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INTRODUCTION

As with many psychotropic drugs, valproate has an interesting and serendipitous
history. First synthesized in 1882, the anticonvulsant properties of valproate were
unexpectedly discovered by Pierre Eymard in 1962 when he used valproic acid as a
vehicle to dissolve novel compounds being tested for anticonvulsant activity. He
found anticonvulsant activity in each compound tested and eventually in valproate
itself. The first clinical trials of sodium valproate were published in 1964 and its
marketing in France began in 1967.1

The structure of valproic acid, 2-propylpentanoic acid, is illustrated in Figure 1.
In physiological solutions, the proton of this carboxylic acid rapidly dissociates
forming a valproate ion; thus, the terms valproate and valproic acid can be used
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ABSTRACT ~ Valproate has been in clinical use for nearly 40 years for the treatment of a 
variety of neuropsychiatric illnesses, including bipolar disorder and epilepsy. Early reports
linked its biochemical mechanism of action to alterations in γ-aminobutyric acid (GABA)-
ergic function. The definitive mechanism(s) mediating the clinical efficacy of this relatively
simple molecule remain obscure. Although valproate does not directly interact with postsy-
naptic GABA receptors, it does increase regional neuronal concentrations of GABA by both
inhibiting its metabolism and increasing its synthesis. The relevance of these effects to the
clinical efficacy of valproate is unclear. Results of preclinical research, largely 
in rodents, have implicated ion channels, monoamines, corticotropin-releasing factor, and
intracellular signaling proteins in the mechanism of action of valproate. This relative dearth
of data in the area of valproate neuropharmacology is also evident when discussing the mech-
anism(s) of action of other mood stabilizers and anticonvulsants. Modern tools of basic and
clinical neuroscience (eg, genomics, proteomics, functional brain imaging) will rapidly 
provide valuable insights into the precise mechanism(s) of action of valproate.
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interchangeably. This simple branched-chain fatty acid is not structurally
related to any other anticonvulsants in clinical use.

Valproate is rapidly metabolized to various pharmacologically active
metabolites in vivo.2 One metabolite in particular, E-2-en-valproate, is
more potent than valproate in many of the same models in which the 
parent compound exhibits activity; however, its concentrations in the 
central nervous system (CNS) are too low to be of any significance in
mediating valproate’s therapeutic actions.

Mechanism(s) of Action
Shortly after valproate’s introduction, reports appeared that showed

that this agent increased brain concentrations of the main inhibitory 
neurotransmitter, γ-aminobutyric acid (GABA), in laboratory animals.
This effect correlated temporally with valproate’s anticonvulsant activity.3

Although there are other documented effects of valproate on GABA
metabolism (see below), the role of these actions in its anticonvulsant
activity remain obscure. Moreover, unlike drugs that act as indirect
GABA agonists by increasing GABA availability (eg, tiagabine and viga-
batrin), valproate acts through more than one mechanism in providing its
broad pharmacological activity.
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CHEMICAL STRUCTURE OF VALPROIC ACID. THE CHEMICAL NAME IS

2-PROPYLPENTANOIC ACID.
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FIGURE 1
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It is widely accepted that a reduction of CNS GABAergic activity is
proconvulsant in nature and that increases in GABAergic activity are
anticonvulsant; the latter can also produce a generalized depression in
CNS activity. GABA itself interacts with three subtypes of GABA 
receptors: GABAA, GABAB, and GABAC. Several clinically efficacious
anticonvulsants are indirect GABA agonists that potentiate GABAergic
neurotransmission by increasing GABA concentrations either by inhibit-
ing GABA degradation (eg, vigabatrin), inhibiting GABA transport out
of the synapse (eg, tiagabine), or by acting directly on the GABAA recep-
tor complex (eg, benzodiazepines, barbiturates) (Figure 2). Although
there are marked differences in the actions of valproate on GABA con-
centrations across different brain regions, significant increases in nerve
terminal GABA in the midbrain (eg, substantia nigra) are observed with-
in 5 minutes following valproate administration and are thought to play
a major role in its mechanism of action.4,5 Increases in cerebrospinal fluid
GABA concentrations are observed in humans during valproate treat-
ment. Use of newly developed techniques such as magnetic resonance
spectroscopy (MRS) can now be utilized to directly measure CNS
GABA concentrations in human subjects treated with valproate. Taken
together, the extant literature provides support for valproate increasing
GABA concentrations at clinically relevant doses; however, the mecha-
nism(s) and physiological significance of this effect remain somewhat
unclear (see below).

There are at least three major mechanisms by which valproate might
increase GABA concentrations: (1) inhibition of GABA degradation;
(2) increased GABA synthesis; and (3) decreased GABA turnover. The
GABA-elevating effects of valproate were initially proposed to be the
result of inhibition of GABA transaminase (GABA-T; see Figure 2).
However, inhibition was only observed at nontherapeutic concentrations
in vitro and minimal inhibition is observed in whole brain extracts ex
vivo. More recent evidence suggests that neuronal GABA-T, as opposed
to glial GABA-T, is more sensitive to valproate inhibition and probably
does play a role in elevating synaptic GABA concentrations.6-8

Increased GABA synthesis is also thought to play a role in the eleva-
tion of GABA concentrations by valproate. The most marked increase in
valproate-induced GABA synthesis, which does appear to be regionally
selective, is observed in the substantia nigra, a region with one of the
brain’s highest rates of GABA synthesis.9,10 The increase in glutamic acid
decarboxylase (GAD) activity (see figure 2) is rapid and temporally 
correlates with the acute anticonvulsant activity of valproate, though very
high doses of valproate are associated with inhibition of GAD and reduce
GABA concentrations.2 It has been proposed that valproate can form an
ester with coenzyme A in vivo and that this entity is a potent inhibitor of



PSYCHOPHARMACOLOGY BULLETIN: Summer 2003 — Vol. 37 · Suppl. 2

PHARMACOLOGY OF VALPROATE

20
Owens 

and Nemeroff

SCHEMATIC ILLUSTRATION OF A γγ-AMINOBUTYRIC ACID (GABA)–ERGIC

INHIBITORY SYNAPSE IN THE BRAIN WITH PRE- AND POST-SYNAPTIC

PROCESSES INVOLVED IN GABAERGIC TRANSMISSION.

In the presynaptic terminal, GABA is synthesized from glutamate (GluA) by the enzyme glutamic acid
decarboxylase (GAD). GABA is degraded by the enzyme GABA transaminase (GABA-T) to succinic
semialdehyde (SSA), which is metabolized by succinic semialdehyde dehydrogenase (SSADH) to succinic
acid. GABA is packaged into synaptic vesicles, where it is released, like other neurotransmitters, in
response to presynaptic calcium influx. GABA can also be released from the cytosol by reversal of the neu-
ronal GABA transporter. In this schematic, GABA activates postsynaptic GABAA receptors, which are
pentameric structures usually consisting of isoforms of α, β, and γ subunits. Through activation by GABA,
the GABAA receptor allows the influx of chloride ions through this GABA-gated channel. This acts to
hyperpolarize the cell and render it resistant to depolarization. Besides the GABA recognition site, the
GABAA receptor complex contains a number of binding sites (for benzodiazepines, barbiturates, neuros-
teroids and convulsants such as picrotoxin) by which the action of GABA can be modulated. Analagous to
monoamines, GABA is removed from the synaptic cleft by specific GABA transporters (GATs), which are
located in neuronal and glial membranes. GAT-1, the quantitatively most important of the transporters, is
primarily localized in membranes of GABAergic neurons, but also to some extent in glial cell membranes,
and is selectively inhibited by tiagabine, whereas GAT-3 is primarily localized in glial cell membranes. In
glial cells, GABA is degraded to SSA, whereas part of the GABA taken up into neurons can be reused for
synaptic release.
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FIGURE 2
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the α-ketoglutarate dehydrogenase complex (KDHC). This would
reduce substrate entry into the citric acid cycle and increase substrate
availablity for GABA synthesis.11 These changes in the rate of GABA
degradation and synthesis are associated with high concentration/dose-
dependent increases in potassium-evoked GABA release in vitro and
extracellular GABA concentrations in vivo as determined by microdialy-
sis.12-14

Unlike benzodiazepines and barbiturates, valproate does not have 
any affinity for the GABAA receptor complex, but valproate-induced
increases in GABA release can allosterically alter binding of some ligands
(eg benzodiazepines) to the GABA receptor ionophore.15,16 Indeed, the
benzodiazepine antagonist flumazenil inhibits some of the behavioral and
electrophysiological actions of valproate.17-19

Unlike GABAA receptors which form a Cl- ion channel, GABAB
receptors are G-protein coupled receptors.Two groups have reported that
long-term valproate treatment increases GABAB receptor density and
that this property is shared by lithium and carbamazepine, and therefore,
might play a role in the mood stabilizing actions of these compounds.20,21

Little substantiating data have been generated in the last decade to 
support this hypothesis.

There are a number of other biochemical actions of valproate, however,
their role in mediating its efficacy in epilepsy or bipolar disorder is not well
established. For example, valproate inhibits nicotinamide adenine dinu-
cleotide phosphate (NADPH)-dependent aldehyde reductase responsible
for the formation of the amino acid γ-hydroxybutyrate (GHB), which has
been shown to produce absence-like seizures in animals.22 Both valproate
and lithium stimulate glutamate release from cortical slices in vitro at ther-
apeutic concentrations,23 but this is not associated with increases in extra-
cellular glutamate concentrations as assessed by microdialysis studies.13,14

Valproate administration produces the characteristic ‘wet dog shakes’ rem-
iniscent of the serotonin syndrome, and increased serotonin and dopamine
concentrations have been measured in cortical and subcortical rodent brain
microdialysates. However, these alterations do not appear to correlate well
with the long- term efficacy of valproate.24,25

Valproate has recently been shown to alter the activity of the 
corticotropin-releasing factor (CRF) system. This is not hypothesized to
play a role in its anticonvulsant action but may be integral to its use as a
mood-stabilizing agent.26-28

The well-documented actions of valproate to inhibit seizure activity
and neuronal excitability led to investigations of valproate’s actions on 
ion channels other than the GABAA receptor/chloride ion channel 
complex. Although direct alterations on glycine- or glutamate-mediated
excitatory activity were not observed in mouse neuronal cultures in vitro,



PSYCHOPHARMACOLOGY BULLETIN: Summer 2003 — Vol. 37 · Suppl. 2

PHARMACOLOGY OF VALPROATE

22
Owens 

and Nemeroff

valproate potently suppresses N-methyl-D-aspartate (NMDA), but not
α-amino-3-hydroxy-5-methylisoxazole-4-propionate (AMPA), recep-
tor-mediated excitation. This is thought to represent an important action
of valproate; however, the molecular mechanism(s) underlying this effect
is not known.29,30

Direct effects on sodium channels have not been consistently shown,
though some reports suggest that valproate can slow sodium conductance
by decreasing the ability of sodium channels to recover from inactivation.
Potassium conductance/channels appear to be altered only at high,
suprapharmacological concentrations. Valproate does not appear to have 
significant direct effects on calcium channels, though, as noted above,
it does alter NMDA-mediated receptor function, which increases 
calcium flux.

Systems Pharmacology
Systemic studies in intact animals show that valproate exerts anticon-

vulsant effects in almost all animal models of seizure activity. Indeed,
among all classes of anticonvulsants, only benzodiazepines show this
broad range of anticonvulsant activity.3 In animals, the anticonvulsant
potency (necessary dose) of valproate is highly dependent upon the 
animal species studied, type of seizure, route of valproate administration,
and time between valproate administration and seizure induction. In 
general, anticonvulsant potency increases in parallel to the size of the 
animal and is most marked shortly after parenteral administration 
(ie, time of highest serum concentrations). However, rather than showing
tolerance during long-term administration, valproate anticonvulsant
activity appears to increase over time, ie, subeffective doses become 
effective with time in many animal models.

Studies from seizure kindling models suggest that valproate also has
protective (ie, antiepileptogenic) effects distinct from its direct anticon-
vulsant actions. These “protective” effects may also include some neuronal
protection from excitatory amino acid-mediated neuronal lesions. Indeed,
valproate possesses salutary activity in a number of cell survival pathways
including cAMP response element binding protein (CREB), brain-
derived neurotrophic factor (BDNF), bcl-2 and mitogen activated pro-
tein (MAP) kinases.31

CONCLUSION

As recently noted by Loscher,3 the neurobiological mechanisms of 
individual seizure types are poorly understood. The same can be unequiv-
ocally stated for bipolar disorder. Thus, despite a number of consistent
pharmacological actions of valproate, no definitive mechanism of action
has been elucidated that mediates its anticonvulsive and/or mood stabi-
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lizing actions. It should be noted that the same can be said for virtually
all anticonvulsants and mood stabilizers. Nevertheless, we expect that
many of the tools of modern neuroscience will before long provide 
valuable insights into the precise mechanism(s) of action of valproate. ✤
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