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INTRODUCTION

The evolution of antidepressant therapy has until the mid 1990s tended to
focus on improvements in tolerability and safety.  Current antidepressants, however,
achieve remission of symptoms in fewer than 50% treated patients, and improving
efficacy must remain a vital developmental aim.  The first antidepressants were
discovered serendipitously in the clinic, from which followed the monoamine theory.
Subsequent antidepressant development relied upon this theory itself with additional
refinement and adaptation.  Although, neither the pathophysiology of depression nor
the regulation of normal mood may yet be said to be precisely understood, the mono-
amine theory has proven invaluable in the development of therapies for the treatment
of depression and other mood or anxiety disorders.  The considerable, and almost
overwhelming, problems arising from the variability and inconsistency of the signal
coming from clinical trials of antidepressants in patients (1) has prevented reliable
comparisons of therapeutic options. To overcome this problem, in recent years there
has been an increase in the meta-analyses of comparative studies of antidepressant
trials in order to determine whether antidepressants with differing mechanisms differ
in their efficacy.

DEVELOPMENT OF THE MONO-AMINE THEORY

While searching to find "chlorpromazine-like" compounds to treat
schizophrenia, imipramine was recognized by Kuhn (1957) (2) for its antidepressant
properties.  With the introduction of imipramine, the first monoamine uptake inhibitor
antidepressant, and iproniazide, the first monoamine oxidase inhibitor antidepressant
(Loomer, Saunders and Kline, 1957) (3), the theory and treatment of depression
changed.  These early studies still summarise much of our current knowledge of the
therapeutic effects of antidepressant treatments.  For example, Andersen &
Kristiansen in 1959 (4) studied imipramine in doses up to 350 mg/day, primarily in
patients with endogenous depression.  They found that 84% patients “improved” and
that 54% were “cured”.  Tolerability and side effects were rather well characterised
(even from today’s perspective), and the need for maintenance therapy to prevent
relapse was identified.  The presence of withdrawal symptoms in 17% patients was
described.

The activity of these agents was later hypothesised to be catecholamine based.
This postulated that depression arises as a consequence of a deficiency of
noradrenaline (Schildkraut, 1965) (5).  The strength of this hypothesis was that it
incorporated the possibility of experimental testing, e.g. by depleting catecholamine
in animals using reserpine and the reversal of these effects by antidepressants.  The



catecholamine hypothesis was later modified to take into account the extensive data
that implicated serotonin in the aetiology of depression (van Praag & Korf, 1971 (6);
Coppen et al, 1972 (7)).

Subsequent to the introduction of imipramine, a large number of drugs with a
similar pharmacological profile were synthesized. Over the 2 decades following the
introduction of imipramine, at least ten structurally similar and ten structurally
different groups of non-tricyclic monoamine reuptake inhibitor antidepressants were
identified.  Today, monoamine reuptake inhibitors are the most extensively used
group of drugs to treat depression.

The recognition that some mono-amine antidepressants were neither reuptake
inhibitors nor mono-amine oxidase inhibitors brought to attention a third mechanism,
that of direct activity at receptors that regulates monoamine transmission.  For
example, enhancement of noradrenaline availability at the synaptic gap can be
obtained through blockade by mianserin of the presynaptic alpha2-autoreceptors that
modulate the release of noradrenaline (8).

CURRENT CLASSES OF ANTIDEPRESSANTS BASED ON MONO-AMINE

THEORY

The monoamine theory of depression “proposes that depression is due to a
deficiency in one or another of three monoamines, namely serotonin, noradrenaline
(noradrenaline) and or/dopamine” (Stahl, 2000) (9).  Antidepressant therapy aims to
correct these deficiencies.

The evolution of antidepressant therapy has been primarily one of increasing
specificity of effect, and manipulation of selectivity of mechanism.  “Specificity” is
used here to denote activity only on the principle of the putative therapeutic
mechanism (i.e. removing extraneous activities), and "selectivity” to denote activity
on a subset of one or more of the therapeutic mechanism(s).

 It is clear from early theory and substantiated by subsequent progress that the
wide range of receptor activities (particularly histamine1, alpha1-adrenergic,
antimuscarinic, etc) associated with the early tricyclics are not necessary to their
therapeutic action, but contribute significantly to side effects.  Most developments of
therapy have sought to remove these properties.  There were also attempts to increase
the specificity of effect of monoamine oxidase inhibitors.

 With the possible exception of clomipramine that showed some selectivity for
serotonin, early antidepressants were either non-selective or were selective for
noradrenaline.  Newer antidepressants, such as fluoxetine, sertraline, and paroxetine,
show selectivity for 5-HT reuptake inhibition.  Recently a specific and selective
noradrenaline reuptake inhibitor, reboxetine, has been approved for use in many
markets.  This allows for the exploration of the roles of noradrenaline vs. serotonin
using treatments that are devoid of confounding receptor activities.  Conscious
targeting of more than one neurotransmitter activity followed next e.g. of
serotoninergic and noradrenergic mechanisms, or of noradrenaline and dopamine,
while retaining specificity.  Examples are venlafaxine, milnacipran, duloxetine and
bupropion. Finally, therapies were developed that aimed to act more directly on one
or other of the processes of receptor adaptation thought to underlie the final common
pathway of antidepressant action, such as mianserin and mirtazepine.



One evident problem of the original monoamine model was that while
enhancement of mono-aminergic function occurs almost immediately, chronic
administration of antidepressants is needed before clinical efficacy is attained (10,
11).   It is generally considered that the therapeutic effect of an antidepressant is
observed after a period of 3 to 6 weeks of treatment.  This suggests that certain
adaptive changes that occur with chronic administration of these drugs may be
important for their antidepressant action.  This concept has been the motivating force
for much of the evolution of monoamine theory (12).  Over the years, mechanisms
such as down-regulation of beta-adrenergic receptors, desensitisation of presynaptic
alpha-2 adrenoceptors, increased postsynaptic serotonin receptor sensitivity, down
regulation of 5-HT2 receptors and desensitisation of presynaptic 5-HT1A receptor
have been cited as the final common pathway or, more modestly, as one of many
possible final common pathways (13, 14).

There are now at least 9 different clinically proven classes of antidepressant
therapies (9) based upon the mono-amine theory: These are variously grouped
according to chemical structure (the TCAs), specificity of effect, mechanism and/or
selectivity of mechanism: mono-amine oxidase inhibitors (MAOIs), reversible
inhibitors of MAO type A (RIMA), selective serotonin re-uptake inhibitors (SSRIs),
selective noradrenaline reuptake inhibitors (sNARI or NARI), serotonin and
noradrenaline reuptake inhibitor (SNRI), noradrenaline and dopamine reuptake
inhibitor (NDRI), alpha 2 antagonism, alpha 2 antagonism with other receptor activity
(noradrenergic and specific serotoninergic antidepressant or NasSA), or serotonin
antagonist and reuptake inhibitor (SARI).  A possible 10th class that appears to run
counter to the current theory is that of serotonin reuptake stimulants. Unlike other
antidepressant agents, tianeptine, a modified tricyclic, stimulates the uptake of
serotonin in rat brain synaptosomes and rat and human platelets and reduces
serotonergic-induced behaviour, and is an effective antidepressant (15).

MONOAMINE THEORY AND THE PATHOPHYSIOLOGY OF

DEPRESSION

While most evidence supports a role for increased mono-amine
neurotransmission in the therapy of depressive disorders, it is not clear whether
impairments in mono-amine function are actually responsible for the clinical signs of
depression.

Recent studies appear to confirm that the anti-depressive action of
antidepressants is indeed a function of their monoamine activity.  Firstly,
administration of parachlorphenylalanine, a 5-HT synthesis inhibitor, produced
relapse in depressed patients successfully treated with imipramine or
tranylcypromine, while administration of a-methyl-paratyrosine, which reversibly
inhibits the rate-limiting step in the synthesis of dopamine and noradrenaline, did not
(Shopsin et al, 1975 (16); 1976 (17)).  Secondly, studies have been conducted which
decrease serotonin by dietary manipulation of tryptophan.  The synthesis of serotonin
in the brain is dependent upon the availability of its amino acid precursor tryptophan
from plasma.  It is possible to produce a rapid lowering of tryptophan availability to
the brain by replacing a normal balanced diet with an amino acid mixture lacking
tryptophan.  This lowers the concentration of tryptophan in plasma and inhibits
transport across the blood-brain barrier.  As a result serotonin synthesis and release
are decreased.  It has been found that such a procedure reverses the therapeutic effects



of treatment with antidepressants that have predominantly serotonin reuptake
inhibitory activity (e.g. fluoxetine), but less so with those which have predominantly
noradrenaline reuptake inhibitory activity (e.g. desipramine) (18).  Thirdly, alpha-
methyl-paratyrosine (AMPT), which causes a rapid depletion of catecholamines,
reverses the therapeutic effects of desipramine more than that of fluoxetine or
sertraline (19).

These studies show that in patients, the mechanism of action of SSRIs, at least
as immediately manifest, does not critically involve noradrenaline; while the
mechanism of action of NARIs does not critically involve serotonin.  These
conclusions further suggest that there may be more than one type of depression, i.e.
that a broad spectrum antidepressant may be effective in a wider range of patients
than a more selective agent, and/or that a broad spectrum agent may improve a wider
range of symptoms.

Recent data provides evidence that clinical depression is due to a deficiency in
these same mono-amines. It was initially found that a tryptophan-free diet had no
effect on the mood of normal volunteers.  However, Smith et al (1997) (20) showed
that a tryptophan free diet could precipitate clinically depressive symptoms in women
who had suffered recurrent episodes in depression, but who were currently well and
no longer on drug treatment.

DO DIFFERENT MECHANISMS PROVIDE DIFFERENT EFFICACY?

Differences in general tolerability of different classes of antidepressants and in
their side effects profiles are well known and generally accepted.  Compared with
TCAs, SSRIs cause significantly more nausea, diarrhoea, agitation, anorexia,
insomnia, nervousness and anxiety, while TCAS caused more dry mouth,
constipation, dizziness, sweating, blurred vision (21). These profiles do not just differ:
there is also consistent evidence that SSRIs as a group are better tolerated than TCAS
(21).

Despite pharmacological differences in the type of mono-amine
neurotransmission mechanisms of the different classes of antidepressants, the general
view taken is that all antidepressants are of equal efficacy.  Only within the last 10
years has this general assumption come under serious challenge, from comparisons of
antidepressants with a dual mechanism of action compared with those with a single
mechanism of action (eg 22, 23, 24, 25, 26 and as exemplified by the work of Lars
Gram presented at a previous Euro-conference on this same topic (27)).

There are many reasons why differences in efficacy of antidepressants are
difficult to detect, and more importantly reproduce. Using standard assessment
instruments the signal in double-blind controlled trials is not as strong as we might
imagine.  On average, a difference of less than 3 points on the standard Hamilton (28)
rating scale of severity of depression (the HAM-D) between active drug and placebo
is found across a range of studies; and there is a failure rate greater than 50% in
studies to show a statistically significant difference from placebo (1).  If being able to
reliably detect a difference from placebo is difficult, then finding differences between
antidepressants can be seen to be formidable, even if they exist, under the normal
conditions of clinical trials.

One method to overcome these problems that is being increasingly adopted is
by the use of meta-analyses.  In a classical meta-analysis, the unit of analysis is the
study and the analysis uses summary statistics of the results of each study from which



to draw conclusions.  In the pooled analysis (or mega analysis) (29), the original data
from each subject is the unit of analysis, and allows for a more sophisticated and
detailed analysis of the individual characteristics that might mediate the effects. A
number of such pooled analyses are now available. Some of the meta-analyses
reported have involved groups of more than 100 studies, though many have much
fewer studies.

The weakness of the meta-or mega-analysis is the fact that combining trials
that have been conducted over the last few decades inevitably means combining
studies that may vary in their methodological exactness, including a lack of consistent
intention to-treat samples - especially in the earlier studies.

Various questions have been addressed in these analyses: amongst many
others, the comparable efficacy and tolerability of SSRIs and TCAs (30), of RIMAs
and TCAs (31), of the SNRI, venlafaxine, with SSRIs and other antidepressants (32),
of paroxetine with TCAs (33).  Freemantle et al (34) have specifically attempted to
examine the factor of pharmacological profile of mechanism.  Mega-analyses of large
databases have been reported for venlafaxine (comparative rates of remission) by
Thase (35), and for mirtazepine (comparative onset of action) by Van Oers (36).

A comprehensive review of meta-/mega-analyses up until 2001, has been
provided by Anderson (21).  On the basis of the results of the meta-analyses as well as
the perceived strengths and limitations of these meta-analyses, according to the
number and quality of the studies, and their variations in design and study population,
conclusions drawn by the author were grouped by levels of higher or lower
confidence.  Amongst the higher confidence conclusions were that SSRIs are
generally as effective as TCAs, that fluoxetine has a slower onset of therapeutic
action than other SSRIs, that venlafaxine is more effective than SSRIs, that SSRIs are
better tolerated than TCAs.  Conclusions with a lower confidence conclusion were
that TCAs are more effective than SSRIs in in-patients; amitriptyline is more effective
than SSRIs, but that mirtazapine is as effective as amitriptyline.

Additional to general differences in efficacy there have always been
suggestions that efficacy based upon a noradrenergic effect would have a different
profile from that based upon a serotoninergic effect.  The possibility exits to evaluate
this concept more thoroughly given the availability of the NARI, reboxetine. In
addition, increasing attention is currently being paid to more detailed examination of
the precise effects of antidepressants rather than to single total score figures on rating
scales (e.g. 37).  These more detailed assessments may begin to reveal in a systematic
way, differences in the efficacy profiles of antidepressant therapies across a range of
symptoms, as well as across different dimensions of improvement e.g. social
adaptation.  The use of analyses of itemised symptoms from the HAM-D, using
pooled databases will allow such profile comparisons to be systematised. Already
such methods have found differences between venlafaxine and SSRIs (e.g. 38). Single
studies of reboxetine already point to the possibility that the noradrenergic mechanism
may offer better efficacy compared with the serotonin mechanism in improving
patient motivation and self-perception in patients (Massana, 1999) (39).

These meta-analyses are beginning to have an impact on published guidelines
for the treatment of depression (e.g. 40), and we should expect further confirmation of
comparative conclusions.  It is probable that we are entering a period when
improvements in methodology will allow a more pre-eminent role of clinical research
in the evaluation and further development of the monoamine theory of antidepressant
therapy.
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