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REVIEW

Investigational drugs for treating major depressive disorder
Ashish Dhir

Department of Neurology, School of Medicine, University of California Davis, Sacramento, CA, USA

ABSTRACT
Introduction: Treatment of patients suffering from major depression could be highly challenging for
psychiatrists. Intractability as well as relapse is commonly seen among these patients, leading to
functional impairment and poor quality of life. The present review discusses some of the novel
investigational drugs that are under pre-clinical or clinical phases in the treatment of major depression.
Areas covered: Molecules belonging to different classes such as triple reuptake inhibitors, opioid
receptors, ionotropic and metabotropic glutamate receptors, and neurotrophin in the treatment of
major depression are covered in this article.
Expert opinion: Although the historical discovery of earlier antidepressant molecules (iproniazid and
imipramine) is through serendipitous discovery, the present research focuses on discovering novel
molecules based on our current pathophysiological knowledge of the disease condition. The fast-acting
antidepressant property of N-methyl-d-aspartate (NMDA) receptor molecules, including ketamine is an
exciting area of research. Other drug molecules such as amitifadine (triple reuptake inhibitor), ALKS-
5461 (kappa receptor antagonist and mu opioidergic receptor agonist), rapastinel (NMDA glutamatergic
receptor modulator) are under Phase-III clinical trials and could be approved in the near future for the
treatment of major depression.
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1. Introduction

Major depression is a common psychiatric disorder that is
associated with high rates of mortality and morbidity [1,2]. A
genetic make-up plays an important role in its pathophysiol-
ogy, the difference in maturational white matter microstruc-
tures in mood regulatory pathways has been noticed in
children who are predisposed to its outcome due to their
parental history [3]. Major depression is generally comorbid
with other disorders of the body, including anxiety [4], schizo-
phrenia [5], diabetes [6], obesity [7], cancer [8], chronic
obstructive pulmonary diseases [9], cardiovascular abnormal-
ities [10], stroke [11], and many more. As per the findings from
Singapore Mental Health Study, major depression is more
prevalent in Indian men living in Singapore compared to
other ethnicities such as China [12]. Further, women (7.2%)
are more prone to depression disorder compared to men
(4.3%), as per the report of Singapore Mental Health
Study [12].

Stress is an important pathophysiological factor responsible
for major depression. Continuous stress could lead to degen-
erative changes in different regions of the brain, including
hippocampus and amygdala, and thus affect synaptic plasti-
city and cognitive decline [13]. Besides its effect on the cog-
nitive abilities of the patient, depressed patients could have
increased suicidal tendencies [14]. The symptoms of depres-
sion could be commonly seen in patients addicted to various
psychotropic and the substance of abuse molecules, including

marijuana [15]. There is no clear-cut biomarker for major
depression so that early intervention could be initiated [16].

Selective serotonin reuptake inhibitors (SSRIs) are the first
choice of drugs for the treatment of major depression; how-
ever, around half of the depressed patients do not respond to
the monotherapy and often requires a second line of treat-
ment in order to achieve full remission [17]. Moreover, con-
ventional antidepressants, including SSRIs takes 3–4 weeks in
order to show their effectiveness [18]. Antidepressants that
could enhance the neuroplasticity and neurogenesis mechan-
isms, for example agomelatine and novel molecules listed in
this article, are of particular interest [19]. In present scenarios,
researchers have been focusing on some rapidly acting anti-
depressants such as N-methyl-D-aspartate (NMDA) receptor
blockers, including ketamine [18]. This article will discuss
some of the important investigational drugs that are in pre-
clinical or clinical stages of drug development. A particular
emphasis has been given toward opioidergic receptor modu-
lators, glutamatergic, triple reuptake inhibitors as well as neu-
rotrophin class of molecules (Figure 1). The details of these
molecules were searched on electronic database (Pubmed,
Medline, clinicaltrial.gov, molecule originator’s company sites,
abstracts in various conferences) from the year of their incep-
tion until November, 2016. The combination of following text-
words were used: major depression, novel molecules, clinical
trials, neurotrophic factors, opioidergic receptors, triple reup-
take inhibitors, glutamatergic receptor modulators, preclinical
findings.
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2. Opioid receptor modulators

Opioid receptors, well known linked to the pathophysiological
basis of pain, stress, and drug addiction plays an important
role in mood disorders [20]. The opioidergic and/or NMDA
receptor system is partly involved in the antidepressant-like
effect of fluoxetine in animal model of physical stress [21].
Huang and colleagues have shown that the combination of
LY2444296 (a κ-opioidergic receptor antagonist) and ADL5859
(a δ-opioidergic receptor agonist) produces synergistic antide-
pressant-like effect when tested in the mouse forced swim
test [22].

The κ-opioidergic receptors (a subtype of opioid receptors)
and its natural ligand dynorphin have a direct role in the
reward and stress phenomenon and are upregulated during
stress and chronic administration of drugs of abuse. Activation
of κ-opioidergic receptors has been linked to the increase in
dynorphin levels, which in turn blocks the release of gluta-
mate. Glutamate is an important neurotransmitter that is
involved in neuronal plasticity and, therefore, glutamate levels
may result in impaired learning abilities resulting in learned
helplessness. Activation of these receptors could also lead to a
reduction in the levels of dopamine in different neurocircuitry
pathways of the brain, and thus produce anhedonia, depres-
sion, and anxiety-like state. It is well known that the κ-opioi-
dergic receptor antagonists have antidepressant-like effect in
preclinical animal models. The action may be through mod-
ulating dopaminergic, serotoninergic as well as an enhancing
mRNA expression of brain-derived neurotrophic factor (BDNF)
[23–26].

Bupernorphine is a partial agonist of μ receptors and opioid
receptor-like (ORL-1) with κ-opioidergic receptor antagonistic
properties. As an anti-nociceptive agent, it displays a bell-
shape curve. At low doses, it acts on μ receptors, which is
solely responsible for its anti-nociceptive activity. However, at
higher concentrations, buprenorphine acts on ORL-1 recep-
tors, resulting in counteracting its anti-nociceptive effect [27].
In contrast, the antidepressant effect of buprenorphine is

correlated to its antagonistic activity at κ-opiodergic receptors
[28]. The κ-opioidergic receptor antagonists such as buprenor-
phine by blocking the release of dynorphin could increase
glutamate to its physiological levels in the hippocampus area
of the brain, thus resulting in the antidepressant effect. The κ-
opioidergic knock-out mouse do not respond to the antide-
pressant effect of buprenorphine [28].

Buprenorphine, a κ-receptor antagonist, has been found to
be effective as a rapid antidepressant agent in treatment-
resistant depression when administered as an average dose
of 0.4 mg/day among patients of 15–50 years of age [29].
Buprenorphine has shown antidepressant-like effect in certain,
but not all strains of rats, when tested in the forced swim test
[30]. The molecule did not show an antidepressant-like effect
in Wistar or Sprague–Dawley strains of rats [30]. Some of the
other κ-opioidergic receptor antagonists, such as JDTic and
PF-4455242, although active in preclinical animal models of
depression, have been declined for further clinical develop-
ment due to their propensity to induce toxic side effects, for
example, tachycardia associated with JDTic. In a very recent
study, buprenorphine in ultra-low dose (0.1 mg once or twice
daily) have been found to prevent suicidal tendencies in
patients without substance abuse [31].

Almatroudi and colleagues have discussed the beneficial
effect of combining buprenorphine (a partial μ-receptor ago-
nist with κ-receptor antagonistic properties) and naltrexone (a
μ-receptor antagonist) in the forced swim test and novelty
induced hypophagia tasks [32]. By combining these two mole-
cules, one can achieve the antidepressant property resulting
from the blockage of κ-opioidergic receptors without activat-
ing μ receptors. In this manner, the addiction potential that is
associated with the activation of μ receptors could be easily
prevented. The combination was found to be neither reward-
ing nor aversive in the conditioned place preference para-
digm [32].

ATPM-ET, (–)-3-N-ethylaminothiazolo [5,4-b]-N-cyclopropyl-
methylmorphinan hydrochloride, is a novel κ-agonist and μ-
opioid receptor partial agonist that has shown both anxiolytic
as well as an antidepressant activity when tested in the forced
swim, tail suspension, open field as well as elevated plus-maze
tests [33]. This is in contradiction to the common hypothesis
that κ-receptor antagonists have antidepressant effect, given
the fact that ATPM-ET is a κ-receptor agonist and still shows
antidepressant activity. The authors have discussed that the
agonists of κ receptors may produce both depressant as well
as antidepressant activity, depending on the animal beha-
vioral model studied, while κ-receptor antagonists demon-
strates the consistent antidepressant effect in all the animal
models of depression [33]. Some of the important investiga-
tional molecules that are in clinical trials and belong to this
class are discussed in the following.

2.1. ALKS 5461

It is a combination of buprenorphine (a κ-opioid receptor
antagonist with partial μ-receptor agonist property) and sami-
dorphan (a μ-opioid receptor antagonist). ALKS 5461 is being
developed as sublingual tablets by Alkermes plc for the treat-
ment-resistant depression [34]. Buprenorphine was launched

Article highlights

● Major depression is a severe mood disorder that requires immediate
clinical investigation.

● Various conventional antidepressant molecules are available for the
management of major depression; however, 30–40% of these
patients do not respond to the monotherapy and therefore requires
the addition of 2nd drug in their dosing regimen.

● There is a continuous effort from researchers exploring the novel
drug targets as well as drugs for patients who do not respond to
drug therapy

● Some of these investigational targets include, opioidergic system,
ionotropic and metabotropic glutamatergic receptors, neurotophins,
triple reuptake inhibitors and many more.

● The investigational molecules discussed in this article include, ALKS
5461, CERC-501, rapastinel, dueteriated dextromethorphan, CERC-
301, basimglurant, amitifadine, tedatioxetine and ansofaxine.

● Amitifadine, ALKS-5461 and rapastinel are in late clinical trials. These
drugs may soon show up in the clinics for the treatment of major
depression.

This box summarizes key points contained in the article.
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in the United Kingdom in year 1978 for the treatment of pain;
however, samidorphan has been discovered recently in the
laboratory of Mark Wentland at Rensselaer Polytechnic
Institute (RPI) New York, USA. In order to achieve the antide-
pressant effect without any addiction potential, ALKS 5461 has
been designed to combine the properties of opioid receptor
agonist as well as antagonist effect.

In a multicenter, randomized, double-blind, placebo-con-
trolled phase-II clinical trial, the 2/2 mg doses of samidorphan
and buprenorphine provided a significant improvement in
three of the depressions measuring outcome scales,

Hamilton Depression Rating Scale (HAM-D), the
Montgomery-Åsberg Depression Rating Scale (MADRS), and
the Clinical Global Impressions severity scale (CGI-S). The
authors also find improvement in 8/8 mg doses, but it did
not achieve statistically significant results compared to the
placebo treatment [34]. The study enrolled those patients
who were non-respondent with the use of standard antide-
pressant drugs such as selective serotonin reuptake inhibitors
(SSRIs) or dual reuptake inhibitors of serotonin and norepi-
nephrine (SNRIs). Although the combination is safe to be
administered, however, the incidence of treatment emergent

Name of the 
Investigational 
Molecule

Molecular 
mechanism and 
clinical phase

Structure

ALKS 5461 
(combination of 
samidorphan and 
buprenorphine) 

κ-opioid 
receptor antagon
ist

CERC-501 selective k 
opioid receptor 
antagonist

Ketamine NMDA receptor 
antagonist

AV-101 (4-Cl-
KYN)

NMDA receptor 
glycine-binding 
site antagonist

(Pro-drug) (Active moiety)

Dextromethorphan 
and dueteriated 
dextromethorphan
(AVP-786)

NMDA receptor 
antagonist; 
Sigma-1 
receptor agonist

Dextromethorphan        Deuteriated Dextromethorphan 
(present in Nudexta®)    (present in AVP786)

Figure 1. Structures of some investigational antidepressant molecules discussed in this article.
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adverse effects was 85.8%, the most common being gastro-
intestinal (52.5%) and neurological (46.8%). These adverse
effects included, nausea, vomiting, dizziness, and headache
[34]. Some of the rare adverse effects reported were acute
opioid withdrawal, intraocular melanoma and attempt to sui-
cide [34].

In two phase III studies (also known as Forward-3 and
Forward-4), ALKS-5461 or placebo was administered to
patients as an adjunctive therapy to SSRIs or SNRIs. Forwad-3

was designed as a double blind placebo lead and followed a
6-week treatment period (2/2 mg of buprenorphine/samidor-
phan) while Forward-4 was a parallel design study where the
effect of ALKS 5461 (2/2 or 0.5/0.5 mg) was studied against the
placebo-control group [35]. In a Forward-4 study, which com-
prises of 385 subjects, the 2/2 mg group resulted in improve-
ment in the MADRS scale, but the results could not reach
statistically significant. However, the authors mentioned that
upon additional analysis at different time points of ALKS 5461

Rapastinel

(GLYX-13)

Selective, 
weak partial 
agonist (mixed a
ntagonist/agonis
t) of 
an allosteric 
site of 
the glycine site 
of the NMDA 
receptor

CERC-301 NR2B-specific 
NMDA 
antagonist

Basimglurant Negative 
allosteric 
modulator of the 
mGlu5 receptor

NS-189 Neurotrophin; 
enhance the 
expression of 
brain-derived
neurotrophic 
factor (BDNF)

Amitifadine Triple reuptake 
inhibitor

Tedatioxetine Multimodal 
antidepressant

Ansofaxine Triple reuptake 
inhibitor

Figure 1. (continued)

4 A. DHIR



administration, they found a clinically meaningful result. The
authors did not find any beneficial effect of ALKS-5461 over
placebo in the Forward-3 study. The results may probably due
to higher significant positive response that was observed in
the placebo-control group. It has been debated that the clin-
ical trials with antidepressant molecules is a challenging one.
The negative outcome may possible due to higher positive
response in the placebo-control group [36]. Khan and
Schwartz have suggested to test antidepressant molecules in
either (i) severely depressed patients or (ii) with flexible dosing
regimen [36], so that the large effect of placebo treatment
should be avoided. Alkeremes is awaiting result of its Forward-
5 clinical trial. ALKS-5461 was given a fast-track status by the
US Food and Drug Association (FDA) for treatment-resistant
depression [37]. The molecules should demonstrate effective-
ness in patients who are not well controlled with the use of
the standard line of treatment such as SSRIs or SNRIs [37].

2.2. CERC-501 (LY-2456302)

CERC-501 is another potent and selective κ-opioidergic recep-
tor antagonist that is being explored for the substance-use
disorder and as an adjunct treatment of major depression [38].
The molecule is discovered by Eli Lilly & Co. and being devel-
oped for its clinical use by Cerecor, USA. In a preclinical study,
the molecule showed rapid absorption profile (Tmax = 1–2 h)
with good oral bioavailability (around 25%). CERC-501 at an
ED50 (effective dose in producing response in 50% of sub-
jects) value of 0.33 mg/kg selectively occupies central κ-recep-
tors without affecting other opioidergic receptors [39]. It has a
30-fold selectivity toward κ compared to μ- and δ-opioidergic
receptors. When tested in the mouse model of behavioral
despair, CERC-501 demonstrated its effectiveness in the forced
swim test (FST) and also enhanced the antidepressant-like
effect of both imipramine (a tricyclic antidepressant) as well
as citalopram (an SSRI). It is also effective in alleviating nico-
tine withdrawal-induced behavioral symptoms [40]. In a clin-
ical study, a single oral dose of 2–60 mg and multiple doses of
2,10, and 35 mg were well tolerated by human subjects and
displays a rapid oral absorption profile with a longer half-life
of 30–40 h [41]. CERC-501 could reach its steady state after
6–8 days of once-daily dosing [41]. In this clinical study, the
authors concluded that the molecule is well tolerated with no
clinically significant adverse effects. In a clinical study invol-
ving 13 healthy volunteers, CERC-501 was found to have good
blood–brain barrier (BBB) penetrability and the maximum
saturation occurred after 2.5 h of a 10 mg dose [42]. The
authors concluded that a 10 mg dose is sufficient for further
clinical investigation of this molecule [42]. The phase II clinical
trials are undergoing in evaluating its use for the treatment of
depression and drug addiction.

3. Glutamate receptor modulators

Glutamate is an excitatory neurotransmitter that acts on both
ionotropic (NMDA, AMPA (α-amino-3-hydroxy-5-methyl-4-iso-
xazolepropionic acid receptor), and kainate) as well as meta-
botropic glutamatergic receptors (mGLUR1-8 divided into

three groups, group I–III). The following topics individually
discuss the role of both ionotropic as well as metabotropic
glutamatergic receptor modulators in major depression. The
NMDA receptor blockers, such as ketamine in this category are
known to produce a rapid antidepressant effect, but asso-
ciated with its own problematic side effects. Therefore, mole-
cules that possess similar efficacy compared to ketamine but
with lesser toxic side effects are being explored in this cate-
gory. Some of the molecules that are under clinical trials in
this category include the following.

3.1. NMDA receptor modulators

In depression, the alteration in both GABAergic (γ-amino-buty-
ric acid) and glutamatergic networks have been known [43].
An important role of the glutamatergic system in major
depression is evidenced by the fact that ketamine, an NMDA
receptor blocker, has shown to produce an antidepressant
response in both animals as well as human studies [44]. One
of the problems that is encountered with the use of conven-
tional antidepressant agents is their lag period. These conven-
tional antidepressant agents require at least 2–4 weeks of
drug administration before they start showing their antide-
pressant effect. In contrast, ketamine and other newer NMDA
receptor blockers have shown to produce a rapid antidepres-
sant effect that could be seen even after a few hours of their
administration. Ketamine has been found to be more useful in
patients who have suicidal tendencies associated with depres-
sion [45]. The use of ketamine as an antidepressant in clinics is
restricted due to its toxicity and abuse potential and therefore
it is only reserved for the emergency cases where a quick
antidepressant response is required [46]. There is an abuse
incidence that has been listed in the literature with the pre-
scription of ketamine in patients suffering from refractory
major depression; the molecule could lead to loss of employ-
ment or an accidental death [47]. Due to its rapid and effective
antidepressant potential, this drug class requires extensive
exploration and the safer NMDA receptor blockers with anti-
depressant potential but lesser side effects should be identi-
fied [44,48]. In the following sections, we have discussed
different NMDA glutamate receptor blockers that are under
preclinical or clinical investigations in the treatment of major
depression. We will first discuss the pharmacology of ketamine
in this section before we elaborate other NMDA receptor
blockers as antidepressant agents.

3.1.1. Ketamine (racemate or RS (±)-ketamine) or
esketamine [(S+)-ketamine)]
As discussed above, ketamine has shown to provide a rapid
onset antidepressant effect in clinical settings. Ketamine is a
non-competitive NMDA receptor antagonist that exists in two
isoforms, S(+) and R(–) isoform [44]. There are different
hypothesis that have been put forward describing the rapid
antidepressant effect that is observed clinically with the use of
ketamine. The NMDA receptors present at the inhibitory inter-
neurons (GABAergic) push inhibition to the excitatory net-
works. One of the hypothesis regarding the mechanism of
ketamine’s antidepressant effect is through blocking the
NMDA receptors at the inhibitory interneurons which in turn
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disinhibits the excitatory networks. Second, blockage of NMDA
receptors at rest by ketamine affects the downstream intracel-
lular signaling processes. This inhibits different transcription
factors, including elongation factor, which in turn lead to
upregulation of BDNF, thus triggering synaptic plasticity [49].
Some patients that are non-respondent to the antidepressant
effect of ketamine may be the carriers of a Val66Met (rs6265)
single-nucleotide polymorphism, which is associated with the
dysfunctioning of BDNF [50]. Besides its NMDA receptor block-
ing property, ketamine is an agonist at sigma-1 receptors [51]
and also inhibits norepinephrine and serotonin transporters,
thus increasing their synaptic concentrations [52]. These prop-
erties may also play an important role in the antidepressant
effect of ketamine. Memantine, another NMDA receptor
blocker, however, do not display rapid antidepressant effect
because it does not have any action on NMDA receptors at
rest and therefore devoid of any affect on the downstream
signaling process (elongation factor) and upregulation of
BDNF [49]. Rogoz and colleagues have demonstrated that
the memantine, when combined with traditional antidepres-
sant agents, fluoxetine, imipramine and venlafaxine, showed
synergistic antidepressant-like effect in the forced swim test
[53]. Although memantine has displayed antidepressant-like
effect in animal models [54,55], however, it failed to demon-
strate the same in a double-blind placebo-controlled study
[56]. In contrary, in an open-labeled flexible dose study con-
sisting of eight severely depressed patients (MADRS
score = 31.9), there was a reduction in the MADRS score
with memantine (20–40 mg/day) and the peak effect could
be seen at 8 weeks and continued until 12 weeks [57]. The
study was initiated with a 20 mg/day dosing profile and some
patients were titrated to 30 or 40 mg/day dose of memantine.
The treatment was well tolerated by patients. Kollmar and
colleagues have reported a case study in which severely
depressed patient with suicidal tendencies were admitted to
the hospital and administered with intravenous ketamine
twice in 2 weeks and then successfully maintained with mem-
antine for treatment-resistant depression [58]. Memantine also
possess mood stabilizing effect in patients suffering from
bipolar disorder [59]. The antidepressant effect of memantine
requires more careful investigation.

In a rat model of learned helplessness, a single infusion of
R-ketamine into the infralimbic (IL) portion of medial prefrontal
cortex (mPFC), CA3 and dentate gyrus (DG) region of the hippo-
campus have shown to produce antidepressant-like effect [60]. A
single dose (15 mg/kg) of ketamine has shown to enhance the
non-perforated synapse, number of neurons in a dentate gyrase
region, and the total length of microvessels in the hippocampus
region, when tested on Flinder Sensitive Line (FSL) of rats. The
effect of ketamine starts around 100–110 min after its adminis-
tration at a dose of 0.5 mg/kg when administered as a contin-
uous infusion. Moreover, its antidepressant effect lasts until
7 days. The alpha phase half-life of ketamine is approximate
10–15 min, followed by a beta phase of 2.5 h, suggesting that
it initiates a series of biochemical reactions in the body that could
lead to such a sustained antidepressant effect.

A study carried out by Yang and colleagues compared the
antidepressant effect of these two ketamine stereoisomers

and their ability to modulate BDNF expression and synapticity
in the prefrontal cortex (PFC), CA3 and dentate gyrus regions
of the hippocampus [61]. Yang and colleagues concluded that
the R-ketamine is more potent and safer as compared to
S-ketamine (Esketamine) in displaying antidepressant effect
[61]. Zhang and colleagues have also shown that the antide-
pressant effect of R-ketamine is long-lasting compared to
esketamine, when tested in dexamethasone treated juvenile
mice [62]. Moreover, the use of esketamine (S-ketamine) is
associated with behavioral problems, including hyperlocomo-
tion, prepulse inhibition deficits as well as rewarding effect,
suggesting its psychotomimetic activity [61]. The psychotomi-
metic activity of esketamine is further confirmed by Yang and
colleagues in a study where they observed a loss of parvalbu-
min (PV)-immunoreactivity in the medial prefrontal cortex and
hippocampus regions in mice administered with esketamine
at a dose of 10 mg/kg once a week for a total of 8 weeks [63].
The psychotomimetic effect of esketamine was confirmed in
monkeys where it causes the release of dopamine in the
striatum region of the brain [64].

In a multicenter, double-blind, double-randomized, pla-
cebo-controlled study carried out in 30 patients suffering
from major depressive disorder, doses of either 0.20 or
0.40 mg/kg of ketamine were administered over a 40 min
duration and showed antidepressant effect within 2 h of its
administration [65]. On day 2, an antidepressant effect was still
observed in ketamine-treated patients compared to the pla-
cebo-control group. In this study, the MADRS was used as an
assessment tool. It was found that the least squares mean
changes were −16.8 (3.00) and −16.9 (2.91) 0.20 or 0.40 mg/
kg doses, respectively. Patients administered with ketamine
showed dissociation and other side effects dose-dependently
[65]. Ketamine has also shown to effectively reduce the suici-
dal ideation that is associated with major depression [66–68].
Caddy and colleagues extensively studied different double
blinded clinical trials and found that ketamine is the only
NMDA receptor antagonist that has shown superior antide-
pressant effect compared to placebo-controlled group;
although the authors also emphasized that the quality of
these evidences was limited by risk of bias and small sample
size [69]. There are more than 20 clinical trials that are under-
going gathering more evidences regarding the antidepressant
effect of ketamine and other glutamatergic antidepressants.

3.1.2. AV-101 (4-CL-KYN)
AV-101 (L-4-chlorokyurenine or 4-CI-KYN) is an orally active
investigational antidepressant molecule that is being devel-
oped for the treatment-resistant depression. The molecule is a
pro-drug that requires conversion into the active moiety. 4-Cl-
KYN is transported similar to L-kynurenine (a key intermediate
product resulting from the breakdown of tryptophan) in the
brain leading to the release of the active moiety, 7-chloroky-
nurenic acid with the help of astrocytes (Figure 2). The mole-
cule works by blocking the glycine B co-agonistic site of the
NMDA receptor as shown in the (Figure 2). AV-101 is one of
the most potent, specific glycine B blocker known to the
mankind. It is known to produce the rapid and persistent
antidepressant effect just like ketamine in animal models of
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behavioral despair [70]. However, unlike ketamine, the mole-
cule does not have any psychotomimetic side effects [70] that
makes it a distinguished molecule to test further in clinical
trials. Furthermore, it has been shown in preclinical studies
that the antidepressant-like effect of this molecule can be
inhibited by glycine or NBQX (2,3-dioxo-6-nitro-1,2,3,4-tetrahy-
drobenzo[f]quinoxaline-7-sulfonamide; an AMPA receptor
antagonist) [70]. Besides its potent antidepressant effect, AV-
101 is also being studied for the treatment of pain. It is safe
and well-tolerated in two phase I clinical trials and devoid of
any ketamine-related side effects. It is currently under phase II
clinical trial for the treatment of major depressive disorder.

3.1.3. AVP-786
AVP-786 is being developed by Avanir Pharmaceuticals Inc. for
the treatment of major depression and other central nervous
system disorders, including schizophrenia and agitation asso-
ciated with dementia in Alzheimer’s disease [71]. It is a com-
bination of deuterium modified dextromethorphan, and ultra-
low dose quinidine. AVP-786 is an extension of Avanir’s
recently launched product, Nuedexta® (Avanir
Pharmaceuticals; year of launch: 2011) which contains dextro-
methorphan and quinidine. Dextromethorphan is easily
degraded in the liver with the help of CYP2D6 and therefore
possess low bioavailability. It is combined with quinidine, a
potent CYP2D6 inhibitor that enhances the bioavailability of
dextromethorphan by preventing its degradation. The differ-
ence between AVP-786 and Nuedexta is that there is a deu-
teration of methyl groups in dextromethorphan part of AVP-
786, so that it can escape the first pass metabolism and
degradation by liver cytochrome enzymes. Due to the deu-
teration of the methyl group, AVP786 contains an ultra-low
dose of quinidine (less than 5 mg) compared to that present in
Nuedexta (10 mg).

Dextromethorphan is an NMDA receptor antagonist with
sigma-1 receptor agonist properties and thus shows potent
anti-depressant activity. As compared to ketamine, dextro-
methorphan is a weak NMDA receptor blocker [72]. The

antidepressant activity of dextromethorphan has been mainly
linked with its sigma-1 receptor agonist activity or serotonin
transporter inhibitor activity. Sigma-1 receptors have been the
target in major depression. These receptors are non-opioid
and non-phencyclidine types that exist in two isoforms,
sigma-1 and sigma-2. Sigma-1 receptor modulators have
shown antidepressant-like activity in preclinical animal mod-
els, while its antagonists prevented the effect of many con-
ventional antidepressants [73]. Sigma-1 receptors modulate
glutamatergic NMDA receptor function and the release of
dopamine neurotransmitter [74]. In contrast to ketamine, dex-
tromethorphan has strong potential to inhibit serotonin trans-
porters that may also contribute largely to its antidepressant
effect [72].

Nguyen and colleagues have published the antidepressant-
like effect of dextromethorphan in the mouse forced swim test
and confirmed its mechanism via sigma-1 receptor signaling
pathway [75]. BD1063, a selective sigma-1 receptor antagonist
prevented the anti-immobility activity of this molecule [75]. At
30 mg/kg intraperitoneal dose, dextromethorphan reduced
the immobility period in the mouse forced swim test; how-
ever, it also resulted in an increase in the locomotor activity. In
contrast, imipramine at a lower dose of 20 mg/kg reduced the
immobility period and the effect was independent of altera-
tion in the locomotor activity in these mice [75]. Quinidine at
30 mg/kg dose potentiated the antidepressant-like effect of
dextromethorphan (10 and 30 mg/kg) in the forced swim
test [75].

The product is currently in phase II clinical trial for the
treatment of major depressive disorder and no results have
yet been posted by the originator.

3.1.4. Rapastinel (GLYX-13)
Rapastinel, an Allergan molecule also known as GLYX-13, is a
novel investigational molecule derived from the structural
modification of B6B21, a monoclonal antibody, which pos-
sesses NMDA-glycine site functional partial agonistic proper-
ties [76]. Its site of action is indicated in the (Figure 2).

Figure 2. Site of action of rapastinel, CERC-301, ketamine and 7-Cl-KYNA on the NMDA receptors. Although ketamine has shown to block the NMDA receptors at
rest, rapastinel as well as 7-Cl-KYNA acts on the glycine binding site on the NMDA receptors in different fashion, as discussed above.
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Rapastinel activates NMDA receptors at low levels of NMDA
receptor activity while it is an antagonist at the higher NMDA
receptor activity [77]. Rapastinel penetrates the BBB very effi-
ciently after an intravenous administration [78]. It has been
given a fast track designation by the FDA in 2014. Unlike
ketamine, which produced cognitive impairment, rapastinel
has an excellent cognitive enhancing property, which makes
it a unique compound compared to other antidepressant
agents [79]. Through activation of NMDA receptors, it
enhances the synaptic plasticity and thus improves the cogni-
tion process [76]. This phenomenon could be seen as an
increase in the mature dendritic spines in the rat dentate
gyrus as well as layer 5 of the prefrontal cortex regions, 24 h
after its treatment [76]. Rapastinel could prevent ketamine-
induced persistent deficit in novel object recognition task in
mice [80]. The molecule like ketamine showed rapid and long-
lasting antidepressant properties [76]. However, the antide-
pressant-like effect of R-ketamine is much longer than rapas-
tinel [63]. It may be possible due to the inability of rapastinel
to increase the BDNF-TrkB signaling process in the prefrontal
cortex, dentate gyrus as well as the CA3 region of the hippo-
campus [63]. However, unlike ketamine, this molecule is
devoid of any psychotomimetic actions. Rapastinel has
shown to affect phosphatidylinositol 3-kinase/AKT/mTOR sig-
naling pathway that may be partly responsible for its antide-
pressant effect [80]. The molecule is also being studied for the
post-traumatic stress disorder where it is beneficial in enhan-
cing synaptic plasticity and metaplasticity and thus improving
cognition [81].

In a randomized proof of concept study, rapastinel or
GLYX-13 was found to reduce the Hamilton Depression
Rating Scale-17 (Ham-D17) scoring after its single intravenous
administration at doses of 1, 5, 10, or 30 mg/kg, and the
results were superior to the placebo-control group at days
1–7 [82]. The use of this molecule was devoid of any psycho-
tomimetic side effects [82]. The molecule is currently in its
phase III clinical trial for the treatment of major depression.

3.1.5. CERC-301 (or MK-0657)
CERC-301 (4-methylbenzyl (3S, 4R)-3-fluoro-4-[(pyrimidin-2-yla-
mino) methyl] piperidine-1-carboxylate) is an NMDA receptor
subunit 2B (GluN2B) antagonist that is active in animal models
of behavioral despair [83]. The molecule is being developed by
Cerecor for the adjunctive treatment of patients with severe
depression. It has demonstrated a high affinity for GluN2B
receptors with an IC50 (half-maximum inhibitory concentra-
tion) value of 3.6 nmol/L [83]. In preclinical studies, it has
shown an extreme potency in displaying antidepressant-like
effect in the forced swim test (ED50 value of 0.3–0.7 mg/kg)
[83]. In a phase I study, CERC-301 was well tolerable with rapid
absorption (Tmax ~1 h) and a longer half-life (12–17 h) [83]. In a
randomized double blind study in patients with severe depres-
sion and suicidal ideation, CERC-301 at 8 mg was not found to
be effective in preventing the suicidal ideation [84,85]. This
may be due to the low dose of CERC-301 administered to the
patients. However, a dose of 8 mg was found to be safe and
well tolerated by depressed patients. Cerecor is revising their
phase II study with higher doses (12 or 20 mg) of CERC-301 in
order to test its effect for the adjunctive treatment of major

depressive disorder [86]. A dose up to 20 mg did not produce
any serious side effects and therefore could be safely adminis-
tered in humans [87]. The molecule has gained fast track
designation by the FDA.

3.2. Metabotropic glutamate receptor modulators

Metabotropic glutamate receptor modulators groups (group I,
II, and III) have been listed to play an important role in the
pathophysiology of major depression and anxiety disorders
[88]. We have discussed the antidepressant effect of basim-
glurant in this article, as it is the most extensively studied
antidepressants belonging to this category.

3.2.1. Basimglurant (RO4917523, RG7090)
Basimglurant (chloro-4-[1-(4-fluorophenyl)-2,5-dimethyl-1H-
imidazol-4-ylethynyl]pyridine) is currently in a phase II clinical
trials for the treatment of anxiety and major depression dis-
orders. The molecule, being developed by Roche, has 10–100
times more potency compared to diazepam (a standard anti-
anxiety drug) in animal models of anxiety disorders [89]. The
molecule is also under clinical investigation for the treatment
of Fragile X syndrome [89]. Basimglurant is a negative allos-
teric modulator of mGluR5 subtypes of receptors [90]. The
mGLU5 receptors belong to the class C of the G-protein
coupled receptors (GPCR) and present both in synaptic, extra-
synaptic as well as peri-extrasynaptic locations and increase
the activity of NMDA glutamatergic currents. Activation of this
subtype of metabotropic glutamatergic receptors (mGLUR5)
could lead to a subsequent increase in the levels of calcium
ions favoring the binding of calmodulin to mGLUR5 and
further displacement of CaMKII-alpha which then binds to
the Glun2B subunit of NMDA receptors and activating it. It
has been proposed that excess of glutamatergic receptors is
detrimental to major depression and involved in its pathophy-
siological mechanisms. Therefore, blocking of mGLUR5 recep-
tors via using its negative allosteric modulator molecule,
basimglurant, which could indirectly reduce the activation of
NMDA receptors, and thus producing the antidepressant
effect [91]. In this manner, one can reduce the side effects
that are associated with the use of potent NMDA receptor
blocker molecules such as ketamine, keeping similar or mod-
est efficacy. Basimglurant may also favor targeting mGLUR5
receptors on the GABAergic neurons, for example inhibitory
CA1 interneurons present in the hippocampus area synapse
with the glutamatergic synapse in the same region, which
projects to nucleus acumbens and prefrontal cortex.
Basimglurant by reducing the GABAergic inhibition in the
CA1 pyramidal cells could result in enhancing glutamatergic
synaptic signaling in the hippocampus area of the brain.
Basimglurant may promote AMPA receptor- induced increase
in BDNF release and activation of TrkB receptors [91].

In preclinical studies, basimglurant has been found to be
orally active with longer half-life so that once daily dosing
should be enough for the treatment of major depression
[90]. The brain/plasma ratio was found to be in the range of
2–3, indicating that it has good BBB permeability [90]. In the
rat-forced swim test, basimglurant was found to be effective at
doses of 10 and 30 mg/kg., when administered orally.

8 A. DHIR



Desipramine, a standard comparator molecule, reduced the
immobility period at a dose of 100 mg/kg p.o. Further, basim-
glurant showed anxiolytic properties in rat vogel conflict test
at much lower doses compared to diazepam [90]. In micro-
dialysis studies, it has been confirmed that the molecule does
not affect the monoaminergic neurotransmission reuptake
mechanism as it failed to show the increase in the monoamine
levels in the frontal cortex as well as the nucleus accumbens
regions of the rat brain [90]. Basimglurant has been found to
be safer to use in preclinical studies [90]. In healthy volunteers,
a 1 mg dose of [12C/14C]-basimglurant (2.22 MBq) was admi-
nistered along with a concomitant i.v. tracer dose of 100 μg of
[13C6]-basimglurant [92]. The molecule was found to have oral
bioavailability of approximate 67% with a Tmax of 0.71 h. The
most part of the drug was excreted in urine (73.4%) with some
portion excreted through feces (26.5%). The terminal half-life
was found to be 77.2 ± 38.5 h, indicating its longer stay in the
body [92]. Interestingly, basimglurant yields some glucuronide
metabolites that could even be detected after 178 h of its
administration [92]. In a phase II study, determining the effi-
cacy and safety of basimglurant in patients suffering from
major depressive disorder, the molecule at doses of 0.5 and
1.5 mg did not result in the mean change from baseline score
on the MADRS scale compared to the placebo-control group
[93]. However, in secondary endpoints, basimglurant at a dose
of 1.5 mg was found to be superior than placebo in Quick
Inventory of Depressive Symptomatology-Self-Report, Clinical
Global Impression-Improvement mean score, and Patient
Global Impression-Improvement mean scores [93]. These
doses of basimglurant were found to be safer in these
patients, except some patients felt dizzy after its administra-
tion [93]. More clinical trials are undergoing depicting the
antidepressant property of basimglurant.

4. Neurotrophins

Neurotrophins are one of the important pathophysiological
factors that have been studied in major depression. Different
neurotrophins, such as BDNF, nerve growth factor (NGF), neu-
rotrophin-3, and neurotrophin-4 have been linked to the
pathophysiology of mood disorders. These molecules along
with their receptor systems (tropomyosin-receptor-kinase B
(TrkB)) are involved in signaling pathways at prefrontal cortex,
CA3 and dentate gyrase regions of the hippocampus and play
an important role in neurogenesis and synaptic plasticity [94].
Out of all the neurotrophins listed above, BDNF has been the
most and well studied in major depression. A disturbance in
the circuitry of BDNF could lead to depression [95], as demon-
strated by Yao and colleagues inNrf2 knockout mice [96]. The
Nrf2 knock-out mice have higher levels of pro-inflammatory
cytokines with reduction in BDNF [96]. Sulforaphane, an Nrf2
activator in these mice reversed the depression-like pheno-
type in social defeat test, suggesting its role in major depres-
sion [96].

The levels of neurotrophic factors, especially BDNF is
reduced in depressed patients when analyzed in the post-
mortem brain samples [95,97]. Antidepressant molecules
have also shown to increase the levels of different neuro-
trophic factors in brain regions [98]. Antidepressants via

enhancing BDNF signaling could increase axon as well as
dendritic sprouting. Rocha and colleagues in their recent
meta-analysis study have concluded that BDNF levels could
be an important bio-marker in quantifying the effect of elec-
troconvulsive therapy in majorly depressed patients [99].
There are contrary findings in the literature, suggesting that
there is no correlation between the levels of neurotrophic
factors and the improvement of depression [100]. Allen and
colleagues have shown that both ketamine as well as electro-
convulsive therapy provides relief from depression immedi-
ately, however, the levels of BDNF are increased gradually,
suggesting no direct relationship between two of them
[101]. Therefore, the role of neurotrophins in the pathophy-
siology of mood disorders is still a topic of debate and
requires further research. Various antidepressants based on
the neurotrophic factor theory are under clinical development.
Out of these, NS-189 has shown effectiveness and safety in
phase IB clinical trial discussed in this article.

4.1. NS-189

It is a benzylpiperizine-aminiopyridine derivative that is being
developed by Neuralstem Inc. for the treatment of depression.
The molecule has also shown its activity in in vitro mouse
model of Angelman syndrome, a rare genetic disorder affect-
ing 1 in 15,000 live births, leading to neurological complica-
tions. The molecule is effective in animal models of major
depression and shown to enhance the neurogenesis phenom-
enon in the hippocampus as well as subventricular zone. A
recent preclinical study has also shown the ability of NS-189 to
enhance both short-and long-term potentiation (STP and LTP)
in mouse hippocampal slices [102]. The molecule has been
found to possess a half-life of around 17.4–20.5 h [102]. In a
phase IB, double blind, placebo-controlled study, NSI-189 was
found to be efficacious as an antidepressant agent in at least
two of the depression scales, symptoms of depression ques-
tionnaire and cognitive and physical functioning questionnaire
(CPFQ) [103]. Improvement in CPFQ scale indicated that these
patients have better cognitive abilities compared to the pla-
cebo-control group and this may be directly correlated with its
ability to enhance neurogenesis in the hippocampus region of
the brain. Patients in this study were administered with 40 mg
dose of NS189, 2–4 times a day for a total of 28 days [103]. All
these patients (18 majorly depressed patients, including
Caucasians, African American, Hispanics and Asians) had
MADRS score approximately 25 or more at the time of initial
screening [103]. However, small sample size of the study is the
major drawback and need to be explored in the bigger clinical
trial with more number of patients [103].

5. Triple reuptake inhibitor

This class of molecules prevents the reuptake of norepinephr-
ine, serotonin as well as dopamine, the three neurotransmit-
ters that play an important role in the physiological processes
of the body and constitutes the mood of the person. The
classical and well-accepted theory of major depression says
that there is a decrease in the levels of the above-mentioned
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neurotransmitters in the brain and the molecules that correct
the levels of these neurotransmitters will be effective antide-
pressant drugs [104]. Although this theory fails to answer
many of our questions in understanding the pathophysiology
of major depression and the effect of different class of anti-
depressant agents, however, this theory is well-accepted by
the researchers. A number of animal models based on this
theory have been developed that are routinely used to screen
new antidepressant molecules. Reserpine, which depletes dif-
ferent monoamines, is known to produce depression-like
phase in animals [105]. Various antidepressants have shown
to reverse this reserpine-induced depression phenotype. Some
of the triple reuptake inhibitors that are under clinical investi-
gation include:

5.1. Amitifadine (DOV 21,947)

Amitifadine (EB 1010; DOV 21,947) ([(+)-1-(3,4-dichlorophenyl)-
3-azabicyclo-[3.1.0]hexane hydrochloride]) is a triple reuptake
inhibitor that is being developed by Euthymics Bioscience Inc.
for the treatment of major depression and alcohol and nico-
tine addiction/smoking cessation [106]. The molecule is orally
active in the forced swim and tail-suspension tests with a
minimum effective dose of 5 mg/kg [107]. The molecule is
devoid of any alteration in the locomotor activity at doses of
up to 20 mg/kg. Amitifadine has shown to prevent the reup-
take of all the three neurotransmitters with an IC50 value of
12, 23, and 96 mM for serotonin, norepinephrine and dopa-
mine, respectively, when tested in human embryonic kidney
cells [107]. A microdialysis study in rat suggested that the
molecule increases the extracellular levels of three neurotrans-
mitters, serotonin, norepinephrine, and dopamine in different
brain regions [108]. The molecule relative potency to inhibit
serotonin, norepinephrine, and dopamine is 1:2:8, suggesting
that it is a serotonin preferring agent. Although the molecule
increases the level of dopamine, it does not alter the locomo-
tor activity, suggesting that it does not have an abuse poten-
tial. In a 6-week multicenter, randomized, double-blinded,
placebo-controlled clinical trial involving 63 majorly depressed
patients, amitifadine was administered at a dose of 25 mg
twice daily for 2 weeks and then the dose was titrated to
50 mg twice daily for 4 weeks [109]. Some patients were
randomized in to the placebo group. At the end of 6 weeks,
amitifadine was found to be superior to placebo group in
reducing the MADRS total score. Tran and colleagues have
mentioned that the difference between amitifadine and pla-
cebo for mean change from baseline in MADRS score was 3.8
[109]. However, Marks and colleagues have concerns about
the data from Tran and colleagues, and mentioned that there
is only 2.2 difference between the amitifadine and placebo for
mean change from baseline in MADRS score, and the placebo
constitutes 82% effect of amitifadine [110]. As mentioned by
Tran and colleagues, the patients also have an improvement in
Clinical Global Impression-Improvement (CGI-I) and anhedonia
factor scoring [109]. However, there was no significant
improvement in Clinical Global Impression-Severity (CGI-S)
and Ham-D17 scoring, although there was a trend toward
improvement [109]. Patients have found a significant improve-
ment in some of the depression characteristics, including

sadness (both apparent and reported), difficulty in concentrat-
ing, lassitude and inability to feel, compared to placebo treat-
ment group. The molecule did not have any serious side
effects compared to placebo treatment group, suggesting
that the molecule is safe to use at these recommended
doses [109]. Interestingly, amitifadine did not increase any
sexual side effects as well as weight gain that is commonly
observed with the chronic use of SSRIs [111]. A phase IIB/IIIA
clinical trial regarding its antidepressant effect has been com-
pleted that further evaluated the effect of amitifadine in
depressed population and the results are yet awaited.

5.2. Tedatioxetine (LU AA24530)

LU AA24530 is discovered by Lundbeck and investigated both
by Lundbeck as well as Takeda for the treatment of major
depression as well as anxiety disorders. It is included under the
category of triple reuptake inhibitors that enhances the levels
of norepinephrine, serotonin, and dopamine via blocking their
transport system. Tedatioxetine also increases the level of
acetylcholine when estimated in rat brain. Moreover, the
molecule has also an antagonistic activity on serotoninergic
5-HT3 and 5-HT2C receptors and thus considered as multimo-
dal antidepressant agent similar to vortioxetine. In a phase II
clinical study, LU AA24530 was well tolerated in patients
suffering from major depression and the molecule significantly
resulted in the improvement over the primary endpoints on
the key secondary parameters, compared to a placebo-control
group. Vortioxetine was also being studied along with LU
AA24530 and the successful clinical development of vortiox-
etine led Lundebeck and Takeda decided not to proceed with
LU AA24530 [112]. Therefore, the molecule is not presently in
the clinical development.

5.3. Ansofaxine (LY03005, LPM570065)

Ansofaxine is another triple reuptake inhibitor that is under
clinical development by Luye Pharma Group for the treatment
of major depressive disorder. Although it is a prodrug of
desvenlafaxine (dual reuptake inhibitor of serotonin and nor-
epinephrine), however, anosofaxine also prevented the reup-
take of dopamine besides serotonin and norepinephrine. In a
preclinical finding, ansofaxine was found to be converted into
desvenlafaxine when tested in rats. In a rat-forced swim test,
ansofaxine (0.06 mmol kg−1 p.o.) was found to be active at 0.5,
1, and 2 h of its oral administration and reduce immobility
time more efficacious than desvenlafaxine. Desvenlafaxine was
found to be only effective after 1 h of administration, suggest-
ing that ansofaxine has a better antidepressant profile. In
phase I clinical study, ansofaxine was found to be safe and
well tolerable in healthy volunteers [113]. The company has
got approval for phase II and phase III clinical trials in China for
the treatment of major depression.

6. Conclusion

Current treatments for major depression are inadequate and
associated with different kinds of side effects, including
weight gain as well as sexual problems. Therefore, there is a
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Table 1. Highlights of different novel investigational molecules for the treatment of major depression.

Name of the molecule
Clinical

trial phase Highlights References

ALKS 5461 Phase III ● In a phase II study, 2/2 mg but not 8/8 mg doses of ALKS 5461 provided a significant
improvement in depression score

● Some of the most common adverse effect associated with ALKS 5461 includes gastrointest-
inal (52.5%) and neurological (46.8%)

● In a phase III study, the 2/2 mg dose of ALKS 5461 resulted in improvement in the MADRS
scale, however, the results could not reach statistical significance (Forward-4 study). In
addition, the Forward-3 study did not provide any significant improvement when compared
to the placebo group.

● The company is waiting for its results of Forward-5 study

[34,35,37]

CERC-501(LY-2456302) Phase II ● CERC-501 is effective in animal models of behavioral despair, such as forced swim test (FST)
● The molecule possesses rapid absorption profile with good oral bioavailability in preclinical

animal models
● The molecule penetrates blood–brain barrier (BBB) easily and a single oral dose of 2–60 mg

and multiple doses of 2, 10, and 35 mg are safer to be administered in humans

[38–42]

Esketamine Phase II ● Ketamine has shown to provide a rapid and long-lasting antidepressant effect
● Esketamine possesses greater binding potential and biological potency compared to R(–)

isoform
● Ketamine is administered as an intravenous infusion and doses of 0.20 or 0.40 mg/kg of

administered over 40 min could result in the antidepressant effect within 2 h
● Ketamine has also shown to effectively reduce the suicidal ideation associated with major

depression
● However, its use is limited only to the emergency cases of major depression as it is

associated with various adverse effects

[60–69]

AV-101 (4-Cl-KYN) Phase II ● AV-101 is one of the most potent, specific glycine B blocker
● The molecule is a pro-drug that requires conversion into the active moiety
● Similar to ketamine, AV-101 has produced the rapid and persistent antidepressant effect
● However, unlike ketamine, the molecule does not have any psychotomimetic side effects
● It is safe and well tolerated in two Phase I clinical trials

[70]

Dextromethorphan and deteriorated
dextromethorphan (AVP-786)

Phase II ● AVP-786 is an extension of Avanir’s recently launched product, Nuedexta
● A deuteration of methyl groups in dextromethorphan could escape the first pass metabolism

and degradation by liver cytochrome enzymes
● A 30 mg/kg intraperitoneal dose of dextromethorphan is active in the mouse forced swim

test. However, there was also enhancement in the locomotor activity associated with
dextromethorphan

[71,72,75]

Rapastinel (GLYX-13) Phase III ● Rapastinel penetrates the BBB very efficiently after an intravenous administration
● The molecule is a unique in the sense that it also enhance the cognitive abilities along with

its antidepressant effect
● The molecule like ketamine provides rapid and long-lasting antidepressant properties,

however; its effect is much shorter than ketamine
● GLYX-13 was found to reduce the Hamilton Depression Rating Scale-17 (Ham-D17) scoring

after a single intravenous administration at doses of 1, 5, 10, or 30 mg/kg, without producing
any psychotomimetic side effects

[76–82]

CERC-301(or MK-0657) Phase II ● CERC-301 is active in animal models of behavioral despair, such as forced swim test (ED50
value of 0.3–0.7 mg/kg)

● CERC-301 at a 8 mg dose was found to be safe and well-tolerated by depressed patients;
however, it is not effective in preventing the suicidal ideation

● Cerecor is revising their phase II study with higher doses (12 or 20 mg) of CERC-301 in order
to test its effectiveness as an adjunctive treatment of major depressive disorder

[83–87]

Basimglurant Phase II ● Basimglurant is 10–100 times more potent compared to diazepam (a standard anti-anxiety
drug) in animal models of anxiety disorders

● In preclinical studies, basimglurant has been found to be orally active with longer half-life
● In the rat-forced swim test, basimglurant has been found to be orally effective at doses of 10

and 30 mg/kg
● The molecule has an oral bioavailability of approximate 67% with a Tmax (time to reach

maximum concentration) of 0.71 h in humans
● In a phase II study, basimglurant at doses of 0.5 and 1.5 mg did not result in significant

improvement in the primary endpoint, for example, the mean change from baseline score on
the MADRS scale

● In secondary endpoints, basimglurant at a dose of 1.5 mg was found to be superior than
placebo

[89–93]

(Continued )
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continuous research on exploring novel drug targets and
unique molecules for the treatment of this disorder. Some of
these novel targets are discussed in this article, and the high-
lights have been summarized in Table 1. There are not enough
animal models of major depression that mimics the human-
state and therefore there is always an approximation while
transferring the data from animal studies to human clinical
trials. Many of these molecules could fail in clinical trials due
to high response in the placebo-controlled group and an
utmost care should be taken while recruiting the patients for
such trials. Drug molecules with faster onset of action, high
efficacy as well as lower side effects is the need of the hour.
Ketamine as well as other NMDA receptor antagonists provide
faster onset of antidepressant effects, however, these mole-
cules are associated with side effects, and there is always an
abuse potential associated with their use. Therefore, safer
NMDA receptor antagonists such as rapastinel, CERC-301
may be the future drugs for the treatment of major depres-
sion. Similarly, opioid receptor modulators hold promise in the
treatment of major depression and some of these molecules
such as ALKS-5461 provides faster antidepressant effect and is
in late clinical trials for the treatment of this disorder. Triple
reuptake inhibitors, when discovered, were considered to be
superior to the existing anti-depressant molecules, however,
its superiority has not yet been demonstrated in any of the
clinical trials. Finally, the molecules that enhance the level of
BDNF also hold the future of antidepressant therapy, espe-
cially in patients who experience cognitive decline associated
with depression. Some of these molecules mentioned above
could show up in the clinics soon and hopefully treat patients
with treatment-resistant depression. There are other

investigational molecules that are in clinical trials for the
major depression, however, this articles could not list all
those novel targets due to the space limitation.

7. Expert opinion

The area of exploring novel drugs for the treatment of major
depression holds great significance, as the ultimate goal is to
provide relief to patients suffering from treatment-resistant
depression as well as to prevent recurrence/relapse in such
patients.

Various conventional/existing drug molecules follow the
monoaminergic theory of major depression. Some of these
drug molecules pose serious side effects such as weight
gain, sexual, and cardiovascular problems, drug interactions
in patients who are chronically taking these molecules.
Patients often experience relapse in their disease condition
with the use of such drugs. Although there are some wonder-
ful antidepressants (fluoxetine, venlafaxine) available in the
market; however, approximately 30–40% of patients suffering
from major depression do not get relief. Another important
limitation of these conventional antidepressants is the slower
onset of antidepressant action (around 2–4 weeks). Therefore,
it is very important to explore various novel drug molecules
and targets for the treatment of major depression.

Researchers are now targeting some other novel drug tar-
gets, including glutamate receptors (ionotropic and metabo-
tropic), GABAergic, melatoninergic, neurogenesis,
neurosteroids, and triple reuptake inhibitor molecules for the
treatment-resistant depression. There is a successful discovery
of molecules that provide rapid antidepressant effect, for

Table1. (Continued).

Name of the molecule
Clinical

trial phase Highlights References

NS-189 Phase II ● The molecule is effective in animal models of major depression and shown to enhance the
neurogenesis phenomenon in the hippocampus as well as subventricular zone

● NS-189 enhances both short- and long-term potentiation (STP and LTP) in mouse hippo-
campal slices

● NSI-189 has been found to be effective as an antidepressant in at least two of the depression
scales

[102,103]

Amitifadine Phase III ● The molecule is orally active in the forced swim and tail-suspension tests
● Although the molecule increases the level of dopamine, it does not alter the locomotor

activity, suggesting that it does not have an abuse potential
● Amitifadine has been found to be superior to placebo group in reducing the Montgomery-

Åsberg Depression Rating Scale (MADRS) total score
● However, there was no significant improvement in Clinical Global Impression-Severity (CGI-S)

and Ham-D17 scoring
● The molecule did not have any serious side effects compared to placebo treatment group
● The use of amitifadine did not increase any sexual side effects as well as weight gain

[106–111]

Tedatioxetine Phase II ● In a phase II clinical study, LU AA24530 was well tolerated in patients suffering from major
depression and the molecule significantly resulted in the improvement over the primary
endpoints

[112]

Ansofaxine Phase II ● In a rat-forced swim test, ansofaxine (0.06 mmol/kg, p.o.) was found to be active at 0.5, 1,
and 2 h of its oral administration. The molecule reduces the immobility period with greater
efficacy compared to desvenlafaxine

● In a phase I clinical study, ansofaxine was found to be safe and well tolerable in healthy
volunteers

[113]
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example, ketamine (NMDA receptor blocker), AV-101 (NMDA
receptor glycine-binding site antagonist), and rapstinel (mixed
antagonist/agonist of an allosteric site of the glycine site of
the NMDA receptor). Ketamine has its own problems such as
psychotomimetic side effects, however; the molecules like AV-
101 and rapastinel does not have any such psychotomimetic
adverse effects and therefore may be preferred over ketamine
in treatment resistant depression. Rapastinel has an additional
advantage over ketamine-like drugs because of its cognition
enhancing capabilities, which is severely compromised in
patients suffering from major depression. Ketamine have also
been successfully tested in severely depressed patients where
it provided immense relief. These molecules definitely hold
the future for the treatment of major depression where
quicker onset of action is required, for example, in emergency
cases and where severe suicidal ideation could be seen.

Relapse is an important parameter that could be taken into
consideration while discovering new drugs for major depres-
sion. The research in this area is lacking in the fact that we are
still not clear whether these newly discovered molecules could
provide relapse in patients suffering from major depression.
Therefore, there should be a prolonged follow-up among the
patients who have been administered these molecules, in
order to explore the long-term picture of such molecules.

Finally, there is a strong need to develop adequate animal
models of major depression that could mimic the human
disease condition. There is a limitation of developing genetic
models of major depression, as the disease is an interplay of
multiple genes and not due to any single gene. In addition,
there is a need for careful designing of the clinical trials and
analyzing the data when it comes to exploring antidepressant
molecules. Some of the effective molecules such as ALKS 4561
could not find superiority over the placebo group in the
clinical trials. It may be generally due to the high response
rate of the placebo group in such clinical trials. Such mole-
cules hold a great promise and future for the treatment of
depressed patients and require more exploration.

Funding

This paper was not funded.

Declaration of interest

The authors have no relevant affiliations or financial involvement with any
organization or entity with a financial interest in or financial conflict with
the subject matter or materials discussed in the manuscript. This includes
employment, consultancies, honoraria, stock ownership or options, expert
testimony, grants or patents received or pending, or royalties.

References

Papers of special note have been highlighted as either of interest (•) or of
considerable interest (••) to readers.

1. Weissman MM, Berry OO, Warner V, et al. A 30-year study of 3
generations at high risk and low risk for depression. JAMA
Psychiatry. 2016;73:970–977.

2. Ho C, Jin A, Nyunt MS, et al. Mortality rates in major and subthres-
hold depression: 10-year follow-up of a Singaporean population
cohort of older adults. Postgrad Med. 2016;128:642–647.

3. Hung Y, Saygin ZM, Biederman J, et al. Impaired frontal-limbic
white matter maturation in children at risk for major depression.
Cereb Cortex. 2016. [Epub ahead of print].

4. Kircanski K, LeMoult J, Ordaz S, et al. Investigating the nature of co-
occurring depression and anxiety: comparing diagnostic and
dimensional research approaches. J Affect Disord. 2016;S0165–
S0327:30396–2.

5. Tan EJ, Rossell SL. Comparing how co-morbid depression affects
individual domains of functioning and life satisfaction in schizo-
phrenia. Compr Psychiatry. 2016;66:53–58.

6. Clarke TK, Obsteter J, Hall LS, et al. Investigating shared aetiology
between type 2 diabetes and major depressive disorder in a popu-
lation based cohort. Am J Med Genet B Neuropsychiatr Genet.
2016. [Epub ahead of print].

7. Kurhe Y, Mahesh R, Gupta D, et al. QCM-4, a serotonergic type 3
receptor modulator attenuates depression co-morbid with obesity
in mice: an approach based on behavioral and biochemical inves-
tigations. Eur J Pharmacol. 2014;740:611–618.

8. Cheruvu VK, Oancea SC. Current depression as a potential barrier to
health care utilization in adult cancer survivors. Cancer Epidemiol.
2016;44:132–137.

9. Laforest L, Roche N, Devouassoux G, et al. Frequency of comorbid-
ities in chronic obstructive pulmonary disease, and impact on all-
cause mortality: a population-based cohort study. Respir Med.
2016;117:33–39.

10. Kachur S, Menezes AR, De Schutter A, et al. Significance of comor-
bid psychological stress and depression on outcomes after cardiac
rehabilitation. Am J Med. 2016;129:1316–1321.

11. Volz M, Mobus J, Letsch C, et al. The influence of early depressive
symptoms, social support and decreasing self-efficacy on depres-
sion 6 months post-stroke. J Affect Disord. 2016;206:252–255.

12. Picco L, Subramaniam M, Abdin E, et al. Gender differences in
major depressive disorder: findings from the Singapore Mental
Health Study. Singapore Med J. 2016. [Epub ahead of print].

13. Mahati K, Bhagya V, Christofer T, et al. Enriched environment
ameliorates depression-induced cognitive deficits and restores
abnormal hippocampal synaptic plasticity. Neurobiol Learn Mem.
2016;134:379–391.

14. Tondo L, Baldessarini RJ. Suicidal behavior in mood disorders: response
to pharmacological treatment. Curr Psychiatry Rep. 2016;18:88.

15. Osuch EA, Manning K, Hegele RA, et al. Depression, marijuana use
and early-onset marijuana use conferred unique effects on neural
connectivity and cognition. Acta Psychiatr Scand. 2016;134:399–
409.

16. Bogavac-Stanojevic N, Lakic D. Biomarkers for major depressive
disorder: economic considerations. Drug Dev Res. 2016;77:374–
378.

17. MacQueen G, Santaguida P, Keshavarz H, et al. Systematic review of
clinical practice guidelines for failed antidepressant treatment
response in major depressive disorder, dysthymia, and subthres-
hold depression in adults. Canadian Journal Psychiatry Revue
Canadienne De Psychiatrie. 2016. [Epub ahead of print].

18. Ionescu DF, Papakostas GI. Current trends in identifying rapidly
acting treatments for depression. Curr Behav Neurosci Rep.
2016;3:185–191.

19. Pompili M, Serafini G, Innamorati M, et al. Agomelatine, a novel
intriguing antidepressant option enhancing neuroplasticity: a criti-
cal review. World J Biol Psychiatry. 2013;14:412–431.

20. Taylor GT, Manzella F. Kappa opioids, salvinorin A and major
depressive disorder. Curr Neuropharmacol. 2016;14:165–176.

21. Haj-Mirzaian A, Kordjazy N, Ostadhadi S, et al. Fluoxetine reverses
the behavioral despair induced by neurogenic stress in mice: role
of N-methyl-d-aspartate and opioid receptors. Can J Physiol
Pharmacol. 2016;94:599–612.

22. Huang P, Tunis J, Parry C, et al. Synergistic antidepressant-like
effects between a kappa opioid antagonist (LY2444296) and a
delta opioid agonist (ADL5859) in the mouse forced swim test.
Eur J Pharmacol. 2016;781:53–59.

23. Zan GY, Wang Q, Wang YJ, et al. Antagonism of kappa opioid
receptor in the nucleus accumbens prevents the depressive-like

EXPERT OPINION ON INVESTIGATIONAL DRUGS 13



behaviors following prolonged morphine abstinence. Behav Brain
Res. 2015;291:334–341.

24. Lalanne L, Ayranci G, Kieffer BL, et al. The kappa opioid receptor:
from addiction to depression, and back. Front Psychiatry.
2014;5:170.

25. Zhang H, Shi YG, Woods JH, et al. Central kappa-opioid receptor-
mediated antidepressant-like effects of nor-Binaltorphimine: beha-
vioral and BDNF mRNA expression studies. Eur J Pharmacol.
2007;570:89–96.

26. Shippenberg TS, Zapata A, Chefer VI. Dynorphin and the patho-
physiology of drug addiction. Pharmacol Ther. 2007;116:306–321.

27. Lutfy K, Eitan S, Bryant CD, et al. Buprenorphine-induced antinoci-
ception is mediated by mu-opioid receptors and compromised by
concomitant activation of opioid receptor-like receptors. J
Neurosci. 2003;23:10331–10337.

28. Falcon E, Browne CA, Leon RM, et al. Antidepressant-like effects of
buprenorphine are mediated by kappa opioid receptors.
Neuropsychopharmacology. 2016;41:2344–2351.

29. Karp JF, Butters MA, Begley AE, et al. Safety, tolerability, and clinical
effect of low-dose buprenorphine for treatment-resistant depres-
sion in midlife and older adults. J Clin Psychiatry. 2014;75:e785–
e793.

•• This study describes the effect of buprenorphine clinically.
30. Browne CA, van Nest DS, Lucki I. Antidepressant-like effects of

buprenorphine in rats are strain dependent. Behav Brain Res.
2015;278:385–392.

31. Yovell Y, Bar G, Mashiah M, et al. Ultra-low-dose buprenorphine as
a time-limited treatment for severe suicidal ideation: a randomized
controlled trial. Am J Psychiatry. 2016;173:491–498.

32. Almatroudi A, Husbands SM, Bailey CP, et al. Combined adminis-
tration of buprenorphine and naltrexone produces antidepressant-
like effects in mice. J Psychopharmacol. 2015;29:812–821.

•• The preclinical study describes the beneficial effect of combin-
ing buprenorphine with naltrexone.

33. Wang Q, Long Y, Hang A, et al. The anxiolytic- and antidepressant-
like effects of ATPM-ET, a novel kappa agonist and mu partial
agonist, in mice. Psychopharmacology (Berl). 2016;233:2411–2418.

34. Fava M, Memisoglu A, Thase ME, et al. Opioid modulation with
buprenorphine/samidorphan as adjunctive treatment for inade-
quate response to antidepressants: a randomized double-blind
placebo-controlled trial. Am J Psychiatry. 2016;173:499–508.

35. Ehrich EMW, Memisoglu A, Pathak S, et al. Evaluation of the efficacy
and safety of ALKS 5461 as adjunctive therapy in MDD: results of
forward-3 and forward-4 studies. ASCP Annual Meeting; 2016 June
2. Fairmont Scottsdale Princess.

•• The clinical study describes the results obtained from the two
clinical trials with ALKS-5461.

36. Khan A, Schwartz K. Study designs and outcomes in antidepressant
clinical trials. Essent Psychopharmacol. 2005;6:221–226.

37. Li W, Sun H, Chen H, et al. Major depressive disorder and kappa
opioid receptor antagonists. Transl Perioper Pain Med. 2016;1:4–16.

38. CERC-501: A selective Kappa opioid receptor (KOR) antagonist that
may affect stress, mood and addiction. Available from: http://www.
cerecor.com/pipeline/cerc-501.php

39. Rorick-Kehn LM, Witkin JM, Statnick MA, et al. LY2456302 is a novel,
potent, orally-bioavailable small molecule kappa-selective antago-
nist with activity in animal models predictive of efficacy in mood
and addictive disorders. Neuropharmacology. 2014;77:131–144.

• This study explains the preclinical profile of LY2456302.
40. Jackson KJ, JacksonA, Carroll FI, et al. Effects of orally-bioavailable short-

acting kappa opioid receptor-selective antagonist LY2456302 on nico-
tine withdrawal in mice. Neuropharmacology. 2015;97:270–274.

41. Lowe SL, Wong CJ, Witcher J, et al. Safety, tolerability, and phar-
macokinetic evaluation of single- and multiple-ascending doses of
a novel kappa opioid receptor antagonist LY2456302 and drug
interaction with ethanol in healthy subjects. J Clin Pharmacol.
2014;54:968–978.

42. Naganawa M, Dickinson GL, Zheng MQ, et al. Receptor occupancy
of the kappa-opioid antagonist LY2456302 measured with positron

emission tomography and the novel radiotracer 11C-LY2795050. J
Pharmacol Exp Ther. 2016;356:260–266.

43. Lener MS, Niciu MJ, Ballard ED, et al. Glutamate and gamma-
aminobutyric acid systems in the pathophysiology of major depres-
sion and antidepressant response to ketamine. Biol Psychiatry.
2016. [Epub ahead of print].

44. Iadarola ND, Niciu MJ, Richards EM, et al. Ketamine and other
N-methyl-D-aspartate receptor antagonists in the treatment of
depression: a perspective review. Ther Adv Chronic Dis.
2015;6:97–114.

45. Rajkumar R, Fam J, Yeo EY, et al. Ketamine and suicidal ideation in
depression: jumping the gun? Pharmacol Res. 2015;99:23–35.

46. Palucha-Poniewiera A, Pilc A. Glutamate-based drug discovery for
novel antidepressants. Expert Opin Drug Discov. 2016;11:873–883.

47. Newport DJ, Schatzberg AF, Nemeroff CB. Whither ketamine as
an antidepressant: panacea or toxin? Depress Anxiety.
2016;33:685–688.

48. Jaso BA, Niciu MJ, Iadarola ND, et al. Therapeutic modulation of
glutamate receptors in major depressive disorder. Curr
Neuropharmacol. 2016. [Epub ahead of print].

49. Monteggia LM, Zarate C Jr. Antidepressant actions of ketamine:
from molecular mechanisms to clinical practice. Curr Opin
Neurobiol. 2015;30:139–143.

50. Liu RJ, Lee FS, Li XY, et al. Brain-derived neurotrophic factor
Val66Met allele impairs basal and ketamine-stimulated synapto-
genesis in prefrontal cortex. Biol Psychiatry. 2012;71:996–1005.

51. Robson MJ, Elliott M, Seminerio MJ, et al. Evaluation of sigma (σ)
receptors in the antidepressant-like effects of ketamine in vitro and
in vivo. Eur Neuropsychopharmacol. 2012;22:308–317.

52. Zhao Y, Sun L. Antidepressants modulate the in vitro inhibitory
effects of propofol and ketamine on norepinephrine and serotonin
transporter function. J Clin Neurosci. 2008;15:1264–1269.

53. Rogóz Z, Skuza G, Maj J, et al. Synergistic effect of uncompetitive
NMDA receptor antagonists and antidepressant drugs in the forced
swimming test in rats. Neuropharmacology. 2002;42:1024–1030.

54. Réus GZ, Stringari RB, Kirsch TR, et al. Neurochemical and beha-
vioural effects of acute and chronic memantine administration in
rats: further support for NMDA as a new pharmacological target for
the treatment of depression? Brain Res Bull. 2010;81:585–589.

55. Moryl E, Danysz W, Quack G. Potential antidepressive properties of
amantadine, memantine and bifemelane. Pharmacol Toxicol.
1993;72:394–397.

56. Zarate CA Jr., Singh JB, Quiroz JA, et al. A double-blind, placebo-
controlled study of memantine in the treatment of major depres-
sion. Am J Psychiatry. 2006;163:153–155.

57. Ferguson JM, Shingleton RN. An open-label, flexible-dose study of
memantine in major depressive disorder. Clin Neuropharmacol.
2007;30:136–144.

58. Kollmar R, Markovic K, Thürauf N, et al. Ketamine followed by
memantine for the treatment of major depression. Aust N Z J
Psychiatry. 2008;42:170.

59. Koukopoulos A, Reginaldi D, Serra G, et al. Antimanic and mood-
stabilizing effect of memantine as an augmenting agent in
treatment-resistant bipolar disorder. Bipolar Disord.
2010;12:348–349.

60. Shirayama Y, Hashimoto K. Effects of a single bilateral infusion of
R-ketamine in the rat brain regions of a learned helplessness model
of depression. Eur Arch Psychiatry Clin Neurosci. 2016. [Epub ahead
of print].

• This study demonstrates the antidepressant-like effect of
R-ketamine in animal models of despair.

61. Yang C, Shirayama Y, Zhang JC, et al. R-ketamine: a rapid-onset and
sustained antidepressant without psychotomimetic side effects.
Transl Psychiatry. 2015;5:e632.

•• This study explains the antidepressant effect of R-ketamine
and its safety profile.

62. Zhang JC, Li SX, Hashimoto K. R (-)-ketamine shows greater
potency and longer lasting antidepressant effects than S (+)-keta-
mine. Pharmacol Biochem Behav. 2014;116:137–141.

14 A. DHIR

http://www.cerecor.com/pipeline/cerc-501.php
http://www.cerecor.com/pipeline/cerc-501.php


•• This study provides a comparison of the antidepressant prop-
erties of R-ketamine vs. S-ketamine.

63. Yang B, Zhang JC, Han M, et al. Comparison of R-ketamine and
rapastinel antidepressant effects in the social defeat stress model
of depression. Psychopharmacology (Berl). 2016;233:3647–3657.

64. Hashimoto K, Kakiuchi T, Ohba H, et al. Reduction of dopamine D2/
3 receptor binding in the striatum after a single administration of
esketamine, but not R-ketamine: a PET study in conscious monkeys.
Eur Arch Psychiatry Clin Neurosci. 2016. Forthcoming.

65. Singh JB, Fedgchin M, Daly EJ, et al. A double-blind, randomized,
placebo-controlled, dose-frequency study of intravenous ketamine
in patients with treatment-resistant depression. Am J Psychiatry.
2016;173:816–826.

•• This study describes the effect of intravenous ketamine in
patients suffering from treatment-resistant depression.

66. Price RB, Nock MK, Charney DS, et al. Effects of intravenous keta-
mine on explicit and implicit measures of suicidality in treatment-
resistant depression. Biol Psychiatry. 2009;66:522–526.

67. DiazGranados N, Ibrahim LA, Brutsche NE, et al. Rapid resolution of
suicidal ideation after a single infusion of an N-methyl-D-aspartate
antagonist in patients with treatment-resistant major depressive
disorder. J Clin Psychiatry. 2010;71:1605–1611.

68. Larkin GL, Beautrais AL. A preliminary naturalistic study of low-dose
ketamine for depression and suicide ideation in the emergency
department. Int J Neuropsychopharmacol. 2011;14:1127–1131.

69. Caddy C, Amit BH, McCloud TL, et al. Ketamine and other gluta-
mate receptor modulators for depression in adults. Cochrane
Database Syst Rev. 2015;9:CD011612.

70. Zanos P, Piantadosi SC, Wu HQ, et al. The prodrug 4-chlorokynur-
enine causes ketamine-like antidepressant effects, but not side
effects, by NMDA/glycineB-site inhibition. J Pharmacol Exp Ther.
2015;355:76–85.

•• This study explains the antidepressant property of 4-cholroky-
nurenine and its mechanism.

71. Product Pipeline. Available from: http://www.avanir.com/products/
pipeline

72. Stahl SM. Mechanism of action of dextromethorphan/quinidine:
comparison with ketamine. CNS Spectrums. 2013;18:225–227.

73. Dhir A, Kulkarni SK. Antidepressant-like effect of 17beta-estradiol:
involvement of dopaminergic, serotonergic, and (or) sigma-1
receptor systems. Can J Physiol Pharmacol. 2008;86:726–735.

•• This study describes the antidepressant property of sigma-1
receptor modulators.

74. Hayashi T, Su TP. Sigma-1 receptor ligands: potential in the treat-
ment of neuropsychiatric disorders. CNS Drugs. 2004;18:269–284.

75. Nguyen L, Robson MJ, Healy JR, et al. Involvement of sigma-1
receptors in the antidepressant-like effects of dextromethorphan.
PLoS One. 2014;9:e89985.

76. Moskal JR, Burgdorf JS, Stanton PK, et al. The development of
rapastinel (formerly GLYX-13); a rapid acting and long lasting anti-
depressant. Curr Neuropharmacol. 2016. [Epub ahead of print].

•• This study describes the antidepressant mechanism of
rapastinel.

77. Burgdorf J, Zhang XL, Nicholson KL, et al. GLYX-13, a NMDA recep-
tor glycine-site functional partial agonist, induces antidepressant-
like effects without ketamine-like side effects.
Neuropsychopharmacology. 2013;38:729–742.

78. Moskal JR, Kuo AG, Weiss C, et al. GLYX-13: a monoclonal antibody-
derived peptide that acts as an N-methyl-D-aspartate receptor
modulator. Neuropharmacology. 2005;49:1077–1087.

79. Rajagopal L, Burgdorf JS, Moskal JR, et al. GLYX-13 (rapastinel)
ameliorates subchronic phencyclidine- and ketamine-induced
declarative memory deficits in mice. Behav Brain Res.
2016;299:105–110.

80. Lu Y, Wang C, Xue Z, et al. PI3K/AKT/mTOR signaling-mediated
neuropeptide VGF in the hippocampus of mice is involved in the
rapid onset antidepressant-like effects of GLYX-13. Int J
Neuropsychopharmacol. 2015;18:pyu110.

81. Burgdorf J, Kroes RA, Zhang XL, et al. Rapastinel (GLYX-13) has
therapeutic potential for the treatment of post-traumatic stress

disorder: characterization of a NMDA receptor-mediated metaplas-
ticity process in the medial prefrontal cortex of rats. Behav Brain
Res. 2015;294:177–185.

82. Preskorn S, Macaluso M, Mehra DO, et al. Randomized proof of
concept trial of GLYX-13, an N-methyl-D-aspartate receptor glycine
site partial agonist, in major depressive disorder nonresponsive to a
previous antidepressant agent. J Psychiatr Pract. 2015;21:140–149.

•• This study describes the clinical evidences of the antidepres-
sant effect of GLYX-13.

83. Garner R, Gopalakrishnan S, McCauley JA, et al. Preclinical pharma-
cology and pharmacokinetics of CERC-301, a GluN2B-selective
N-methyl-D-aspartate receptor antagonist. Pharmacol Res
Perspect. 2015;3:e00198.

84. A Randomized, double-blind, placebo-controlled, sequential paral-
lel study of CERC-301 in the adjunctive treatment of subjects with
severe depression and recent active suicidal ideation despite anti-
depressant treatment. Available from:http://c.eqcdn.com/_
2a1b537df6a6e1398b6806c9b30635ad/cerecor/db/322/603/file/
Poster+-+Study+Clin301-201_FINAL.pdf

85. Cerecor Provides Update on CERC-301 Development in Major
Depressive Disorder http://www.businesswire.com/news/home/
20150320005079/en/Cerecor-Update-CERC-301-Development-
Major-Depressive-Disorder

86. CERC-301: An NR2B-specific NMDA antagonist that may provide a
rapid onset of action. Available from: http://www.cerecor.com/pipe
line/cerc-301.php

87. Cerecor Reports Top-Line Data from CERC-301 Phase 2 Study for
Major Depressive Disorder. Available from:http://ir.cerecor.com/
press-releases/detail/30/cerecor-reports-top-line-data-from-cerc-
301-phase-2-study

88. Hovelso N, Sotty F, Montezinho LP, et al. Therapeutic potential of
metabotropic glutamate receptor modulators. Curr
Neuropharmacol. 2012;10:12–48.

89. Jaeschke G, Kolczewski S, Spooren W, et al. Metabotropic gluta-
mate receptor 5 negative allosteric modulators: discovery of 2-
chloro-4-[1-(4-fluorophenyl)-2,5-dimethyl-1H-imidazol-4-ylethynyl]
pyridine (basimglurant, RO4917523), a promising novel medicine
for psychiatric diseases. J Med Chem. 2015;58:1358–1371.

90. Lindemann L, Porter RH, Scharf SH, et al. Pharmacology of basim-
glurant (RO4917523, RG7090), a unique metabotropic glutamate
receptor 5 negative allosteric modulator in clinical development for
depression. J Pharmacol Exp Ther. 2015;353:213–233.

•• This study describes the clinical pharmacology of
basimglurant.

91. Fuxe K, Borroto-Escuela DO. Basimglurant for treatment of major
depressive disorder: a novel negative allosteric modulator of meta-
botropic glutamate receptor 5. Expert Opin Investig Drugs.
2015;24:1247–1260.

92. Guerini E, Schadt S, Greig G, et al. A double-tracer technique to
characterize absorption, distribution, metabolism and excretion
(ADME) of [14C]-basimglurant and absolute bioavailability after
oral administration and concomitant intravenous microdose
administration of [13C6]-labeled basimglurant in humans.
Xenobiotica. 2016.

•• This study explains the clinical pharmacokinetics of
basimglurant.

93. Quiroz JA, Tamburri P, Deptula D, et al. Efficacy and safety of
basimglurant as adjunctive therapy for major depression: a rando-
mized clinical trial. JAMA Psychiatry. 2016;73:675–684.

•• The clinical study explains the effect of bagimglurant in major
depression.

94. Castren E, Rantamaki T. Neurotrophins in depression and antide-
pressant effects. Novartis Foundation Symposium. 2008;289:43–52.
discussion 3-9, 87-93.

95. Castren E, Kojima M. Brain-derived neurotrophic factor in mood
disorders and antidepressant treatments. Neurobiol Dis.
2016;16:30169–30173.

96. Yao W, Zhang JC, Ishima T, et al. Role of Keap1-Nrf2 signaling in
depression and dietary intake of glucoraphanin confers stress resi-
lience in mice. Sci Rep. 2016;6:30659.

EXPERT OPINION ON INVESTIGATIONAL DRUGS 15

http://www.avanir.com/products/pipeline
http://www.avanir.com/products/pipeline
http://c.eqcdn.com/%5F2a1b537df6a6e1398b6806c9b30635ad/cerecor/db/322/603/file/Poster+-+Study+Clin301-201%5FFINAL.pdf
http://c.eqcdn.com/%5F2a1b537df6a6e1398b6806c9b30635ad/cerecor/db/322/603/file/Poster+-+Study+Clin301-201%5FFINAL.pdf
http://c.eqcdn.com/%5F2a1b537df6a6e1398b6806c9b30635ad/cerecor/db/322/603/file/Poster+-+Study+Clin301-201%5FFINAL.pdf
http://www.businesswire.com/news/home/20150320005079/en/Cerecor-Update-CERC-301-Development-Major-Depressive-Disorder
http://www.businesswire.com/news/home/20150320005079/en/Cerecor-Update-CERC-301-Development-Major-Depressive-Disorder
http://www.businesswire.com/news/home/20150320005079/en/Cerecor-Update-CERC-301-Development-Major-Depressive-Disorder
http://www.cerecor.com/pipeline/cerc-301.php
http://www.cerecor.com/pipeline/cerc-301.php
http://ir.cerecor.com/press-releases/detail/30/cerecor-reports-top-line-data-from-cerc-301-phase-2-study
http://ir.cerecor.com/press-releases/detail/30/cerecor-reports-top-line-data-from-cerc-301-phase-2-study
http://ir.cerecor.com/press-releases/detail/30/cerecor-reports-top-line-data-from-cerc-301-phase-2-study


97. Tripp A, Oh H, Guilloux JP, et al. Brain-derived neurotrophic factor
signaling and subgenual anterior cingulate cortex dysfunction in
major depressive disorder. Am J Psychiatry. 2012;169:1194–1202.

98. Sachs BD, Caron MG. Chronic fluoxetine increases extra-hippocam-
pal neurogenesis in adult mice. Int J Neuropsychopharmacol.
2014;18:pyu029.

99. Rocha RB, Dondossola ER, Grande AJ, et al. Increased BDNF levels
after electroconvulsive therapy in patients with major depressive
disorder: a meta-analysis study. J Psychiatr Res. 2016;83:47–53.

100. Brunoni AR, Machado-Vieira R, Zarate CA Jr., et al. BDNF plasma
levels after antidepressant treatment with sertraline and transcra-
nial direct current stimulation: results from a factorial, randomized,
sham-controlled trial. Eur Neuropsychopharmacol. 2014;24:1144–
1151.

101. Allen AP, Naughton M, Dowling J, et al. Serum BDNF as a peripheral
biomarker of treatment-resistant depression and the rapid antide-
pressant response: a comparison of ketamine and ECT. J Affect
Disord. 2015;186:306–311.

102. Neuralstem Announces NSI-189 Shows Enhancement of Long-Term
Potentiation In Vitro. Available from: http://investor.neuralstem.
com/phoenix.zhtml?c=203908&p=irol-newsArticle_Print&ID=
2179002

103. Fava M, Johe K, Ereshefsky L, et al. A phase 1B, randomized, double
blind, placebo controlled, multiple-dose escalation study of NSI-
189 phosphate, a neurogenic compound, in depressed patients.
Mol Psychiatry. 2016;21:1372–1380.

•• This study describes the phase IB clinical trial with NSI-189.
104. Dhir A. Novel discoveries in understanding the complexities of

epilepsy and major depression. Expert Opin Ther Targets.
2010;14:109–115.

105. Minor TR, Hanff TC. Adenosine signaling in reserpine-induced
depression in rats. Behav Brain Res. 2015;286:184–191.

106. Amitifadine. Available from: http://euthymics.com/amitifadine/
107. Skolnick P, Popik P, Janowsky A, et al. Antidepressant-like actions of

DOV 21, 947: a “triple” reuptake inhibitor. Eur J Pharmacol.
2003;461:99–104.

108. Golembiowska K, Kowalska M, Bymaster FP. Effects of the triple
reuptake inhibitor amitifadine on extracellular levels of monoa-
mines in rat brain regions and on locomotor activity. Synapse.
2012;66:435–444.

109. Tran P, Skolnick P, Czobor P, et al. Efficacy and tolerability of the
novel triple reuptake inhibitor amitifadine in the treatment of
patients with major depressive disorder: a randomized, double-
blind, placebo-controlled trial. J Psychiatr Res. 2012;46:64–71.

•• The clinical study describes the efficacy and tolerability of
amitifadine in patients suffering from major depression.

110. Marks DM, Abramowitz JS, Spielmans GI. Concerns about data report-
ing and interpretation in “Efficacy and tolerability of the novel triple
reuptake inhibitor amitifadine in the treatment of patients with major
depressive disorder: a randomized, double-blind, placebo-controlled
trial”. J Psychiatr Res. 2012;46:692–693. author reply 4-5.

111. A Serotonin-preferring triple reuptake inhibitor for the treatment of
major depression. Available from: http://euthymics.com/wp-con
tent/uploads/2012/10/White-Paper-Amitifadine-092612.pdf

112. Pipeline. Available from: https://www.takeda.com/research/files/
pipeline_20160510_en.pdf

113. Approval for the Commencement of Phase 2 and Phase 3 Clinical
Trials for Ansofaxine Hydrochloride Extended Release Tablets
(LY03005) in China. Available from: http://www.evaluategroup.
com/Universal/View.aspx?type=Story&id=602619

16 A. DHIR

http://investor.neuralstem.com/phoenix.zhtml?c=203908%26p=irol-newsArticle_Print%26ID=2179002
http://investor.neuralstem.com/phoenix.zhtml?c=203908%26p=irol-newsArticle_Print%26ID=2179002
http://investor.neuralstem.com/phoenix.zhtml?c=203908%26p=irol-newsArticle_Print%26ID=2179002
http://euthymics.com/amitifadine/
http://euthymics.com/wp-content/uploads/2012/10/White-Paper-Amitifadine-092612.pdf
http://euthymics.com/wp-content/uploads/2012/10/White-Paper-Amitifadine-092612.pdf
https://www.takeda.com/research/files/pipeline_20160510_en.pdf
https://www.takeda.com/research/files/pipeline_20160510_en.pdf
http://www.evaluategroup.com/Universal/View.aspx?type=Story%26id=602619
http://www.evaluategroup.com/Universal/View.aspx?type=Story%26id=602619

	Abstract
	1.  Introduction
	2.  Opioid receptor modulators
	2.1.  ALKS 5461
	2.2.  CERC-501 (LY-2456302)

	3.  Glutamate receptor modulators
	3.1.  NMDA receptor modulators
	3.1.1.  Ketamine (racemate or RS (±)-ketamine) or esketamine [(S+)-ketamine)]
	3.1.2.  AV-101 (4-CL-KYN)
	3.1.3.  AVP-786
	3.1.4.  Rapastinel (GLYX-13)
	3.1.5.  CERC-301 (or MK-0657)

	3.2.  Metabotropic glutamate receptor modulators
	3.2.1.  Basimglurant (RO4917523, RG7090)


	4.  Neurotrophins
	4.1.  NS-189

	5.  Triple reuptake inhibitor
	5.1.  Amitifadine (DOV 21,947)
	5.2.  Tedatioxetine (LU AA24530)
	5.3.  Ansofaxine (LY03005, LPM570065)

	6.  Conclusion
	7.  Expert opinion
	Funding
	Declaration of interest
	References



