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Synergistic neurochemical and behavioural effects of acute intrahippocampal injection of brain-derived neurotrophic factor and antidepressants in adult mice
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Abstract Preclinical data support the view that brain-derived neurotrophic factor (BDNF) and serotonergic systems regulate circuits involved in affective disorders. The present study examined neurochemical and behavioural consequences of an acute intrahippocampal injection of BDNF combined with an antidepressant by using in-vivo intracerebral microdialysis in the ventral hippocampus (vHi) in conscious mice and behavioural paradigms predictive of antidepressant and anxiolytic-like effects [the mouse forced swim test (FST), the open-field (OF) paradigm and the elevated plus maze (EPM)]. Neurochemical data revealed that BDNF (100 ng) potentiated the effects of the systemic administration of a serotonin selective reuptake inhibitor (SSRI ; paroxetine 4 mg/kg i.p.) and that of a locally applied citalopram perfusion on dialysate 5-HT levels in the vHi. These neurochemical changes correlated with behavioural data since, in the FST, antidepressant-like activity of paroxetine as measured on swimming behaviour was potentiated by BDNF. These data suggest an interesting synergy between BDNF and SSRI on antidepressant-like activity. Furthermore, in both the OF and EPM paradigms BDNF induced an anxiogenic-like activity, whereas paroxetine prevented this effect. Finally, the neurochemical and behavioural effects of BDNF on the serotonergic system might occur at both pre- and post-synaptic levels since by using in-situ hybridization, we showed that TrkB-R mRNA was expressed in the hippocampus and the dorsal raphe nucleus in adult mice. Taken together the neurochemical and behavioural effects of BDNF suggest that these behavioural changes were mediated by increases in 5-HT neurotransmission in vHi. Thus a BDNF+SSRI combination may offer new alternatives to treat mood disorders. Received 21 October 2008 ; Reviewed 20 November 2008 ; Revised 7 January 2009 ; Accepted 9 January 2009 Key words : Antidepressants, behaviour, BDNF, microdialysis, 5-HT.



Introduction Brain-derived neurotrophic factor (BDNF), a member of the neurotrophin family, plays a key role in the regulation of both depression and anxiety disorders and their treatment (Martinowich & Lu, 2008). In humans, various clinical studies reported reduced brain BDNF levels in unmedicated depressed patients Address for correspondence : Professor A. M. Gardier, Laboratoire de Neuropharmacologie, EA 3544, MESR, Universite´ Paris-Sud, Faculte´ de Pharmacie, 5 rue J. B Cle´ment, 92296, Chaˆtenay-Malabry Cedex, France. Tel. : 33 1 46 83 54 16 Fax : 33 1 46 83 53 55 Email : [email protected]



(Chen et al. 2001 ; Dwivedi et al. 2003). In rodents, acute and chronic stress decreased BDNF expression in the hippocampus and other brain regions (Duman et al. 1997). This reduction in BDNF expression was counterbalanced by chronic antidepressant treatments (Duman et al. 1997). Indeed, Nibuya and colleagues reported that chronic selective serotonin reuptake inhibitors (SSRIs), increased BDNF protein levels and expression (mRNA) in rat adult hippocampus by enhancing 5-HT neurotransmission (Calabrese et al. 2007 ; Nibuya et al. 1995). BDNF requires activation of the high-affinity protein kinase receptor family, TrkB (tropomyosine-related kinase B) to exert its biological effects. It was shown that both acute and chronic SSRI
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treatment increased TrkB receptor (TrkB-R) phosphorylation in mouse hippocampus (Rantamaki et al. 2007 ; Saarelainen et al. 2003). Antidepressants activate TrkB-R quite rapidly indicating a fast increase in BDNF release following antidepressant treatment. These studies suggest that BDNF up-regulation could be an essential component of antidepressant activity. Interestingly, results obtained after acute intrahippocampal BDNF injection in rats (Hoshaw et al. 2005, Shirayama et al. 2002) or transgenic mice overexpressing BDNF in forebrain (Govindarajan et al. 2006) displayed a paradoxical antidepressant/anxiogenic-like activity. In this latter work, anxiety was measured in the open-field (OF) paradigm and the elevated plus maze (EPM), and a 2-d paradigm of the Porsolt forced swim test (FST) was used to evaluate antidepressant efficacy. A reciprocal interaction between BDNF and serotonin (5-HT) in the central nervous system was suggested by Altar (1999). In line with this hypothesis, we recently showed that the constitutive decrease in brain BDNF levels in BDNF+/x mice abolished paroxetine-induced increase in [5-HT]ext in the ventral hippocampus (vHi) but not the frontal cortex, suggesting the region-specific alteration of serotonin transporter (SERT) function (Guiard et al. 2008). In the present study, we investigated the neurochemical and behavioural effects of acute coadministration of BDNF+antidepressant since this combination has been poorly studied. By using intracerebral in-vivo microdialysis, we first assessed the neurochemical effects of BDNF combined with a SSRI (paroxetine or citalopram) on extracellular (5-HT) levels ([5-HT]ext). Moreover, since many studies support the view that increased BDNF levels improve performance on the Porsolt FST, we investigated the behavioural consequences of the co-administration of paroxetine/BDNF in this model. The hippocampus is endowed with a dense serotonergic and noradrenergic innervation (Gobbi & Blier, 2005) that may participate in the regulation of swimming and climbing behaviours, respectively (Dulawa et al. 2004 ; Holick et al. 2008). For this reason, we scored these parameters in the mouse FST. Furthermore, as it was suggested that the hippocampus might be involved in the origin of anxiety-like behaviours (Bannerman et al. 2004 ; Leonardo & Hen, 2006), we used the OF and EPM paradigms to assess the anxiety index of the BDNF+ antidepressant combination. The OF test is a classical approach/avoidance paradigm in which the novel environment concurrently evokes both anxiety and exploration (Dulawa et al. 2004). The EPM is an anxiety-related paradigm based on exploration of a maze that evokes either anxiety (open arms) or safety



(closed arms) (Crawley, 1999). Several hypotheses can be considered regarding the mechanisms by which BDNF induces marked modifications in 5-HT homeostasis. Since the hippocampus and dorsal raphe nuclei (DRN) are considered to be critical sites for antidepressant therapy (El Mansari et al. 2005), in-situ hybridization (ISH) experiments were carried out to localize TrkB-R mRNA in these brain regions in order to assess the physiological relevance of neurochemical and behavioural experiments.



Materials and methods Animals Young adult male Swiss mice (Janvier, France) aged 7–8 wk, weighing 23–25 g, were used across the studies. All animals were housed in groups of five mice per cage under standard conditions. Procedures involving animals and their care were conducted in conformity with the institutional guidelines that are in compliance with national and international laws and policies (Council directive no. 87-848, October 19, 1987, Ministe`re de l’Agriculture et de la Foreˆt, Service Ve´te´rinaire de la Sante´ et de la Protection Animale, permissions no. 92-196 to A.M.G.). Drug treatment Intrahippocampal BDNF injection in awake, freely moving mice (Abcys, France) was dissolved in 0.1 % BSA and administered bilaterally into the vHi (0.2 ml/ min for 2 min using a Picoplus microinjector ; Harvard Apparatus, France), at a dose of 100 ng, according to Benmansour et al. (2008). The stereotaxic coordinates from Bregma (mm) were : A x3.4, L¡3.4, V x4.0. We applied this procedure for both neurochemical and behavioural experiments. For microdialysis experiment, BDNF (100 ng) was locally perfused 60 min after paroxetine administration (Fig. 1 a) or during citalopram perfusion (Fig. 1 b) via a silica catheter glued to the microdialysis probe (Guiard et al. 2008). BDNF injection was performed 60 min after paroxetine administration, i.e. when the blockade of SERT was allowed to reach the plateau of [5-HT]ext. BDNF injection was carried out in awake, freely moving animals, y20 h after the end of the surgery. First, paroxetine was administered 30 min prior to the test as previously described (Guilloux et al. 2006), then BDNF injection was carried out 15 min after paroxetine administration, since the peak of [5-HT]ext for the antidepressant/BDNF combination was ob-
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Fig. 1. Intrahippocampal perfusion of BDNF-potentiated paroxetine and citalopram-induced increase in extracellular 5-HT levels in the ventral hippocampus (vHi) of freely moving wild-type mice. The diagram at the top of each panel represents the timeline of BDNF injection in the presence of (a) paroxetine or (b) citalopram. (a) All animals received paroxetine (4 mg/kg) and either vehicle (–%–) or BDNF (100 ng) (- - -&- - -) at the time indicated by the arrows. Arrows : systemic paroxetine administration at t0 ; BDNF or aCSF injection at t 60. (b) In the presence of citalopram (1 mM perfused into the vHi by ‘reverse microdialysis‘ ), mice received either vehicle (%) or BDNF (100 ng) (&) as indicated by the arrow. Data are means¡S.E.M. of dialysate 5-HT levels expressed in fmol per sample (7–11 mice per group). In panel (a) inset, data are area under the curve (AUC ; mean¡S.E.M.) values calculated for the amount of 5-HT outflow in the vHi, measured after the perfusion of either vehicle or BDNF, for the 60–120 min post-treatment period and expressed as percentages of baseline (7–11 mice per group). * p 
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