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Perception of the external world and behavioral responses,
complex feelings associated with emotions and memories, and
even human intelligence all depend on the appropriate synthesis
and release of specific neurotransmitters in the brain. Since the
discovery of chemical synaptic transmission it has been thought
that transmitters are fixed and invariant throughout life. At the
beginning of the nineteenth century, Henry Dale discovered that
each neuron secretes one transmitter at all its terminals and
formulated, for the first time, the concept of chemical identity of
each neuron. This concept was widely interpreted to mean that,
according to Dale’s Principle, each type of neuron only released a
single transmitter. Despite this dogma, scientists have found in the
past few decades clear evidence of multiple transmitters
synthetized and released by the same neuron. This special issue
dedicated to activity-dependent neurotransmitter plasticity
reviews some of the most recent studies in the field showing
how the embryonic nervous system is assembled and the adult
brain is modified following both genetic and experience-depen-
dent environmental instructions. Experiences such as learning and
memory can in fact radically change the brain wiring or neuronal
function. In this issue, the authors will discuss studies that have
provided a new look at how neuronal wiring is assembled in the
developing brain and the impact the environment has on
continually shaping the brain later in life. The pathophysiological
processes associated with neurological disorders and aging could
turn out to be ‘‘unwanted’’ aspects of such ongoing brain plasticity.

Recent studies demonstrated that changes in electrical activity
rapidly and reversibly reconfigure the transmitters and corre-
sponding postsynaptic receptors that neurons express. Induction
of de novo transmitter expression can be achieved by selective
activation of afferents recruited by a physiological range of sensory
input or via transcranial magnetic stimulation (TMS) and/or
optogenetics. Strikingly, neurons acquiring an additional trans-
mitter project to appropriate targets prior to transmitter respe-
cification in some cases, indicating the presence of reserve pools of
neurons that can boost circuit function. The potential clinical value
of circuit-specific neurotransmitter plasticity for treatments of
neurological disorders in the nervous system is gradually
becoming apparent in the field. The ability to manipulate this
novel form of neuroplasticity could provide the basis for novel non-
invasive treatment of disorders of transmitter and receptor
metabolism and neurodegenerative diseases in the developing,
adult, and aging brain.

The discovery that changes in electrical activity dynamically
regulate neurotransmitter expression and release both in the
developing and mature brain is the first step toward the
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understanding of this form of neuroplasticity. Neuronal networks
are identifiable by their overall organization, neuronal composi-
tion, anatomical circuit connectivity, physiological input and
output, and molecular signatures of transcription factors, ion
channels and neurotransmitters, both during development and in
the adult. Sufficient information has been obtained to design
experiments aimed at expanding the list of neuronal circuits that
would respond to activity manipulations by changing neurotrans-
mitter expression. Restoration of neuronal circuit function by
transmitter plasticity is an attractive prospect for several reasons.
Manipulation of activity differs from other treatments in several
significant regards. The first is that both application and onset of
detectable effects can be achieved in a relatively short period of
time. A second appealing aspect of neurotransmitter plasticity is
the prospect for non-invasive treatments for neurological dis-
orders. Finally, it is becoming clear that selective circuit-activation
can induce striking results in restoring function to diseased
circuits. Optogenetics has been used to achieve optical deep brain
stimulation of afferent axons projecting to the subthalamic
nucleus of hemiparkinsonian rats. Although this method is
invasive, these experiments demonstrate that circuit-specific
activation can lead to enhanced therapeutic effects in the adult
mammalian brain with fewer nonspecific effects than obtained
with classical deep brain stimulation (DBS).

Current clinical treatments of neurotransmitter-related dis-
orders include: pharmacology to restore appropriate levels of
neurotransmitter or modulate neurotransmitter receptor activa-
tion, embryonic stem cell transplantation to replace degenerated
cells, surgical removal of brain nuclei to reduce excitation in
epilepsy, electroconvulsive therapies, DBS, and TMS. Activity-
dependent neurotransmitter plasticity induced by selective
activation of brain circuits might provide spatial refinement of
current clinical treatments. Integration of neurons with the correct
identity in damaged circuits via induction of neurotransmitter
plasticity within identified circuits could increase the precision
and effectiveness of future clinical approaches. In the postem-
bryonic nervous system, where neurogenesis is restricted to a few
regions in the brain and the extracellular environment no longer
provides appropriate cues to guide axonal pathfinding of
ectopically and surgically implanted embryonic stem cells, the
activity-mediated recruitment of reserve pool neurons to neuro-
transmitter plasticity opens new hope for a functional rescue of
damaged neural circuits.

Activity-dependent neurotransmitter plasticity in adult and
aging neuronal circuits that share the same target with the
diseased circuits would have a clinical impact on patients with
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neurodegenerative disorders such as Parkinson’s and Alzheimer’s
as well as in subjects with specific functional impairments due to
neural tissue damage caused by stroke or aging. Similarly,
neurotransmitter plasticity could be induced to compensate for
altered function by reestablishing the balance of excitation and
inhibition in affected brain regions. This could be particularly
relevant in subjects affected by schizophrenia, depression and
other mood disorders, developmental disorders, and neurological
conditions due to substance use and addiction.

Neurotransmitter plasticity may provide a mechanistic under-
standing of effectiveness of some of the current treatments
involving activity manipulation. Future research will reveal the
molecular mechanisms and the genes involved in these novel
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forms of activity-dependent neurotransmitter plasticity during
development and their stability in the aging adult.
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