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The administration of Domoic Acid (Dom) in a 0.2 mg/kg i.p. dose induces
changes in the levels of amino acids of neurochemical interest (Asp, Glu, Gly, Tau,
Ala, GABA) in different rat brain regions (hypothalamus, hippocampus, amygdala,
striatum, cortex and midbrain). The most affected amino acid is the GABA, the main
inhibitory amino acid neurotransmitter, whereas glutamate, the main excitatory
amino acid, is not affected. The rat brain regions that seem to be the main target of
the Dom action belong to the limbic system (hippocampus, amygdala). The possible
implication of the amino acids in the actions of Dom is also discussed.
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Glutamate is the main excitatory amino
acid (EAA) in the Central Nervous System
(CNS). Ionotropic glutamatergic receptors
mediate direct cation fluxes elicited by
selective ligands as N-methyl-D-aspartate
(NMDA), a-amino-3-hydroxy-5-methyl-
4-isoxazole propionic acid (AMPA) and
kainic acid (KA).

Domoic acid (Dom) is a neurotoxic
secondary amino acid that interacts with
the CNS glutamate receptors. Dom is a
rigid tricarboxylic amino acid analogue of
KA that has received a great deal of atten
tion due to its lethal neurological effects,
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such as headache, confusion, disorienta
tion and loss of memory.

It is generally accepted that KA exerts
potent neuroexcitatory and neurotoxic
effects, leading to selective neuronal dam
age. Dom is known as a potent neurotox
in and it is able to interact with non-
NMDA glutamate receptors leading to
neurotoxicity in cultures of hippocampus
(3), cerebellum (6) and retina (9).

It has been proposed that both neuro
toxins (KA and Dom) interact with a sub
type of glutamate receptor named KA
receptor, because an interaction of Dom
was observed with high-affinity sites
labelled by 3H-kainic acid (4). Recent evi
dences suggest that kainate and domoate 
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exert similar electrophysiological, bio
chemical and neurotoxic effects through
identical mechamisms in hippocampus
and retina.

The aim of our work is to study the
effects of Dom on the brain levels of
amino acids of neurochemical interest in
order to determine if Dom could produce
changes in these amino acids in different
rat brain regions.

Materials and Methods

Domoic acid was obtained from Diag
nostic Chemicals Ltd. (Canada). Pure
amino acids (Asp, Glu, Gly, Tau, Ala,
GABA) were obtained from Sigma
(USA); o-pthalaldehyde was also obtained
from Sigma (USA). Methanol for chro
matography was HPLC grade. Water was
obtained from a MilliQ system (Milli
pore). All other reagents were of analyti
cal grade.

Stock solutions of the amino acids were
prepared in pure water (60 nmol) and
diluted daily to a final concentration of
1 nmol/10 pl.

OPA reagent was prepared as follows:
5 mg OPA, 250 pl ethanol, 250 pl mercap
toethanol, 4.5 ml boric acid.

In all the experiments, adult male Wis-
tar rats kept in controlled conditions were
used. The Dom dissolved in saline (NaCl
0.9 %) was administered via i.p. in a dose
of 0.2 mg/kg. Control animals received an
equivalent volume of saline.

One hour after administration, animals
were decapitated and brains were
removed and dissected in the regions
studied (hypothalamus, hippocampus,
amygdala, striatum, cortex and midbrain).
The brain samples were weighed and
homogenized in perchloric acid and kept
during all night at room temperature for
deproteinization. The following day, sam
ples were microfuged during 10 min, neu

tralized with 1 N KOH, microfuged again
and kept at —20 °C until assay.

Sample derivatization was made pre
column with the OPA reagent (1:1 v/v)
3 min and injected directly (20 pl) into the
chromatograph.

Liquid chromatograph consisted in a
Beckman Gold System coupled to a fluo
rescence detector. Separations were
achieved with reversed-phase columns
ODS 5 pm. Mobile phase was a mixture of
(A) 0.1M acetate pH 5.5 and (B) methanol,
pumped at 1.5 ml/min. In order to opti
mize the analytical conditions, a lineal
gradient was made from 25 % to 75 % in
(B) during 15 min. The components of
the mobile phase were filtered through
0.22 pm Millipore filters and degassed by
helium prior to use.

Results are expressed as means ± SEM
of the indicated number of experiments.
Statistical significance was determined
using the Student’s t test.

Results

In our analytical conditions, the separa
tion and detection of six amino acids (Asp,
Glu, Gly, Tau, Ala, GABA) were
achieved with short run times and without
interferences, using a gradient elution. In
fig. 1 a typical chromatogram of the amino
acid analysis is presented.

The effects of Dom (0.2 mg/kg) admin
istration on the levels of the six amino
acids studied in the different rat brain
regions are presented in table I. In hypo
thalamus, no significant changes were
observed in the case of the different amino
acids. The levels of Asp and GABA were
significantly increased in hippocampus.
The amygdala was the rat brain region in
which the most significant changes were
detected, so that the levels of Asp, Gly,
Ala and GABA were increased in this
region. No significant changes were
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Fig. 1. Representative chromatogram of the analysis of the six amino acids.
A: Asp; B: Glu; C: Tau; E: Ala; F: GABA. The chromatographic conditions
are presented in the text. The gradient of elution is also shown in the figure.

detected in striatum. In cortex, only a sig
nificant increase in the case of GABA was
detected. The Asp and GABA levels were
increased significantly in midbrain.

In short, the most important increases
were detected in the Asp and GABA lev
els. Midbrain, amygdala and hippocampus
were the rat brain regions most affected
by Dom.

Discussion

The increases observed in the brain lev
els of most amino acids studied could be
related to increases in the metabolism
and/or the release of these amino acids in
the rat brain regions studied. In this sense
Dom had previously been found to stim
ulate the release of 5H-GABA in cultures
of chick retina cells in a dose-dependent
way (1). The GABA released upon activa

tion of glutamate receptors could modu
late the glutamatergic activity (10).

Five pM Dom was previously found to
induce neurotoxicity in cell cultures of
chick retina, being mediated by non-
NMDA receptors and dependent on
external calcium. Other endogenous
amino acids could be involved in the toxic
effect of Dom observed in vitro (6).

The most affected rat brain regions by
the Dom administration were hippocam
pus and amygdala, which belong to the
limbic system. This is consistent with the
intoxication effects by Dom in the case of
ingestion of contaminated mussels (11),
especially with disorientation and loss of
memory.

NOVELLI et al. have observed that
subtoxic Dom concentrations are suffi
cient to potentiate glutamate and aspartate
neurotoxicity (7). Excitatory amino acids
of potential neurotoxicity can be pro
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duced in some rat brain regions by the
effect of the Dom administration, which
agrees with the increases observed by us
in the case of Asp in the limbic system
(hippocampus, amygdala).

The systemic KA administration has
been shown to produce some decrease in
the hippocampal concentration of gluta
mate and aspartate (5), as well as seizures
and neuropathological alterations similar
to those observed in temporal epilepsy in
man (2). These facts support the implica
tion of some amino acids in the mediation
of KA and Dom effects on different neu
rochemical functions.

The relevant effects induced by a low
dose of Dom on the brain amino acid lev
els can underline the potential risk for the
human health represented by some amino
acids as envirommental neurotoxins.

R. DURAN, M. C. ARUFE, B. ARIAS y
M. ALFONSO. Efecto del acido domoico
sobre los niveles cerebrates de aminoacidos.
Rev. esp. Fisiol. (J. Physiol. Biochem.), 51 (1),
23-28, 1995.

Se estudia el efecto de una dosis unica de
0,2 mg/kg i.p. de acido domoico (Dom) sobre
los niveles de diversos aminoacidos de interes
neuroqufmico (Asp, Glu, Gly, Tau, Ala,
GABA) en varias regiones del cerebro de rata
(hipotalamo, hipocampo, armgdala, estriado,
corteza y cerebro medio). Los resultados
muestran que el contenido en GABA, princi
pal aminoacido neurotransmisor inhibitorio,
resulta el mas afectado mientras que el gluta-
mato, neurotransmisor excitatorio, no se mo- 

difica. Las regiones cerebrales que parccen ser
mas sensibles a la accion del Dom pertenccen al
sistema limbico (hipocampo y armgdala). Tam-
bien se discute la posible implicacion de los
aminoacidos en las acciones neuroquimicas del
Dom.

Palabras claves: Acido domoico, Aminoacidos,
Cerebro de rata.
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