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RELAZIONE:  

SCIENTIFIC BACKGROUNG 

The endocannabinoid (eCB) system controls neuronal development, neurogenesis, dendritic arborizations 

and neuronal survival (Freund et al., 2003; Galve-Roperh et al., 2013; Prenderville et al., 2015). For 

instance, genetic deletion of cannabinoid receptor type 1 (CB1) results in accelerated aging, which is 

accompanied by impairments in cognition and neuronal cell loss (Bilkei-Gorzo et al., 2005). Conditional 

deletion of CB1 from cortical glutamatergic or GABAergic neurons results in increased respectively 

decreased dendritic arborizations of CA1 pyramidal neurons in the dorsal hippocampus (Monory et al., 

2015). Enriched housing (EH) affects various aspects of neuronal integrity and functioning, ranging from 

increased dendritic arborizations and spine density to neurogenesis and improved cognition (Brown et al., 

2003; Kempermann et al., 1997; Rosenzweig & Bennett, 1996; van Praag et al., 2000). Even though eCBs 

have been implicated in all of those processes under standard housing conditions, surprisingly little is 

known about a potential involvement of the eCB system in EH-induced changes in brain morphology and 

cognition.  

AIM OF THE PROJECT 

The present study will combine EH with pharmacological manipulations of the eCB system and study 

consequences on cognition and neurogenesis. Those measurements will be embedded in longitudinal in 

vivo imaging [(magnetic resonance spectroscopy (MRS) and manganese-enhanced MRI (MEMRI)] to provide 
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neurochemical and morphological correlates for behavioral and structural changes that have high 

translational value. 

 

FIRST RESULTS 

The first month of my stay at the Max Planck Institute of Psychiatry (MPIP) in Munich I was introduced into 

animal experimentation through several trainings with mice and also by an intensive online course, focused 

on both the European and the German legislation as well as on animal handling.  

After this introduction on animals handling and legislation, I started to familiarize with the Magnetic 

Resonance Imaging (MRI) measurements at the MRI unit of the institute. To this regard, I learned how to 

perform scans on different test mice. Moreover, in order to assess the cognitive performance of mice, in 

particular the spatial reference memory and the working memory, I was introduced also to the water-cross 

maze test. Once learned all the main techniques, I started with the first experiment. 

To investigate the role of eCB system, in particular of CB1 receptors, on neurochemical and behavioral 

changes and neurogenesis, in the first experiment I used 64 adult male C57BL/6N mice. First of all, I 

performed a first MRI scan on standard group-housed adult mice. Thereafter, half of the animals was 

housed in an enriched environment, while the other half was maintained with standard housing. The 

enriched environment consisted in large cages enriched with extra nesting material, one running wheel, 

several plastic hair curlers of different sizes used as tunnels and a hanging thread at the metal lid with 

another small hair curler as tunnel.   

During the next 4 weeks, mice were treated just one time with BrdU (50 mg/kg, i.p.) and daily with the CB1 

antagonist SR141716 (SR, 3 mg/kg, i.p.) or with vehicle (VHC).  

After the treatments, the cognitive performances of the mice were analyzed by using the water-cross maze 

test. At the end of the experiments, mice were undergone to a second MRI scan, followed by the collection 

of the brains, in order to explore the role of eCB system on neurogenesis.  

Given the maximal number of mice which I was able to scan per day (n = 4), this experiment was performed 

by dividing the same cohort of mice (n = 64) in two batches each of 32 animals, characterized by the 

following factors: housing (enriched vs standard) and treatment (SR vs VHC) (n = 16 per group).  

Until now I do not yet started the second experiment, since I’m still analyzing the 3D images of the brains 

obtained by the MRI scans and the behavioral data. 

FINAL RESULTS 

Since spatial navigation allow both animals and humans to explore the environment, orient oneself in 

different locations and thus survive around their natural habitats, spatial learning is considered as an 

important form of memory highly conserved across the species.     

In rodents, spatial learning can be assessed through a number of tests. In particular, in this study I 

evaluated the spatial learning of mice housed in a standard or enriched environment and treated with the 

CB1 antagonist SR or with VHC by using the Water cross maze (WCM) test. 

The WCM is comprised of 4 arms arranged in a cross shape with a central area connecting the arms. The 

arms are labeled North (N), East (E), South (S) and West (W) in clockwise order. The maze is filled with 

water up to 1.5 cm above a submerged escape platform located in the distal part of one of the arms (W or 

E). Since the arm opposed to the start arm is blocked with a guillotine door, the maze is transformed in a T 

maze where the animals are forced to swim left or right instead of straight ahead. Moreover, the WCM is 

made of transparent acrylic glass walls, allowing the animals to see the whole surroundings of the maze 

and encoding distal cues independently of the animal’s position in the apparatus. Therefore, this maze is an 

optimal alternative to study different spatial navigation strategies in mice.  

Mice were given 6 trials per day for up to 7 consecutive days, with the start arm positions N or S allocated 

in a pseudo-random order (e.g. N-S-S-N-N-S or S-N-N-S-S-N) and following a specific learning protocol in 
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which animals count on visual extra-maze distal cues to orient themselves and form a cognitive map of the 

environment. Therefore, they should be able to find the escape platform independently of the start 

location. Since the walls of the maze are transparent, mice can see the room cues from inside the maze and 

use it in order to learn where the platform is. For this protocol, the platform location was fixed (end of the 

W arm). 

The results from WCM tests indicated that mice housed in an enriched environment and treated with VHC 

learned faster compared to mice housed in an enriched or standand environment but treated with SR. This 

was reflected by the differences of accuracy levels and number of accurate learners present in the group of 

mice housed in an enriched environment and treated with VHC. Taken togheter, these results suggested 

that both parameters, the enrichment of the environment and the blockade of CB1 receptors, can interfere 

with the learning performance of the mice. 

In combination with behavioral experiments, before and after the change of housing conditions as well as 

before and after the treatment with SR and VHC, mice were underwent to scans with MRI in order to check 

volume differences of the hippocampus. 

The analyses of MRI images of the animal brains revealed that mice housed in an enriched environment 

presented a little but not statistically relevant increase of the hippocampal volume, especially at the level of 

CA1 region and DG. These alterations have been reversed by the treatments with CB1 antagonist as mice 

housed in a standard environment and treated with SR presented a statistically relevant shrinkage of the 

hippocampal volume. Taken togheter, these results suggested that the good learning performance of mice 

housed in an enriched environment and treated with VHC could be correlated with an increased volume of 

CA1 and DG regions of the hippocampus. Moreover, these results showed also the key role of CB1 

receptors in spatial navigation. 

Since at the end of the experiments the mouse brains were collected, the second part of the project will 

continue in the Labs of Rome to analyze the consequences of the EH and the manipulations of the eCB 

system on neurogenesis. 
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La Società Italiana di Farmacologia dichiara che i dati personali comunicati dall’utente sono trattati in 

conformità alle disposizioni del D. Lgs. 196/2003, così come modificato dal D. Lgs. 101/2018, ed alla 

normativa comunitaria (Regolamento UE 2016/679) secondo quanto indicato specificamente 

nell’informativa privacy reperibile sul sito internet della Società all’indirizzo: https://sif-

website.s3.amazonaws.com/uploads/attachment/file/240/Informativa_Privacy_SIF_Generica.pdf che 

l’utente, con la sottoscrizione del presente Contratto, dichiara di aver compiutamente visionato, compreso 

e accettato. 
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