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Psychopharmacology of Anticonvulsants:
Levetiracetam as a Synaptic Vesicle Protein Modulator
Stephen M. Stahl, M.D., Ph.D.
Issue: A novel mechanism of action has recently been described for levetiracetam,
a member of a new class of anticonvulsants. Levetiracetam binds selectively and
with high affinity to a synaptic vesicle protein known as SV2A, thought to be
involved with synaptic vesicle exocytosis and presynaptic neurotransmitter release.

A

nticonvulsants reduce seizures by a variety of unique
pharmacologic mechanisms
of action.1–7 Not only are the distinct
pharmacologic mechanisms of action
for each individual anticonvulsant
being clarified but so are the therapeutic profiles for these agents. Thus,
some anticonvulsants are also linked
to therapeutic actions in anxiety disorders,2,3,7 others in chronic pain disorders,4,7 and still others in bipolar
disorder.5,6 As pharmacologic action is
better understood, so is the full therapeutic spectrum for each agent.
Recently, yet another novel action
has been described for a new class of
anticonvulsant exemplified by levetiracetam, namely, the selective and
high affinity binding to a protein involved in synaptic vesicle function
called the SV2A protein.8,9 SV2A has
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already proved an effective therapeutic target in reducing seizures and
also holds promise for therapeutic application in conditions characterized
by excessive neurotransmitter release
in pathologically active neuronal circuits such as bipolar disorder10 and
chronic neuropathic pain.11,12
WHAT IS SV2A?
Synaptic vesicles are composed
of numerous proteins, some of which
act as transporters.8,9,13–15 A protein
specific to synaptic vesicles, denoted
SV2, is a 12 transmembrane region
glycoprotein present in all neural cells
and occurring in 3 isoforms, SV2A,
SV2B, and SV2C.13–15 SV2A is the
most widely distributed isoform and is
ubiquitous not only throughout the
CNS, but also in endocrine cells.
SV2B is brain specific, but not widely
distributed, and SV2C is a minor
isoform in brain.
The SV2 synaptic vesicle proteins
are structurally similar to vesicular
transporters for neurotransmitters, but
it is not known what, if anything,
SV2s transport, nor in which direction.13–15 However, it is known that
SV2 synaptic vesicle proteins are not
identical to any of the 4 different ve-

sicular transporters for neurotransmitters that have been described (i.e., 1
for acetylcholine; 1 for serotonin, dopamine, norepinephrine, and epinephrine; 1 for GABA and glycine; and 1
for glutamate). It is also known that in
order for neurotransmitter vesicular
transporters to transport their neurotransmitters into the synaptic vesicle,
they rely upon an electrochemical gradient generated by [H+]ATPase. It is
plausible that SV2s transport an ion
linked to this process, perhaps chloride or calcium itself.13–15
WHAT IS THE
FUNCTION OF SV2A?
SV2A synaptic vesicle proteins are
essential, since knockout mice without
them develop severe seizures soon
after birth and die within 3 weeks.
Neurons isolated from animals lacking
SV2As exhibit altered neurotransmission, but without changes in either
the density or the morphology of
synapses or synaptic vesicles.13–15 This
suggests that SV2As act as a modulator of synaptic vesicle exocytosis, perhaps even moving a substrate out of
vesicles as part of the process of fusion of the vesicle to the presynaptic
neuronal membrane. SV2As thus ap-
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pear to have a crucial role in the
regulation of synaptic vesicle function, although not in the formation
or shape of vesicles.
HOW DOES LEVETIRACETAM
ACT UPON SV2As?
Determining the effect of levetiracetam on SV2A function is complicated both by an incomplete
knowledge of what SV2A does
and also by the unusual pharmacology of levetiracetam, which lacks
effects on electrophysiology of normal brain tissue and neurons but
acts on abnormal electrophysiology
of neurons.8,9 This selective action
is reminiscent of the mechanism of
action postulated for α2δ ligands
that seem to act more upon abnormally activated neurons than on normal neurotransmission.3,4,7
That knockout mice lacking
SV2A exhibit seizures whereas levetiracetam inhibits seizures suggests that
levetiracetam must not be working
simply as an antagonist of SV2A (or
it would be proconvulsant rather than
anticonvulsant). Instead, levetiracetam binding may enhance an SV2A

Take-Home Points

function that inhibits abnormal neuronal activity in epileptic neurons. Without SV2As, presynaptic calcium
accumulation during consecutive action potentials causes abnormal increases in neurotransmitter release that
destabilize synaptic circuits and induce
epilepsy.8,9,13–15 SV2As are involved in
the calcium-dependent regulation of
neurotransmitter release during repetitive stimulation,13–15 maybe even as

calcium transporters of some kind.
Since abnormal buildup of residual
calcium is not removed when
SV2As are absent, it is conceivable
that SV2As are calcium-dependent
inhibitors of neurotransmitter release, and loss of SV2A function
could mean loss of control of exocytosis. Adding levetiracetam to
modulate SV2A function might restore the ability of a neuron to regulate its neurotransmitter release and
thus reduce excessive neuronal activity, thereby reducing seizures.
Whatever the explanation of
what levetiracetam does when it
binds to SV2As, it is clear that this
action is clearly unique from the
main mechanisms currently established for the other anticonvulsants,1
namely GABA facilitation, inhibition
of voltage sensitive sodium channels,
or inhibition of voltage sensitive calcium channels, none of which appear
to be actions of levetiracetam. Understanding the mechanism of action of
anticonvulsants can lead to novel uses
for psychiatric disorders and rational
combination treatments with agents
that act by synergistic or complementary mechanisms. ◆
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◆ Anticonvulsants act by numerous and

different mechanisms to reduce seizures.
◆ A new mechanism of action has recently
been described for the anticonvulsant
levetiracetam that is distinct from that of
all other anticonvulsants, namely binding to the SV2A synaptic vesicle protein.
◆ This action should theoretically modulate excessive neuronal activation, and
thus levetiracetam may not only be a
therapeutic agent for epilepsy, but also
has theoretical appeal for other states
hypothetically linked to excessive neuronal activation, such as bipolar disorder,
chronic neuropathic pain, and anxiety
disorders.
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