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It is well known that astrocytic and neuronal transmitter release processes are important for signalling, and that
activity-dependent release of adenosine nucleotides and transmitters occurs after stimulation. Neurons and astrocytes can
account for the source of ATP efflux. In this issue of the BJP, Heinrich et al. characterized K+ depolarization-evoked release of
ATP, adenosine and glutamate in hippocampal slices, utilizing microelectrode biosensors for simultaneous real-time recordings
of multiple transmitter effluxes. They demonstrated efflux of ATP, adenosine and glutamate from hippocampus slices, in
response to K+-depolarization, with distinct kinetics and mechanisms, suggesting a coordinated pattern of transmitter release.
Surprisingly, it turned out that a considerable amount of the transmitter efflux measured under these conditions had a glial
origin. For a long time, it was believed that the glial cell did not play a major role in neurotransmission, but the latter results
somewhat change this view. The release of ATP and glutamate from glial cells under these conditions involved P2X7
receptors, and a source of adenosine accumulation independent of the metabolism of extracellular ATP was identified. This
study also highlighted a novel use of multi-enzymatic microelectrode biosensors, which enabled a better characterization of
transmitter release processes with higher temporal and spatial resolution than obtained previously. This technique was
originally developed and used for the detection of purine release. In the present study, it was modified to identify the
interplay between different transmitters, measured simultaneously in hippocampal slices.
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It is accepted that signalling through the release of ATP is a
predominant means of communication between glial and
neuronal cells (Franke et al., 2012). There is considerable evi-
dence showing that both the purine nucleoside adenosine
acting on adenosine receptors and extracellular ATP acting on
the P2-family of purinoceptors to release glutamate cooperate
in the glia/neuron signalling pathway (Sperlagh et al., 2002;
Anderson and Nedergaard, 2006; Marcoli et al., 2008; Sper-
lagh and Vizi, 2011). The mechanisms responsible for the
control of this glial-neuronal cross-talk and its fine adjust-
ment during neuronal activity, and what cells and receptor

types, and from which vesicular pools these transmitters are
released, and whether they act in concert or independently,
have been major topics of interest. Understanding how the
interactions of neurons and astrocytes regulate neurotrans-
mitter release processes, which enable communication and
control of synaptic cross-talk during neural transmission, and
any changes that occur during pathological conditions, will
further help in our elucidation of synaptic dysfunction in
neurodegenerative diseases.

However, the current techniques for characterizing the
endogenous source of transmitters and their sequence of
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release into the extracellular space have limitations. For
example, with microdialysis measurements recovery is on
average only 15–20% of the extracellular transmitters, and
has a much delayed and prolonged temporal resolution that
limits real-time calculations of efflux. Electrophysiological
techniques can only indirectly detect transmitter release. In
the study by Heinrich et al. (2012) these limitations were
addressed by utilizing a recently developed enzymatic micro-
biosensor technique, originally used for the detection of
purine release (Dale, 1998; Dale and Frengueli, 2012). This
technique enabled real-time measurements of transmitter
release that can further delineate processes of transmitter
release with improved spatial and temporal reliability and
accuracy. Utilizing these enzymatic biosensors may help to
identify the ‘trigger(s)’ and pattern of transmitter(s) release
occurring during synaptic activity. As the present paper dem-
onstrated, the appearance, peak and decay of ATP, adenosine
and glutamate responses were not identical with the same
stimulation paradigm, suggesting a coordinated pattern of
transmitter release. Surprisingly, it turned out that a consid-
erable amount of the transmitter efflux measured under these
conditions had a glial origin. One limitation of this technique
was that the microelectrode biosensors were not able to
measure the ‘trigger’ of glutamate efflux separately. The
NMDA receptors that mediated ATP release were most likely
to be on glial cells; however, the biosensor’s resolution was
limited and only AMPA-mediated glutamate release could be
measured. The release of ATP and glutamate from glial cells
under these conditions involved P2X7 receptors, and a source
of adenosine accumulation that was independent of metabo-
lism from extracellular ATP breakdown was also identified.
The results indicated that adenosine was not only obtained
from the metabolism of ATP, but also by a direct release of
ATP.

There are still many processes involved in neuronal
activity that are either unknown or have not been eluci-
dated. Recently, both small vesicles and lysosomes have
been shown to contribute to Ca2+-dependent vesicular exo-
cytosis, and small vesicles support glutamate release from
astrocytes (Liu et al., 2011). Lysosomes were shown to store
ATP and release it when they fuse (Zhang et al., 2007). P2X
receptors are expressed on glutamatergic excitatory post-
synaptic synapses (Rubio and Soto, 2001), and can elicit
both vesicular and non-vesicular transmitter release. In the
present study, an additional complexity of efflux was sug-
gested by the finding that glutamate, but not ATP release,
was independent of [Ca2+]o. This indicates that P2X7-
mediated glutamate release is non-vesicular, while P2X7-
mediated ATP efflux can be either vesicular or non-vesicular.
Future studies are needed to understand whether different
types of stimulation preferentially induce fusion from one or
both compartments, and to determine whether exocytosis of
small vesicles and lysosomes play specific roles in brain
function in vivo.

Even more recently, microglia have also been added as
potential upstream partners of astrocytes. When activated
they release ATP, which triggers an enhancement of astrocyte-
mediated modulation of transmitter release (ATP). Microglia
release small amounts of ATP and astrocytes, in turn, amplify
this ATP release (Pascual et al., 2012), suggesting an addi-
tional hierarchy in glial-neuronal cross-talk. These astrocytes,

activated by microglia-released ATP, modulate neuronal activ-
ity at AMPA receptor-containing synapses by sequentially
releasing glutamate that acts on neuronal metabotropic
glutamate receptors.

It is also important to recognize that there are still many
other unanswered questions with regard to the complex
mechanisms involved in glial-neuronal cross-talk and syn-
chronization. In addition to ATP, adenosine and glutamate,
other factors and transmitters respond to synaptic stimula-
tion and must be taken into account; for example, NO,
trophic factors and cytokines. The physiological role and
involvement of glucose oxidative metabolism in astrocytes
for the supply of ATP or release of glutamate, and how it
relates to energetics or to the control of signalling function,
must be considered. The pharmacological profile of NMDA
receptors expressed on astrocytes and neurons are substan-
tially different, allowing selective modulation of astrocytic
signalling (Palygin et al., 2011). In hippocampal slices
proteinase-activated receptor-2 activation induces a profound
long-term depression of synaptic transmission that is depend-
ent on NMDA receptor activation and is sensitive to disrup-
tion of astrocytic function, indicating that these receptors
also modulate synaptic activity (Gan et al., 2011). Similar
direct biosensor-based measurements in vivo have been used
to show that the state of ‘wakefulness’ can affect mouse
hippocampal astrocyte-derived adenosine (Schmitt et al.,
2012). Wakefulness increases the level of extracellular adeno-
sine and this is derived from astrocytes.

The ability of therapeutic agents to target specific synaptic
responses can only be ascertained by using techniques that
enable a resolution at the cellular and temporal level and are
focused at understanding these complex cellular interactions.
It is possible that microelectrode biosensor-based measure-
ments can enable the clarification of these processes.
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