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Abstract

anxiety disorder

Mood stabilizers are used to treat bipolar disorder, but some drugs, in particular valproate, have anti-anxiety activity.
This property is determined by the effect of valproate on the GABAergic system. Gamma-aminobutyric acid is
involved in neurotransmission through interneuronal synapses in areas of the brain that control mood, such as the
striatum, globus pallidus, and cerebral cortex. One of the most widespread mediators that plays a central role in the
pathophysiology of anxiety disorders is the gamma-aminobutyric acid (GABA) system. This fact allows us to
consider valproic acid as the drug of choice in the treatment of anxiety disorders.
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Introduction

Normotimics, mood stabilizers, are psychotropic drugs primarily used for
treating bipolar disorder in acute phases or for maintenance therapy to
prevent relapse. [1]

Some normotimic drugs have additional valuable psychotropic properties.
For example, valproates exhibit not only normotimic but also pronounced
anxiolytic and antipanic activity, allowing their usein panic disorder, anxiety
disorders, and when anxiety is present in the structure of another mental
iliness.

Valproic acid (VPA), a short-chain branched fatty acid, is the drug of choice
for the treatment of epilepsy and may act as a mood stabilizer. There are three
pathways for the metabolism of wvalproic acid: glucuronidation,
mitochondrial oxidation, and cytochrome P450-mediated oxidation. In this
case, glucuronidation is 50%, mitochondrial oxidation is 40%, and oxidation
by cytochrome P450 is 10%, respectively. Serum contains 70-94% VPA
bound to albumin. The half-life of VPA is 13-18 hours.[2]

The mechanism of action of VPA includes:
Inhibition of gamma-aminobutyric acid (GABA) transaminase:

VPA inhibits the function of the GABA transaminase enzyme, which is
responsible for the degradation of GABA, the predominant inhibitory
neurotransmitter in the brain. As a result, the level and activity of GABA
increases, which leads to increased inhibition of neuronal functions. In
neuropathic pain, VPA causes neurogenic inflammation through GABA-A
receptor-mediated inhibition.

Enhances GABA synthesis by increasing the expression and activity of
glutamic acid decarboxylase (GAD). This enzyme is responsible for
converting glutamate, which in turn is one of the main excitatory

neurotransmitters in the brain, into GABA. This leads to increased levels and
activity of GABA.

VPA inhibits GABA succinate semialdehyde dehydrogenase (SSA-DH).
This enzyme is responsible for the accumulation of gamma-aminobutyric
acid through its maintenance.

Valproic acid inhibits the action of histone deacetylases enzymes (HDAC).
Acts mostly on HDACL. Histone diacelase 1 is the main enzyme regulating
gene expression. Recently, inhibition of this enzyme occurs as a result of
recent changes in chromium, which affect the transcription of many genes.
This may explain VPA's effects on mood.

Inhibition of sodium channels that are potential dependent: the main effect
of valproic acid is the effect of the penetration of sodium ions into neurons,
ultimately reducing neuronal excitability and firing rate.

VPA affects the function of calcium sources, such as T-type, L-type and N-
type calcium compounds. These functions include a range of functions:
neuronal signaling and neurotransmitter release, gene expression and cell
survival.[4]

VPA can also inhibit the TCA (tricarboxylic acid cycle) at the alpha-
ketoglutarate dehydrogenase stage.

Due to the action of valproate on the GABAergic system, it can act as an
anxiolytic in anxiety disorders. A special place is occupied by inhibition of
gamma-aminobutyric acid transaminase, a derivative of GABA synthesis,
and inhibition of succinate semialdehyde dehydrogenase.

The GABAergic system is responsible for the synthesis and degradation of
gamma-aminobutyric acid, as well as its release and interaction with
receptors.[5]
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The GABAergic system consists of the following components:
1. GABA
2. glutamate decarboxylase
3. GABA-A receptors,
4. GABA-B receptors
5. GABA transporters (GAT). [5]

Gamma-aminobutyric acid (GABA) or 4-aminobutyric acid is part of the
group of non-protein amino acids and contains four carbons. GABA is the
main inhibitory neurotransmitter in the central nervous system.[6]

Gamma-aminobutyric acid is involved in neurotransmission through
interneuronal synapses in the brain and also coordinates brain activity. Some
of which control mood, such as the striatum, globus pallidus and cerebral
cortex. [7][8]

The biosynthesis of gamma-aminobutyric acid begins with glutamate under
the action of the enzyme glutamate decarboxylase. Glutamate decarboxylase
(GAD English glutamate decarboxylase) consists of two isoforms: GAD6G5
and GADG67. GABA can be synthesized in two ways. Direct synthesis from
glutamic acid is catalyzed by GADG65 or GAD67, and synthesis from
glutamic acid produced by trichloroacetic acid is catalyzed by the GAD67
isoform. [9]

GABA is then converted into succinate semialdehyde due to metabolic
processes. Under the action of GABA ftransaminase and succinate
semialdehyde dehydrogenase, succinate semialdehyde is converted to
succinate. Therefore, by acting on these enzymes, valproic acid promotes the
accumulation of GABA in the central nervous system. [3]

GABA receptors are inhibitory pentameric ligand-dependent receptors that
influence the resting potential through the influx of chloride ions. However,
if chloride accumulates intracellularly, it can depolarize the membrane,
changing the intracellular concentration and making the Nernst potential less
negative. When the Nernstchloride potential becomes less negative than the
resting membrane potential, the opening of GABA receptors causes chloride
efflux instead of influx, resulting in membrane depolarization instead of
hyperpolarization.[10]

Cells that have GABA receptors on them can transmit the GABA-mediated
signal in different ways, either using metabotropic or ionotropic receptors.
There are two types of GABA receptors, GABA A and GABA B, which
differ in their structure. Previously, there was another type of ionotropic
GABA C receptor, but at this point in time it is classified as a subtype of
GABA A receptor. [11] [8]

y-aminobutyric acid subtype A receptors are well-known inhibitory
neurotransmitter receptors in the central nervous system. They belong to the
family of ligand-gated ion channels. GABA A are heteropentamers, which
are formed from 19 subunits: six a (alphal-6), three B (betal-3), three y
(gammal-3), three p (rthol-3) one & (delta), € (epsilon), 7 (pi) and 6 (theta).
Due to this, there are many isoforms of the receptor. The genes responsible
for the synthesis of subunits are located on chromosomes 4, 5, 15 and X of
the human genome. Each of these isoforms may exhibit different
pharmacological and physiological properties. In humans, most GABA A
receptors consist of two a subunits, two 3 subunits, and one y subunit. [8]

GABA B receptors belong to the group of metabotropic receptors and are
heterodimeric, coupled through G proteins with potassium and calcium
channels. GABA B receptors are located not only in the central nervous
system, but also outside it, unlike GABA A receptors. [11] [12]

GABA B receptors exert their inhibitory effect through activation of K +
channels, inactivation of Ca 2+ channels and inhibition of adenylate cyclase.
GABA B receptors are strict heterodimers that are formed by the assembly
of subunits R1 and R2, each of which consists of three domains: a long
extracellular N-terminal domain or otherwise the Venus flytrap domain,
which contains a binding site, a heptahelical transmembrane domain and a
C- terminal intracellular tail. The Venus flytrap domain of the R1 subunits
binds to ligands but not to the R2 subunits, although they have similarities.
R2 subunits couple to G protein, providing slow and long-lasting G protein-
mediated inhibitory signals.[13]
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GABA transporters play a huge role in GABA homeostasis.

There are four GABA transporters GAT1, GAT2, GAT3and BGT-1. GATs
are expressed in presynaptic neurons as well as surrounding astrocytes.
GATL is a GABA transporter that is highly expressed, in contrast to GAT2,
which has the lowest expression. Inhibition of GABAergic signaling by
GABA occurs in two ways. One of them involves either transport back to the
releasing neuron, which takes up 80%, the second involves transport into the
surrounding glial cells, which takes up 20%, where it is further metabolized
into glutamine. [14]

One of the most common biomarkers of anxiety disorders is the gamma-
aminobutyric acid (GABA) system. An imbalance between excitatory and
inhibitory CNS neurotransmitters has been found in patients with anxiety
disorders, especially panic disorder. [15]

Also, a connection between anxiety disorders and GABA is indicated by the
response to treatment with anxiolytics, as well as studies of the mechanism
of action, genetic engineering and neuroimaging studies of the GABA
receptor. The overall results indicate a relative deficit in GABA
neurotransmission, which may be enhanced by the use of a drug such as
valproate, which increases brain GABA levels or neurotransmission by
influencing GABA metabolic pathways. [16] Oral GABA supplementation
has also been shown in studies to reduce anxiety in people under stress.[19]

Based on the data, animal studies were conducted

The effect of valproic acid on the activity of enzymes responsible for further
metabolism of GABA was studied using mouse brain homogenates [17]

Numerous studies have documented an increase in GABA concentrations in
the brain of rodents following VPA administration. [18]

In mice, valproate showed an anxiolytic effect in a mirror chamber test. VPA
produced behavioral changes very similar to those caused by lorazepam,
supporting the use of valproate in anxiety disorders. [20]

Human studies have shown

Use of valproate in a translational human model of anxious behavior.
Valproate had an anxiolytic effect.[21]

The effectiveness of valproic acid in participants with social anxiety disorder
showed that there were changes in the primary outcome measures from
baseline in the Liebowitz Social Anxiety Scale total score. The results of this
open-label study indicate the effectiveness of valproic acid for the treatment
of social anxiety disorder.[22][23]

Thus, mood stabilizers, in particular valproic acid, have an anxiolytic effect
due to their effect on the GABA-erinic system. Therefore, valproic acid can
be considered as a drug of choice in the treatment of anxiety disorders.
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