGlu5R) activates downstream
signaling pathways, involving production of endocannabinoids. We therefore attempted a
pharmacological rescue of LTD in KI mice, by targeting mGluIRs. Both a mGluIRs agonist, 3,5-DHPG,
and a selective mGluR5 positive allosteric modulator, CDPPB, were able to rescue LTD expression. By
means of immunoblotting experiments, we found that mGlu5R protein expression was significantly
reduced in the dorsal striatum of KI mice, suggesting a molecular basis of corticostriatal LTD
impairment. With the aim of testing the impact of such a pharmacological strategy on ASD relevant
behaviors, we then used different tests (3-chamber, reciprocal interaction, marble, rotarod), that
revealed significant impairments in KI mice.

On-Site Poster Number: 141
Session (On-Site): Psychiatric Disorders II
Tuesday, September 7th, 2021, 10:00-11:30am

Behavioral hippocampal pattern separation ability is associated with less
fear generalization but more stressful memories of an analogue trauma – a
pilot study
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Fear generalization and intrusions are two transdiagnostic symptoms of stress-related disorders such
as post-traumatic stress disorder. While fear generalization has been shown to be driven by
unspecific encoding or difficulties in retrieving hippocampal representations of the original fear
context, intrusions are proposed to stem from an imbalance of sensory compared to contextual
processing. We therefore wanted to explore, whether fear generalization and intrusion development
are linked.
To this end, we used the conditioned-intrusion paradigm to create associative fear memories
between a neutral object and an aversive movie clip. Subjective fear ratings, pupil dilations and skin
conductance responses were recorded to assess correlates of fear memory encoding and
generalization. Subjective and objective sleep quality as well as day and nighttime intrusion distress
were tracked during the following days. Upfront, participants performed the mnemonic similarity
task, probing hippocampal pattern separation abilities and providing a lure discrimination index.
In our pilot study on 22 participants (Mage = 28.5 ± 8.2, 4 male), we observed successful conditioning
and generalization along morphed stimulus similarity gradients, as well as successful intrusion
induction with a large inter-individual variability (Mintrusion = 6.5 ± 7.6, range = [0 – 28]). Higher fear
generalization was associated with a lower lure discrimination index, replicating that the ability to
distinguish similar stimuli prevents from overgeneralization (r (11) = - 0.54, p = 0.06). Contradicting
our hypothesis that fear generalization would be associated with higher intrusion distress, lower fear
generalization scores and stronger lure discrimination ability and were both correlated with higher
intrusion distress (r (8) = 0.76, p = 0.01 and r (11) = -0.63, p = 0.02).
Our results point to the direction that a more specific fear memory is associated with stressful
subsequent intrusions. In an upcoming fMRI study, we aim at understanding the neural correlates of
generalized intrusive memories.
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Chronic social stress-induced deficient reward interest co-occurs with changes
in basal amygdala-nucleus accumbens pathway and nucleus accumbens
dopamine release in mice
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Animal models of human psychopathologies enable the study of their aetiology-pathophysiology and
discovery-preclinical validation of efficacious treatments. In mice, we have developed a
transdiagnostic model of chronic social stress (CSS)-induced deficient reward interest. This model
combines 15-day CSS in the form of continuous exposure to aggressive uncontrollable, unpredictable
resident mice and behavioural tests of Pavlovian reward learning (PRL) and reward effortful
motivation (REM), using the unconditioned stimulus (US) of sweet-tasting reward. Relative to control
mice, CSS mice were impaired in learning that a tone CS predicted availability of sucrose-US (PRL
test) and less motivated to earn sucrose-US on an operant progressive ratio schedule (REM test),
relative to controls (CON). In the amygdala basal nucleus (BA), one of the major projection regions of
principal glutamate neurons is the nucleus accumbens (NAc). Relative to CON mice, in CSS mice BANAc neuron populations display changes in transcriptome expression and in their GCaMP6-based
activity during the PRL and REM tests. Furthermore, viral vector-mediated attenuation of glutamate
signalling in BA-NAc neurons, achieved via viral-vector encoded, Cre-dependent tetanus toxin light
chain expression and subsequent VAMP2 cleavage, leads to CSS-like deficits in reward-directed
behaviour. Using viral vector-encoded GPCR-activation-based-dopamine (GRAB-DA) sensors
expressed in NAc, the dynamics of DA release underlying reward-test behaviour can be measured
with high spatiotemporal resolution. In the PRL test, CON mice exhibit NAc DA release in response to
tone CS, during feeder response and in response to sucrose-US, and CSS leads to attenuated NAc DA
release at each event. In the REM test, CON mice exhibit NAc DA release at onset of operant
responding, in response to tone CS and to sucrose-US, and, again, CSS leads to attenuated DA release
at each event. Applying this model, pharmacological focus on orphan GPCRs is yielding neurobehavioural evidence for novel mechanisms of action to treat reward psychopathologies.
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Effect of Brain-wide Reduction of Activity of Parvalbumin Interneurons in
Adult Mouse Brain Induced by a Chemogenetic Manipulation
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The correct function of inhibitory parvalbumin-positive (PV+) interneurons is crucial for physiological
brain processes because it maintains excitation-inhibition balance and generates fast gamma
oscillations important for many neuronal functions, including cognition. Damage of the PV+
interneurons function is associated with numerous disorders like schizophrenia or bipolar disorder.
To determine the effect of brain-wide malfunction of PV+ interneurons a new chemogenetic tool was
used. Pvalb-Cre mice were transduced by AAV PHP.eB capsids with double floxed hM4D(Gi) DREADD
receptors (0,8 x 10¹² vg/adult mouse) coupled with mCherry via the left jugular vein. Animals were
chronically implanted bilaterally with metal electrodes in prefrontal cortex and dorsal hippocampus
for in vivo electrophysiological recordings. After the recovery period, we analyzed the power of
individual bands of brain oscillations within five frequency bands (delta, 1–4 Hz; theta, 4–12 Hz;
alpha, 12–20 Hz; beta, 20–40 Hz; gamma, 40–100 Hz) under urethane anesthesia following saline and
Compound21 agonist i.p. (C21; 1 mg/kg).
The electrophysiological measurements in hM4D(Gi) animals revealed the higher network excitability
in the dorsal hippocampus in the alpha band in contrast with activity in the prefrontal cortex where
the alpha activity was reduced. These data agree with our knowledge of schizophrenia about the role
of the different neuronal activity of these structures and neuronal disconnectivity between the
prefrontal cortex and other brain structures. Moreover, the detailed behavioral and functional
analysis could reveal the new valid animal model of schizophrenia.
This work was supported by Czech Science Foundation (GACR) grants 19-03016S and 20-00939S
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Perseverative cognition alters the functionality of positive valence systems:
an investigation with a multimodal approach.
Schettino M1 Ghezzi V1 Ang Y2 Duda J3 Fagioli S4 Mennin D5 Pizzagalli D6 Ottaviani C7
1

Sapienza University of Rome Rome Italy 2Department of Social and Cognitive Computing, Institute of High
Performance Computing, Agency for Science, Technology and Research Singapore 3Center for Depression,
Anxiety and Stress Research, McLean Hospital Belmont USA 4Department of Education, University of Roma Tre
Rome Italy 5Teachers College, Columbia University New York USA 6Department of Psychiatry, Harvard Medical
School Belmont USA 7Neuroimaging Laboratory, IRCCS Santa Lucia Foundation Rome Italy

Growing evidence suggests that perseverative cognition (PC), a form of cognition characterized by
repetitive, intrusive and uncontrollable thoughts, is a transdiagnostic risk factor for different
psychiatric disorders. Although PC characterizes both hypo-motivational (e.g., depression) and hypermotivational (e.g., addiction) disorders, it has been almost exclusively studied within the context of
the negative valence systems and only anecdotal evidence exists about its effects on reward
processing. The present study combined laboratory-based, computational and ecological
assessments with the aim to fill this gap. Psychiatrically healthy individuals performed the
Probabilistic Reward Task (PRT) before and after the experimental induction of PC (n = 24) or a
waiting period (n = 22). The effects of PC on reward sensitivity and learning rate were dissociated by
fitting a serious of reinforcement learning models on PRT data. All participants then underwent a
one-week Ecological Momentary Assessment of everyday occurrence of PC, as well as anticipatory
and consummatory reward-related behavior. Increased response bias on the PRT appeared in
response to the induction of PC (versus waiting), likely due to an increase in learning rate but not in
reward sensitivity, as suggested by computational modeling. Daily episodes of PC increased the
discrepancy between expected and obtained reward (reward prediction error). The current
converging experimental and ecological evidence advises toward the value of investigating
neurobiological alterations underpinning reward processing dysfunctions during PC as well as toward
the implementation of ad hoc interventions to normalize positive valence systems dysfunctionality.

On-Site Poster Number: 146
Session (On-Site): Psychiatric Disorders II
Tuesday, September 7th, 2021, 10:00-11:30am

Effects of maternal immune activation on ASD-like behavioral phenotype,
neuroinflammation and gut microbiota of mouse offspring
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Aims
Autism Spectrum Disorder (ASD) is a sex-biased neurodevelopmental disorder (4:1 male to female
ratio) characterized by persistent deficits in social communication and interaction and restrictedrepetitive patterns of behavior, interests or activities. Microbiota alterations as well as signs of
neuroinflammation have been also reported in ASD. The involvement of immune activation in ASD is
further supported by epidemiological studies suggesting that maternal immune activation (MIA),
especially during early pregnancy, may be a risk factor for ASD. However, the underlying mechanisms
are not yet fully understood.
The present study was aimed to characterize the effects of MIA on behavior, gut microbiota and
neuroinflammation in the mouse offspring and to elucidate the impact of MIA in the two sexes.
Methods
We used MIA mouse model to mimic maternal infection in pregnancy by treating C57BL6/J female
mice with a single dose of polyinosinic:polycytidylic acid (Poly I:C, 20 mg/kg, i.p.) at gestational day
12.5. In order to detect behavioral deficits resembling ASD symptoms in offspring, we assessed their
behavioral phenotype from early neonatal stage to adulthood. The behavioral analysis was paralleled
by i) analysis of microbiota by 16S rRNA sequencing at various taxonomic levels ranging from phylum
to species and ii) molecular analysis of neuroinflammatory markers in the hippocampus.
Results
MIA offspring exhibited significant ASD-like behavioral alterations (i.e. deficits in sociability and
sensorimotor gating, perseverative behaviors). The analysis of microbiota revealed changes in
specific microbial taxa that recapitulated those seen in ASD children. In addition, molecular analyses
indicated sex-related differences in the neuroinflammatory responses triggered by MIA in the
hippocampus.
Conclusions
Our data evidence sex specific effects of MIA on offspring. These results suggest that both sexes
should be included in the experimental designs of preclinical studies in order to identify those
mechanisms that confer different vulnerability to ASD to males and females.
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Habenular mu opioid receptors contribute to social reward and anxiety-like
responses
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Mu opioid receptors (MORs) are G-coupled receptors that regulate positive and negative affects.
MORs are enriched in the habenula, a small brain region known to be involved in aversion
processing, addiction and mood disorders. We recently reported a specific role of habenular MORs in
the expression of aversion to Naloxone (Boulos et al. 2019). We here continued to characterize the
implication of habenular MORs in the expression of emotional states. We created conditional
ChrnB4-Cre x MORfl/fl mice (B4MOR-/-), where MORs are deleted specifically in B4 neurons
restricted to the habenula. B4MOR-/- mice and B4MOR+/+ mice were compared in a battery of
behavioral measures including the open field test, the elevated plus maze test, the tail suspension
test, the forced swim test, the dyadic social interaction test, the 3-chambers social preference (SP)
test, the reverse 3-chambers SP test and the social conditioned place preference (sCPP) test. Our
data indicate that MORs in the habenula have baseline anxiolytic properties without being implicated
in depressive-like responses, at least in naïve animals not exposed to prior stress. Our results also
support a role of habenular MORs in the expression of a preference for a social target that could be
either an unfamiliar conspecific mouse (SP test) or their previous familiar littermates after social
isolation (sCPP test). Altogether, our data suggest that MORs in habenula (specifically MORs in B4
subpopulation) regulate anxiety-related responses, consistent with the known habenula function.
Moreover, this particular MOR population seems to contribute to social reward, a mechanism that
was never reported earlier.
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Listen through your eyes: The interplay of gaze behavior and emotional
context in video conversations
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Eye contact is an indispensible element of social interaction. We investigated the role of gaze
behavior during video conversations between friends, colleagues or strangers. Participants watched
short video cuts of a target person engaging in direct gaze, averted gaze or a mixture of both (gaze
direction) while listening to another, invisible, person recounting a neutral or negative
autobiographical episode (emotional context). Subsequently, participants rated the target person on
empathy, perspective taking and trustworthiness and indicated how close they perceived the
relationship between conversation partners. Results indicate complex and context-dependent effects
of gaze behavior during (video) conversations: We found that participants rated the target person
and the interaction less favorable when the target’s gaze was averted. Critically, these effects of gaze
direction were modulated by emotional context: When narrations were negative, (partly) averted
gaze had a less negative impact on participants evaluations. Hence, gaze direction is not perceived
and interpreted in isolation, but in context. This intricate interplay emphasizes the call for flexible
and sensitive mutual gaze support in video conference systems.
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Tickling differentially modulates activity in the rat anterior insula
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Since Darwin described diverse biological aspects of emotions, understanding internal states has
become one of the major challenges with lots of debate on emotions definition and their expression
across species. Yet, brain mechanisms underlying internal states that drive evolutionary conserved
behaviours remain elusive. Ticklishness is a peculiar sensation seen in social species from rodents to
humans. When tickled, rats emit appetitive 50 kHz ultrasonic vocalizations, in addition to
pronounced chasing behaviour, emphasizing the rewarding nature of tickling. Previous work showed
the activation of the trunk somatosensory cortex (S1) in response to tickling. Microstimulation in S1
deep layers equally evokes vocalizations (Ishiyama & Brecht, 2016). It is, however, unknown how the
tickle tactile sensation is coupled to a positive emotional state. In this study, we focus on the insula
being a central hub for emotional processing and receiving many inputs from sensory areas. In vivo
freely-moving extracellular recordings revealed activation of insular neurons during tickling, with a
notable effect seen in layer 2/3 of the dysgranular insula. Moreover, insula’s subdivisions showed
distinct responses to tickling different body parts. Population firing rate of insula neurons increased ~
70 ms before vocalization onset. Insula activity further increased upon vocalization offset, with the
most prominent effect seen in layers 4 and 6 of the granular insula but not in layer 5. Clustering of
peri-stimulus time histogram revealed differential response patterns to vocal emission, with one
cluster showing inhibition during vocalization. Our preliminary results suggest that the insula might
be implicated in the processing of ticklishness and vocalizations. We will further continue
investigating potential circuits involved in the modulation of ticklish emotional response.
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Prosocial decision-making in laboratory mice
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Rats, as humans, display prosocial behaviours in absence of direct self-benefit. Here we investigated
whether this helping behaviour is observed in laboratory mice, which would accelerate the dissection
of the neural circuits of this important decision-making process. To this aim, we developed and
probed different fully automated setups that varied in the configuration of the arena, trial structure
and training procedures, in which pairs of adult mice were tested in a two-alternative choice social
task. Briefly, one mouse of the pair, the decision-maker, could choose between the option that
provided food to itself and its cage-mate (prosocial choice) or the option that provided food only to
itself (selfish choice). Our results indicate that, contrary to rats, mice do not have strong preferences
for prosocial choices. Quantitative analysis of precise pose estimation with sub-second resolution of
the interacting animals show that, although recipients of help clearly display attempts to reach the
food and adapt their behaviour according to reward contingencies, these social cues do not influence
the decisions of the focal animal, in average. Deeper analysis of individual differences indicate that a
small proportion of animals develop prosocial or selfish tendencies across sessions, and this
individual variability is related to the behaviour of both interacting animals during the task. Our work
reveals unexpected and marked differences between rats and mice regarding their propensity to
help conspecifics. Comparative approaches will be helpful to identify the relevant brain mechanisms
that explain why mammals decide to help others.
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Leptin receptor-expressing neurons of the lateral hypothalamus favour
exploration over consumption
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The cell population of leptin receptor (LepRb) expressing cells detects the anorectic hormone leptin
and regulates feeding behaviour. In the lateral hypothalamus (LH) this cell population is involved in
the regulation of motivated behaviours. Using optogenetics, we specifically stimulated LepRb cells in
LH (LepRb(LH)) and investigated its effects on foraging and exploratory behaviour. The identification
of their distinct functionality helps to understand underlying neuronal mechanisms in health and
pathology.
LepRb(LH)-activation reduced food intake despite acute hunger. Additional Ca2+-imaging
experiments indicated an inhibition of LepRb(LH) whenever mice were located in the food zone. We
could further demonstrate that the activation of LepRb(LH) also reduced water intake despite acute
thirst. When given the choice LepRb(LH)-stimulated mice preferred the exploration of a conspecific
to consummatory stimuli despite food or water deprivation.
Moreover, we found that mice displayed a changed state-dependent locomotion upon LepRb(LH)activation. While control mice showed a reduced locomotion after consecutive food deprivation, this
reduction was not observed upon LepRb(LH)-activation. In an elevated plus maze activation of
LepRb(LH) cells led to an increased exploration of open arms, suggesting reduction of anxiety.
These results suggest that LepRb(LH) regulate multiple innate behaviours, promoting social
interaction at the cost of foraging behaviour.
We gratefully acknowledge support from the ERC Consolidator Grant (HypFeedNet, to Tatiana
Korotkova), the DFG (CRC1451, to Tatiana Korotkova) and the RTG-NCA (GRK1960, to Rebecca Figge).
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State-dependent encoding of exploratory behavior in the amygdala
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The behavior of an animal is determined by metabolic, emotional and social factors. Depending on its
state, an animal will focus on avoiding threats, foraging for food or on social interactions, and will
display the appropriate behavioral repertoire. Moreover, survival and reproduction depend on the
ability of an animal to adapt to changes in the environment by prioritizing the appropriate state.
Although these states are thought to be associated with particular functional configurations of largebrain systems, the underlying principles are poorly understood. We used deep-brain calcium imaging
of mice engaged in spatial or social exploration to investigate how these processes are represented
at the neuronal population level in the basolateral amygdala (BLA), which is a region of the brain that
integrates emotional, social and metabolic information. We demonstrate that the BLA encodes
engagement in exploratory behavior by means of two large, functionally anticorrelated ensembles
that exhibit slow dynamics. We found that spatial and social exploration were encoded by orthogonal
pairs of ensembles that stably and hierarchically allocate neurons according to the saliency of the
stimulus. These findings reveal that the BLA acts as a low-dimensional, yet context-dependent
hierarchical classifier that encodes state-dependent behavioral repertoires, a computational function
that may play a fundamental role in the regulation of internal states in health and disease.
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Multimodal cues displayed by recipients facilitate prosocial choices by
dominant rats
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Animals often display prosocial behaviours, actions that benefit others, which are essential for social
bonding and cooperation. We previously showed that rats develop prosocial choices, providing
access to food to a conspecific in the absence of self-benefit. Here we asked which conditions
promote or hinder prosociality by manipulating the social context of the interacting animals. We
found that sex differences or degree of familiarity did not modulate prosocial choices. Strikingly,
social hierarchy revealed to be a potent modulator of prosociality, with dominant decision-makers
showing higher levels and faster emergence of prosocial choices towards their submissive cagemates. In order to gain insights into the behavioural mechanisms of this modulation, we performed
quantitative data analysis of the social dynamics prior to choice, based on (1) non-canonical body
language, through the analysis of the pose estimation of the interacting individuals with subsecond
resolution, and (2) agent-assigned ultrasonic vocalizations (USVs). Analysis of noses position,
movement and head orientation revealed that the more prosocial pairs showed closer social
interactions and increased direct orientation prior to decision. Interestingly, these more coordinated
interactions were mainly driven by recipients. Submissive animals, when in need (recipients), were
more attentive to the moves of their dominant decision-makers, which in turn facilitated more
coordinated interactions favouring the emergence of prosociality. However, dominant animals, when
recipients, continued trying to get access to their own food and were less attentive to their
submissive decision-makers. Moreover, USV call rate of submissive recipients was positively
correlated with the emergence of prosocial choices.
We provide evidence for the first time that prosociality is directed down to hierarchy in rats,
highlighting the role of the recipient individual and pinpointing multimodal cues in social distance as
the behavioural mechanisms promoting social salience in prosocial decision-making.
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A novel neuroethological system enables comprehensive socioemotional and
physiological characterization of mice in a naturalistic environment
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Recent years have seen a shift in behavioral neuroscience toward more detailed and unbiased
investigations of animal movement and behavior with increased spatial and temporal precision. Such
work has created the foundation for the rapidly expanding field of computational neuroethology.
However, work in this field has typically remained confined to very short tests in simplified
environments, lacking the rich naturalistic contexts under which behaviors emerge. To address this,
we developed the Ethoworld, a modular system for long-term, comprehensive screening of behavior
and physiology in group-living mice. The Ethoworld consists of a spacious, enriched social arena
where animals are under constant video observation, allowing for the automated extraction of a
large range of behavioral readouts. The social arena is connected to cages for individual phenotyping
equipped for assessing, among others, food and water intake, locomotion, and energy expenditure.
This system provides a high degree of experimental control and flexibility while expanding the
repertoire of quantifiable behaviors and minimizing the need for direct experimenter intervention. In
a series of experiments we demonstrate how such a system can enable the exploration of sex
differences in behavior, novel associations between social dominance and energy metabolism, and
expand our understanding of the influence of social context on motivational states.
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Subcortical control of behavior by direct social contact
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We previously identified the posterior intralaminar thalamic nucleus (PIL) as a relay station of socially
relevant sensory information innervating and activating oxytocin-secreting neurons upon social
encounter. Here, we addressed to characterize the exact role of the PIL in the regulation of the social
behavior, especially its neurons projecting to the preoptic area of the hypothalamus.
Projections from the PIL were analyzed using anterograde tract-tracing. We determined the effect of
chemogenetic stimulation of PIL neurons on social interactions between familiar adult female rats
using the DREADD technique. The brain activation patterns were determined following direct social
interaction, and also with the exclusion of physical interaction using the c-Fos technique. The
selective chemogenetic stimulation of the preoptic area-projecting PIL neurons was performed using
double viral injections and also by using intracerebral cannula for CNO administration directly into
the preoptic area.
PIL projects to several socially implicated brain regions, such as the the medial amygdala, the medial
preoptic area, the paraventricular and dorsomedial hypothalamic nuclei and the infralimbic cortex.
Chemogenetic stimulation of the PIL resulted in the activation of previously anatomically identified
target areas and also increased the duration of direct interactions during social behavior. Direct
contact during social interaction caused the largest increase in the activity in the medial preoptic
area. Specific chemogenetic stimulation of the PIL-preoptic pathway led to elevated direct social
contact.
The results suggest that posterior thalamic PIL neurons convey socially relevant information to a
variety of different forebrain centers, among which the preoptic area is involved in the processing of
physical contact. Thus, we identified an important novel component of the social brain network,
which may increase the motivation for positive direct interactions.
Support: New National Excellence Program of the Ministry of Human Capacities, Cooperative
Doctoral Programme, Excellence Program of the Semmelweis University, EFOP-3.6.3-VEKOP-16-201700009, NKFIH-4300-1/2017-NKP_17 and OTKA K116538.
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Oxytocin and vasopressin act within the ventral and dorsal lateral septum to
modulate female aggression in rats
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Aims: In contrast to males, aggression in females has been rarely studied. Here, we aimed to
establish a rat model of female aggression to study the neurobiological mechanisms underlying
aggression in females, focusing specifically on the oxytocin (OXT) and arginine-vasopressin (AVP)
systems.
Methods: To do so, we used a combination of social isolation and aggression-training, i.e. repeated
exposure to a same-sex intruder in the female intruder test, to enhance the mild levels of aggression
displayed by virgin female Wistar rats. After having established the animal model, we employed
neuropharmacological, optogenetic, chemogenetic as well as microdialyses approaches to reveal the
role of the OXT and AVP systems on female aggression, focusing particularly on the lateral septum
(LS).
Results: Social isolation and aggression-training were found to reliably exacerbate the aggression
displayed by group-housed female rats. Additionally, elevated OXT release within the ventral LS (vLS),
combined with reduced AVP release within the dorsal LS (dLS), was found to underly the high levels
of aggression displayed by isolated and trained females. Precisely, OXT binding to OXT receptors
(OXTRs) within the vLS promoted whereas AVP binding to V1a receptors within the dLS reduced
aggression. Hence, increased activity of vLS neurons, as well as decreased activity dLS neurons, were
required for female aggression. Finally, we have shown that in vitro activation of OXT receptors in the
vLS differentially affected GABAergic tonic inhibition within the LS sub-networks, i.e. activation of
OXTRs decreased the inhibitory spontaneous activity ventrally, whereas it increased it dorsally.
Conclusions: Altogether, our data reveal that female aggression is regulated by an intricate balance
between OXT and AVP release in distinct regions of the LS. Furthermore, we suggest a model where
the contrasting effects of those neuropeptides on aggression are determined by alterations in
GABAergic neurotransmission within LS subnetworks.
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Do we know each other? The influence of surgical-like masks on the
processing of self-face and other faces during the COVID-19 pandemic
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Faces are one of the most frequently encountered visual stimuli from which social information can be
gleaned. During the COVID-19 pandemic, we have been confronted with faces covered by surgicallike masks. This raises a question about how our brains process this kind of visual information. In the
present study, we investigated the neural correlates of processing different faces (self, close-other’s,
unknown) with and without masks. Our event-related potential (ERP) findings showed that the
impact of covering faces with surgical-like masks was similar for all faces. Amplitudes of P100, P300,
and LPP were higher for this class of faces, indicating increased attentional processing. In addition,
the prioritized processing of the self-face (with or without a mask) was observed, as revealed by
enhanced P300 and LPP. N170 amplitudes were similar for covered and uncovered faces, and a
CLARA analysis localized the sources of brain activity to the fusiform gyri in both cases. Linear
Discriminant Analysis revealed some similarities in the processing of faces with and without surgicallike masks. Specifically, irrespective of whether the algorithm was trained to discriminate the three
types of faces with or without masks, it was able to effectively discriminate faces that were not
presented in the training phase.
This research was funded by the National Science Centre Poland (Grant No. 2018/31/B/HS6/00461).
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Behavioral effect of selective deletion of beta2* nicotinic acetylcholine
receptors in neuropeptide Y expressing interneurons
Abbondanza A Tyshkevich A1 Dhabalia T1 Elias J3 Sedlacek R3 Daumas S2 Bernard V2 Janickova H1
1

Institute Of Physiology Of The Czech Academy Of Sciences 14220 Czech Republic 2Neuroscience Paris Seine,
Sorbonne Université - CNRS UMR 8246 75005 France 3Czech Centre for Phenogenomics, Institute of Molecular
Genetics ASCR 25250 Czech Republic

Neuropeptide Y (NPY) is an abundant neuropeptide in the neocortex involved in numerous
processes. NPY-expressing neurons differ in electrophysiological, molecular and morphological
properties but overall, they are GABAergic interneurons (GINs). All cortical layers receive cholinergic
inputs from the basal forebrain, which are crucial for cognition. Cholinergic receptors are
differentially distributed across the cortex and the activation of nicotinic acetylcholine receptors
(nAChRs) located on principal neurons and GINs modulates synaptic plasticity and behavior.
Functional consequences of the cholinergic activation of NPY-expressing cortical interneurons
(NPY+GINs) have not been specifically clarified yet. By using the CRISPR/Cas9 approach, we deleted
the most abundant beta2* subunit of nAChRs expressed by NPY+GINs in the prefrontal cortex (PFC)
and investigated the effect on behavior.
By in situ hybridization, we characterized the expression of beta2* nAChRs on NPY+GINs. To induce a
cell specific deletion of beta2* nAChRs, we crossed a mouse line expressing Cas9-GFP in a Credependent manner with a NPY-Cre line. The resulting mice were injected with AAV vector carrying
sgRNA targeting CHRNB2, gene coding for beta2 nicotinic subunit, into PFC. Mutant mice and
littermates controls, injected with scrambled gRNA, were tested in a battery of behavioral tasks
including social preference task, novel object recognition and elevated plus maze.
Immunohistochemical evaluation of neuronal markers and activity indicators showed changes in
activation/inhibition balance in cortical circuits.
The successful induction of indels in CHRNB2 gene in AAV-transduced cells was confirmed by FACS
sorting followed by DNA sequencing. Mice with presumed deletion of nAChRs showed increased
social interaction compared to controls.
The achieved efficiency of CRISPR/Cas9-induced indels in CHRNB2 gene in NPY+GINs of the PFC was
sufficient to induce behavioral changes in mice. Specifically, the increased sociability agrees with
Avale et al., 2011.
This work was supported by the Grant Agency of the Czech Republic Grant #19-07983Y.
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Inhibitory Synapse Organizer Neuroligin-2 Regulates Fear Conditioning
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Inhibitory synaptic transmission controls the output of neuronal networks through complex
connectivity patterns of diverse types of inhibitory neurons. Understanding inhibitory synaptic
transmission on the network, cellular and synapse level is essential to understand the
pathophysiology of several neuropsychiatric disorders that are associated with dysregulation of the
inhibitory/excitatory balance. Neuroligin-2 (Nlgn2) is a synaptic adhesion molecule that has an
important role in the maturation and function of inhibitory synapses. While mutations in the Nlgn2
gene in humans were linked with anxiety, autism and schizophrenia, Nlgn2 knockout mice represent
an established model for studying abnormal anxiety behaviors and they show dysregulation in the
anxiety processing network in the amygdala, a major center for emotional processing. To further
understand how Nlgn2 contributes to affective processing in the amygdala, we investigated auditory
fear learning in Nlgn2 KO mice, which is a core function of the amygdala and a disease model for
posttraumatic stress disorder. We found that Nlgn2 deletion produces a robust deficit in fear
conditioning compared to wild-type mice. This deficit was associated with a nucleus-specific
alteration in the activation of amygdala fear circuits as revealed by analysis of the immediate early
gene cFos. Interestingly, by colocalizing cFos expression with different interneuron markers in the
amygdala, we observed a differential activation of specific interneuron subtypes. These findings
demonstrate that Nlgn2 regulates synaptic inhibition in the amygdala in a circuit-specific manner and
provide new insights into the role of interneurons in the amygdala fear circuit.
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The modulation of thalamic reticular nucleus neurons by corticotropinreleasing hormone
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The thalamic reticular nucleus (TRN) is a main modulator of thalamic function. It is known as a sleep
spindle pacemaker, generating brief EEG oscillations that appear primarily during NREM sleep. Stress
can negatively impact sleep duration and quality, which can contribute and predispose to psychiatric
disorders. Previous literature indicates that the corticotropin-releasing hormone receptor 1 (CRHR1)
is highly expressed in TRN neurons. However, how the stress neuropeptide, corticotropin-releasing
hormone (CRH), affects TRN function has not been explored.
Using in situ mRNA hybridization, we found that CRHR1 has a significantly higher expression in
parvalbumin-positive neurons compared to somatostatin-positive neurons within the TRN.
Parvalbumin-positive TRN neurons are known to play a major role in sleep spindle generation by
firing low-threshold calcium bursts that entrain the thalamocortical loop.
We investigated the effects of CRH on TRN neuron firing pattern (bursts vs. tonic firing) using ex-vivo
electrophysiology. Bath application of CRH (200nM-1µM) significantly decreased the number of
bursts and increased tonic firing in response to somatic depolarizations. The selective CRHR1
antagonist (NBI39565, 3µM) completely abolished the CRH-induced change in firing modality.
Employing transgenic mice (CRH_IRES_Cre) and viral methods (rAAV2), we mapped the source of
endogenous CRH projections to the TRN. Our data indicate that the CRH afferents have diverse
origins, contacting the TRN from different brain regions (S1, V1, VLG, BLA), but surprisingly, no
projections were found from classical CRH-releasing hypothalamic regions.
We found that CRH affects the TRN neuron’s excitability by decreasing their bursting propensity,
suggesting a potential impact on sleep spindle generation that we will assess in future in-vivo
recordings. Revealing the mechanisms of interaction between the CRH system and sleep regulation
at the TRN may help advance our understanding of how stress affects sleep spindles, and their
related functions in sleep stability and cognitive abilities, processes often impaired in psychiatric
disorders.
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Examining the role of beta2-containing nicotinic acetylcholine receptors
expressed by striatal interneurons in the control of behavior and striatal
signaling
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Nicotinic acetylcholine receptors (nAChRs) play a crucial role in the control of striatal signaling and
functions. Different types of nAChRs are commonly expressed by dopaminergic and glutamatergic
terminals projecting to the striatum from the midbrain, cortex and other brain regions. It has been
repeatedly reported that striatal projection neurons, commonly referred to as medium spiny
neurons, express only low levels of nAChRs. In contrast, specific types of striatal GABAergic
interneurons can be activated by acetylcholine released by striatal cholinergic interneurons through
various types of nAChRs that they express. The individual populations of striatal interneurons are
scarce (together they represent approximately 5 % of all striatal neurons in mouse) and the
functional significance of nAChRs they express has never been investigated behaviorally. Therefore,
in the present study, we used stereotaxic injection of AAV-Cre vector to induce deletion of beta2
nicotinic subunit expressed by interneurons in the dorsal striatum of beta2-flox/flox mice. The
genetically modified mice were then tested in a broad range of behavioral tasks. Our results showed
that mice with the beta2 deletion in striatal interneurons have increased anxiety, social impairment
and an impairment of associative learning. In addition, mice with beta2 deletion were more sensitive
to acute effects of amphetamine, showing both increased locomotion and higher Fos expression by
striatal medium spiny neurons induced by amphetamine. Together, our data suggest that nAChRs
expressed by striatal interneurons play a significant role in different types of striatal-dependent
behavior including locomotor activity and sensitivity to stimulants, anxiety and social interaction.
Furthermore, our data on Fos expression in control and beta2 deleted animals support the notion
that activation of nAChRs increase the inhibitory drive by striatal GABAergic interneurons and thus
their deletion leads to disinhibition and increased activity of medium spiny neurons.
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Sleep concurrently contributes to homeostatic down-regulation and mnemonic synaptic upregulation in cortical networks. Here we used two-photon imaging of calcium activity to examine
how these seemingly opposing functions are established. Pyramidal (Pyr) cells representing the
majority of excitatory cells, decreased activity during both epochs of slow-wave sleep (SWS) and
rapid-eye-movement (REM) sleep. During SWS, but not REM epochs, activity of parvalbumin-positive
interneurons (PV-In) simultaneously increased, suggesting that down-regulation of Pyr activity during
SWS reflects increased somatic inhibition. Contrasting with the general down-regulation of Pyr, a
subpopulations of Pyr cells showing highest activity during sleep spindles, up-regulated activity
during SWS epochs, consistent with an involvement of these cells in mnemonic processing. During
succeeding REM epochs these spindle-active Pyr cells showed a profound and persistent decrease in
activity, in parallel with decreasing PV-In activity. This pattern suggests that REM sleep generally
produces synaptic down-scaling, even capturing spindle-active neurons participating in mnemonic
processing.
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Synaptic regulation by chronic stress-induced microRNA-186
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While stress is an essential physiological response, exposure to chronic stress (CS) represents a major
risk for various mental illnesses. In the prefrontal cortex (PFC), CS leads to neuronal atrophy, and
synaptic and neurotransmission alterations, which consequently disrupt PFC-dependent functions,
such as working memory, behavioural flexibility and decision making. However, the molecular targets
of CS that impact synaptic transmission and PFC-dependent behaviour remain largely unknown.
microRNAs (miRNAs) are post-transcriptional modulators of gene expression that have been
implicated in brain (dys)function, including its response to stress. Since miRNAs target multiple
genes, they are ideally suited to trigger the complex changes in gene expression underlying the
spectrum of synaptic, neuroanatomic, and behavioural effects of CS.
miR-186-5p is increased in the brain of stressed animals and our data show both a stress hormoneinduced increase in miR-186-5p levels and miR-186-5p-dependent silencing of synaptic GluA2containing AMPA receptors (AMPAR) and synaptic transmission in cultured neurons. Hence, we
hypothesize that, by silencing critical transcripts for synaptic function, upregulated miR-186-5p
orchestrates essential features of the synaptic and behavioural responses to CS. By assessing the
effects of prolonged glucocorticoid receptor (GR) activation on cultured cortical neurons, we found a
reduction on excitatory synapse number, alongside with a decrease on GluA2-containing AMPAR
clusters and AMPAR-mediated currents. Furthermore, miR-186-5p inhibition during GR activation
prevented the GR-induced impairment on AMPAR synaptic expression and synaptic transmission.
Our data identify miR-186-5p as a key molecular player in the maladaptive response to CS.
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Brief maternal separation inoculates against the effects of repeated social
defeat on cocaine reward and depression-like behavior in mice
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Exposure to repeated social defeat (RSD) increases the vulnerability of mice to the rewarding effects
of cocaine in the conditioned place preference (CPP) paradigm. Furthermore, mice that are resilient
to this effect of RSD are also resilient to the effects of RSD on depression-like behavior. According to
the hypothesis of “inoculation of stress”, brief maternal separation may induce a protective action
against the negative effects of RSD. The aim of the present study was to test whether exposure to a
brief period of maternal separation prevents the subsequent influence of RSD on the rewarding
effects of cocaine and depression-like behavior in mice. Four groups of male C57BL/6 mice were
used; in two groups mice were separated from their mother for 6 hours on postnatal day (PND) 9,
while another two groups did not undergo maternal separation (controls). On PND 47, 50, 53 and 56
mice that had undergone maternal separation were exposed to an episode of social defeat in the
cage of a resident aggressive OF1 mouse or were allowed to explore an empty cage (MS+RSD and
MS+EXPL groups). The same procedure was performed with control mice that had not experienced
maternal separation (CONTROL+RSD and CONTROL+EXPL groups). Next, all the mice performed the
splash test (a model of depression-like behavior) and the CPP with a low dose of cocaine (2 days and
3 weeks after the last episode of RSD, respectively). In control mice, exposure to RSD reduced the
frequency of grooming in the splash test and increased the rewarding effects of cocaine. Maternal
separation prevented both these effects of RSD, suggesting that exposure to a brief episode of stress
early on in life increases the subsequent resilience of animals to the effects of social stress. Funding.
Grant PSI2017-83023 (Ministerio de Ciencia, Innovación y Universidades, Spain, and FEDER).
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abstinence in mice.
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To remain abstinent represents one of the major challenges for the treatment of cocaine use
disorder. Persistent cocaine seeking elicited by drug-associated cues represents an aggravating factor
for relapse. Cannabidiol is a phytocannabinoid that exerts protecting effects upon cocaine-induced
addictive behaviour, although its effects on cocaine craving during protracted withdrawal are
scarcely studied. In the present study, we set up a mouse model to assess cue-induced cocaineseeking behaviour in mice. Changes in the protein expression of AMPAR subunits and ERK1/2
phosphorylation throughout the withdrawal period were analysed. We also assessed the effects of
cannabidiol (20 mg/kg, ip) administered either during acquisition of cocaine (0.75 mg/kg/inf) selfadministration or abstinence. Changes in GluA1 and GluA2 protein levels were found throughout the
abstinence in prelimbic cortex, ventral striatum and amygdala, as well as a decrease in ERK1/2
phosphorylation in ventral striatum. Cannabidiol reduced ongoing cocaine intake when administered
during the acquisition phase of the self-administration. No effects were found when cannabidiol was
administered during the abstinence period. Taken together, our results show that cannabidiol exerts
differential effects on the current model depending on the self-administration phase in which it was
administered.
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Decreased kynurenine pathway enhance resilience to social stress effect on
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The kynurenine (KYN) pathway of tryptophan (TRP) degradation is activated by stress. KYN pathway
is the main route of TRP metabolism and 95% of the amino acid is transformed to kynurenine.
Numerous studies have linked the KYN pathway to both inflammation and depression, and nowadays
it is well established that social stress induces the activation of the immune system, with central
inflammation and KYN metabolism being one of the main factors linking stress with depression. The
present study focuses on assessing the long-lasting changes in the KYN pathway induced by social
defeat (SD) associated with the resilience or susceptibility to an increase in the conditioned
rewarding effects of cocaine. For this, 35 adult male mice of the strain C57BL/6J were exposed to
repeated SD and 3 weeks later, a conditioned place preference (CPP) induced by a subthreshold dose
of cocaine (1.5 mg/kg) was developed. KYN levels in cerebellum were studied at the end of the CPP
procedure. Changes in the KYN pathway were measured in order to evaluate the effects of SD. We
observed that defeated susceptible (SD-S) mice had higher conditioning scores than resilient mice
(SD-R). In addition, although KYN concentration was elevated in all defeated mice, SD-R mice showed
lower increases in KYN concentration in the cerebellum than SD-S mice. This work points out that
animals susceptible to develop depressive-like behaviors induced by SD will be more sensitive to the
reinforcing effects of cocaine and showed more intense alteration in KYN pathway.
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Decreased kynurenine pathway enhances resilience to social stress effect on
cocaine reward through pharmacological treatments.
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The kynurenine (KYN) pathway of tryptophan (TRP) degradation is activated by stress. KYN pathway
is the central route of TRP metabolism and 95% of the amino acid is transformed to kynurenine.
Several studies have associated the KYN pathway to both depression and inflammation, and
nowadays it is well established that social stress induces the activation of the immune system, with
central inflammation and KYN metabolism being one of the main factors linking stress with
depression. The aim of the present study was to evaluate the long-lasting changes in the KYN
pathway induced by social defeat (SD) associated with the resilience or susceptibility to an increase
in the conditioned rewarding effects of cocaine. For this, 43 adult male mice of the strain C57BL/6J
were exposed to repeated SD and 3 weeks later, a conditioned place preference (CPP) induced by a
subthreshold dose of cocaine (1.5 mg/kg) was developed. KYN levels in cerebellum were studied at
the end of the CPP procedure. Changes in the KYN pathway were measured after exposure to
pharmacological treatment (oxytocin and indomethacin) known to increase resilience to the effects
of SD were also evaluated. We observed that defeated susceptible (SD-S) mice had lower social
withdrawal ratio than resilient mice (SD-R). In addition, the KYN concentration was elevated in the
cerebellum of all SD-R mice. Oxytocin or Indomethacin treatment before SD normalized cocaineinduced CPP, although the increase in the KYN pathway was maintained. This work points out the
role of the KYN pathway and anti-inflammatory drugs acting on TRP metabolism as pharmacological
targets to potentiate resilience to social stress effects.
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LSD acutely reduces intermittent ethanol – but not sucrose – intake and has
no observable effects on intracranial stimulation reward in C57BL/6 mice
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Rationale
Small clinical studies have raised great expectations for the treatment of alcohol use disorder using
psychedelics, like lysergic acid diethyl amide (LSD). To get more mechanistic insight, we have studied
the action of LSD in mouse models of alcohol drinking and reward.
Objectives
This study aimed to test if a single dose of LSD could decrease ethanol drinking in mice, both acutely
and in a prolonged fashion, and to further test if the observed acute effects were due to reward
attenuation and if the effects were generalizable to more natural reinforcers.
Methods
The tests were conducted using male C57Bl/6J mice. The ethanol consumption was tested using
intermittent two-bottle choice design. The same design was repeated with sucrose. The rewardmodulation was tested using detection threshold method of intracranial self-stimulation (ICSS) with
electrodes in the medial forebrain bundle. LSD was administered i.p. immediately before the start of
each measured behaviour. Doses of 0.05 and 0.1 mg/kg were tested in the drinking experiments, and
additional doses of 0.2 mg/kg LSD and 3.0 mg/kg d-amphetamine in the ICSS.
Results
Both tested LSD doses induced a transient decrease in ethanol consumption during the day of
administration, but the drinking returned to the control level on the next measurement point. No
changes in water consumption were observed. A smaller, non-significant decline was also observed
in sucrose consumption. In the ICSS, none of the tested LSD doses affected the response threshold,
and 0.1 mg/kg LSD did not affect the amphetamine-induced decrease when simultaneously
administered.
Conclusions
LSD acutely decreases ethanol self-administration in mice but does not induce prolonged effects. The
present results imply that the decrease does not stem from effects on the animals’ ability to drink
nor from general reward attenuation but point to the possibility of more general decrease in
consummatory behaviour.
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Adolescent binge drinking combined with high fat diet causes persistent
increased inflammatory activity in the striatum.
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Alcohol binge drinking (BD) and high-fat food consumption are two frequent behaviors among
adolescents that activate the mesocorticolimbic dopamine circuitry and induce peripheral and
central inflammatory processes. Studies in rodents have shown increased levels of inflammatory
markers after alcohol and high-fat diet (HFD) consumption, even before obesity onset. In this study,
we evaluated the neuroinflammatory response of adolescent BD when combined with two different
access schedules to HFD. Adolescent OF1 male mice (postnatal day 21) were divided into three
different feeding conditions: (1) standard diet group, fed with regular chow; (2) continuous HFD
group, with ad libitum access to HFD; (3) HFD binge group, with intermittent access (2h) on Monday,
Wednesday and Friday that induced binge-like behavior. At PND 29 mice in the experimental group
underwent a BD protocol (1,25g/kg) while mice in the control group were saline-treated. In order to
distinguish the acute and long-term inflammatory effects, cytokine IL-6 and the chemokine CX3CL1
levels were measured in the striatum at two different timepoints; 24h after BD, and 3 weeks later
when mice reached adulthood. Biochemical analyses showed that after BD and three weeks later,
striatal levels of IL-6 and CX3CL1 were increased. In addition, in saline-treated mice, CX3CL1 was
increased after continuous access to HFD. Overall, our findings show that adolescent BD and
intermittent HFD synergistically increases inflammatory signaling and the effects extends into
adulthood. Altogether, our study confirms that BD and HFD are relevant inflammatory factors and
points at neuroinflammation as the mechanism modulating the increased risk for AUD in adulthood.
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Oleoylethanolamide reduces self-administered alcohol consumption in mice.
González-Portilla M1 Montagud-Romero S2 Rodríguez de Fonseca F3 Rodríguez-Arias M1
1

Unit of research on Psychobiology of Drug Dependence, Department of Psychobiology, Faculty of Psychology,
University Of Valencia Valencia Spain 2Department of Psychology and Sociology, University of Zaragoza Teruel
Spain 3Institute IBIMA, Unidad de Gestión Clínica de Salud Mental, Hospital Regional Universitario de Málaga
Málaga Spain

One important component of alcohol-related brain damage in alcohol use disorder (AUD) patients is
the activation of neuroinflammatory processes. Oleoylethanolamide (OEA) is an endogenous
acylethanolamide with satiety and anti-inflammatory properties. Previous animal studies have shown
that the administration of OEA attenuates the TLR-4 proinflammatory cascade induced by chronic
alcohol consumption. The aim of the present study was to explore the effects of OEA on modulating
alcohol consumption using the operant self-administration (SA) paradigm. Male OF1 (N=24) mice
were divided into (1) the control group treated with saline or a (2) experimental condition treated
with OEA. After the training phase, mice underwent 10 daily one-hour long SA sessions on a FR1 ratio
(20% alcohol) followed by a single progressive ratio (PR) session. Mice were treated with saline in the
control group or OEA (10mg/kg, i.p) 10 minutes before each (20 %EtOH) SA session. Our results
showed that pre-treatment with OEA attenuated alcohol consumption under a FR1 ratio. Similarly,
OEA-treated mice exhibited a decreased alcohol intake under a progressive ratio, a more demanding
schedule. In summary, these results suggest that OEA may be a promising therapeutical substance
for treating excessive drinking in AUD disorder. Further research should aim to identify the
inflammatory and/or homeostatic pathways that OEA may be targeting to diminish alcohol
consumption.
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Synaptic mechanism underlying serotonin modulation of transition to cocaine
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Compulsive drug use despite adverse consequences defines addiction. While mesolimbic DA signaling
is sufficient to drive compulsion, psychostimulantssuch as cocaine also boost extracellular serotonin
(or 5-hydroxytryptamine, 5-HT) by inhibiting reuptake. Here we identify the neural mechanism
underlying a 5-HT modulation of the transition to compulsion. We used SERT Met172 knockin (SertKI)
mice carrying a transporter that no longer binds cocaine to abolish 5-HT transients during drug selfadministration (SA). SertKI mice showed an enhanced transition to compulsion. On the other hand,
pharmacologically elevating 5-HT reversed the inherently high rate of compulsion transition with
optogenetic dopamine self-stimulation (oDASS). The bidirectional effect on behavior was explained
by a presynaptic depression of orbitofrontal cortex (OFC) to the dorsal striatum (DS) synapses
induced by 5-HT via 5-HT1B receptors. Consequently, in projection specific 5-HT1B receptor knockout
mice the fraction of individuals compulsively self-administering cocaine was elevated. In summary, 5HT opposes addiction progression through a presynaptic depression, reducing the likelihood to
induce the enhancement of OFC to DS transmission underlying compulsion.
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Synbiotic treatment rescues the addictive-like behavioural alterations
induced by alcohol intake in a gender specific manner: Associations with gutmicrobiota, and plasma/brain serotonin and GABA concentrations
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Chronic alcohol has been shown to disrupt gut microbiota homeostasis, but whether its modulation
could prevent behavioural alterations associated with chronic alcohol intake, still remains unknown.
We investigated the effects of a synbiotic mixture on the development of alcohol-related addictive
behaviour in female and male mice, and evaluated if these effects were associated with changes in
bacterial species abundance, short chain fatty acids, tryptophan metabolism and neurotransmitter
levels in plasma, prefrontal cortex (PFC) and hippocampus (HPC). Chronic intermittent exposure to
alcohol during 21 days induced escalation of intake in both female and male mice. Following alcohol
deprivation, relapse-like behaviour was observed in both genders, but anxiogenic and cognitive
deficits were present only in female mice. Synbiotic intake reduced escalation behaviour in male
mice, while it prevented relapse and the anxiogenic-like state and cognitive deficits observed in
female mice. Alcohol induced differential alterations in microbiota diversity and bacterial abundance
in female and male mice. In male mice, alcohol decreased the relative abundance of Akkermansia
uncultured bacterium, and Bacteroides species, but increased the abundance of Mollicutes RF39
uncultured bacterium. Synbiotic exposure prevented all of these changes. In female mice, alcohol
increased the abundance of Prevotellaceae UCG-001, and synbiotic intake abrogated this effect. Also,
a differential effect of alcohol was observed in mice exposed to water or synbiotic in
Lachnospiraceae NK 4A136, Parasutterella and Alistipes species and the Ruminococcaceae family.
Correlation analysis for pooled data showed associations between plasma, PFC and HPC tissue
concentrations of serotonin, 5-hidroxy-indolacetic acid, kynurenic acid and GABA with specific
bacterial species and behavioural alterations in a gender-dependent manner. These data indicate
that synbiotic treatment prevents alcohol-related behavioural alterations, and suggest that a dietary
intervention to reduce gut dysbiosis during chronic alcohol intake may impact differently the
functionality of the gut-brain-axis in females and males.
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The long-term effects of repeated restraint stress on the conditioned
rewarding properties of cocaine in male and female mice: Role of prepulse
inhibition
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Cocaine is the most widely consumed illegal stimulant drug in Europe by the adult population. Stress
is involved in all stages of the addictive process. Furthermore, Prepulse inhibition (PPI) deficits have
been linked to a higher risk of developing a cocaine use disorder. The objective of this study was to
evaluate the long-term effects of repeated stress on the conditioned rewarding properties of cocaine
in male and female mice, according to their PPI baseline levels.
OF1 mice (48 males and 48 females), distributed as high- or low-PPI subjects, were exposed to
repeated restraint stress (RRS) 30 min in 4 sessions every 72 hours. After a period of 3 weeks, they
were evaluated in the conditioned place preference (CPP) paradigm with subthreshold doses of
cocaine (i.e. 1 mg/kg). Following a wash-out period of 3 weeks, they were re-evaluated in the CPP
paradigm with effective doses of cocaine (i.e. 6 mg/kg).
RRS groups spent significantly less time in the drug-paired compartment using effective doses of
cocaine in Post-C (p <0.036). Furthermore, the male low-PPI stress group spent significantly less time
in the drug-paired compartment than the male low-PPI control group (p <0.016), and the female
high-PPI stress group spent significantly less time in the drug-paired compartment than the female
high-PPI control group (p <0.05).
In conclusion, RRS decreased the long-term conditioned rewarding effects of cocaine in CPP, with sex
differences according to PPI baseline levels. We propose that PPI can be used as an effective
biomarker of long-term effects of stress in the conditioned rewarding properties of cocaine.
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Stressful experiences induce depressive-like behaviors, reduce social interactions, and increase
vulnerability to substance use disorder such as alcoholism. Using animal models, we have previously
showed that exposure to social stress through social defeat produces a depressive phenotype,
increases alcohol-seeking and -taking, accompanied by an activation of neuroinflammatory response.
However, not all animals subjected to social stress develop depressive-like symptoms or addictive
behavior. Therefore, the objective of this study is to detect these resilient subjects to the long-term
behavioral effects of social defeat during adolescence and to evaluate this behavioral phenotype in
the face of voluntary ethanol consumption and neuroinflammatory levels. A control group and a
group exposed to social stress (4 sessions every 72 hours) during adolescence were evaluated. After
24 hours of the last defeat session, all mice performed the social withdrawal test and were classified
into resilient and susceptible to depressive-like behavior. Three weeks later, during the adulthood all
mice were subjected to oral self-administration of ethanol. The animals were then sacrificed to
evaluate the levels of IL-6 and CX3CL1 in striatum. Mice classified as resilient to depressive-like
behavior were also resilient to the increased ethanol intake in the oral self-administration protocol,
showing a similar consumption and motivation than the control group. On the other hand,
susceptible mice showed higher consumption and motivation to consume ethanol, and higher levels
of IL-6 and CX3CL1 than controls and defeated resilient animals. Therefore, adolescent mice
susceptible to social stress-induced depressive-like behavior are also susceptible to the increase in
ethanol intake and neuroinflammatory levels.
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Social enrichment reverses the increase in ethanol oral self-administration
induced by social defeat in male mice.
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Stressful life situations have been associated with addictive disorders. Clinical and preclinical studies
have revealed that exposure to different types of stress increases abuse and relapse in the use of
drugs such as ethanol. Specifically, exposure to social stress induces long-lasting behavioral and
neurochemical effects. Using preclinical models, our laboratory has shown that the exposure to
social defeat in male mice causes an increase in ethanol consumption. In addition, exposure to social
stress activates the immune system producing neuroinflammation. Based on these studies, we aimed
to evaluate the effect of social interventions to reduce the excessive consumption of ethanol
observed in defeated animals. Three experimental groups were carried out, a control group in
standard housing conditions, a defeated group in standard housing conditions and a defeated group
in a condition of social enrichment since adolescence (two male mice housed in pairs) and
throughout the experimental procedure. The groups under social stress were exposed to social
defeat during 4 encounters every 72 hours. Three weeks later, the response to ethanol was
evaluated by self-administration of oral ethanol in all mice. At the end of the experiment,
neuroinflammatory levels were evaluated by measuring the levels of chemokine fractalkine (CX3CL1)
in the striatum. Our results show that socially defeated animals not exposed to social enrichment
environment consumed higher amounts of ethanol and showed greater motivation to obtain the
substance than the non-stressed group. Defeated paired animals behaved similarly to the unstressed
control group. Furthermore, the neuroinflammatory levels of the socially enriched group were lower
than that of the mice defeated under standard housing conditions. Therefore, our results confirm
that a socially enriched environment can reverse the long-term effects of social stress on ethanol
consumption.
Acknowledgements: This work was supported by the Ministerio de Economía y Competitividad,
Dirección General de Investigación, (PSI 2017-83023-R)

Theme: Addiction

Ketogenic Diet blocks reinstatement of cocaine-induced CPP in male mice.
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In recent years, dietary interventions have being explored as a therapeutic target in the drug
addiction field. The Ketogenic Diet (KD) is a low carbohydrate, high-fat and moderated in protein diet
that changes the body’s main energy source by using ketone bodies instead of glucose. While
research on the beneficial impact of KD in other diseases, like epilepsy, has been demonstrated, its
effects in cocaine addiction are still unknown. As adenosine is a common agent between the KD and
cocaine addiction, this study hypothesized if a KD-induced increase in adenosine levels could
attenuate the dopamine response to cocaine. The aim of the present work was to evaluate the effect
of KD in the rewarding effects of cocaine in the extinction and reinstatement process.
41 adult male mice of the OF1 strain were randomly divided into 3 groups: mice fed with a standard
diet throughout the whole procedure (SD), mice fed with a KD throughout the whole procedure (KD)
and mice fed with a SD until the end of the CPP procedure and after the Post-C test changed to the
KD administration (PostCPP-KD). Animals underwent a 10 mg/kg cocaine-induced CPP on PND 52 and
then after the Post-C test they were exposed to extinction sessions. Once extinction was achieved,
animals were injected with half the previous cocaine dose received (5mg/kg) and tested for
reinstatement.
All groups developed cocaine CPP, but animals in ketosis (KD and PostCPP-KD) showed an overall
decrease in the number of sessions required to extinguish the preference and did not reinstate the
preference with 5mg/kg cocaine.
Our results suggest that KD may facilitate the extinction of the drug-associated memories, and blocks
the priming-induced reinstatement of the preference.
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Diet and nutrients can exert changes in neural plasticity and behavioral processes. The Ketogenic Diet
(KD) is a diet high in fat, low in carbohydrates and balanced in proteins, that induces changes in the
body’s main energy source, since it uses ketone bodies instead of glucose. KD has been scarcely
investigated in the addiction field, with few studies suggesting its modulation of alcohol withdrawal
symptoms and decreasing consumption in mice. The KD activates adenosine receptors, which are the
basis of its therapeutic effects on diseases like epilepsy. Adenosine regulation is closely linked to the
dopaminergic action, as their receptors are colocalized on GABAergic neurons together. The aim of
this study was to investigate if KD and alcohol consumption in mice produce changes in gene
expression of those genes involved in the adenosine-dopamine binomial.
Adult male mice were assigned either a standard diet (SD, n=15) or a Ketogenic Diet (KD, n=16).
When ketosis in the KD group was sustained for 7 days, an oral self-administration procedure was
conducted for 28 days. Expression of dopamine DrD1 and DrD2 genes and adenosine ADORA1 and
ADORA2 genes was evaluated.
KD induced an overall decrease in alcohol SA but did not affect the motivation for alcohol. KD by
itself decreased ADORA1 gene expression without affecting ADORA2 or DrD1 and DrD2 genes. When
animals on KD were exposed to ethanol self-administration, a significant increase in the expression of
the DrD1, DrD2 and ADORA2 genes was found. A balance was observed between the DrD1-ADORA1
heterodimer, but not in the DrD2-ADORA2 heterodimer, as both genes increased their expressions.
Our results suggest that nutritional interventions may be a useful complementary tool in treating
alcohol use disorders.
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Long-lasting effects of voluntary alcohol consumption during adolescence on
abstinence and emotional and cognitive status in the adulthood.
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Several studies have found an association between alcohol consumption in adolescence and
dependence in adulthood. It seems that one of the reasons for the greater vulnerability to alcohol
consumption are the cognitive and emotional alterations that occur with early and continued
consumption of ethanol. Our aim was to determine these behavioral alterations caused by alcohol in
adolescence and its influence on alcohol consumption in adulthood. For this purpose, 24-day-old
C57BL/6J male mice were exposed to 5 cycles of chronic intermittent alcohol consumption under the
two-bottle choice paradigm. Craving was assessed after 24h of abstinence (pnd54), 1 week (pnd61)
and 28 days (pnd82). Moreover, animals were tested in different behavioral tests during their late
adolescence (pnd56-60) and adulthood (pnd77-81). A control group received water during the same
period and were also tested.
Our results showed a significant increase in alcohol consumption after 1 week of abstinence, which
remained unchanged at 28 days. Drinking mice showed more anxious behaviors in the Elevated-zero
maze and in the Marble test (lesser time in open arms, lower index of Time by Entry, and higher
number of buried marbles), alterations that were maintained in the adult stage. Open field test
revealed increased levels of grooming in ethanol-dependent animals, regardless of age, while
thigmotaxis was higher only in adults. Regarding cognitive measures, adolescent mice showed an
altered alternation behavior in the Y-maze test, which was not maintained in adulthood. Finally, we
found that alcohol affected to the performance in the Novel Object Location test at both ages,
whereas the Object Recognition test was unaltered.
Therefore, alcohol drinking during early adolescence leads to emotional and cognitive impairments
that manifest already in late adolescence and are sustained into adulthood. Behavioral interventions,
such as aerobic exercise between these periods, could be useful to reduce craving and to promote
behavioral improvements.
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EFFECT OF CEREBELLAR PERINEURONAL NET DEGRADATION ON THE
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Drug addiction is due to the ability of addictive drugs to produce neuroplastic changes that make the
brain inflexible to drugs and drug-related stimuli. We have proposed that the expression of
perineuronal nets (PNNs) in the cerebellum can play a crucial role in these processes. PNNs are
cartilage-like structures of extracellular matrix molecules that enwrap in a net-like manner the cellbody and proximal dendrites of special subsets of neurons in order to stabilize their incoming
connections and restrict plasticity. Therefore, PNNs might contribute to the maintenance of druginduced conditioned memories after prolonged drug abuse. In previous studies, we have found a
dynamic regulation of PNN expression after repeated cocaine self-administration. While cocaine selfadministration reduced PNN expression around Golgi inhibitory interneurons in the cerebellum after
one day it increased expression after protracted abstinence. The aim of the present study was to
investigate the effects of PNN degradation on the incubation of craving during protracted abstinence
in a model of escalating cocaine use. The effect of degradation of PNNs using the bacterial enzyme
Chondroitinase ABC (ChABC) was evaluated after rats were allowed to self-administer intravenous
cocaine during an extended access period (6h) for 12 days and left undisturbed in their home cages
for one month. The results showed a decrease in lever pressing during the craving test after PNN
degradation in lobule VII of the vermis. Therefore, supporting our recent findings, cerebellar PNNs
play a role in neuroplasticity underlying incubation of craving during protracted abstinence.
Keywords: Addiction, Cocaine, Perineuronal Net, Cerebellum, Chondroitinase ABC
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Diffusion tractography can visualize and measure structural tracts in the human brain that connect
brain regions in which functional activity precedes motivated behavior. Our recent research suggests
that the coherence of a tract connecting the dopaminergic midbrain to Nucleus Accumbens (NAcc) is
associated with a diagnosis of stimulant use disorder (SUD) but not relapse. Here, we tested whether
the structural coherence of glutamatergic projections connecting the Medial PreFrontal Cortex
(MPFC), Anterior Insula (AIns), and Amygdala (Amy) to the NAcc might predict relapse to stimulant
use. We analyzed Diffusion-Weighted Imaging data from a sample of 60 patients with SUD, with
comparable sub-samples of individuals who had abstained (n = 30, 80% male, 39.5±12.5 years) and
who had relapsed (n = 30, 87% male, 42.3±10.9 years) at 6 months follow-up. To address
methodological challenges, we fit a constrained spherical deconvolution model and conducted
probabilistic tractography in individuals’ native space. This method successfully resolved all of the
sample’s white-matter tracts. We subsequently tested if structural properties indicative of tract
coherence (i.e., inverse radial diffusivity (1-RD)) could predict relapse 6 months after treatment
release. Correcting for multiple comparisons via permutation testing, lower 1-RD (i.e., lower
coherence) in a cluster along the right AIns tract predicted relapse (OR = 0.41, z = -2.54, p = 0.01).
Our results hold when controlling for age, gender and motion, as well as for other coherence metrics.
In contrast, coherence along the Amy-NAcc and MPFC-NAcc tract was not associated with relapse to
stimulant drug use. Crucially, none of the coherence metrics were associated with SUD diagnosis.
These findings highlight a new structural target for predicting drug relapse and suggest that cortical
“top-down” connections may forestall relapse to stimulant use, whereas brainstem “bottom-up”
connections to the NAcc may result from chronic stimulant use.
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Rodent alcohol self-administration in an operant home-cage setting:
investigating the relationship between drinking patterns and compulsive
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An important component of Alcohol Use Disorder (AUD) is excessive alcohol use during uncommon
drinking periods, which typically occurs at home. Human research has shown that alcohol use is
dependent on the environmental context and rodent research shows that rats drink more in their
home environment. However, most AUD rodent models involve training in separate operant
chambers. This may affect the propensity to develop symptoms such as alcohol use despite negative
consequences, which is a key aspect in AUD. To address these limitations, we trained rats to selfadminister alcohol in a custom-built ‘CombiCage’, which combines a standard operant chamber (Med
Associates) with a home-cage via a tunnel. We housed 24 Long-Evans rats (12m,12f) in CombiCages
with ad-lib access to food and water. We first gave rats alcohol self-admin access in an intermittent
24hr on/off schedule (44 days), progressing from FR1 to FR3. We then limited access to a 3hr on/off
schedule (17 days), then to 30-min on/2.5hrs off access (11 days), and finally to 1 30 min daily
session (7 days). Next, we trained half of the rats in a separate operant chamber for 30 minutes per
day and compared alcohol self-administration to their CombiCage sessions. Finally, we punished the
alcohol seeking lever presses with mild foot shock in either the Combicage (n=12) or the standard
operant chamber (n=12), over multiple sessions we increased the shock intensity from 0.2 mA to
0.35 mA.
We have found that resistance to punishment is higher in the CombiCage compared to the standard
operant chamber. We also found substantial sex-differences alcohol self-administration, particularly
during limited access phases. Finally, the relationship between these consumption measurements
and punishment-resistance will be presented. Using CombiCages, we piloted an approach to
investigate relationships between home environment alcohol consumption patterns and AUD-like
behavior in rats.
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Rational inattention in mice
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Behaviour exhibited by humans and other organisms is generally inconsistent and biased, and thus is
often labelled irrational. However, the origins of this seemingly suboptimal behaviour remain elusive.
We developed a behavioural task and normative framework to reveal how organisms should allocate
their limited processing resources such that there is an advantage to being imprecise and biased for a
given metabolic investment that guarantees maximal utility.
We trained mice to perform a novel choice task requiring them to make decisions based on ordinal
comparisons of orientation stimuli spanning the whole sensory space. Additionally, we introduced
trial-to-trial variability in the reliability of sensory stimuli and controlled the prior distribution of the
sensory inputs in terms of presented orientations. During the experimental timeline, mice went
through different novel stimulus-reward association environments. This allowed us to model the
allocation of sensory resources across the orientation stimulus space in each stimulus-reward
environment, and check whether it complies with the predictions of rational inattention theory.
We found that mice act as rational-inattentive agents by adaptively allocating their sensory resources
in a way that maximizes reward consumption in each stimulus-reward association environment.
Surprisingly, perception to commonly occurring stimuli was relatively imprecise. However, this
apparent statistical fallacy implies “awareness” and efficient adaptation to their neurocognitive
limitations. Interestingly, distributional reinforcement learning mechanisms efficiently regulate
sensory precision via top-down normalization. Furthermore, we found that arousal systems, as
tracked by pupil size, contain information about reward expectancy of orientation stimuli in a given
sensory-reward association environment.
These findings establish a neurobehavioral foundation for how organisms efficiently perceive and
adapt to environmental states of the world within the constraints imposed by neurobiology.

Theme: Computational Approaches To Brain And Behaviour

mtDNA methylation in the heavy strand promoter correlates with
mitochondrial gene expression
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While mitochondrial genetics have been extensively studied in health and disease, the role of
epigenetic regulation of the mitochondrial genome remains largely unexplored. DNA methylation
plays a major role in regulating gene expression in the nucleus. The existence and potential role of
mitochondrial DNA(mtDNA) methylation remain, however, controversial. Here, we employ a
spectrum of complementary methodologies to assess mtDNA methylation in human prefrontal
cortex(BA9) from neurological healthy controls(n=27) and individuals with Parkinson’s disease(n=27).
Analyses of whole genome bisulfite sequencing(WGBS) with ultra-deep mtDNA
coverage(16842±4905) reveals an overall lack of mtDNA methylation with the exception of a single
CpG hotspot at position m.545 on the heavy strand promoter(HSP1). The existence of the m.545
methylation hotspot is validated using a combination of methylation-sensitive DNA restriction and
quantitative PCR. Furthermore, we show that the methylation levels of m.545 positively correlate
with mtDNA gene expression. Finally, we propose a robust pipeline for methylation analysis of
mtDNA from WGBS, less prone to false-positive findings due to misalignment of nuclearmitochondrial-pseudogene sequences.
Our findings suggest that, while mtDNA methylation occurs in human prefrontal cortex, it is found
exclusively on the m.545 position of the heavy-strand-promoter and it may play a role in regulating
the expression of mtDNA-encoded genes.
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Neurocomputational investigation of human schema-based learning, decision
making and their modulators in ecological settings.
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We learn and remember better when new materials are related to prior knowledge. However, it’s
less clear how schemas (knowledge structures) affect decision making, particularly in ecological
settings. To address this, we designed and performed a novel experiment where participants could
explore paintings or quotes from various authors and subsequently identify items from the same
author. We collected background information and measured participants' eye movements, pupil
sizes and heart rates. We also explored the effects of risk and novelty, with “high risk” participants
receiving a bonus only if they managed to identify all items from the same author, and the novelty
group having new authors introduced half-way through the experiment.
Although performance improved in general, there were differences in monetary gains and decision
patterns related to risk and novelty levels, biomarkers, schema familiarity and likability, language
proficiency and task modality. Successful progress supported such improvement by promoting the
transition from “safer” low payoff items to “riskier” high payoff items. Improvement in task
performance also led to lower attention and arousal levels and the role of successful feedback was
even more pronounced under high risk and novelty conditions.
To explore the underlying mechanisms, we designed a computational model based on reinforcement
learning and drift diffusion principles. In our model, schema selection was directed by decision
confidence, updated by both exploration and decision feedback, and the prediction of rewards and
bonuses inferred based on the confidence. Our model generated distributions of response times,
accuracies, and numbers of viewed items in each selection, which were consistent with observed
data. We could then compare the best-fitting parameters between experimental conditions to assess
which specific mental processes were affected by different modulatory factors. We show that
individual differences, biomarker levels and environmental factors interact in complex ways to
control learning and decision making.
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Computational model-based analysis of the role of water temperature and
place cell vs. wall-based strategies in Morris Water Maze
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Although decision making is widely studied using tasks with sequential choices among several
options, it is less well understood in natural settings. Rodent behaviour in Morris Water Maze
(MWM) has been modelled using place cell-based models, which often ignore detailed trajectories or
kinematics. Here we extended a place cell-based reinforcement learning model including detailed
kinematics and used it to investigate the role of motivational stress in MWM. We performed
experiments with two strains of mice, C57BL/6 and DBA/2, learning two versions of the task under
different water temperatures: the task with a fixed platform location and the task where platform
location varied randomly between two positions. We showed that water temperature had strain and
task-dependent effects on behaviour, with cold water improving immediate performance of C57BL/6
mice in the fixed platform task and of DBA/2 mice in the variable platform task and with differences
disappearing once all mice were put to the same temperature. Although animals who learned in the
warm water had poor immediate performance, their learning was robust, as evidenced by dramatic
improvement on their first day in colder water. Using computational modelling and parameter
estimation, we were able not only to reproduce detailed mouse trajectories but also reveal
computational correlates of temperature-based improvement. We also designed a wall distancebased model where spatial learning would be guided not by place cells but by neurons indicating
distance from the wall, which could be more appropriate in reproducing mouse behaviour with
platform location randomly varying between the two positions, where improvement in animal
learning performance was not necessarily due to place cell-based strategies. We performed
parameter estimation for both types of models showing which strategies were predominant under
which conditions.
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Investigating the effects of pre-stimulus activity on spatio-temporal feature
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Pre-stimulus brain activity is thought to modulate visual perception. However, the underlying
processes are strongly debated. Moreover, the role of pre-stimulus activity beyond tasks with single,
simple stimuli is largely unknown. Here, we analyzed electroencephalography recordings (EEG) in the
sequential metacontrast paradigm (SQM). In the SQM, a sequence of vertical lines is presented,
creating a percept of two expanding streams of lines. When one line has an horizontal vernier offset,
this offset is attributed to all the lines following in the stream and participants can easily discriminate
it. If a second line in the stream has also a vernier offset but in the opposite direction, the offsets
integrate and the relative dominance of the two features determines participants’ responses. We
investigated whether responses are determined by pre-stimulus activity. We extracted pre-stimulus
power and phase at different frequencies (4-40 Hz). First, we did not find that pre-stimulus activity
determined the percept. Second, using a linear classifier we were able to decode the relative
dominance between two offsets from post-stimulus evoked activity. Third, when we related prestimulus activity to the results of the classifier, we observed pre-stimulus effects. Our findings
suggest that single-trial decoding could help to unravel pre-stimulus effects that standard analysis
fails to detect.
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Non-invasive measurement of drug-induced neural effects by quantitative
electroencephalography using a within-subject translational approach in nonhuman primates
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The non-invasive technique of quantitative EEG (qEEG) is widely used in clinical normative datasets
for patient evaluations. While such datasets are developed to high levels of statistical and scientific
standards, most research still focuses on between-individual variation. In preclinical studies with
limited number of primates, however, within-subject study designs are preferred. Therefore, there is
a translational need for the development and validation of preclinical within-subject qEEG
methodologies with quantification of intraindividual variations.
Hence, we trained two rhesus macaques (M. mulatta) to fix their gazes on a cross-shape on the
screen for successively longer periods of time. The animals were seated in a primate chair without
head fixation. Movement was minimized through positive reinforcement training wherein head
motion and gaze stability criteria, measured by an infrared eye-tracking system, were progressively
narrowed. High-density qEEG was recorded from 27 active scalp electrodes by telemetric amplifier
system. Individual normative qEEG datasets were created (min. 20 days) and were validated by
behaviourally relevant doses of psychopharmacological agents.
During validation, vehicle treatments stayed within range of the individualised normative datasets.
Diazepam, a positive allosteric modulator to GABAA receptors markedly increased low-frequency
(alpha, beta) oscillatory power, while suppressing gamma activity across the whole scalp. The
muscarinic acetyl-choline receptor antagonist scopolamine had similar effects; but modulations were
constrained to the parieto-occipital region. To put these effects into context, we related the size of
the drug-induced modulations to the variability seen in the normative dataset. Effects of diazepam
were very large relative to the day-to-day EEG variability, while effects of scopolamine were within
the noise threshold level.
Thus, a robust estimation concerning the efficacy of the drugs was reached compared to performing
separate drug trials with a single vehicle control each. Taken together. using qEEG, reliable
conclusions can be drawn about prospective drug candidates applied in behaviourally relevant doses.
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Representation of spatial goals in Orbitofrontal cortex
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Planning a journey to a goal destination requires representation of the future goal, knowledge about
current location, and a spatial map where the relative geometry between the current and future
location is preserved. While neurons in the hippocampus and parahippocampal regions provide
estimates of the animal’s current position as well as nearby trajectories, a specific neural code of the
remote navigational goals remains to be identified. Hence, we hypothesized that the future goal
location may be represented by a parallel spatial representation mechanism outside the
hippocampal-entorhinal system, like the orbitofrontal cortex (OFC), which has been implicated in
representing decisions in non-spatial tasks. To test our hypothesis, we designed a linear track with
multiple reward sites, in which rats were trained to alternate between two given sites to obtain
rewards. After few successful alternations, the reward sites are changed to new locations, thereby
ensuring continuous update of goal representation. As rats performed this task, we simultaneously
recorded the activity of hundreds of OFC neurons. Analysis of the neural activity revealed that OFC
neurons form a spatial map of the environment, discriminating the different reward locations on the
maze during navigation, while preserving their relative spatial geometry. The activity of OFC neurons
encodes animal’s positions during reward consumption, but before the onset of journey, these
neurons exhibit a representational transition from the animal’s current position to the subsequent
goal, which is kept during the entire journey until the animal reaches the destination. Further
analysis revealed that this persistent goal representation is maintained by destination specific neural
trajectories that are predefined at navigation onset and embedded within underlying neural
dynamics which evolve along the animal’s trajectory towards the goal. Finally, optogenetic
perturbation of OFC neurons, specifically at the navigation onset, caused animals to navigate to an
incorrect destination, pointing to OFC as part of the brain’s internal map representing the animal’s
decision of navigational goals.
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Recent research has shown that gut microbiota can influence the interactions between the central
and the enteric nervous system via the gut-brain axis (GBA). Brain regions responsible for emotions
as well as cognitive processes have already been showed to be affected by manipulations of the gut
microbiota. Whether such a link also exists in decision making, is yet unknown. Based on previous
studies in animal models and indications from neuroimaging studies, we test the effects of the gutbrain axis on decision-making under risk and intertemporal choices.
In a placebo-controlled double-blinded design, with two sessions separated by 28 days, during which
participants received daily doses of probiotics (or placebo), we investigated whether the intake of
probiotics affects risk-taking behavior and intertemporal choices using incentivized games.
We show a significant decrease in risk-taking behavior and increase in future-oriented choices after
the probiotics manipulation, compared to placebo. These results show the importance of the
microbiota-gut-brain axis on decision-making, creating a path for potential clinical applications and
allowing for a better understanding of the underlying neural mechanisms of risk-taking behavior and
intertemporal choices.
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Individual differences in effort-based decision-making in rats: dopamine
markers and related behavioral correlates
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Nucleus Accumbens (NAcb) dopamine (DA), plays an important role in effort-related processes and
behavioral activation. Previous results have shown that individual differences in selection of high
effort activities for food are modulated by DA activity-related neural markers in NAcb. In this study
using Sprague Dawley male rats we assessed potential behavioral and neural correlates of the
individual differences in effort-based decision-making evaluated in a progressive ratio (PROG)/choice
task in which animals can access a high concentration of sucrose (5%) by lever pressing, and they can
also consume a less preferred low concentration (0.3%) that is freely accessible. Using lever pressing
under PROG/choice conditions, animals were divided into three groups of responders (high,
intermediate and low) using terciles. Lever pressing was significantly different for these three groups,
and their level of performance in the PROG/choice task was correlated to responses in the PROG
under no free choice conditions. Although there was no significant difference in concurrent free
(0.3%) sucrose consumed between groups there was a significant negative correlation between lever
pressing in the choice condition and free sucrose consumed. Before and after the operant task,
spontaneous preference for sucrose (0.3% vs 5%), running wheel (RW) activity and rearing in an open
field (OF) were evaluated. Preference for the highest concentration of sucrose under free conditions
or vigorously running was not correlated with number of lever presses pre or post operant
evaluation. However, unsupported rearing in the OF evaluated before the operant task, showed a
significant and positive correlation with lever pressing. Neural correlates of NAcb function such as
number of TH positive fibers and pDARPP-32 positive cells seem be related to these individual
differences. Identifying behavioral and neural correlates of individual differences in effort-based
decision making could promote understanding of factors underlying vulnerability to symptoms such
as anergia and fatigue.
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Effect of mild maternal separation and dopamine depletion on preference for
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Mesolimbic dopamine (DA) and, in particular, nucleus accumbens (Nacb) regulates behavioral
activation and effort in motivated behavior. Stress produces different effects on Nacb DA release
depending on duration and intensity. Early-life stress has short and long-term effects on brain and
behavior that can lead to psychiatric disorders like depression or anxiety in adulthood. However, the
effect of early-life stressors such as maternal meparation (MS) on motivational processes, specially,
in effort-based decision-making, is not yet clear. Using CD1 male and female mice, we evaluate the
impact of early-mild MS (PND 3 to 5, 90 min), on preference for reinforcers that require high levels of
activity and vigor (running in a wheel) versus sedentary ones (eating sucrose pellets and smelling
non-social odors) using a three-choice-T-maze task. Moreover, we studied if MS interacts with DA
depletion in adulthood, by administering tetrabenazine (TBZ), a VMAT-2 inhibitor that induces
fatigue and anergia. MS produced an increase in the relative preference for active reinforcers; mice
of both sexes spend more time running in the RW compared to control mice. After TBZ
administration, only males of both groups shifted their relative preferences, spending less time
running and compensating by increasing time eating. Finally, we evaluated a novel neurotrophic
factor related with the survival of DA neurons; the cerebral dopamine neurotrophic factor (CDNF).
MS increased CDNF immunoreactivity in Nacb only among females, suggesting that this neurotrophic
factor may protect mesolimbic DA-regulated functions. Thus, a mild and early-life stressor can have
resilience-inducing effects in adulthood.
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Control of protein homeostasis is an essential biological process as many amino acids cannot be
synthetized de novo. However, the underlying neurobiological circuits remain poorly understood.
We developed a model of protein appetite in which rats maintained on a low protein diet present a
strong conditioned preference for a flavored casein (milk protein) solution versus an isocaloric
flavored maltodextrin (carbohydrate) solution. Using analysis of licking patterns and instrumental
conditioning, we showed that this preference is related to an increased palatability for casein and
changes in motivation for protein-containing food.
In a second experiment, we recorded the response of ventral tegmental area (VTA) neurons using in
vivo fibre photometry during nutrient conditioned flavour preference. We showed that protein
preference was associated with elevated VTA activation in response to casein, relative to
maltodextrin. Moreover, protein preference and VTA responses were still observed when protein
homeostasis was restored, suggesting long-lasting adaptations of the reward circuits in response to
protein restriction.
Finally we used ex vivo fast scan cyclic voltammetry recordings to measure the diet impact on
dopamine release in the nucleus accumbens and the dorsal striatum. We observed that protein
restriction increased dopamine release specifically in the NAc, without altering dopamine
transmission in the dorsal striatum.
Taken together our results highlight for the first time the involvement of mesolimbic circuits in
behavioral processes underlying protein appetite.
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Mild forced exercise in young mice prevents anergia induced by dopamine
depletion in late adulthood: relation to CDNF and DARPP-32 phosphorylation
patterns in nucleus accumbens.
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The mesolimbic dopamine (DA) system regulates behavioral activation and exertion of effort. DA
antagonism or depletion induce anergia in effort-based-decision-making tasks. However, little is
known about the neural mechanisms underlying decision-making processes that establish
preferences for sedentary versus activity-based reinforcers. Physical activities have intrinsic
motivational/reinforcing properties, but the choice to engage in voluntary physical activity is
undertaken in relation to the selection of other sedentary alternatives. The present study assessed
the impact of previous experience with exercise on spontaneous reinforcer preference and after DA
depletion induced anergia. CD1 male mice were trained daily in programmed-automatic running
wheels (RW) that forced animals to move. The control group had locked-RW. After 9 weeks of
training, animals were tested in a T-maze-3-reinforcers-task developed for the assessment of
preference between physical activity (RW) vs. sedentary reinforcers (sucrose pellets, and a non-social
odor). Under basal conditions, both groups of mice preferred RW versus the other reinforcers.
Tetrabenazine (a VMAT-2 inhibitor) produced a relative shift in preference only among the sedentary
group; it reduced time spent running, while increasing time spent eating. However, the exercise
group was resistant to the effects of DA depletion both in behavior and on DA-related cellular
markers; tetrabenazine increase pDARPP-32(Thr34) only among the sedentary group. In addition, the
Cerebral-Dopamine-Neurotrophic-Factor (CDNF) involved in survival of DA neurons was higher in
nucleus accumbens in animals that were trained. Thus, DA seems to regulate the intrinsic reinforcing
characteristics of voluntary exercise, but not the primary reinforcing characteristics of sedentary
reinforcers such as sweet food.
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Several psychiatric disorders such as obsessive-compulsive disorder and addiction are associated
with impaired inhibitory control of behavior. The inability to inhibit unwanted behaviors is often
linked to dysfunctional encoding of expression and suppression of appetitive behavior. A number of
studies suggest that Prelimbic (PL) and Infralimbic (IL) cortices play dichotomized roles in the
expression and suppression (respectively) of a number behaviors, including reward-driven, appetitive
behavior. However, the neural encoding of appetitive behavior in PL and IL is understood
insufficiently. To this end, we investigated how populations of neurons within PL and IL are
coordinated and collaboratively establish behavior. We recorded calcium transients from PL and IL by
imaging GCaMP6s activity with implantable, miniaturized fluorescence microscopes (miniscopes)
while rats performed a go/nogo task. We observed that the single-neuron activity in PL and IL
encoded go and nogo trials in a similar fashion. Furthermore, we detected significant information in
both PL and IL neuron populations about the animal's choice, prior to (correct) execution of the trial.
In addition, PL and IL population activity played a role in encoding individual behavioral events in the
task, such as lever-presses. Together, these results suggest that information about the animal's
choice is encoded differently at a population level for go and nogo trials. Based on these findings, we
can now focus on investigating how a network of neurons is coordinated to establish this difference
in animal's choice. In the long run, this line of research will also enable us to better understand how
PL and IL neurons play a role in expression and suppression of behavior and thereby, allowing us to
pursue targeted therapies for psychiatric conditions to which impaired inhibitory behavioral control
is central.
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Combined effort and reward processing impairements compromise
motivation with altered anterior insular cortex and basolateral amygdala
neural activation in male mice upon chronic distress
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Effort-based decision-making for monetary or food rewards paradigms contribute to the study of
adaptive goal-directed behaviours acquired through reinforcement learning In humans and
mammals. Distress modelled by chronic exposure to glucocorticoids in rodents induces suboptimal
decision-making under uncertainty by impinging on instrumental acquisition and prompting negative
valence behaviours. In order to further characterize the intricate relationship between adaptive
decision-making and motivation, this study addressed the consequences of enduring distress on
relevant effort and reward processing dimensions. Experimentally, appetitive and consummatory
components of motivation were evaluated in adult C57BL/6JRj male mice while experiencing distress
induced by chronic oral corticosterone (CORT), using multiple complementary discrete behavioural
tests. Behavioural data (from Novelty Supressed Feeding, operant effort-based choice, Free Feeding
and Sucrose Preference-tasks) collectively show that behavioural initiation, effort allocation and
hedonic appreciation and valuation are altered in mice exposed to several weekss of oral CORT
treatment. Additionally, data analysis from FosB immunohistochemical processing of postmortem
brain samples highlighted a CORT-dependent dampening of neural activation in the anterior insular
cortex (aIC) and basolateral amygdala (BLA), key telencephalic regions involved in cue appetitive and
consummatory motivational processing. Combined, these results suggest that chronic distressinduced irregular aIC-BLA neural activation with reduced effort production and attenuated reward
value processing during reinforcement-based instrumental learning could result in maladaptive
decision-making under uncertainty in mice. The current study contributes to further illustrate how
the stoichiometry of effort and reward processing contributes to dynamically adjust the motivational
threshold triggering goal-directed behaviours in versatile environments.
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Neuromarketing In Food Sector:
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In this study, we reviewed the studies and developments carried out with EEG and eye-tracking
methods in the food sector since 2010. We aimed to reveal how to research topics and methods
have evolved regarding the factors that affect consumer behavior in the food sector. In marketing
research, in the 1960s pupil movements and electrodermal analyzes, in the 1970s hemispheric and
nonhemispheric brainwave analyses, in the 1980s cardiovascular and facial expression analyses
gained importance for research methods. During the 1990s, psychophysiological measurements lost
popularity because of the discussion of the validity, reliability, and applicability of some techniques
such as both hemispheric and non-hemispheric analysis and brainwave analysis. From 2000 through
the present, brain imaging techniques (EEG and fMRI), Event-Related Potentials, oxygenated blood
flow, and monitoring eye movements have been carried out more within studies. Especially, the food
market’s perfect competition structure pushes the firms to have a complete understanding of
consumer’s behavior (“what and how” we consume), and finds new insights to increase their market
share. Recently, while with the incredible advances in AR (Artificial Reality) and VR (Visual Reality)
technologies and portable EEG and eye-tracking methods, it becomes possible to create very realistic
research environments. And thus, these techniques enable researchers to fully understand the
consumer's decision-making mechanisms more accurately. While the early stages of neuromarketing
studies focused on more product shape, and design, the recent studies predominantly evolved to the
trend topics field like, healthy and back to nature-related nutrition habits. These recent researches
show that content-oriented studies that prioritize the individuals’ lifestyle become more valuable
rather than research focused on the product’s outside (package etc.). Actually, this paradigm shift in
consumer attention mechanism indicates that consumers no longer focus on the package itself but
the transmitted message and its endorser (a celebrity or not).
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It is unclear how, throughout development, the brain transitions from early stages. in which neurons
display highly synchronous activity patterns, to a mature state in which neural activity is sparse and
decorrelated. This transition has important functional consequences, as the latter state allows for
more efficient storage, retrieval and processing of information. Here, we show that in the developing
mouse prefrontal cortex (PFC), neural activity decorrelates across timescales spanning more than
three orders of magnitude. This developmental phenomenon is accompanied by a concomitant
tilting of excitation/inhibition (E-I) ratio towards inhibition. Using optogenetic manipulations and
neural network modeling, we provide extensive evidence revealing how the two processes are
causally linked and how, across the first two postnatal weeks, in the mouse PFC, a relative increase of
inhibition drives the decorrelation of neural activity. Accordingly, in two mouse model of
neurodevelopmental disorders, subtle alterations in E-I ratio are associated with specific
impairments in the correlational structure of spike trains. Finally, we show that an analogous
transition takes place also in the developing human brain. We conclude that changes in E-I ratio
control the sparseness of neural activity, and that developmental imbalances in this process might be
relevant for understanding the pathogenesis of neurodevelopmental disorders.

Theme: Development

A novel role for Janus Kinase and Microtubule-Interacting Protein 1
(JAKMIP1) in modulating Signal Transducer and Activator of Transcription-3
(STAT3)-mediated cytokine signalling in neuronal cells
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Autism spectrum disorder (ASD) describes a group of neurodevelopmental disorders characterised by
impaired social interaction, delayed language development, and repetitive or restrictive behaviours.
JAKMIP1 was identified as an ASD candidate gene due to its reduced expression in Fragile-X and
Chromosome 15q-Duplication Syndromes, two common forms of syndromic ASD. JAKMIP1 was also
observed to be dysregulated in male-sibling pairs discordant for idiopathic ASD, suggesting that
JAKMIP1 is involved in convergent pathways linking syndromic and idiopathic ASD. Furthermore, a
previous study demonstrated that JAKMIP1-deficiency results in core ASD-associated behaviours and
altered expression of synaptic proteins in JAKMIP1-knockout mice. Although JAKMIP1 may play
important roles in the development of ASD-associated behaviours, its molecular function remains
unclear. Through its C-terminus, JAKMIP1 interacts with members of the Janus Kinase (JAK) family of
non-receptor tyrosine kinases, key components of the intracellular signalling cascades initiated by
cytokines. We hypothesise that given its high neuronal expression, JAKMIP1 may coordinate
neuronal responses to cytokines by interacting with JAKs and cytokine receptors.
We demonstrate that JAKMIP1 forms a component of the Interleukin-6 Receptor (IL-6R) complex in
neurons, co-localising with IL-6R subunits and JAK1 in neuronal cells. This suggests that JAKMIP1 may
regulate JAK1/STAT3 signalling downstream of the IL-6R. To investigate this potential role in cytokine
signalling, we generated a JAKMIP1-knockout human neuroblastoma SH-SY5Y cell line using CRISPRCas9 genome-editing. JAKMIP1-deficiency reduced STAT3 expression and caused deficits in STAT3
activation following IL-6 stimulation (measured by Y705 phosphorylation). Furthermore, JAKMIP1deficiency alters IL-6-induced STAT3 activity. JAKMIP1-deficient SH-SY5Y cells display reduced
expression of STAT3 target genes (e.g., SOCS3) and impaired STAT3-regulated promoter activity
(assessed through bioluminescent reporter assays). Although unclear how JAKMIP1 regulates STAT3
expression, the JAKMIP1 C-terminus may play a nuclear role in regulating gene transcription.
Altogether, these findings suggest a novel role for JAKMIP1 in modulating the transcriptional
response to cytokines within neurons.
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Early stress consequences on male and female rats cerebellum
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Stressful situations in the early life stage are considered a risk factor for the onset of several
abnormalities in the structure and function of the brain and they are associated with psychological
adulthood disorders. Maternal separation is an early stress animal model that produces severe
changes in the development of the Central Nervous System. This research aimed to examine the
effects of a maternal separation model on the rat cerebellum, an structure involved in motor,
cognitive and emotional functions. Thirty-five rats were divided into two groups: 15 rats were
subjected to maternal separation for 21 days and the rest were taken as a control group (n=20).
Spatial reference memory was assessed using the Morris water maze. Brain metabolic activity and
expression of an immediate early gene were determined using the histochemical technique of
cytochrome c oxidase (CCO) and the immunocytochemistry of c-Fos, respectively. Results showed
that both groups performed the reference memory task successfully. Although there were no
behavioural differences, the experimental group subjected to maternal separation, showed a
decrease of metabolic activity in the medial nucleus of the cerebellum, as well as lower number of cFos positive cells in the three deep nuclei of the cerebellum. These results highlight the need to
increase the research focused on the effects of early stress on the cerebellum, an essential but,
unfortunately, little known structure. Funding: MINECO (Ministerio de Economía y Competitividad
del Gobierno de España): PSI2017-90806-REDT, PSI2017-83893-R, PSI2017-83038-P, PSI 2015-73111EXP. AINDACE Foundation and BES-2014- 070562 to M.B.
Keywords: cerebellum, maternal separation, early stress, cytochrome c oxidase, c-Fos.
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The role of mu opioid receptors in mid-adolescent drop in rewarding effects
of interactions with siblings in mice
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Adolescence is associated with an increased interest in peers and decreased interest in family
members, both in humans and other mammals. Enabling search for non-kin mating partners is the
likely ultimate cause of this shift in social interests. However, the proximate causes for the
adolescent social transition are less clear. Here, we hypothesized that the adolescent social transition
is caused by the decrease in rewarding value of social interactions with family members. To test this
hypothesis, we investigated rewarding effects of housing with siblings across adolescence in
laboratory mice. We found that sibling interactions are rewarding for mice in early and late
adolescence, but not in mid-adolescence. Moreover, we show that this mid-adolescent decline can
be reversed by treatment with a selective mu opioid receptor antagonist. Together, our results
suggest that decreasing rewarding value of interactions with familiar kin may explain adolescent shift
in social attention from family to peers, and that this process is mediated endogenous opioid
signaling through mu opioid receptors.
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Utilising ORANGE, a novel CRISPR/Cas9 approach to investigate the
relationship between JAKMIP1 and STAT3.
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Autism spectrum disorder (ASD) is a neurodevelopmental disorder that affects an individuals’
behaviour and social communication. Although its aetiology remains unclear, previous studies have
reported that ASD possesses a strong genetic component. Dysregulated Janus Kinase and
Microtubule-Interacting Protein 1 (JAKMIP1) expression has previously been implicated in patients
with Fragile X syndrome and 15q11-13, syndromic forms of ASD. JAKMIP1 also has well-studied roles
in both regulating neurite outgrowth and neuronal migration in the cerebral cortex. Within neurons,
JAKMIP1 interacts with a wide array of binding partners, including JAK1, a non-receptor tyrosine
kinase of the Janus Kinase (JAK) family. However, the functional consequence of this interaction with
JAKs is not well understood. We have recently obtained preliminary data to suggest JAKMIP1 has
novel roles in modulating Signal Transducer and Activator of Transcription 3 (STAT3) activity
downstream of Interleukin-6 (IL-6) signalling.
Using a novel CRISPR/Cas9-based approach, Open Resource for the Application of Neuronal Genome
Editing (ORANGE), we aim to visualise the subcellular dynamics of JAKMIP1 and STAT3 via targeted
genomic integration of fluorescent protein sequences. This ORANGE system allows the visualisation
of target endogenous proteins. Our study aims to endogenously tag JAKMIP1 and STAT3 in the
human SH-SY5Y neuroblastoma cell line to investigate the role of JAKMIP1 as a component of the IL6/JAK1/STAT3 signalling cascade, and its influence on neurodevelopmental processes.
Using the Cloud-based Benchling software, we have identified potential single-guide RNA (sgRNA)
sequences for CRISPR/Cas9-mediated integration of fluorescent protein sequences in JAKMIP1 and
STAT3. Research is underway to generate plasmid vectors encoding the sgRNA as well as the
fluorescent protein donor sequences and Cas9 endonuclease. These will then be transfected into SHSY5Y cells for live-cell imaging. This tool will allow us to investigate potential interactions between
JAKMIP1 and STAT3, as well as further understand how JAKMIP1 modulates STAT3-mediated IL-6
signalling.
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Modulation of state-dependent brain activity by maternal odor
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Spontaneous network activity occurs before birth and during early postnatal brain development.
While it has been proposed that state-dependent brain activity starts with the onset of sensory
experience, maternal caregiver behavior is predominant during the two first weeks of life, it is
unclear how this behavior influences the pup’s state and in turn modulates spontaneous activity
patterns. By combining in vivo Ca2+ imaging recordings, measurement of body movement and
vocalization of non-anesthetized mice, we investigated the effect of maternal odor on statedependent brain activity.
In our experimental conditions, pups emitted ultrasonic vocalizations (USVs) and vocalizations in the
audible spectra, called wriggling calls (WCs). Both USVs and WCs were correlated with body
movement, however, stronger movements were associated with WCs. Interestingly, female pups
emitted USVs that incremented over time and more than male pups, while the number of WCs were
the same for both sexes. Exposure to maternal odor prevented the increment of USVs and increased
the number of WCs in female, but not male, pups. We next used a Hidden Markov model and we
found three distinct states characterized by: 1) low movement rate – low USVs and WC rate. 2) high
movement rate and high WC rate and 3) intermediate movement rate and increased USV rate. We
observed that the prevalence of state 1 decreased and the prevalence of state 3 increased with time.
Exposure to maternal odor reversed this trend. Finally, there was a decorrelation between brain
activity and movement, where stronger movements were associated with lower Ca+2 event
amplitude. In addition, during periods of USV ramp up Ca+2 amplitude was decreased and further
maternal odor exposure prevented it.
We show here that the combination of different approaches allows to characterize behavioral states
and how the presence of the mother signaled by her odor can modulate these states.
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Investigating the role of Janus Kinase and Microtubule-Interacting Protein 1,
an Autism Spectrum Disorder candidate gene, in regulating SH-SY5Y cell
neuritogenesis upon exposure to Interleukin-6
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Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterised by impaired social
interaction, language delay and repetitive or restrictive behaviours. Despite increasing in prevalence,
its aetiology remains elusive. Janus Kinase (JAK) and Microtubule-Interacting Protein 1 (JAKMIP1) was
identified as an ASD candidate gene due to its dysregulation in both syndromic and idiopathic ASD.
JAKMIP1 is highly expressed in developing neurons and interacts with a wide array of binding
partners. The N-terminus stabilises microtubules, promoting neuronal migration and neurite
extension. Conversely, the C-terminus interacts with JAK1, a receptor-associated tyrosine kinase that
initiates Signal Transducer and Activator of Transcription (STAT) signalling downstream of cytokine
receptors. Preliminary data suggests JAKMIP1 forms a component of the IL-6 receptor signalling
complex and its deficiency impairs IL-6-induced STAT3 activity. IL-6 is demonstrated to promote
neuronal differentiation and neuritogenesis. Therefore, we hypothesise that JAKMIP1 may mediate
neuronal responses to IL-6. To investigate this, we previously established a JAKMIP1-knockout SHSY5Y human neuroblastoma cell line using CRISPR-Cas9 technology. SH-SY5Y cells were differentiated
into a more mature neuron-like state using a combination of Brain-Derived Neurotrophic Factor and
Retinoic Acid, and morphology was assessed by immunofluorescent staining for Beta(III)-Tubulin.
JAKMIP1-deficient SH-SY5Y cells display reduced longest neurite length and total neurite length
following 2-day differentiation. This indicates that JAKMIP1 plays roles in neurite extension and
neuritogenesis, agreeing with previous studies. However, these deficits were attenuated when SHSY5Y cells were differentiated for longer periods, suggesting JAKMIP1 deficiency impairs neurite
initiation rather than extension. Moreover, JAKMIP1-deficient cells display altered neurite outgrowth
in response to IL-6. Utilising truncated JAKMIP1 constructs, we are currently evaluating the role of
JAKMIP1 in regulating IL-6-induced neurite outgrowth. These findings elude towards a potential role
for the JAKMIP1-JAK1 interaction in regulating IL-6-induced neuritogenesis during nervous system
development.
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Functional investigation of CNTN4 as an autism target gene in 3p26.3
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Autism spectrum disorder (ASD) is a group of neurodevelopmental disorders characterised by
impaired social interaction, language delay and repetitive or restrictive behaviours. An increased
prevalence of copy number variants (CNVs) were reported in patients with ASD, and CNVs were
reported in up to 11% of ASD patients in early studies. ASD associated CNVs lead to abnormal
expression of genes associated with neuronal development. Some of the commonly identified in the
early studies recurrent CNVs were deletions 3p26.3. Our team is currently focusing to investigate
target genes in these CNVs and understand how these target genes regulate the neuronal
development.
3p26.3 encodes three neuronal cell-adhesion molecules (CAMs) (NrCAMs): Close Homolog of L1
(CHL1), Contactin-6 (CNTN6) and Contactin-4 (CNTN4). In particular, CNTN4 is highly implicated in
ASD cases. Our recent results, from Cntn4 knockout mice, show that Cntn4 loss-of-function caused a
reduced number of dendritic length and spines and impairment in long-term potentiation, which are
phenotypes that can be readily observed in many ASD mouse models. CNTN4 plays important role in
maintaining neuronal morphology, synaptic transmission, and plasticity. Interestingly, we could
determine CNTN4 interacts with the amyloid precursor protein (APP) by the unbiased proteomics
study. We are currently investigating how CNTN4-APP interactions contribute to cell morphology,
toxicity, synaptic function, and spine dynamics through molecular biology cascade analysis and
electrophysiology using the established Cntn4 KO mouse. This data will elucidate the function of
CNTN4 in the brain and how it regulates neuronal plasticity and development.
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Developmental Trajectories Analysis using the
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The development of individuals results from the interaction between their genotype and the
environment. Lifespan development is divided into infancy, childhood, adolescence and adulthood.
During these periods, substantial changes in brain structures as well as in behavior occur. In most
laboratories, diverse tests are normally performed to characterize various behaviors, but usually only
one type of behavior is studied per test. In order to analyze a comprehensive behavioral repertoire,
researchers generally perform time consuming batteries of different tests, which have the potential
to cause carry-over effects across the tests. Overall, these batteries can impair and influence the
performance of subsequent tests. In this context, the Multivariate Concentric Square Field (MCSF)
test assesses many behavioral features within the same test session, including risk-assessment, risktaking, shelter-seeking, exploration and general activity. Indeed, in this apparatus mice are free to
explore several zones: open areas, a hole-board device, an elevated and brightly illuminated bridge
and a sheltered zone.
Here, we investigated the developmental trajectories in male and female mice using the MCSF test.
In particular, we analyzed pre-adolescent, adolescent and young adult mice (postnatal day 21, 35 and
56 respectively), collecting information on developmental changes in risk-assessment, risk-taking,
anxiety and general activity during the first two months of life. Our results revealed that the MCSF
test is a useful apparatus for behavioral profiling of mice at different ages, suggesting its further
possible applications in the characterization of transgenic mice and mouse models of diseases, such
as neurodevelopmental disorders.
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The effect of oral contraceptives on emotional recognition and emotional
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Emotion recognition abilities (ER) may be affected in women taking oral contraceptives (OC),
although results are not consistent (Shirazi et al., 2020). The use of different tools to measure ER, and
the aggregation of OC users independent of varying hormonal formulations, may contribute to the
mixed findings. In the current study, we wanted to compare the effects of oral contraceptives on
emotion recognition across two measures –the Reading the Mind in the Eyes Task (RMET), and the
Emotional Recognition Task (ERT). Furthermore, we wanted to determine whether oral
contraceptives also affected emotional contagion, which we measured with a video-based emotional
contagion task (ECT). Methods: Forty women (20 OC
users; mean age = 21.50 years, SD = 2.10 years) were recruited. Non-OC users were in the late luteal
or early follicular phase, thus assuming low endogenous estrogen levels. OC users all used OCs with
the same ratio of 1:5 ethinylestradiol to levongesterol. Results: All participants performed equally
well on the RMET. In contrast, in the ERT, OC users were significantly worse at identifying emotions
correctly. However, when correct, OC users were significantly better at identifying more ambiguous
emotions. These findings are in line with previous work by Hamstra et al. (2014). In the ECT, when OC
users watched videos of speakers experiencing varying degrees of stress, their parasympathetic
nervous system activity changed concordantly to the speakers’. No such association was found in
non-OC users. This suggests OC users experienced more emotional contagion with the speakers in
the videos. Conclusion: First, OC users were less accurate yet faster at detecting emotions in faces.
Second, OC users show more evidence for emotional contagion, which may be related to a more
sensitive perception to subtle emotions in others. Third, not all tasks frequently used to test ER are
equally capable of showing these effects.

Theme: Emotion

Alexithymia Loneliness and Somatic Symptoms in Old Age
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Old age is considered to be a time of losses. While aging, many aspects of health get worse. Agerelated losses influence emotional skills in old age. However, wellbeing and wisdom often increase
during the lifespan. The current study targets the old-age problems mainly dividing population in two
with constructs like Alexithymia, loneliness and somatic complains. Understanding and
communicating emotions is considered the sign of good health. Inability to identify and express
emotion leads to semi-clinical condition Alexithymia. The emotional inability can lead to social
withdrawal and eventually loneliness. Somatic complaints may be due to inability to verbalize
feelings and emotions in old age. As nowadays the studies are focused on clinical population mostly,
this research is about the general population mainly. The general population with normal old age
people also covers the neglected old age individuals in safe homes and look at the effects of
Alexithymia on loneliness and somatic complaints. A quantitative study was carried out and primary
data was utilized to fulfill objectives. A randomly selected sample of 410 old age individuals from the
general population of old age and old homes population. The data collection was made using
appendices Perth Alexithymia Questionnaire (Preece et al., 2018), UCLA Loneliness Scale Version 3
(Russell D, 1996) & Bradford Somatic Inventory (Mumford, 1992). The result shows that alexithymia,
loneliness and somatic symptoms are directly positively related to each other in old-age. The three
variables of the research predict each other positively. The alexithymia, loneliness and somatic
symptoms have a higher number in old age individuals living in safe homes than the family system of
old-age individuals.
Keywords: Alexithymia, Loneliness, Somatic symptoms, Old age.
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For our daily lives, it would be counter-productive to remember every detail about each experience
we have. When a memory is kept for the long-term, the gist is stored but the context specific
information is lost. A spatial representation network is active to create a cognitive map of the
contextual information during memory acquisition. Over time, the detailed contextual information is
lost and a brain-wide mapping of immediate early gene revealed a clear hippocampal-thalamiccortical signature of the brain network active to recall remote - but not recent - memory traces. The
graph theory analysis of memory networks showed that the activity of thalamic region of the spatial
representation network, the anterodorsal thalamus (ADn) positively correlates with the activity in
other regions during recent memory recall (1 day after training). This pattern switched when memory
is recalled remotely (4weeks after training) and ADn activity negatively correlated with activity in
other regions, suggesting that other regions may inhibit ADn activity during remote memory
consolidation. Notably, Vetere et al. (2021) showed that inhibitory projections from the CA3 field of
the hippocampus to the ADn were more active during remote memory recall and their inhibition
decreased memory recall. To further understand the mechanism of CA3-ADn regulation, we targeted
the excitatory CA3-ADn projections in both memory consolidation and generalization using
optogenetic. Moreover, we targeted projections from the anterior cingulate cortex (aCC), due to the
well documented role of this region in the storage of long-lasting memories. If CA3 excitatory
projections, but not aCC projections, to the ADn were inhibited it led to impaired memory
performances (i.e. decreased levels of freezing behaviour related to control mice). Our data suggest
that both excitatory and inhibitory circuits from the hippocampal CA3 to the thalamic ADn are
necessary for a proper recall of remote, but not recent, fear memories.
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Distributed-practice effect refers to the ability of spaced learning, involving long inter-session
intervals, to lead to more robust memory formation than massed training, that involves short
intervals. Although this phenomenon has been largely described as a strategy to increase memory
stability in both pathological and non-pathological conditions, its neurobiological basis have never
been thoroughly investigated.
To this aim we first compared the performance of CD1 mice trained with massed and spaced
procedures in the Morris water maze (MWM). Testing animals for memory retention 14 days after
learning, we found that only the spaced-trained mice could efficiently remember the platform
location at this remote time-point.
We next used the dorsal striatum - dorso-medial striatum (DMS) and the dorso-lateral striatum (DLS)
- as a model system to assess whether the different temporal distribution of training session could
involve alternative neural networks. Measuring learning-induced changes in neuronal activity by
means of c-Fos labeling in the two subregions, we found that the DMS is specifically activated by
massed but not distributed training, while increased c-Fos expression in the DLS was found with both
procedures. These results suggest that short intersession intervals may provide sufficient stimulation
of the DLS for activation, but not for the instantiation of the memory trace, that is only observed
when intervals are sufficiently long.
To assess whether the ability of spaced training in recruiting the DLS was causal to constitution of
more durable memories, we performed an optogenetic priming of cell activity in the DLS before
training in the MWM, demonstrating that light delivery in the DLS artificially increases the robustness
of memory acquire through massed training to the level of distributed training. Overall, our results
demonstrate that striatal circuits involvement in the spatial memory depends on the temporal
distribution of learning.
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Non-alcoholic steatohepatitis (NASH) is one of the most prevalent diseases globally. A high-fat, highcholesterol (HFHC) diet leads to an early NASH model. It has been suggested that gut microbiota
mediates the effects of diet through the microbiota–gut–brain axis, modifying the host’s brain
metabolism and disrupting cognition. Here, we target NASH-induced cognitive damage by testing the
impact of environmental enrichment (EE) and the administration of either Lacticaseibacillus
rhamnosus GG (LGG) or Akkermansia muciniphila CIP107961 (AKK). EE and AKK, but not LGG, reverse
the HFHC-induced cognitive dysfunction, including impaired spatial working memory and novel
object recognition; however, whereas AKK restores brain metabolism, EE results in an overall
decrease. Moreover, AKK and LGG did not induce major rearrangements in the intestinal microbiota,
with only slight changes in bacterial composition and diversity, whereas EE led to an increase in
Firmicutes and Verrucomicrobia members. Our findings illustrate the interplay between gut
microbiota, the host’s brain energy metabolism, and cognition. In addition, the findings suggest
intervention strategies, such as the administration of AKK, for the management of the cognitive
dysfunction related to NASH.
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A journey into remote episodic memory in rats: from behavioral
characteristics to brain networks and the role of adult olfactory and
hippocampal neurogenesis
Auguste A1 Meunier D2 Fourcaud-Trocmé N1 Garcia S1 Messaoudi B1 Thevenet M1 Ravel N1 Veyrac A1
1

CRNL (INSERM U1028 - CNRS UMR5292) Bron France 2Institut de Neuroscience de la Timone Marseille France

Episodic memory emerges without training and is long-lasting in time. However, these characteristics
have never been used simultaneously in animal models, limiting our understanding of processes
underlying this particular memory. Among mechanisms of plasticity, adult neurogenesis has a major
role in consolidation processes. However, its role has never been studied and compared in the
olfactory bulb and dentate gyrus of the hippocampus for an incidental, complex and remote
memory, such as episodic memory.
First, we characterized remote episodic memory in rats exposed to episodes during which they form
an association of olfactory, spatial and contextual information. Despite a sensibility to interference
during recall, most rats remembered episodes after one month, but as in humans, the content of
memory varies according to individual. A computational model correlating variables of encoding and
recall test has revealed the critical importance of the first negative experience related to odor for a
faithful memory recollection.
By mapping c-Fos and Zif268 expression in 23 brain regions, we determined brain networks and
connectivity that are associated with the content of remote memory. Recollection of a complete
episodic memory involves a wider brain network encompassing olfactory areas, a large cortical motif,
the dorsal hippocampus, the lateral entorhinal cortex and habenula. The major difference between
complete versus incomplete recollection network resides in the strong implication of areas involving
in emotional information processing, whose recruitment is directly correlated with recollection
accuracy.
Finally, using a cellular imaging analysis, we show that hippocampal newborn neurons are selected
during encoding of episodes for long term survival whereas olfactory newborn neurons are
specifically recruited during memory recall. By developing a model of adult neurogenesis suppression
with SARRP system, we show that hippocampal neurogenesis is crucial for integrating spatial and
olfactory component, while olfactory neurogenesis has a key role in the meaning of episodic
association.
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Stabilization of memory traces is a dynamic process requiring the coordinated activity of multiple
brain structures. However, the brain regions involved and the timing of their activation are still far to
be elucidated. Using classical pharmacological and chemogenetic approaches we focused on the role
of the prefrontal cortex (PFC), the hippocampus (HPC) and the ventral striatum (VS) in the
consolidation and retrieval of recent and remote spatial memories.
To this aim an AAV carrying an inhibitory DREADD was administered in VS, HPC and PFC of CD1 mice,
three weeks before training in the spatial version of the Morris water maze. CNO (3mg/Kg i.p.) was
injected immediately after training to test the role of the different brain regions in recent and remote
memory consolidation, 24 h or 30 days after training. Post-training inhibition of the VS and the HPC
impaired recall 24 h and 30 days after training. The PFC group was impaired only when tested 30
days after training. Next, we tested the role of the HPC and the VS in the recall of spatial information
at both recent and remote time intervals, by focal administration of the AMPA antagonist (NBQX
0.65ng/side). The HPC was engaged at both time points while the VS inhibition impaired recall only
24h after training. Using a chemogenetic approach we also found that PFC manipulation before
testing was void of effects on remote memory recall.
The findings demonstrate a dissociation in the brain regions involved in the consolidation of recent
and remote spatial memories. We also found that PFC, VS and HPC play a role in the recall of spatial
information with different timing. Overall, our data provide new insights into the circuits underlying
systems consolidation of spatial memory.
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Different hippocampal activation pattern following massed or distributed
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Information learned via spaced repetitions is retained for longer, compared to that acquired through
repetitions closer in time (massed). Although this psychological phenomenon, known as spacing
effect, has been the subject of extensive research in humans, its neurobiological basis has not yet
been clearly understood. It is well established that the hippocampus (HPC) plays a crucial role in the
early stages of encoding and consolidation of spatial memories. The aim of this work was to
investigate the pattern of hippocampal activation induced by spaced and massed learning, to provide
some initial insights on the mechanism of the spacing effect.
For this purpose, we trained CD1 mice in a spaced or massed version of the Morris water maze and,
after training, we evaluated the activation of the dorsal CA1 (dCA1) region of the HPC by c-Fos
immunohistochemistry. The two groups did not differ in their learning capability. However, although
the overall number of c-Fos positive cells was similar in the two groups, we found a gradient of
activation along the medio-lateral axis in massed but not spaced trained mice. Further analysis by
custom made MATLAB algorithms allowed us to identify a restricted area in the lateral portion of
dCA1 consistently activated in all massed trained mice. On the contrary, spaced trained mice showed
more than one region of activation, sparsely distributed within the dCA1. Finally, using supervised
classification methods, we were able to discriminate between the two training protocols based on
the main features of their c-Fos activation pattern. Together, these findings highlight a different
pattern of dCA1 activation between massed and spaced trained mice.
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The role of autophagy in inhibitory neurons
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Macroautophagy is a highly conserved cellular recycling pathway that sequesters cellular
constituents in autophagic vesicles (AVs) and delivers them to the lysosome for degradation.
Mutations in key autophagy genes have been identified in human patients with Autism Spectrum
Disorders and ataxia. Previous studies demonstrated that ablation of core autophagy genes, such as
atg5 or atg7, in pallial progenitors during development compromised the survival of their
glutamatergic neuron progeny, suggesting that autophagy may be indispensable for neuronal
survival. Although glutamatergic neurons represent the majority of neurons in forebrain, they are
tightly orchestrated by a minority of inhibitory GABAergic neurons. However, the role of autophagy
in the survival and function of inhibitory neurons remains largely unexplored. Here, we generated
mice with conditional ablation of atg5 in parvalbumin (PV)-expressing neurons, which constitute the
majority of GABAergic neurons and also include some GABAergic projection neurons. Contrary to the
prevailing view, our findings reveal that autophagy is only required for the survival and maintenance
of the GABAergic projection neurons, but not of GABAergic interneurons. Instead, autophagydeficiency in PV interneurons leads to reduced inhibition, reduced E/I balance and memory deficit,
revealing the crucial role of autophagy in the synaptic properties of this neuronal population.
Moreover, these findings reveal a neuronal type-specific vulnerability to autophagy impairment.
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Nonconscious chaining of events to form holistic fear memories in the human
brain
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In rich real-life contexts, one may experience a threat, such as a car crash, after serially perceiving a
passing bicycle, a changing traffic light, and a ringing cell phone. Discriminating when and when not
to expect threat enhances survival and psychological health in humans. Despite this, it remains
unclear how humans learn to anticipate threats based on higher-order configurations of cues (i.e.,
temporal sequences), and whether such learning requires consciousness. Here, using fMRI, we show
that participants develop fear-like responses to a specific sequence of cues, above and beyond their
responses to the subcomponent cues alone. Interestingly, most volunteers failed to explicitly report
the association between the cue sequences and threat, indicating that episodic threat association
memories can form below consciousness. Applying multivoxel pattern analyses, we found that the
hippocampus coding of sequence information during threat association learning was disrupted by
the threat cue (resulting in chance-level decoding accuracy). The dorsolateral prefrontal cortex
instead maintained the sequence information throughout. Our results suggest a new route for threat
learning relying on higher-order brain regions, when learning operates on complex information
rather than individual cues (as commonly studied). These mechanisms and their failure may explain
overgeneralization of fear in trauma-related disorders.
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ANALYSIS OF ELECTROPHYSIOLOGICAL DATA IN BRAZILIAN CHILDREN WITH
AND WITHOUT DYSLEXIA DURING READING ACTIVITY
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Dyslexia is a specific learning disorder with deficits in decoding and / or reading fluency. In Brazil, the
diagnosis is made through psychometric tests performed by psychologists and speech therapists.
Although dyslexia affects the ability to read and write, leading to a considerable educational and
social burden, the lack of standardized physiological markers to diagnose this disorder hampers the
implementation of local and national assistance to dyslexics.
This work aims to identify biomarkers in Brazilian children with dyslexia during reading activities. This
work will investigate the electrophysiological data of 25 children with dyslexia previously diagnosed
and 25 children in a control group, aged between 10 and 12 years, during reading activities.
Data will be collected in two presential sessions (that have been delayed but will take place as soon
as possible due to the continued issue with Covid pandemics in Brazil). The first session will last for
60 minutes when a sociodemographic questionnaire and a battery of psychometric tests widely used
in the diagnosis of dyslexia in Brazil, including Raven Progressive Matrices; Neupsilin figure naming;
Phonemic verbal fluency (FAZ); and reading of words and pseudowords (LPI). At the second session,
an Anxiety Test will be applied, and EEG data will be collected. During EEG recording the participants
will first perform a reading activity of words, not words and pseudowords, indicating whether that
word exists or not, followed by a lexical decision task (TCLPP).
Various amplitude and spectral composition variations in the event-related potentials (ERP) will be
studied. It is expected to observe different patterns of cortical activity in the dyslexia group. Based on
our results, we aim to define biomarkers useful for the diagnosis of dyslexia of Brazilian children.
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Thalamus-hippocampal direct pathway regulates sex-differences in memory
consolidation
De Leonibus E1 Torromino G Loffredo V Cavezza D Esposito F De Risi M
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Memory capacity is the number of elements we can remember for a short-time interval. We have
previously shown in male rodents, that this capacity is of about 6 objects and this memory is also
directly transferred into long-term memory by recruiting the dorsal hippocampus.
Human and rodent studies amply reported sex-differences in hippocampus-dependent memories.
However, whether these differences lead to different memory capacity and the neuronal bases
underlying them are unknown.
Studying sex-differences in memory capacity, we have found that female mice also remember 6
different objects at short-delay, however, only for of these objects are consolidated into long-term
memory, revealing a sexual dimorphism in memory consolidation, when animals are specifically
tested in high memory load conditions. By a combination of c-fos brain mapping, chemogenetics,
optogenetics and electrophysiology approaches we report here that the thalamic-HP pathway
regulates the direct transferring of information from short-term to long-term memory, in a sexdependent manner.
These findings identify for the first time a bottom-up regulatory control of sub-cortical-thalamic
regions on HP activation in female compared to male mice that limits memory consolidation
capacity.
This study is supported by the Alzheimer’s Association; Grant #: SAGA-17-418745.
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How the bodily self interacts with the remembered self: Episodic
autobiographical memory for virtual scenes is modulated by different levels
of bodily self-consciousness during encoding
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Episodic autobiographical memories (EAM) are contextual memories of self-related events and
depend on different processes during encoding, storage, and retrieval. Recent work using virtual
reality showed that the strength of EAM during retrieval depends on the perspective at encoding,
with richer EAM when the event was encoded from a first-person perspective (1PP) with own body
view compared to a third-person perspective or without body view. Interestingly, 1PP and body view
are important aspects of bodily self-consciousness (BSC), a form of self-consciousness based on
multisensory and sensorimotor bodily mechanisms. Here, we hypothesize that the experimental
modulation of BSC during EAM encoding modulates and improves EAM recognition.
We designed an immersive virtual environment coupled with upper limb motion tracking to
modulate BSC through visuomotor synchrony during encoding. One hour after, we tested
participants with a recognition task and report that they were significantly better in detecting
changes in scenes encoded during conditions with elevated BSC. These empirical data show that BSC
contributes to EAM by demonstrating that an enhancement of BSC based on online sensorimotor
stimulation boosts EAM recognition. We discuss how the brain mechanisms of the bodily self (BSC)
interact with those of encoding and retrieval of the remembered self (EAM).
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Simulated microgravity alters adult hippocampal neurogenesis in the rat
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Cognitive deficits have been reported in astronauts during long-duration space flights and further
documented in simulated microgravity using human and animal models. In the human ‘bed rest’
model, alterations in working memory, executive functions and decision-making have been observed.
In the hindlimb unloading model, rodents display various behavioral abnormalities, including learning
and memory deficits, confirming that microgravity constitutes a significant risk factor capable of
jeopardizing space missions. However, the underlying cellular and molecular causes of these
behavioral effects remain largely unknown. In the mammalian brain, new neurons are continuously
generated throughout adulthood in the olfactory bulb (OB) from the subgranular zone (SGZ) and
dentate gyrus (DG) of the hippocampus. This neurogenenic process has emerged as a crucial
plasticity mechanism supporting a variety of cognitive functions. Whether simulated microgravity
impacts adult neurogenesis, which in turn may underlie some of the memory deficits associated with
microgravity exposure, has remained unexplored. We submitted adult male Long Evans rats to the
hindlimb suspension which simulates the body fluid reorganization and mechanical unloading
encountered in space environments. To track the proliferation, maturation and survival of newborn
cells in the DG, SGZ, and OB, rats were administered the birthdating markers 5-Ethynyl-2’deoxyuridine (EdU) and 5-Bromo-2’-deoxyuridine (BrdU) either immediately prior to, or at different
delays, following the beginning of the continuous simulated microgravity exposure period. Relative
to normogravity controls, simulated microgravity induced a decrease in short-term (7 days), but not
long-term (21 days) survival of hippocampal newborn cells. In contrast, hippocampal cell
proliferation at 6 or 24 hours or cell survival in the OB was unaffected. While more analyzes are still
ongoing, these findings point to the sensitivity of adult neurogenesis to gravitational environmental
factors and suggest that alterations in the dynamics of neurogenesis may contribute, at least in part,
to the cognitive deficits observed following microgravity exposure.
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Effects of photobiomodulation on brain networks functionally active during a
reversal memory task
Gutiérrez-Menéndez A1 Cid-Duarte S1 Banqueri M2 Martín-Ramos J3 Martínez J3 Méndez M1 Arias J1
1

Laboratory of Neuroscience, Department of Psychology University of Oviedo, Spain 2Molecular Neurobiology
laboratory, Nencki Institute of Experimental Biology, Polish Academy of Sciences Ludwika Pasteura 3, Poland
3
Electronic Technology Area University of Oviedo, Spain

Photobiomodulation (PBM) is one of the most promising non-invasive interventions that use red to
near-infrared irradiation spectrum (600-1100nm) to modulate brain network activity. This therapy
has achieved numerous positive effects in several fields as a treatment of few pathologies, and also
reach benefits in healthy population. Its action mechanism is the absorption of light by the
mitochondrial enzyme cytochrome c oxidase (CCO). The objective of this research was to analyse and
compare the effects of PBM on the metabolic activity of basal rat brain networks and brain networks
functionally active during the execution of a reversal task. Twenty-eight Wistar rats were submitted
into four groups: basal group (n=7), basal PBM group (n=8), behavioural group (n=6), and behavioural
PBM group (n=7). Reversal memory was assessed as a cognitive flexibility index using the Morris
water maze and the CCO immunohistochemistry was used as a brain metabolic activity marker. After
five days of PBM treatment, there was a decrease of CCO levels in the striatum, medial septum,
entorhinal, hippocampus, amygdala, thalamus, mammillary nuclei and ventral tegmental area of the
basal PBM group. Both behavioural groups performed the reversal task successfully, however, the
behavioural PBM group showed higher CCO levels in the accumbens core nucleus along with an
activity reduction in several brain areas involved in the execution of the task: septum, entorhinal,
CA1, CA3, central amygdala and supra-mammilar areas. These results could display the distinctive
impact of PBM on brain networks functionally active. Further studies should be necessary to examine
the effects of PBM during the execution of other behavioural tasks that entails other types of
learning. Funding: MINECO (Ministerio de Economía y Competitividad del Gobierno de Espana)
PSI2017-83893-R, PSI2017-90806-REDT, and MCIU-19-PRE2018-086220 to A.G.M.
Keywords: photobiomodulation, near-infrared irradiation, reversal memory, brain activity,
cytochrome c oxidase.
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Information load at learning modulates the formation of schema memories
and the loss of episodic details
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The formation of semantic memories is assumed to result from the extraction of general, statistical
knowledge across multiple experiences. At the same time, episodic details from the individual
experiences might get lost during the abstraction of regularities among single events into schemalike memories. How these two processes can operate in parallel is not well understood. Thus, our
study investigates whether different amounts of information load (high versus low load) during
learning modulates the formation of schema-abstraction or the recall of episodic details. To address
this question, we use a modified version of the object place recognition task. Adults rats were
subjected to multiple learning trials in which they could freely explore two objects within an open
field arena. Objects were positioned according to a spatial rule across learning trials. Learning trials
either comprised a high information load, i.e. eight learning trials, or low information load, i.e. four
learning trials. After learning, animals were left undisturbed for 24 hours, and then tested either for
the expression of schema-memory, i.e. memory for the spatial rule, or episodic memory, i.e. memory
for individual learning trials. We show that animals exhibit a more robust schema memory for the
spatial rule in the high information load, compared with the low information load condition. In
contrast, preliminary data suggests that animals only exhibit episodic memory for individual learning
trials, when they were subjected to the low information load, but not the high information load
condition. These findings suggest that a high information load during learning facilitates the
abstraction into schema-memories, whereas a low information load facilitated retrieval of episodic
details.
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β - adrenergic agonist prevents fear memory trace decay in a mouse model of
Alzheimer’s disease
Kushwaha S1 Karunakaran S1
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Memory deficits in Alzheimer’s disease (AD) patients and familial AD mouse models have been
attributed to ineffective encoding and consolidation of new information. However, how early
consolidation processes influence late long-term memory persistence still remains unclear.
In this study, we demonstrate that 2-month-old APPswe/PS1dE9 mice, a transgenic model of
Alzheimer’s disease, exhibit intact short-term memory in Pavlovian hippocampal - dependent
contextual fear learning task. However, their long-term memory was impaired. Upon contextual fear
conditioning, we found that hippocampus dopamine beta hydroxylase (DBH) levels were upregulated
in the APP/PS1 and their respective Wild Type (WT) controls at 2h, indicating a role for noradrenergic
signalling during early memory consolidation. However, their levels were not sustained in APP/PS1
mice at 24h unlike their WT counterpart. This finding supports intact short term memory at 2h in
both the WT and APP/PS1 mice, and the inability of APP/PS1 hippocampus to sustain the levels of
DBH and the strength of the memory long term at 24h. Intra-CA1 infusion of isoproterenol
hydrochloride, a β-adrenoceptor agonist, to the hippocampus immediately before fear conditioning
restored long-term contextual fear memory. Infusion of the β-adrenoceptor agonist +2.5 h after fear
conditioning only partially rescued the fear memory, whereas infusion at +12 h post conditioning did
not interfere with long-term memory persistence. Furthermore, Intra-CA1 infusion of propranolol,
the β-adrenoceptor antagonist, administered immediately before conditioning impaired long-term
fear memory, while it was ineffective when administered +4 h and +12 h post conditioning.
Our results indicate that, long term memory persistence is determined by a unique β-adrenoceptor
sensitive time window between 0 - +2.5 h upon learning acquisition, in the hippocampal CA1.
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Neuroticism is associated with altered memory-related resting-state
functional connectivity of amygdala subdivisions.
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The personality trait of neuroticism has been associated with experiences of negative affect and with
an impaired ability to cope with stress. On a neural level, this association can be characterized by
altered amygdala activity and functional connectivity (FC) with other brain regions. However, as the
amygdala is a complex structure composed of structurally and functionally distinct sudivisions, the
important next step should be to clarify how the level of neuroticism can modulate the FC of distinct
amygdala subdivisions.
To this end, we used resting-state functional magnetic resonance imaging and seed-based correlation
analysis. We evaluated the FC of the centromedial amygdala (CMA) and basolateral amygdala (BLA)
subdivisions in 35 healthy subjects using an in-house mask. Next, we assessed the relation between
individual differences in neuroticism and changes in the BLA- and CMA-centered networks.
The results showed that neuroticism mainly affected memory-related connectivity patterns of both
BLA and CMA. In particular, higher neuroticism scores were associated with decreased the right BLA
FC with the right hippocampus and left thalamus, as well as with increased the right CMA FC with the
left caudate and cerebellum.
Given that: (1) the BLA is considered an input area that plays a role in integrating sensory information
and associating these information with emotional values, while hippocampus and thalamus are
crucial structures for encoding information in episodic memory; and (2) the CMA is identified as an
output area that is involved in the coordination of reactions, while caudate and cerebellum are
important structures for procedural memories, these results might suggest that neuroticism is one of
factors that influence the relative use of multiple memory systems. This finding indicates that
individuals with a high level of neuroticism may adapt to threatening environment by reducing
threatening information encoding and by shifting to well-learned procedural behaviors.
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Structural Similarity of Local Spaces in a Multiscale Environment
Overshadows Global Spatial Representations
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This study examined whether and how the structural similarity of local spaces interferes with
updating navigators’ global headings in a novel multiscale environment. In an immersive virtual
environment, the participants learned objects’ locations in one room. Then they were blindfolded
and physically walked to a neighbouring room for testing. The learning and testing rooms were both
rectangular but globally misaligned (one north-south oriented and the other east-west oriented).
Adopting different actual perspectives in the testing room, the participants judged relative directions
(JRDs) from the imagined perspectives in the learning room. Sensorimotor alignment effects (i.e.,
performances were better when the imagined perspectives and the actual perspectives were aligned
rather than misaligned) were examined when the alignment was defined by the local room
structures and when the alignment was defined by global cardinal directions. Prior to JRDs, the
participants did not conduct other tasks (Experiment 1), conducted the relative heading judgment
between two views in different rooms while seeing the testing room (Experiment 2), or conducted
the relative heading judgment in darkness (Experiment 3). The local sensorimotor alignment effect
appeared in all experiments. The global sensorimotor alignment effect appeared only in Experiment
3. These results suggest that the structural similarity of local spaces interferes with updating
navigators’ global headings in the multiscale environment and that this interference occurs during
rather than after the activation of global representations by the relative heading judgment.
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Reliability of assessment of individual performance in accelerated vs. fixed
speed RotaRod tests in tauopathic motor impaired mice.
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Aim
We wanted to find out whether two RotaRod tests applying accelerated speed vs. fixed speed,
reliably assess individual mouse performance. We assumed that such assessment requires that: 1/
readouts of individual performances are well dispersed between minimal and maximal readout, 2/
the rank of readout of individual animal is maintained in subsequent tests, as this assures that
individual readout is not accidental.
Method
L66 (a full-length tau carrying a double mutation P301S/G335D) homo and heterozygotes female
mice, revealing locomotor deficits and NMRI (wild type), aged 10 months, 15 animals per group,
were used. In the accelerated speed test, the rod is accelerated continuously from 0 to 45 rpm, over
5 minutes trial. Such trials were repeated over 4 consecutive days. In the fixed speed test, trial
consists of four 1 min intervals, of fixed speed 5, 15, 25, 35 rpm. Readout was number of seconds
spent on rotating rod. As measure of dispersion and maintenance of the rank of individual readouts,
we used Pearson and Spearman’s rank correlation coefficients between consecutive tests.
Results
For accelerated speed test Pearson correlation coefficients and Spearman’s rank correlation
coefficient (in brackets) between Ivs.II, IIvs.III, IIIvs.IV test were highest in L66 homozygotes:
0.91(0.80); 0.77(0.69); 0.71(0.49), lower in NMRI: 0.75(0.91), 0.83(0.90), 0.31(0.45), lowest in L66
heterozygotes: 0.05(0.34), 0.48(0.69), 0.53(0.76). For fixed speed test the values of these coefficients
between 5vs.15, 15vs.25, 25vs.35 rpm were in L66 homozygotes: 0.00(0.05), 0.04(0.38), 0.00(0.00),
in NMRI: 0.00(0.22), 0.28(0.50), 0.63(0.79), in L66 heterozygotes: 0.01(-0.03),0.02 (-0.21), 0.11( 0.64).
Discussion
The accelerated speed test seems superior to fixed speed test with respect to maintenance of the
rank of individual readouts between subsequent tests, thus the assessment of mouse individual
performance may be more reliable with the accelerated speed test. The maintenance of rank of
individual readouts was clearly different between groups.
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Pattern completion function of the area CA3 depends asymmetrically on the
activity of mossy fibers in the dorsal hippocampus
Raza S1,2 Çaliskan G1,2 del Àngel M1 M. Gomes G3 R. Kreutz M2,3 Stork O1,2
1

Department of Genetics & Molecular Neurobiology, Institute of Biology, Otto-von-Guericke-University
Magdeburg Germany 2Center for Behavioral Brain Sciences Magdeburg Germany 3RG Neuroplasticity, Leibniz
Institute for Neurobiology Magdeburg Germany

Pattern completion is a crucial hippocampal function that allows complete recall of memories based
on incomplete sets of cues. While cumulative evidence points out a pivotal role of the area CA3 in
pattern completion, the involvement of the DG-mossy fibers is not resolved so far. Here we
examined the neurobiological basis of fear recall in the DG-CA3 circuit using a pattern completion
task. We confirm the requirement of CA3 in the fear recall at the cellular and engram levels with cFos
based robust activity marking (RAM) system. With pharmacogenetic inhibition in brain slices, we
certify that mossy fibers control DG-CA3 neurotransmission and gamma oscillations. Inline, we
demonstrate that mossy fibers signaling is only essential during recall of fear in an ambiguous
context but not required during recall in the presence of complete contextual modalities. We provide
evidence that the structural and molecular factors in the DG-CA3 circuit are lateralized in the mouse
hippocampus upon fear learning. Our data suggest preferential recruitment of the right DG-CA3
circuit during fear learning that ultimately governs pattern completion function.
This work was funded by the Center for Behavioral Brain Sciences (CBBS-LSA Fellow grant to S.A.R)
European Regional Development Fund (ERDF).
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Role of cue spatial configuration in acquisition, extinction, reinstatement and
c-fos expression of cocaine-induced conditioned place preference.
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Addictive drugs are potent neuropharmacological agents capable of inducing long-lasting changes in
brain circuits responsible for learning and memory. Relapse, a feature characteristic of addiction, can
be triggered by reexposure to the environment in which drugs were administered. An animal model
for evaluating the conditioned effects of addictive drugs is the conditioned place preference (CPP).
Two apparatus configurations typically used are “one-compartment” (1C; in which the animal has
access to the entire CPP apparatus and spatial cues are unimportant) and “two-compartments” (2C;
in which the animal is confined to one side of box and the spatial cues are important). The aim of this
study was to assess the neurobehavioral consequences of the exposure to different cue spatial
configurations on the acquisition, extinction and reinstatement of cocaine-induced CPP. Male
C57BL/6 mice underwent to CPP training with 20 mg/kg of cocaine and subsequent extinction
sessions following 1C or 2C configurations. After reaching extinction criteria (6 or more test and a
preference <60%), a reinstatement test with 0 or 10 mg/kg of cocaine was given. 60 min later
animals were perfused and their brains analyzed for c-fos expression. We found that acquisition or
extinction of cocaine-induced CPP was not different between groups. However, animals trained
following a 2C configuration reinstated CPP after receiving cocaine, while the 1C group did not show
this effect. Additionally, the dentate gyrus and the CA1 of the hippocampus appeared to be potently
activated in 2C animals after receiving cocaine before reinstatement. These findings suggest that
depending on the spatial configurations (1C or 2C) used during acquisition or extinction, different
neural substrates may be recruit in the reinstatement processes of cocaine-CPP.
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Facilitation of extinction memory for cocaine-induced conditioned place
preference: the role of noradrenergic system
Roselló-Jiménez L1 Rodríguez-Borillo O1 Ibáñez-Marín P1 Estévez Caride R1 Roig Gallete I1 Pastor R1
Miquel M1 Font L1
1

Universitat Jaume I Castelló De La Plana Spain

Exposure to addictive drugs induce enduring changes in brain structure and function that are thought
to underlie the transition from consumption to addiction. These neural circuits were evolutionary
selected to learn, among others, adaptive associations between stimulus and contextual cues. Thus,
addiction is considered a disorder of aberrant learning of the formation of strong memories that
promote continued use and relapse, even after long periods of abstinence. The repeated exposure to
contexts in absence of the drug promotes extinction, an inhibitory memory that temporarily suppress
the expression of drug-conditioned associations. Therefore, identifying drugs that facilitate drugextinction memories is a target to prevent drug-directed behaviors and relapse. Compelling evidence
implicates the noradrenergic system (NA) in the consolidation of memory extinction. Atomoxetine
(ATO), a NA reuptake inhibitor, facilitates extinction and prevents relapse of cocaine consumption in
an instrumental learning paradigm. Our experiments examined the effects of ATO on the expression
and extinction of cocaine-induced conditioned place preference (CPP). C57BL/6J mice were trained
with 20 mg/kg of cocaine. Following conditioning and before CPP expression (T1) or extinction (T2T6), animals were divided in three groups: SAL-SAL (saline from T1-T6), SAL-ATO (saline on T1 and
ATO on T2-T6) and ATO-ATO (ATO from T1-T6). ATO was injected 30 minutes before each test. Our
data indicates that ATO given before T1 facilitates extinction of cocaine-induced CPP. This reduced
preference was maintained when animals were later tested in absence of ATO, suggesting a relatively
permanent change in preference that was not due to performing under the effects of ATO. However,
when animals received ATO from T2-T6 there were not significant differences. These findings
indicate that NA modulates extinction of cocaine-CPP depending on the initial expression of CPP and
before extinction.
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Defining and Separating Episodic-Like Memories by Auditory Stimuli in Rats
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Spontaneous recognition memory for objects, in specific locations and particular contexts (whatwhere-which occasion memory; WW-Which), have been successfully implemented as a model for
episodic-like memory in rodents (e.g., Easton & Eacott, 2008). In WW-Which style paradigms context
(acting to separate occasions in event memory) has been defined by manipulation of visuo-tactile
cues in the environment. Yet, other sensory information is present and equally important in
identifying specific human episodic memories and allowing them to be dissociated from each other.
Exploiting these other elements of the environment will better allow us to understand the ways in
which contextual cues control the memory for past events, and to manipulate the boundaries and
interference between events more easily. Rats underwent the WW-Which task in a continual trials
apparatus, that allows multiple events to be tested in a single test session and showed successful
event memory with tonal auditory cues as contexts. These results have important implications for
understanding the underlying neuronal processes of episodic memory in nonhuman animal models,
as context can be conveyed by a single stimulus in one sensory modality. Combining sensory stimuli
across modalities to create unique events in the continual trials apparatus, allows an opportunity to
explore event boundaries and false episodic-like memory in rodents.
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Unfolding of spatial representation at systems level in infant rats
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Brain regions essential to form spatial representations, like the hippocampus, are considered
functionally immature before weaning, however, some forms of spatial navigation are present early
during development. This study investigated the formation of spatial representations and the
expression of c-Fos as a measure of brain activity on pup rats at postnatal day (PD) 16. Pups were
subjected to different spatial changes by using a simple habituation task. They were exposed to an
arena on three occasions, separated by ~140 min. The rats first experienced two habituation sessions
in the same environment. Then in the test session, the spatial configuration of proximal cues (Prox
group), distal cues (Dist group), both proximal and distal cues (Prox-Dist group) or no cues (Nochange group) were rearranged. As a behavioral measure of habituation, we used the rat´s
locomotion (distance travelled) which decreased across the first two habituation sessions indicating
memory for the spatial environment. During the test session, the No-change group decreased its
locomotion, and the c-Fos activity was significantly suppressed in the hippocampus (CA1, CA3,
dentate gyrus) but simultaneously enhanced in prelimbic (PL) medial prefrontal cortex compared
with untreated home-cage controls. Moreover, in the No-change group, PL c-Fos activity negatively
correlated with locomotion suggesting that pups might rely on medial prefrontal cortical
representations to suppress spatial locomotion when confronted to the same environment. By
contrast, Prox-Dist and Prox groups, but not Dist group, displayed an increased locomotion during
the test phase indicating that the pups relied mostly on proximal cues to explore spatial novelty.
Prox-Dist and Prox groups exhibited an enhanced c-Fos activity in hippocampal CA1 and CA3 regions
and correlated (CA1) with locomotion, suggesting this region to be particularly involved in regulating
exploration of spatial novelty. In conclusion, pups on PD 16 can already form functional
representations of space at a systems level.
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The cannabinoid receptors type 2 agonist JWH-133 facilitates contextual
conditioned fear extinction in mice
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Memory processing deficits are thought to play a crucial role in developing some psychiatric
disorders, such as PTSD. The endocannabinoid (eCB) system, particularly the cannabinoid type 1
(CB1) receptor, is involved in fear response and memory modulation, including fear extinction.
However, the involvement of CB2 receptors is less described and controversial. This study aimed to
investigate the role of CB2 receptor activation in the contextual fear conditioning (CFC) paradigm
through pharmacological manipulation of these receptors.
On Day 1, C57BL/6 male mice were exposed to 3 footshocks (0.75 mA, 2s; Ugo Basile FC System,
Anymaze). 24h later (Day 2), they were re-exposed to the same chamber, without footshocks, for 20
minutes to evaluate the recall of fear memory and the acquisition of extinction memory. Mice
received the CB2 agonist JWH-133 (0.5, 1.0, 2.0 or 4.0 mg/kg/10 mL) or vehicle 30 minutes before
this evaluation. On Day 3, extinction recall was evaluated for 10 minutes. A group of habituated
(HAB) mice were exposed to the chamber in the three days, with no shocks. The percentage of time
in freezing was used as the measure of fear.
Although in Day 2 all conditioned (COND) groups recalled the fear memory compared to HAB
(p<0.05) and acquired the extinction memory (p<0.05), JWH-133(0.5, 1, and 2.0) facilitated fear
extinction. On Day 3, all COND groups were still different from HAB (p<0.05) but were able to evoke
the fear extinction memory (p>0.05). There was no difference between treatments on Day 3. In
conclusion, activation of CB2 receptors facilitated conditioned fear extinction in mice. To further
investigate the involvement of CB2 receptors, experiments with CB2 antagonists at different timepoints are under evaluation.
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Sex differences in the ability for contextual pattern separation, activation of
adult-born neurons in the dentate gyrus and functional connectivity for fear
memory.
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Sex differences in hippocampus structure and plasticity exist but few studies have examined
functional connectivity between the sexes in response to learning. Here, we aimed to examine sex
differences in the ability for contextual pattern separation and functional connectivity during fear
memory. Two-month-old male and female Sprague-Dawley rats were injected with DNA synthesis
markers, iododeoxyuridine (IdU) and chlorodeoxyuridine (CldU) three weeks and four weeks before
sacrifice, respectively. One week after CldU injection, the rats underwent a contextual discrimination
task. In short, rats were exposed to two different contexts each day for 12 days: a conditioning
context A with electric foot shock and a similar, but different, context A’ without foot shock. On trial
day 13, the rats were reintroduced to the conditioning context and perfused 90 minutes later. Brain
slices were immunohistochemically stained for immature neuronal marker, doublecortin(DCX), IdU
(3w-old-cell), CldU (4w-old-cell) and immediate early gene, zif268. The expression of zif268 in the
hippocampus (dorsal and ventral CA1, CA3, DG), anterior cingulate cortex, prefrontal cortex
(infralimbic, prelimbic), amygdala (central, lateral, basal), nucleus accumbens (core; NAc, shell; NAs)
and dorsal striatum (lateral; lDS, medial; mDS) was examined. We found that females, but not males,
showed significantly better discrimination between the two contexts on the last two trials (day
11+12). Males and females showed different functional connectivity between different regions with
males showing significant correlations between the dorsal dentate gyrus and central amygdala and
infralimbic region of the frontal cortex, while females showed correlations with the striatum.
Furthermore, females showed greater zif268 expression in 3-week-old (IdU+) dentate granule cells
(DGC), but not in 4-week-old DGC (CldU) or DCX-positive cells, compared to males. These results
highlight the importance of studying sex differences in fear memory and the contribution of adult
neurogenesis and the neuronal network.
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Reactivating a lost spatial memory: which is the brain activity beyond?
Zorzo C1 Arias J1 Méndez M1
1

University Of Oviedo Oviedo Spain

Memory formation involves a complex system of interconnected brain areas that encode,
consolidate and store learned information, in order to retrieve it later. Thus, once learning occurs, a
memory is initially fragile, and then becomes transformed into a long-lasting one and reorganized in
a time-dependent manner. However, the passage of time can trigger a memory weakening, which is
supposed to be recovered through memory reactivation. Thus, our aim was to study the reactivation
of a remote memory in male and female rats, when they show deficits in the memory retrieval, in
addition to study the underlying brain metabolic activity through the cytochrome c oxidase
histochemistry. To do this, we trained male and female rats in the Morris water maze and assessed
the retrieval and reactivation of memory when 45 days had been elapsed. The reactivation protocol
consisted on re-exposing subjects to the spatial memory task. Our results show that a spatial
memory can be declined as a consequence of an excessively long time interval, and it is possible to
recover it easily after re-exposure to the task. This behavioural response is associated to a decreased
brain metabolic activity both in male and female rats. In particular, males display a reduction in the
septal nuclei and thalamic structures, while female rats also show this metabolic reduction in the
hippocampus, amygdala, prefrontal cortex, retrosplenial, rhinal and parietal cortices. In conclusion,
the reactivation of a declined spatial memory translates in an efficient usage of the brain metabolic
resources.
Keywords: cytochrome c oxidase; forgetting; reactivation; retrieval; spatial memory.
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Repetitive transcranial magnetic stimulation as a promising tool to modulate
the underlying brain activity in spatial memory
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Repetitive transcranial magnetic stimulation (rTMS) is a non-invasive neuromodulation technique
that allows modifying brain excitability outside the skull. The use of rTMS to treat several
neurological, psychiatric, and psychological conditions is growing but its potential to enhance
memory functions is still being debated. Nevertheless, although experimental research on healthy
animals remains essential to elucidate its effect on learning and memory processes, studies in this
regard are scarce. Our objective was to determine whether rTMS can generate an improvement on
spatial cognition in healthy rats and explore the underlying brain oxidative metabolic activity through
cytochrome c oxidase (CCO) histochemistry. The stimulation protocol consisted in applying rTMS to
Wistar healthy rats during three consecutive days with high-frequency (100 Hz) and low-intensity
(0.33 T). Then, we assessed its behavioral effect on the performance of an allocentric spatial
reference learning and memory task, and we analyzed the underlying brain metabolism in the last
day of learning. Results showed that rTMS leads to a slight behavioral improvement reflected by
higher target quadrant entries, and more marked reduced latencies across training in comparison to
non-stimulated rats. Furthermore, there was a decreased CCO activity in the prefrontal, retrosplenial,
parietal, and rhinal cortices, as well as in the striatum, amygdala, septum, mammillary bodies, and
the hippocampus. This suggests less energy consumption is needed to achieve the task. In
conclusion, the magnetic stimulation leads to a facilitation of spatial learning processes, with a highly
efficient use of the brain metabolism in the task-related areas.
Keywords: transcranial magnetic stimulation, cytochrome c oxidase, brain metabolism, learning and
memory, facilitation.
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Role of perineuronal nets in repeated methamphetamine-induced
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Hypofrontality refers to a pathological state of reduced frontal cortex function that is observed in
numerous neuropsychiatric disorders, including substance use disorder. In abstinent,
methamphetamine (METH)-dependent individuals, the observed hypofrontality is associated with
working memory and attention deficits and increased impulsivity, which serve to reduce quality of
life and enhance relapse risk. However, the mechanisms underlying METH-induced hypofrontality
remain elusive. Perineuronal nets (PNNs) constitute an emerging and promising field of study in
neuropsychiatric disorders. In the medial prefrontal cortex (mPFC), PNNs comprise extracellular
matrix glycoproteins that mainly surround parvalbumin-positive fast spiking interneurons (PV+FSIs).
PNNs are involved in synaptic plasticity in response to experience, and their expression is dynamically
regulated by neuronal activity. Importantly, PNNs generally increase PV+FSIs activity, which
strengthens the GABAergic inhibitory tone on local networks. Here, we show that chronic, noncontingent METH administration, followed by a week of abstinence in rats, induces a significant
increase in the percentage of PV+FSIs surrounded by PNNs within the mPFC. This increase correlates
with an increase in PV+FSIs intrinsic excitability in mPFC deep layers, and an increase in the
amplitude of evoked and spontaneous inhibitory postsynaptic currents (IPSCs) in mPFC deep layers
pyramidal neurons. In addition, we find that chronic METH exposure, followed by a week of
abstinence, elicits deficits in the mPFC-dependent temporal order memory (TOM) task. Interestingly,
enzymatic digestion of mPFC PNNs in chronic METH-exposed rats rescues TOM deficits, and seem to
normalize the amplitude of evoked IPSCs recorded from mPFC deep layers pyramidal neurons. All
together, our data suggest that chronic METH exposure, followed by a week of abstinence, increases
the percentage of PNNs-enwrapped PV+FSIs, which consequently enhances PV+FSIs-dependent
mPFC inhibition, and leads to cognitive deficits. PNNs could therefore be involved in METH-induced
hypofrontality. Our preclinical studies could have future therapeutic implications for individuals
suffering from hypofrontality-related symptoms.
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Social cognition in Parkinson’s disease
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Objective: Given the impact of social cognition on the quality of life of PD patients and possible
implication in the course of treatment, the aim of the present study was to analyze the multifaceted
nature of social cognitive skills in PD.
Background: Parkinson's disease (PD) has traditionally been described as a motor disorder due to
nigrostriatal dopaminergic system dysfunction. However, along with these motor impairments, PD
patients also present deficit in several neurocognitive domains, such as perceptual-motor function,
language, learning and memory, executive function, or complex attention. Recent studies have also
revealed the presence of deficit in social cognition, defined as a set of cognitive and emotional
abilities used in social interactions. However, these findings are still debated.
Method: We compared 30 PD patients and 30 healthy controls in a systematized battery of social
cognition that assess the following components of social cognitive processing: theory of mind,
empathy, social perception and social behavior.
Results: PD patients presented poor theory of mind, impaired social perception and abnormal social
behavior, but not reduced empathy. These deficits are not correlated to general cognitive
performance. However, we observed a positive correlation between depression score and social
behavior abnormalities in PD patients.
Discussion: These results point to a dysfunction of some social cognitive abilities in PD patients and
highlight the implications of these impairments for their communication and social interaction skills.
Keywords: emotion, empathy, parkinson´s disasese, social cognition, social behavior, theory of mind

Theme: Other Cognitive Functions

Temporal information processing underlies the association between P300
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Aphasia is an acquired impairment of language functions resulting from a lesion to the brain. It is
often accompanied by deficits in non-language cognitive functions, such as attention, working
memory and executive functions, as well as temporal information processing (TIP). According to our
previous studies, TIP may be considered a logistic function, which constitute the neural basis for the
content-related functions, such as language, perception and memory.
P300 is a large positive ERP wave appearing after the occurrence of infrequent stimulus. Its latency,
reflecting stimulus processing speed, is considered as an index of cognitive decline in many clinical
dysfunctions, including stroke. In the current study we investigated whether P300 is related to the
efficiency of both content-related functions and TIP. Furthermore, we verified whether TIP underlies
the relations between P300 and content-related functions.
The study included 26 participants with post-stroke aphasia (17 males, 9 females, mean age: 60
years). The following cognitive functions were assessed: TIP, language abilities, spatial working
memory, divided attention, planning ability. ERPs recording was performed using visual Go/No-Go
task and the signal from electrodes on the midline of the scalp was analysed. P300 was identified in
the time window between 300 and 600 ms after the occurrence of infrequent stimuli. Shorter P300
latency was associated with higher efficiency of both TIP and other cognitive functions tested.
However, when controlling for TIP, correlations between P300 and aforementioned functions
became non-significant.
These results suggest that while in individuals with aphasia P300 latency may be a sensitive index of
the general cognitive functioning, this relation is rooted in TIP efficiency.
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Associations in Response to Compound and Reversible Words in Bilinguals
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An important issue in psycholinguistics is the associanistic mechanics of the compound word:a word
consisting of two, having a new meaning unrelated to its constituents such as ‘partake’,‘target’.A
related issue is the directionality of meaning as in the distinctly meaningful reversible words such as
‘pal’,‘lap’.When presented with a word and asked to produce associated words, people usually recall
words that are closely and meaningfully related (e.g.‘apple’,‘red’ to ‘strawberry’).Similarly, people
produce meaningful cognates of a given word but not its reversible version when asked to free
associate.It is possible that with extended use, these compound and reversible words take on an
identity stripped of other possibilities.If this is the case, bilingual adults should show differences in
associating compound and reversible words in their native tongues and in a second language in
which they are less experienced.The present study investigated native Turkish college students in
associating compound and reversible words both in their native tongue and in English with which
they had considerably less experience.Subjects (n=29) were presented with 15 each of Turkish and
English compound words and asked to immediately produce three associated words.They were also
asked separately to immeditely produce a word brought to mind by 10 each of Turkish and English
reversible words.Results based on t-tests and chi-square tests indicated that there was no significant
difference in subjects’ coming up with the correct reversion of the reversible words.Only 2 subjects
came up with the reversible version in either language.In response to compound words, there was a
low rate of producing one or both of the constituent words:7,47% and 15.98% in Turkish and English
words, respectively.Importantly, significantly 22 subjects answered with at least one of the
constituent words in English as opposed to 11 for Turkish words (p<0.001) suggesting that compound
words require rehearsal over time to acquire autonomous meaning.
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How do parents view cognitive enhancers for their children? Evidence from
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Background: Many children in Low and Middle Income Countries (LMICs) may not have access to
resources that help them reach their full developmental potential. Cognitive enhancement (CE) like
nootropics, nutritional supplements and stimulants, have the potential to be scaled up and widely
distributed, offering a possibility to help such children attain their true cognitive potential and future
upward social mobility. However, CE research in children has almost exclusively been carried out in
High Income Countries, with limited understanding of their acceptability in LMIC contexts. Therefore,
this study aims to investigate parental perceptions of CE with children in India.
Methods: In-depth interviews (N=11) and focus group discussions (N=2) were conducted with
parents of primary school-going children in Delhi, India. Parents were recruited from high and low
socioeconomic status (SES) to reflect views of parents with varying access to resources. Case
vignettes (tailored to each SES) describing different CE techniques were used to facilitate discussion.
Transcripts were analyzed using exploratory thematic analysis.
Results: Analysis revealed limited understanding or prior knowledge about CE amongst parents
across all SES groups. Parents expressed concerns about ingestion of drugs, supplements or
stimulants for CE. Despite education not being presented in a vignette as a cognitive enhancer, it
emerged that all parents viewed CE to mean education and effective methods of teaching. Education,
including happiness and well-being, were highlighted as being of utmost importance for a child’s
success in current and later life. Parents with the lowest access to resources emphasized that
education was critical for their child to achieve a better standard of living in the future.
Implications: Insights from this study highlight the importance of education as a cognitive enhancer,
and the necessity to invest in effective implementation of education in LMIC settings to optimize
attainment of cognitive potential in children.
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Electrophysiological Evidence of Gestalt Perception of a Human Dyad
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Human faces and bodies are environmental stimuli of special importance that the brain processes
with selective attention and a highly specialized visual system. It has been shown recently that the
brain also has dedicated networks for the perception of pluralities of human bodies in synchronous
motion or in face-to-face interaction. Here we show that a plurality of human bodies that are merely
in close spatial proximity are automatically integrated into a coherent perceptual unit. We used an
EEG frequency tagging technique allowing the dissociation of the brain activity related to the
component parts of an image from the activity related to the global image configuration. We
presented to participants images of two silhouettes flickering at different frequencies (5.88 vs. 7.14
Hz). Clear responses at these stimulation frequencies reflected responses to each part of the dyad.
An emerging intermodulation component (7.14 + 5.88 = 13.02 Hz), a nonlinear response regarded as
an objective signature of holistic representation, was significantly enhanced in the (typical) upright
configuration relative to an (altered) inverted position, demonstrating that neural integration of the
parts of the dyad occurs only for the regular dyad configuration. Moreover, the inversion effect was
significant for the intermodulation component but not for the stimulation frequencies, suggesting
the existence of a trade-off between the processing of the global dyad configuration and that of the
structural properties of the dyad elements. Our results suggest that when presented with two
humans merely in close proximity, the perceptual visual system will bind them. Hence the perception
of the human form might be of a fundamentally different nature when it is part of a plurality.
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Neuropsychological research indicated a temporal constraint of perception on various levels. One
may distinguish some tens of milliseconds and multiseconds levels. However, associations between
subject’s performance on these two levels remain unclear. The aim of this study was to verify
whether the better performance on the milliseconds level corresponds to more skilled performance
on multiseconds one.
The subjects were 77 young participants (mean age 23 years) classified into two groups according to
their performance on millisecond level studied with auditory perception of temporal order and
indexed by the Temporal Order Threshold (TOT). TOT was defined as the minimum gap between two
successive sounds which is necessary for a subject to reproduce their order correctly. In case of this
task the better performance corresponds usually to lower TOT values (24 msec in the better timers
whereas 75 in less skilled ones). The performance on multiseconds level was studied with a
subjective accentuation paradigm in which during listening to metronome beats generated at various
frequencies, subjects were asked to accentuate mentally every n-th beat and create an individual
rhythmic pattern. After each sequence subjects reported how many stimuli they united into a
perceptual unit and the extent of temporal integration was calculated.
Results indicated differential integration strategies depending on the studied group. The more skilled
group used a different strategy in comparison to less skilled timers. For higher frequencies of
metronome beats, the former group relied more on the constant integration time, in contrast to less
skilled group which relied more on the mental counting but less on constant temporal integration.
These findings provide insight into associations between two different levels of temporal processing
and point to the coincidence of specific strategy in multiseconds level associated more skilled
performance on the milliseconds level.
Supported by National Science Centre, Poland, no. 2018/29/B/HS6/02038
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Temporal information processing (TIP) in the millisecond domain sets a frame for many mental
functions, including planning ability (PA) which is an executive function incorporating a range of
actions in order to achieve intended goals.
Efficient PA demands the selection of an appropriate sequence of sub-goals, inhibition of the
improper ones, permanent updating actions with regard to new information and switching flexibly
between tasks. As has been shown, a successful planning strategy involves preplanning reflected in
the initial thinking time (ITT) before execution of the task proper. As this preplanning strategy is
cognitively demanding, it was expected that subjects characterized by more skilled TIP will indicate
longer ITT influencing the accuracy of PA indirectly.
The aim of this study was to evaluate if the relation between TIP and PA is mediated by ITT in 110
young adults (65 females, Mage = 23 years). To assess TIP and PA, the auditory temporal order
judgment task and the Tower of London –Freiburg -computerised version were applied, respectively.
TIP was measured as the minimum gap between two successive sounds which is necessary for a
subject to reproduce their order correctly, whereas PA indicates the number of correctly solved
problems. To verify the complex relations between TIP, PA and ITT, mediation analysis was
conducted. The results indicated a significant direct effect of TIP on PA (β = -0.0483, p < 0.0018), as
well as a significant indirect effect of TIP on PA via ITT (β = -0.0191, 95% CI = -0.0330/-0.0084). It
suggested that the higher efficiency of TIP in millisecond domain predicted longer ITT, which in turn
predicted a higher score achieved in the PA. These results indicated that high resolution of
millisecond domain may provide a neural base for the efficiency of executive functioning.
Supported by National Science Centre, Poland, no. 2018/29/B/HS6/02038
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We are an aging society. The changes in the structure of population age led to an increased interest
in many aspects, especially deterioration of cognitive processes. As we know, the age-related
cognitive decline concerns many domains, including executive functions, memory or cognitive
control. Moreover, previous studies conducted in our Laboratory indicated that these deteriorations
are accompanied by deficient Temporal Information Processing (TIP) which is an essential
component of human cognition and provides a framework for many mental functions. This study
aimed to verify cognitive benefits of cognitive training based on TIP.
Subjects were 69 elderly aged from 61 to 79 years (M=68.51; SD=4.07) classified randomly into three
groups: (1) cognitive training with TIP module (experimental Group A); (2) placebo training (active
control Group B); and (3) non-active control Group C without any training. All participants completed
pre- and post-test assessment in order to verify the effectiveness of applied intervention. Each
training took 8 weeks and consisted of 24 sessions. Additionally, the stability of observed effects was
assessed in Groups A and B. Evaluation included psychological and neuropsychological tools focusing
on the following cognitive functions: TIP, executive functions, short-term memory, working memory,
divided attention and inhibitory control.
Following 24 training sessions we observed significant improvement only in Group A as compared to
both control groups. The cognitive benefits comprised: TIP, executive functions, short-term memory
and inhibitory control. These results were stable in follow-up assessment. Our results indicated the
high effectiveness of cognitive training based on TIP. We created a multidomain cognitive training
which resulted in transparent cognitive benefits. It might be expected that improvement in TIP may
lead to improvement of cognitive functions in elderly.
Supported by National Science Centre Grant Number 2015/17/B/HS6/04182.
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Introduction: The use of psychostimulant drugs to increase academic success is common among
young people, especially medical students. However, the effect of psychostimulants on academic
success not clear in the current literature.
Materials and Methods: A structured online survey was carried out with 431 undergraduate
students in different faculties of Medicine in Turkey. Comparisons between groups, correlation and
regression analysis about associated variables were made. The academic performance of the
students was evaluated with grade point average (GPA) score. Also, academic success, academic
anxiety, study performance, sleep quality and pharmacological knowledge levels were questioned
with the scale based on self-evaluations.
Results: 23 (5.4%) healthy students reported using psychostimulants to improve academic success.
There was no significant difference in age, gender, semester, objective (GPA score) and subjective
(self-report) assessment of success between users and non-users. But most of the users evaluated
that the psychostimulants are useful. Smoking and increased knowledge level of pharmacology are
risk factors for psychostimulant use.
Conclusion: We could not find a relationship between academic success and pharmacological
cognitive enhancement. Psychostimulant use had an positive effect on self-assessment of students. It
can support the hypothesis that the psychostimulants has a motivational contribution rather than a
purely pharmacological effect. The relationship of psychostimulants with alcohol and smoking should
be examined in detail, and users should be questioned in terms of susceptibility to risky behaviors
and addiction.
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Introduction: High morbidity and mortality rates associated with prematurity are a major health and
social problem. One of the most serious pathologies in the preterm newborn (PTNB) is the germinal
matrix-intraventricular hemorrhage (GM-IVH) that may lead to severe motor and cognitive disorders.
GM-IVH has no effective treatment, so the study of new therapeutic alternatives remains major issue
nowadays. Among these, caffeine (CAF) is regularly used to treat apnea in the PTNB and previous
studies have shown its neuroprotective and anti-inflammatory roles in other brain pathologies.
Methods: GM-IVH was induced by intraventricular collagenase (Col) (0.3 IU) infusion to 7 day-old (P7)
CD1 mice. CAF (10 mg/kg/day and 20 mg/kg/day) was administered i.p. for 3 consecutive days after
the lesion. We analyzed the effects of CAF treatment in the short- (P14) and the long- (P70) term. We
analyzed learning and memory at P70 in the Morris water maze and the new object discrimination
task. At P14 and P70 brain atrophy was analyzed by cresyl violet staining. Neuronal density was
measured by NeuN-DAPI immunostaining and neurite curvature was quantified by SMI-312
immunostaining in the cortex, subventricular zone and hippocampus.
Results: CAF treatment improved cortical atrophy and reduced ventricle enlargement. It also helped
to maintain neuronal density in the cortex and the subventricular zone. CAF also reduced neurite
curvature in the short term. Moreover, CAF also improved learning and memory in mice with GMIVH.
Conclusions: Our data show that CAF limits brain damage in a mouse model of GMH-IVH of the PTNB,
by reducing brain atrophy, neuron pathology and cognitive impairment. These results could pave the
way to further analyze CAF in brain pathology associated with GM-IVH of the PTNB.
Funding: I+D+i Programa operativo FEDER Andalucía 2014-2020 FEDER-UCA18-107189. Proyectos de
investigación INIBICA (LI19/11IN-CO34).
Key words: Preterm newborn, germinal matrix-intraventricular hemorrhage, caffeine, collagenase,
brain atrophy.
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Background:
Polycystic Ovarian Syndrome (PCOS) is a highly complex endocrine disorder which leads to
dysregulations in the homeostatic functions of the body, primarily affecting reproductive, neural and
metabolic health. This study investigates the effects of cognitive and metabolic alterations in Indian
women with PCOS condition.
Methods:
South Indian women volunteers (18-40 age) were recruited, as per the Rotterdam criteria, and
grouped into control and PCOS. The volunteers (n=645) were administered with Cognitive Failures
Questionnaire (CFQ), Mood and Feelings Questionnaire (MFQ), and various neuropsychological tests
viz. Corsi block-tapping test, Stroop colour test, Mental rotation test. Peripheral blood was collected
from the women with and without PCOS (n=15 each). The serotonin levels and the activities of
cholinesterase activity were estimated in plasma samples. The key regulatory metabolic enzyme
activities (hexokinase, pyruvate kinase, citrate synthase) were estimated in peripheral blood
mononuclear cell samples.
Results:
The CFQ and MFQ scores were significantly higher in women with PCOS as compared to control
group. The recall memory, Corsi, Stroop, mental rotation scores were significantly lower in PCOS
patients, compared to control group. There was a significant increase in cholinesterase activity, and
significant decrease in the serotonin levels in women with PCOS compared to the control group. The
cholinesterase activity was found to be positively correlated with CFQ and MFQ scores. Interestingly,
the serotonin levels were found to be negatively correlated with CFQ and MFQ scores. The activity of
hexokinase was found to be significantly lower while the activities of pyruvate kinase and citrate
synthase were found to be significantly higher in the PCOS group in comparison with the control
group.
Conclusion:
Taken together, the correlative effects of the altered cognitive functions and associatedphysiological mechanisms is evident in the Indian women with PCOS condition.
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Effect of GSK-3β inhibitor VP3.15 on brain pathology and cognition in a
murine model of intraventricular hemorrhage of the preterm newborn
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Introduction: Preterm newborns (PTNB) have an immature central nervous system and the germinal
matrix-intraventricular hemorrhage (GM-IVH) is one of the most severe brain complications of these
kids that affects up to 20-45% of them. GM-IVH patients may develop short and long term
neurological, sensory, cognitive and motor disabilities, as well as other neuropsychiatric disorders.
Since GM-IVH has no successful treatment, the search of new therapeutic options remains major
concern nowadays. Previous studies have shown that modulation of glycogen synthase kinase-3β
(GSK-3β) has neuroprotective effects. We therefore propose to study the short- and long-term
effects of VP3.15, a GSK-3β inhibitor, in a murine model of GM-IVH that mimicks brain pathology and
cognitive impairment observed in patients.
Methods: We use a murine model of GM-IVH, induced by unilateral intracerebroventricular injection
of collagenase at P7. Mice are treated with VP3.15 (10 mg/kg/day) i.p., or vehicle, for 7 days.
Subsequently, short (P14) and long-term (P110) postmortem studies are performed to evaluate brain
and cerebellar atrophy by cresyl violet and calbindin staining. Myelin basic protein levels are also
measured. Behavioural studies are performed prior to sacrifice at P110 and learning, spatial and
episodic memory are assessed in the Morris water maze and new object discrimination test.
Results: Postmortem studies reveal that VP3.15 treatment ameliorates brain atrophy, by reducing
cortical thinning and ventricle enlargement. VP3.15 also improves cortical myelination in our murine
model of GM-IVH. Interestingly, our results show that learning, as well as spatial and episodic
memory are improved after VP3.15 treatment.
Conclusion: Based on our preliminary results, treatment with VP3.15 limits brain atrophy and
cognitive impairment in our model, supporting further studies on the neuroprotective role of VP3.15
in the GM-IVH of the PTNB.
Keywords: germinal matrix-intraventricular hemorrhage, glycogen synthase kinase-3β, VP3.15,
myelin, atrophy.
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Altered metabolism of heparan sulfate leads to developmental dopaminergic
abnormalities responsible for autistic-like symptoms in lysosomal storage
disorders
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Lysosomal storage disorders (LSD), characterized by altered metabolism of heparan sulfate (HS),
including Mucopolysaccharidosis (MPS) III and MPS-II, exhibit lysosomal dysfunctions leading to
neurodegeneration and dementia in children. In LSD, dementia is preceded by severe and therapyresistant autistic-like symptoms (ALBSs) of unknown cause.
Using mouse model of MPS-IIIA, we discovered that ALBSs are due to increased proliferation of
mesencephalic dopamine neurons originating during embryogenesis and can be corrected during
adulthood using dopamine D1 receptors antagonist drugs, instead of the classical antipsychotic D2
receptors antagonist, haloperidol. We reproduced the gain of function of the dopaminergic system
in different in vitro models of MPS-IIIA and demonstrated that it was due to altered function of HS.
These findings identify for the first time embryonic dopaminergic neurodevelopmental defects due
to defective function of HS leading to ALBSs in LSD and support evidence showing that altered HS
related genes function are causative of autism.
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Recurrent food craving-like episodes during pregnancy are mediated by
accumbal D2R-neurons and impair offspring health
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Food cravings for high-palatable foods are highly prevalent during pregnancy and contribute to the
maintenance and development of gestational overweight/obesity. However, the neurobiology and
molecular mechanisms underlying this distinct ingestive behavior remain unknown. Here, we show
that mice, similar to humans, also experience gestational food craving-like episodes. These are
associated with a functional brain connectivity reorganization affecting key components of the
dopaminergic mesolimbic circuitry. Pregnancy engages a dynamic modulation of dopaminergic
signaling through Nucleus Accumbens D2R neurons, which directly modulate food craving-like
events. Importantly, persistent maternal food craving-like behavior has intergenerational effects thus
deteriorating offspring neuropsychological and metabolic health. Our results reveal the cognitively
motivated nature of pregnancy food cravings and advocates for moderating emotional eating during
gestation.
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Thalamus Volume Decreases After Four Years Of Temporal Lobe Epilepsy
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The study of brain structural disorders and their development depending on the localization of the
epileptic focus is of significant scientific and practical interest. Comorbid depression, which occurs in
40% of patients with epilepsy, significantly aggravates the seizures and worsens the patients' quality
of life. The aim of this study was to determine the effect of epilepsy and comorbid depression on the
morphological characteristics of the brain compared with healthy volunteers.
The study included three groups, balanced by age, sex and number: patients withtemporal lobe
epilepsy (TLE, 42 people), patients with TLE and comorbid depression (38 people), healthy
participants (control group, 48 people).MRI of the brain was performed on the EXCELART
VantageAtlas-X “Toshiba” scanner, Japan) with a magnetic field induction of 1.5 T in standard
modes.The Freesurfer software (http://surfer.nmr.mgh.harvard.edu/) was used to processstructural
T1-weighted images of the brain. At the individual level, the values of the volumes of brain structures
were obtained. At the group level, IBM SPSS Statistics 17.0 performed one-way analysis of variance
for three groups with the Holm-Bonferroni multiple comparison correction and Tukey's post hoc test.
Significant differences were found between both groups of patients and the control group in the
following structures: an decrease in volumes of the left (F=10.639;p=0.000) and right thalamus
(F=9.405;p=0.000), an increase in volumes of the left (F=6.223;p=0.003) and right choroid plexus
(F=6.792;p=0.002). Interestingly, no differences were found between the two groups of patients, that
is, comorbid depression does not affect changes in the volume of structures. A correlationswere also
found between the age and duration of the disease and the size of the thalamus and choroid plexus:
with age, the detection of volumes increased. Finally, the decrease in the left and right thalamus did
not occur immediately, but in 4-10 years of the course of the disease.
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Role of Virgin Coconut Oil in Regulation of Energy Metabolism in the Striatum
of Wistar rats.
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Background: Dysregulation of the neuro-endocrine immune network contribute to dysfunctions in
energy metabolism associated with several age-associated diseases. Hypolipidemic, metabolic and
anti-inflammatory benefits of Virgin coconut oil (VCO), rich in polyphenols and nutrients warrants
further investigation on the role of VCO as a food supplement in neuroendocrine regulation of
energy metabolism in Wistar rats.

Methods: Young, middle-aged, and old (n=10/group) female Wistar rats were grouped into control
and 8%VCO treatment group. The animals were sacrificed after 50 days and the striatum was isolated
to measure the activity of enzymes involved in glucose metabolism (Glycolysis: hexokinase,
phosphofructokinase and pyruvate kinase), (Kreb’s cycle: citrate synthase), mitochondrial enzymes
(cytochrome c oxidase, sodium-potassium ATPase), expression of GLUT-1, nitric oxide, the extent of
lipid peroxidation and activity of antioxidant enzymes (SOD, catalase, GPx and GST).
Results: Age-associated decline of enzymes involved in glucose metabolism in middle-aged and old
rats was significantly reversed on treatment with VCO. Expression of markers of mitochondrial
function decline with age, but are reversed following VCO treatment. Antioxidant status and nitric
oxide are also significantly enhanced in VCO treatment compared to control. Glucose transporter
molecule GLUT-1 expression also declines with age but is elevated significantly in the VCO-treated
groups. Increased lipid peroxidation in old rats was significantly reversed upon VCO treatment.
Conclusion: The study shows that dietary intake of VCO can provide increased activity of metabolic
enzymes and antioxidant enzymes that are required to maintain homeostatic functions. With the
increased efficiency of enzyme activity, there may be a decrease in metabolic alterations that would
alleviate the risk of age-associated disorders.
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Behavioral and Neurobiological evaluation of Fmr1KO rats, a model of the
Fragile X Syndrome.
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Fragile X Syndrome (FXS), the most common monogenetic leading cause of inherited intellectual
disability and autism, is caused by the silencing of the Fragile X Mental Retardation 1 (FMR1) gene,
leading to the loss of the Fragile X Mental Retardation protein (FMRP). Experimental studies have
been mainly focused on Fmr1 knock-out (KO) mice while a few studies investigated behavioral,
neurobiological, and electrophysiological alterations in Fmr1KO rats, an animal model with improved
translational value.
Therefore, in the present study we investigate the biophenotype of Fmr1KO rats using specific
behavioral tasks that are related to motor activity and cognitive functions along with neurobiological
indices associated to neuronal plasticity.
Female and male 12-16 weeks old rats, LE-Fmr1em2Mcwi referred to as Fmr1 KO, and WT
littermates, were used throughout this study. Motor activity was evaluated in habituated and nonhabituated rats in an open field apparatus, and behavioral motor habituation was also assessed.
Object recognition memory was assayed through the Object Recognition Task (ORT). Glutamatergic
function was evaluated in terms of neurotransmission and receptor protein expression, along with
specific neurobiological indices related to neuroplasticity, in distinct rat brain regions.
Specifically, sex-dependent behavioral differences have emerged between KO and WT rats.
Moreover, a differentiated neurobiological profile related to glutamatergic function and
neuroplasticity was found in KO rats as compared to WT rats.
Present findings have shown a specific bio-phenotype of Fmr1KO rats that further contributes to
experimental studies of intellectual disability and autism.
Funding:
This research has been co‐financed by the European Regional Development Fund of the
European Union and Greek national funds through the Operational Program Competitiveness,
Entrepreneurship and Innovation, under the call RESEARCH – CREATE – INNOVATE (project
code:T2EDK-02075).
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Melatonin rescues visual-behavioral deficits in rd10 mouse model of retinal
degeneration
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Background/Objective: Retinal degeneration 10 (rd10) is a mouse model of retinitis pigmentosa with
rapid retinal photoreceptors degeneration peaking around postnatal day 28. Accumulating evidence
indicate that degeneration of retina not only leads to visual impairment or blindness but also
develops neuropsychiatry symptoms and neurocognitive impairment by affecting the function of the
limbic system mainly hippocampus through ventral visual pathway. Although a recent study has
indicated that melatonin treatment diminishes the photoreceptors death in rd10 mice, the
mechanisms by which melatonin induced neuroprotection and the functional outcome of melatonin
treatment in this rd10 model remained largely obscure.
Methodology: 1-month old male rd10 mice treated with melatonin (10 mg/kg, 4 weeks, i.p.) were
tested electrophysiologically and behaviorally to evaluate the visual and behavioral functions.
Morphological and biochemical studies were conducted to further evaluate the neuroprotective
effects of melatonin treatment.
Results and Discussion: Our results demonstrated that melatonin treatment improved both a- and bwaves in electroretinography and restored visual-evoked potentials recorded from primary visual
cortical neurons, indicating the retention of functional interaction and integrity between the retina
and visual-cortex. Furthermore, melatonin treatment rescued the rd10 behavioral deficits of anxiety,
social and visual memory function as measured by the novelty-suppressed feeding test, social
novelty, and visual memory tests. Interestingly, experiments with temozolomide treatment
demonstrated that melatonin mediated improvement of rd10 behavioral deficits was through both
neurogenesis-dependent and -independent mechanisms. These findings were further supported by
an increase of NeuN, BrdU, DCX cells in the hippocampus, and biochemical studies on the
neurogenesis as well as synaptogenesis related markers in visual cortical and hippocampal regions.

Conclusion: Our findings suggest that melatonin could be a potential therapeutic drug in rescuing
visual and behavioural deficits through neurogenesis-dependent and -independent mechanisms in
retinal degeneration.
Keywords: Melatonin, rd10, retinal degeneration, neurogenesis.
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Eletrophysiological and behavorial data contrast on the influence of fasting
and endogenous cannabinoids on chemically induced epileptic seizures
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Epilepsy is a complex chronic disease of variable severity characterized by a lower neuronal threshold
for recurrent unprovoked seizures. The disease is most incident in developing countries and is
associated with a 30% refractory response rate, which reflects the need for cost-effective,
pathophysiologically-based treatment options. In a preliminary study from our group, fasting
reduced latency and increased intensity of behavioral seizures induced by pentylenetetrazol (PTZ)
convulsant. Fasting effects were reversed by the CB1 receptors antagonist AM251, suggesting that a
cannabinoid regulation mechanism is involved. Although it is appealing to relate endocannabinoids
to fasting effects on seizures, a thorough evaluation of these effects is required both in neural and
behavioral aspects. The present work aims to evaluate the effects of fasting on
electroencephalographic (EEG) signal during epileptic seizures pharmacologically induced by PTZ. All
animal experiments were approved by the Ethics Committee on Animal Use (CEUA) at the University
of Brasília (UnBDoc nº 44987/2011).
In brief, eighteen Wistar rats (approximately 300g) will be divided in four experimental groups and
given 70mg/kg doses of PTZ convulsant. For the bioassays, a cannula is surgically implanted at each
rat’s right lateral ventricle and six cranial electrodes are placed at the coordinates: AP: +2; -2; -6mm,
ML: -3mm, based on bregma. After surgery recovery, the rats are connected to a wireless video-EEG
recording system. Behavioral data will be classified according to the revised Racine’s scale for PTZinduced seizures in rats (Lüttjohann et.al., 2009) and associated EEG recording profiles. Latency to
seizure onset as well as seizure severity will be compared across treatments and between analysis
methods by newly-developed MATLAB code routines. As prospective results, we expect worsening of
seizures during fasting and reversal of effects by CB1 receptor blockade, corroborating previous
results, further indicating a role for endocannabinoids in the effect of fasting over pharmacological
seizures.
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Corrective changes by exogenous melatonin in behavioural patterns and
BDNF-TrkB pathway in high fat high fructose and/or chronodisruption treated
C57BL/6J mice
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Lifestyle disorders are well reported but little is known about their implications on neurobehavioral
health. Studies suggest that central and peripheral inflammation affects hippocampal function by
triggering depression and anxiety that often culminates in locomotory and cognitive impairment.
Hippocampal neuronal signaling via BDNF and its receptor TrkB plays a key role in the
pathophysiology of depression, anxiety and locomotor deficits. In our study, C57BL/6J mice were
subjected to photoperiodic shifts prompted chronodisruption (CD) by phase advance (lights off at ZT
04) or phase delay (lights on at ZT 20; with 0700h as ZT 0) alone or in combination with high fat-high
fructose (60% fat and 20% respectively; HFHF) diet for a period of 18 weeks. Behavioral test for
depression (force swim and tail suspension tests), anxiety (elevated plus maze and hole-board test),
locomotion (actimeter) and cognition (morris water maze and novel object recognition tests) were
performed during the day and night times. C57BL/6J mice treated with HFHF diet, CD or a
combination caused an impaired learning, depression like behavior and lack of cognitive function in
both diurnal and nocturnal phases of study coupled with an elevated corticosterones levels.
Exogenous melatonin improved the said parameters more prominently during the diurnal phase than
the nocturnal phase. Microscopic observations of HFHF and CD groups revealed gross neuronal loss
that was supported by results obtained in mRNA (Bdnf, TrkB, Synapsin-1, Gdnf and Ngf) and
immunoblots analysis (BDNF, TrkB, Synapsin-1 and ERK 1/2) of hippocampal tissue. Melatonin
treatment appeared to reverse the said changes suggesting an improvement in BDNF-TrkB
downstream signaling supported by corrective changes in behavioral parameters. The study
highlights the role of melatonin as an important hormone in management of neurobehavioral
changes occurring during lifestyle disorder.
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The influence of Pavlovian conditioning-induced hallucinations on MMN
amplitude.
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The mismatch negativity (MMN) is an evoked potential that appears every time an auditory
regularity is broken. During the last decades, the MMN has received a large amount of attention by
the scientific community, especially due to its aberrant modulation in mental disorders and,
particularly, in schizophrenia. Recently, different studies have specifically related this brain alteration
to the presence of auditory hallucinations (AH onwards) rather than the schizophrenia diagnostic.
However, making this attribution is rather complicated due to the high heterogeneity of
schizophrenia diagnosis. In an attempt to isolate AH influence on MMN amplitude from other
cofounding variables, we artificially induced AH in non-clinical population. To do so, we used a
Pavlovian conditioning paradigm that associates a visual cue with a tone. After several trials, just by
presenting the visual cue, subjects report to hear the auditory stimulus even when it was in fact
absent. Importantly, this paradigm has been shown to have ecological validity, as people suffering
from schizophrenia and AH are more likely to experience induced AH. Before and after this task,
participants face an oddball paradigm that elicits MMN. Two different types of deviant are
presented: a frequency deviant and a duration deviant, as the MMN alteration seems to be especially
present in schizophrenia with the latter type of deviant. Hence, this experiment allows us to compare
whether experiencing auditory hallucinations exert any influence on MMN amplitudes and whether
this influence is distinct depending on the kind of deviant used. Our preliminary results show that
artificial auditory hallucinations might influence the MMN amplitude, especially when duration
deviants are used.
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Bassoon is a central organizer of presynaptic active zone and is involved in important presynaptic
functions including homeostatic synaptic plasticity, proteasomal degradation, autophagy and CA3
mossy fiber synapse development. Human BSN gene mutations have been identified in
neurodevelopmental conditions including Landau-Kleffner syndrome (an early childhood epilepsy)
and intellectual disability. Bassoon constitutive knockout (KO) mice often suffer from epileptic
seizures hindering an in-depth behavioral analysis. We therefore previously generated conditional
Bassoon KO mice in glutamatergic neurons, leading to immature dentate gyrus (DG) phenotype and
DG-dependent learning changes. However, Bassoon role in inhibitory synaptic terminals has not been
addressed so far. To answer this, we have generated conditional KO of Bassoon in GABAergic
interneurons (cKO - Bsn2lx/lx X Dlx5/6-Cre) and compared to littermate controls in
immunohistochemical, behavioral and electrophysiological analysis. Immunohistochemical analysis
confirm a selective loss of Bassoon expression in inhibitory presynapses of cKO mice. Behaviorally,
cKO mice display deficits in nest building behavior in the home cage, show novelty-induced
hyperlocomotion in open field and increased anxiety like behavior in open field, elevated plus maze
and light-dark tests. Social recognition/memory deficits of cKO mice are evident in a 3-chambered
social test in addition to a reduced approach towards females in estrus or their urine and a lack of
ultrasonic vocalizations through the male cKO. Furthermore, electrophysiological field recordings in
cKO mice reveal a profound disturbance of interneuron-dependent control of excitability and
network activity patterns including reduced excitability in ventral hippocampal Schaffer collateralCA1 synapses, reduced gamma oscillations frequency and increased recurrent epileptiform
discharge. Altogether, our results indicate that selective Bassoon deficiency in GABAergic
interneurons in mice results in pronounced emotional and social behavioral changes, reminiscent to
autism spectrum disorders. This model may be helpful to determine critical synaptic and network
activity changes involved in these conditions.
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Behavioral and neurochemical impact of cannabidiol on amphetaminesensitized rats
Asprogerakas M1 Brakatselos C1 Delis F1 Ntoulas G1 Glaros S1 Samartzidou G1 Antoniou K1
1

University Of Ioannina Ioannina Greece

Amphetamine (AMPH) induced-sensitization in rats is a preclinical procedure relevant to
schizophrenia related psychopathology. On the other hand, cannabidiol (CBD) is a non-addictive
component of cannabis, which is known for its anti-psychotic potential. However, there are a few
studies, which have investigated the impact of CBD on amphetamine induced-sensitization.
Therefore, the purpose of this study was to investigate the role of CBD on amphetamine-sensitized
rats in terms of behavioral alterations along with dopaminergic changes in distinct rat brain regions
related to pathophysiology and treatment of schizophrenia.
Adult male Sprague-Dawley rats received escalating doses of AMPH or vehicle (VEH) for 5 days,
followed by CBD or saline (SAL) treatment for 5 days. Subsequently, motor activity was evaluated
after amphetamine challenge, using open field apparatus. Dopaminergic activity as depicted by
dopamine (DA) and its metabolites (DOPAC, HVA) levels, was evaluated in distinct rat brain regions,
using the method of high-pressure liquid chromatography (HPLC).
Amphetamine sensitized rats displayed overstimulated motor activity following amphetamine
challenge. CBD treatment reversed this effect in terms of horizontal and vertical activity.
Neurochemical analysis revealed region specific dopaminergic alterations that were modulated by
CBD in amphetamine sensitized rats.
Escalating doses of amphetamine produced a behavioral and neurochemical profile characterized by
exaggerated response to amphetamine and aberrant dopaminergic activity. CBD treatment reversed
the behavioral amphetamine sensitization, while modulated dopaminergic activity in a regionspecific manner. Our findings provide novel insights in our understanding of dopaminergic
experimental models of schizophrenia, while enrich our understanding regarding CBD antipsychotic
properties.
Keywords:
Cannabidiol, amphetamine, rats, motor activity, behavior, dopamine
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Attachment bond plays a critical role in psychological health development, and experiences affecting
this bond can result in maladaptive behaviours later in life. Interestingly, stressful events can affect
psychological health not only in individuals who experience it, but also in subsequent generations.
Although the higher vulnerability to psychiatric disorders shown by the offspring of early-life trauma
exposed parents is known, less is known about the transmission of psychopathological consequences
of attachment bond alterations. Intergenerational transmission occurs through interaction between
parental behaviour alterations and epigenetic mechanisms. Here we studied intergenerational
transmission of alterations induced by mother-pups bond interference as well as the consequences
on coping strategy in adulthood in an inbred mice model (C57BL/6J; C57). We have previously
demonstrated that exposure to an early-life manipulation interfering with mother-pups bond
(Repeated Cross Fostering, RCF), induces in adult C57 female mice increased resilience to depressionlike phenotype, consisting in increased active coping strategy in the forced swimming test (FST) and
enhanced preference for rewarding stimuli (saccharine preference), while increases depression-like
behaviour in C57 male mice. Based on these findings, control and RCF adult mice were paired in a
factorial design to generate offspring groups with only maternal (RC), only paternal (CR) or biparental (RR) RCF experience. Female and male mice from RC, CR, and RR groups were tested in adult
life to investigate their behavioural phenotype (coping strategies and response to rewarding stimuli).
Interestingly, our results show that males and females offspring from RCF male mice increased
passive coping strategies and reduced preference for saccharine, regardless of maternal experience
(CR or RR groups). These data demonstrate that the offspring of males experiencing defective
mother-pups bond (RCF) displayed the same depression-like phenotype shown by their fathers, they
have never been exposed.
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Ketamine (KET) has been associated with the induction of schizophrenia-like profile, while
accumulating evidence from clinical and experimental studies support the antipsychotic potential of
cannabidiol (CBD). This study aims to investigate specific behavioral, neurochemical, and
neurobiological aspects of the schizophrenia-like bio-phenotype induced by repeated subanesthetic
KET, and to explore the potential mitigating role of CBD.
Male adult Sprague-Dawley rats have been treated with 30 mg/kg/day KET or saline (SAL) for 10
days. Subsequently, rats were treated with 10 mg/kg/day of CBD, or vehicle (VEH). Two days after
the last injection, rats underwent a battery of behavioral tests consisting of spontaneous and
habituated open-field activity, object recognition task, social interaction, and pre-pulse inhibition.
Moreover, the dopaminergic and glutamatergic activity in specific brain regions involved in the
neurobiological substrate of schizophrenia was estimated with HPLC. In parallel, protein expression
levels of neurobiological indices associated with neuroplasticity processes and their downstream
signaling were evaluated with western blot.
KET-treated rats displayed defected motor habituation, impaired recognition memory, social
dysfunction, and sensorimotor gating deficits. Subsequent CBD treatment ameliorated the behavioral
alterations. Neurochemical analyses have shown region-specific dopaminergic alterations while
western blot analyses demonstrated an affected expression pattern of downstream signaling related
to glutamatergic function and neuroplasticity following KET treatment. These neurobiological
alterations were modulated in KET-CBD treated rats.
Repeated KET administration induced a schizophrenia-related bio-phenotype in terms of behavior
and the subsequent neurochemical and neurobiological analyses. CBD ameliorated or reversed the
behavioral aspects of this schizophrenia-like model while affected KET-induced neurochemical
alterations and modulated the neurobiological underpinnings of the bio-phenotype in a regionspecific manner. The abovementioned findings characterize further the schizophrenia-like biophenotype induced by repeated KET, provide insights regarding schizophrenia pathophysiology, and
enrich our understanding of the antipsychotic potential of CBD.
Funding: Hellenic Foundation for Research and Innovation-(HFRI) under the HFRI-PhD-Fellowshipgrant (FellowshipNumber: 1203).

Theme: Psychiatric Disorders

Adolescent stress induces long-lasting behavioral changes and decreases the
number of parvalbumin-positive cells and their associated perineuronal nets
in the prefrontal cortex and ventral hippocampus
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Childhood and/or early adolescence is a period when the organism is highly vulnerable to socioenvironmental factors. In fact, the exposure to stress during these periods contributes to the
development of several psychiatric disorders later in life. This increased susceptibility to stressinduced damage has been associated with a higher vulnerability of parvalbumin-containing
interneurons during sensitive periods. To assess the effect of stress during adolescence and
adulthood, male C57BL/6J mice were exposed to the following stressors: three restriction stress (RS)
sessions for 1 hour; daily footshock (FS) or the combination of FS and RS during the postnatal day
(PND) 31-40 for adolescent stress or PND 60-71 for adult stress. Five weeks after the adolescent or
adult stress, the animals were submitted to different behavioral tests, such as the elevated plusmaze, social interaction and discrimination test, object recognition test and locomotor response to
amphetamine. Finally, we evaluate the expression of parvalbumin (PV) and perineuronal nets (PNNs)
in the prefrontal cortex and ventral hippocampus by immunohistochemistry. At adulthood,
adolescent exposure to FS induced anxiety-like responses, impairments in social and cognitive
function, and enhanced locomotor response to amphetamine. In addition, FS caused a decrease in
the number of PV-positive cells and their associated PNNs in the prefrontal cortex and ventral
hippocampus at adulthood. Adult stress did not induce changes in behavior and PV/PNN expression.
These findings agree with evidence indicating that adolescent stress produces long-lasting behavioral
changes, which may be associated with a stress-induced functional loss of PV interneurons.
Keywords: stress; adolescence; PV interneurons; PNNs.
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Associations between maternal post-traumatic stress disorder and traumatic
events with child psychopathology: Results from a prospective longitudinal
study
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Introduction: Maternal interpersonal violence (IPV) related to post-traumatic stress disorder (PTSD)
can affect the mother-child relationship during early development, and in turn, the mental health of
their children and their own propensity for aggression/victimization. Our objectives are to assess the
association: (1) of maternal IPV-PTSD to child psychopathology, (2) of maternal IPV independently of
PTSD to child psychopathology, and (3) between peer-to-peer bullying and victimization to the child
psychopathology.
Methods: We used data from the longitudinal Geneva Early Childhood Stress Project. The sample
included 61 children (mean age = 2.4 [1.2-3.7] years) of mothers with or without IPV-PTSD. Data on
mothers was collected using the Clinical Administered PTSD Scale (CAPS), the Brief Physical and
Sexual Abuse Questionnaire and the Conflict Tactics Scale. Modules of a semi-structured interview,
and a questionnaire on bullying/victimization were used to collect information on child.
Results: A higher CAPS score in mothers was associated with an increased risk of symptoms of PTSD
(p=0.027) in children. A maternal history of childhood sexual abuse was associated with an increased
number of separation anxiety (SAD; p=0.022), attentional deficit/hyperactivity (ADHD; p=0.042), and
generalized anxiety (GAD; p=0.024) symptoms, whereas physical abuse was associated with an
increased risk of depression in children (MDD; p=0.006). Children who reported being more
aggressive with peers had an increased number of PTSD symptoms (p=0.003), whereas victims of
bullying had an increased risk of SAD (p=0.003), ADHD (p=0.002), MDD (p=0.003), GAD (p<.001) and
oppositional defiant disorder (p=0.004).
Conclusion: Our findings suggest that mothers’ IPV and IPV-PTSD exert an influence on the
development of psychopathology in their children, regardless of whether their children had been
exposed directly to IPV. Addressing maternal IPV and IPV-PTSD, screening for child psychopathology,
and supporting preventive school-based programs targeted at bullying/victimization may help to
interrupt the development of child psychopathology and aggressive/victimization behavior.
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Allocentric processing in mild cognitive impairment and early Alzheimer’s
disease using an immersive virtual reality object location paradigm
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Background: Mild cognitive impairment (MCI) and Alzheimer’s Disease (AD) are major contributors to
disability in old age and defined in the early stages by spatial memory deficits associated with
hippocampal (HC) and entorhinal (EC) atrophy. Currently diagnosis occurs late in the process which
limits efficacy of interventions. This study investigated the neural correlates of a novel object location
task (OLT) in immersive virtual reality (iVR).
Methods: Twenty amnestic MCI (aMCI) patients and twenty two healthy controls were tested on the
iVR OLT, underwent neuropsychological testing and structural MRI scanning. OLT performance and
HC, EC subfield volumetric data were compared between groups, and correlational analyses of HC/EC
volumes and performance were conducted.
Results: Participants with aMCI were significantly impaired in object location recall and object
recognition compared to controls. They had significantly smaller total HC, subiculum, CA1, EC and
perirhinal volumes. There was a significant interaction of group in analysis of neural correlates: OLT
performance was strongly predicted by total HC and subiculum volumes in patients only. EC subfields
were not significant predictors of performance.
Conclusion: Performance on the novel OLT in immersive VR is a good indicator of HC integrity in older
adults with amnestic MCI and can improve the future diagnostic process for people with MCI and AD.
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Unexpected interactions between maternal immune activation and THC
during adolescence on social interaction and sensorimotor gating
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In this work, we employ a two-hit animal model of neurodevelopmental disorders, combining
maternal immune activation (MIA) and chronic exposure to ascending doses of THC during
adolescence (CTA) in male and female rats to study potential alterations in several schizophreniarelated symptoms in the positive, negative and cognitive domains.
Pregnant Sprague-Dawley rats were injected with lipopolysaccharides (LPS) or saline at gestational
days 15 and 16 (50 µg/kg), and their male and female offspring injected with increasing doses of THC
(3, 5 and 10 mg/kg i.p.) or vehicle from postnatal day (PN) 30 to postnatal day 40.
The behavioural study began on postnatal day 70. First, we tested Y-maze performance as an index
of working memory, then the three-chamber test as a measure of social interaction, and finally, we
employed prepulse inhibition (PPI) to assess sensorimotor gating.
We observed no significant effects due to sex, MIA or CTA on Y-maze performance. With regard to
social interaction, we found that, in females but not in males, MIA increased social interaction,
however, this effect was absent in rats with CTA. Social novelty preference was increased in rats with
MIA experience but only in those animals with CTA. Lastly, there was an interaction between sex and
MIA where PPI seemed to be reduced by MIA only in female rats.
These unexpected interactions between two known vulnerability factors for schizophrenia need to
be further explored to ascertain its relevance for the clinical situation and for the validity of this twohit mode in the general context of neurodevelopmental diseases, including schizophrenia.
Funding provided by Ministry of Science and Innovation (State Agency of Research) Grants: PID2019104523RB-I00 to A-HM and PID2019-111594RB-100 to EA.
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Corticosterone administration shortly after trauma exposure preventing the
behavioural and PPM1F regulation in a mice PTSD-like model: Evaluation of
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Exposure to stressful or traumatic life experiences increases risks of developing posttraumatic stress
disorder (PTSD) and depressive disorders. Unfortunately, to date, there are still no generally
accepted biomarkers in clinical use. However, convergent evidence from animal and human studies
show that PPM1F-CAMK2G (Protein phosphatase 1F - Calmodulin Dependent Protein Kinase II g) are
trauma-specific biomarkers regulated by traumatic stress and associated with PTSD and depression.
The main goal of this study was to evaluate the potential behavioral and biological sex differences
after the induction of a PTSD-like model in mice. Moreover, we have also tested how corticosterone
administration affects both the PTSD-like symptoms and the natural dynamics of PPM1F-CAMK2G. To
this purpose, mice were exposed to 2 hours stress immobilization and received vehicle or CORT
injection 1h after the PTSD-like model induction. Afterward, we analyzed anxiety-like behaviors
[elevated plus maze, open field and reactivity to novelty], sociability [social preference test] and
depressive-like behaviors [saccharine preferences and forced-swim test]. Additionally, mRNA levels
of PPM1F and CaMKIIG have been evaluated in blood samples collected 2 hours and 1 day after the
model induction. The results indicate that corticosterone is able to prevent the development of
depressive-like behaviors and improve the deficit in social motivation induced by the model.
However, the treatment does not modify locomotor activity and is not capable of reversing either
the anhedonia or the anxiety-like behaviors. Regarding the sex differences, our results suggest that
there are slight differences at the behavioral level and a clear sex difference in the time course of
peripheral expression of PPM1F induced by stress. Likewise, corticosterone treatment reversed the
short-term reduction in the peripheral expression of PPM1F only in females. Thus, this study extends
our knowledge on the novel biological indicators PPM1F-CAMK2G and corticosterone prevention
treatment of these disorders.
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Enhancing adult hippocampal neurogenesis promotes stress resilience
associated with modifications of the hippocampus-infralimbic pathway.
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Posttraumatic stress disorder (PTSD) is a neuropsychiatric illness which can occur after being exposed
to a traumatic event, inducing typical symptom clusters in patients such as intrusive memories,
avoidance behaviors and an overdrive of the autonomous nervous system. This traumatic event also
triggers morphological and functional alterations in brain regions mediating emotions and stressrelated situations. The pathophysiology of PTSD is characterized by a decreased activity of regions
implicated in fear inhibition and an increased activity of regions implicated in fear expression. These
alterations are associated with modifications of the hippocampus, a structure that plays an important
role in contextual processing. Studies highlighted that an alteration of the hippocampus and more
precisely the dentate gyrus, where adult neurogenesis stem from, could induce abnormalities in
stress regulation, fear response extinction and contextual memorization. Conversely, because factors
increasing AHN also foster resilience to stress, it is possible that promoting AHN could protect from
stress-induced impairments. This knowledge made ground for an hypothesis, that is, the integrity of
new neurons could be an important factor in the development of PTSD. To answer this very question,
we worked on mice having an increased adult-generated neurogenesis (Ibax mice) and confronted to
an acute traumatic stress (electric foot-shock). Our results showed a decrease in anxiety-like
behaviors and in fear responses, suggesting that the increase of newborn neurons is sufficient to
reverse some aspects of the trauma-related phenotype. Moreover, decreased fear responses were
associated with neurobiological modifications in related brain regions as well as an increased activity
of the hippocampal-infralimbic projections. Thus, it is possible that adult hippocampal neurogenesis
impacts the activity of extra-hippocampal brain areas involved in fear extinction, whereby promoting
resilience to acute stress.
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Early IGF1 Receptor Inhibition Leads to Synaptic Deficits & Impaired Behavior:
Implications for Preterm Newborns
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Recent advances in neonatal care have sharply decreased the occurrence of severe brain lesions in
premature infants. However, preterm birth remains a leading cause of non-genetic neuropsychiatric
disabilities. Premature newborns present high rate of neurodevelopmental issues that span across
multiple domains including cognitive disabilities, Attention Deficit and Hyperactivity Disorder (ADHD)
and Autism Spectrum Disorder (ASD). Insulin like Growth Factor 1 (IGF1) is a major fetal growth
hormone in utero, especially during the third trimester of pregnancy. As a consequence of the
premature birth, preterm newborns fail to receive maternal IGF1 from the mother’s placenta. Thus,
serum levels of IGF1 in preterm newborns are lower compared to the corresponding in utero levels.
Through its effects on brain growth and maturation, IGF1 promotes neural circuits and myelin
formations. Whether and how IGF1 deficiency is involved in preterm brain disorders associated to
preterm birth is currently unknown.
In this study, we mimicked in mice the IGF1 deficiency of preterm newborns during the
corresponding period of human pregnancy, and we evaluated whether this is sufficient to induce
behavioral alterations. Mice that received a transient treatment with an IGF1 receptor inhibitor
during development, performed poorly in a spatial and recognition memory test, and exhibited
behaviors related to ASD core symptoms in adolescence. Furthermore, electrophysiological analysis
showed increased excitability of CA1 pyramidal neurons associated with defective excitatory and
inhibitory transmission in IGF1 receptor-inhibited mice.
Our study establishes a causality between reduced IGF1 signaling early in development and the
appearances of behavioral alterations later in life in mouse models, highlighting the potential clinical
impact of IGF1 deficiency in premature babies. We also suggest that IGF1- mice might be a future
animal model for further studying prematurity.
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The effects of cannabidiol on neurobiological indices related to glutamatergic
function induced by chronic ketamine treatment
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Ketamine (KET) exposure is related with schizophrenia-like profile, while the antipsychotic potential
of cannabidiol (CBD) is demonstrated in accumulating studies. This study investigates specific
behavioral and neurochemical/neurobiological aspects of the schizophrenia-like bio-phenotype
induced by repeated KET, and explores the potential alleviating role of CBD.
Adult Sprague-Dawley rats were treated with subanesthetic KET doses or saline (SAL) for 7 or 10 days
and open-field motor activity was evaluated. Subsequently, a subset of rats was treated with KET
(30mg/kg) or SAL for 10 days, followed by 5-day CBD treatment, and motor activity was evaluated.
Another subset undergoing the same treatment as the previous one, was sacrificed and specific brain
regions were isolated. Glutamatergic activity was estimated using HPLC, while protein expression of
glutamatergic receptor subunits and downstream signaling were evaluated with western blot.
Rats’ locomotion remained unaffected after 7-day KET treatment, while the 10-day treatment
increased locomotion. This effect was eliminated in CBD-treated rats subjected to 10-day KET pretreatment. KET induced region-dependent glutamatergic alterations that were modified following
CBD. Western blot revealed altered glutamate receptor subunit expression pattern in specific brain
regions, while CBD treatment modulated KET-induced neurobiological profile.
Behavioral analyses revealed that chronic subanesthetic KET treatment requires specific dosage to
induce motor alterations. Alongside, KET affects glutamatergic function in terms of
neurotransmission and receptor subunit expression patterns. CBD reverses KET-induced behavioral
outcomes, while modulates KET’s effects on glutamatergic function. Our data broaden the
understanding of glutamatergic hypofunction in animal models reflecting schizophrenia, while
highlight CBD’s mitigating role, and link its antipsychotic potential with the modulation of
glutamatergic neurotransmission.
Research co-financed by Greece and European Union (European Social Fund-ESF) through the
Operational Program «Human Resources Development, Education and Lifelong Learning 2014-2020»
in the project “Effects of ketamine on glutamatergic neurotransmission and neuronal plasticity.
Investigation of potential compensatory action of cannabidiol” (MIS 5047623).
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Long-term effects of repeated restraint stress on prepulse inhibition levels in
mice
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A deficit of Prepulse inhibition (PPI) of the startle reflex is considered an endophenotype of
schizophrenia. Stress is a risk factor for this disorder and is able to impair PPI levels. The objective of
this study was to evaluate the long-term consequences of repeated stress on PPI, according to their
baseline levels.
OF1 mice (57 males, 59 females) were categorized as high or low in PPI. Subsequently, they were
exposed to stress (0, 30 or 60 minutes of immobility in 4 sessions every 72 hours). After 3 weeks,
their PPI levels were evaluated again.
The results show that mice with high PPI decrease their PPI compared to pre-stress after 30min (p
<0.014) and 60min (p <0.0001) of immobility, while animals with low PPI increase it after 30min (p
<0.0001) and 60min (p <0.013). In the post-stress session, although the significant differences in PPI
between the subjects with high and low PPI are maintained (p <0.043), the animals with low PPI
showed a higher PPI than their controls after 30min of immobility (p <0.03), while those with high PPI
presented a lower PPI than their control counterparts after 60min (p <0.005).
In view of our results, stress decreases the PPI of animals with high inhibition in a proportional
manner according to the level of stress suffered (30min<60min), while increasing it in mice with low
inhibition, more so after 30min than after 60min of immobility. Therefore, a situation of repeated
stress modifies the long-term PPI levels differently, according to their previous baseline PPI level; and
the PPI paradigm is able to predict this long-term impact of stress.
Acknowledgments: UV-INV-AE19-1203315; RD16/0017/0007 y PSI2017-83023.
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Neurensin-2: a novel cell-type specific mediator of depression and anxiety
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Depression is a leading cause of disability worldwide. However, the cellular and molecular
mechanisms underlying depression and its treatments are poorly understood. Recent studies suggest
that the traditional antidepressants induce adaptive changes in hippocampal cholecystokinin (CCK)
inhibitory interneurons to exert their therapeutic effect. These neurons also express high levels of
SMARCA3, a chromatin remodeler that mediates the behavioral response to chronic antidepressants.
In this study, we deleted SMARCA3 from CCK cells and observed a profound depressive-like
phenotype and functional impairment in these cells. We then applied the Translating Ribosome
Affinity Purification (TRAP) method to profile genes that are regulated by SMARCA3 in CCK
interneurons to modulate cell function and emotional behavior. We found that SMARCA3 in CCK cells
regulates the expression of a vesicular protein, Neurensin-2. This endosomal protein is dynamically
upregulated by stress and is selectively expressed in subtypes of hippocampal interneurons. Using
viral-mediated overexpression, we found that Neurensin-2 regulates the function of CCK cells and
mediates depressive-like behaviors. On the contrary, deletion of Neurensin-2 resulted in a profound
stress-resilience phenotype. The identification of a cell population that directly mediates depression
suggests a novel approach to the development of improved, cell-type specific antidepressant
therapies. We hereby introduce Neurensin-2 as a potential a cell-type specific drug target to
manipulate these cells and to treat depression and stress-related disorders.
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DEEP-BRAIN STIMULATION OF THE INTERNAL CAPSULE HAS DISTINCT EFFECTS
ON COMPULSIVE BEHAVIOR AND NEURONAL ACTIVITY IN CORTICO-STRIATAL
CIRCUITS
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Obsessive-compulsive disorder (OCD) is characterized by obsessions (unwanted thoughts),
compulsions (repetitive, stereotyped behaviors), and, presumably, aberrant activity in cortico-striatal
circuits. Deep-brain stimulation (DBS) of the internal capsule (IC) is a last-resort therapy for otherwise
treatment-resistant OCD patients. However, IC-DBS mechanisms of action are unclear.
Here, we systematically examined the effects of different IC-DBS parameters on compulsive-like
behavior and brain-wide neuronal activity in SAPAP3 knock-out mice (SAPAP3-/-), a versatile model
for OCD that exhibits compulsive grooming and functional deficits in cortico-striatal circuits. IC-DBS
effects on grooming behavior were quantified using machine-learning algorithms and brain-wide
effects measured with wide-field calcium imaging (dorsal cortex neuron-population activity) and onephoton miniscope calcium imaging (cortico-striatal single-neuron activity).
We found that IC-DBS rapidly and specifically reduced excessive grooming in SAPAP3-/- and, similar
to OCD patients, ‘symptoms’ returned promptly after discontinuation of IC-DBS. Varying current
intensity induced a proportional reduction in grooming and generated instantly altered neuronal
activity in cortical neuron-population activity. Monitoring single-neuron activity in cortico-striatal
circuits revealed that this effect was not uniform across regions. We identified several general
principles of IC-DBS: 1) It substantially modulated prefrontal-cortical activity but maintains
excitation/inhibition (E/I) balance. 2) Increased current intensity recruited more and different
subsets of neurons. 3) The tendency of neurons to be excited or inhibited remained constant across
current intensities. 4) Neurons were recruited either transiently or sustainedly. 5) Single-neuron
correlations with movement and grooming were found in all brain regions monitored, although
stronger in SAPAP3-/- cortical regions.
Our findings indicate that IC-DBS effectively reduces excessive grooming in SAPAP3-/- via recruitment
of cortico-striatal circuits. We demonstrate brain-wide recruitment of neurons accompanied by
complex, region-specific differentiations. SAPAP3-/- prefrontal cortex neurons correlated strongest
with grooming. Thus, anti-compulsivity effects of IC-DBS may manifest by means of modulating
prefrontal-cortical activity, while maintaining E/I balance.
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The Behavioral and Electrophysiological Effects of Temporal Distortions in
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Comprehensibility of sound events contributes to the auditory recognition performance regarding
the origin of the event (e.g. car crash, filling water bottle, etc). Although the semantic and physical
characteristics of sounds are important for identifying auditory events, temporal distortions in the
sound sequences can be tolerated to some extent. We used environmental sounds to study the
effects of different temporal distortion modalities on auditory event recognition performance. We
distorted the sounds by dividing them into 10ms chunks and shuffled them in three different ways
where the most shuffled version contained little global coherence and the least shuffled version
contained more global coherence. Behavioral results showed that distortion type had a main effect
on auditory event identification performance. Conserving global temporal characteristics increased
identification performance, while keeping local coherence in a 10 ms time window led to a 60-70%
performance. In a follow-up EEG study, we observed that the P200 and N400 ERP components
differed between globally and locally distorted conditions, suggesting an early selectivity for different
modalities of temporal distortions. As the known characteristics of these ERP’s suggest that these
ERP types play a role in word recognition and phonological processing, our results indicate that
interpreting environmental sounds could share a similar functional processing mechanism as verbal
processing.
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The sensations of hearing and balance originate from hair cells in the inner ear, which transmit
information through the 8th cranial nerve to brainstem auditory and vestibular nuclei. Despite their
common developmental origin, the hair cells of the auditory and vestibular end organs show
differences in the expression of ion channels regulating their excitability. Among the ion channels
expressed by the inner hair cells of the auditory sensory epithelium, the organ of Corti, BK channels
have been shown to be particularly important in shaping mature signal transduction after the onset
of hearing (reviewed in Pyott and Duncan, 2016).
Previous work is not conclusive on BK channel expression in hair cells of the vestibular otolithic
organs (Schweizer et al., 2009, Scheffer et al., 2015), and their potential role in shaping the
maturation of vestibular evoked responses has not been reported so far. In our study, we have
assessed the role of BK channels in mediating the sensation of linear acceleration during post-natal
development using vestibular sensory evoked potentials (VsEP) in 24- and 54-day old BK knockout
and wildtype mice. To compare dependency of vestibular and auditory maturation on BK channel
expression, we collected auditory brainstem responses (ABR) from BK knockout and wildtype mice at
the same developmental stages. Analysis of summated potentials generated by the peripheral end
organs reveals delayed maturation in BK knockout mice both in the vestibular and the auditory
domain. We will additionally analyse evoked responses generated by vestibular and auditory
brainstem nuclei to see whether central circuits are affected by delayed maturation of the periphery
and if central compensation occurs.
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Effects of protracted paroxetine treatment on exploratory activity, anxiety,
aggression and social interaction in young adult rats
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When administered in adolescence, the SSRI antidepressant paroxetine may, very rarely and
apparently paradoxically, provoke aggressive behavior. However, paroxetine could have beneficial
effects on violence in adults with aggression-related disorders. The anxious behavior and aggressive
impulses have overlapping brain pathways, and varying correlations between them are possible.
Finally, sociability is altered in depression and other mental disorders where paroxetine is indicated.
Hence, the aim of this study was to assess several intertwined behavioral domains in parallel in rats
dosed with paroxetine.
Two-month-old Sprague-Dawley male rats were gavaged for four weeks with of 1.5 mg/kg/day or 15
mg/kg/day paroxetine or vehicle, and sequentially tested in various behavioral paradigms. The
elevated plus maze and open field test (OF), that assess different domains of exploratory activity and
emotional reactivity, were conducted after two weeks of treatment, while after an additional week
the animals underwent resident-intruder paradigm, assessing aggression, violence and sociability.
In OF, the locomotor activity was increased in high-dose group of paroxetine compared to the control
group, while a tendency to increased locomotion was detected in low-dose group. No significant
differences in anxiety/emotional reactivity were shown in either of two tests of spontaneous activity.
The total aggression score demonstrated that treatment with the high dose of paroxetine was linked
with reduced aggression compared to control. On the other hand, the low dose of paroxetine
increased social interaction compared to placebo group.
In wild-type adult rats devoid of pathological aggression- and anxiety-related traits, the steady-state
levels of high-dose and low-dose paroxetine were associated with suppression of induced aggression
and enhancement of sociability, respectively. The dose-dependent hyperlocomotion in the settings
of unchanged emotional reactivity may imply an increased motivation. The latter finding was not
associated with any adverse changes in social interaction, but may be ominous if found in further
studies in adolescent rats.
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A Circuit From the Locus Coeruleus to the Anterior Cingulate Cortex Displays
Sex-Dependent Activity in Offspring-Directed Behavior
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How sexually divergent behaviors arise from sex differences in the underlying neural networks for
social behavior remains elusive. Interestingly, mice display pronounced sex differences in offspring
directed behaviors. Parental behaviors are fundamental for survival of offspring, and while the
maternal brain has been studied extensively in rodents, the neural networks underlying paternal care
are less well understood. In order to compare the networks that underlie parenting behavior in
males and females, we used c-fos as a marker for neuronal activation after pup interactions, and an
automated pipeline to map whole-brain activity at cellular resolution. We identified candidate brain
regions that responded to pup-directed behaviors including the anterior cingulate area (ACA). We
chose to focus on ACA because it has been implicated in sensitivity to social distress and it is
interconnected with the noradrenergic locus coeruleus (LC), an important regulator of maternal
behavior. We used fiber photometry to observe activity in ACA and LC during free interactions with
pups. We found that excitatory neurons in the ACA are differentially activated in males and females
during pup retrieval behavior and that inhibitory neurons show reciprocal activity patterns. We also
observed that pup retrieval behavior evokes strong sex-dependent neuronal responses in LC.
Moreover, using neuroanatomical tracing, we confirmed that ACA receives robust inputs from LC,
and using a noradrenaline sensor, we observe that pup retrieval behavior evokes noradrenaline
release in ACA. Based on these findings, we hypothesize that the ACA signals social distress from the
pups and guides decision making in parenting behavior. Moreover, sexually divergent activation of
this circuit may contribute to behavioral differences between males and females.
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Abstract
The COVID-19 pandemic imposed a psychological burden on elderly and particularly individuals with
cognitive impairment and dementia. Few studies have investigated the quarantine experiences of
older adults with mild cognitive impairment (MCI) during the COVID-19 pandemic.
Objective: The objective of this study was to explore the experiences and feelings of older adults with
MCI during the COVID-19 outbreak in Chile and to know what strategies they used to overcome
social isolation.
Methods: A qualitative design was used. Ten participants with a diagnosis of MCI took part in this
study. All interviews were recorded and coded using thematic analysis.
Results: The thematic analysis identified three themes related to the quarantine experience of older
adults with MCI diagnosis: (1) Effects of social isolation during the COVID-19 pandemic (2) Believes,
feelings and behaviors about the SARS-CoV-2 virus (3) Coping with social isolation/response to
difficulties during the pandemic. It was found that older adults with MCI have been mainly
psychologically and socially affected by social distancing and isolation, particularly individuals who
were alone during COVID-19 outbreak. The only physical dimension negatively affected was the level
of activity. Social isolation led to a significant number of negative emotions such as anger, fear of
contracting the virus or possibility of contagion for their families, worries and sadness as well as
emotional loneliness.
Conclusion: Since social isolation and a sedentary life have been associated with poorer cognition
and functionality in people with MCI, a rational plan to both prevent the progression of cognitive
decline and to increase social contact, is essential. Special attention must be drawn to maintaining
people physically active at home and keeping their daily routine and also to ensure social
connectedness through technology. Implementation of these measures could potentially reduce
negative emotions during the pandemic.
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Optimism-pessimism, coping mechanism, conspiracy theories, fear of COVID
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The aim of the study was to check weather optimism-pessimism, conspiracy theories, fear of COVID19, and coping mechanisms can predict respect for COVID-19 measures.
We used convenience sample, from Serbia (N=115; Females=88.6%; Age: M=31.37; SD=11.33), and
Germany (N=101; Females=65.3%; Age: M=28.74; SD=8.52), due to large differences between these
cultures (according to Hofstede’s dimensions).
We measured optimism-pessimism with Life Orientation Test (Scheier et al., 1994), coping with
stressful events with Brief-COPE (Carver, 1997), belief that COVID-19 was created in the laboratory
(covid-conspiracy) with one question, and fears related to COVID-19 (for oneself, for close others,
and fear of food shortage) (Jovančević & Milićević, 2020); finally, we created one question to
measure self-evaluation of respect towards measures taken in order to prevent spread of COVID-19.
The data were analyzed using JASP and AMOS.
Second-order EFA on 14 measuring subjects of Brief-COPE suggests three factors (explaining 50.3% of
total variance): “Cognitive coping” (%=27.5), “Emotional coping” (%=13.2), and “Maladaptive coping”
(%9.6).
Multigroup path analysis suggests adequate fit indices (GFI=989; NFI=.966; CFI=.997; RMSEA=.019;
SRMR=.03). On Serbian sample, predictors correlating negatively with criterion variables are:
Cognitive coping predicting Covid-conspiracy (p<.05), and Optimism-pessimism predicting Fear of
food shortage (marginally significant: p=.053). Predictors correlating positively: Optimism-pessimism
predicting Cognitive coping (p<.01), and Fear for oneself predicting COVID-19 measures (p<.01). On
German sample, predictors correlating negatively are: Covid-conspiracy and Maladaptive coping
predicting Fear for close others (p<.01), and Maladaptive coping predicting COVID-19-measures
(p<.05). Predictors correlating positively: Optimism-pessimism predicting Emotional coping (p<.01),
and Fear for close others predicting COVID-19-measures (p<.05). Maladaptive coping predicts
positively Fear of food shortage on both samples (p<.01).
Results imply that Optimism-pessimism, adaptive coping (Cognitive and Emotional) and adaptive
fears (for oneself and for close others) predict more adequate COVID-19 related behaviors, while
Maladaptive coping, Fear of food shortage and Conspiracy predict less adequate COVID-19 related
behaviors.
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Involvement Of The Caudate Nucleus In The Perception And Mirroring Of
Social Gestures
Karimova E1,2 Burkitbaev S1,2 Katermin N1 Maltsev V1,2 Trifonov I1 Sinkin M1
1

Institute Of Higher Nervous Activity And Neurophysiology Of Ras Moscow Russian Federation 2Research and
Clinical Center for Neuropsychiatry of Moscow Healthcare Department Moscow Russian Federation

In 2010 Mukamel proved the existence of the mirror neurons in humans in an invasive study on
patients with epilepsy in the Motor cortex, Hippocampus, Entorial Cortex and Amygdala. Currently,
there is evidence that during the perception and imitation of a social gesture, various parts of the
brain are activated, which are combined into the Mirror neuron system (MNS), but the EEG and fMRI
methods used in most studies do not have the ability to reveal the mechanisms and
interrelationships of work within the Mirror neuron system.
This study was provided on patients with epilepsy preparing for surgical removal of the epileptic
focus. The analysis included data from 11 patients (10 men, 1 women), who had depth electrodes
implanted in the hippocampus of the right and left temples and in the frontal lobes. Depth electrodes
recorded the signal of extracellular local field potentials (LFP) from 4 recording elements, the deepest
element was at a depth of 6 cm. During registration, the patient was given various "mirroring" tasks
(observing, presenting and performing motor gestures) and also control tasks.
We obtained an increase in the LFP power in the left frontal depth electrode only in the "mirroring"
tasks: when observing, presenting, and performing motor gestures. Since the left frontal electrode
was inserted through the left inferior frontal gyrus to the head of the caudate nucleus, an increase in
the power of the LFP signal along this electrode may reflect the activation of neuronal connections
between the MNS and the basal ganglia system through the anterior cingulate cortex and the head of
the caudate nucleus. This connection can functionally ensure the conflicts control of parallel motor
acts (perceived and own) and inhibit unwanted repetition of the perceived action, as well as take
part in the process of motor associative learning.
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Enhanced motivation and hedonic reactions to social touch under stress
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Physical social contact, such as grooming in primates or touch in humans, is fundamental to create
and maintain social bonds. The Brain Opioid Theory of Social Attachment postulates that µ-opioids
play a central role in social connection. Accordingly, pharmacological studies in isolated animals
indicate that µ-opioid agonists reduce, and µ-opioid antagonists increase distress responses and
motivation for social contact. Despite the abundance of animal studies, human evidence is still
lacking.
Here, we pharmacologically challenged the µ-opioid system to investigate the neurochemical basis of
social motivation under stress. Using a randomized, double-blind, between-subject design, healthy
human volunteers (N = 80) were administered either 10 mg morphine (µ-opioid agonist) or a
placebo. After undergoing a stress induction procedure, participants received gentle skin-to-skin
caresses on the forearm, at different speeds (6, 21, and 27 cm/s). By adopting a translational
approach, real physical effort and facial hedonic reactions, together with self-reports of wanting and
liking for social touch, were assessed.
Preliminary results revealed greater adverse response to stress following morphine administration,
characterized by higher negative mood, compared to the placebo group. In line with animal models
and previous evidence in humans, this enhanced stress response led to increased motivation for the
slow CT-optimal social touch. Moreover, participants administered with morphine also reported
general higher liking for all social touch stimuli.
Overall, despite the opposite effect of morphine administration on stress response compared to
previous animal studies, the current findings are in line with enhanced social motivation during
negative states.
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Neural basis coupling energy balance and helping behavior in mice
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Experimental-based evidence, in both human and animal models, has shown that eating behavior
and organismal nutrient/energy status influence emotional state. Prosocial or helping behavior, has
been previously studied in rodents showing that emotional and cognitive factors can motivate or
constrain prosocial activity. However, whether physiological factors such as metabolic state can
influence helping behavior remains unexplored. To address this, we developed a “mouse trapped”
paradigm. This allows the subject mouse to act prosocially and release a confined cagemate (helper
mice) or to act in a non-prosocial manner by opening the door containing either a dummy mouse or a
reward (non-helper mice). Under this setting, random-fed helper mice showed a significant reduction
in body weight and glucose levels after consistently liberating the cagemate compared to non-helper
mice, indicating a highly cost energy process. In agreement with this, mice under food restriction
conditions completely stopped liberating the trapped cagemate compared to satiated mice.
However, when high-palatable food pellet was obtainable during the test, food restricted mice were
unexpectedly inclined to liberate first the cagemate and afterwards obtain the food reward. Next, we
sought to investigate whether pathological conditions that entail partial fasting of the tissues also
affect prosocial behavior. Remarkably, streptozotocin-induced diabetic mice also completely
constrained helping behavior compared to control animals. Hypothalamic “hunger-promoting” AgRP
neurons are key regulators of appetite and energy balance. To explore the possibility that this subset
of neurons couple metabolic status with prosocial behavior, we chemogenetically activated AgRP
neurons (thus mimicking a fasting-like situation) and submitted the mice to the same paradigm.
Notably, this strategy recapitulated the behavior observed in food restricted mice, showing a total
inhibitory response towards helping a trapped cagemate. Taken together, our data reveal a major
and previously unappreciated role for hypothalamic AgRP neurons at the interface of metabolic
states and helping behavior.
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Behavioral characterization of two conditional models of autism
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One of the most accepted theories about the pathogenesis of Autism Spectrum Disorder (ASD) is the
alteration in the proportion of excitatory projection neurons (PNs) and inhibitory cortical neurons
(cINs). Similar to findings in humans, the mouse model of autism, knockout for the Cntnap2 gene,
displays migration abnormalities of PNs and reduced number of cINs and associated alterations in
both the excitatory and the inhibitory networks.
Hence, the aim of our work is to decipher how each specific class of neurons contributes to the
pathophysiology of ASD. For this, we have generated two conditional mouse models with specific
forebrain deletion of Cntnap2 in either cINs or PNs by means of cre-lox technology.
Behavioral characterization of the models involves tests for the core domains of autism, including
vocal communication, social behavior, and repetitive behavior, as well as tests for autism-related
behaviors such as hyperactivity and sensory reactivity, shown to be altered in the full Cntnap2 KO
mouse. Preliminary results in both conditional KO mouse models did not find a significant difference
between the conditional mice and their controls in any of the tests.
These results suggest that the absence of Cntnap2 gene exclusively in cINs or in PNs do not seem to
be enough to cause the ASD phenotype. Further studies are needed to identify the involvement of
other neurons from different networks in the deficits observed in the KO full model.
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Female Dorsal Raphe Serotonin Responses to Sexual Stimuli
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Serotonin—a widely-projecting neuromodulatory system—has been implicated in a variety of
emotional brain states and behaviors, including mating. Previous work in both humans and animal
models has shown that compounds that interact with the serotonin system can modulate female
sexual behavior. However, whether female serotonin neurons normally respond to sexual stimuli
during mating is unknown. Here, we used fiber photometry to record population calcium activity of
dorsal raphe serotonin neurons in the female brain during mating, and found that this population
becomes active in the female at the time of ejaculation. To understand which stimuli during
ejaculation trigger this neuronal activity in the female, we developed surgical techniques that perturb
various aspects of ejaculatory physiology in males with intact mating behavior. First, we tested the
role of ejaculatory fluid release into the vaginal canal by redirecting the male urethra to a stoma in
the abdominal wall. Then, we tested the role of penis erectile function by partially transecting a pair
of muscles that control penis behavior. We found that the female elevated serotonin neuronal
activity at ejaculation disappeared only when both modifications were performed in combination.
Moreover, artificial mechanical vaginal stimulation was sufficient to trigger serotonin neuronal
activity in the female. Together, these results suggest that both penis behavior and release of
ejaculatory fluid inside the vaginal canal are important mechanical stimuli detected by female dorsal
raphe serotonin neurons during ejaculation. Sensing ejaculation may be crucial for regulating various
aspects of female sexual behavior and physiology, such as receptivity in subsequent mating
encounters and fertility. Overall, our work sheds light on a novel vagina-brain axis that likely plays a
critical role in female reproduction.
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Exposure to vicarious repeated social defeat is effective in inducing stress in
female mice
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Exposure to social stress increases anxiety levels in animal models. We previously demonstrated that
male mice exposed to repeated social defeat in late adolescence show anxiety-like effects in the
elevated plus maze. In this study we tested the effects of a kind of social stress adapted to female
mice - exposure to a vicarious social defeat experience - in the EPM and the novel object
discrimination task. On PND 47, 50, 53 and 56, C57BL/6 female mice witnessed an episode of social
defeat of a male of the same strain by an aggressive opponent mouse of the OF1 strain. A control
group of females were not exposed to vicarious social defeat, but spent the same period of time in
an empty cage. Forty-eight hours after the last episode of repeated social defeat or exposure to an
empty cage, both groups of females were tested in the elevated plus maze and the novel object
discrimination task. In comparison with the control group (no exposure to stress), females exposed to
vicarious social defeat performed a lower number of entries into the open arms of the elevated plus
maze but presented a higher discrimination index in the novel object recognition task. These results
indicate that vicarious social defeat induces stress in females. Similarly to male mice exposed to
repeated social defeat, stressed females showed an increase in anxiety-like behavior. However,
stress induced by vicarious social defeat improved their performance of the memory task, which is
consistent with the previously reported facilitating effects of other kinds of stress in females. Thus,
the vicarious social defeat procedure may be useful for studying the effects of social stress on
different behaviors and processes in females. Funding. This work has been possible thanks to the
grant PSI2017-83023 (Ministerio de Ciencia, Innovación y Universidades, Spain, and FEDER).
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Relationship between HPA axis reactivity and innate immunity in mice
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Dysregulations of both, the immune system and the HPA axis have frequently been reported in
patients suffering from stress-associated affective disorders such as major depression. The aim of the
current study was to assess how genetic predisposition for extremes in HPA axis reactivity affected
basal and ex vivo lipopolysaccharide (LPS)-stimulated innate immune cell composition as well as
corticosterone (CORT) sensitivity in mice.
Mice selectively bred for high, intermediate, or low reactivity (HR, IR, LR) of the HPA axis were
sacrificed at 6 months of age and spleens were dissected. Splenocytes were isolated, cultured
overnight with or without LPS, and analyzed by flow-cytometry. In addition, viability of cells was
assessed after stimulation with LPS and exposure to increasing concentrations of CORT.
HR mice showed decreased numbers of CD11b+ myeloid cells as well as CD11c+ MHC class II+
dendritic cells (DCs) compared to IR mice while numbers of cytokine producing myeloid cells and DCs
were not changed. LR mice, in contrast, presented increased numbers of CD11b+ myeloid cells
producing the pro-inflammatory cytokine tumor necrosis factor (TNF) as well as the antiinflammatory cytokine interleukin (IL)-10 compared to IR mice. In addition, LR mice had significantly
higher numbers of CD11b+ myeloid cells after LPS stimulation. LPS-stimulated splenocytes of LR mice
also showed a lower sensitivity to CORT than those of the other lines.
These data suggest an increased activation of the innate immune response already under basal
conditions in mice with low HPA axis reactivity. In addition to lower CORT levels over the diurnal
cycle, reduced sensitivity to the immunosuppressive effects of CORT might contribute to this
phenotype. Further studies will address the effects of acute and chronic stress on behavior and
immune responses in these mouse lines, adding to the understanding of the interplay between
stress, HPA axis reactivity, immune responses, and behavior.
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Effects of early-life maternal care and acute mortality salience on cortisol
stress responses in healthy young women
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Chronic exposure to adverse early-life experiences significantly affects the regulation of the
hypothalamic-pituitary-adrenal (HPA) axis. Adversities like a low extent of maternal care (MC) have
mainly been associated with blunted cortisol responses to stress. Likewise, acute adverse conditions
like being made aware of one’s own mortality (mortality salience, MS) may also result in blunted
cortisol responses. Thus, we set out to investigate the effects of MC, MS and a possible interaction
effect of these factors on cortisol responses to psychosocial stress.
Overall, sixty-one healthy young women (mean(age)=21.30, sd(age)=2.59) participated in the study.
Based on their retrospective self-report of MC they were assigned to either a low (n=17) or high
(n=44) MC group. During the experiment, MS was experimentally manipulated by asking participants
to write an essay about their own death (MS group, n=30) or sleep (control group, n=31).
Subsequently, all participants underwent a modified version of the Trier Social Stress Test for groups.
Salivary cortisol levels were measured repeatedly throughout the experiment. Effects were analysed
using multilevel and simple regression models.
Preliminary results showed a significant effect of MC on cortisol trajectories during and following
stress, indicating blunted cortisol responses in participants with low compared to high MC. No
significant interaction or main effect of MS emerged. However, the extent of MC was positively
related to cortisol reactivity only in the MS group but not in the control group.
These initial findings indicate that acute MS impacts the association between adverse early-life
experiences and HPA axis reactivity. Surprisingly, the current results contradict earlier findings on
that matter, suggesting that other factors such as sex might play a role as well.
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Can mindfulness help with musical performance anxiety: fMRI results suggest
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Rationale and Objective: Music performance anxiety (MPA) can impact all musicians, affecting their
personal and/or professional functioning. Mindfulness has been used as a potential treatment for
MPA; however, there is no research on the effects of a short mindfulness intervention on musicians’
neural activity as they watch a recording of themselves performing, which is the objective of this
study. Methods: Twenty young adult musicians with MPA were recruited. Ten participants were
allocated to a mindfulness condition where they practiced mindfulness over a course of two weeks,
while ten participants were allocated to a control group where they did not practice mindfulness. At
time one, participants underwent a one-hour MRI scan that included an anxiety-provoking video
task. In this task, participants viewed videos of themselves performing, videos of another musician’s
performance, and fixations. They were also told that their videos were evaluated by judges
(confederates). The goal of the task was to illicit similar anxiety as when performing. Participants
completed the same scan sequence two weeks later (time two). Results: When examining neural
activity in the mindfulness group at time two for the participant video – control video contrast, there
was more activity in the dorsolateral prefrontal cortex and inferior parietal lobe and less activity in
the orbitofrontal cortex and anterior cingulate than at time one, suggesting that the mindful
attention networks have been strengthened. When examining the mindfulness group versus the
control group for the participant video – control video contrast at time two, the mindfulness group
had more activity in the dorsolateral prefrontal cortex and less activity in the putamen than the
control group. Conclusions: These findings demonstrate that a mindfulness intervention can have
efficacious results on musicians’ neural activity related to MPA. Incorporating mindfulness into their
daily lives may benefit musicians with MPA.
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Prefrontal cortex neuronal ensembles process anxiety and fear behaviour
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Anxiety and fear are distinct but overlapping emotions that express different levels of risk
assessment and applied behaviour. In this work we studied the dorsomedial prefrontal cortex
(dmPFC) neuronal activity underlying the behavioral expression of fear and anxiety-like behavior. The
neural calcium dynamics from hundreds of dmPFC cells was visualized using a miniaturized
fluorescence microscope. Mice were subjected to 3 behavioral tests, in an increasing anxiety- and
fear-inducing potential way. Single dmPFC cell activity is preferentially modulated by either anxiety
or fear-like behaviour and by electric footshocks. In behavioural tasks where risk assessment is
requested, we observed that the dmPFC population cell activity switch between states. Moreover,
population cell activity recorder during anxiety-like behaviour can predict freezing behaviour, but not
the opposite. However, in tasks where a threatening stimulus elicit strong fear, dmPFC population
cell activity stabilizes to a single state over the entire period. Our results further support that dmPFC
activity is engaged during anxiety-like behavior and fear at both, single neuron and population level,
and that dmPFC has a key role in assessing the risk in uncertain situations.
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Stress exposure and cannabinoid CB1 receptor (CB1) blockade cause deficits in the conditioned fear
extinction. In contrast, increasing the endocannabinoid anandamide levels with FAAH inhibitors, or
CB1 activation facilitate conditioned fear extinction. TRPV1 receptors can also be activated by
anandamide, but this activation exerts opposite effects to CB1 in defensive responses, indicating
there is a balance between CB1/TRPV1 receptors. Social isolation stress might contribute to the
development of psychopathologies, such as PTSD and, therefore, in mice social isolation could
resemble some PTSD features, such as alterations in conditioned fear processing. Therefore, the
administration of a dual blocker of the FAAH enzyme and TRPV1 receptors, arachidonoylserotonin
(AA-5HT) before the extinction session could facilitate stress-induced impairment in contextual fear
conditioning by facilitating CB1 signaling.
Male C57/Bl6 mice were stressed by social isolation for 7 days or kept in groups (5/cage), and then
were submitted to an inescapable footshock conditioning session (3 electrical foot-shock, 0.75 mA,
2s/each; Ugo Basile FC System, Anymaze). 24h later mice were placed in the same box for evaluation
of freezing behavior during fear extinction acquisition (20 min – Day 2), and, after additional 24h the
extinction recall was evaluated during 10 minutes in the same box (Day 3). 30 minutes before reexposure to the box in Day 2, independent groups of socially-isolated mice received AA-5HT (0.1, 0.3,
1.0, or 3.0 mg/kg; intraperitoneally) or vehicle. They were evaluated again 24h later in the same
chamber, without drug. Prefrontal cortex and hippocampus were dissected for later analysis of
epigenetic factors involved in the observed changes. Vehicle-treated, socially isolated mice showed
impaired fear extinction recall on Day 3, although no significant change was observed on Day 2. AA5HT administration attenuated stress effect. Therefore, blocking FAAH and TRPV1 at the same time
could be useful to attenuate impaired fear extinction after stress.
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A gender-dependent modulation of Methyl-CpG Binding Protein 2 by
stressors is involved in vulnerability to post-traumatic stress disorder
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Background: Post-traumatic stress disorder (PTSD) is a chronic and severely debilitating mental
condition that affects twice as many women as men. Disease pathophysiology is still unclear, and
reliable markers are currently lacking. Increasing evidence points to the presence of altered DNA
methylation profiles in patients, suggesting a primary role for epigenetic mechanisms in PTSD
pathogenesis. In this line, mutations at the level of the X-linked Methyl-CpG binding protein 2
(MeCP2), an important reader of the DNA methylome, were recently demonstrated to provide
susceptibility to develop PTSD-like alterations in traumatized mice. The present work aimed at
exploring, in a human cohort, whether peripheral MECP2 expression may reflect the PTSD clinical
condition of traumatized men and women and their history of stress exposure.
Methods: MECP2 mRNA levels were analyzed in the blood of 132 subjects (58 women). Participants
were interviewed by expert clinicians to assess trauma exposure and PTSD symptomatology, and
were required to retrospectively report the severity of adverse experiences during childhood.
Results: MECP2 expression was persistently altered by stressful events in a gender- and time
window-dependent manner. Women exposed to childhood adversities displayed MECP2
underexpression, while men traumatized at adulthood overexpressed MECP2 in the blood. Most
importantly, among trauma-exposed participants, reduced MECP2 levels were indirectly associated
with increased severity of PTSD symptoms via the mediation of adverse experiences at childhood,
and this association was stronger in women than in men.
Discussion: MECP2 expression hereby emerges as a potential contributor to post-trauma
pathophysiology, opening to novel studies that shall delve into the molecular mechanisms underlying
its potential gender-dependent role in PTSD onset and progression.
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Does the accuracy of emotional stress estimates depend on stress states of
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Perceiving stress in others is an important skill to master social interactions. Here, we investigate
how accurately people can infer others’ stress states within an experimental setting. Specifically, we
ask how the accuracy of estimates is dependent on own or others’ exposure to stress. We collected
data of 88 participants (mean age = 21.31 ±2.72; 83% female) who were tested in groups of 5-8
persons. Groups were split in half in the beginning of the experiment; each half either underwent the
Trier Social Stress Test for groups or a non-stressful control task. Groups were reunited afterwards,
leading to combinations of stress-stress, stress-control, or control-control conditions in each group.
After the experimental manipulation subjects within each group interacted with each other in a
standardized way for around 60 minutes, without knowing the stress state of half of the group. At
the end of the interaction, participants rated their own stress state as well as the stress states of
each group member on a scale from 0 to 100. The accuracy of estimates was calculated as the
difference between self-rated and other-rated stress (range -70-81). Using a linear regression model,
we found a main effect of the target’s stressor exposure (F(1, 463)=27.71, p<.001), and an interaction
between stressor exposure of rater and target (F(1,463)=6.14, p=.014) on raters’ accuracy. Raters
who had experienced stress under-estimated the non-stressed target’s stress level. In contrast, raters
in the control condition over-estimated stress of targets who had been exposed to a stressor.
Whether participants underwent the experimental manipulation together or knew each other before
the experiment did not influence rating accuracy. We conclude that others’ stress influences stress
ratings even without directly observing their stressful experiences. Further, the accuracy of this
estimation depends on own emotional stress experiences.
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Development, and characterisation of a novel small molecule degradation
tool for rapid depletion of Glucocorticoid receptors at the protein level
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Many neuropsychiatric disorders, including psychotic depression, involve maladaptive regulation of
the stress response through the Hypothalamus-Pituitary-Adrenal gland (HPA) axis. The HPA axis is
under negative feedback control by the Glucocorticoid receptors (GR). The GR is highly expressed in
the hippocampus where it has been attributed a prominent role in the deregulation of stress
associated with mental disease. Pharmacological blockage of the GR using mifepristone, has proven
beneficial to mitigate stress pathology and to study the implication of GR in stress response
deregulation. Yet, these attempts have yielded unsatisfactory outcomes on corticosteroid responses
with negative side effects on behaviour. Thus, for a conclusive understanding of the GR’s role in the
stress response, effective tools to study aberrant GR activation in the context of neuropsychiatric
disorders are still lacking. Here, we present a novel tool to rapidly induce selective degradation of GR
within hours at nanomolar concentration in both in vitro and in vivo in form of PRoteolysis TArgeted
Chimeras (PROTACs) technology. Our tool is expected to identify an improved chemical intervention
in the mouse with translatable character.

Theme: Stress & Anxiety

Ketamine reverts postpartum depressive-related behaviours and molecular
alterations in mice
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Postpartum depression (PPD) is considered a Major Depressive Disorder with peripartum onset that
could be affecting up to 14.5% of mothers within the first year after birth. The huge damaging role
that PPD plays in the mother-infant bonding may result in abnormal cognitive and emotional
development of the newborn. However, although psychosocial features of PPD are deep studied, the
pathophysiology of PPD remains poorly understood. Moreover, one of the major concerns is that
PPD is considered as a predictor of alcohol use during this critical period. One hypothesis is that PPD
patients could show an imbalance in the ratio of glutamate/GABA signalling, leading to dysregulation
of signal integrity and functionality in cortical regions, promoting binge alcohol consumption during
postpartum period. We have set up a mouse model of maternal separation with early weaning
(MSEW) as a new approach to study the neurobiological bases of the PPD-like behaviour. Then, we
propose ketamine treatment, a glutamate N-methyl-d-aspartate non-competitive receptor
antagonist, to reduce both depressive-like phenotype and alcohol consumption at subanaesthetic
doses (30mg/kg). Our model of MSEW recapitulates some of the symptomatology of PPD, since it
induces higher despair-related behaviour, deficits in social recognition and lower self-grooming
behaviour as a measure of anhedonia, as well as a reduced hippocampal neurogenesis in comparison
with SN control dams. Likewise, acute ketamine injections (30mg/kg, i.p.; 24h previous each test)
reduce despair-like behaviour, increases sociability and self-grooming behaviour in MSEW females.
Additionally, we observed that acute ketamine injection (30mg/kg, i.p.) is able to modulate the
alcohol binge consumption in postpartum females, as a consequence of alterations in glutamatergic
and GABAergic signalling in prefrontal cortex.
Thus, we have stablished a new model of PPD in mice to approach the neurobiological bases and a
rapid-action therapeutical treatment for this important psychiatric disorder.
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Environmental enrichment as a resilience factor for chronic stress-induced
neurobehavioural alterations
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Environmental factors are key to understand the onset and development of mood disorders, such as
depression. In this sense, chronic stress is one of the main negative environmental risks for both
depressive and anxiety symptoms given the underlying neurobiological changes in brain structure,
stress axis and brain functional connectivity. On the other hand, environmental enrichment enhances
resilience factors such as neuroplasticity and buffers the noxious stress-related alterations. Here we
studied the behavioural and brain effects of both environmental treatments (unpredictable chronic
stress, UCS, and environmental enrichment, EE) among adult male Wistar rats. Regarding behaviour,
we observed a reduction effect on sucrose preference only in UCS group, but not EE+UCS nor control
group. In addition, EE+UCS increased mobility, risk evaluation and open arms entries in the ElevatedZero Maze (EZM). For brain analysis, we measured the neuronal activity related to COx expression in
several brain regions leading to different brain functional connectivity maps among the experimental
groups. Finally, we explored the behavioural and brain patterns of the rats subjected to both UCS and
EE in the search of resilience profiles given the protective role on sucrose consumption and EZM.
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Background: Cancer-specific psychological coping responses are key determinants in tumor
progression, which impact the prognosis and quality of life of breast cancer patients and hence
warrants further study with reference to systemic and cellular stress.
Methods: South Indian women with breast cancer were recruited for the study (n=40) and their
responses were assessed using Mental Adjustment to Cancer (MAC) psychometry tool. The staging
and hormone responsiveness were characterized using TNM classification and
immunohistochemistry respectively. Plasma samples were collected for measuring norepinephrine
levels. Serum samples were collected for measuring cortisol, and metastatic markers such as alkaline
phosphatase (ALP), alanine transaminase (ALT) and aspartate aminotransferase (AST). The activities
of superoxide dismutase and catalase has been estimated in the breast cancer tissue specimens.
Results: Mental adjustment to cancer (MAC) is inversely correlated to serum cortisol and stage of the
disease. Plasma norepinephrine levels positively correlated with MAC. Interestingly, the activities of
catalase/ superoxide dismutase were positively correlated to MAC. The metastatic markers (ALP, AST
and ALT) also show a positive correlation with the mental adjustment to cancer in breast cancer
patients. The mental adjustment to cancer were found to be significantly lower in breast cancer
patients with ER-/PR- as compared to ER+, whereas significantly higher in the breast cancer patients
in stage II compared to stage I of the disease.
Conclusion: Taken together, the correlative effects of mental adjustment to cancer on systemic
stress, cellular stress, and tumor progression are evident in breast cancer patients, and may affect
the outcome of the disease.
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Impact of Depression and Metabolic Alterations in the Manifestation of
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Background:
Influence of psychological and physiological factors enhances the complexity of tumor progression
that leads to manifestation of cancer-related fatigue, a most distressing side-effect of cancer. The
prevalence of cancer-related fatigue across disease stage and treatment paradigms, warrants further
studies to understand the impact of depression and metabolic alterations in the manifestation of
cancer-related fatigue.

Methods:
South Indian women with breast cancer were recruited for the study (n=55) and their fatigue levels
were assessed using Functional Assessment of Chronic Illness Therapy- Fatigue (FACIT-F)
psychometry tool. Depression was measured using the Montgomery Åsberg Rating Scale (MADRS).
The tumor specimens were obtained post-modified radical mastectomy surgery and assessed for
activities of key metabolic enzymes of the glycolysis and TCA cycle. Plasma samples were obtained
for the estimation of norepinephrine levels. The stage of the disease was characterized using TNM
classification.

Results:
Among breast cancer patients, depression was found to be significantly higher in patients with
moderate and high fatigue as compared to patients with no fatigue. The activities of key regulatory
enzymes viz. hexokinase, pyruvate kinase, citrate synthase and cytochrome-c oxidase were
significantly lower in the high fatigue group compared to patients experiencing no fatigue. The
depression score was found to be significantly lower in stages 2-4 of breast cancer patients as
compared to stage 1 group. The norepinephrine levels were found to be negatively correlated to
FACIT-F.

Conclusion:
The cancer-related fatigue in women with breast cancer is dependent upon physiological and
psychological factors.
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The response to stress consists in a set of physiological and behavioural adaptations, aimed at coping
with the challenges encountered by the individual. However, traumatic events that represent a
threat for the subject’s life, could alter the circuits involved in stress response, eventually leading to
pathological conditions, such as post-traumatic stress disorder (PTSD). Many studies highlight
structural and functional changes in several brain regions following traumatic events, however the
dynamics of the neural circuit involved, are not completely understood.
We used the predator exposure model of traumatic stress, which has proven to induce long lasting
effects on anxious behaviour in mice, to investigate stress-induced alterations in the activity of
structures involved in stress response and reciprocally interconnected, such as subregions of the
medial prefrontal cortex (mPFC), hippocampus, amygdala, and thalamus.
CD1 mice were subjected to a single 10-minutes exposure to a rat in a familiar context, protected
from direct attack and injury. After 13 stress-free days, anxious behaviour was assessed by elevated
plus maze. Then, we evaluated neural activation 1h and 14d after predator exposure, using as activity
marker the expression of the immediate early gene Fos.
Immunohistochemical analysis of Fos levels showed an hyperactivation of BLA in exposed mice
compared to controls at the early time point. Conversely, 14d later, stressed mice showed a general
reduction of Fos expression, significant in PL and IL mPFC, as well as CA1-CA3 regions of dorsal
hippocampus.
We applied inter-regional correlation analysis and network connectivity graphs to explore how
functional connections among structures of the circuit were altered by traumatic stress across time.
Despite the lower magnitude of Fos expression, at the late time point the activity of the structures
analysed was more tightly correlated than 1h after the traumatic event, suggesting a time dependent
shift in functional connectivity induced by predator exposure.
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Impact of endocrine-disrupting chemicals on cardiac hypoxia and alterations
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Thakkar S1 Seetharaman B1 Vasantharekha R1
1

Department of Biotechnology, SRM Institute Of Science And Technology Chennai India

Background: Endocrine disrupting chemicals (EDCs) have been shown to cause toxicity in different
body systems, including the endocrine, cardiovascular and nervous systems. This study aims to
analyze the adverse effects of methylparaben on cardiac functions, neurodevelopment, and behavior
of zebrafish.
Method: Wild-type adult zebrafish were grouped (n=10 each) into control, solvent control, 1/10th
lethal concentration (LC) 50, 1/100th LC50, and 1/1000th LC50 of methylparaben. They were
anesthetized after 30 days of exposure and brains were isolated to measure acetylcholinesterase
(AChE) activity, serotonin levels, and expression of genes (HIF1α, ntrk2a, Pax6b, and tnnt2).
Results: Male and female zebrafish treated with methylparaben showed a significant decrease in
average distance traveled and swimming speed compared to the solvent control group. A significant
increase in average freezing time in both female and male zebrafish of 1/10th LC50 concentration
was also observed. There was a significant increase in AChE activity in both males and females of the
1/10th LC50 group. There was also a significant increase of serotonin in the females of the 1/100th
LC50 and 1/1000th LC50 groups and a decrease in males of the 1/100th and 1/1000th LC50 groups
when compared to the solvent control. Furthermore, expressions of cardiac hypoxia genes (HIF1alpha and tnnt2) were significantly decreased in both males and females in all experimental groups,
except the female 1/10th LC50 group, when compared to the solvent control group. Expressions of
Neurotrophic Receptor Tyrosine Kinase 1 (NTRK2a) and Paired box protein (Pax-6) gene were
significantly increased in males and females of the 1/10th LC 50 and 1/100th LC50 concentration
groups and decreased in 1/1000th LC50 concentration groups when compared to solvent control.
Conclusion: The study shows that chronic methylparaben exposure affects cardiac functions,
neurodevelopment, and behavior of zebrafish by exhibiting changes in AChE activity, serotonin
levels, and altering expression of genes
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Anxiety and trauma-related disorders exhibit significant alterations of threat detection, an adaptive
function regulated by conserved neurobiological mechanisms. Predatory stimuli are strong danger
signals for all vertebrate species evoking innate fear responses. Although major regulators of these
responses have been described, translational questions are still open, how adaptive innate fear
response is shifted towards maladaptive/exaggerated responses, e.g. evoked by weak threats.
Recent research pointed out the important role of the bed nucleus of stria terminalis (BNST) in threat
anticipation, fear modulation under uncertain threats, as well as higher-order processing of olfactory
information including predatory odor stimuli. Here, we aimed to explore how major BNST circuits
(corticotroping releasing hormone-CRH and somatostatin-SOM expressing neurons) modulate innate
fear response to different predatory threats in a scalable manner. We exposed adult male mice to
low and high threats by means of low and high concentration of 2-methyl-2-thiazoline (2MT), a
synthetic derivate of a fox anogential product, which evoked low and high fear response,
respectively. We tested the impact of chemogenetic inhibition of CRH and SOM neurons of the BNST
on innate fear responses using crh- and sst-ires-cre lines. We observed that inhibition of SOM
neurons was effective only under low threat conditions, i.e. low dose of 2MT, resulting in reduced
avoidance and increased exploration. In contrast, inhibition of CRH neurons had no impact on 2MTevoked responses, but enhanced fear responses to cat odor, representing an even weaker threat
stimulus. These findings support the notion that BNST circuits are recruited by uncertain/remote
threats, and CRH-SOM neurons orchestrate innate fear responses in complementary ways under
these conditions.
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Sexual dimorphic effects of restraint stress on prefrontal cortical function are
mediated by glucocorticoid receptor activation
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Introduction: stress, a major regulator and precipitating factor of cognitive and emotional disorders,
manifests differentially between males and females.
Aim: investigation of the mechanisms underlying the sexual dimorphic effects of acute restraint
stress on males and females on the function of the prefrontal cortex (PFC).
Methods: adult male and female mice were subjected to restraint stress (RS) or left in their homecage (NR), and tested in the light-dark test followed by the temporal order object recognition (TOR)
task immediately or 24hrs after restraint stress (RS24). In a different cohort, evoked field excitatory
postsynaptic potentials (fEPSPs) were recorded in layer II of acute PFC slices, immediately or 24hrs
after restraint stress. In some cases, PFC slices of NRs were incubated with corticosterone. In a third
cohort of mice mifepristone (corticosterone receptor antagonist) was administered, 1h before the
restraint stress.
Results: female RS mice exhibited increased anxiety-like levels, while male RS mice only showed
deficits in the TOR task. Only the reduced performance in the TOR task in male RS24 mice persisted.
Long-term synaptic potentiation (LTP) was significantly reduced in RS and RS24 males, but not
females, compared to their respective NR group. PFC slices incubated with corticosterone showed
significantly reduced LTP only in males. The mifepristone treatment prevented the effects of restraint
stress on the TOR task in males, but not anxiety in females.
Conclusions: restraint stress has differential effects on recency memory and anxiety, with regards to
sex, which are partly mediated by the effects of corticosterone signaling on synaptic plasticity.
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Fear-induced Glutamate Release and Parvalbumin Interneuron Maturation in
the Medial Prefrontal Cortex of Juvenile Rats is Sex-dependent and Modified
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Early life stress (ELS) increases vulnerability to psychiatric disorders associated with emotional
dysregulation. The corticolimbic circuit is important for fear conditioning and is highly sensitive to
environmental stressors during early development. Using the limited bedding paradigm (LB) between
postnatal days (PND)1-10 as a model of ELS, we examined the functional consequences of ELS on
glutamatergic tone in the infralimbic (IL) and prelimbic (PL) medial prefrontal cortex (mPFC) during
the juvenile period, a time of peak GABAergic inhibitory tone. We measured glutamate
concentrations during fear conditioning using in vivo microdialysis in behaving juvenile (PND28-32)
rats. We report that fear induced glutamate response in the right PL, but not IL mPFC was diminished
in male LB offspring compared to controls. Female glutamate responses were not altered by early
adversity. Both male and female displayed similar freezing responses during fear learning regardless
of ELS, although behavioral recovery from fear was impaired in LB males. To estimate ELS effects on
parvalbumin (PV) interneurons and their maturational state, we determined PV neuronal density and
the proportion of PV neurons expressing perineuronal nets (PNNs). Formation of PNNs is associated
with the closure of periods of plasticity and stabilizes GABAergic output of PV neurons. Total PV
population in the right PL mPFC was not altered by ELS in male or female juveniles, but fewer PV
neurons expressed PNNs in LB male only. These results suggest that ELS differentially affects
glutamatergic neurotransmission in the PL and IL mPFC during fear conditioning in juveniles and
might delay the maturation of PNNs around PV interneurons and maintain a higher inhibitory tone in
the PL mPFC. These effects are sex dependent and support a higher vulnerability in males compared
to females. Supported by CIHR PJT162376 to CDW.
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Amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD) are fatal neurodegenerative
diseases seen in comorbidity in up to 50% of cases. The clinical overlap between the two diseases is
also reflected in their genetics and neuropathology, with ALS and FTD sharing a number of key
pathological characteristics. One of which is protein aggregation. Accumulation of protein aggregates
leads to synapse loss and dysfunction, which has been associated with the development of cognitive
deficits. Given that a hexanucleotide repeat expansion in the C9orf72 gene is the most common
genetic cause of ALS and FTD, we used a transgenic mouse model C9orf72-BAC with up to 450
repeats, to study C9-ALS/FTD-related synaptic dysfunction. Using Golgi staining, we investigate how
dendritic spines rearrange and neuronal morphology change from 6 to 18 months in the cingulate
cortex of C9orf72-BAC mice. We used two groups: C9orf72-BAC transgenic (n=6) and non-transgenic
(n=6) animals. Sholl analysis was used for quantification of morphological features. We have
characterized spine types in order to discriminate between immature and mature spines, volume of
dendrites - indicative of axonal retraction or neuronal loss, and neuronal cell body surface which
could indicate early apoptotic processes. Our results showed an increase in immature spines such as
thin and stubby types, in the transgenic mice at 6 months of age, accompanied by an increase in
soma size. The results of our study indicate that degradation of mature, functional synapses in
diseased brains is a plausible mechanism underpinning cognitive deterioration seen in ALS and FTD
patients. Since synaptic loss precedes onset of neuronal death in most neurodegenerative conditions,
it could be early loss of synaptic connections, and not late stage neuron death, that causes onset of
behavioural and cognitive changes in this C9orf72 BAC animal model.
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Chronic exogenous corticosterone administration (CORT) is often used as a model of stress induction
to rodents in order to investigate the effects of glucocorticoids on brain anatomy and behaviour, but
much less on network activity. In the few cases that this has been done, the focus was on the shortterm effect of corticosterone administration on anesthetized animals. In our experiment, we
investigated the effect of long term CORT administration on the spontaneous cortical network
electrical activity of adolescent mice, while at the same time monitoring through time characteristic
aspects of their anatomy and physiology (weight gain, adrenal glands weight, food and water
consumption) as well as testing exploration behavior (Elevated Plus Maze: EPM). C57/Bl6 male mice
(n=24) received CORT in their drinking water starting at postnatal day 28. Cortical network activity
was recorded 14-18 days post administration using the ex vivo model of spontaneously active brain
slices. Network activity was assessed by means of Local Field Potential recordings from layers II/III.
We found that corticosterone had significant effects on the anatomy (reduced adrenal glands’
weight), physiology (reduced weight gain albeit with similar food and liquid consumption) and
behaviour (reduced mobility, time spent in open arms of EPM) of treated mice. CORT mice
manifested a more anxious phenotype and a typically anxiety-like behaviour in the Elevated Plus
Maze. However, network activity in the form of spontaneously recurring Up/Down states did not
differ significantly between the two groups. Also, after a 4-week washout period, CORT and control
group did not demonstrate any difference in physiology, behavior or network activity. These results
suggest that exogenous corticosterone administration in young age affects physiology and behavior
but this effect disappears once administration stops. Furthermore, spontaneous cortical network
electrical activity seems to be a robust phenomenon under tight homeostatic regulation, not
significantly affected by corticosterone levels.
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Ketamine reinstates juvenile-like plasticity in the adult mouse visual cortex in
a dose-independent manner.
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The ocular dominance plasticity (ODP) in the visual cortex is an established model to study activitydependent plasticity: the forced closure of one eye (monocular deprivation) causes a shift in ocular
dominance. Chronic treatment with fluoxetine, a classical antidepressant, has been shown to induce
a state of juvenile-like plasticity in the adult mouse visual cortex, which was previously thought to be
restricted only to a brief postnatal period. Since classical antidepressants take several weeks before
their beneficial effects appear, research has been focusing on finding solutions to induce ODP in
shorter latency. Ketamine has been described as a rapid-acting antidepressant in many preclinical
and clinical trials, and the underlying mechanism is still under debate. Recently, we have reported
that ketamine and its active metabolite 2R,6R-Hydroxynorketamine (R,R-HNK, both at 10 mg/kg)
reinstate visual cortex plasticity in the adult mouse, with ketamine showing a weaker ocular
dominance shift than R,R-HNK and fluoxetine. To assess whether this could be explained by the dose
used, here we tested a higher or lower dose (20 or 3 mg/kg) of ketamine and the same dose of R,RHNK administered three times, every two days, during one week of monocular deprivation. Notably,
these different doses resulted in comparable shifts in ocular dominance, yet still weaker than the
ones obtained with R,R-HNK, therefore suggesting a dose-independent mechanism for ketamineinduced ODP.
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GADL1, a multifunctional decarboxylase with tissue-specific roles in β-alanine
and carnosine production
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The recently found enzyme, glutamate decarboxylase–like 1 (GADL1), has been assigned a possible
role in γ-aminobutyric acid (GABA) synthesis and to be associated with lithium response in bipolar
patients. Although this genetic association was not replicated in other clinical samples, these findings
have triggered interest in the in vivo investigation of GADL1 function. In this study, we developed the
first animal model lacking GADL1. We show that Gadl1−/− mice are deficient in β-alanine, carnosine,
and anserine, particularly in the Olfactory Bulb (OB), cerebral cortex, and skeletal muscle (SKM).
Carnosine and β-alanine containing peptides are important neurotransmitter/neuromodulators and
antioxidants with high concentrations in vertebrate tissues, particularly in the brain. Various
disorders have been linked to alterations in their metabolism including Alzheimer's and Parkinson’s
disease.
Using different behavioral tests such as open field and elevated plus-maze we observed that
Gadl1−/− mice exhibited decreased levels of anxiety. Furthermore, we found increased levels of
oxidative stress markers, alterations in energy and lipid metabolism, and age-related changes in the
Gadl1−/− mice. Carnosine peptides showed the strongest difference between the genotypes in the
OB and the cerebral cortex. Acetylcarnosine and anserine were also among the most strongly
affected metabolites being significantly depleted in the brain and SKM tissues. Moreover, Gadl1−/−
mice had significantly reduced levels of β-alanine in OB. In addition, we used High-resolution magicangle spinning (MAS) NMR spectroscopy for the first time to measure carnosine in intact brain tissue,
establishing MAS NMR spectroscopy as a fast and convenient way to determine carnosine in this
tissue. These data showed that compared to Gadl1+/+, Gadl1+/- and Gadl1-/- mice had 34% and 70%
reduced carnosine content in the OB. Together, this shows the multifaceted and organ-specific roles
of GADL1 and the importance of studying the therapeutic role of GADL1 as a key enzyme in brain
metabolism.
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Previous studies from our research group have found a monosynaptic projection from the deep
cerebellar nuclei (DCN) to the ventral tegmental area (VTA) that also receives Purkinje axons from
the cerebellar vermis lobule VIII (Gil-Miravet et al. 2020). This network may control the activity and
plasticity in the medial prefrontal cortex and striatum and it is involved in cocaine-induced
conditioned preference (Gil-Miravet et al., 2019). Accordingly, the lesion of the posterior vermis
increased neural activity and perineuronal net (PNN) expression in infralimbic (IL) and prelimbic (PL)
cortices and all striatal regions except for the ventromedial striatum. Moreover, inactivation of the IL
but not the PL increased activity and PNN expression in the posterior cerebellar cortex. In the present
investigation, our objective was to test the working model that the posterior cerebellar cortex exerts
control over IL activity through the VTA using chemogenetic tools. To that end, we expressed the
designer receptors exclusively activated by designer drugs (DREADDs): AAV5-CaMKIIa-hM3D(Gq)-and
hM4D(Gi)-mCherry, AAV5-hSyn-hM3D(Gq)-and hM4D(Gi)-mCherry, AAVrg-hSyn-hM3D(Gq)-and
hM4D(Gi)-mCherry in the posterior vermis, DCN, VTA, and IL. The viral vectors were infused by
stereotaxic surgery, and DREADDs were activated by intracranial infusion of clozapine N-oxide (CNO).
We assessed neuronal activity changes induced by CNO using cFos staining. So far, our preliminary
results support the hypothetical model of a cerebellar control over the IL activity through VTA.
Funding:
Agencia Estatal de Investigación (PGC2018-095980-B-I00)
Plan Nacional de Drogas 2017 (PND-132400)
Programa Estatal de Promoción del Talento y su Empleabilidad en I+D+i (PRE2019-088521)
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Kilohertz frame rate voltage imaging of neural activity using a SPAD image
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A long-standing goal of neuroscience is to resolve the activity of ensembles of neurons in behaving
animals with high spatiotemporal precision. Genetically encoded voltage indicators (GEVIs) can
reveal sub-threshold activity and resolve spike timing with millisecond resolution from identified
neuronal populations. These are substantial advantages over fluorescent genetically encoded calcium
indicators. However, fluorescence imaging of neural activity reported by GEVIs is challenging due to
their millisecond dynamics and the fact that the voltage transients occur only at the plasma
membrane. Therefore, voltage imaging with GEVIs imposes high requirements on the performance of
the imaging sensors. Single photon avalanche diodes (SPADs) are electronic devices in which a single
photon can trigger an avalanche of electrons, leading to a discrete voltage pulse encoding the time of
arrival of the photon. In recent years, SPAD arrays have shown excellent potential for highresolution, high-speed, high-efficiency and low-noise time-resolved imaging as well as low-light
imaging. Here, we evaluate the suitability of SPAD-based imaging for recording neuronal activity
reported with GEVIs. We show that SPAD image sensors can record individual neuronal sub-threshold
and spiking activity reported by GEVIs (Voltron-JF525-HTL and ASAP3) at kilohertz frame rate in exvivo brain slices. They can also reveal spiking activities of individual neurons in neural ensembles
during seizure-like events induced by 4-AP. Our analyses demonstrate that SPAD sensors are well
suited to kilohertz frame rate, high signal-to-noise imaging of neural activity.

