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Introduction

Gepirone (BMY 13805, MJ 13805, ORG 13011, Ariza() is a pyridinyl piperazine 5-HT1A receptor agonist.  It was originally developed by Bristol-Myers Squibb who out-licensed the compound to Fabre-Kramer in 1993.  Phase III clinical trials aimed at therapeutic intervention for major depression (and major depression plus anxiety) were conducted by Fabre-Kramer in the United States.  In October, 1999 Fabre-Kramer signed a worldwide marketing agreement for gepirone as an antidepressant with Akzo Nobel (Organon).

There is considerable evidence linking 5-HT1A receptor function with the etiology of affective disorders such as generalized anxiety disorder (GAD) and major depression, but the detailed nature of this involvement remains somewhat obscure [201129].  In any case, the azapirone 5-HT1A receptor agonists such as gepirone have been repeatedly shown to have efficacy in both preclinical models for these disorders and in clinical trials [201129].  Gepirone is an analogue of buspirone (buspirone hydrochloride, BuSpar() which is marketed by Bristol-Myers Squibb for alleviation of short-term anxiety.  In addition, the 5-HT1A receptor agonist piperazine derivatives have been investigated as potential treatments for drug addiction (e.g. in collaborative studies NIDA investigated gepirone as a possible treatment for cocaine addiction).  Both in vivo animal studies and clinical trials suggest that gepirone and related compounds may be effective as antidepressants either as monotherapy, or as adjunct therapy with agents such as the tricyclic antidepressants, SSRIs or the newer generation of noradrenaline or mixed biogenic amine uptake inhibitors [301100].

Synthesis and SAR

Gepirone is an analogue of buspirone, a substituted imide synthesized by Bristol-Myers in 1968. The slight difference in chemistry between the two molecules (the five membered ring of buspirone is replaced with two methyl groups in gepirone) results in a major difference in pharmacology, viz. that the dopaminergic properties of buspirone (high affinity for dopamine D2-like receptors and elevation of dopamine metabolites in vivo) are not shared by gepirone [A].  This discovery led to the realization that the anxiolytic properties of the azapirones were not due to the dopaminergic effects studied at some length with buspirone, but rather to the 5-HT1A receptor effects common to all these molecules.  SAR around the gepirone molecule resulted in its choice over several closely-related analogues for further development.  For example, substitution with an ethyl group at one of the two methyl groups of gepirone rendered the molecule inactive in the Vogel conflict behavioral test [A]. (Interestingly, replacing both groups with ethyl moieties reduced the potency in this test ten-fold but did not eliminate it.)

Pharmacology

Although the best studied azapirone 5-HT1A receptor agonist is buspirone, many studies examining in vitro and behavioral pharmacology of related compounds including gepirone have been performed.  For example, gepirone, like the classical 5-HT1A receptor agonist 8-hydroxy-2-(N,N-propylamino)tetralin (8-OH-DPAT), has been shown to block 5-HT neuronal firing in vivo [36516].  Unlike the full agonist 8-OH-DPAT however, the azapirones appear to act as partial agonists at 5-HT1A receptors in some cases.  One piece of evidence for this is the fact that such compounds do not inhibit the second messenger cAMP to the same extent that the cognate ligand for the 5-HT1A receptor (i.e. 5-HT itself) does.  In fact gepirone is only 80% as effective as 5-HT in this assay and buspirone only 50% as effective [A].  Secondly, some electrophysiological evidence supports this.  Effects of acute versus chronic gepirone administration were studied on the firing of 5-HT neurons, as well as postsynaptic neurons in the dorsal hippocampus of the anaesthetized rat [36516].  That study also examined the effects of local (on the pre- or postsynaptic neurons) versus systemic administration of gepirone in order to compare the activity of the compound at the level of the presynapatic 5-HT1A receptors on somato-dendritic elements of the 5-HT raphe neurons with the postsynaptic receptors on the hippocampal neurons.  On the 5-HT neurons of the medullary raphe nuclei, gepirone acted as a full agonist to decrease the firing rate of these cells whether given locally via micro-iontophoresis or systemically (15 mg/kg/day s.c. for 2 – 14 days).  Local administration of gepirone also decreased the firing rate of hippocampal pyramidal cells, but here the compound acted as a partial agonist on the postsynaptic receptors as evidenced by the ability of gepirone to antagonize the agonist effect of 5-HT on these neurons.  The decrease in activity of the raphe neurons recovered to normal after 14 days of gepirone administration.  This was interpreted as a gepirone-induced desensitization of the somato-dendritic autoreceptors on these neurons.  Such a desensitization did not occur on the hippocampal cells, thus the full agonist effect of gepirone was present on these cells.  Therefore, prolonged treatment with gepirone would result in an enhanced 5-HT tone in the forebrain, perhaps explaining its antidepressant effect (low 5-HT tone in the limbic system is thought to be, at least in part, the cause of depression).

Behavioral studies have shown that gepirone, like other 5-HT1A receptor agonists, dose-dependently increases hypothermia in the mouse [1294].  It also increases the consumption in the rat of hypertonic saline solution but not normal water [16496], thus displaying more selective effects on drinking behavior than the benzodiazepines.  Although gepirone has been shown to increase food intake in normal rats [36567] a more recent study demonstrated the opposite effect in a food-deprived rat model [181652].  Several studies found that gepirone increases plasma corticosterone levels in rats [16498][36584], a finding later duplicated in human volunteer studies [36562] and in depressed patients [36556].

Like its close analogue buspirone, gepirone has been shown to be effective in animal models of anxiety.  Interestingly, in the Montgomery conflict test gepirone demonstrates a bell-shaped dose-response relationship [1275].  In the Vogel conflict test gepirone at 0.3 mg/kg produces a similar anti-anxiety-like action [2069].  Importantly, gepirone has also been demonstrated to have anti-depressant-like effects in animal behavioral models.  For example, in a rat model of learned helplessness, intraperitoneal injections of gepirone were effective in reversing the evoked helpless behavior [16506].  This observation is borne out by clinical trials showing that gepirone is effective in human patients (see below).

Metabolism

The major metabolite of gepirone, in common with buspirone and other pyridinyl piperazines, is 1-(2-pyrimidinyl)-piperazine, often abbreviated to 1-PP (or PmP).  After oral administration of 10 mg/kg gepirone in experimental rats the metabolite reaches maximum levels of 1.4 nmol/ml, having a half life of 140-200 min [16494]. 1-PP is a biologically active compound that has a high affinity for alpha 2 adrenoreceptors, acting as an antagonist in a clonidine-induced rat gastrointestinal transit paradigm [16494].

A randomized crossover study in healthy male volunteers on the bioavailability of gepirone showed that the effects of a fatty meal were to increase the mean area under the curve (AUC), mean residence time (MRT) and median time to maximum plasma concentration (median tmax) of gepirone [197050]. MRT and median tmax were also increased for the metabolite 1-PP. Thus the amount of gepirone reaching the systemic circulation was increased in the presence of food although peak levels and elimination rates were not affected.

Toxicity

Clinical trials have shown that gepirone is a well-tolerated compound in human volunteers and patients [227694]. Both gepirone and its major metabolite 1-PP have been shown in a human liver microsome assay to have negligible effects on inhibiting P450 cytochrome metabolism [B].  Preclinical data have, however shown that gepirone can produce the 5-HT syndrome in rats [A], a consequence of too high a level of 5-HT1A receptor agonist activity.  Interestingly buspirone, which is more potent in blocking 8-OH-DPAT binding on the 5-HT1A receptor (IC50 30.8 nM compared with 180 nM for gepirone), is ineffective in eliciting the 5-HT syndrome in rats [A].  Another potential problem for gepirone was highlighted by the proconvulsive effect of gepirone in a strychnine-induced rat seizure model [16491], an effect not seen with the full 5-HT1A receptor agonist 8-OH-DPAT.

Clinical Development

Phase III studies with gepirone have been completed and a submission date of summer, 2001 for an anti-depressant indication is currently expected [384272].

Phase I

Healthy male volunteer studies have shown that gepirone (20 mg/kg p.o.) increases plasma levels of the hormones ACTH, beta-endorphin, cortisol, prolactin and growth hormone.  Other events noted were a significant decrease in body temperature, and some reports of moderate light-headedness, nausea and drowsiness [36563].  Interestingly, gepirone has proved useful as a tool compound in human volunteer studies on the 5-HT transmission-enhancing effects of chronic lithium; gepirone administration had no effect on the neuroendocrine effects of lithium, suggesting that these are unlikely to be mediated by pre- or post-synaptic 5-HT1A receptors [36645]. 

Phase II

An early study that was not controlled with placebo administration indicated that gepirone (t.i.d. p.o., up to 90 mg/kg per day) was effective in alleviating symptoms of major depression [1090]. The compound was more effective in patients with moderate depression with no melancholic symptoms versus more severely ill patients. A later double-blind, randomized, placebo-controlled study of gepirone was performed in 60 patients with "atypical depression" (i.e. depressed individuals showing a preferential response to monoamine oxidase inhibitors compared with tricyclic antidepressants). Oral t.i.d. gepirone at doses up to 120 mg/day were tested.  Results indicated "robust and consistent" differences compared with placebo (62% response rate with gepirone and 20% for placebo) [197034].  A similar study reported two years later found similar results and further compared gepirone with the tricyclic antidepressant imipramine.  Gepirone and imipramine had similar efficacies, with the same time course of action, but gepirone was better tolerated than imipramine, having a smaller dropout rate due to less severe adverse reactions [234397]. 

Gepirone has also been shown to act as an effective anxiolytic, like its sister compound buspirone. A placebo-controlled study of generalized anxiety disorder (GAD) patients on gepirone (up to 60 mg/day) showed improvement in Clinical Global Impressions (CGI) scores in 85% of patients compared with 17% with placebo [16486].  This response rate was similar to that reported for buspirone.

Phase III

No data are currently available.

Side-effects and Contraindications

Side effects reported tend to be minor and include light-headedness, nausea and insomnia [262611].

Current Opinion

For some years now the second generation of antidepressant drugs, mainly consisting of selective serotonin reuptake inhibitors (SSRIs) such as fluoxetine, paroxetine and sertraline, have dominated the market.  Although they are not remarkably more efficacious than the older drugs, these have a better side effect profile than their predecessors, the tricyclic antidepressants such as amitryptaline, clomipramine and imipramine, and are less dangerous in overdose.  A search to find more efficacious compounds (i.e. ones that will have a quicker onset of action and a higher percentage of responders in the patient population) has been ongoing for some time.  More selective mixed monoamine uptake inhibitors such as venlafaxine have started to appear on the market, but these are largely variations on the SSRI theme. In contrast, drug companies are attempting to produce compounds that act through a different mechanism, and the 5-HT1A partial agonist compounds may go some way to meeting this need. These compounds, of which gepirone may soon be a marketed example, have proved themselves as efficacious in major depression but only time will tell whether they will provide any major advantages over the SSRIs and related drugs.

Gepirone acts upon one of the myriad of serotonin (5-hydroxytryptamine, 5-HT) receptors in the brain, and as such should be more selective than the tricyclic antidepressants or SSRIs that act as functional agonists on most or all of the 5-HT subtypes in the brain. Thus, the major difference that seems likely to be a factor in the acceptance of gepirone in the antidepressant market may be in its side effect profile; it is being increasingly recognized that the SSRIs may have several adverse effects that sometimes limit the compliance of patients who are prescribed them. For example, these side effects can include significant sexual dysfunction.  Clinical trials with gepirone so far have indicated quite benign adverse effects in healthy volunteers and depressed patients.

While gepirone shares many of the pharmacological properties of other 5-HT1A receptor agonist compounds such as the closely related azapirone buspirone, it has its own characteristic profile. For example, like buspirone which has been on the market for some considerable time as a non-benzodiazepine anxiolytic, gepirone behaves as a partial 5-HT1A receptor agonist.  Unlike buspirone, however, it has no significant dopaminergic effects.  This difference may help to explain why in clinical trials gepirone appears to be a more effective antidepressant than buspirone.  Interestingly, another 5-HT1A receptor agonist, flesinoxan, appears to have similar antidepressant properties in the clinic, but its development has recently been discontinued on the basis that it may not be able to compete in the marketplace with existing antidepressant therapies. Flesinoxan is of a different chemical class to the azapirones and thus lacks the active metabolite, 1-PP, that is common to the latter drugs.  This metabolite behaves as an alpha-2 adrenergic receptor antagonist but is not thought to contribute to the antidepressant effect of these compounds.

In summary, gepirone may prove to be a useful new therapy for some types of affective disorders such as major depression and anxiety.  There appears to be little evidence that it will be superior to existing therapies with respect to the troublesome lag period between start of therapy and onset of the antidepressant effect.  Similarly, there is yet no evidence that it will be efficacious in treating a larger proportion of patients suffering from major depression when compared with compounds already on the market (although this can only be determined by future clinical experience with the drug).  Where it may prove to be of benefit is in potentially having less severe side effects than current therapies, and therefore it may meet with increased levels of compliance in the target patient population. 
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In the Vogel's conflict test gepirone (0.3 mg/kg) increased punished intake of water. In an open-field test, it increased the number of entries into the central area, as well as the time spent in the central sector of the open-field. Thus gepirone has a similar anxiolytic-like profile to the benzodiazepines. 

16486 Clinical profile of gepirone, a nonbenzodiazepine anxiolytic Harto-NE; Branconnier-RJ; Spera-KF; Dessain-EC PSYCHOPHARMACOL BULL 1988 24  154 - 160

Placebo-controlled study of effects of gepirone on general anxiety disorder patients.  Gepirone (up to 60 mg/day) was effective in alleviating anxiety in 85% of patients compared with 17% in controls.

16491 Strychnine seizure potentiation by azaspirodecanedione anxiolytics in rats Anderson-MC; Chung-E; Van-Woert-MH EUR J PHARMACOL 1988 155 3 279 - 283

Gepirone (40 mg/kg) was proconvulsive in rats undergoing strychnine-induced seizures.  The non-azapirone 5-HT1A receptor full agonist 8-hydroxy-2-(di-n-propyl-amino)-tetralin (8-OH-DPAT) had no effect on strychnine seizure activity.
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A major metabolite of azapirones including gepirone is 1-(2-pyrimidinyl)-piperazine (1-PP or PmP).  After 10 mg/kg gepirone, the metabolite appears in plasma with maximal concentrations of 1.4 nmol/ml, and  half-life of 140 to 200 min. Clonidine-induced gastrointestinal transit time studies indicate that PmP formation is responsible for the alpha 2-adrenoceptor blocking activity exerted by gepirone. 

16496 Specific effect of putative 5-HT(1A) agonists, 8-OH-DPAT and gepirone, to increase hypertonic saline consumption in the rat: Evidence against a general hyperdipsic action Cooper-SJ; Fryer-MJ; Neill-JC PHYSIOL BEHAV 1988 43  533 - 537

Gepirone, like 8-OH-DPAT, increased consumption of hypertonic saline solution in water-deprived rats, but had no effect on consumption of normal water; this is in contrast to the effects of benzodiazepine anxiolytic compounds. Hence, 5-HT1A agonists such as gepirone have more selective pharmacodynamic effects than benzodiazepines in this regard.
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Azapirones, including gepirone, caused dose-related decreases in body temperature and increases in the plasma concentration of corticosterone in rats. The 5-HT1A antagonist pindolol but not the 5-HT2 receptor antagonist ketanserin prevented gepirone-induced hypothermia and corticosterone secretion. Thus gepirone appears to be a selective 5-HT1A receptor agonist.
16506 Reversal of helpless behavior in rats by putative 5-HT-1(a) agonists Giral P, Martin P, Soubrie P, Simon P BIOL PSYCHIATRY 1988 23  237 - 242

This study examined the effect of gepirone on escape deficits produced by inescapable shock in rat (a model of learned helplessness). Gepirone (0.06 and 0.125 mg/kg doses given in a single day) reversed escape failures, indicating an antidepressant-like effect of the compound.
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This study showed that two weeks of gepirone administration caused desensitization of 5-HT1A receptors on raphe 5-HT neurons, but not on  hippocampal  neurons; thus it appears that chronic gepirone administration would cause an enhanced tonic activation of postsynaptic 5-HT1A receptors in the forebrain. Normal raphe 5-HT neuronal activity would resume as a result, and the end effect would be increased 5-HT release on postsynaptic neurons added to the agonist effect of gepirone itself on their receptors. 

36556 Cortisol and growth hormone responses to the 5-HT1A agonist gepirone in depressed patients Rausch JL, Stahl SM, Hauger RL BIOL PSYCHIATRY 1990 28  73 - 78

In fourteen patients with major depression acute gepirone administration increased serum cortisol levels; after 3-6 weeks chronic administration levels were significantly attenuated. Thus relatively low doses of gepirone may stimulate human cortisol secretion in depressed patients and a desensitization to gepirone's effects on cortisol may occur after chronic administration. 
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Gepirone enhanced plasma cortisol concentrations in healthy human volunteers. 
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A phase I study showing that gepirone (20 mg/kg p.o.) increases plasma levels of ACTH, beta-endorphin, cortisol, prolactin and growth hormone.
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Acute gepirone administration directly into the raphe nuclei dose-dependently increased food consumption in rats, an action suggested to occur via its effect on reducing 5-HT release from raphe neurons.
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Gepirone and its metabolite 1-(2-pyrimidinyl)-piperazine (1-PP) increased plasma levels of corticosterone in the rat. It is suggested that these increases were mediated through their action on serotonergic receptors.
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Gepirone was used as a 5-HT1A receptor-modulating tool compound in a human volunteer study aimed at testing whether these receptors are involved in the 5-HT-enhancing effect of chronic lithium treatment.  Gepirone had no effect on the lithium-mediated neuroendocrine responses suggesting that lithium works through another mechanism.
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Gepirone depressed food intake in food-deprived rats suggesting possible side effects related to satiety in clinical use. 

197034 Gepirone treatment of atypical depression: preliminary evidence of serotonergic involvement. McGrath PJ, Stewart JW, Quitkin FM, Wager S, Jenkins SW, Archibald DG, Stringfellow JC, Robinson DS J CLIN PSYCHOPHARMACOL 1994 14 5 347 - 352

Phase II study showing robust antidepressant effects of gepirone versus placebo.

197050 Effect of food on the bioavailability of gepirone in humans. Tay LK, Sciacca MA, Sostrin MB, Farmen RH, Pittman KA J CLIN PHARMACOL 1993 33 7 631 - 635

Gepirone absorption is increased by the ingestion of fatty food.  
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Thorough review of the complex pharmacology involving the 5-HT1A receptor highlighting the differences noted when studying pre- vs. postsynaptic receptors and the influence of different assay systems on results. 

227694 A double-blind trial of low- and high-dose ranges of  gepirone-ER compared with placebo in the treatment of depressed outpatients. Wilcox CS, Ferguson JM, Dale JL, Heiser JF PSYCHOPHARMACOL BULL 1996 32 3 335 - 342

A double-blind phase II study comparing the efficacy and safety of low-dose (10-50 mg) and high-dose (20-100 mg) gepirone with placebo in 145 patients with major depressive disorder. Statistically significant reductions in Hamilton Rating Scale for Depression (HAM-D) scores were headache, nausea, dizziness, and insomnia. 
234397 A double-blind comparison of gepirone extended release, imipramine, and placebo in the treatment of outpatient major depression. Feiger AD PSYCHOPHARMACOL BULL 1996 32 4 659 - 665

A  double-blind, placebo-controlled comparison study of gepirone and imipramine for major depression. Gepirone and imipramine were both efficacious, having better results than placebo; however gepirone was better tolerated than imipramine when judged by dropout rates for adverse events.
301100 New approaches to rapid onset antidepressants. Briner K, Dodel RC CURR PHARM DESIGN 1998 4 4 291 - 302

Review of unmet clinical needs in depression and strategies currently being adopted to decrease the long lag-time required for clinical effect to occur after start of antidepressant treatment.
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