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RELAZIONE:  
 
BACKGROUND 
In 1936, stress has been described as a non-specific body response to requests placed on it (Selye, 1936), but 
later it has been described as an event that modifies and threatens the ability to cope and adapt of a person 
(Lazarus and Folkman, 1984). Stress is one of the biggest risk factors in psychiatric and neurodegenerative 
disorders that has a strong impact on brain functions. Indeed, the stressors induce a response which involves 
the release of several molecular mediators that can reach two outcomes: the response can promote adaptive 
plasticity when the physiological response to stress is effectively activated and then inactivated, or it can 
boost maladaptive and harmful effects whenever the response is excessive or unregulated (McEwen, 1998; 
2005; Popoli et al., 2011). 
The brain is fundamental in the adaptation to stress, in understanding what is harmful, and in coordinating 
stressors responses (McEwen and Gianaros, 2011). It is widely accepted that stress affects different cognitive 
processes, including spatial and declarative memory guided by the hippocampus, and fear extinction and 
executive functions guided by the prefrontal cortex (PfC). PfC is essential for behavioral adaptation. In fact, 
it is responsible for the inhibition of inappropriate actions and allows a flexible behavioral adjustment that, 
in turn, permits a correct response to stressors (Milad et al., 2007; Milad and Quirk, 2002). Furthermore, 
evidence defined the PfC involvment in controlling the extinction of conditioned fear. As consequence, 
impaired PfC functions and plasticity are believed to be pathological features of many neuropsychiatric 
disorders (Milad et al., 2007). The identification of the responses of the central nervous system (CNS) to stress 
and the recognition of alterations contributing to develop endophenotypes responsible for neuropsychiatric 
diseases are essential to understand their pathogenesis. Indeed, to find the mechanisms able to modify a 
physiological adaptive response in a maladaptive one is fundamental to discover innovative therapeutic 
strategies. 
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In this context, it has been shown that chronic stress (CS) models display synaptic spines reduction, and 
dendrites retraction and atrophy (Sanacora et al., 2012), suggesting that such maladaptive modifications play 
a pivotal role in the psychopathology. The rapid effects of an acute stress (AS) on synaptic functions and 
neuroplasticity are complex, involving the potentiation of the glutamatergic transmission also enhancing the 
surface delivery of both NMDA and AMPA receptors, changes in the number of spines and synapses, and 
modifications in synaptic connection strength (Yuen et al., 2012; Kallarackal et al., 2013). Moreover, such 
effects are attenuated by antidepressant drugs (Nava et al., 2014). Unlike the effects of CS, that has been 
widely studied, short and long-term consequences of AS are still underestimated. The first 6 hours after 
trauma, named “golden hours” are crucial for pathological outcomes and therapeutic intervention (Zohar et 
al., 2011). Excitatory synapses activation in the PfC and frontal cortex (FC) occurs quickly after AS, sustained 
up to 24 hours, when the retraction of dendrites is observed. The length of dendrites is reduced 24 hours 
after stress, with the consequent dendritic atrophy, and such modifications last up to two weeks (Nava et al., 
2017). These events suggest an AS biphasic response that can cause considerable effects on PfC and FC 
cytoarchitecture, with a rapid or prolonged trend. 
Despite glia involvement in modulating glutamatergic transmission is already well described, the stress 
effects on glial cells are still not well elucidated. Although neuroglia represents more than 50% of the brain 
cells and their primary role is the modulation of CNS activities (Parpura et al., 2012; Fields et al., 2015), 
neurobiological research about stress has only marginally focused his attention on these cells (Verkhratsky 
et al., 2014; Yamamuro et al., 2015). Given their homeostatic functions, it is possible to postulate that AS 
impacting on glial cells might result in their functional failure, depriving neurons of neuroprotective and 
supportive glial properties. It remains still unclear if the dysregulation observed are the product of alterations 
in glial physiology, or glial dysfunction itself occurs as a consequence of neuronal impairment.  
The primary aim of this project is to investigate whether putative glial dysfunction could contribute to the 
AS-induced brain alterations. Indeed, this information may be critical to deeper perceive the mechanisms 
responsible of the difference in responses in vulnerable (VUL), with a marked response, and resilient (RES) 
animals, that have reduced responses. Moreover, the effects of ketamine, a fast acting antidepressant and 
antagonist of NMDA receptors will be also studied. Ketamine, since its capability to enhance neuroplasticity 
and facilitate the creation of new synapses, can reverse maladaptive changes induced by AS and antagonize 
the underlying mechanisms. 
 
AIM 
This project aims to investigate causes and mechanisms responsible for adaptive/maladaptive events after 
an AS through structural and functional studies at the cellular and molecular level of microglia and astrocytes 
in PfC and FC of VUL and RES animals, distinguished on the basis of a standard sucrose preference test 
(suctest). This research project will allow to understand what are the changes in the glial signalling and 
expression/activation of effectors responsible for the short- and long- term effects of the AS. 
 
METHODS 
All procedures were conducted in agreement with the guidelines of the Italian Ministry of Health (D.L. 
26/2014) and the European Parliamentary directive 2010/63/EU. Adult Sprague-Dawley male rats were 
exposed to 1% sucrose for 2 hours and to 0.5% sucrose for 1 hour twice a week for the following 2-3 weeks. 
A group of rats was treated with ketamine (10 mg/kg ip) 24 hours before FS. Half of the animals were exposed 
to an AS using the foot shock stress (FS) protocol, as previously described (Musazzi et al., 2011). Briefly, 
animals were subjected to a 40-min section of 0.8 mA shock, consisting of 20 min of the actual shock with 
randomized inter-shock ranging from 2 to 8 sec of length. Control rats were kept in the apparatus without 
delivering the shocks. Afterwards animals were subjected to suctest in order to subdivide them into VUL or 
RES. The test was performed at different time points after AS (2 and 24 hours, 7 and 14 days), to verify the 
continuation of the anedonic behavior. The effects of treatment with ketamine, a NMDA antagonist with 
rapid antidepressant effect, were also studied and related to VUL and RES phenotypes. Thereafter rats were 
killed 14 days from the FS. PfC and FC were quickly dissected on ice and stored at -80°C.  
Data were statistically analyzed by the Kruskal–Wallis test, followed by the Mann–Whitney U-test. For 
repeated measurements we performed the Wilcoxon test. To reach a level of statistical significance, a 
number of 6-8 subjects were assigned to each experimental group. 
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RESULTS 
We calculated sucrose intake as the amount of consumed sucrose in mg/g body weight. In particular, the 
preference for sucrose was calculated as % of sucrose assumed over the total amount of liquid drunk. The 
statistical analysis carried out allowed the detection of VUL and RES animals. In particular, VUL animals 
showed a stronger anedonic phenotype kept for the 14 days in the suctest and more immobility in the FS 
(when we registered a decrease in sucrose consumption > 25% compared to baseline consumption). 
Moreover, ketamine was able to prevent the anedonic behaviour, and to reduce the immobility induced by 
FS in VUL animals. 
 
FUTURE EXPERIMENTS 
Next experiments will add the biochemical evaluation of markers of reactive gliosis in the frozen samples 
isolated from PfC/FC derived from adult rats (+/- ketamine), VUL and RES. In particular, the expression of pro- 
and anti-inflammatory mediators, and the mechanisms involved in glial-controlled processes after AS (+/- 
ketamine) in VUL and RES animals will be evaluated by PCR. 
Analysis of the results will allow to identify whether glial effectors are capable of transforming a physiological 
response to stress in a pathological one in VUL subjects. 
These findings will help to clarify molecular and cellular mechanisms of brain stress sequelae and identify 
innovative targets in many psychiatric diseases. 
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