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Antidepressant drugs were infroduced into clinical practice in the mid-20th Century. While
for ihe most part hey have proven effective for the amelioration of depressive symptoms,
they are associated with significani deficiencies. These weli-recognized shoricomings
have given impetus fo the pursulf of new molecules that ssek fo improve on the efficacy,
tolerability and safety of existing medications. The following arlicle reviews several new
compounds that mav have antidepressant potentfial. Some are more advanced In
development, having undergone clinical frials, whereas the clinical potential of othersis
vet to be expiored. For this latter group of compounds, the antidepressant potential relies
on their aclivity in validated animat models. Agomelatine and duloxetine are in the first
category, having shown antidepressant efficacy in clinicat tricls, The blockade of cortisol
secretion continues o be o focus of altention for the development of new aniidepressants.
Thus, synthesis inhibitors, nonpeptide antagonists of corficolropin-releasing factor and
giucocorticoid receptor antagonists show somne promise in clinical and preclinical tests.
Antagonisis of the neuropeptide substance B vasopressin and neuropeptide Y represent ¢
depariure of approach from fraditional roncamine receplor-based mechanisms. While

the clinical resulls with one substance P anfagonist have led to the cessation of further
irials, other molecules are in development. Approaches 1o treaiment based on
glutamatergic fransmission arose from observations in animal models. The clinical
evaluaiion of such compounds awdils further development. The exfent fo which new
agents can be judged fo have met the goals of efficacy, folerability and safety rely not
only acute frealment trials but also on longer-term outcornes and postrarketing
surveillance. Whether any of the new agents canvassed here prove 1o be significantly
better than existing agents is clearly a judgerment for the future.
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Anridepressant drugs remain one of the main,
if not the principal, form of treatment for
major depressive disorder. While there are a
plethora of medications available for this task,
current drugs have many shortcomings,
which have been well documented 1. In
response to these deficiencies there is an
ongoing search for new agenis to overcome
them, This search, in part, has been guided by
drag design based on existing agents and their
putative mechanism of action. This has been
less than fruitful in addressing inadeguacics of
existing medications, since it has not neces-
sarily produced original compounds in terms
of putative pharmacological mechanisms.

Recent insights from molecular biological
approaches to the mechanism of action of
antidepressants, holds promise for the discov-
ery of novel treatment paradigms. In particu-
lar, the apparent pivotal role of hippocampal
neurogenesis in the mechanism of action of
the current group of antidepressant agents,
has opened the way to new therapeutic targets
for the treatment of depression [2]. At present,
no new agents based on such a putative mech-
anism of action have been developed for clini-
cal trials. Conversely, several new compounds
that fir within the carrently accepted hypoth-
eses regarding antidepressant mechanism of
action are currently available in some parts of
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the world. The present paper reviews some of these recently
marketed agents and others that are in the carly phases of
development. The latter agents are only briefly mentioned
since, for the majority, their availability for general use is likely
to be some time in the future. Clearly, the place of these
agents in the treatment of depression is dependent on issues
such as short- and long-term safety and efficacy.

Although significantly modified over the years, the
monoamine hypothesis of depression and antidepressant
drug action still remains an important driving force behind
the development of new compounds. Thus, duloxetine has
been developed as a dual reuptake inhibitor of the mono-
amines 5-hydroxytryptamine (serotonin, 5H1) and norad-
renaline (NE). Agomelatine is a compound with major
effects on the circadian system as well as effects on subtypes
of the 5HT receptor system. These two compounds are
reviewed in some detail since both are marketed agents (in
some countries) and would appear to be closest to more gen-
eral release woridwide. Compounds based on other strategies
such as modification of the Hypothalamic—pituitary—adrenal
axis (HPA) or substance-P anragonism have promised a para-
digm shift in the treatment of depression. However, their
therapeutic potential has not been realized, in that there are
no approved treatments based on this foundation. Such
compounds continue to be developed starting from a sound
theoretical rationale and promising preclinical data. Some
representative examples from these classes are also reviewed.

Treatments based on neurofransmitiers
Duloxetine

Duloxetine is
thiophenepropanamine] inhibits SHT and NE reuptzke with

[(+)-(8)-N-methyl-y-(1-naphthalenyloxy)-2-

equal potency both in vive and in vitro 5.4 The drug has a
high affinity for human cloned SHT and NE transporters
in vitro and is more potent than venlafaxine 155. Duloxetine
had low affinity for a range of SHT, muscarinic, adrenergic
and histaminergic receptors and did not significantly inhibit
monoamine oxidase (MAO) A or B activity [51. Microdialysis
studies of acute doses showed that duloxetine significantly
enhanced the release of extracellular levels of both SHT and
NE in the prefrontal cortex and hypothalamus of drug-naive
rats (6. Conversely, an in vizro study in healthy volunteers is
at odds with the animal data and suggests that at doses of 20
and 60 mg/day duloxetine was selective for SHT reuptake
inhibition 7). At higher doses (80 and 120 mg/day), an effect
on NE reuptake was evident (81. The pharmacology of dulox-
etine implies that it is the effect orn both SHT and NE
reuptake that may account for the antidepressant activity of
the drug.

The efficacy of duloxetine in the treatrment of major
depression was first suggested in an open evaluation [
Patients received 20 mg of duloxctine once daily for 6 weeks
and efficacy was evaluated with the Hamilton Depression
Rating (HAM-D) scale. Response based on a2 50% or more
reduction in the baseline depression score was achieved by

78.2% of subjects, while remissior {final HAMD score <6)
was achieved by 60.3% of patients. The main side effects of
the drug were nausea, insomnia, headache and diarrhoea.

Subsequently, a number of double-blind, placebo-con-
trolled clinical trials of the efficacy of duloxetine in the treat-
ment of depression have been conducted and are summarized
in TABIE1. In these studies, duloxetine was demonstrated to
have efficacy superior to that of placebo in wials of 8-9 weeks
duration 110-:5]. In some studies, a comparative agent was
included in the study and duloxetine was at least as effective
as fluoxctine [10) or paroxetine (13,141 In the first of these stud-
les, fluoxetine did not separate from the placebo at any time
during the study, alithough there was an improvement in
depression rating scores for the patients treated with chis
drug. Since relatively few patients were treated with fluoxet-
ine, it is possible that there was insufficient statistical power
to show a difference from placebo. In all of these studies
duloxetine appeared to be similar to other antidepressants in
terms of the number of patients responsive to the medication.
There is to date no indication as to the rate of onset of action
of duloxetine, although it would appear that the cormpound is
associated with the usual delay of onset with other agents.

In an open-label trial, the efficacy of long-term treatment
with duloxetine was assessed in patients with Diagnostic and
Statistical Manual of Mental Disorders (DSM)-IV major
depressive disorder (1. In this multicenter study, patients
received 40-60 mg of duloxetine twice daily for up 1o
52 weeks. Efficacy was assessed using the Clinical Global
Impression-Severity (CGIL-S) scale, the HAM-D and the
Beck Depression Inventory (BDI) at baseline, weeks 6, 28
and 52 of treatment. A total of 1279 patients were ensolied
in the trial, of whom 553 completed the 52 weeks of ther-
apy. Mean changes from baseline in all efficacy measures
were highly statistically significant (p < 0.001}, using a
mixed models repeated measures analysis of variance. The
main side effects of treatment were nausea, somnolence,
insomnia and headache, which accords with the profile of
side effects from the shorter-term studies. The drug
appeared to be safe and reasonably well tolerated with no
unexpected major adverse events.

The safety and tolerability of duloxetine were addressed in a
pooled analysis from eight placebo-controlled comparisons [17].
The database represented 1139 patients treated with doses of
duloxetine ranging from 40 to 120 mg/day for up to
34 weeks. Nausea, dry mouth, constipation, insomnia, dizzi-
ness and fatigue were the main side effects reported in these
studies and all occusred significantly more frequently than
with placebo. Cardiovascular assessments showed a slight
increase in systolic and diastolic blood pressure as well as
heart rate compared with placebo, but were unlikely to be
clinically significant. Mean change in the QRS width of the
electrocardiogram was also judged not likely to be of clinical
significance. The incidence of abnormal laboratory parame-
ters was generally similar between placebo- and duloxetine-
treated patients. Most notably, there were increases in liver
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Table 1. Clinical trials of duloxetine in treatment of major depressive disorder.

Subjects Dose Duration Cutcome Ref.
70 Dulox Up to 80 mg twice daily 8 weeks Dulox > PBG [10]
33 Fluox Fiuox 20 mg/day

70 PBO

123 Dulox 60 mg/day 9 weeks Dulox > PBO (1]
122 PBO

128 Dulox 80 mg/day 9 weeks Duiox > PBC (12]
139 PBO

§6 Dulox 40 20 mg twice daily 8 weeks Dulox 40, 80 > PBO 113]
91 Dulox 80 40 mg twice daily Parox = PBO

87 Parox Parox 20 mg/day

83 PBO

95 Dulox 80 40 mg twice daily 8 weeks Duiox 80, 120, [14]
83 Dulox 12 60 mg twice caily Parox 20 > PBO

86 Parox Parox 20 mg/day

69 PBO

165 £ Dulox 80 mg/day 9 weeks Dulox > PBO li5)
182 F PBO Weeks 2-9

Dulox: Duloxetine; F: Female; Fluox: Fiuoxetine; Parox: Paroxetine; PBO: Placebo.

enzyme values in patients treated with duloxetine, but the
changes were not regarded as clinically important. There was
no evidence of a severe withdrawa! syndrome following
abrupt discontinuation, but it was recommended that the
drug be tapered on withdrawal from treatment. There were
three deaths in duloxerine-treated patients: one due to sui-
cide, one due to cardiorespiratory arrest and the other to
noncardiogenic pulmonary edema.

Agomelaline

Agomelatine (N-[2-(7-methoxy-1-naphthyl)ethyl] acetamide)
is a naphthalenic bioisostere of melazonin [1s). The compound
has beer shown ro exhibit potent agonist effects at melatonin
{MT1 and MT2) recepror sites [18-20]. There was a high affinity
for cloned human MT1 and MT2 receptor subtypes compara-
ble to that of melatonin itself (19,201. On this basis, it could be
expected that agomelatine would demonstrate chronobiotic
activity. In an experimental animal model of delayed-phase
sleep syndromae, agomelatine was capable of resynchronising
circadian rhythms [21,22).

Furthermore, it has been shown that agomelatine possesses
antagonist properties at SHT,o receptors both iz vive and
in vitro 123241, In pig choroid plexus, agomelatine demon-
strated a moderately high affinity for 5H'T, recepror sites
defined by the binding of [3H]-mesulergine 23]. In addition,
the drug inhibited the production of inositol phosphate by pig
choroid plexus cells, a SHT, mediated response 1231, Further-
more, there was a dose-dependent inhibition of the penile
erectile response induced by the SHT, agonists, meta-chlo-
rophenylpiperazine (mCPP) and Ro-60-0175, in Wistar rats
23]. At cloned human SHT, receptors, agomelatine acts as an
antagonist 124]. As a consequence of this effect, agomelatine

dose-dependently increased NI and dopamine concentra-
tions in the frontal cortex of freely moving rats (24). The
effects on neurotransmitiers could not be blocked by the
selective melatonin antagonist S22153 (241.

In preclinical studies, agomelatine has been shown to be
active in tests indicative of antidepressant activity. For example,
in the forced swim test agomelatine increased mobility time
following acute or repeated doses [25]. This effect was attrib-
uted to its SHT,- antagonist properties, as melatonin was
iractive in rhe same test. In the rat chronic mild-stress model
of depression, agomelatine 10 and 50 mg/kg has been shown
to dose-dependently restore sucrose preference impaired by the
stress procedure 26]. In this study, agomelatine was as active as
imipramine or fluoxetine. Agomelatine also demonstrated anx-
iolytic activity in two preclinical models widely used as predic-
tive tests of clinical activiry: the Vogel conflict and social inter-
action tests [271. The latter property was attributed to the action
of the compound as 2 SHT, antagonist and not o its effects
at melatonin receptors. Thus, agomelatine may represent a
novel approach to the treatment of depression, via its chrono-
biotic activity combined with 5HT,: antagonism. On the
basis of these animal model studies, agomelatine was selected
for further development in the clinic.

Clinical trials have confirmed the antidepressant effect of
agomelatine in man [28-30. Two doses of agomelatine (5 and
100 mg/day) were compared in a double-blind, randomized
study in patients with major depressive disorder [281. Patients
had a minimum score on the Montgomery—Asberg Depression
Rating Scale (MADRS) of 25 for inclusion after a 1-week pla-

ebo run-in period. They were treated for 4-8 weeks and hos-
pitalized for the first 3 weeks of treatrnent. There were
14 patients per group and neither group differed from the other
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at baseline. A total of 19 paiients completed 4 weeks of the
study. Total MADRS scores decreased from a mean of 30.7 at
bascline to a mean of 14.8 in the 5-mg group, and from
31.6-18.6 in the 100-mg group. There was no statistically
significant difference between the 5-mg and 100-mg groups for

efficacy or safety, aithough there was some suggestion that 5 mg
was slightly more cfficacious and bertter tolerated.

A randomized, double-blind, placebo-coatrolled trial com-
paring fixed doses of agomelatine and placebo was performed in
711 patients over an 8-week period 291, Patients met DSM-IV
criteria for major depressive disorder or bipolar II (depressed)
disorder. A minimum severity score of 22 on the HAM-D
17-item scale was required at baseline. In the week prior to
baseline, all subjects received a placebo in order to exclude rapid
ligible

patients were randomly assigned to receive fixed doses of ago-

placebo responders. After the placebo run-in phase, all e

melatine {1 mg, 5 mg or 25 mg in the evening), parO‘(C‘ii‘ﬂC
(20 mg in the mommg} or placebo. Assessments with the
HAM’-D and CGI scales were performed at baseline and weeks
1, 2, 4, 6 and 8. The MADRS and Hamilton Anxiety Scale
{HAM-A) scales were performed at baseline and weeks 4 and 8.
Analysis of the HAM-D data using analysis of variance with the
last observation carried forward {LOCF) data set showed a sta-
dstically significant difference between the three agomelarine
doses and placebo {p < 0.05).
showed that only the 25 mg dose was superior to placebo. Based
on the HAM-D data, paroxetine was zlso significanty different
from placebo at week
defined as a 50% reduction in the HAM-D score from baseline,

Subsequent post hoc analysis

8. Analysis of response to treatment,
showed significantly more responders to treatment on 1 mg
dgome;a tine (62.5%) and 25 mg agomelatine {61.5%) than to

lacebo (46.3%). Neither 5 mg agomelatine (51.4%) nor par-
oxetinc (56.3%) separated significantly from placebo. For
30.4% of padents treared with 25 mg agomelatine, remission
(i.e., HAM-D score of <7} was achiceved, compared with 25.7%
on paroxetine and 15.4% on placebo. The differences were sta-
tistically significant. The drug was reportedly well tolerared
with the main side effects being headache (6-9% of patients
treated), nausea {3-7%), rhinitis (1-4%) and somnclence
{2-4%). A manic switch was noted in two patients {one on ago-
melatine 5 mg and one on paroxetine), while one patient took
an overdose of 90 mg of agomelatine with alcoho! and made an
uneventful recovery. The data show that 25 mg of agomelatine
is effective in the treatment of ma)o’ depression, but further
studies are hecessary to confirm the data.

Polysomnographical studies in depressed patients receiving
agomelatine (25 mg/day) for 6 weeks showed the drug
improved sieep guality and continuity, and increased the
duration of slow-wave sleep without modifying rapid eye
movement sleep (31 Although most antidepressants seem
capable of improving sleep architecture and symptoms in
depressed patients, they may also produce daytime drowsiness
or insomnia. Agomelatine appears to relieve the sleep com-
plaints without residual daytime impairments, probably due
to its effects on sleep and circadian systems [32).

The ability of agomelatine to produce a withdrawal syndrome
following abrupt discontinuation was examined under double-
blind, placebo-controlied cenditions (30, After 12 weeks of
with 25 mg/day or paroxetine
20 mg/day, sustained remitters were randomly assigned for

treatment agomelatine
2 weeks to placebo or their initial treatment. Discontinuation
symptorms were monitred using the Discontinuation Emer-
gent Signs and Symptoms (DESS) checklist. A total of
192 patients were randomized to the 2-week discontinuation
period. There were no discontinuation symptoms in patients
abruptly ceasing agomeclatine, whereas those ceasing paroxetine
had an increase in the number of symptoms over those remain-
ing on paroxetine. It was conciuded that agomelatine is not
associated with a discontinuation syndrome unlike paroxetine,
which is well recognized to have this effect.

Doparnine receptor agonists

Dopamine is well known to be involved in the reward system of
the brain. Given that anhedonia is a characteristic feature of
depression, it is surprising that dopaminergic agents have not
received greater prominence in the treatment of the disorder.
Both bupropion and nomifensine (which was withdrawn from
the market due to hemolytic anemia in some patients), two
effective antidepressant agents, have effects on the reuptake of
dopamine. Bupropion also has effects on NE reuptake. A poten-
tal drawback of drugs that potentiate dopamine transmission is
that they are likely to have abuse potential, although this does
not appear to be the case with either bupropion or nomifensine.
It is not surprising, therefore, to find several dopamine active

agents either in clinical trials or in preclinical development.

In preclinical studies, dopamine agorists have been tested
for antidepressant and anxiolytic activity. The preferential
dopamine D3 agonist 7-OH-DPAT and a partial dopamine
agonist, N-[4-[4-(2-methoxyphenyl)-1-piperazinyljbutyl]-2-
naphthylcarboxamide (BP 897) both demonstrated anxi-
olytic effects in the elevated plus maze 133). Only 7-OH-
DPAT was shown
test. Conversely, BP 897 potentiated the effects of imi-

pramine in this test. The study highlights a potential role for

i . . iy i M
to be aniidepressant in the forced swim

dopamine D3 agents either as antidepressants in their own
right or as augmentation agents.

The uiility of dopamine D2/D3 agonists as antidepressants
or as augmentation agent has been demonstrated in several
clinical trials with pramipexole. Thus in a double-blind, con-
(0.375, 1.0 or 5.0 mg)
were compared with fluoxetine (20 mg) and placebo [341. After a
placebo run-in week, patients with major depression were

trolled study, three doses of pramipexole

randomly allocated to one of the treatments and efficacy
evaluated with the HAM-D and MADRS scales. By end
point (week 8), both fluoxetine and the 1.0 mg dose of
pramipexole had statistically significant improvement over
placebo. The 5 mg dose was effective but there was a sub-
stantial drop-out rate in this group due to the side effects of
hypomania, psychomotor loss of

vomiting, agitation,

impulse control and ataxia.
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A smaller, double-blind, placebo-controlled study was con-
ducted in 21 patients with bipolar IT depression who were receiv-
ing either lithium or valproate [35]. Patients received the addi-
tional medication for 6 weeks and efficacy was evaluated using
the MADRS scale. A statisticaily significant decrease in MADRS
score was observed in 60% of patients receiving pramipexole
compared with 9% in patients receiving placebo.

In other studies, pramipexole also demonstrated antidepres-
sant efficacy as an augmentation agent. in a review of the
charts of 32 patients who received pramipexole 0.70 mg/day
for 24 weeks, 50% of patients with unipolar depression and
40% of patents with bipolar depression were rated as
improved [36]. In an open evaluation, either pramipexole or
ropindole (also a dopamine agonist) were added to ongoing
trearment with antidepressants or mood stabilizers in patients
with bipolar II depression [37]. The mean final dose of prami-
pexole was 1.23 mg/day and, of ropindole, 2.97 mg/day.
Response was noted in 44.4% of patients while another
27.8% had a transient improvement in this otherwise refrac-
tory grotp. Pramipexole was added to antidepressant treat-
ment with tricyclic antidepressants or SSRIs in patients with
treatment-resistant depression {38]. Based on a reduction of
50% or greater of MADRS baseline, 67.7% of patients were
respondess to pramipexole addition. The mean dose of prami-
pexole was 0.95 mg/day. The long-term safety of pramipexole
addition to tricyclics or specific SHT reuptake inhibitors was
evaluated in 23 patients with treatmentc-resistant major
depression  139]. The
0.99 mg/day and the median follow-up was 28 weeks. Over-

mean dose of pramipexole was
all, 60.9% of patients were responders o the addition of the
doparnine agonist.

Together, these data suggest a role for direct-acting dopam-
ine D2/D3 agonists or indirect-acting agonists, such as by
dopamine reuptake blockade in the treatment of depression.
At present, apart from bupropion, there do not appear to be
any individual agents available as antidepressants. Neverthe-
less, the data with pramipexole would suggest that this agent
might be effective if used zlone. Cerrainly, the evidence sup-
ports a role for this agent as an adjunct to other antidepres-
sants in cases of trearment failure or resistance. The potential
for the precipitation of manic or hypomanic episodes as well as
an unknown addiction potential may prove to be an insur-
mountable hurdle in the development of antidepressants based
on this mechanism.

Serotonin noradrencline reuplake inhibitors

As noted above, the recently markered duloxetine can be consid-
ered an antidepressant in this class. The noton that so-called
dual action antidepressants are more efficacious than agents with
putative effects on a single neurotransmitter has gained accep-
tance, following recent meta-analyses of controlied clinical trials
[40,41]. At least in cases of severely depressed in-patients, the older
tricyclic antidepressants appear slightly more effective than the
selective serotonin reuptake inhibitors. Nominally, tricyclic anti-
depressants affect both SHT and NE reuptake with variations

Ernerging reatments for major depression

among the different agents. Given the apparent clinical efficacy
of such drugs compared with single-action agents, a strategy for
developing dual-action drugs withour the tricyclic (anti-
cholinergic) side-effect profile would seem to be inherently bene-
ficial. Furthermore, there is evidence that the dual-aciing drugs
have beneficial effects in various pain states, such as fibromyalgia
syndrome, neuropathic pain, headache and other conditions (42;,
Indeed, both venlafaxine and milnacipran marketed because cus-
rently antidepressants both block SHT and NE reuptake 141). A
chird agent, mirtazapine, has been described as a dual-acting drug
by virtue of indirect effects on serotonergic transmission and
enhancing NE release by antagonism of pre-synaptic a,-adreno-
ceptors [43]. There are few data to judge whether these agents
have superior efficacy to the tricyclic antidepressants in either in-
patient populations or those with the melancholic subtype of
depression. Some qualitative reviews suggest that they do not (44].

More recently, the benzocyclobutane derivative $33005 has
been shown to potently bind to rat and human 5HT and NE
transporters [457. Moreover, the compound elevated extracel-
fular NE and 5HT in the prefrontal cortex of the freely mov-
ing rat 45]. In a series of preclinical tests, $33005 demon-
strated behavior suggestive of antidepressant activity, most
notably in the chronic mild-stress paradigm and the forced-
swim test (46]. Furthermore, the effect of the drug on the sleep
architecture of rodents was consistent with an antidepressant
profile (47;.

Neuropeptide moduiators

Hypothaiomic-pituitary-adrenai axis

"The involverment of the HPA axis in depression was first sug-
gested by the observation of raised plasma cortisol in patients |48).
This was subscquently confirmed by Gibbons 1491 Up to 50%
of patients with major depression have an associated hypescor-
tisolernia, while in some subtypes of depression the rates may
be higher 50,51, With 1ecovery from depression, hypercorti-
solemia has been shown to normalize, suggesting that this is a
state, rather than a trait marker of the illness 51). Disturbances
of circadian rhythmicity of cortiso! and elevated concentrations
of corticotropin-reieasing factor (CRF} have also been reported
more recently [52,53. Both the hypersecretion of CRF and
hypercortisolemnia are believed tc arise as a consequence of
impaired feedback inhibition by endogenous corticosteroids.
The hypersecretion of cortiso! in depression has been suggested
to result in hippocampal volume loss, which, in turn, contrib-
utes to the loss of feedback control of glucocorticoid
release (54, Furthermore, the failure of the synthetic gluco-
corticoid, dexamethasone, to suppress cortisol secretion has
been taken to indicate an abrormality of glucocorticoid recep-
tors in depression [54]. Secretion from the hypothalamus of
CRE a 41 amino acid peptide, controls the release of adreno-
corticotropic hormone (ACTH), which in turn stimulates the
release of cortisol from the adrenal glands (51). The treatment
of depressive illness by the modulation of the activity of the
HPA axis and/or CRE, has therefore, provided a target for the
development of several agents.

www.future-drugs.com

207

Material may be protected by copyright law (Title 17, U.S. Code)




Norman & Burrows

DMP-904

Figure 1. Chemical structure of some nonpeptidergic corticotropin-releasing

factor-1 antagonists.

DuMP-g98

receptor subtypes. Many peptide and
nonpeptide ligands have been synthe-

Me sized as modulators of CRF receptor

function and severa! have shown poten-
tial antidepressant and anxiolytic proper-
ties in animal models (62). Thus, the
CRF1 antagonist, DMP904 (RIGURE 1,
was shown to be anxiolytic in the ele-

NH vated plus maze and defensive with-

drawal paradigm in rats [63). Further-
more, the compound blocked the stress-
induced rise in plasma corticosterone. A
further CRF! antagonist, CP-154,526
demonstrated both anxiolytic and anti-
depressant-like effects in various preclini-
cal models [64,65l. In a 4-week, double-
blind study ORG 34517 demonstrated
significant antidepressant effects (66]. The
efficacy of the potent CRF anragonist
R121919 was investigated in 24 patients
with major depression {57:. Patients were
assigned to treatment with two different
dose-escalating regimens: 5—40 mg/day
and 40-80 mg/day. Four patients with-
drew from the study, leaving 10 compl-
eters for the 30-day treatment peried in
each group. There was a statistically sig-
nificant decline in HAM-D scores from

Raised concentrations of cortisol can be diminished by the
administration of steroid synthesis inhibitors. Some studies
have used the antifungal agent ketoconazole as well as
metyrapone or aminogluthemide as treatments for depression
based on this strategy. The results from double-blind, pla-
cebo-controlled studies have been inconsistent 155,56]. Thisis a
strategy likely to be of limited efficacy since not all patients
have elevated plasma cortisol. Furthermore, elevations of cor-
tisol may be secondary to other phenomena, and not causal.
Undezlining the limitations of this strategy are the results of
two double-blind, placebo-controlied evaluations of ketocon-
azole in major depression. In 20 patients with major depres-
sive disorder Wolkowitz and colleagues showed a significant
antidepressant effect of ketoconazole over placebo, but only in
those patients with hypercortisolemnia at baseline 57 In a
similar patient group, no therapeutic effect of the drug was
observed [58].

A more promising approach has been to use the glicocorti-
coid recepror antagonist mifepristone. Initial clinical studies
with this compound have shown efficacy in psychotic depres-
sive episodes [59.60). Further clinical evaluations of this com-
pound are necessary to appraise its suitability for general
marketing approval.

The CRF family of neuropeptides includes not only CRF
itself but the more recently identified peptides urocortin,
urocortin 1l and urocortin III 61). These peptides bind with
different affinities to the two major CRF-G-protein coupled

baseline in both groups, with greater effects observed in the
patients treated with the higher dose. There does not appear o
have been zny further development of this compound. Clinical
investigations for others drugs in this class are underway but
none of the molecules has been marketed.

Neurokinin-1 (substance P) antagonists

Substance P belongs o a family of neuropeptides known as
tachykinins, which share a common C-terminal sequence.
Biological effects are mediated through G-protein-coupled
receptors. At least three recepror subtypes have been identi-
fied and designated neurokinin (NK)1, NK2 and NK3 [ss].
Both substance P and its receptors are highly expressed in
brain regions critical for the regulation of emotion and stress:
the striatum, amygdala, hypothalamus, ventral tegmental
area, parabrachial nucleus and locus coeruleus [69). The
cffects of antagonists are highly-species dependent, such that
NK1 antagonists which have high affinity for guinea pig and
gerbil receprors also bind with similar affinity to human
receptors 68). Initial clinical trials with the compound MX-
869 (aprepitant) demonstrated it to be more effective than
placebo and at least as effective as the selective serotonin
reuptake inhibitor (SSRI) paroxetine (70). In this double-
blind trial, 213 patients with major depression were ran-
domly assigned to placebo, paroxetine (20 mg} or MK-869
(300 mg), once daily for 6 weeks. Efficacy was assessed using
the HAM-D scale. The number of responders to treatment at
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the end of the study was 54% for MK-869, 46% for paroxet-
ine and 28% with placebo, defining responders to treatment
as a decline of the HAM-D score from baseline as more than
50%. The results showed a proof of conceprt for substance P
antagonists in the treatment of depression. A dose-finding
study was coenducted in which patients were assigned to one
of four doses of MK-869 (10, 30, 100 or 300 mg/day), flu-
oxetine 20 mg/day or placebo 71). The trial was conducted
over 6 weeks and employed double-blind methodology. The
HAM-D scale was used to evaluate the efficacy of the drug.
Improvements after 6 weeks of treatment were similar in all
arms of the study. Thus, no conclusions could be drawn
from this trial about the antidepressant efficacy of MK-869.
A variant of this compound with higher oral bioavailability
and greater brain penetration was also tested in clinical trials.
While the initial study versus placebo was positive, a dose
finding study did not show separation from placebo (71]. Fur-
ther development of this compound was terminated. Thus,
the role of NKI1 antagonists as antidepressants remains
equivocal. Further compounds have been developed and are
in carly phase clinicai studies.

Vasopressin
'The role of vasopressin and its receptors in the treatment of
psychiatric disorders was first suggested by the observations
of Gold and colleagues, who noted the similarities between
the symptoms of depression and the effects of arginine vaso-
pressin (AVE) 172, Subsequently, correlations between plasma
and cerebrospinal fluid concentrations of AVP and depressive
symptomatologies were observed 73,74], while antidepressant
drugs were found to lower the concentration of AVD [75].
With advances in the understanding of the actions of AVP
and the receptor subtypes on which it acts, specific agents
have been developed that demonstrate antidepressant propes-
ties. At least three subtypes of AVP receptor have been charac-
cerized in the CNS 6. Both the V1 and V3 receptor have
been the targets for preclinical evaluation of potential new
antidepressant compounds. Thus, the V11 receptor antagonist
D(CH,)s Tyr(CH3)AVP is active in the forced-swim test when
injected into the septum or amygdala of rats (77.78]. A role for
V3 receptor antagonists as antidepressants has been suggested
from the demonstration that SSR149415 is active in blocking
stress and CRE-induced increases in plasma ACTH 1791, V3
recepror knockout mice exhibit marked reductions in AVP
and stress-induced ACTH release [s01. Overactivity of the
HPA axis is also a target of antidepressant drug development
(vide supra) and, therefore, V3 antagonists may be antidepres-
sant via an indirect effect on cortisol secretion. In both the
chronic mild-stress paradigm and the forced swim test
SSR149415 produces dose-dependent antidepressant-like
effects [81.82). The fact that the effects in the forced swim test
were present in hypophysectomised animals suggests that the
antidepressant-like effect is independent of the influence over
the HPA axis (82). Clinical evaluations of V1 and V3 receptor
antagonists are awaited with interest.

Ernerging treaiments for major depression

Other cormnpounds

Potential for antidepressant activity in compounds with pri-
mary putative mechanisms of action not affecting traditional
monoamine targets have been indicated in preclinical models.
The ability of chronically administered antidepressant agents
from different classes to modulate the activity of the N-methyl-
D-aspartate (NMDA) receptor has been demonstrated in ani-
mal studies (83.84. Thus, preclinical attention has focused on
NMDA recepror antagonists with 2-amino-7-phosphohep-
wanoic acid (AP-7), 1l-aminocyclopropancarboxylic acid
{ACPC) and memantine,
851 Similarly, compounds affecting the a-amino-3-hydroxy-5-

which have been shown to be active

methylisoxazole-4-propionic acid (AMPA) receptor, such as
1Y592098 and 1.Y451646, have also demonstrated antidepres-
sant effects in animal mode! studies 186/, The activity of com-
pounds acting at various glutamartergic receptors awaits
demonstration in methodologically sound clinical trials.

The modulation of several neuropeptide systems has been
implicated in eicher the etiology of depression or from preclinical
models where antidepressant-like activity has been displayed (s7:.
Alterations in neuropeptide Y (NPY) activity, gene expression
and function have been demonstrated in several putative animal
models of depression [ss;. Similarly, chronic antidepressant treat-
mernt has been shown to alter NPY function [ssi. The available
data suggest that the NPY Y1 receptor subtype is the most likely
target for the development of treatment srategies. Possible roles
for other NPY receptor subtypes are not known at this time.
Antidepressant activity for NPY has been demonstrated in the
forced-swim test 189:. Clearly, the development of specific agonists
and antagonists to the family of NPY receptors is necessary to
further evaluate the potential of this group of receptors to provide
clinical therapeutic strategies in the treatment of depression.
Melanin concentrating hormone (MCH) plays an important
role in the regulation of energy balance and body weight [96].
The effects of MCH are mediated through G-protein-coupled

receptors with two subtypes of receptor identified in
humans 91]. The central distribution of the MCH-R1 receptor
is suggestive of a role for MCH in mood- and stress-related dis-
orders (921. The MCH-R1 antagonist SNAP-7491 was tested in
the rat forced-swim test and the guinea pig uitrasonic vocaliza-
tion test. In both tests, there was a dose-dependent antidepres-
sant-like effect of the drug. In the forced-swim test a dose of
30 mg/kg was equivalent o that of 10 mg/kg fluoxetine 192). At
this time, there does not appear to have been any clinical testing
of the compound. The data suggest that MCH-R1 antagonists
may offer a new therapeutic approach to depression, although
weight loss induced by such compounds may be problematic in
clinical usage.

Conclusions

Many of the compounds presented in this bricf overview of
potential antidepressants are unlikely to reach clinical practice.
The narure of research in this area is designed to fail com-
pounds that are clearly ineffective or that have associated toxi-
city issues. It is often the case that substances with promising
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preclinical profiles fail to reach the clinic owing to these issues.
Recent approaches to the treatment of depression have
advanced beyond a simplistic monoamine hypothesis of the dis-
order. Conversely, much of our approach to treatment still
derives from an understanding of the neurochemical effects of
existing agents. While the present understanding is more
sophisticated than that of 30 years ago, this approach still suf-
fers from the shortcoming of not approaching treatment from a
greater understanding of the neurochemical etiology of depres-
sion: itself. Recent developments in understanding the mecha-
nism of action of antidepressants promise a paradigm shift in
thinking about depression and generational changes in treat-
ment. Rather than treatments affecting cell-surface receptors,
various signa! transduction cascades appear to be an important
determinant; not simply of the mechanism of action of conven-
tional drugs, but perhaps the etiology of the illness itself [93.
Thus, modulation of the cyclic AMP {(cAMP}-transduction cas-
cade coupled to G-protein receprors and a functonal upregula-
tion of cAMP-response element binding protein (CREB) has
been shown to be a common effect of antidepressant
reatments [94}. Furthermore upregulation of CREB, results in
an increased production of the neurotropin brain-derived neu-
rotropic factos, suggesting that activation of this protein may be
a novel approach to depression treatment 121 Indeed, it has been
shown in preclinical studies that brain-derived neurotropic fac-
tor itself possesses antidepressant-like effects [95.96]. Thus, mod-
ulation along crucial signal-transduction pathways may provide
2 new generation of drugs for the treatment of depression. At
present, such approaches are necessarily theoretical, but in the
future, may resolve some of the current clinical shortcomings of
the present generation of antidepressants.

Expert commentary

Depression remains a significant public health issue and is likely
to do so into the future. Treatments for the illness with efficacy
in the maximum number of patients, a rapid onset of action
and minimal side effects are highly sought after. To date these
have proved to be elusive goals, while the current group of med-
ications does not seem to be any better placed than existing
compounds to achieve them. It is likely that rapid relief (within

2-3 days of commencing medication) of the symptoms of
depression cannot be achieved because of the necessity to re-
establish a disturbed homeostatis. While this represents a nihil-
istic point of view, consideration of the course of changes in
receptor function suggests that there is a limit to the rate of
receptor (and almost certainly gene and other intraceilular)
adaptation. What may be more important in the longer-term
treatment of depression is that patients achieve a full remission
of symptoms, rather than just an improvement. While remis-
sion can be achieved with both the existing and the newer com-
pounds described in this review, the time to achieve such an
outcome can be protracied. At present, there is no indication of
whether any of the potential agents canvassed here can achieve
remission earlier than that of any of the existing agents. How-
ever, this needs to be a goal of new drug therapies, as relapse
occurs frequently in depression, while there is some evidence
that achieving full remission may be protective against further
relapses. Strategies based on the direct manipulation of neuro-
tropic factors, should they be realized, may offer advantages in
this respect. However this remains highly speculative and awaits
the results from appropriately designed clinical studies.

Five-year view

Improved medication for the treatment of depression has
involved a continuing search based in part on hypotheses of the
prevailing knowledge of the mechanism of antidepressant drug
action. Clearly, no drug has emerged from this research

approach in the past five decades that can be regarded as the
ideal antidepressant. Furthermore, response to medication
rernains highly variable with no a priori indicators of respon-
siveness in individual patients. The next 5 years are likely to
bring more of the same: receptor mechanism-based trearments
with their efficacy in individuals dependent on trial and esror.
However, new data on antidepressant mechanisms emerging in
the last 5 years or so is likely to provide a more specific hypoth-
esis-driven search for compounds which affect intracellular cas-
cades. This, coupled with the use of pharmacogenctic tech-
niques to match individual patients to particular drug
treatments, may well provide the stimulus for the development
of future medications in the next 5 years and beyond.

Key issues

available for clinical use.

antidepressants in the clinic.

molecules in preclinical tests.

treatment of depression.

¢ Monoamine neurotransmitter-based drugs {reuptake blockers, receptor antagonists) form the next group of antidepressants to be

® Strategies for the treatment of depression based on manipulation of dopamine concentrations have been relatively neglected.

¢ Some promising approaches to symotomatic reiief of depression have utilized dopamine agonists as adjunctive therapies.

» Despite considerable effort, corticotropin-releasing factor and substance P antagonists have not yet yieided drugs successful as
* Approaches to the treatment of depression with other neurohormone modulators have identifiec some promisirg candidate

® Hypotheses of antidepressant action based on neurogenesis may provide an avenue for the development of new agents for the
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