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RAPID COMMUNICATION

Parenteral Domoic Acid Impairs
Spatial Learning in Mice
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PETRIE, B. F., C. PINSKY, N. M. STANDISH, R. BOSE AND G. B. GLAVIN. Parenteral domoic acid impairs spatial
learning in mice. PHARMACOL BIOCHEM BEHAV 41(1) 211-214, 1992. —The present study is the first to examine the effect
of a single intraperitoneal injection of the neuroexcitotoxin domoic acid on learning in mice. Compared to saline controls, animals
exposed to domoic acid (2.0 mg/kg) showed significant impairment on the acquisition of the place task in the Morris water maze.
Observation of swim paths taken by mice searching for the underwater platform revealed a failure on the part of the domoic
acid-exposed mice to select the appropriate problem solving strategies. The results, along with neuroanatomic work done here and
elsewhere, suggest that impairment of acquisition and retention of this spatial navigation task by domoic acid, involves a neuropa-
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thology that includes not only the hippocampus, but other limbic, and possibly extralimbic brain regions.
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THE neuroexcitant amino acid domoic acid, identified as the
agent responsible for an outbreak of mussel shellfish poisoning
in Canada, in late 1987 (1, 4, 23), has been investigated exten-
sively in both humans (6, 18, 23, 29, 30, 34) and animals (1-3,
7-11, 19-22, 25-28, 32, 33). Many human victims of the poi-
soning showed an unmistakable selective loss of ability to re-
member recent events, but few displayed other cognitive defects
or dementia (29, 30, 34). A recent report (26) has shown that
intrahippocampal microinfusion of domoic acid in rats impairs
both learning and memory in the Morris water maze test (16) of
spatial navigation. In the present study, we report that compared
to saline-treated controls, animals exposed to a single intraperi-
toneal (IP) injection of domoic acid show significant impairment
on the acquisition of the place task in the Morris water maze.

METHOD

Twelve experimentally naive DBA-derived mice (6 male; 6
female; 25-35 g) were selected at random, from the Red Deer
College colony for this study, and divided into two groups (6
mice; 3 males, 3 females in each group). Subsequent to the di-
vision of the mice into groups, IP injections, in volumes of 10
mlkg., were administered as follows: Group 1 animals received
an initial single injection of saline followed 60 minutes later by

a second injection of saline. Group 2 animals received an initial
single injection of domoic acid (2.0 mg/kg; Sigma) followed 60
minutes later by an injection of saline.

The spatial learning ability of the 12 mice was assessed in
the place version of the Morris water maze (16). Swimming tri-
als in both groups began 60 minutes after their second injection.
Both groups were swum daily, undergoing a regimen of 4 trials
per day for 14 days. A trial consisted of placing a mouse, by
hand, into the water, with its head toward the wall of the circu-
lar pool (diameter: 1.5 m), at one of four starting locations:
north; south; east; or west, around the pool’s perimeter. Within
each block of 4 trials, every mouse started at each of the 4 loca-
tions. If, on a particular trial, a mouse found the platform, it
was permitted to remain there for 10 seconds. A trial was termi-
nated after 60 seconds if the mouse failed to find the platform.
At the end of each trial, the animal was returned to a holding
cage, and approximately 5 to 8 minutes elapsed before it began
the next trial. Swim paths for all animals were recorded by an
observer, who remained at a desk, located at the north end of
the pool. For the first 7 days of the study, the platform was lo-
cated in the centre of the SE quadrant of the pool. On day 8 of
the study, the platform was moved to the centre of the NW
quadrant of the pool where it stayed for the remainder of the
experiment. Daily swimming ceased after 14 days.
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TABLE 1
EFFECT OF TREATMENTS ON MEAN SWIMMING LATENCIES IN MICE

Saline Mean Domoic Acid Mean
Seconds (S.E.) Seconds (S.E.)
Days (N=6) (N=6)
1 51.9 (3.2) 58.8 (1.1)*
2 41.7 (3.6) 53.8 (3.t
3 16.6 (2.8) 35.5 (5.3)t
4 12.6 (2.2) 31.9 (4.3)%
5 9.4 (1.2) 20.9 (3.9%
6 10.2 (1.6) 25.7 (4.4)%
7 10.5 (1.5) 19.6 3.1t
8 32.8 (4.5) 28.7 (4.1)NS
9 104 2.4) 25.8 (4.7
10 12.1 (2.5) 21.7 (3.5)*
11 8.2 (1.1) 15.2 (3.4)*
12 9.2 (1.3) 15.1 (2.4)*
13 6.7 (0.9) 12.8 (2.6)*
14 8.6 (1.5) 15.6 (3.1)*

*p<0.05; 1p<<0.01; $p<0.001.
NS =not significant.

Comparisons between the 2 groups on latency to reach the
platform were analyzed for each day by Student’s ¢-test. Table 1
summarizes the results from the present study.

RESULTS

In this, the first study to examine the effects of domoic acid,
administered IP, on acquisition of a spatial discrimination task,
the data clearly indicate that on 13 of the 14 days, domoic acid-
exposed mice were significantly slower in their performance in
the pool, as compared to the saline control animals. The moving
of the platform on day 8 proved to be the only day in which the
saline animals were not significantly faster than the domoate-ex-
posed mice in reaching the platform (Fig. 1).

Swim paths were also examined for routes taken while search-
ing for the platform. It was apparent from these observations that
the domoic acid-exposed mice never acquired the sophisticated
search strategies observed in the control animals. Indeed, the
domoic acid-exposed animals spent much more of their time in
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FIG. 1. Mean latencies for acquisition of place task discrimination after
saline and domoic acid-saline treatment.
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the pool engaged in circling behaviour, with some rudimentary
attempts at crossing the pool. It appeared that the domoic acid-
exposed mice encountered the platform only after swimming in
a circuitous manner, while the saline-treated animals employed
a search strategy that initially included circling, followed by a
systematic criss-crossing of the pool. Once the platform was en-
countered and mounted, the saline-treated animals appeared to
incorporate distal cues into an accessible spatial map that al-
lowed them, on subsequent trials, to swim directly to the
platform.

DISCUSSION

The neuroanatomical damage produced by domoic acid has
been investigated in mice (5, 27, 28) and rats (25, 32, 33). It
appears that while rats administered 2.0 mg/kg IP show only
transient behavioural signs suggestive of central nervous system
disturbance (e.g., sluggishness and scratching stereotypy), lim-
bic system damage (specifically hippocampal areas CA, and
CA,) is reported upon postmortem examination (32). Similarly,
mice injected with domoic acid (4.9 mg/kg IP) exhibit damage
in the caudate, lateral thalamic and hippocampal (especially
CA;) regions (27). Damage to the CA, and CA; areas of the
hippocampus is consistent with impaired place task performance
in the Morris water maze, and it appears that glutaminergic an-
tagonists significantly reduce this cell loss (24). The animals in
the present study that were injected with domoic acid showed
behavioural signs of central nervous system disturbance, and
also showed an extended cognitive impairment on the acquisi-
tion of a spatial discrimination task. It is reasonable to speculate
that the damage done to the caudate, lateral thalamic and hippo-
campal regions by domoic acid was at least partly responsible
for the impaired strategy selection seen in the domoic acid-ex-
posed mice. It is conceivable that strategy selection is based
upon motor control, visual cuing, and memory, and that damage
to areas that appear to mediate, at least in part, these functions,
may prove detrimental to the overall efficiency of the organism
when attempting to arrive at an appropriate selection of strategy
in the solution of a problem.

While it is clear that the hippocampus is a structure of para-
mount importance in memory, and that damage to it has been
implicated in a number of neurodegenerative disorders in hu-
mans including Huntington’s disease (12), and senile dementia
of the Alzheimer’s type (13,24), the relative contributions of the
caudate, lateral thalamic, hippocampal and possibly other brain
regions in the solving of a spatial problem have yet to be deter-
mined. Circumventricular brain regions are highly sensitive to
kainate and domoate toxicity and can, in this regard, be more
vulnerable than even the hippocampus to systemic administra-
tion of neurotoxins (5, 17, 33). Nevertheless, the role of cir-
cumventricular structures in response to parenteral domoic acid
administration remains to be elucidated, especially with regard
to the involvement of the mediobasal hypothalamus. It has been
suggested (5) that domoic acid excitation of hypothalamic neu-
rons may activate hypothalamic projections (15), and thereby
cause ‘‘remote’’ damage to the limbic system. This suggestion
is attractive because domoic acid, which appears to cross the
blood-brain barrier with great difficulty (22), would have access
to all structures within the circumventricular region (5, 17, 33).
This latter circumstance would also account for the autonomic
responses that ubiquitously accompany the central nervous sys-
tem effect of parenterally administered domoic acid (2, 5, 8-10).

Thus the true nature of the ability of parenteral domoic acid
to impair spatial task learning may reside in the neuroexcitotox-
in’s proclivity to damage a multipartite system of which the hip-
pocampus is only one important component. Such an integrated
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system for spatial learning and cognition would support
Krechevsky’s (14) theory. Krechevsky proposed that task acqui-
sition could be divided into two phases, a presolution phase and
a solution phase. In the presolution condition, animals experi-
ment with various ‘‘attempted solutions’’ or ‘‘hypotheses’’ from
which an appropriate behavioural pattern is eventually selected
and used in the solution phase. This capacity to perform well on
learning tasks is probably dependent upon the existence of in-
nate mechanisms that can be usefully applied to the task (31). It
is therefore conceivable that the neuroanatomical damage caused
by domoic acid may be located in areas of the central nervous
system that are responsible for the selecting, and sequencing,
from a variety of potential strategies, the appropriate method or
methods necessary for the most efficient solution of the prob-
lem. Damage might be severe in some regions (e.g., hypothala-
mus; hippocampus), and moderate in others, a possibility that
could explain the varying degrees of dementia and memory loss
seen in the human victims of the amnestic mussel poisoning epi-
demic.

This is the first experimental study to show that parenteral
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administration of domoic acid, a neuroexcitotoxin that found its
way into foodstuff consumed by humans, is detrimental to
learning. Parenteral administration, unlike intracerebral microin-
jection, provides for greater ecological validity in studying the
damage that might accrue to many brain regions shortly after in-
gestion. This multifaceted degeneration would more likely re-
semble the neuropathology seen in clinical neurodegenerative
discase states than would a regionally restricted model. Our
present results might prove useful not only in determining the
mechanisms of domoate toxicity, but also establishing the neu-
roexcitotoxin-treated mouse as an animal model with which to
study the learning deficits found in senile dementia of the
Alzheimer’s type, as well as in other neurodegenerative
disorders.
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