
J Clin Psychiatry 71:8, August 2010 971

NCDEU Festschrift

The Future of Psychopharmacology of Depression

Trina Chang, MD, and Maurizio Fava, MD

symptom-free with one of the first 2 treatment strategies in 
the study.3,4

All the same, these newer medications represent only 
a limited advance beyond their predecessors. One major 
reason is that all existing pharmacotherapies of depres-
sion are essentially monoamine-based. While the effects of  
monoamine-based antidepressants may go well beyond the 
initial changes in monoamine system function and may lead 
to broader brain circuitry changes,5 so far they have all been 
limited by relatively modest efficacy overall6 and significant 
tolerability issues, particularly in the long term.7

The therapeutic efficacy limitations of these monoamine-
based antidepressants include the following concerns: (1) 
relatively modest remission rates8; (2) relatively slow onset 
of efficacy and delayed time to remission, so that, of ultimate 
remitters, as many as half will not remit until 6 to 12 weeks of 
ongoing antidepressant therapy9; and (3) lower effectiveness 
for certain depressive symptoms such as sleep disturbances 
and fatigue than for others.10

The tolerability limitations of currently available antide-
pressant therapies are also of great significance. Among them 
are the following: (1) elevated rates of sexual dysfunction,11 
with the possible exceptions of bupropion,12 vilazodone,13 
and agomelatine14; (2) modest yet troublesome rates of 
weight gain during long-term antidepressant treatment,15 
once again with the exception perhaps of bupropion,16  
NERIs such as reboxetine,17 and agomelatine18; (3) relatively 
high rates of insomnia and/or daytime sleepiness19–21; (4) 
treatment-emergent anxiety and nervousness21; and (5) 
relatively high rates of cognitive, memory, and attentional 
difficulties during long-term antidepressant treatment.22

This article will review some of the most promising novel 
mechanisms that are not represented in compounds cur-
rently approved for depression in either the United States or 
Europe and that may represent the future of the psychophar-
macologic treatment of depression, potentially addressing 
some of the efficacy and tolerability issues of antidepressants 
on the market.

MULTIMODAL SEROTONERGIC AGENTS

These compounds are an extension of the currently avail-
able SSRIs and SNRIs. They typically include elements of 
inhibition of the serotonin transporter and elements that 
either block serotonergic receptors, such as the serotonin 
5-HT2A receptor, and/or act as a partial agonist of seroto-
nergic receptors, such as the 5-HT1A receptors, within the 
same molecule. The advantage of the additional receptor 
effects is supported, for example, by the fact that partial ago-
nism of the 5-HT1A receptors has been shown to help with  
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It has been more than 20 years since the last major revolu-
tion in antidepressant pharmacotherapy, the introduction 

of selective serotonin reuptake inhibitors (SSRIs). The  
SSRIs seemed to promise efficacy comparable to that of the 
antidepressants already on the market, namely, tricyclic an-
tidepressants (TCAs) and monoamine oxidase inhibitors 
(MAOIs), without the problematic side effects and drug in-
teractions of those drug classes. Similar hopes were attached 
to their derivative compounds, the serotonin-norepinephrine 
reuptake inhibitors (SNRIs) and norepinephrine reuptake 
inhibitors (NERIs), and to other new antidepressants devel-
oped since then, such as bupropion and mirtazapine. Indeed, 
these new antidepressants have proven to be more tolerable 
and acceptable than TCAs and MAOIs: SSRIs accounted 
for more than half of all antidepressant prescriptions in 
2006,1 and, following their introduction, adult use of anti-
depressants nearly tripled from 1988–1994 to 1999–2004.2 
In the recent Sequenced Treatment Alternatives to Relieve 
Depression (STAR*D) trial, a large “real-world” study of de-
pression treatment, approximately half of all patients became 
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SSRI-induced sexual dysfunction with buspirone augmen-
tation.23 One example of a multimodal serotonergic agent 
is vilazodone, which combines the effects of an SSRI with 
5-HT1A receptor partial agonist activity13; it has shown 
efficacy in major depressive disorder (MDD) trials and a 
relatively benign sexual profile.13 Another example is a com-
pound under development by Lundbeck (Lu AA21004), 
which combines SSRI activity with 5-HT3 receptor antag-
onism and 5-HT1A agonism and has shown efficacy in a 
proof-of-concept trial by Artigas et al.24

TRIPLE UPTAKE INHIBITORS

The triple uptake inhibitors (TUIs) are probably con-
sidered the “low-hanging fruit” in monoamine-based drug 
development, as they capitalize on known pharmacologic 
actions. These compounds typically combine inhibition of 
the serotonin, norepinephrine, and dopamine transporters, 
with the idea that targeting the dopamine transporter will 
enhance overall efficacy; address anhedonia, apathy, and 
cognitive impairment; and minimize residual fatigue and 
sleepiness, as suggested by the dopamine reuptake inhibi-
tor modafinil augmentation studies of SSRIs.25 In addition, 
given the usefulness of dopaminergic compounds in treating 
SSRI-induced sexual dysfunction,26,27 TUIs are expected to 
be associated with lesser sexual dysfunction than SSRIs and 
SNRIs. Another postulated advantage of the TUIs is that the 
synergistic effect of the triple inhibition may allow robust 
effects on these 3 neurotransmitters without requiring a high 
occupancy of the serotonin transporter, thus minimizing  
SSRI-related side effects.28 The only TUI currently available, 
the weight loss drug sibutramine, has modest dopamine 
reuptake–inhibiting properties through its metabolites,29 in 
addition to its SNRI activity.30

One of the concerns that has perhaps limited the enthu-
siasm for this mechanism has traditionally been the risk for 
abuse related to the dopamine transporter inhibition. Yet, 
there are clear examples in the literature to the contrary:  
self-administration, used as a marker of abuse liability, was 
not observed in rats given a TUI,31 while an anti–alcohol 
abuse effect was seen in another rodent study of a TUI de-
veloped by DOV.32

NEUROKININ-BASED NOVEL THERAPIES  
(NK1 ANTAGONISTS)

Neurokinin (NK) receptors and their endogenous ligand, 
substance P (SP), have been shown to be highly expressed 
in areas of the brain involved in the regulation of mood.33 
The NK1 receptor is the principal central nervous system 
(CNS) receptor for SP in humans34 and, for that reason, has 
been the target of significant drug development in depres-
sion. Due to their novel, nonmonoaminergic mechanism, 
NK1 antagonists have been of great interest as monotherapy 
or adjunctive treatments for treatment-resistant depression 
(TRD). In addition, SP and its preferred NK1 receptor have 

been identified within brain areas known to be involved in 
the regulation of stress and anxiety responses, and aversive 
and stressful stimuli have been shown repeatedly to change 
SP brain tissue content as well as NK1 receptor binding.35 
Therefore, one of the questions concerning NK1 antagonists 
is whether drug development in depression should target, 
in particular, anxious depression or depression with high 
levels of stress, or whether relapse prevention, given the role 
of stress in triggering relapses, would be a more appropriate 
role for these compounds. With respect to NK1 antagonism, 
it is unclear whether a minimum level of receptor occupancy 
has to be achieved to obtain a consistent therapeutic effect. 

Despite an initial positive study with the NK1 antagonist 
aprepitant (otherwise known as MK-869 or L-754030),36 
5 subsequent double-blind, placebo-controlled trials of 
aprepitant failed to show greater efficacy for aprepitant 
than placebo.37 Another Merck NK1 antagonist compound 
showed promise in a proof-of-concept study,38 but the re-
sults of a subsequent double-blind study comparing 2 doses 
of L-759274 with paroxetine 20 mg and placebo were also 
interpreted as inconclusive.39 Finally, studies involving the 
use of NK2-selective receptor antagonists as monotherapy 
for MDD are currently underway (www.clinical trials.gov: 
NCT00429260, NCT00336713, NCT00415142).

GLUTAMATE-BASED TREATMENTS

Glycine and glutamate serve as primary excitatory neu-
rotransmitters in the CNS, where they participate in many 
functions through activation of several ionotropic receptors, 
including the N-methyl-d-aspartate (NMDA), α-amino-3-
hydroxy-5-methyl-4-isoxazole propionate (AMPA), and 
kainate receptors as well as the type I, II, and III metabotropic 
glutamate receptors.40 It has been hypothesized that NMDA 
receptor antagonists may possess neuroprotective proper-
ties and, as a result, antidepressant effects.41 Reports of rapid 
and sustained antidepressant effects following injections of 
the NMDA antagonist ketamine have generated significant 
interest in the field of depression, as has the announcement 
that another NMDA receptor antagonist targeting the NR2B 
subtype, traxoprodil (CP 101 606), has antidepressant effects 
in patients unresponsive to an SSRI.42 Further interest in the 
development of new glutamatergic antidepressants has been 
spurred by a positive double-blind augmentation study of 
the NMDA antagonist and dopaminergic drug amantadine 
in depressed imipramine nonresponders43 and by the robust 
improvement reported in an open trial in TRD of riluzole, 
an agent shown to inhibit the release of glutamic acid as well 
as noncompetitively inhibit the NMDA receptors.44 More 
recently, however, a double-blind, placebo-controlled trial 
involving the use of the NMDA receptor antagonist me-
mantine for the treatment of MDD did not reveal greater 
reduction in depressive symptom severity among patients 
receiving memantine than those receiving placebo.45

A major limitation in testing and potential development 
of NMDA antagonists as antidepressants is that some of these 
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agents may possess hallucinogenic properties and may even 
induce psychotic-like symptoms in subjects with or without 
a history of psychosis.46,47

Unlike NMDA antagonists such as amantadine, the po-
tential role of AMPA, kainate, or metabotropic glutamate 
receptor antagonists in alleviating CNS diseases is not as well 
studied, although there is considerable interest in these com-
pounds as well. Given the beneficial effects of glutamatergic 
agents such as memantine on cognition,48 these agents are 
considered to be potentially effective in the treatment of cog-
nitive dysfunction in depression or in the treatment of MDD 
presenting with prominent cognitive dysfunction.

NICOTINIC RECEPTOR–BASED TREATMENTS

The nicotinic receptor is an ionotropic receptor consist-
ing of 5 subunits.49 In the human CNS, 11 different subunits 
have been identified (α2–9, β2–4), with most nicotinic re-
ceptors consisting of a combination of α and β subunits.49 
The most abundant and widespread nicotinic receptors in 
the mammalian CNS are the α4β2, α3β4, α3β2, and α7 (ie, 
consisting of 5 α7 subunits).50

There is some evidence to suggest a potential role for 
nicotinic receptor antagonists in depression, since several 
antidepressants such as the tricyclic antidepressant imip-
ramine also possess nicotinic receptor antagonist effects.51 
Recent findings have shown TC-5214, the S-(+)-enantiomer 
of mecamylamine, a noncompetitive nicotinic receptor an-
tagonist (α4β2, α4β2, and α7), to be active in animal models 
of depression52 and to be more effective than placebo in aug-
menting SSRIs in TRD in a phase 2b trial.53

In addition, it appears that the various nicotinic-receptor 
subtypes may be involved in different functions includ-
ing memory, cognition, and behavioral reinforcement/ 
addiction. For example, the α4β254 receptors have been 
reported to play a key role in acetylcholine-mediated dopa-
mine release in areas involved in behavioral reinforcement 
and addiction, including the striatum, ventral tegmental 
area, and nucleus accumbens,55 while the α7 receptors have 
been linked to cognitive functions, including learning and 
memory, in preclinical studies.56 Therefore, developing spe-
cific nicotinic receptor ligands, such as α7 receptor agonists 
and α4β2 partial agonists, may offer opportunities to develop 
novel treatments for depression as well as treatments to tar-
get cognitive dysfunction and inattention in depression.

The main obstacle in the drug development of  
pronicotinergic-based treatments for depression is the abuse 
liability associated with nicotinic receptor agonism, which 
is thought to be secondary to nicotinic receptor–mediated 
dopamine release in mesolimbic brain areas associated with 
reward processing.57

NEUROGENESIS-BASED TREATMENTS

There is now good evidence for neuroplasticity impair-
ments, in particular in adult neurogenesis and gliogenesis, 

that are caused by stress and that may contribute to mood 
disorders. Furthermore, studies show that a number of an-
tidepressant therapies appear to increase neurogenesis.58 
These findings have contributed to the idea that novel an-
tidepressant medication development could utilize adult 
neurogenesis and gliogenesis as preclinical cellular mark-
ers for predicting the antidepressant properties of novel 
compounds.58 A recent positive, placebo-controlled, proof-
of-concept trial of a combination therapy of buspirone 
plus melatonin, identified through a neurogenesis-based 
platform,59 certainly supports the idea that this approach 
might identify novel non–monoamine-based antidepres-
sant therapies.

ANTIGLUCOCORTICOID THERAPIES

Basic and clinical studies provide some evidence for 
elevated secretion of the hypothalamic neuropeptides  
corticotropin-releasing hormone (CRH) and vasopressin 
in depression and anxiety, with CRH predominantly acting 
through CRH1 receptors to produce a number of anxiety- 
and depression-like symptoms. These findings suggest that 
CRH1 receptors may be potential drug targets.60 A recent 
report60 summarized the results from clinical studies of 2 
CRH1 receptor antagonists: in the first study, originally de-
signed as a safety and tolerability trial in MDD, the CRH1 
receptor antagonist NBI-30775/R121919 had a clinical pro-
file comparable to that of the antidepressant paroxetine. In 
the second study, which investigated the effect of another 
CRH1 receptor antagonist, NBI-34041, on stress hormone 
secretion in response to a psychosocial stressor, the adminis-
tration of this compound reduced the stress-elicited secretion 
of cortisol. These preliminary studies do suggest that CRH1 
receptor antagonists and other types of antiglucocorticoid 
therapies may represent promising novel therapeutics in the 
psychopharmacology of depression.

OTHER POTENTIAL DIRECTIONS

Further expansions of the current armamentarium of 
drug treatments of depression will depend on the discovery 
of new pathways and targets for antidepressant treatment, 
but fortunately several other lines of psychiatric research 
hold promise for making these discoveries. For example, 
by identifying genes and gene products that are linked to 
increased vulnerability to mood disorders, psychiatric genet-
ics could potentially unearth new mechanisms involved in 
the pathophysiology of depression. Similarly, neuroimaging 
studies are offering a new way of looking at the pathways 
involved in depression, while proteomics and neurohor-
monal research may lead to the discovery of other potential 
treatment targets. It is also likely that the use of biomarkers 
for treatment response may be coupled with the treatment 
development process so that treatments can be targeted 
for specific populations based on neurobiological charac-
teristics. These approaches, combined with advances in 
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nonmedication treatments ranging from the development 
of variants of behavioral therapies to the greater interest in 
somatic treatments such as transcranial magnetic stimula-
tion, make evident the great potential for improving on the 
successes of the most recent generation of antidepressants.

SUMMARY

There are clear limitations to the currently approved 
pharmacotherapies of depression, including the fact that 
they are all essentially monoamine-based, have modest ef-
ficacy and a relatively slow onset of efficacy, and suffer from 
significant tolerability issues, particularly in the long term, 
including sexual dysfunction, weight gain, and cognitive 
impairments. A number of promising novel mechanisms, 
which are not represented in compounds currently approved 
for depression in either the United States or Europe, may 
represent the future in the psychopharmacologic treat-
ment of depression; the hope is that they will address some 
of the efficacy and tolerability issues of currently available 
antidepressants. These potential antidepressant treatments 
include the multimodal serotonergic agents, the triple up-
take inhibitors, the neurokinin-based novel therapies, the 
glutamatergic treatments, the nicotinic receptor–based 
treatments, the neurogenesis-based treatments, and anti
glucocorticoid therapies. In addition, other lines of research 
such as psychiatric genetics and neuroimaging could point 
the way toward other potential new drug mechanisms. Some 
of these mechanisms appear to be more advanced in terms of 
drug development than others, but they all contribute to the 
global effort to develop more effective and better tolerated 
treatments for MDD.
Drug names: amantadine (Symmetrel and others), aprepitant (Emend), 
bupropion (Wellbutrin, Aplenzin, and others), buspirone (BuSpar and 
others), imipramine (Tofranil and others), memantine (Namenda),  
mirtazapine (Remeron and others), paroxetine (Paxil, Pexeva, and  
others), sibutramine (Meridia).
Author affiliation: Depression Clinical and Research Program, 
Massachusetts General Hospital, Boston.
Potential conflicts of interest: Dr Chang has received grant/research 
support from GlaxoSmithKline and Harvard Medical School. Dr Fava 
has received research support from Abbott, Alkermes, Aspect Medical 
Systems, AstraZeneca, BioResearch, BrainCells, Bristol-Myers Squibb, 
Cephalon, Clinical Trials Solutions, Covidien, Eli Lilly, EnVivo, Forest, 
Ganeden Biotech, GlaxoSmithKline, Johnson & Johnson, Lichtwer, Lorex, 
Novartis, Organon, PamLab, Pfizer, Roche, RTC Logic, Sanofi-Aventis, 
Shire, Solvay, Synthelabo, and Wyeth-Ayerst; has been an advisor/ 
consultant for Abbott, Affectis, Amarin, Aspect Medical Systems, 
AstraZeneca, Auspex, Bayer, Best Practice Project Management, 
BioMarin, Biovail, BrainCells, Bristol-Myers Squibb, CeNeRx, Cephalon, 
Clinical Trials Solutions, CNS Response, Compellis, Cypress, Dov, Eisai, 
Eli Lilly, EPIX, Euthymics Bioscience, Fabre-Kramer, Forest, GenOmind, 
GlaxoSmithKline, Gruenthal, Janssen, Jazz, Johnson & Johnson, 
Knoll, Labopharm, Lorex, Lundbeck, MedAvante, Merck, Methylation 
Sciences, Neuronetics, Novartis, Nutrition 21, Organon, PamLab, 
Pfizer, PharmaStar, Pharmavite, Precision Human Biolaboratory, Prexa, 
PsychoGenics, Psylin Neurosciences, Rexahn, Ridge Diagnostics, Roche, 
RCT Logic, Sanofi-Aventis, Sepracor, Schering-Plough, Solvay, Somaxon, 
Somerset, Synthelabo, Takeda, Tetragenex, TransForm, Transcept, Vanda, 
and Wyeth-Ayerst; has had speaking/publishing affiliations with Adamed, 
Advanced Meeting Partners, American Psychiatric Association, American 
Society of Clinical Psychopharmacology, AstraZeneca, Belvoir Media 
Group, Boehringer Ingelheim, Bristol-Myers Squibb, Cephalon, Eli Lilly, 

Forest, GlaxoSmithKline, Imedex, MGH Psychiatry Academy/Primedia, 
MGH Psychiatry Academy/Reed Elsevier, Novartis, Organon, Pfizer, 
PharmaStar, United BioSource, and Wyeth-Ayerst; has equity holdings 
in Compellis; holds a patent for SPCD and has a patent application for 
a combination of azapirones and bupropion in MDD; and has received 
copyright royalties for the MGH CPFQ, SFI, ATRQ, DESS, and SAFER. 
Funding/support: Dr Chang is supported in part by a T-32 Research 
Training Grant MH-19126 through the American Psychiatric 
Association’s Program for Minority Research Training in Psychiatry. 

REFERENCES

  1.	 Schappert SM, Rechtsteiner EA. Ambulatory Medical Care Utilization 
Estimates for 2006. National Health Statistics Reports; no 8. Hyattsville, 
MD: National Center for Health Statistics; 2006. http://www.cdc.gov/
nchs/data/nhsr/nhsr008.pdf.

  2.	 National Center for Health Statistics. Health, United States, 2009: With 
Special Feature on Medical Technology. Hyattsville, MD: Centers for 
Disease Control and Prevention; 2010. http://www.cdc.gov/nchs/data/
hus/hus09.pdf

  3.	 Rush AJ, Trivedi MH, Wisniewski SR, et al. STAR*D Study Team. 
Bupropion-SR, sertraline, or venlafaxine-XR after failure of SSRIs for 
depression. N Engl J Med. 2006;354(12):1231–1242. doi:10.1056/NEJMoa052963 PubMed

  4.	 Trivedi MH, Fava M, Wisniewski SR, et al. STAR*D Study Team. 
Medication augmentation after the failure of SSRIs for depression.  
N Engl J Med. 2006;354(12):1243–1252. doi:10.1056/NEJMoa052964 PubMed

  5.	 Hyman SE, Nestler EJ. Initiation and adaptation: a paradigm 
for understanding psychotropic drug action. Am J Psychiatry. 
1996;153(2):151–162. PubMed

  6.	 Papakostas GI, Thase ME, Fava M, et al. Are antidepressant drugs that 
combine serotonergic and noradrenergic mechanisms of action more 
effective than the selective serotonin reuptake inhibitors in treating  
major depressive disorder? a meta-analysis of studies of newer agents. 
Biol Psychiatry. 2007;62(11):1217–1227. doi:10.1016/j.biopsych.2007.03.027 PubMed

  7.	 Cassano P, Fava M. Tolerability issues during long-term treatment with 
antidepressants. Ann Clin Psychiatry. 2004;16(1):15–25. PubMed

  8.	 Machado M, Iskedjian M, Ruiz I, et al. Remission, dropouts, and adverse 
drug reaction rates in major depressive disorder: a meta-analysis of  
head-to-head trials. Curr Med Res Opin. 2006;22(9):1825–1837. doi:10.1185/030079906X132415 PubMed

  9.	 Trivedi MH, Rush AJ, Wisniewski SR, et al. STAR*D Study Team. 
Evaluation of outcomes with citalopram for depression using  
measurement-based care in STAR*D: implications for clinical practice.  
Am J Psychiatry. 2006;163(1):28–40. doi:10.1176/appi.ajp.163.1.28 PubMed

10.	 Nierenberg AA, Keefe BR, Leslie VC, et al. Residual symptoms in  
depressed patients who respond acutely to fluoxetine. J Clin Psychiatry. 
1999;60(4):221–225. PubMed

11.	 Clayton AH, Pradko JF, Croft HA, et al. Prevalence of sexual dysfunction 
among newer antidepressants. J Clin Psychiatry. 2002;63(4):357–366. PubMed

12.	 Kavoussi RJ, Segraves RT, Hughes AR, et al. Double-blind comparison  
of bupropion sustained release and sertraline in depressed outpatients.  
J Clin Psychiatry. 1997;58(12):532–537. PubMed

13.	 Khan A. Vilazodone, a novel dual-acting serotonergic antidepres-
sant for managing major depression. Expert Opin Investig Drugs. 
2009;18(11):1753–1764. doi:10.1517/13543780903286396 PubMed

14.	 Kennedy SH, Rizvi S, Fulton K, et al. A double-blind comparison 
of sexual functioning, antidepressant efficacy, and tolerability be-
tween agomelatine and venlafaxine XR. J Clin Psychopharmacol. 
2008;28(3):329–333. doi:10.1097/JCP.0b013e318172b48c PubMed

15.	 Fava M. Weight gain and antidepressants. J Clin Psychiatry. 2000;61 
(suppl 11):37–41. PubMed

16.	 Croft H, Houser TL, Jamerson BD, et al. Effect on body weight of bupro-
pion sustained-release in patients with major depression treated for  
52 weeks. Clin Ther. 2002;24(4):662–672. doi:10.1016/S0149-2918(02)85141-4 PubMed

17.	 Silveira RO, Zanatto V, Appolinário JC, et al. An open trial of rebox-
etine in obese patients with binge eating disorder. Eat Weight Disord. 
2005;10(4):e93–e96. PubMed

18.	 Kennedy SH, Rizvi SJ. Agomelatine in the treatment of major depressive 
disorder: potential for clinical effectiveness. CNS Drugs. 2010;24(6): 
479–499. doi:10.2165/11534420-000000000-00000 PubMed

19.	 Fava M. Daytime sleepiness and insomnia as correlates of depression.  
J Clin Psychiatry. 2004;65(suppl 16):27–32. PubMed

20.	 Thase ME. Treatment issues related to sleep and depression.  
J Clin Psychiatry. 2000;61(suppl 11):46–50. PubMed

21.	 Fava M, Hoog SL, Judge RA, et al. Acute efficacy of fluoxetine versus 



J Clin Psychiatry 71:8, August 2010 975

Chang and Fava� NCDEU Festschrift

sertraline and paroxetine in major depressive disorder including effects 
of baseline insomnia. J Clin Psychopharmacol. 2002;22(2):137–147. doi:10.1097/00004714-200204000-00006 PubMed

22.	 Fava M, Graves LM, Benazzi F, et al. A cross-sectional study of the 
prevalence of cognitive and physical symptoms during long-term antide-
pressant treatment. J Clin Psychiatry. 2006;67(11):1754–1759. doi:10.4088/JCP.v67n1113 PubMed

23.	 Landén M, Eriksson E, Agren H, et al. Effect of buspirone on sexual  
dysfunction in depressed patients treated with selective serotonin reup-
take inhibitors. J Clin Psychopharmacol. 1999;19(3):268–271. doi:10.1097/00004714-199906000-00012 PubMed

24.	 Artigas F, Dragheim M, Loft H, et al. A randomized, double-blind  
placebo-controlled, active-referenced study of Lu AA21004 in patients 
with major depression. Presented at: 22nd Annual Meeting of the 
European College of Neuropsychopharmacology; September 2009; 
Istanbul, Turkey.

25.	 Fava M, Thase ME, DeBattista C, et al. Modafinil augmentation of 
selective serotonin reuptake inhibitor therapy in MDD partial re-
sponders with persistent fatigue and sleepiness. Ann Clin Psychiatry. 
2007;19(3):153–159. doi:10.1080/10401230701464858 PubMed

26.	 Clayton AH, Warnock JK, Kornstein SG, et al. A placebo-controlled  
trial of bupropion SR as an antidote for selective serotonin reuptake  
inhibitor–induced sexual dysfunction. J Clin Psychiatry. 2004;65(1): 
62–67. doi:10.4088/JCP.v65n0110 PubMed

27.	 Damsa C, Bumb A, Bianchi-Demicheli F, et al. “Dopamine-dependent” 
side effects of selective serotonin reuptake inhibitors: a clinical review.  
J Clin Psychiatry. 2004;65(8):1064–1068. doi:10.4088/JCP.v65n0806 PubMed

28.	 Skolnick P, Krieter P, Tizzano J, et al. Preclinical and clinical pharma-
cology of DOV 216,303, a “triple” reuptake inhibitor. CNS Drug Rev. 
2006;12(2):123–134. doi:10.1111/j.1527-3458.2006.00123.x PubMed

29.	 Nakagawa T, Ukai K, Ohyama T, et al. Effects of sibutramine on the cen-
tral dopaminergic system in rodents. Neurotox Res. 2001;3(3):235–247. doi:10.1007/BF03033262 PubMed

30.	 McNeely W, Goa KL. Sibutramine: a review of its contribution to the 
management of obesity. Drugs. 1998;56(6):1093–1124. doi:10.2165/00003495-199856060-00019 PubMed

31.	 Liang Y, Shaw AM, Boules M, et al. Antidepressant-like pharmacological 
profile of a novel triple reuptake inhibitor, (1S,2S)-3-(methylamino)-2-
(naphthalen-2-yl)-1-phenylpropan-1-ol (PRC200-SS). J Pharmacol Exp 
Ther. 2008;327(2):573–583. doi:10.1124/jpet.108.143610 PubMed

32.	 McMillen BA, Shank JE, Jordan KB, et al. Effect of DOV 102,677 on the 
volitional consumption of ethanol by Myers’ high ethanol-preferring rat. 
Alcohol Clin Exp Res. 2007;31(11):1866–1871. doi:10.1111/j.1530-0277.2007.00513.x PubMed

33.	 Bergström M, Hargreaves RJ, Burns HD, et al. Human positron emission 
tomography studies of brain neurokinin 1 receptor occupancy by  
aprepitant. Biol Psychiatry. 2004;55(10):1007–1012. doi:10.1016/j.biopsych.2004.02.007 PubMed

34.	 Hargreaves R. Imaging substance P receptors (NK1) in the living  
human brain using positron emission tomography. J Clin Psychiatry. 
2002;63(suppl 11):18–24. PubMed

35.	 Ebner K, Singewald N. The role of substance P in stress and anxiety  
responses. Amino Acids. 2006;31(3):251–272. doi:10.1007/s00726-006-0335-9 PubMed

36.	 Kramer MS, Cutler N, Feighner J, et al. Distinct mechanism for antide-
pressant activity by blockade of central substance P receptors. Science. 
1998;281(5383):1640–1645. doi:10.1126/science.281.5383.1640 PubMed

37.	 Keller M, Montgomery S, Ball W, et al. Lack of efficacy of the substance 
P (neurokinin1 receptor) antagonist aprepitant in the treatment of major 
depressive disorder. Biol Psychiatry. 2006;59(3):216–223. doi:10.1016/j.biopsych.2005.07.013 PubMed

38.	 Kramer MS, Winokur A, Kelsey J, et al. Demonstration of the efficacy 
and safety of a novel substance P (NK1) receptor antagonist in major 
depression. Neuropsychopharmacology. 2004;29(2):385–392. doi:10.1038/sj.npp.1300260 PubMed

39.	 Ranga K, Krishnan R. Clinical experience with substance P receptor 
(NK1) antagonists in depression. J Clin Psychiatry. 2002;63(suppl 11): 
25–29. PubMed

40.	 Waterhouse RN. Imaging the PCP site of the NMDA ion channel.  
Nucl Med Biol. 2003;30(8):869–878. doi:10.1016/S0969-8051(03)00127-6 PubMed

41.	 Stahl SM, Grady MM. Differences in mechanism of action between cur-
rent and future antidepressants. J Clin Psychiatry. 2003;64(suppl 13):13–17. PubMed

42.	 Skolnick P, Popik P, Trullas R. Glutamate-based antidepressants:  
20 years on. Trends Pharmacol Sci. 2009;30(11):563–569. doi:10.1016/j.tips.2009.09.002 PubMed

43.	 Rogóz Z, Skuza G, Daniel WA, et al. Amantadine as an additive treatment 
in patients suffering from drug-resistant unipolar depression. Pharmacol 
Rep. 2007;59(6):778–784. PubMed

44.	 Zarate CA Jr, Payne JL, Quiroz J, et al. An open-label trial of riluzole 
in patients with treatment-resistant major depression. Am J Psychiatry. 
2004;161(1):171–174. doi:10.1176/appi.ajp.161.1.171 PubMed

45.	 Zarate CA Jr, Singh JB, Quiroz JA, et al. A double-blind, placebo- 
controlled study of memantine in the treatment of major depression.  
Am J Psychiatry. 2006;163(1):153–155. doi:10.1176/appi.ajp.163.1.153 PubMed

46.	 Smith EJ. Amantadine-induced psychosis in a young healthy patient.  
Am J Psychiatry. 2008;165(12):1613. doi:10.1176/appi.ajp.2008.08081228 PubMed

47.	 Riederer P, Lange KW, Kornhuber J, et al. Pharmacotoxic psychosis after 
memantine in Parkinson’s disease. Lancet. 1991;338(8773):1022–1023. doi:10.1016/0140-6736(91)91888-2 PubMed

 48.	McKeage K. Memantine: a review of its use in moderate to severe 
Alzheimer’s disease. CNS Drugs. 2009;23(10):881–897. doi:10.2165/11201020-000000000-00000 PubMed

49.	 Paterson D, Nordberg A. Neuronal nicotinic receptors in the human brain. 
Prog Neurobiol. 2000;61(1):75–111. doi:10.1016/S0301-0082(99)00045-3 PubMed

50.	 Shytle RD, Silver AA, Lukas RJ, et al. Nicotinic acetylcholine receptors  
as targets for antidepressants. Mol Psychiatry. 2002;7(6):525–535. doi:10.1038/sj.mp.4001035 PubMed

51.	 Arias HR, Rosenberg A, Targowska-Duda KM, et al. Tricyclic antide-
pressants and mecamylamine bind to different sites in the human α4β2 
nicotinic receptor ion channel. Int J Biochem Cell Biol. 2010;42(6): 
1007–1018. doi:10.1016/j.biocel.2010.03.002 PubMed

52.	 Lippiello PM, Beaver JS, Gatto GJ, et al. TC-5214 (S-(+)-mecamylamine):  
a neuronal nicotinic receptor modulator with antidepressant activity.  
CNS Neurosci Ther. 2008;14(4):266–277. doi:10.1111/j.1755-5949.2008.00054.x PubMed

53.	 Dunbar G. Positive effects of the nicotinic channel blocker TC-5214 as 
augmentation treatment in patients with major depressive disorder who 
are inadequate responders to a first-line SSRI. Presented at: Nicotinic 
Acetylcholine Receptor-Based Therapeutics: Emerging Frontiers in  
Basic Research and Clinical Science, satellite meeting to the Society  
for Neuroscience; October 14–16, 2009; Chicago, IL.

54.	 Chen Y, Sharples TJ, Phillips KG, et al. The nicotinic α4β2 receptor selec-
tive agonist, TC-2559, increases dopamine neuronal activity in the ventral 
tegmental area of rat midbrain slices. Neuropharmacology. 2003;45(3): 
334–344. doi:10.1016/S0028-3908(03)00189-8 PubMed

55.	 Salminen O, Murphy KL, McIntosh JM, et al. Subunit composition  
and pharmacology of two classes of striatal presynaptic nicotinic acetyl-
choline receptors mediating dopamine release in mice. Mol Pharmacol. 
2004;65(6):1526–1535. doi:10.1124/mol.65.6.1526 PubMed

56.	 Levin ED, Bettegowda C, Blosser J, et al. AR-R17779, and alpha7 nico-
tinic agonist, improves learning and memory in rats. Behav Pharmacol. 
1999;10(6–7):675–680. doi:10.1097/00008877-199911000-00014 PubMed

57.	 Rice ME, Cragg SJ. Nicotine amplifies reward-related dopamine signals in 
striatum. Nat Neurosci. 2004;7(6):583–584. doi:10.1038/nn1244 PubMed

58.	 Banasr M, Duman RS. Regulation of neurogenesis and gliogenesis by 
stress and antidepressant treatment. CNS Neurol Disord Drug Targets. 
2007;6(5):311–320. doi:10.2174/187152707783220929 PubMed

59.	 Barlow C, Hen R, Fava M, et al. Neurogenesis assays prospectively iden-
tify a novel clinically efficacious combination for the treatment of major 
depressive disorder. Presented at: 48th Annual Meeting of the American 
College of Neuropsychopharmacology; December 6–10, 2009; Hollywood, 
FL.

60.	 Holsboer F, Ising M. Central CRH system in depression and anxiety—
evidence from clinical studies with CRH1 receptor antagonists.  
Eur J Pharmacol. 2008;583(2–3):350–357. doi:10.1016/j.ejphar.2007.12.032 PubMed


	Table of Contents


