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Prospect of a Dopamine Contribution in the Next Generation of Antidepressant Drugs: The Triple Reuptake Inhibitors Bruno P. Guiard*1,2, Mostafa El Mansari1 and Pierre Blier1 1



University of Ottawa Institute of Mental Health research, 1145 Carling Avenue, Ottawa K1Z7K4 ON, Canada.; 2Univ Paris-Sud EA 3544, Fac. Pharmacie, Châtenay-Malabry cedex F-92296 Abstract: Biogenic amine transporters for serotonin and norepinephrine (5-HT and NE respectively), are major targets for currently available antidepressant drugs, particularly those inhibiting the reuptake of 5-HT and/or NE. Compelling evidence suggests that dopamine (DA) is also involved in the pathophysiology and treatment of depression, leading to the development of a new class of antidepressants: the triple reuptake inhibitors that simultaneously inhibit 5-HT, NE and DA reuptake thereby prolonging their duration of action at postsynaptic levels. Although preclinical studies strongly suggest that triple reuptake inhibitors display antidepressant-like activity in various behavioural paradigms, including the forced swimming and the tail suspension tests, it has yet to be demonstrated that the addition of the dopaminergic component produces more robust effects than single- or dual-acting compounds. Several arguments favour this hypothesis and particularly the observation that DA may promote neurotrophic processes in the adult hippocampus, as 5-HT and NE do. It is thus possible that the stimulation of multiple signalling pathways resulting from the elevation of all three monoamines may account, in part, for an accelerated and/or greater antidepressant response. To predict the efficacy of triple reuptake inhibitors, it is important to take into consideration the existence of dense connections between monoaminergic neurons. Indeed, it is well established that the increase in central dopaminergic transmission regulates the neuronal activity of 5-HT and NE in the dorsal raphe (DR) and locus coeruleus (LC), respectively, while in turn, the ventral tegmental area (VTA), is sensitive to changes in 5-HT and NE release. This review synthetizes the pertinent litterature, focusing on the contribution of DA, to illustrate the rationale for designing improved antidepressants.



Keywords: Antidepressant, dopamine, monoamine transporters, mood disorders, neurogenesis, triple reuptake inhibitors. INTRODUCTION The discovery of antidepressant drugs 60 years ago revolutionized the treatment of major depression [1]. Most of second generation represent refinement of the tricyclic antidepressants that act mostly by inhibiting the plasma membrane transporters for serotonin (5-hydroxytryptamine or 5HT) and/or norepinephrine (NE) [2]. Serotonin selective reuptake inhibitors (SSRIs) represent the most widely prescribed class of antidepressants available on the market. As inferred from their name, they selectively block the reuptake of 5-HT resulting in elevated levels of this monoamine in the extracellular environment. The latter observation has never been directly demonstrated in humans and the main evidence that an increase in brain 5-HT is necessary for the therapeutic action of SSRIs comes from clinical studies reporting a return of depressive symptoms in SSRI-treated patients after a low protein and tryptophan diet (the 5-HT precursor) [3]. Although, there is a multiplicity of studies underlying the importance of the availability of 5-HT for the clinical effect of the SSRIs [4,5], definitive conclusions have been elusive, particularly due to heterogeneity and methodological differences in postmortem brain tissue studies [6]. However, preclinical data, especially from in vivo microdialysis experiments, have repeatedly shown that systemic administration *Address correspondence to this author at the Laboratoire de Neuropharmacologie et Serotonine EA3544, Faculte de Pharmacie, Universite Paris XI, 5 rue J.B. Clement, 92296 Châtenay-Malabry, France; Tel: 011 33 1 46 83 59 68; E-mail: [email protected]
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of SSRIs, increases the extracellular concentration of 5-HT in brain regions involved in mood disorders, mainly the frontal cortex (FC) [7-9] and the hippocampus [7-9], but also the amygdala [10] and hypothalamus [11]. Although many patients benefit from SSRIs, it is estimated that approximately 50% of depressive individuals do not respond adequately to these agents [12]. Even in remitters, a relapse is often observed following drug discontinuation. Finally, the major limitation of SSRIs concerns their delay of action. It appears that the clinical efficacy of SSRIs only becomes evident after a few weeks [13]. The development of antidepressant drugs that would overcome at least some of these problems would be of great clinical benefit. A second generation of antidepressants targeting both 5HT and NE, with less side effects than the tricyclics, has therefore been developed with the hope to produce more robust therapeutic effects. Among these antidepressants, venlafaxine has provided one of the first opportunities to propose that a specific dual-acting antidepressant would be significantly more effective than the SSRIs fluoxetine or paroxetine in depressed patients [14-18]. Venlafaxine was also suggested to have a statistically higher rate of remission than SSRIs [19], and particularly useful in patients who remain severely depressed following SSRI treatments [20, 21]. Although these clinical data favored the notion that SNRIs offer a clinically relevant advantage over SSRIs, there is still controversy whether dual 5-HT/NE reuptake inhibitors are more efficacious. A meta-analysis of the SSRI © 2009 Bentham Science Publishers Ltd.
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escitalopram, suggests that this antidepressant is superior in efficacy over venlafaxine on the response rate, remission rate, and overall treatment outcome [22]. Despite these analyses, it is currently believed that the therapeutic efficacy of antidepressant drugs may depend on their capacity to simultaneously enhance brain 5-HT and NE transmissions [15]. Growing evidence demonstrates that dopamine (DA) also plays a role in the pathophysiology and treatments of depression. Several clinical and preclinical arguments (detailed in the first part of this review) are consistent with this hypothesis, leading to the development of a third generation of antidepressants: the triple reuptake inhibitors. These drugs simultaneously inhibit the reuptake of all three monoamines (5-HT, NE and DA) [23]. Since anhedonia, loss of motivation, energy and attention, have been linked to a deficit in central dopaminergic transmission [24], and usually observed in depressed patients, a compound capable of increasing synaptic DA as well, might reduce these symptoms further than with SSRIs or SNRIs. They could result in a greater efficacy and/or a more rapid onset of action than traditional antidepressants. In addition, the enhancement of dopaminergic transmission could be an important factor that could limit adverse effects usually observed with SSRIs and SNRIs. As an example for the side effects, it is well established that SSRIs exert sexual inhibitory effects [25,26]. Adding a stimulatory dopaminergic component might compensate for the inhibitory action of chronic 5-HT transporter inhibition on sexual function without losing the antidepressant efficacy. Accordingly, it has been demonstrated that direct or indirect dopaminergic receptor agonists such as bupropion, may attenuate SSRIs-induced sexual dysfunction in some cases [27]. In a recent study, it has been reported that the triple reuptake inhibitor DOV216303 failed to produce sexual dysfunction in rats, probably due the dopaminergic property of this compound [28]. The present review will highlight the preclinical and clinical data raising the possibility that the dopaminergic system may be a relevant target for new antidepressant strategies. An analysis of the current knowledge regarding the impact of DA on 5-HT and NE neurons will illustrate the fact that the simultaneous increase in brain 5-HT, NE and DA levels should be considered to explain putative preclinical and clinical differences between SSRIs, SNRIs and triple reuptake inhibitors. Finally, the in vitro and in vivo properties of currently available triple reuptake inhibitors will be provided and discussed in regard to their putative antidepressant activity. In particular, given that depression not only results from brain monoamines imbalance but involves other mechanisms such as cellular loss, atrophy, and abnormal neuronal connectivity in many brain areas [29], this review will address the possibility that triple reuptake inhibitors may exert more robust antidepressant effects than SSRIs and SNRIs, by preventing/reversing neurotrophic alterations associated with depression and stress in the rodent and human brain [30-32].
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ROLE OF THE DOPAMINERGIC SYSTEM IN THE PATHOPHYSIOLOGY AND TREATMENT OF DEPRESSION Several lines of evidence suggest that an attenuated function of the dopaminergic system may play an important role in depression. Among these, is the observation that mood disorders are highly prevalent in pathologies characterized by a deficit in central DA transmission such as Parkinson’s disease (PD). For example, the prevalence of depression can reach up to 50% of individuals suffering from PD [33]. Such dopaminergic deficits produce anhedonia and disrupted reward-related behavior, core symptoms of depression, associated with an altered mesocorticolimbic dopaminergic function [34,35]. Decreased brain DA levels can be achieved experimentally through depletion of the precursor of DA synthesis tyrosine, or by administering -methylparatyrosine, a competitive inhibitor of the rate-limiting enzyme for catecholamine synthesis. In these conditions, dysphoric and anhedonic symptoms appear in healthy volunteers, or are potentiated in depressed patients [36-39]. Other arguments include, but are not limited to, lower concentrations of DA or its metabolite homovanillic acid in the cerebrospinal fluid of depressed or suicidal patients compared to normal individuals [40-45]. Compelling evidence thus exists for an attenuated dopaminergic function in mood disorders. Such a reduction in dopaminergic transmission could account for adaptive mechanisms usually observed in depressed patients, such as an increase in D2/D3 receptor binding sites [46-48] or a reduced DA transporter (DAT) activity [49]. Conversely, preclinical and clinical studies indicate that it is possible to achieve antidepressant-like action by enhancing central DA transmission. For instance, DA reuptake inhibitors, such as GBR12909 or bupropion, increase the time of immobility in the rat forced swimming test (FST) [40,51-55]. Other drugs with significant dopaminergic properties including the NE/DA reuptake inhibitor nomifensine, as well as the monoamine oxidase inhibitors (MAOIs), which prevent the breakdown of monoamines (5-HT, NE and DA for MAO-A inhibitor: clorgyline, and DA for the MAO-B inhibitor: deprenyl), exert antidepressant-like effects in animal behavioral paradigms [56-59], but also in humans [60,61]. The hypothesis that the enhancement of dopaminergic transmission might reinforce the efficacy of traditional antidepressants has also been proposed. Bupropion potentiates both SSRIs and SNRIs-induced increase in climbing and swimming behaviors in the rat FST [62,63] and produces greater symptomatic improvement than when either drug was used alone in depressed patients [6466]. Another recent study, pointed the beneficial effects of bupropion and duloxetine in patients with major depression who had not achieved symptom remission with either treatment alone [41]. Although the postsynaptic receptors mediating the antidepressant effects of DA remain unknown, D2like receptor-type is suspected to play a predominant role. Indeed, it has been shown that the D2-like receptor agonists such as quinpirole, pergolide, piribedil, bromocritpine, and more recently pramipexole, possess antidepressant-like properties in rodents and therapeutic action either given
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alone [67-72], or as an augmentation strategy in treatmentresistant depressed patients [73-79]. Furthermore, it has been recently demonstrated that the acute administration of a low dose of the selective dopamine D2-like receptor antagonists sulpiride caused a substantial reoccurrence of depressed mood in SSRIs treated patients [80]. Together, these findings suggest that an enhancement of dopaminergic transmission may contribute to the antidepressant response [43,81]. In turn, several data suggest that the enhancement of central dopaminergic transmission is necessary for the therapeutic response to conventional antidepressants occurs. The importance of DA in the mechanism of action of antidepressants was supported by preclinical findings showing that the lesion of DA neurons with 6-hydroxy-dopamine, abolished the antidepressant-like effects of SSRIs [82]. In addition, several studies have reported that chronic antidepressant administration alters the expression and/or sensitivity of D2 and D3 receptors in the mesolimbic system [83-85], but also that of the DAT [86,87]. If these antidepressant-induced changes in DA receptor sensitivity are required for a therapeutic effect, then increasing the synaptic availability of DA (together with 5-HT and NE) may trigger this process, resulting in a rapid onset of action and/or overall efficacy [88,89]. Regarding the specific role of D3 receptors, it seems that their expression and function in the nucleus accumbens (Nacc) are downregulated in depression, while these changes are reversed by antidepressant treatments suggesting that enhanced DA neurotransmission mediated by D3 receptor activation, participates in adaptive changes leading to antidepressant activity [83,90]. Interestingly, a recent study has reported that the antidepressant-like activity of SSRIs is potentiated in mice lacking the D3 receptors [91]. Altogether these clinical and preclinical studies provided rationale for the addition of the DA component to the dual SNRIs to improve their antidepressant activity [23]. RECIPROCAL INTERACTIONS BETWEEN DOPAMINE, NOREPINEPHRINE AND SEROTONIN NEURONS Anatomical similarities and functional interactions between brain monoaminergic systems can help guide research regarding the pharmacological actions of antidepressant drugs. This concept needs to be carefully considered, particularly with the emergence of triple reuptake inhibitors, because the simultaneous increase in extracellular 5-HT, NE and DA levels in the brain may produce positive and couterproductive negative feedback actions. Although, serotonergic and noradrenergic inputs are known to modulate the neuronal activity of DA neurons in the VTA (for reviews, see [92,93]), this review will focus on the action of DA on 5HT and NE neurons in the DR and LC, respectively. A corollary of such reciprocal interactions between monoamines neurons is that the magnitude of the antidepressant-like activity of triple reuptake inhibitors may not fit the prediction based on the affinity and functional activity of these drugs for the monoamine transporters. Impact of DA on the Serotonergic System It is well documented that dopaminergic neurons of the VTA, giving rise to the mesolimbic/cortical DA system, send
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projections to the DR [94]. There is consistent evidence regarding the dopaminergic regulation of DR 5-HT neurons. Indeed, D2-like receptors have been identified in the DR [95,96], suggesting that DA might be able to modulate 5-HT neuronal firing. Accordingly, a recent in vivo study revealed the existence of an excitatory effect of DA upon 5-HT neurons: the mean firing activity of DR in DA-lesioned rats was decreased by 60% compared to sham-operated rats [97] (Fig. 1). These findings appear consistent with electrophysiological studies showing that short- and long-term (but not acute) treatment with the DA reuptake inhibitor, bupropion, doubles the mean firing rate of 5-HT neurons compared to control rats [98-100]. However, since bupropion displays NEreleasing property [98], its excitatory effects in the DR may result more from the stimulation of 1-adrenoceptors located on 5-HT neurons. Interestingly, although acute administration of nomifensine, a dual NE and DA reuptake inhibitor, failed to modify DR 5-HT after acute systemic administration, it attenuated SSRI-escitalopram induced decrease in 5HT neuronal activity [101]. Together with the observation that neither the selective NE inhibitor reboxetine nor the DA reuptake inhibitor GBR12909 altered the electrophysiological effect of escitalopram, these findings show that both DA and NE are required to counteract the potent inhibition of DR 5-HT neurons. From these results, it can be anticipated that acute administration of triple reuptake inhibitors will produce a lower decrease in 5-HT firing rate than that observed with SSRIs. Further pharmacological experiments, reinforced the possibility that DA input exerts an excitatory influence on DR 5-HT neurons. For example, microinfusion of the D2-like receptor agonist apomorphine in the rat DR stimulates the firing rate of 5-HT neurons [102] thereby enhancing local 5-HT ouflow [102-104], while these effects were attenuated by the selective D2 receptor antagonist raclopride. Accordingly, it has been recently reported that the sustained, but not acute or subchronic (2 days), administration of the D2/D3 receptor agonist pramipexole, increased 5HT neuronal firing as well as their bursting activity consecutively to 5-HT1A autoreceptor desensitization [105]. Finally, in vitro studies demonstrated a depolarizing action of the D2 like receptor agonist quinpirole, and its blockade with the D 2 receptor antagonist haloperidol, of rat 5-HT neurons [106,107]. Together, these findings suggest that the concurrent activation of both 1-adrenoceptors and D2-receptors in the DR after sustained triple reuptake inhibitor treatment, could lead to an excitation of 5-HT neurons. Impact of DA on the noradrenergic system Descending pathways from the VTA also innervate the LC [108]. In rodents, although only a small percentage of its VTA-derived afferents seem to be dopaminergic [109], DA receptors mainly of the D2-like subtype have been identified in this brain area [110]. Lesion experiments have shed some light on the nature of the effects of DA in the LC. The selective lesion of VTA DA neurons increased by 33% the mean firing rate of LC NE neurons discharging in a single-spike mode, and by almost 60% that of LC neurons displaying both single spike and busting activities [97] (Fig. 2). These results unveiled an inhibitory influence of DA inputs in the LC. These data are in agreement with in-vivo electrophysiological studies showing that the direct iontophoretic appli-
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Fig. (1). Effect of dopaminergic lesion with 6-OHDA on the electrophysiologic activity of 5-HT neurons in the Dorsal Raphe Nucleus. (A and B) Examples of typical recordings of DR 5-HT neurons obtained in a sham operated and a VTA-lesioned rat. (C) Mean ± SEM of frequency (Hz) of 5-HT neurons recorded in the DR of sham-operated (n=5) (grey histogram) and 6-OHDA-treated rats (n=6) (black histogram). ***pDAT), DOV216303 which preferentially binds to SERT and DAT, mainly inhibits the uptake of [3H]5-HT and [3H]NE [23,89]. Such a discrepancy could be explained by the fact that the uptake of [3H]NE from synaptosomal fractions involved the DAT. Indeed, unselective reuptake mechanisms have been previously reported with monoaminergic systems. In particular, it is well established that the clearance of DA from the extracellular space can occur through the NET in various brain regions including the hippocampus, the FC and the NAcc [98,127-129]. In Vivo and Ex Vivo Studies Assessing the Pharmacological and Antidepressant-Like Profile of Triple Reuptake Inhibitors In an attempt to further characterize the pharmacological profile of triple reuptake inhibitors and to determine whether the dopaminergic component of triple reuptake inhibitor affects 5-HT and NE transmissions, recent electrophysiological and neurochemical studies have been conducted. Electrophysiological recordings of monoamine neurons showed that the acute administration of the triple reuptake
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Table 1. In vitro Comparative Affinity of Triple Reuptake Inhibitors with Serotonin Selective Reuptake Inhibitors (SSRIs), Norepinephrine Reuptake Inhibitors (NRIs) and Serotonin/Norepinpehrine Reuptake Inhibitors (SNRIs) for Human monoamine Transporters. aValues are Expressed in nM (Ki for Inhibition of Radioligand Binding. bValues are Expressed in nM and Represent the Equilibrium Dissociations Constants (Kd’s). Comparative Values for SSRIs, NRIs and SNRIs are Taken from [123-125]. Monoamine Reuptake Inhibitors DOV 216303a DOV 21947



a



JNJ-7925476



a



PRC 025



b



PRC 050



b



PRC200-SS



b



Escitalopram



a



In Vitro Binding (Ki or Kd in nM) hSERT



hNET



References hDAT



190+28



380+48



190+40



[23]



110+16



260+41



210+56



[89]



0.9+0.1



16+7



5+1



[120,126]



6+0.8



19+2



100+10



[122]



6+0.3



0.4+0.05



120+10



[122]



2+0.1



0.6+0.05



18+.1



[121]



1+0.1



7841+998



27410+3100



[124]



a



0.1+0.01



45+3



268+8



[124]



Fluoxetinea



1.1+0.01



600+100



3764+106



[124]



Desipramineb



17.6+0.7



0.83+0.05



3190+40



[124]



Paroxetine



Duloxetine



a



Venlafaxine



0.8+0.04



7.5+0.3



240+23



[123]



a



82+3



2480+43



7647+793



[123]



b



1010+30



15.6+0.4



56+3



[125]



Nomifensine



inhibitors SEP225289 and DOV216303 (both compounds being equipotent at inhibiting monoamine transporters), reduced the firing rate of NE, DA and 5-HT neurons through the activation of 2, D2 and 5-HT1A autoreceptors, respectively. Both compounds exerted a predominant effect in the LC since they almost completely inhibited the firing rate of NE neurons (90% and 70% percent of inhibition respectively), while producing only a partial decrease in VTA DA and DR 5-HT neuronal activities [130]. The weak potency of SEP225289 and DOV213606 at inhibiting DA neurons in the VTA is not really surprising since even systemic administration of the selective DA reuptake inhibitor GBR12909 [131] or the local application of D2-like receptor agonists in the VTA [132], only produces a partial decrease in the firing rate of DA neurons. However, the fact that they failed to completely inhibit 5-HT neurons is more puzzling in particular because the majority of SSRIs, produce a complete suppression of firing [133]. These results might illustrate the importance of the above-mentioned reciprocal interactions between monoaminergic neurons. Indeed, since the DR receives noradrenergic and dopaminergic innervation and expresses both NET [134], and DAT [135], it can be anticipated that the acute systemic administration of triple reuptake inhibitors effectively increases catecholamine levels around 5-HT neuron cell bodies which would exert local excitatory influence and potentiate their neurochemical effects at nerve terminals.



tex (mPFC) and the NAcc [121]. In the mPFC, in agreement with its in vitro pharmacological profile, PRC200-SS (5 and 10 mg/kg; ip) significantly increased extracellular levels of NE and 5-HT with a more pronounced effect for NE. The kinetics of effects of PRC200-SS revealed distinct profiles with a persistent increase for NE and a transcient increase for 5-HT peaking 40 min post-injection. Nevertheless, PRC200SS failed to modify the extracellular levels of DA in the mPFC. This is somewhat surprising given the dense dopaminergic innervation and the high expression of DAT in this brain region [137]. These neurochemical observations also contrast with the facts that catecholamine uptake blockers such as nomifensine, desipramine, GBR12909, and reboxetine have been previously shown to increase, although moderately, DA levels [138-142]. However, in the core of the NAcc, PRC200-SS (10 mg/kg; ip) increased DA and to a lower extent 5-HT outflow without affecting NE, probably because of the absence of noradrenergic innervation in this brain area [143,144]. Although the highest increase in DA than 5-HT levels in the NAcc may seem aberrant in regard to the binding profile of PRC200-SS, these in vivo microdialysis data could be explained by a more important dopaminergic innervation of this limbic structure. It is noteworthy that catecholamine reuptake blockers, such as nomifensine, displaying a lower affinity for DAT and NET produce a more robust effect on extracellular levels of DA in the Nacc than PRC-200SS [145].



Although intracerebral microdialysis is an excellent method to determine the functional activity of reuptake inhibitors in awake, freely moving rats or mice [136], only few data have been reported regarding the in vivo pharmacological profile of triple reuptake inhibitors (Table 2). In a recent study, PRC200-SS was shown to increase the extracellular levels of the three monoamines in the medial prefrontal cor-



Neurochemical confirmation of the blocking activity of JNJ7925476 on the SERT, NET and DAT has also been provided by using microdialysis in the cortex of freely moving rats. A robust and dose-dependent increase in all three monoamines, lasting for several hours, was detected with a maximal effect for DA (15-fold above basal level) compared to 5-HT and NE (5-7 fold above basal level) at the highest



Guiard et al.



1076 Current Drug Targets, 2009, Vol. 10, No. 11



Table 2. In vitro and in vivo Functional Activity of Triple Reuptake Inhibitors on Rat Monoamine Transporters. Values are Inhibitor Constants (Ki’s) for Reuptake of Serototnin, Norepinephrine and Dopamine from Cortical Synaptosomal Fractions (Left Columns) or Increase in Extracellular Monoamines Levels Assessed from Intracerebral Microdialysis Experiments. (+) Signs Indicate the Relative Intensity of Effect. ND : Not Determined. Triple Reuptake Inhibitors



In Vitro Binding (Ki or Kd in nM) 3



H-5-HT



3



H-NE



In Vivo Uptake



References



3



H-DA



DOV 216303



13.8+1.5



20.3+6.1



78+15



ND



[89]



DOV 21947



12.3+2.8



22.8+3.3



96+20



ND



[89]



JNJ-7925476



1



0.94



2.6



+++ +++ +++ 5-HT NE



[120,126]



DA



PRC 025



6.0+0.8



10.0+0.5



53+1



ND



[122]



PRC 050



12+2



1.2+0.1



43+1



ND



[122]



PRC200-SS



2.1+0.6



1.5+0.9



61+.4



+++ ++



[121]



+



5-HT NE DA



dose tested (10 mg/kg; sc) [120]. These results strongly contrast with in vitro data showing that JNJ7925476 displayed a better in vitro binding affinity and blocking activity for SERT and NET than for DAT [120]. Differences in transporter occupancy cannot explain these findings since this parameter followed the same trend observed with cortical extracellular monoamines levels. It has therefore been proposed that the high cortical levels of DA might have resulted from the blockade of the NET by this drug, which displays a high affinity for the DAT [129,146]. Another possibility would be that JNJ7925476 acted by stimulating the release of DA. Although the releasing property of triple reuptake inhibitors has not been demonstrated yet, there is precedence in the literature. In particular, it has been previously reported that the weak DA reuptake inhibitor bupropion (Ki=520 nM) [125], exerts its pharmacological effects, in part, by promoting the release of NE [98]. Indirect effects might have also involved functional interaction between monoaminergic neurons leading to high extracellular levels of cortical DA. These findings illustrate the fact that the in vivo activity of triple reuptake inhibitors will not necessarily reflect their in vitro functional activity, probably due to functional interactions between monoaminergic neurons. Antidepressant-Like Effect of Triple Reuptake Inhibitors As emphasized, triple reuptake inhibitors simultaneously bind and block monoamine transporters, thus enhancing brain 5-HT, NE and DA levels and prolonging their duration of action at postsynaptic levels. Increasing postsynaptic monoamine transmission participates, at least in part, in the antidepressant-like effects of monoamine inhibitors. The rat FST and the tail suspension test (TST) are the most widely used animal paradigms credited for having a good predictive validity, as they reliably detect established antidepressants [147-149]. In the FST, although all antidepressants reduced behavioural immobility, it is now well established that anti-



depressants that enhance serotonergic neurotransmission, predominantly increase swimming behaviour, whereas those enhancing central noradrenergic neurotransmission, increase climbing behavior [150-152]. The latter point is particularly interesting in that the determination of climbing behavior may help confirm the noradrenergic component of triple reuptake inhibitors. Unfortunately, all preclinical data assessing the antidepressant-like effects of this new class of antidepressant drugs, have not investigated this parameter. Nevertheless, data currently available, have clearly demonstrated the antidepressant-like effect of triple reuptake inhibitors that act, at least, by increasing the time of mobility and/or by reducing the time of immobility in the FST or the TST [89,120-122] (Table 3). Among the triple reuptake inhibitors tested, PRC200-SS and JNJ7925476 produced the most robust antidepressant-like effects assessed in the mouse TST or rat FST. For example, JNJ7925476 (0.3 mg/kg; sc) or PRC200-SS (10mg/kg; ip) produced a greater increase in the time of mobility in the mouse TST than that observed with PRC025, PRC050 [89,120-122,153] (Table 3). In the rat FST, PRC200-SS is also the compound exhibiting the best performance since at the dose of 10 mg/kg; ip, it produced a more pronounced increase in the time of immobility than that observed with the corresponding doses of DOV21947, PRC025 and PRC050. Interestingly, both compounds (i.e. JNJ7925476 and PRC0200-SS) display a higher affinity for the SERT and the NET compared to the others compounds, suggesting that this double action is an important prerequisite to produce maximal effects. Since DA is known to enhance locomotor activity [154], the possibility cannot be excluded that triple reuptake inhibitors increased the time of immobility in these various studies, through a psychostimulant effect. In various studies, however, triple reuptake inhibitors did not modify locomotor activity at doses that produce antidepressant-like effects [89,120-122], thus suggesting that the antidepressant-like activity of triple reuptake inhibitors does not appear to be from “false-positive” results.
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Fig. (4). Putative cooperation of monoamines in the regulation of neurotrophic factors expression and adult neurogenesis in the hipocampus. By increasing the extracellular levels of serotonin (5-HT), norepinephrine (NE) and/or dopamine (DA), single- or dual-acting reutpake inhibitors such as SSRI, NRI and SNRI have been reported to stimulate neurogenesis. Triple reuptake inhibitors might contribute to stimulate various signalling pathways by increasing the extracellular levels of each monoamine thus leading to the enhancement of distinct neurotrophic and growth factors (BDNF, CNTF). It is noteworthy that in the hippocampus DA release may occur from dopaminergic and/or noradrenergic inputs. Such mechanisms might participate to enhance distinct steps of the neurogenesis process including proliferation, maturation, differenciation and survival of progenitor cells. Such cellular and molecular events could lead to a hasten the delay of action single- or dual-acting antidepressants.



In various paradigms, the antidepressant-like activity of molecules is unveiled after sustained administration. Future investigations should thus aim at investigating the antidepressant-like effect of prolonged regimens of triple reuptake inhibitors. A recent study in bulbectomized rats has provided some interesting results. Removal of the olfactory bulbs in rats results in similarities to brain chemistry seen in depressed humans [155,156], such as altered brain DA [157] and 5-HT concentrations [158]. Olfactory bulb ablation also leads to decreased hippocampal volume, a phenomenon that is also observed in depressed patients [159]. In this model, a 14, but not a 7-day regimen of DOV216303 (20 mg/kg/day; po), normalized bulbectomy-induced hyperactivity in the open field, similar to the effect of imipramine at the same dose [28]. It is noteworthy that DOV216303 was as efficacious as imipramine, despite its lower binding affinity to transporters and functional activity on reuptake. This suggests that triple reuptake inhibitors may be more potent than dual-acting antidepressants but how the addition of the dopaminergic component supports this hypothesis remains to be elucidated. Triple Reuptake Inhibitors, Neurotrophic Factors and Hippocampal Neurogenesis Over the past 10 years, molecular and cellular studies of stress, depression and antidepressants have moved the field



of mood disorder research beyond the monoamine hypothesis of depression. The neurotrophic hypothesis of depression and antidepressant action was originally based on findings in rodents that stress decreases expression of Brain-Derived Neurotrophic Factor (BDNF) in the hippocampus and that chronic treatments with various monoamine reuptake inhibitors produce the opposite effect [32,160-162], as well as prevent the action of stress [163]. Importantly, post mortem studies revealed reduced BDNF levels in some patients with depression, an abnormality not seen in patients treated with antidepressants [161,164]. These data support the possibility that drugs that intensify BDNF signaling in the hippocampus might be antidepressant. Direct evidence for this hypothesis comes from experiments in which injection of BDNF into rodent hippocampus exerts antidepressant-like effects in the FST and learned helplessness [165,166]. Conversely, it has been reported that constitutive, and inducible genetic inactivation of BDNF (from the hippocampus and other forebrain regions), prevent the neurochemical and behavioral effects of SSRIs [167-170]. In addition, since the delay of action of SSRIs coincides with the time required for these antidepressants to enhance BDNF expression and hippocampal neurogenesis in adult, it has been postulated that drugs that would stimulate more rapidly these mechanisms might lead to quicker onset of antidepressant response.
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Table 3. Antidepressant Like Activity of Acute Administration of Triple Reuptake Inhibitors. Data Represent the Time of Mobilityand/or Immobility in two Behavioural Paradigms : the Forced Swimming Test and the Tail Suspension Test in Mice and/or Rats.+: p 
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Triple Clamp Mounting Triple Clamp Mounting - RevZilla 

acheter des boulons longs 4 x 65 mm pour remplacer les boulons 4 x 60 mm fournis. Ceci permet de s'assurer que l'on a un engagement sur le filetage d'au moins 12 mm. Phone: +61 (0)2 4271 8244. Email: [email protected]. Web: www.barkbusters.net. Ma
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The Geological Evolution of the Aden-Owen-Carlsberg Triple 
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TRIPLE SERIAL ADDERS 

INPUT CURRENT OF 100nA AT 18V AND 25Â°C. FOR HCC DEVICE .100% TESTED FOR QUIESCENT CURRENT .MEETS ALL REQUIREMENTS OF JEDEC ...
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While in the spiral, you can control your descent rate and bank angle by ..... your new glider! Finally, join our Facebook community and share the passion.










 








ACE-Inhibitors in Asymptomatic Mitral Regurgitation .fr 

after the ACE-inhibitor is prescribed and tolerated, beta- blockade with carvedilol is instituted with up-titration to. 0.8â€“1 mg/kg BID over 6 weeks. Ideally, serum ...










 








TRIPLE SERIAL ADDERS 

Types. 0/15. 15. Â± 0.3. Â±10â€“5 Â± 0.3. Â± 1. CI. Input Capacitance. Any Input. 5. 7.5 ... 2.54. 0.100 e3. 17.78. 0.700. F. 7.1. 0.280. I. 5.1. 0.201. L. 3.3. 0.130. Z. 1.27.










 








le triple moi pdf 

by-step information about how you ought to go ahead in operating certain equipments. Ahandbook is really a user's guide to operating the equipments. Should ...










 








C Triple Pressure Switch 

High-Low pressure switch. If the refrigerant pressure becomes too high (due to blockage), or too low (due to leakage), the A/C triple pressure switch sends a ...










 








nÂ°19 triple diagonal 

nÂ°19 triple diagonal. RÃ¨gles classiques du sudoku et dans les diagonales indiquÃ©es, aucun chiffre ne peut Ãªtre rÃ©pÃ©tÃ©. Classical rules of sudoku and in the ...
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Nov 21, 2008 - augmenting action of the D2 receptor agonists such as pramipexole in ...... Desensitization of the neuronal 5-HT carrier following its long-term ...










 








On the Triple-Error-Correcting Cyclic Codes - Vincent HERBERT 

3 Lower bound on spectral immunity of a Boolean function. 2 ... It consists in the ideal of the ring Fqrxs{pxn Â¡1q generated by g. In our case, we consider n 2m Â¡1.
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INVOLVED CONSULTA QUALIFIED ELECTRICIAN TO ENSURE CORRECT BRANCH CIRCUIT CONDUCTOR. LIRE ATTENTIVEMENT LES INSTRUCTIONS ...
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Sunlight® triple cleanMC Laundry Pacs 

... commerce déposée utilisée en vertu d'une licence par Diversey, Inc. Spécifications du produit. Description. Couleur/forme bleu/liquide. Densité relative. 1,014.










 








TRIPLE 3-INPUT NOR GATE 

Typical temperature coefficent for all VDD value is 0.3 %/Â°C. Symbol ... 2.54. 0.100 e3. 15.24. 0.600. F. 7.1. 0.280. I. 5.1. 0.201. L. 3.3. 0.130. Z. 1.27. 2.54. 0.050.










 








Reappraisal of the Arabia^India^Somalia triple junction ... .fr 

makes easy its unambiguous identiÂ¢cation. How- ever, for low ..... [17] A.M. Dziewonski, G. EkstroÂ«m, M.P. Salganik, Centroid- moment tensor solutions for ...
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moi PDF, include : Laura Mckenzies Travel Tips Western Canada, Le Concours Complet La Pratique. Les Champions Lavauzelle, and many other ebooks.










 








SunlightÂ® triple cleanMC Laundry Pacs 

Les cartouches pour la lessive SunlightÂ® triple. cleanMC au parfum printantier Spring Splash sont des doses uniques prÃ©mesurÃ©es de dÃ©tergent pour la lessive ...
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