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GIMENEZ-LLORT, L., S. FERRI? AND E. MARTfNEZ. wfects of the systemic administration of kainic acid and 
NIUDA on exploratory activity in rats. PHARMACOL BIOCHEM BEHAV 51(2/3) 205-210, W&-In spite of growing 
evidence for the involvement of the glutamate.@ system in mammal’s locomotion, studies on behavioural effects induced by 
the systemic administration of excitatory amino acids not associated to convulsions are lacking. In the present work, the effect 
of one single systemic administration of kaimc acid (KA) (9 mg/kg, IP) or NMDA (100 mg/kg, IP) on exploratory activity in 
the rat during 6 consecutive days was studied. Separation of exploratory activity in fast (FM) and slow movements (WI) and 
rearings (R), together with the analysis of those variables during both the light and dark periods of the light-dark cycle, 
allowed finding specific drug-induced effects. KA produced an acute short-lasting increase in exploratory activity, only 
significant for FM. On the other hand, NMDA produced an acute short-lasting depressant effect on FM, SM. and R, followed 
during the next 2 days by a long-lasting increase in exploratory activity, only significant for FM during the dark period. These 
results underline the importance of using repeated testing during both light and dark periods of the light-dark cycle when 
analyzing drug-induced changes on exploratory activity. 

Excitatory amino acids N-Methyl-D-aspartic acid Kainic acid Exploratory activity Rat 

GLUTAMATE and, to a lesser extent, aspartate, are excit- 
atory amino acids that are probably the neurotransmitters for 
most excitatory neurons in the brain. Glutamate’s actions are 
mediated through both ionotropic and metabotropic recep- 
tors. Ionotropic excitatory amino acid receptors are now clas- 
sified in NMDA, AMPA, and high-affinity kainate receptors, 
according to their different agonist selectivity. ol-Amino-3- 
hydroxy-S-methyl-4-isoxaxole propionic acid (AMPA) is a se- 
lective agonist for AMPA receptors, which mediate most of 
the fast synaptic excitatory neurotransmission. Kainic acid 
(KA) is an agonist at both AMPA and high-affinity kainate 
receptors, which also mediate fast synaptic transmission. 
NMDA receptors are selectively stimulated by N-methyl-D- 
aspartic acid (NMDA) and mediate slow, Ca’ + -linked synap- 
tic transmission [for reviews, see (15,18)]. 

Excitatory amino acids produce neuronal death when ad- 
ministered in sufficiently high doses, both locally or systemi- 
cally, most probably as a consequence of excessive activation 
of excitatory amino acid receptors. Therefore, the term excito- 

toxin has been introduced (12,24). Many experimental data 
suggest that excitotoxicity contributes to the neuronal death 
associated to some acute pathologic situations, like cerebral 
ischemia (12). Furthermore, the involvement of excitotoxicity 
in chronic progressive degenerative diseases as amyotrophic 
lateral sclerosis and Huntington disease has also been sug- 
gested (12). 

Most experimental studies about the behavioural effects 
induced by the systemic administration of excitatory amino 
acids agonists refer to those associated with convulsant activ- 
ity, which seems to be invariably associated to excitotoxicity 
(21,25). Less is known, however, about those behavioural ef- 
fects not associated with convulsions, which could reflect non- 
excitotoxic effects. The systemic administration of NMDA 
can increase motor activity in rodents without inducing con- 
vulsant activity (4,9,13,23). On the other hand, as far as we 
know, behavioural effects of systemically administered KA 
not associated to convulsant activity have not been reported. 

In the present work we studied the effects of the systemic 
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administration of NMDA and KA, excitatory amino acid ion- 
otropic receptor agonists, on exploratory activity in rats, 
which did not develop seizures after their administration. A 
computerized method that allowed us to discriminate among 
different aspects of exploratory activity, under both light and 
dark conditions, was used. 

METHOD 

Animals 

Male Wistar rats [WI(IOPS AF/Han), CRIFA, Lyon], ini- 
tially weighing 250-300 g, were used. The animals were ran- 
domly assigned to the different groups and maintained, four 
per cage (Macrolon, 21.5 x 46.5 x 14.5 cm), under standard 
laboratory conditions (food and water ad lib, 22 f 2OC and 
12L : 12D cycles beginning at 0700 hf. The animals were 
weighed once a day after each exploratory activity test during 
the light period. 

Exploratory Activity Recording 

Exploratory activity [initial displacement movements 
shown by the animal when placed in a new environment 
(6,22)] was recorded with a video-computerized system (Vid- 
eotrack 512, View Point, Lyon) by using a tracking image 
analysis. Three different kinds of exploratory movements 
were defined. Fast (FM) and slow (SM) ambulatory move- 
ments consisted of horizontal displacements with a speed 
greater than 25 cm/s and between 12 cm/s and 25 cm/s, re- 
spectively. The percentage of the total session time engaged by 
the rat in each of these movements was determined. Vertical 
displacements were measured as total number rearings (R) per 
session. Four cages (polyglass, 35.5 x 35.5 x 35.5 cm) were 
analyzed simultaneously in a soundproof, temperature-con- 
trolled (22 + 2°C) experimental room. Exploratory activity 
was recorded immediately after the animals were placed in the 
cages without any acclimatization period. To record under 
light or dark conditions, the experimental room was uniformly 
illuminated with two incandescent lamps (100 W; located 1 m 
above the floor) or with red lamps, respectively. 

HORIZONTAL MOVEMENTS 

fast movements slow 

Exploratory Activity in Nontreated Rats 

To determine the optimum period of time engaged in ex- 
ploratory activity (i.e., with more horizontal and vertical dis- 
placements and with less time engaged in grooming), the fol- 
lowing analysis was made: FM, SM, R, and presence or 
absence of grooming were recorded in 12 animals during 10 
min and analyzed in two 5-min periods, under light condi- 
tions, during the light period of the light-dark cycle. The 
optimum period of time was then used to study exploratory 
activity in another group of 35 rats. They were tested for 
exploratory activity twice a day for 7 days, during both the 
light and dark periods of the dark-light cycle (from 0800 to 
1000 h and from 2000 to 2200 h), under light and dark condi- 
tions, respectively. 

Exploratory Activity After Treatment With Excitatory 
Amino Acid Receptor Agonists 

The previously analyzed nontreated rats were administered 
on the eighth day and only once with either NMDA (N = 8; 
100 mg/kg, IP), KA (N = 15; 9 mg/kg, IP), or saline (N = 
6). Six animals were excluded due to missing values. NMDA 
and KA doses were chosen from a pilot study, which showed 
that almost all animals developed convulsions or died with 
higher doses of both compounds. KA and NMDA (both pur- 
chased from Sigma, St. Louis, MO) were dissolved in saline. 
NMDA solution was adjusted to pH 7.4 with NaOH. Immedi- 
ately after the injection, exploratory activity (FM, SM, and R) 
with a 5-min session was determined. The test was done twice 
a day for 6 days, during both the light and dark periods of the 
dark-light cycle (the same schedule as that used during the 
nontreated period). In the first session the animals were left in 
the cage for 2 h, to observe the appearance of convulsions. 
Convulsant rats were excluded from the study. 

Statistical Analysis 

Student’s paired t-test and analysis of variance (ANOVA) 
with post hoc Newman-Keuls comparisons were used to ana- 
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FIG. 1. Repeated testing (5 min/session) of exploratory activity in nontreated rats (n = 35) during the light period (open circles) and the 
dark period (closed circles). For fast (left graph) and slow (central graph) movements results are expressed as means + SEM of the percentage 
of the session time the animal is engaged in each of these movements. For rearings (right graph) results are expressed as means f SEM of 
number per session. Repeated-measures ANOVA with two within factors (day and light-dark) shows a significant effect of both factors for 
each variable (p < 0.01 in all cases). The day factor significance is due to the first day values (post hoc Newman-Keuls comparisons,p < 0.01). 



EXCITATORY AMINO ACIDS AND EXPLORATORY ACTIVITY 207 

12-I 1D 

0’ I I 1 I 1 I 0’ I I I I I 1 

1 2 3 4 5 6 1 2 3 4 5 6 

days days 

T _ 

S K N 

FIG. 2. Repeated testing (5 mm/session) of fast movements in rats administered saline (circles; n = 6), KA 9 mg/kg IP (triangles; n 
= S), or NMDA 100 mg/kg IP (squares; n = 7). Results are expressed as means f SEM of the percentage of the session time the 
animal is engaged in this movement during the light period (left graph) and the dark period (right graph). Insets: means f SEM of 
fast movements in rats administered saline (white bars), KA (striped bars), or NMDA (black bars), during the first day (1D) and during 
the second-third day period (2&3D). ‘Significantly different compared to the saline group, 2significantly different compared to the KA 
group (ANOVA with post hoc Newman-Keuls comparisons: p < 0.01 in all cases). 

lyze exploratory activity in nontreated rats. Pearson’s correla- 
tion coefficients were used to study the existence of linear 
relationships between motor variables. To study the differ- 
ences among the saline group and the KA-and NMDA-treated 
groups, the “summary measures” method (11) was used. In 
this case, the first day’s values, the mean of the second and 
third days’ values, and the mean of the fourth to the sixth 
days’ values were used as the summary statistics, and they 
were subsequently analyzed by ANOVA with post hoc New- 
man-Keuls comparisons. 

RESULTS 

Exploratory Activity in Nontreated Rats 

FM and SM values (analyzed as percent of the total session 
time the animal was engaged in each of these movements) and 
R values (analyzed as number per session) were significantly 
higher during the first S-min period (means f SEM: 3.2 + 
0.3, 31.3 f 2.7, and 23.0 f 1.7 for FM, SM, and R, respec- 
tively) than during the second S-min period (1.9 f 0.2, 22.3 
f 1.8, and 14.2 f 2.1) (Student’s paired t-test: p < 0.01 in 
all cases). Furthermore, grooming was recorded in 50% and 
92% of the animals during the first and second 5-min periods 
of observation, respectively. Therefore, the first 5-min period 
of observation was used in subsequent experiments, as it was 
considered optimum to evaluate exploratory activity. 

Stable values of FM, SM, and R were found with repeated 
testing during 1 week, during both the light and the dark 
periods of the light-dark cycle. A repeated-measures ANOVA 
with two within factors (a day factor, with seven levels and a 
light-dark factor, with two levels) showed a significant effect 
of both factors for each variable (p c 0.01 in all cases). The 
day factor significance was due to the values obtained during 
the first day, which were found to be significantly different to 

most of those values obtained during the next 6 days (with 
post hoc Newman-Keuls comparisons). The light-dark factor 
significance was due to higher FM, SM, and R values during 
the dark than during the light period of the light-dark cycle 
(Fig. 1). Horizontal and vertical components of motor activity 
(FM vs. SM, FM vs. R, and SM vs. R) showed a significant 
positive correlation during both the light and the dark periods 
of the light-dark cycle; FM values during the light period 
also showed a significant positive correlation with FM values 
during the dark period (Pearson’s coefficient > 0.5 and p < 
0.05 in all cases). 

Exploratory Activity After Treatment With Excitatory 
Amino Acid Receptor Agonists 

Convulsions appeared in seven rats treated with KA and 
one rat treated with NMDA, and they were excluded from the 
study. Data corresponding to FM, SM, and R for 6 days are 
represented in Figs. 2-4. A two-factor ANOVA with a within 
factor (a light-dark factor, with two levels) and a between 
factor (a treatment factor, with three levels) applied, sepa- 
rately, for the first day values, the mean of the second and 
third days’ values, and the mean of the fourth to the sixth 
days’ values was used, to determine differences in the three 
dependent variables FM, SM, and R. In all cases a light-dark 
factor significance was found (p < 0.01 in all cases). 
A significant treatment effect was obtained for the first day 
FM values, with a significant increase induced by KA and 
a significant decrease induced by NMDA compared to the 
saline-treated group (one-way ANOVA with post hoc New- 
man-Keuls comparisons: p < 0.01 in both cases) (Fig. 2). A 
significant treatment effect was also found for the first day 
SM and R values, with a significant decrease in the NMDA- 
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FIG. 3. Repeated testing (5 mini session) of slow movements in rats administered saline (circles; n = 6), KA 9 mg/kg IP 
(triangles; n = 8), or NMDA 100 mg/kg IP (squares; n = 7). Results are expressed as means ?Z SEM of the percentage of 
session time the animal is engaged in this movement during the light period (left graph) and the dark period (right graph). 
Insets: means f SEM of slow movements in rats administered saline (white bars), KA (striped bars), or NMDA (black bars), 
during the first day (ID). ‘Significantly different compared to the saline group, *significantly different compared to the KA 
group (ANOVA with post hoc Newman-Keuls comparisons: p < 0.01 in all cases). 

treated group (one-way ANOVA with post hoc Newman- 
Keuls comparisons: p < 0.01 in both cases) (Figs. 3 and 4). 
For the second and third days’ FM values, a significant treat- 
ment effect with a significant increase in the NMDA-treated 
group was obtained (one-way ANOVA with post hoc New- 
man-Keuls comparisons: p < 0.01 in both cases) (Fig. 2). The 
treatment effect was not found significant for the fourth to 
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sixth days’ FM, SM, or R values (Figs. 2-4). All correlations 
between FM, SM, and R were maintained in the NMDA- 
treated group. On the other hand, the correlation between FM 
and R was Iost in the KA-treated group, during both the light 
and the dark periods (Pearson’s coefficient around 0.1 in both 
cases). Body weight gain was not significantly different among 
the three differently treated groups (data not shown). 
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FIG. 4. Repeated testing (5 min/session) of rearings in rats administered saline (circles; n = 6), KA 9 mg/kg IP (triangles; n 
= S), or NMDA 100 mg/kg IP (squares; n = 7). Results are expressed as means f SEM of number per session during the 
light period (left graph) and the dark period (right graph). Insets: means * SEM of rearings in rats administered saline (white 
bars), KA (striped bars), or NMDA (black bars), during the first day (1D). ‘Significantly different compared to the saline 
group, *significantly different compared to the KA group (ANOVA with post hoc Newman-Keuls comparisons: p < 0.01 in 
all cases). 
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DISCUSSION 

Most exploratory activity is produced during the first min- 
utes after the animal is placed in a new environment (6,22). In 
the present study, a short session time (5 min) was found to be 
optimum for analyzing exploratory activity with three compo- 
nents: fast movements, slow movements, and rearings. Fast 
and slow movements and rearings were found to be very stable 
with repeated testing, during both the light and dark periods 
of the light-dark cycle. Only the first day values were signifi- 
cantly different compared with those of the other days. These 
results suggest that when repeated testing is needed, explor- 
atory activity during the first tests should not be used for 
comparisons. In fact, it has been reported that measurements 
of locomotor activity during the first day are poor predictors 
of the activity of subsequent daily tests (6). In agreement with 
the literature, exploratory activity was significantly higher 
during the dark than during the light cycle (16,17). 

Separation of exploratory activity in fast and slow move- 
ments and rearings, together with the analysis of those vari- 
ables during both the light and dark periods of the light- 
dark cycle, allowed finding specific drug-induced effects. KA 
produced an increase in exploratory activity after its adminis- 
tration in the first test during the light period, and this effect 
was only significant for fast movements. On the other hand, 
NMDA produced in the same test a decrease in exploratory 
activity, which was significant for fast and slow movements 
and for rearings. However, this initial motor depression in- 
duced by NMDA was followed during the next 2 days by 
an increased exploratory activity. Another differential effect 
between both glutamate@ agonists was a disruption of the 
correlation between fast movements and rearings after KA 
treatment. 

The systemic administration of high doses of KA has been 
shown to induce seizures followed by motor hyperactivity and 
impairment of learning tasks (8,14). KA-induced convulsant 
activity is invariably associated to both excitotoxic brain le- 
sions (2,14,21) and weight loss (10,21). In a previous work 
(21) we showed, using conventional staining procedures, that 
only some rats that did not present convulsions after KA ad- 
ministration (9 mg/kg, IP) displayed some minor histological 
alterations. The animals used in the present study to analyze 
exploratory activity did not present convulsions or weight loss 
after KA administration, which suggests that direct stimula- 
tion of ionotropic excitatory amino acid receptors that medi- 
ate fast neurotransmission (KA and or AMPA receptors) in- 
duces an increase in exploratory activity. The same markers 
for excitotoxicity (seizures and weight loss) were used for 
NMDA, and consequently, we are not sure about the absence 
of an excitotoxic component of the effects of NMDA on ex- 
ploratory activity. Nevertheless, the convuIsant response de- 

veloped by rats after NMDA (one animal out of eight) was 
lower than that developed by KA-treated rats (7 animals out 
of 15). 

In agreement with the present results, we have recently 
shown that NMDA induces in mice an initial motor depression 
of about 1 h of duration followed, in the next hour, by an 
increased motor activity (5). Von Lubitz et al. (23) found that 
systemically administered low doses of NMDA in mouse in- 
duces a decrease in motor activity. Those authors suggested 
that the depressant effect of NMDA could be mediated by an 
NMDA-induced release of adenosine (7), which inhibits motor 
activity by counteracting dopaminergic neurotransmission 
[for a review, see (4)]. In reserpinized mice an NMDA-induced 
dopamine-independent motor activation was also found (5). 
We have previously suggested that the striatum, a basal gan- 
glia structure involved in the production of motor activity, 
might be the main locus of action in the brain responsible for 
the excitatory effects of NMDA on motor activity (5). We 
suggest that this brain structure could also be involved in KA- 
induced motor activation. In fact, the striatum (caudate- 
putamen, nucleus accumbens, and olfactory tubercle) con- 
tains, by far, the highest densities of all types of excitatory 
amino acid receptors in the basal ganglia (1). Furthermore, it 
has been shown that the local injection of both KA or NMDA 
in the nucleus accumbens or in the ventral pallidum (a target 
nucleus for the nucleus accumbens) induces a pronounced mo- 
tor activation (19,20). However, we cannot exclude a periph- 
eral component in the effect of systemically administered ex- 
citatory amino acids. 

In summary, systemic administration of excitatory amino 
acid ionotropic receptor agonists produce an increase in ex- 
ploratory activity in rats that is probably not linked to their 
excitotoxic action. Although a significant increase of explor- 
atory activity induced by NMDA was only obtained for fast 
movements during the dark period of the light-dark cycle, a 
nonsignificant increase was observed for fast movements dur- 
ing the light period and for slow movements and rearings 
during both the light and dark periods. These results suggest 
that NMDA induces a general long-lasting increase in explor- 
atory activity during the whole light-dark cycle and not a 
specific effect on fast movements during the dark period. The 
stronger exploratory activity during the dark compared to the 
light period, which in fact is specially different for fast move- 
ments (Fig. I), could facilitate the demonstration of signifi- 
cant differences. The long-lasting effect of NMDA could be 
related to its well-known long-lasting synaptic effects (3). 
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