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Mechanism of Action of
Antidepressants
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ABSTRACT ~

A wide range of effective drugs is available for the treatment of major depression. The discovery of these agents has not always been the result of rational drug design.
Tricyclic antidepressants formed the mainstay of treatment until the 1990s, and selective
serotonin reuptake inhibitors (SSRIs) have dominated treatment over the last decade.
However, the poor tolerability associated with tricyclic antidepressants and concerns about
the efficacy of SSRIs has led to the search for alternative agents. Attention has focused on
those drugs that affect norepinephrine and/or serotonin systems, with the recent introduction of a number of agents, including venlafaxine, milnacipran, nefazodone, mirtazapine,
and reboxetine. Venlafaxine, which is the first in a new class of drugs known as serotonin
and norepinephrine reuptake inhibitors, may be associated with an earlier onset of action
and higher remission rates than SSRIs. It is hoped that the development of drugs with multiple sites of action will translate into improved clinical efficacy in the treatment of depression. Psychopharmacology Bulletin. 2002;36(Suppl 2):123-132

Introduction
Most of our understanding about the pathophysiology of depression has resulted from the elucidation of the mechanism of action of antidepressant drugs.
However, the discovery of these agents has largely been serendipitous and the
exact etiology of depression remains elusive. The first agents to be introduced in
the 1950s included tricyclic antidepressants (TCAs) and monoamine oxidase
inhibitors (MAOIs [Figure 1]). The antidepressant efficacy of TCAs, which
formed the cornerstone of treatment until the 1990s, is based on their ability to
modulate norepinephrine and serotonin (5-HT) synaptic transmission to differing extents.1,2 In particular, clomipramine, which inhibits the reuptake of 5-HT
directly and norepinephrine through its demethylated metabolite, has proven
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more effective than selective serotonin reuptake inhibitors (SSRIs) in
severe depression.3,4 However, while these nonselective agents are effective
antidepressants, their usefulness has been limited by the anticholinergic
and cardiovascular adverse events associated with them. MAOIs are associated with the potential for hypertension and hazardous food and drug
interactions, and, consequently, are not widely used.5 The poor tolerability
and risk profile associated with these antidepressants has led to the search
for more selective agents.
Although much of the interest in the early development of antidepressant drugs was on the norepinephrine system, by the 1980s, attention
focused on the importance of the serotonergic system in the pathophysiology and treatment of depression. This led to the introduction in the
1980s of SSRIs, which have dominated the treatment of depression for the
past 10 years. Since SSRIs demonstrate little or no affinity for α-adrenoceptors, muscarinic cholinergic, or histamine receptors, they are largely
devoid of the adverse effects typically associated with TCAs.6 However,
the ability of several agents in this class to inhibit the cytochrome P450
2D6 enzyme increases the potential for drug-drug interactions.7 Although
SSRIs have been widely used for the treatment of affective disorders, they
are associated with a relatively slow onset of action,8 and concerns remain
about their clinical efficacy in severe depression.3,4,9,10
The search has continued for newer agents with the hope of finding
drugs with higher efficacy and a more rapid onset of action. Compelling
evidence to support the involvement of both norepinephrine and 5-HT
FIGURE 1

THE EVOLUTION OF ANTIDEPRESSANTS OVER THE LAST 50 YEARS
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in the etiology of depression11,12 has led to the recent introduction of a
range of antidepressants including venlafaxine, nefazodone, mirtazapine, and reboxetine.13 Venlafaxine is the first in a new class of drugs
known as serotonin-norepinephrine reuptake inhibitors (SNRIs).
Nefazodone is a potent 5-HT2 receptor antagonist, but also inhibits
5-HT and norepinephrine reuptake to a limited extent. Mirtazapine
enhances noradrenergic and serotonergic transmission by blocking
presynaptic α2-adrenoceptors, as well as 5-HT2 and 5-HT3 receptors,
and reboxetine is an selective norepinephrine reuptake inhibitor.
This article outlines the main modes of action of antidepressants. It
focuses particularly on SSRIs and SNRIs, their effects on the 5-HT and
norepinephrine reuptake systems, and how inhibition of transmitter
uptake can impact their onset of action and antidepressant efficacy.
Mode of Action of Antidepressants
The evolution of antidepressants, such as SSRIs and SNRIs, and our
understanding of their mechanisms of action have helped to establish
the notion that 5-HT and norepinephrine play a significant role in the
pathophysiology of depression.14 Indeed, patients with severe
depression appear to benefit from agents that modulate the
transmission of both neurotransmitters.3,4,10
Although 5-HT and norepinephrine have independent actions, they
should not be considered in isolation, as the two systems are in fact intimately connected in the central nervous system.15 Noradrenergic projections arising from the locus coeruleus are linked with serotonergic
projections from the dorsal and median raphe nuclei in the brainstem,
and activate the same intracellular signaling pathways (Nemeroff, pages
6-23).16 On the other hand, both systems project to virtually all forebrain areas in parallel and share intracellular effector systems in their
postsynaptic targets.
A single, simple mechanism of action for all antidepressants has not
been identified, and is unlikely given the complex and heterogeneous
nature of the disorder.17 At present, three main routes are employed in
order to restore monoamine balance: reuptake inhibition, receptor blockade, and inhibition of enzymes that degrade monoamines, particularly
monoamine oxidase (Figure 2).2 The effect of each of these mechanisms
of action is to increase the concentration of the monoamines 5-HT and
norepinephrine at their postsynaptic receptors. Since little is known about
the actual receptor subtypes or intracellular effector systems (eg, second
and third messengers, transcription factors) involved in the relief of
depression, most treatments rely on presynaptic modulation of the activity of monoamine (5-HT, norepinephrine) neurotransmitter systems.
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Reuptake Inhibition
The mode of action of the majority of antidepressants involves inhibiting the transporters responsible for the uptake of monoamines, namely
reuptake inhibition. When an action potential arrives at the nerve ending,
it results in the release of a neurotransmitter into the synaptic cleft, where
it binds to its pre- and postsynaptic receptors. In the normal state, the
excess neurotransmitter (the available transmitter that is not bound to a
postsynaptic receptor) is actively transported back into the nerve terminal
after binding to a large 12-transmembrane domain protein, where it is
stored in vesicles for release during subsequent nerve impulses. This mechanism terminates the action of the monoamine in the synapse.
Acute inhibition of the transporter that pumps the neurotransmitter
back into the nerve terminal can significantly enhance neurotransmission.2
This approach to increasing the effectiveness of a transmitter is thought to
be the mechanism of action of the vast majority of antidepressants that are
currently available. However, this simplistic model of enhancing transmitter function is not without its conceptual limitations. Chronic/long-term
administration of drugs may result in compensatory mechanisms that
FIGURE 2

THE THREE MAIN MODES OF ACTION OF ANTIDEPRESSANTS
Uptake blockers and MAO inhibitors act by interfering with the main mechanism of
inactivation of amine neurotransmitter, reuptake, and enzymatic degradation.
Autoreceptor antagonists prevent self-inhibitory effects on nerve terminals of 5-HT
or norepinephrine neurons. Postsynaptic receptor antagonists block the actions of
neurotransmitters at selective receptors, thus changing the balance between
excitatory and inhibitory inputs onto postsynaptic cells.
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MAO=monoamine oxidase.
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modulate their efficacy. Blockade of neurotransmitter uptake may lead to
homeostatic compensatory changes in sensitivity (desensitization) and/or
density (receptor downregulation) of postsynaptic receptors, resulting from
an increase in synaptic concentration of transmitters. Chronic inhibition of
5-HT reuptake may lead to the downregulation of postsynaptic receptors,
resulting from continual high concentrations of 5-HT at the receptor.17
Although not well understood, the downregulation of postsynaptic receptors could contribute to the loss of therapeutic effect (tachyphylaxis)
observed with some antidepressants.18
Autoreceptor Blockade
In addition to the postsynaptic effects, neurotransmitters also bind to
presynaptic receptors that inhibit their own release, thereby limiting
synaptic levels. For 5-HT, the presynaptic (somatodendritic) 5-HT1A
autoreceptor inhibits 5-HT release by reducing the rate of neuronal firing.19,20 However, chronic exposure to increased levels of 5-HT eventually produces desensitization of the 5-HT1A autoreceptor, resulting in a
subsequent enhancement of 5-HT release from serotonergic terminals.21,22 The delay in onset of action ascribed to SSRIs is thought to be
associated, in part, with the compensatory activation of 5-HT1A autoreceptors in the raphe nuclei and time taken for receptor downregulation
to take place. Moreover, presynaptic 5-HT1B/D receptors that are present
in nerve terminals also contribute to the self-regulation of serotonergic
activity. Chronic treatment with some antidepressant drugs has also been
reported to cause downregulation of 5-HT1B/D receptors.22
The α2-adrenoceptor is the autoreceptor that modulates the release of
norepinephrine from noradrenergic nerve endings.2 Similar to the relationship between the 5-HT1A autoreceptor and 5-HT, stimulation of the
α2-adrenoceptor inhibits further release of norepinephrine. Chronic drug
treatment produces a gradual attenuation of this feedback inhibitory
mechanism, possibly as a result of desensitization of the α2-autoreceptor.23,24 Furthermore, recent studies have demonstrated the downregulation of nerve terminal α2-autoreceptors.25 Likewise, reboxetine elicites a
functional desensitization of α2-autoreceptors.26 However, since not all
antidepressants cause functional desensitization of the somatodendritic
α2-autoreceptor, it is difficult to assign a significance of this phenomenon
to antidepressant efficacy.27
Other central adrenoceptors may also be altered in response to chronic antidepressant therapy. For example, downregulation of central
β-adrenoceptors and upregulation of central α-adrenoceptors has been
observed.28 Moreover, regardless of the long-term adaptive changes in
central adrenoreceptors, the clinical studies of catecholamine depletion
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suggest that changes in the availability of central catecholamine levels
can significantly influence the efficacy of antidepressants.29
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Postsynaptic Receptor Blockade
An alternative mechanism of action of some antidepressants is the
blockade of postsynaptic receptors. Nefazodone is a potent and relatively selective antagonist of postsynaptic 5-HT2A receptors.17 It also
has moderate activity in inhibiting the reuptake of both 5-HT and norepinephrine (although inhibition of norepinephrine reuptake is thought
not to contribute to its clinical efficacy). Blockade of 5-HT2A receptors
increase 5-HT1A receptor function.30 As observed with reuptake
inhibitors, chronic treatment with nefazodone downregulates cortical
5-HT2A receptors and β1-adrenoceptors—an action that is thought to
increase the activation of post-synaptic 5-HT1A receptors.17
The α2-adrenoceptors antagonist and 5-HT heteroreceptor blocking
agent, mirtazapine, enhances the transmission of both 5-HT and norepinephrine, resulting in the tonic activation of postsynaptic 5-HT
receptors.31- 33
Monoamine Oxidase Inhibition
5-HT and norepinephrine are metabolized by mitochondrial
monoamine oxidase A. Drugs that inhibit the metabolism of MAOIs produce an elevation in the extracellular (synaptic) concentrations of
monoamines, such as 5-HT, norepinephrine, and dopamine, which
accounts for their antidepressant activity. Following the initial increase in
extracellular monoamines, adaptive mechanisms similar to those reported
for SSRIs occur, such as the desensitization and/or downregulation of a
variety of monoamine receptors.22,28
Effects of Serotonin and Norepinephrine Reuptake
At clinically relevant doses, SSRIs increase extracellular concentrations
of 5-HT in the midbrain raphé nuclei.34 However, activation of the
5-HT1A autoreceptors triggers the negative-feedback loop limiting the
increase in synaptic 5-HT,34 which results in a reduced release of 5-HT
by nerve terminals in the forebrain. This rapid adaptive mechanism is
thought to cause a delay in the onset of clinical efficacy (Figure 3), severely limiting the SSRI-induced increase in 5-HT levels. As a result, large
doses of SSRIs cause small increases of extracellular
5-HT in various areas of the forebrain.35,36 For instance, preclinical studies have shown that the systematic administration of paroxetine and fluoxetine (3–10 mg/kg) results in limited increases (two- to threefold) of
central 5-HT.35-37 Blockade of 5-HT1A autoreceptors with selective
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antagonists has been shown to markedly enhance the effects of SSRIs by
preventing the negative feedback inhibition of 5-HT.35 Thus, it may be
possible to enhance the efficacy of SSRIs and reduce the delay in onset of
action by coadministration of an agent such as pindolol or potential new
and more selective antagonists that block 5-HT1A autoreceptors. Results
from clinical studies have demonstrated a reduction in the time to onset
of antidepressant activity and rapid improvement in some treatmentresistant patients.37
Venlafaxine blocks the reuptake of 5-HT and norepinephrine, and may
be associated with a shorter response time compared with SSRIs.38 It is
thought that venlafaxine’s ability to inhibit the reuptake of both 5-HT
and norepinephrine provides a possible explanation for this effect. With
respect to blockade of 5-HT reuptake, venlafaxine behaves like an SSRI
FIGURE 3

SCHEMATIC REPRESENTATION OF THE ADAPTIVE CHANGES THAT OCCUR IN
RESPONSE TO ANTIDEPRESSANT TREATMENT: AUGMENTATION OF SSRI
ANTIDEPRESSANT RESPONSE WITH A 5-HT1A RECEPTOR BLOCKER
Following treatment with an SSRI alone, the firing rate of the raphe 5-HT neurons
is reduced. This impairs the release of 5-HT by nerve terminals and little or no
increase in the extracellular 5-HT concentration occurs in the forebrain. In the
presence of a 5-HT1A autoreceptor blocker, the SSRI causes a less marked inhibition
of cell firing and extracellular 5-HT levels increase as a consequence of reuptake
blockade. The more rapid increase in 5-HT levels leads to a parallel, more rapid
improvement of the clinical symptoms.
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and potently inhibits dorsal raphe firing through activation of 5-HT1A
receptors.39 Consequently, a blunted increase in extracellular 5-HT levels
takes place, unless venlafaxine is administered in combination with the
5-HT1A receptor antagonist WAY100635. In this case, a clear dosedependent increase in 5-HT occurs.39 In contrast to its limited effect on
5-HT concentrations when given alone, venlafaxine produces a dosedependent increase in the concentration of norepinephrine and no further
increase in norepinephrine levels has been observed in the presence of
WAY100635.39
Clinical data suggest that the response to drug treatment with venlafaxine exhibits a positive dose-response relationship40; this is in contrast
to the response observed with increasing doses of SSRIs. As a result of
this, venlafaxine can offer greater flexibility in dosing, since increasing the
dose may further improve the outcome of depressive illness.40 Similarly,
preliminary findings from an open study suggest that the treatment of
major depression with a combination of desipramine and fluoxetine
resulted in a greater proportion of patients achieving complete symptom
resolution within 4 weeks, compared with patients receiving desipramine
alone.41 Moreover, clomipramine (acting on both 5-HT and norepinephrine systems) exhibits an efficacy superior to SSRIs in severe depression.3,4
This provides further support for the benefit of inhibiting both the norepinephrine and 5-HT systems.41
Conclusion
As our understanding of the pathophysiology of depression evolves, so
does the range of antidepressant medications. Depression is a complex disorder and it is therefore unlikely that a single mechanism of action will be
identified. However, the recent introduction of agents with multiple sites
of action may translate into improvements in clinical outcome.
Understanding the importance of the transmitters involved in the etiology
of affective disorders and their interactions with other central transmitters
and hormones will enable us to identify and develop the next generation of
antidepressants. ✤
Acknowledgment
This work was supported by an educational grant from Wyeth.
References
1. Richelson E, Pfenning M. Blockade by antidepressants and related compounds of biogenic amine
uptake into rat brain synaptosomes: most antidepressants selectively block norepinephrine uptake.
Eur J Pharmacol. 1984;104:277-286.
2. Richelson E. Review of antidepressants in the treatment of mood disorders. In: Dunner, ed. Current
Psychiatric Therapy II. King of Prussia, PA: Rittenhaus Book Distributors Inc.; 1997:286-295.
3. Danish University Antidepressant Group (DUAG). Citalopram: clinical effect profile in comparison
with clomipramine. A controlled multicenter study. Psychopharmacol. 1986;90:131-138.

P SYCHOPHARMACOLOGY B ULLETIN : Summer 2002 — Vol. 36 · Suppl. 2

123-132_PBSumSuppl_Artigas

10/1/02

4:21 PM

Page 131

MECHANISM OF ACTION OF ANTIDEPRESSANTS
4. Danish University Antidepressant Group (DUAG). Paroxetine: a selective serotonin reuptake inhibitor
showing better tolerance, but weaker antidepressant effect than clomipramine in a controlled multicenter
study. J Affect Disord. 1990;18:289-299.
5. Feighner JP. Mechanism of action of antidepressant medications. J Clin Psychiatry. 1999a;60(suppl
4):4–11. Discussion, no. 12-3.
6. Peretti S, Judge R, Hindmarch I. Safety and tolerability considerations: tricyclic antidepressants vs selective serotonin reuptake inhibitors. Acta Psychiatry Scandl. 2000;403(suppl):17-25.
7. Ereshefsky L. Drug-drug interactions involving antidepressants: focus on venlafaxine. J Clin
Psychopharmacol. 1996;16(suppl 2):37S-50S.
8. Feighner JP. Overview of antidepressants currently used to treat anxiety disorders. J Clin Psychiatry.
1999b;60(suppl 22):18-22.
9. Kasper S. Efficacy of antidepressants in the treatment of severe depression: the place of mirtazapine.
J Clin Psychopharmacol. 1997;17(suppl 1):19S-28S.
10. Hirschfeld RM. Efficacy of SSRIs and newer antidepressants in severe depression: comparison with
TCAs. J Clin Psychiatry. 1999;60:326-335.
11. Delgado PL, Moreno FA. Role of norepinephrine in depression. J Clin Psychiatry. 2000;61:(suppl 1):5-12.
12. Svensson TH. Brain noradrenaline and the mechanisms of action of antidepressant drugs. Acta Psychiatr
Scand. 2000;402(suppl):18-27.
13. Kent JM. SNaRIs, NaSSAs, and NaRIs: new agents for the treatment of depression. Lancet.
2000;355:911-918.
14. Delgado PL. Depression: the case for a monoamine deficiency. J Clin Psychiatry. 2000;61(suppl 6):7-11.
15. Gorman JM, Sullivan G. Noradrenergic approaches to antidepressant therapy. J Clin Psychiatry.
2000;61(suppl 1):13-16.
16. Duman RS, Malberg J, Thome J. Neural plasticity to stress and antidepressant treatment. Biol Psychiatry.
1999;46:1181-1191.
17. Norman TR. The new antidepressants – mechanisms of action. Aust Prescr.1999;22:106-108.
18. Byrne S, Rothschild AJ. Psychiatrists’ response to failure of maintenance therapy with antidepressants.
Psychiatr Serv. 1997;48:835-837.
19. Sprouse JS, Aghajanian GK. Electrophysiological reponses of serotoninergic dorsal raphe neurons to
5-HT1A and 5-HT1B agonists. Synapse. 1987;1:3-9.
20. Hutson PH, Sarna GS, O’Connell MT, Curzon G. Hippocampal 5-HT synthesis and release in vivo is
decreased by infusion of 8-OH-DPAT into the nucleus raphé dorsalis. Neurosci Lett. 1989;100:276-280.
21. Bel N, Artigas F. Chronic treatment with fluvoxamine increases extracellular serotonin in frontal cortex
but not in raphé nuclei. Synapse. 1993;15:243-245.
22. Blier S, de Montigny C. Current advances and trends in the treatment of depression. Trends Pharmacol
Sci. 1994;15:220-226.
23. Svensson TH, Usdin T. Feedback inhibition of brain noradrenaline neurons by tricyclic antidepressants:
alpha-receptor mediation. Science. 1978;202:1089-1091.
24. Svensson TH, Usdin T. Alpha-adrenoceptor mediated inhibition of brain noradrenergic neurons after
acute and chronic treatment with tricyclic antidepressants. In: Usdin E, Kopin IJ, Barcha J, eds.
Catecholamines: Basic and Clinical Frontiers. New York, NY: Pergamon press; 1979:672-674.
25. Lacroix D, Blier P, Curet O, de Montigny C. Effects of long-term desipramine administration on noradrenergic neurotransmission: electrophysiological studies in the rat brain. J Pharmacol Exp Ther. 1991;257:1081-1090.
26. Invernizzi RW, Parini S, Sacchetti G, et al. Chronic treatment with reboxetine by osmotic pump
facilitates its effect on extracellular noradrenaline and may desensitize alpha(2)-autoreceptors in the
prefrontal cortex. Br J Pharmacol. 2001;132:183-188.
27. Scuvée-Moreau JJ, Svensson TH. Sensitivity in vivo of central alpha 2- and opiate receptors after
chronic treatment with various antidepressants. J Neural Transm. 1982;54:51-63.
28. Baker GB, Greenshaw AJ. Effects of long-term administration of antidepressants and neuroleptics on
receptors in the central nervous system. Cell Mol Neurobiol. 1989;9:1-44.
29. Delgado PL, Miller HL, Salomon RM et al. Monoamines and the mechanism of antidepressant action:
effects of catecholamine depletion on mood of patients treated with antidepressants. Psychopharmacol
Bull. 1993;29:389-396.
30. Charig EM, Anderson IM, Robinson JM, Cowen PJ. L-Tryptophan and prolactin release: evidence for
interaction between 5-HT1 and 5-HT2 receptors. Hum Psychopharmacol. 1986;1:93-97.
31. Haddjeri N, Blier P, de Montigny C. Noradrenergic modulation of central serotonergic neurotransmission:
acute and long-term actions of mirtazapine. Int Clin Psychopharmacol. 1995;10(suppl 4):11-17.
32. Nutt DJ. Mirtazapine: pharmacology in relation to adverse effects. Acta Psychiatr Scand Suppl.
1997;391:31-37.
33. Nutt DJ. Efficacy of mirtazapine in clinically relevant subgroups of depressed patients. Dep Anx
1998;7(suppl 1):7-10.

131
Artigas, Nutt,
and Shelton

P SYCHOPHARMACOLOGY B ULLETIN : Summer 2002 — Vol. 36 · Suppl. 2

123-132_PBSumSuppl_Artigas

10/1/02

4:21 PM

Page 132

MECHANISM OF ACTION OF ANTIDEPRESSANTS
34. Artigas F, Romero L, de Montigny C, Blier P. Acceleration of the effect of selected antidepressant drugs
in major depression by 5-HT1A antagonists. Trends Neurosci. 1996:19:378-383.
35. Romero L, Artigas F. Preferential potentiation of the effects of serotonin uptake inhibitors by 5-HT1A
receptor antagonists in the dorsal raphe pathway: role of somatodendritic autoreceptors. J Neurochem.
1997;68:2593-2603.
36. Hervàs I, Artigas F. Effect of fluoxetine on extracellular 5-hydroxytryptamine in rat brain. Role of 5-HT
autoreceptors. Eur J Pharmacol. 1998;358:9-18.
37. Artigas F, Celada P, Laruelle M, Adell A. How does pindolol improve antidepressant action? Trends
Pharmacol Sci. 2001;22:224-228.
38. Montgomery SA. Rapid onset of action of venlafaxine. Int Clin Psychopharmacol. 1995;10(suppl 2):21-27.
39. Dawson LA, Nguyen HQ, Geiger A. Effects of venlafaxine on extracellular concentrations of 5-HT
and noradrenaline in the rat frontal cortex: augmentation via 5-HT1A receptor antagonism.
Neuropharmacol. 1999;38:1153-1163.
40. Kelsey JE. Dose-response relationship with venlafaxine. J Clin Psychopharmacol. 1996;16(suppl 2):S21-S28.
41. Nelson JC, Mazure CM, Bowers MB, Jatlow PI. A preliminary, open study of the combination of
fluoxetine and desipramine for rapid treatment of major depression. Arch Gen Psychiatry.
1991;48:303-307.

132
Artigas, Nutt,
and Shelton

P SYCHOPHARMACOLOGY B ULLETIN : Summer 2002 — Vol. 36 · Suppl. 2

