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ABSTRACT



Anxiolytic-like effects of DOI, a 5-HT2A/2C agonist have been observed in the four plates test (FPT) after intra-peritoneal administrations. In the present study, DOI (1µg, 2µg or 5µg per mice) was directly injected to three brain structures, the hippocampus, the amygdala and the periaqueductal gray matter (PAG). Tests were carried out immediately after injections. In amygdala and PAG, DOI exerted an anxiogenic-like effect. In the hippocampus, a strong anxiolytic-like effect was found only when injecting 5 µg DOI/mice in the FPT, with a size effect comparable to the anxiolytic-like effect of diazepam 1mg/kg injected intraperitoneally. DOI or vehicle injections did not affect locomotor activity. These results help us to understand mechanisms of action of DOI in animal models of anxiety, probably through an interaction with other neurotransmitter system, such as the GABAergic system which may take place in the hippocampus.
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INTRODUCTION



Few studies have examined the effects of 5-HT2A agonists, due to the lack of available specific ligands and the interest in 5-HT2 receptors blockade [12]. Previous studies revealed opposing effects of (±)-1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane (DOI, a 5-HT2A/2C agonist) following i.p administration, no influence in the mouse elevated plus maze [53], and both anxiolytic and anxiogenic in other studies depending on the mouse strain and dose of DOI administered [48]. In a recent study, we have demonstrated an anxiolytic-like effect of 5HT2 agonists, after i.p administration in the four plates test (FPT), a model of anxiety in mice. DOI (0.5-4 mg/kg, i.p.) and the selective 5-HT2B agonist BW 723C86 (8 and 16 mg/kg, i.p.) were shown to produce a clear anxiolytic-like effect in the FPT [45]. The FPT is an animal model of anxiety in mice, which is used to evaluate the anxiolytic-like effect of new molecules. This model is based on the suppression, by the delivery of mild electric foot shocks, of a simple innate ongoing behaviour i.e. the exploration of novel surroundings [3]. A compound exerts an anxiolytic-like effect when its administration triggers an increase of the number of punished passages accepted by mice. In our laboratory, FPT has demonstrated a sensitivity for the acute administration of benzodiazepines and antidepressants (selective serotonin reuptake inhibitors, SSRIs and noradrenaline/serotonin reuptake inhibitors, SNRIs) inducing an anxiolytic-like effect in this test with naïve mice [11, 28]. We have recently reported that 5HT2A receptor subtypes seems to be implicated in the anxiolytic-like effect of antidepressants in the FPT [47]. Indeed, these results demonstrate that 5-HT2A and 5-HT2B receptor agonists potentiated respectively the anxiolytic-like properties of venlafaxine and paroxetine, in the FPT while the 5-HT2A receptor antagonist SR 46349B



blocked the anti-punishment activity of both antidepressants. The 5-HT2C receptor antagonist RS 10-2221 failed to alter the anxiolytic-like effect of venlafaxine and paroxetine. The predominant brain localisation of 5-HT2 receptor subtypes in limbic and cortical regions correlates well with a function in anxiety [50]. In order to further understand how 5HT2A receptor activation induces anxiolytic like effect in the FPT, we have measured the DOI activity in FPT following microinfusions in three brain structures widely implicated in the neurobiology of anxiety: the hippocampus, the amygdala and the periaqueductal gray matter (PAG). The first structure studied is the hippocampus. This structure is implicated in the mechanism of fear conditioning [2, 23, 54]. Moreover, many studies have demonstrated that, in the hippocampus, a local administration of benzodiazepines (midazolam or diazepam) induced an anxiolytic-like effect in the Vogel conflict test [33, 49, 58]. The role of serotonergic transmission in hippocampus has essentially been studied by the local infusion of 5-HT1A agonists and 5-HT3 antagonists. The administration of these drugs induced anxiolytic-like effects in the EPM and in the Vogel conflict test [40, 41]. The amygdala has been also described as a significant structure in the mediation of fear conditioning and anxiety. Different studies have demonstrated that lesions of amygdala induce disruptions of neurochemical indications (e.g. adrenocortical activation) and expressions of behaviours (e.g. freezing behaviour) of fear conditioning [9, 24]. Moreover, Campeau et al, 1991 have shown an elevation of c-fos mRNA in amygdala after administration of mild footshocks in rat [15]. The amygdala possesses important 5-HT innervations from dorsal raphe nucleus [4, 60]. 5-HT infusions into the amygdala seem to induce anxiogenic-like effects in many animal models [29, 30]. The third structure studied is the PAG. This structure integrates behavioural and autonomic expressions of defensive reactions and then plays an important role in fear and anxiety [5, 13, 25, 35]. In human, dorsal PAG (dPAG) stimulation induces feelings of fear



and marked autonomic changes comparable to the symptoms of panic attacks [1, 43]. In animals, PAG stimulation evokes an aversive emotional response (fear and escape behaviour) and stress physiological changes (increase of defecation) [55]. Many studies demonstrate that PAG stimulation implicates the 5-HT neurotransmission [18, 20, 31, 32, 55]. Moreover, the PAG and the amygdala possess 5-HT innervations from the dorsal raphe. These 5-HT neurons possess varicosities which have preferential contacts with 5-HT2 receptors [37]. This observation demonstrates that serotonergic activities of the PAG and the amygdala mainly implicate the activation of 5-HT2 receptors. We have targeted the dorsal part of PAG, in order to facilitate the stereotaxic procedure. Nonetheless, to avoid possible false positive interpretations, linked to diffusion to lateral part of PAG, we have labelled our results only as “PAG”. In order to stay far from ventricle, we have chosen the dorsal part that is much more accessible to injection. The present study is so designed to evaluate the anxiolytic-like effect of the 5-HT2A/2C agonist DOI in the FPT in three cerebral structures: hippocampus, amygdala and PAG. For this purpose, a local infusions paradigm has been used and validated. In parallel, spontaneous locomotor activity was recorder following local micro-infusions of vehicle, of DOI or with sham-operated mice to avoid any influence of surgery on mice motor behaviour.



EXPERIMENTAL PROCEDURE Animals Male Swiss mice (Janvier, France), weighting on average 20±2g, on the day of the study, were used. These animals were housed in groups of 18 for a minimum of 1 week prior to experiments in plastic cages (44 x 30 x17 cm), at a constant temperature (20°C) and a standard light cycle (lights on between 07:00 and 19:00 h). There was free access to food and



water. Naïve mice were used for each experiment. Mice were allocated randomly to treatment groups (n=10). All experiments were conducted in accordance with the ethical rules of the French Ministry of Agriculture for experiments with laboratory animals (No. 87.848). Experimental design



Locomotor activity [10] Using a photoelectric actimeter (OSYS), we checked if surgery or infusion would modify or not the locomotor activity of mice, in order to isolate potential false positive in the study. This actimeter consists of a stainless steel apparatus containing transparent cages in which the horizontal activity of animals is measured by light beams connected to a photoelectric cell. Locomotor activity was recorded during 75 sec. just after the infusion of LCR or DOI, to be concordant with the FPT protocol. Controls were made with mice which were not operated.



Four-Plate Test (FPT) [3] This apparatus (Bioseb, Chaville, France) consists of a cage (25×18×16cm) floored by four identical rectangular plates (11×8 cm) each separated by a gap of 4 mm. The plates are connected to a device that can generate electric foot shocks (0.6 mA; 0.5 seconds, s). Following a 15 s habituation period, the animal is subjected to an electric foot shock when crossing (transition) from one plate to another i.e. two legs on one plate and two legs on another. The number of punished crossings is calculated for a period of 60 s. An anxiolytic substance is capable of augmenting the number of punished passages accepted by mice. Two standards groups were used in the study: a control group using vehicle, and an internal standard in the anxiety model using diazepam 1mg/kg injected i.p.



Surgical procedure Surgery: Animals were anaesthetized with chloral hydrate (400 mg/kg) and placed in a stereotaxic apparatus (ASI Instruments). Stainless steel cannula guides (0.60 mm external and 0.35 mm internal diameters) were implanted bilaterally in hippocampus and amygdala or unilaterally in periaqueductal gray matter (PAG) according to atlas [22] . Stereotaxic coordinates were: for hippocampus -2.5 mm posterior to bregma, +/- 1.75 mm lateral to the midline and -2 mm ventral to the dorsal surface of the skull; for amygdala -1.5 mm : +/- 2.75 mm : -5 mm; for PAG -4.6 mm : +/- 0 mm : -2 mm. Cannula guides were fixed to the skull with radiopaque posterior glass ionomer restorative cement GC Fuji IX (Henri Schein, France). A metallic cannula dummy was placed in the cannula guide after surgery to avoid blood clots. Animals were allowed to rest 7 days before the behavioural test to recover from surgery. After behavioural tests, mice received injections of methylene blue into cannula guide, they were sacrified and brains were removed and placed 1 min. in 2-methyl-butane at 35°C. Localizations of the implantation of cannula guides were checked by histological way on cryostat sections. Local infusion: Dorsal hippocampus and amygdala and PAG were infused with vehicle or with DOI, a 5-HT2A/2C agonist (Sigma, France) with an internal cannula (0.30 mm external and 0.15 mm internal diameter) connected by polyethylene tubing to 2 µl Hamilton Syringe. For hippocampus, 0.5 µl solution was injected on each side (1 µl/ mouse) over a 60 s period. For amygdala and PAG, 0.2 µl solution was injected in each cannula (0.4 µl/mouse for amygdala, 0.2 µl/mouse for PAG) over a 60 s period. Immediately after the intra-structure injection, animals were placed in the behavioural test, FPT or actimeter. Behavioural tests were performed between 09:00 and 13:00 hours in a quiet room. The mice were kept in this room at least 1 h before the test. Artificial cerebro-spinal fluid (aCSF) was used to dissolve



DOI, and to inject in control-operated mice. For hippocampus, amygdala and PAG, three groups were made: 1 µg/mice, 2µg/mice and 5 µg/mice. Statistical analysis Results were expressed as the mean of the number of punished passages (±SEM) for the FPT. For the actimeter, results were expressed as the mean of the number of ray interruptions. Oneway ANOVA was employed, if the ANOVA showed a significant difference, a Dunnett’s test was performed to compare the effect of treatments. The effect of diazepam, included as internal standard in the anxiety model, was compared to the control group via a student’s t test (p0.05) (Fig 2, 3 and 4). Injection of vehicle only does not trigger modifications of the behaviour during FPT (data not shown). Dorsal hippocampus



The administration of DOI in hippocampus induced a dose dependant modification in the mice behaviour in the FPT in comparison with control-operated mice [F(2,



27)=



10.359,



p0.05). The local administration in hippocampus of DOI 5µg/mice significantly increased the number of punishments accepted by mice in the FPT (p 
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