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Abstract

The selective AT1 receptor antagonist losartan has shown a neuroprotec-
tive and anticonvulsant effect in acute seizure models. The aim of the present
study was to analyze the effect of chronic losartan treatment during epilepto-
genesis on diurnal rhythms of behaviour in Wistar rats in kainate (KA) model
of temporal lobe of epilepsy (TLE). The development of chronic epileptic stage
was confirmed by the presence of spontaneous motor seizures (SMS) detected
by 24 h video monitoring. Chronic losartan treatment (10 mg/kg/day, di-
luted in drinking water, 4 weeks) increased the latency for the onset of the
first SMS in rats. Only control rats treated with vehicle demonstrated diur-
nal activity rhythms. Diurnal rhythms in locomotor activity were abolished in
losartan-treated rats (control and epileptic). Losartan treatment potentiated
the enhancement of locomotion and alleviated the low anxiety level in epilep-
tic rats. Losartan resumed the diurnal variations in anxiety level in epileptic
rats. Taken together, our results suggest that chronic treatment with losar-
tan during epileptogensis may have potential to prevent some of the deleterious
consequences accompanying chronic epileptic stage in a phase-dependent mode.
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Introduction. The involvement of the brain Angiotensin II (Ang II) sys-
tem in the regulation of fluid homeostasis (drinking behaviour, vasopressin re-
lease, sodium appetite), blood pressure, cardiovascular function, neuroendocrine
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control and specific behavioural responses as thirst, depressive-like behaviour,
anxiety, motor function, memory, etc. is well-established [1]. The octapeptide
Ang II exerts its effects mainly via two G protein coupled receptor subtypes,
referred to as the AT1 and AT2 receptors [2]. The imidazolic nonpeptidic com-
pound DuP 753 (losartan) binds with a high affinity to the AT1 receptor subtype
and is often used as an important pharmacological tool for studying of Ang II
functions and the role of AT1 receptor subtype, in particular. Its behavioural
effect including potential anxiolytic and cognitive-enhancing activity are compre-
hensively assessed in a range of animal models. Losartan has been reported to
reduce anxiety in the mouse light-dark test and the rat elevated plus maze (EPM)
test [3, 4]. However, Shepherd et al. [5] were unable to confirm anxiolytic effect
of the AT1 receptor antagonist possibly because of the differences in the strain
used and the route of drug administration. Ang II exerts regulatory role on the
brain dopaminergic (DA) function including DA release through AT1 receptor
activation [6, 7]. These data correlate well with the localization of AT1 receptors
in ascending dopaminergic neurons, both in the cell bodies of the substantia ni-
gra (SN) and in their terminals in the caudate putamen (CP) [8]. In addition,
the DA antagonists were reported to potentiate the anticonvulsant effect of Ang
II in electroshock- and chemically-induced seizures block [9]. Ang II suppressed
the NMDA- and/or kainate-evoked increase in the discharge rate of dorsal lat-
eral geniculate nucleus probably mediated by AT1 receptors [10]. An involvement
of GABAergic interneurons in the mediation of inhibitory effects of Ang II was
also suggested in the basolateral amygdala where the GABAA receptor antag-
onist bicuculline effectively blocked a decrease in the discharge rate caused by
Ang II [11]. The observed dual excitatory and inhibitory effect of iontophoret-
ically ejected Ang II in particular brain areas such as thalamus, hippocampus
and amygdala [10, 11] might be mediated by different angiotensin receptor sub-
types resulting in fine tuning control involved in seizure mechanism. The above
mentioned angiotensin effects on some electrophysiological parameters correlate
with our pharmacological results on animal seizure models [12]. Recently, we
have shown that the selective AT1 receptor antagonist losartan is able to alle-
viate stress-induced behavioural changes and to reverse the diurnal pattern and
decrease the arterial blood pressure in spontaneously hypertensive rats [13, 14].
We have shown that kainate (KA) model of temporal lobe epilepsy (TLE) pro-
vokes hyperactivity, low anxiety level and disrupted diurnal rhythms of behaviour
[15, 16]. Considering the important regulatory role of the AT1 receptors in brain
excitability and behaviour, and our previous data supporting its role in seizure
control, in the present study, we aimed to explore the effects of chronic losar-
tan treatment during epileptogenesis on the TLE-induced behavioural changes in
Wistar rats.

Materials and methods. Sixty-day-old male normotensive Wistar (WIS)
rats were kept under standardized conditions: temperature 21 ± 2 ◦C, 50–60%
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humidity, photoperiod 12/12 with lights on at 8 a.m., in individual cages and
fed with a regular pellet diet ad libitum. The experimental design was approved
by governmental authorities fully in accordance with the European Communities
Council Directives of 24 November 1986 (86/609/EEC). Status epilepticus (SE)
was induced according to the method described by Hellier et al. [17] with a little
modification. Details of methodology were recently published [15, 16]. In brief,
KA, dissolved in saline, was injected intraperitoneally (i.p.) as repeated lower
(2.5–5 mg/kg) doses, with the number of doses titrated until the development
of SE, i.e. class IV-V motor seizures (according to Racine’s scale [18]) were
elicited for ≥3 h. KA-treated rats were placed in labelled kennels and video-
monitored (24 h) with light-sensitive black-white cameras (S-2016, AVTECH,
Taiwan, No AVC307R) for detection of the first spontaneous motor seizure. Only
rats, which developed SE and survived thereafter were included in the subsequent
analyses. KA-treated rats received lactated Ringer’s (2 ml/100 g/day, SC) to
prevent dehydration, apple slices and moistened rat chow until they recovered
from SE. Animals were randomly divided into the following four groups: C-veh
(control group treated with vehicle, n = 10); C-los (control group treated with
losartan, n = 10); KA-veh (rats treated with KA and vehicle, n = 12); KA-
los (rats treated with KA and losartan, n = 10). During the first three days,
when the animals were unable to drink via bottles, losartan potassium (2-n-butyl-
4-chloro-5hydrohymethyl-1-[2-(1H-tetrazol-5-yl) biphenyl-4-yl) methyl] imidazole
potassium salt) (kindly gifted by Merck & CO., Inc., USA70–100) was injected
subcutaneously (s.c.) at a dose of 10 mg/kg (1 ml/kg). The drug was dissolved in
lactated Ringer’s and administered at a volume of 10 ml/kg. The first drug or its
vehicle injection was administered three hours after the sustained SE. Matched
animals not treated with KA were also injected with losartan or vehicle during
the first three days. Later, losartan was diluted in the drinking water, which was
given to the rats between 9.00 and 10.00 h a.m. every day for a period of 4 weeks.
Matched controls were treated with tap water. Daily preparation of drinking
water containing losartan was adjusted depending on individual consumed volume
of a liquid. The behavioural tests (open field (OF) and elevated plus maze (EPM)
were executed in the last days of losartan treatment. The open field apparatus
consisted of a grey plexiglas box (100×100 cm ×60 cm) divided into outer square
(periphery) and inner square (center). Standard calculated measures were: 1)
total distance travelled (cm) and 2) distance travelled in the centre. During
the light phase (15:00 h), illumination at floor level was approximately 100 lux.
During the dark phase (03:00 h) a dim red light was used. The elevated plus
maze apparatus was constructed of black wood and comprises two open arms
(50 × 10 cm), two enclosed arms (50 × 10 × 50 cm) and a central platform (10 ×

10 cm). Standard calculated measures were: 1) the ratio distance (cm) open
arms/total distance in %; 2) ratio time (s) open arms/total time in %. Three-
way ANOVA (factors: Epilepsy; Drug and Phase) analysis of variance was used
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followed by a post-hoc Mann-Whitney or Wilcoxon t-test to examine individual
group differences. p < 0.05 was accepted as an index of statistically significant
differences.

Results and discussion. In the present study, all rats showed general-

Fig. 1. Diurnal variations of activity and anxiety level in open field test: total
distance travelled (A), distance travelled in the centre (B). Data are means
± SEM; ∗p < 0.05 vs controls; ◦p < 0.05 vs KA-veh group, #p < within a

group (15:00 h vs 03:00 h)
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ized SE during the repeated treatment with KA. The behaviour of the animals
returned progressively to normal pattern after SE (latent phase). Spontaneous
motor seizures occurred in all rats, vehicle- and losartan-treated. The rats (KA-
sal group, n = 10; KA-los group, n = 10) were continuously video monitored
to detect the first SMS. The latent period before the onset of the first SMS was
significantly increased in the KA-los group (Mean ± S.E: 37 ± 9.1; range 10–86)
compared to the KA-veh group (Mean ± S.E: 16.6 ± 1.9; range 6–38) (Mann–
Whitney Rank Sum Test: T = 179; p = 0.018). Chronic treatment with losartan,
which started during SE alleviated epileptogenesis and delayed the start of chronic
epileptic phase. This result agrees with our previous data showing that losartan
possesses anticonvulsant and neuroprotective effect in the hippocampus of Wistar
rats [14, 19].

Three-way ANOVA revealed a main effect of Epilepsy [F1.80 = 81.071, p <

0.001] and Drug [F1.80 = 31.847, p < 0.001] for the total distance travelled in
the OF test with Epilepsy x Drug interactions [F1.80 = 42.919, p < 0.001]. Only
control rats treated with vehicle exhibited diurnal variations of locomotor activ-
ity and demonstrated higher locomotion during the dark phase then during the
light phase (#p < 0.05) (Fig. 1A). In accordance with our previous data [15, 16],
the epileptic rats treated with vehicle were more hyperactive showing higher to-
tal distance travelled in the OF than control rats treated with vehicle during
the light phase (∗p < 0.05) (Fig. 1A). Chronic losartan treatment exhibited
phase-dependent effect on locomotion (Fig. 1A). The literature data on losartan
effect on motor activity are scarce and contradictory [7]. Unlike other authors
who studied the acute effect of the drug only during the light phase, we extended
our results showing that the direction of losartan effect in OF test strongly de-
pends on the phase (light vs dark). The losartan-exposed control rats exhibited
higher motor activity during the inactive phase and lower motor activity during
the active phase compared to vehicle-treated rats (∗p < 0.05). However, the total
distance travelled was much more potentiated by losartan in epileptic rats with-
out diurnal variations (◦p < 0.05) (Fig. 1A). Recently, we have reported that
chronic losartan treatment with a dose of 10 mg/kg reversed to hypolocomotion
in stressed rat to control level [13] while Srinivasan et al. [20] showed that losar-
tan attenuated the motor hyperactivity and anxiogenic behaviour in hypertensive
rats.

Three-way ANOVA revealed a main effect of Epilepsy [F1.80 = 55.671, p <

0.001] and Drug [F1.80 = 21.865, p < 0.001] for the distance travelled in the centre
with Epilepsy x Drug interactions [F1.80 = 10.989, p < 0.001]. Epileptic rats
treated with a vehicle were less anxious than control rats, which is indicated by
the higher travelled distance in the central zone of the OF (∗p < 0.05) (Fig. 1B)
However, losartan increased the anxiety level both in the control and epileptic
rats measured by the decreased distance travelled in the aversive central zone
(∗◦p < 0.05) (Fig. 1B).
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Three-way ANOVA revealed a main effect of Epilepsy [F1.80 = 54.555, p <

0.001], Drug treatment [F1.80 = 20.844, p < 0.001], and Phase [F1.80 = 19.328,
p < 0.001] for the distance travelled in the open arms versus the total distance

Fig. 2. Diurnal variations of anxiety level in the elevated plus maze test:
ratio: distance travelled in the in open arms vs. total distance travelled (A);
ratio: time spent in the open arms vs. total time spent in the EPM (B).
Data are means ± SEM; ∗p < 0.05 vs controls; ◦p < 0.05 vs KA-veh group,

#p < within a group (15:00 h vs 03:00 h)
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travelled in the EPM with Epilepsy x Drug x Phase interactions [F1.80 = 23.254,
p < 0.001]. Three-way ANOVA revealed a main effect of Epilepsy [F1.80 = 24.399,
p < 0.001] and Drug treatment [F1.80 = 15.044, p < 0.001] for the ratio of time
spent in the open arms versus total time spent in the EPM with Epilepsy x
Drug x Phase interactions [F1.80 = 9.830, p < 0.010]. Epileptic rats treated with
vehicle were less anxious than control rats measured by the ratio open arms/total
(distance and time) in the EPM (∗p < 0.05) (Fig. 2A, B). Control rats treated
with vehicle as well as losartan-treated epileptic rats exhibited diurnal variations
of anxiety (#p < 0.05) (Fig. 2A, B). Furthermore, losartan reversed the low
anxiety level to control values in epileptic rats (∗◦p < 0.05) (Fig. 2A, B). Losartan
was shown to induce anxiolysis in normotensive rats, showing a behavioral profile
very similar to diazepam in EPM and social interaction test [20]. In our case,
chronic losartan exposure reversed the low anxiety level of epileptic rats to control
value suggesting that the effect of AT1 receptor antagonist was exerted through
different mechanism during the chronic epileptic phase.

In conclusion, our data suggest that chronic losartan treatment starting dur-
ing SE may have the potential to prevent some of consequences of epileptogenesis
associated with seizure predisposition and behavioural disturbances in a phase-
dependent manner.
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