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ABSTRACT ~ In this article, it is posited that major depression involves an underfunctioning
dopamine system resulting from hypersensitive inhibitory 5-HT2 receptors located on
dopaminergic neurons. After a few weeks, treatment with most antidepressant drugs leads to a
downregulation of the 5 HT2 receptors that allows for increased dopaminergic firing, which is
proposed to be decisive for the antidepressant effect. However, serotonin reuptake inhibitors
(SRIs) therapeutic mechanisms probably differ between different therapeutic outcomes. It is
hypothesized, that in women, the use of female sex steroids leads to a downregulation of
5-HT2C receptors that contributes to atypical depressive symptoms and premenstrual 
dysphoria. Consequently, these conditions can be assumed to benefit from the acute increase of
serotonergic neurotransmission following ingestion of an SRI rather than the secondary 
receptor changes, which would explain why there is a therapeutic lag time when SRIs are used
to treat depression but not premenstrual dysphoric disorder. The clinical predictions derived
from this hypothesis are that 5 HT2 antagonists would be an effective treatment in melan-
cholic depression, have a fast onset of action, speed the onset of SRIs, and can be an effective
augmentation for SRI-refractory patients. In contrast, in atypical depression and premen-
strual dysphoria a 5 HT2 antagonist would counteract the therapeutic effect of an SRI, while
5-HT2 agonists have a therapeutic potential. It is suggested that therapeutic response to 
5-HT2 antagonists/agonists may be used as a diagnostic tool to dissect subgroups of depression.
Psychopharmacology Bulletin. 2006;39(1):147-166.

Key Words: depressive disorder, premenstrual syndrome, serotonin receptors, serotonin antagonist,
serotonin antagonists, treatment outcome, drug effects

GENERAL PSYCHOPHARMACOLOGY

147-166_PB_V39N1_Landen.qxd  9/21/06  5:21 PM  Page 147



PSYCHOPHARMACOLOGY BULLETIN: Vol. 39 · No. 1

SRI THERAPEUTIC ACTIONS

148
Landén and 

Thase

INTRODUCTION

Although serotonin reuptake inhibiting drugs (SRI) have proved to be
effective for several psychiatric conditions, the therapeutic mechanisms
probably differ in different therapeutic outcomes. In this article, it is
posited that the fundamental pathophysiologic process in melancholic
depression is decreased dopaminergic neurotransmission due to hyper-
sensitive inhibitory 5-HT2 heteroreceptors located on dopaminergic neu-
rons. Treatment with most antidepressant drugs downregulate these
receptors, which allow for increased dopaminergic firing and an antide-
pressant effect. Because the downregulation of 5-HT2 receptors coincides
with the emergence of an antidepressant effect, this would explain the
therapeutic time lag. In contrast, it is suggested that women with pre-
menstrual dysphoria have underfunctioning 5-HT2 receptors. Therefore,
the acute increase in synaptic available serotonin following the ingestion
of an SRI provides instant symptom relief. Combined, these hypotheses
explain why the SRI’s therapeutic onset of action differs between depres-
sion and premenstrual dysphoric disorder. They are also consistent with
the notion that SRIs are superior to noradrenergic drugs in the treatment
of depression in menstruating women and premenstrual dysphoric disor-
der, while there is no class difference in the treatment of melancholic
depression. Finally, other antidepressants may influence the dopamine
system via parallel pathways, explaining why drugs with widely different
pharmacodynamic profiles are efficient antidepressants but ineffective in
the treatment of premenstrual dysphoric disorder.

The Serotonin Hypothesis
A potential functional abnormality of monoamine neurotransmitters in

the brain has been implicated in the pathophysiology of major depressive
disorder for decades.1,2 The serotonin (5-hydroxytryptamine, 5-HT) and
the noradrenalin systems have dominated the research literature3,4 despite
the fact that dopamine is the monoamine most closely associated with
motivation, reward, and affect.5-8 This is due to the fact that the 2 most
successful groups of antidepressant drugs target the serotonin reuptake
transporter (the SRIs) and the noradrenalin reuptake transporter (the
noradrenalin reuptake inhibitors: NRIs), with insignificant affinity for the
dopamine transporter.9,10 The mainstream exegesis of available data is that
the serotonergic function is underactivated,11 a view that is denoted “the
serotonin hypothesis of depression,”12 while the noradrenergic function is
believed to be more complexly dysregulated, most likely overactivated.13

Consistent with the serotonin hypothesis, all SRIs increase the net
serotonergic neurotransmission in the brain, and all SRIs are clinically
efficacious antidepressants. There are, however, still some things that
need to be reconciled with the serotonin hypothesis. The first is that
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noradrenergic drugs are as effective in the treatment of depression as
serotonergic drugs. The explanation that treatment with noradrenergic
drugs induces a secondary increase in serotonergic activity is refuted by
the fact that several other psychiatric disorders, in which SRI treatment
is beneficial, do not respond or respond substantially less to noradrener-
gic drugs (ie, premenstrual dysphoria and obsessive compulsive disorder).9

It is therefore more likely that both the serotonergic and the noradrener-
gic systems induce changes in a third common pathway, or that they exert
their antidepressant effects by separate pathways.9

The second phenomenon that the serotonin hypothesis fails to explain
is why it takes 2 to 4 weeks before an antidepressant effect emerges when
SRIs are used to treat major depression.14 Not only is this a theoretic
conundrum, but it is also a clinical scourge because the risk for suicide
and the patient’s suffering persists during this lag time. The time lag may
also be associated with noncompliance because the patient recognizes a
causal connection between drug treatment and side effects but not symp-
tomatic improvement. The most influential theory that has been
advanced to explain the therapeutic lag time, the negative feedback 
theory, postulates that activation of inhibitory 5 HT1A autoreceptors on
serotonergic neurons initially attenuate the serotonergic neuronal output.
After a few weeks, these autoreceptors desensitize, which allows for
increased serotonergic neurotransmission and the emergence of an anti-
depressant effect.15-17 This theory can, however, be questioned, given that
pharmacologic studies have shown that SRIs increase the availability of
serotonin in the synaptic cleft after only the first dose.18,19 Moreover, side
effects presumed to be mediated by central 5-HT effects (eg, headache,
nausea, insomnia, and sexual dysfunction) appear within 1 or 2 days after
initiation of treatment, and SRIs have a fast onset of action when they are
used to treat another presumably serotonergic condition, premenstrual
dysphoric disorder.20-23

The third question marked with regard to the serotonin hypothesis is
the overall efficacy of selective SRIs compared to unselective tricyclic
antidepressants (TCAs)24-26 and venlafaxine (which also inhibits nora-
drenalin uptake at higher doses).27 Thase and colleagues28 pooled data
from 8 randomized controlled trials and found that the remission rate for
selective SRIs was, in fact, only 35% (260/748,) which was intermediate
to 45% (382/851) for venlafaxine and 25% (110/446) for placebo. The
difference in efficacy between selective SRIs and TCAs is particularly
pronounced in the treatment of the melancholic subtype of major depres-
sive disorder,25,29 suggesting that boosting the serotonergic system might
be effective only in moderate depression, or for particular sets of symp-
toms. By contrast, the response rate is often as high as 90% when SRIs
are used to treat premenstrual dysphoria.30
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The empirical evidence linking decreased serotonergic function to
depressed mood are, in fact, not very convincing (for a comprehensive
account, see Maes and Meltzer12). Instead, empirical data consistently
suggest an association between decreased central serotonergic function
and dysphoria, carbohydrate craving, impulsivity, aggression, and violent
suicide attempts. It is also conceivable that the findings that do link low
serotonergic function with depression can be partly explained by comor-
bidity; depressed individuals with antecedent histories of impulsivity,
aggression, and violent suicide attempts are included in the studies. For
example, during the 1970s, it was reported that patients with depression
had decreased cerebrospinal fluid (CSF) concentrations of 5-hydroxyin-
doleacetic acid (5-HIAA), which is the major metabolite of serotonin.31,32

Since then, however, reports have pointed out that major methodologic
issues flawed these studies, and that the differences between depressed
patients and controls are negligible when these confounders are con-
trolled.33 Instead, subsequent studies have convincingly shown that a low
5-HIAA level in CSF is coupled to suicidal behavior, impulsivity, aggres-
sion in violent criminals, and early-onset alcoholism.34-39 Thus, the “low
serotonin syndrome”40 is defined by other behavioral traits, rather than
depressed mood.

DEPRESSION AND DOPAMINE

The dopaminergic system has also been invoked in relation to the
pathophysiology of major depression.7,41 Dopaminergic neurons have
their cell bodies located in the midbrain, specifically in the substantia
nigra and the ventral tegmental area (there are also dopaminergic cell
bodies in the hypothalamus, but their function is beyond the scope of
this paper).42 Figure 1 depicts how the dopaminergic axons project to
striatum (the nigrostriatal system),43 nucleus accumbens (the mesolimbic
system,) and most areas of neocortex but most significantly to prefrontal
cortex (the mesocortical system).18,43 The respective dopamine system’s
functional roles overlap. By and large, however, the nigrostriatal
dopamine system is critical for initiation and control of movements,
short-term memory, and control of affects. These functions correspond
to the difficulties initiating and sustaining behavior, the psychomotor
retardation, the memory deficit, and the disturbed emotional reactions
in melancholic depression. The mesolimbic dopamine system is decisive
for reward (including anticipation of reward) and learning. Deficit in
this system might therefore cause the lack of motivation and diminished
goal-directed behavior, loss of interest, and learning problems exhibited
by depressed patients. Finally, the mesoprefrontal dopamine system is, in
addition to its involvement in motivation and learning, important for
directing attention and prioritizing between stimuli, hence, corresponding
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to the decreased vigilance and sustained attention and the difficulties
with concentration associated with melancholic depression.18,44,45

The importance of the dopamine system for depression is also support-
ed by other lines of evidence.41,46-49 Pharmacologic experiments using 
animal models of depression (the forced swim test and the chronic mild
stress procedure) suggest that dopamine depletion causes depression-like
behavior,50 and that dopamine agonists exert antidepressant effects.47,49,51,52

In humans, dopamine agonists (methylphenidate,53-55 amphetamine,56-58

piribedil,59,60 and bromocriptine61-64) instantly elevate mood, whereas 
treatment with dopamine antagonists is associated with the well-known
side effects of anhedonia and depressed mood.65-69 Furthermore, several
preferential dopamine reuptake inhibitors have been shown to possess
antidepressant actions both in animal models and in humans.70,71 Although
not unequivocal, biochemical studies of the dopamine metabolite
homovanillic acid in CSF suggest a decreased dopamine turnover in
depressed patients.47,72,73 A recent study that used a catheter placed in an

THE SEROTONERGIC SYSTEM (DASHED LINE) INFLUENCES THE DOPAMINERGIC
SYSTEM (BOLD LINE) AT DIFFERENT LEVELS VIA 5-HT2 RECEPTORS, BOTH AT THE
CELL BODY LEVEL IN THE VENTRAL TEGMENTAL AREA AND SUBSTANTIA NIGRA,
AND AT THE NERVE TERMINAL LEVEL IN FRONTAL CORTEX, ACCUMBENS NUCLEUS,
AND STRIATUM.

Landén M, Thase ME. Psychopharmacology Bulletin. Vol. 39. No. 1. 2006.

FIGURE 1
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internal jugular vein to draw blood samples from depressed patients found
low levels of dopamine metabolites, and that the patient’s clinical status
was significantly related to the brain’s turnover of dopamine, but not 
noradrenalin.74 Clinically, the psychomotor retardation in depressive illness
is very similar to some symptoms of Parkinson’s disease,75 tentatively 
suggesting a mesolimbic/nigrostriatal dopaminergic dysfunction.76 In line
with this notion, a recent study using magnetic resonance imaging and
positron emission tomography (PET) found a decreased presynaptic
dopamine function in the left caudate in depressed patients with psy-
chomotor retardation compared to both healthy controls and depressed
patients with impulsivity.77 Finally, patients with Parkinson’s disease are
predisposed to depression,78,79 which has been suggested to be secondary to
decreased activity of dopamine neurons.80,81

Importantly, facilitating the dopaminergic system results in immediate
changes in mood as opposed to manipulation of the serotonin system. It is
therefore tempting to speculate that the therapeutic action of serotonergic
drugs revolves around a functional interaction with the dopamine 
neurotransmitter system.82 Allowing for such an interaction, there are 
neuroanatomic connections between the neurotransmitter systems.18 The
serotonergic input originates from the raphé nuclei and projects to the
dopaminergic cell bodies in the midbrain83,84 as well as to dopaminergic
nerve terminals (see Figure 1).84-87 Biochemical and electrophysiologic
studies have shown that the serotonin system regulates the dopaminergic
neurotransmission by 5-HT2 heteroreceptors.88-93

THE 5-HT2 RECEPTORS

The 5-HT2 receptor class consists of the 5-HT2A, 5-HT2B, and 
5-HT2C receptors. In the human brain, the 5-HT2A receptors are 
predominantly located in neocortical regions,94 whereas the distribution
of 5-HT2C receptors is more widespread (as studied in the rat and mon-
key), including the choroid plexus, neocortex, striatum, and midbrain.84,95

There is limited presence of the 5-HT2B in the brain.96

The role of the 5-HT2 receptor subtypes in the modulation of dopamin-
ergic neurotransmission is complex, and differs depending upon which
level and which location the receptor operates.97 By and large, the 5 HT2A
receptors are assumed to be inactive under normal conditions and modu-
late the dopamine outflow only under facilitated conditions. By contrast,
5 HT2C receptors exert a tonic inhibitory influence on both basal and
stimulated dopamine release. Notably, however, most 5 HT2 ligands do
not discriminate between the subtypes of the class, which means that the
respective pharmacologic profile is not always distinguishable.96 The term
“5-HT2 receptor” is therefore used when data do not allow for discrimi-
nating between the 5-HT2A and the 5-HT2C receptor subtypes.
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Hypersensitive 5-HT2 Receptors
Hypersensitive 5-HT2 postsynaptic receptors have repeatedly been 

suggested to be of importance in the pathophysiology of depression.98-100

Several studies have found increased density of 5-HT2 binding sites in the
prefrontal and frontal cortex in postmortem studies of suicide victims.101-106

Not all groups, however, have replicated these findings,107-110 and studies that
have assessed brain 5-HT2 receptor density in living depressed patients
have shown divergent results. One single-photon emission tomography
scan study reported an increased density,111 whereas 3 studies employing
PET failed to find increased 5-HT2 receptor binding.112-114 It has been cau-
tioned, however, that the finding of studies of receptor density may differ
depending upon the hemisphere and brain area investigated.115

Antidepressants Downregulate 5-HT2 Receptors
The 5-HT2 receptors are G-coupled. This means that activation of

these receptors, along with inducing secondary biochemical cascades
leading to various cellular effects, also regulates the responsiveness of the
receptor itself. Typically, G-coupled receptors are upregulated by pro-
longed exposure to antagonists and downregulated by agonists.
Curiously, though, the 5-HT2A and 5-HT2C receptors can also be par-
adoxically downregulated by antagonists,96,116 which occurs, for example,
with the atypical antipsychotic drug clozapine.86

Chronic treatment with TCAs, monoaminoxidase inhibitors
(MAOIs), mianserin, and most but not all selective SRIs, results in a
downregulation of the 5-HT2.16,117 This downregulation coincides with
the emergence of the antidepressant effect; Goodnough and Baker118

noted, for example, that the 5-HT2 receptor was downregulated after 10
and 28 days administration of an MAOI, but not after 4 days. This phe-
nomenon has also been demonstrated in depressed patients using PET.
Long-term treatment with the SRI clomipramine,114 and the NRI
desipramine,117 downregulated the 5-HT2 receptors in cortical regions,
whereas a single dose of paroxetine did not.119

SRIs and Dopamine Levels
The downregulation of the 5-HT2 receptors could be disregarded as 1

of many collateral phenomena occurring following chronic treatment
with antidepressant drugs irrelevant for the therapeutic effect, were it not
for the knowledge that 5-HT2 receptors modulate the dopamine neuro-
transmission. Indeed, although both SRIs and NRIs display selectivity in
vitro, they influence the level of extracellular dopamine in the prefrontal
cortex when administered chronically.82,120-123 Moreover, pharmacologic
studies suggests that the dopamine system is decisive for the therapeutic
effect of both SRIs and NRIs.52,122,124
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Downregulation of the 5-HT2 receptors is not the only conceivable
mechanisms by which monoamine uptake inhibitors can increase levels of
extracellular dopamine. Stahl125 recently highlighted that the noradrena-
lin transporters contribute significantly to the inactivation of dopamine in
the frontal cortex because dopamine transporters are scarce in this region.
Consequently, NRIs increase both noradrenalin and dopamine levels.
This occurs, however, only in brain areas that are devoid of dopamine
transporters, and it does not explain an increase in dopamine levels 
following the administration an SRI.

THE OPPOSITE STORY

SRIs have proven to be useful in psychiatric disorders other than
depression, but this does not implicate the same mechanism of action in
all therapeutic outcomes. Although secondary effects on the dopamine
system might be important when SRIs are used to treat melancholic
depression, the immediate increase of available serotonin in the synapses
after intake of an SRI might be key when treating other conditions (eg,
premenstrual dysphoria and atypical depressive symptoms in women.)

Atypical Symptoms
There are significant sex differences with respect to depression.126 Not

only is depression almost twice as common in women compared to men,127

but the clinical presentation, and probably the response to treatment,
differ as well. Women have more atypical, that is, increased sleep, carbo-
hydrate craving and weight gain, mood reactivity, and affect lability.126,128-130

The predominance of atypical symptoms in women disappears after
menopause, which suggests that sex hormones influence the manifestation
of depression.131,132 However, serotonergic receptor modulation might also
play a role for at least 2 atypical symptoms, hyperphagia and hypersomnia,
because the 5-HT2C receptor is known to control appetite and sleep.133-135

It is therefore interesting that there are studies suggesting a link between
the female sex steroids and the 5-HT2 receptors. First, the expression of
5-HT2C receptor mRNA have been shown to be modulated by female sex
steroids in pigtail macaques and rats.136,137 Second, a recent rat study
demonstrated that female sex steroid progesterone induced symptoms
reminiscent of atypical depressive symptoms (hyperphagia, depression,
and algesia), symptoms that could be reversed with the selective SRI 
fluoxetine or the 5-HT2 agonist quipazine.138 This means that alteration in
5-HT2 receptor function in response to sex steroids may underlie the
emergence and evanescence of atypical symptoms.

This link between sex steroids and the serotonergic system may also
shed light on the pathophysiology of premenstrual dysphoria. The symp-
toms in premenstrual dysphoria bear a strong resemblance to atypical
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depressive symptoms (irritability, depressed mood, increased appetite and
weight gain, sleep disturbances, and affect lability139), but occur only in the
luteal phase of the menstrual cycle when the blood levels of the female sex
hormones estrogen and progesterone peak. Although premenstrual dys-
phoria has been shown to be caused by an abnormal response of normal
fluctuations of female sex hormones,140 the serotonergic system clearly
also plays a role because the best treatment for premenstrual dysphoria is
SRIs.30 Interestingly, there is no therapeutic lag time when SRIs are used
to treat premenstrual dysphoria.21-23,141-143 The therapeutic mechanism of
action is therefore assumed to be coupled to the acute serotonergic effects
of SRIs rather than the secondary effects of chronic treatment. In support
of this notion, the 5 HT2A/C and 5-HT3 receptor agonist m-CPP144 and
the 5-HT2B/C receptor agonist fenfluramine145 improve symptoms of pre-
menstrual dysphoria but not depression.146-148 Intriguingly, there are data
to suggest that blocking the 5-HT2 receptors, which is advantageous in
depression, might counteract the therapeutic effect of SRIs in premen-
strual dysphoria: Nefazodone, an effective antidepressant drug that is
both a weak SRI and a 5-HT2-antagonist, was no more effective than
placebo to treat premenstrual dysphoria.149 Furthermore, Roca and 
colleagues150 recently showed that women with premenstrual dysphoric
disorder (PMDD), who had been successfully treated with fluoxetine,
experienced a return of their symptoms after receiving the 5-HT2 antag-
onist metergoline150 (Metergoline is, however, an unselective serotonin
antagonist with effect also on 5-HT1 receptors).

Another sex difference might be response to antidepressant treatment.
A post hoc analysis of a clinical trial reported that women respond 
better to selective SRIs than to the TCA imipramine, while the opposite
was true for men.151 Similar to the transformation from atypical to
melancholic symptoms in postmenopausal women, women’s relatively
higher response to selective SRIs seem to disappear after menopause,
while the response to noradrenergic drugs remain unaltered.126 Although
these notions should be regarded as preliminary until replicated, they
could, in fact, also involve 5-HT2 receptor dynamic. Sex hormones have
namely been found to be a sine qua non for the downregulation of 
5-HT2 receptors, but not beta-adrenergic receptors, following treatment
with monoamine reuptake inhibitors.152 This means that antidepressants
that rely on downregulation of 5-HT2 receptors for therapeutic effects
theoretically could be less effective in postmenopausal women who have
less circulating sex steroids.

THE 5-HT2 HYPOTHESES

The evidence accounted for so far allows for 2 complementary hypothe-
ses with respect to the SRI mechanism of action: 1 for melancholic
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depression, and 1 for premenstrual dysphoria and atypical depressive
symptoms in women.

SRIs Mechanism of Action in Melancholic Depression
In melancholic depression, it is presumed the cardinal symptoms are

caused by an impaired dopaminergic neurotransmission, which, in part,
is caused by hypersensitive 5 HT2 heteroreceptors that inhibit dopamine
release. The effect of SRIs on melancholic depression are not the imme-
diate result of increased serotonergic neurotransmission, but secondary
to the downregulation of 5-HT2 receptors, which in turn, leads to
increased dopaminergic firing and ultimately the antidepressant effect.
This hypothesis gives rise to some falsifiable predictions:

A 5-HT2 Antagonist Would Be Effective Against Major
Depressive Disorder. Rat studies have shown that 5-HT2 blocking
agents have antidepressant-like effects.153,154 In humans, several 5-HT2
antagonists have been shown to have antidepressant effects155-157 as well
as beneficial effects on mood and negative symptoms of schizophrenia.158

Recently, a selective 5-HT2C antagonist was shown to be an effective
antidepressant drug in humans.159

A 5-HT2 Antagonist Would Have a Shorter Onset of Action Than
Monoamine Reuptake Inhibiting Drugs When Used to Treat
Depression. Although this prediction remains to be tested, there are
some post hoc analyses of data suggesting that the 5-HT2 receptor
antagonists mirtazapine160,161 and ritanserin55,156 might have a shorter
onset of action than monoamine inhibitors. Similarly, when the nonspe-
cific but preferably 5-HT2 antagonist, metergoline, was given to patients
with seasonal affective disorder, an antidepressant effect was apparent as
soon as the first day after administration.162

Adding a 5-HT2 Antagonist to an SRI Could Be Beneficial for
Patients with Refractory Depression. Adding a 5-HT2 antagonist
might be especially beneficial when using the SRIs fluoxetine and 
paroxetine, which apparently do not downregulate the 5-HT2A recep-
tor.116 Indeed, it was recently shown that combining fluoxetine with the
5-HT2A antagonist and dopamine D2 receptor antagonist olanzapine
(known to induce an increase in extracellular dopamine and noradrena-
lin levels in the prefrontal cortex163) was superior to either compound
alone in the treatment of resistant depression.164

Adding a Dopaminergic Agent to an SRI Could be Beneficial for
Patients with Refractory Depression. This prediction gains support
from several case studies,165-168 but no controlled study has explored 
this possibility.

Adding a 5-HT2 Antagonist Early in the Treatment with SRIs Would
Speed the Antidepressant Response. This prediction has yet to be tested.
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SRIs Mechanism of Action in Premenstrual Dysphoria and Atypical
Depressive Symptoms in Women

It is proposed that, in menstruating women, the 2 most important atyp-
ical depressive symptoms (hypersomnia and food craving) are due to a
decreased function of 5-HT2C receptors, resulting from an inhibiting
effect of female sex hormones. During the premenstrual (luteal) phase of
the menstrual cycle, the surge in female sex steroids further adds to the
impaired 5-HT2C receptor functioning and causes the so-called premen-
strual exacerbation (which is affective symptoms added to the preexisting
psychiatric disorder, not a worsening of the primary disorder).169-171

Indeed, even healthy women frequently experiences symptoms indicative
of a decline in 5-HT2C receptor function (eg, carbohydrate craving,
fatigue/hypersomnia) in the days prior to the onset of menstruation.172

For a minority, these premenstrual symptoms are severe enough to war-
rant the diagnosis of PMDD. After menopause, the decline in ovarian
steroids leads to increased expression of 5-HT2C receptors that decreases
the risk for the atypical symptoms. The predictions derived from this
hypothesis are as follows:

A 5-HT2C Agonist Would Be Effective Against Atypical
Depression and Premenstrual Dysphoric Disorder. When specific 
5-HT2 agonists become available for use in humans, studies should
explore their efficacy in atypical depression and premenstrual dysphoria.

A 5-HT2C Antagonist Would Counteract the Effect of Sris in
Atypical Depression and Premenstrual Dysphoric Disorder. Roca
and colleagues150 recently showed that metergoline counteracted the
therapeutic effect of fluoxetine in PMDD. Although metergoline is a
predominantly 5-HT2A/C receptor antagonist, it is unselective, and
affects other serotonin receptors as well. Further studies using more 
specific receptor antagonists should therefore repeat this experiment in
both premenstrual dysphoria and atypical depression.

Because SRIs Instantly Increase the Amount of Serotonin
Available in the Synapse, They Should Provide Immediate Relief for
Premenstrual Dysphoria and Atypical Symptoms. Numerous studies
have demonstrated a short onset of action when SRIs are used to treat
premenstrual dysphoria,21-23,141-143 but it has yet to be investigated with
precision how soon there is an improvement. It also remains to be eluci-
dated whether atypical symptoms in general are instantly relieved or if
longer periods of treatment are necessary.

DISCUSSION

The therapeutic lag time when SRIs are used to treat depression
makes it conceivable that secondary changes are decisive for the 
antidepressant effect. Herein, it has been argued that a key secondary
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effect might be the downregulation of hypersensitive 5-HT2 receptors,
which remove the inhibition on the dopaminergic neurotransmission
and leads to the antidepressant effect. As to why patients with depres-
sion have hypersensitive 5-HT2 receptors in the first place, rats reared
in isolation have been shown to increase their 5-HT2C responsive-
ness.173 Stress may also influence 5-HT2 receptor sensitivity. Studies
have shown that repeated high doses of corticosterone increase the 
5-HT2a and decrease the 5-HT2C receptor sensitivity.174,175 Prolonged
serotonin deficiency is a third possibility. Animal studies have shown
that depleting 5-HT upregulates the 5-HT2 receptors in the cor-
tex,176,177 and in humans tryptophan depletion in drug-free depressed
patients induces a compensatory upregulation of postsynaptic 
5-HT2A/2C receptors.178

Regarding genetic factors, several polymorphisms have been identified
on the 5-HT2C receptor gene. A large sample from 9 European countries
examined the cys23ser polymorphism and found significantly more car-
riers of the serine allele in major depression (n = 513) and bipolar disor-
der (n = 649) compared to controls (n = 901).179 The same polymorphism
was recently studied in relation to depression in Alzheimer’s disease and,
in line with the previous findings, carriers of the serine allele were found
to be 12 times more likely to have depressive disorder than cystein allele
carriers.180 The 5-HT2A receptor gene also have polymorphisms, 1 of
which is believed to be important for clozapine response in schizophre-
nia.181 However, with respect to suicide,182,183 seasonal affective disorder,184

mood disorder in general,183 and bipolar disorder,185-192 there are only neg-
ative studies. The only exception is a study of 67 patients with seasonal
affective disorder who differed significantly from controls regarding a 
5-HT2A promoter polymorphism.193

A weakness of the proposed hypothesis is that there are 2 important
exceptions to the rule of downregulated 5-HT2 receptors following
chronic treatment with SRIs: fluoxetine and paroxetine.116 These drugs
do not seem to be less effective than the other SRIs. Notably though,
fluoxetine has been shown to facilitate the dopaminergic system by other
mechanisms, which could help to explain its efficacy.120,194-196 Along with
its serotonergic activity, paroxetine exerts some NRI-like activity,197,198

which may contribute to the increased dopamine levels found in the 
prefrontal cortex of rats following paroxetine administration.125,199

It should also be considered that the downregulation of 5-HT2 recep-
tors following antidepressant treatment might have other consequences
along with increased dopamine neurotransmission. Chronic treatment
with SRIs lead to increased expression of brain-derived neurotrophic
factor (BDNF) mRNA in the hippocampus,200 and this effect has been
suggested to be mediated by 5-HT2 receptors.201,202 BDNF influences
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neuronal survival, differentiation, function, and synaptic strength in the
hippocampus and brain cortex.201

5-HT2 Antagonists as a Pharmacologic Scalpel 
To improve treatment of depression it is key to identify subgroups

under the wide umbrella of major depression that respond particularly
well to some drugs and less well to other. If the prediction that 5-HT2
antagonists exert different effects in different conditions proves valid, it
would be possible to use 5-HT2 antagonists to pharmacologically dissect
subgroups of depressed patients. Tentatively, patients with atypical
symptoms would respond well to the SRI alone, but adding a 5-HT2
antagonist would abolish the therapeutic effect. Conversely, patients
with melancholic features (corresponding to endogenous depression)
would respond less to an SRI alone but benefit from adding a 5-HT2
antagonist. !
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