
Introduction

In neurobiology, the discovery of action potential by Hodgkin-Huxley in the fifty’s made the golden days of 
electrophysiology. Since then, most attention has been given to neurons and synaptic transmission, largely 
ignoring “non excitable” glial cells. Absence of action potential in glial cells confined them to a sustaining 
function for neurons providing them with metabolites, immune functions and regulation of local homeostasis 
by clearing ions and neurotransmitters resulting from synpatic activity. Advances in imaging techniques and 
development of fluorescent probes shed new lights on a particular subtype of glial cells called astrocytes. 
In the last 15 years, a large body of evidence demonstrated that astrocyte listen and talk back to neurons 
through a different type of excitability, involving calcium (1). In the mean time astrocytes have been found to 
be involved in the synchrony of synaptic activity (2), in synaptic plasticity and in coordination of synaptic net-
works (3) in such a way that they had come to be considered as the third element of the synapse.

As astrocytic partnership with synaptic function is better and better understood, it is now obvious that 
misregulation of astrocytic functions is potently harmful for the brain and is likely at the basis of numerous 
pathologies.

Astrocytes coordinate synaptic networks.

Calcium signaling in astrocyte has been the key element in the comprehension of astrocyte functions. Indeed 
astrocytes respond to most neurotransmitters by an increase of intracellular calcium that triggers the release 
of gliotransmitters ATP, glutamate and D-serine. The gliotransmitter release mechanisms have been widely 
studied and different modalities of calcium-dependant release have been described (4). Among them, exocy-
tosis, inverted transport, hemichannels and anion channels have been reported and likely coexist. One of the 
important questions of the field consists to determine which modalities are prevailing during physiological 
and pathological conditions.

Nonetheless, we used calcium signaling at our advantage to specifically stimulate astrocytes. Use of photo-
activable calcium, specifically loaded in astrocytes allowed us to demonstrate that astrocytes were synchro-
nizing neuronal activity in the hippocampus through neuronal NMDA receptors.

In order to demonstrate astrocyte involvement in the synaptic transmission in a more physiological context, 
we used approaches aiming at altering gliotransmitter release specifically in astrocyte. For this purpose we 
generated transgenic mice in which SNARE dependant mechanisms of gliotransmitter release were im-
paired specifically in astrocyte. Study of synaptic transmission on those mice revealed that astrocytes were 
responsible for the adenosine tone in the hippocampus through the release of ATP.  Adenosine tone was 
found to have major consequences on synaptic strength and on long-term potentiation which is believed to 
be the synaptic mechanism underlying learning and memory. Another consequence of the reduced level of 
adenosine was a loss of the contrast between stimulated and unstimulated pathways. 
Altogether, these observations lead us to conclude that astrocyte were important in the coordination of syn-
aptic network (5).

Conclusion

Defective synaptic functions of astrocyte are more and more considered as being the potential cause of 
many pathologies of the CNS. One of the first report of astrocyte as a potent source of CNS disease in the 
hippocampus was directly related to the experiments detailed above. If the action of astrocytic glutamate as 
the triggering event leading to the generation epileptiform seizure is still debated (6-8), the glutamate released 
by astrocyte was found to be responsible for the excitotoxicity following status epilepticus that leads to neu-
ronal death (9).

The other gliotransmitter ATP and more especially its byproduct adenosine was found to be involved in sleep 
homeostasis. Reduction of adenosine levels due to impairment of ATP released by astrocyte was recently 
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found to be important in the sleep pressure and cognitive deficiency associated with sleep deprivation (10). 
Those are two examples of the involvement of astrocyte in pathologies. Many other reports of astrocyte in-
volved in pathologies are likely to come as astrocyte function is now studied in most CNS pathologies such 
as allodynia, multiple sclerosis, Alzheimer and Parkinson disease.
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