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RELAZIONE:  
 
Cholinergic and endocannabinoid signaling are considered two of the major neuromodulatory 
pathways in the brain (Bear and Singer, 1986; Blokland, 1995; Harkany et al., 2007; Heifets and 
Castillo, 2009; Rasmusson, 2000; Regehr et al., 2009), since both systems mediate important 
functions in the regulation of short- and long-term synaptic plasticity. 

In the Cholinergic system, Acetylcholine (ACh) is the neurotransmitter released at the 
neuromuscular junction. It is also one neurotransmitter in the autonomic nervous system, both as 
an internal transmitter for the sympathetic nervous system and as the final product released by the 
parasympathetic nervous system. Cholinergic inputs are required for hippocampal learning and 
memory formation, while cholinergic nucleus basalis is critical for activity-dependent cortical 
receptive field plasticity (Bear and Singer, 1986; Everitt and Robbins, 1997; Froemke et al., 2007).  

There are two main classes of ACh receptor, nicotinic and muscarinic. They are named for agents 
that can selectively activate each type of receptor without activating the other. 

Nicotinic ACh receptors are ligand-gated ion channels permeable to Na+, K+, and Ca2+ ions. 
They are ion channels that switch from a closed to open state when ACh binds to them; in the 
open state they allow ions to pass through. Nicotinic receptors come in two main types, known as 
muscle-type and neuronal-type. Neuronal-type receptors are located in autonomic ganglia (both 
sympathetic and parasympathetic), and in the central nervous system. 

Muscarinic ACh receptors have a more complex mechanism, and affect target cells over a longer 
time frame. In mammals, five subtypes of muscarinic receptors have been identified, labeled M1 
through M5 (Caulfield, 1993; Wess, 1996; Caulfield & Birdsall, 1998; Felder et al., 2000). All of 
them function as G protein-coupled receptors, exerting their effects via a second messenger 
system. The M1, M3, and M5 subtypes are Gq-coupled; they increase intracellular levels of IP3 
and calcium by activating phospholipase C. Their effect on target cells is usually excitatory which 
increases cellular excitability by enhancing the mixed-cation Na+/K+ current, non selective current 
and by inhibiting certain potassium channels. The M2 and M4 subtypes are Gi/Go-coupled; they 
decrease intracellular levels of cAMP by inhibiting adenylate cyclase. Their effect on target cells is 
usually inhibitory, as some voltage-gated Ca2+ channels, which in turn hyperpolarizes the neuron 
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or inhibits transmitter release. Muscarinic ACh receptors (mAChRS) are found in both the central 
nervous system and the peripheral nervous system. 

In the mammalian CNS, mAChRs are localized on post-synaptic as well as pre-synaptic site. The 
pre-synaptic cholinergic receptors mainly modulate neurotransmitter release from nerve endings 
and can regulate ACh release as pre-synaptic autoreceptors, or the release of other transmitters, 
as pre-synaptic heteroreceptors. 

The main components of endocannabinoid system, a class of lipid molecules that mimic Δ9-
tetrahydrocannabinol (Δ9-THC), serve key functions in the regulation of synaptic activity, yet they 
eschew some of the most basic rules of neurotransmission (Chevaleyre et al., 2006; Mackie, 2008; 
Cachope, 2012).  

The endocannabinoids (eCBs) are not stored in synaptic vesicles and do not transmit information 
from presynaptic to postsynaptic neurons. Rather, they are made on demand in membranes of 
postsynaptic cells and they act in retrograde signalling processes in which information about 
postsynaptic activity flows back to nerve terminals (for a thorough review, see Kano et al., 2009; 
Piomelli, 2003; Piomelli et al., 2006). This discovery challenged conventional views about chemical 
neurotransmission  

Two endocannabinoids have been identified with reasonable certainty: anandamide and 2-
arachidonoyl-sn-glycerol (2-AG). Both molecules are chemically related to arachidonic acid; in 
anandamide, this polyunsaturated fatty acid forms an amide with ethanolamine, while in 2-AG it 
binds glycerol through an ester bond. Thus, it has been proposed that anandamide and 2-AG 
might play different roles in physiological and pathophysiological conditions (Piomelli, 2003). 
Cannabinoid receptors belong to a class of cell membrane receptors under the G protein-coupled 
receptor superfamily. There are currently two known subtypes of cannabinoid receptors, termed 
CB1 and CB2. The CB1 receptor is expressed mainly in the central nervous system, located on or 
near synaptic nerve terminals where their activation by exogenous cannabinoids and eCBs inhibit 
transmitter release. Until recently it was thought that CB2 receptors were present only in the 
periphery and did not mediate any central effect of CBs, but recent findings suggest that CB2 
receptors are present at low levels in some areas of the brain (Van Sickle et al., 2005; Gong et al., 
2006; Onaivi et al., 2006). 

Little is known about the implications of the mAChR-eCB cross-talk on the complexity of the 
nervous system activity. An emerging but still under investigated theme is the ability of certain 
mAChRs to stimulate the synthesis and mobilization of endogenous cannabinoids, the natural 
ligands for the cannabinoid receptors (CB1Rs) in the brain. 

Endocannabinoid signalling modulates important functions in the regulation of short- and long-term 
synaptic plasticity, for this reason is considered one of the major activity-dependent 
neuromodulatory systems. To this regard is essential to understand and identify which 
endocannabinoid(s) is involved, and investigate the molecular cascade of events responsible for 
their production.  

The diverse phenomena caused by mAChR activation are generally thought to result directly from 
modulation of ionic currents. However, the existence of endocannabinoids, lipid-derived 
messengers that resemble the psychoactive ingredient in marijuana, and retrograde signalling 
systems that use, raises other possibilities. Although, the receptor-dependent synaptic plasticity is 
supported by the bulk of experimental work obtained from electrophysiology data, the chemical 
identity of the endocannabinoid molecule(s) mediating these processes remains quite elusive. 

My research project is focused on the investigation of the identity of the endocannabinoid 
mediator(s) released by activation of cholinergic muscarinic and nicotinic receptors, on the 
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molecular mechanism underlying the Ca2+ independent endocannabinoid release and on their 
feedback role. 

 

Material and Method 

Sinaptoneurosomes preparation 

All manipulations of brain homogenates were performed at 4°C. Synaptoneurosomes were 
prepared from whole brains of wild-type mice. Briefly, mice were quickly decapitated, brains were 
removed and homogenized by 20 strokes with a glass-Teflon homogenizer in 10 ml of 
homogenizing buffer (118 mM NaCl, 4.7 mM KCl, 1.2 mM MgSO4, 2.5 mM CaCl2, 1.53 mM 
KH2PO4, 212.7 mM glucose, 1 mM DTT, pH7.4, and protease inhibitor) and filtered through a 
series of polypropylene filters (twice through 100 µm and once through 10 µm (BD Filcon). Filtrates 
were spun briefly (1,000 g, 15 min) and the pellets were reconstituted in 3 ml of homogenizing 
buffer at a protein concentration of 1 mg ml−1. Dissected brain regions were homogenized in 
methanol (1 ml) containing [2H8]-2-AG and N-heptadecanoylethanolamide (Cayman Chemicals, 
Ann Arbor, MI, USA) as internal standards. Protein concentration was determined in the 
homogenate to normalize samples using the bicinchinonic acid protein assay (Pierce, Rockford, IL, 
USA). Lipids were extracted with chloroform (2 ml) and water (1 ml), and further fractionated by 
open-bed silica gel column chromatography. Lipids were reconstituted in chloroform, loaded onto 
small glass columns packed with Silica Gel G (60-˚ 230–400 Mesh ASTM; Whatman, Clifton, NJ, 
USA) and washed with 2 ml of chloroform. 2-AG were eluted with 1 ml of chloroform/methanol (9:1, 
vol:vol). Eluates were dried under N2 and reconstituted in 50 µl chloroform/methanol (1:3, vol:vol) 
for liquid chromatography/mass spectrometry (LC/MS) analyses. 

 

Primary cortical neuron cultures  

The cells were prepared from embryonic day 18-20 Wistar rats (two rats). Cultures were 
maintained for 10 days at 37°C with 5% CO2 before treatment with CCh  (100 µM), atropine (100 
µM), atropine plus CCh, bapta-am (50 µM) or vehicle (PBS in B-27 supplemented Neurobasal 
Media) for 5 min pretreatment and 3 min treatment at 37°C. Reactions were stopped by washing 
with ice-cold PBS and cells were harvested in 1 ml 50% methanol. Lysates were homogenized 
with sonicator, protein concentrations were measured by bicinchoninic acid (BCA) protein assay 
(Pierce, Rockford, IL), and samples were extracted in 4 ml of ice-cold methanol/chloroform/water 
(1:2:1, vol:vol:vol) containing 500 pmoles of d8 2-AG, 10 pmoles of [2H4]-AEA, [2H4]-γ-LnEA and 
[2H4]-Homo-γ-LnEA; 100 pmoles of [2H4]-OEA, [2H4]-PEA, [2H4]-LEA, [2H4]-SEA added as internal 
standard. The separation of the organic phase occurs after centrifugation of 3250 rpm for 15 mins. 
Organic phases were recovered, evaporated under N2, reconstituted in 100 µl chloroform/methanol 
(1:3, vol:vol) and analyzed by LC/MS.  

 

Slice preparation 

All experiments were performed in accordance with Institutional Animal Care and Use Committee 
protocols and followed the NIH guidelines for the care and use of laboratory animals. These 
guidelines include minimizing animal suffering and the number of animals used to perform the 
required experiments. Sprague-Dawley rats (16–28 days old) were used in all experiments. 
Animals were anesthetized using isoflurane and decapitated using a rodent guillotine. The brain 
was rapidly removed, sectioned into 400 µm thick coronal slices, and stored for at least one hour 
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submerged on a net in artificial cerebrospinal fluid containing (in mM) 119 NaCl, 26 NaHCO3, 2.5 
KCl, 1.0 NaH2PO4, 2.5 CaCl2, 1.3 MgSO4, and 11 glucose, saturated with 95% O2/5% CO2 (pH 
7.4). Slices were then transferred to a submerged recording chamber and bathed in oxygenated 
artificial cerebrospinal fluid. Slices were placed immediately in 100 ml of pre-oxygenated, room-
temperature ACSF, and placed with a wide-bore Pasteur pipette on a nylon net. Slices were 
perfused with oxygenated (95%O2/5%CO2). After 1 h, slices were incubated with drugs. Slices 
were homogenized with tissue grinder, protein concentrations were measured by bicinchoninic 
acid (BCA) protein assay (Pierce, Rockford, IL), and samples were extracted in 4 ml of ice-cold 
methanol/chloroform/water (1:2:1, vol:vol:vol) containing 500 pmoles of d8 2-AG, 10 pmoles of 
[2H4]-AEA, [2H4]-γ-LnEA and [2H4]-Homo-γ-LnEA; 100 pmoles of [2H4]-OEA, [2H4]-PEA, [2H4]-LEA, 
[2H4]-SEA added as internal standard. The separation of the organic phase occurs after 
centrifugation of 3250 rpm for 15 mins. Organic phases were recovered, evaporated under N2, 
reconstituted in 100 µl methanol and analyzed by LC/MS.  

The experimental paradigm consist in the treatment of rat synaptoneurosomes, rat/mice primary 
cells of the embryonic cortical neurons, or rat brain slices, preincubated with atropine (mAChR 
antagonist) or mecamylamine (nAChRs antagonist), and treatment with carbachol, or 
oxotremotrine-M, generical mAChR agonists, or with physostigmine, an acetylcholinestarase 
inhibitor.  

 

Results: 

The Synaptoneurosomes preparations don’t seem to be a good approach to study the link between 
mAChRs and endocannabinoids, so I focused my attention on the primary neuron cultures and 
brain slices with Vibratome; I did also brain slices with the McIlwain Tissue Chopper, but with not 
good results, probably depending on the preparation and the setting of the procedure. All the 
analyses were conducted using GraphPad Prism. 

 

Effect of Physostigmine  and Carbachol in rat PNC 

 

Fig. 1 

 

Fig. 1 Time course of the effect of Physostigmine 10 µM (Acetylcholine esterase inhibitor) on 2-AG 
levels in primary neuron cultures, incubation time: t=0 min, t=15 mins, t=1 h, t=4 h; n = 4;               
** p<0.01 One Way Anova Analysis followed by Boferroni post-hoc test. 
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Fig. 2       a)                                                                             b) 

       

Fig. 2 a) Effect of Physostigmine 10 µM on 2-AG levels in primary neuron cultures, incubation time: 
t=1 h, pretreatment with Atropine 1mM t=15 mins plus incubation with Physostigmine 10 µM t=1 h; 
n=4. ** p<0.01 One Way Anova Analysis followed by Boferroni post-hoc test. b) Effect of 
Carbachol 100 µM on 2-AG levels in primary neuron cultures, incubation time: t=3 min, 
pretreatment with Atropine 100 µM for 5 min. * p<0.05 t Student Test. 

 

Effect of Carbachol in mice PNC 

Fig. 3 

 

Fig. 3 Time course of the effect of Carbachol 100 µM on 2-AG levels in primary neuron cultures, 
incubation time: t=0 min, t=3 min, t=15 mins, t=1 h; n = 6; *** p<0.001 One Way Anova Analysis 
followed by Boferroni post-hoc test. 
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Effect of Physostigmine in rat coronal brain slices (Vibratome) 

 

Fig. 4 

 

Fig. 4 Effect of Physostigmine 10 µM on 2-AG levels in coronal brain slices, incubation time: t=1 h. 
n=10; * p<0.05 t Student Test. 

 

Discussion: 

The preliminary data show that the treatment with physostigmine 10 µM, inhibitor of 
acetylcholinesterase increases the levels of 2-AG after 1h of incubation (Fig.1). 

The muscarinic agonist carbachol 100 µM (Fig.2 b, Fig.3) increasesthe levels of 2-AG, both in rats 
and mice PNC. However, the effects are most significant in primary cell cultures rather than in rat 
brain slices (Fig.4). This finding suggests that the main cause could be the increase of production 
or the blòck of 2-AG inactivation, but further experiments are needed to confirm these data. In 
addition there isthe possibility that this increase  dipends on the level of intracellular calcium ions, 
or it is due to the new synthesis of endocannabinoidsOur results demonstrate that muscarinic 
receptors are able to trigger theincrease of the activity of 2-AG.Furthermore, we hypothese that the 
2-AG enhanced activity could be due to the suppression the 2-AG inactivators, as MAGL or DGL. 
In line with this idea,it should be interesting to use MAGL and DGL assays to assess the activity of 
these enzymes.  

Secondly, we will investigate the involvement of intracellular calcium stores using the calcium 
chelator BAPTA-AM. 

Accordingly, we find that  carbachol may slightly increase the levels of 2-AG after 15 minutes of 
incubation, this effect is dependent on the activation of calcium-dependent and mAChRs 
pathways. 

These data are similar both in brain slices and in cell cultures PNC, despite data coming from the 
cells are more noticeable compared to the technique of the slices. 
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