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Selective serotonin reuptake inhibitors (SSRIs) have become the most popular antidepressants over the last
decade, largely because they have a better side effect profile than the medications that were widely used previously, the tricyclic antidepressants (TCAs) and the monoamine oxidase inhibitors (MAOIs). The SSRIs mostly
have one main mechanism of action, inhibition of serotonin reuptake. A few of the TCAs are single action but
many are dual action, acting mainly on the neurochemicals serotonin and norepinephrine, among others. The
MAOIs are multiple-action medications, acting on monoamines, which include serotonin and norepinephrine.
While the selectivity of the SSRIs results in an improved side effect profile over the earlier dual-action antidepressants, it may also reduce their antidepressant effect. SSRIs may have a slower onset of action, result in
lower remission rates, and be less effective for the physical symptoms associated with depression than TCAs
and MAOIs. Newer dual-action medications have been developed that inhibit the reuptake of both serotonin
and norepinephrine. These medications, called serotonin-norepinephrine reuptake inhibitors, may have fewer
side effects than the earlier dual-action medications and potentially reduce the symptoms of depression more
effectively than the SSRIs.
(Prim Care Companion J Clin Psychiatry 2004;6[suppl 1]:7–11)
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ver the last decade, selective serotonin reuptake
inhibitors (SSRIs) have become the most widely
used class of antidepressants. Because the SSRIs act
mainly on a single neurochemical, serotonin, they are
single-action antidepressants. SSRIs have enjoyed acceptance among clinicians and patients mainly because of a
better side effect profile than the medications that were
popular previously, tricyclic antidepressants (TCAs) and
monoamine oxidase inhibitors (MAOIs). While a few of
the TCAs are single action, many are dual action, acting
mainly on the neurochemicals serotonin and norepinephrine, among others (Table 1). The MAOIs are multipleaction medications, acting on the monoamines, which include serotonin and norepinephrine. While the TCAs and
MAOIs are still very useful medications, the side effect
profiles of these medications limit clinical usefulness in
many patients. The SSRIs were developed in an attempt to
produce medications that caused fewer intolerable side effects by refining the mechanism of action while maintaining antidepressant efficacy.
Recently, some concerns have been raised that the
single-action SSRIs may be less effective than the dualaction TCAs and MAOIs. The SSRIs may have a slower
onset of action, lower remission rates, and less efficacy in
controlling the physical symptoms of depression than
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dual-action antidepressants. During the past few years,
there has been a strong interest in the development of
dual-action antidepressants with a better side effect profile. These research efforts have produced several new,
well-tolerated dual-action antidepressants. Currently, the
list of second-generation dual-action antidepressants includes the dual-action serotonergic and dopaminergic antidepressant bupropion and the dual-action serotonergic
and noradrenergic antidepressants mirtazapine and venlafaxine, with duloxetine expected to be fully approved by
the U.S. Food and Drug Administration (FDA) soon.
EVIDENCE FOR THE ADVANTAGE OF DUAL-ACTION
OVER SINGLE-ACTION MEDICATIONS
Delgado et al. performed serotonin and norepinephrine
depletion studies1,2 that support the theory that the antidepressant effects exerted by serotonergic and noradrenergic antidepressants are not entirely overlapping. When
patients who had responded to primarily serotonergic
medications were given a diet that depleted their serotonin
levels, their symptoms returned, and when patients who
responded to primarily noradrenergic medications were
given a diet that depleted their norepinephrine levels, their
symptoms returned. However, when the patients who responded to primarily serotonergic medications were depleted of norepinephrine, their symptoms did not significantly increase, and when the patients who responded to
primarily noradrenergic medications were depleted of serotonin, their symptoms did not significantly increase.
The theoretical conclusion one might derive from these
depletion studies is that addressing both the serotonergic
and noradrenergic aspects of depression might lead to
broader antidepressant effects in an individual patient.
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Tricyclic antidepressants
Amitriptyline
Clomipramine
Desipramine
Imipramine
Maprotiline
Monoamine oxidase inhibitors
Isocarboxazid
Phenelzine
Tranylcypromine
Selective serotonin reuptake inhibitors
Citalopram
Escitalopram
Fluoxetine
Paroxetine
Sertraline
Norepinephrine and dopamine reuptake inhibitor
Bupropion
Noradrenergic and specific serotonergic antidepressant
Mirtazapine
Serotonin and norepinephrine reuptake inhibitors
Duloxetinea
Venlafaxine
a
Still in U.S. Food and Drug Administration approval process.

Research by Blier3 also appears to indicate that noradrenergic interventions can enhance not only noradrenergic firing but also promote serotonergic firing, thereby
creating synergism.
COMBINING MEDICATIONS TO RECEIVE THE
BENEFITS OF NOREPINEPHRINE AND SEROTONIN
Evidence derived from clinical practice provides another window into the understanding of single-action antidepressants versus dual-action antidepressants. Antidepressant prescribing trends over the last few years reveal
that clinicians frequently choose to augment partial responders to SSRIs with bupropion,4 a norepinephrine and
dopamine reuptake inhibitor that, in effect, creates a dualaction antidepressant treatment.
Nelson et al.5 performed an open, 4-week trial comparing the antidepressant effects of the single-action TCA
desipramine versus treatment with the combination of
desipramine and the SSRI fluoxetine. Seventeen of 19
consecutive patients admitted to a general hospital for
nonpsychotic major depression were given 20 mg/day of
fluoxetine and 40 to 225 mg/day of desipramine in combination; 14 of the patients enrolled completed the study.
Their results were then compared retrospectively with
those of 52 patients in the same hospital who received 50
to 500 mg/day of desipramine alone. Not only did desipramine and fluoxetine in combination have a faster onset of
action than desipramine alone, but the combination of the
serotonergic (fluoxetine) and noradrenergic (desipramine)
medications together was superior to desipramine alone in
overall antidepressant effect. After the first week of treatment, the mean decrease in scores on the Hamilton Rating
8

Figure 1. Percent Change in Hamilton Rating Scale for
Depression (HAM-D) Scores in Patients Receiving
Desipramine Plus Fluoxetine and Desipramine Alonea
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Reprinted with permission from Nelson et al.5
p = .007.
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p = .001.
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p = .004.
e
p = .0001.

b

Scale for Depression (HAM-D) in the group given both
medications was 42%, while the mean decrease in scores
in the group given desipramine alone was 20% (Figure 1).
The combination of desipramine and fluoxetine was superior in antidepressant effect throughout all 4 weeks of the
study.
SSRIs VS. OLDER DUAL- AND SINGLE-ACTION
ANTIDEPRESSANTS
Anderson6 published a meta-analysis of 25 separate
studies comparing SSRIs with TCAs. The results showed
that the dual-action TCAs clomipramine and amitriptyline
were superior to SSRIs in reducing the symptoms of depression, but the single-action TCAs desipramine, imipramine, and maprotiline were no more efficacious than
SSRIs. The TCAs appeared to be less well tolerated than
the SSRIs, with a 4.9% greater chance of discontinuation
due to adverse events.
Two studies published by the Danish University Antidepressant Group comparing the TCA clomipramine with
the SSRIs citalopram7 and paroxetine8 demonstrated superior antidepressant effects of the dual-mechanism medication clomipramine over the single-action medications citalopram and paroxetine. In the first study,7 patients were
given either 150 mg/day of clomipramine (N = 52) or 40
mg/day of citalopram (N = 50). Of the patients taking clomipramine, 60% remitted, with a score equal to or less
than 7 on the HAM-D, while 28% of patients taking citalopram remitted. In the second study,8 patients were given
either 150 mg/day of clomipramine (N = 46) or 30 mg/day
of paroxetine (N = 56). Of the patients taking clomipramine, 57% were in remission, whereas 22% of patients
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Table 2. Mechanism of Action and Tolerability of Antidepressant Drug Classesa
Dual-Action Drugs
Duloxetine
Mirtazapine

Effect
Venlafaxine
Mechanism of action
5-HT enhancement
✓
✓
✓
NE enhancement
✓
✓
✓
α-2 antagonism
…
✓
…
α-1 antagonism
…
✓
…
…
✓
…
Histamine1 antagonism
Muscarinic antagonism
…
✓
…
Tolerability
Discontinuations due
14.6%
16%
11%–19%
to adverse events
Weight gain
0.3%
12%
N/A
Abnormal ejaculation
0.7%
< 1%
12%–17%
Impotence
0.4%
< 1%
6%
Sustained hypertension
…
…
✓
Orthostatic intolerance
…
✓
✓
QT prolongation
…
…
✓
Overdose threat
✓
✓
✓
a
Adapted with permission from Tran et al.10 All percentages are approximations.
Abbreviations: 5-HT = serotonin, N/A = not applicable, NE = norepinephrine.
Symbols: ✓ = present, … = absent.

taking paroxetine were in remission. However, although
the patients treated with clomipramine had better remission rates than those treated with paroxetine and citalopram, the TCA also had an inferior side effect profile.
SINGLE-ACTION SSRIs VS.
NEWER DUAL-ACTION ANTIDEPRESSANTS
In recent years, newer and better-tolerated dual-action
antidepressants have been developed that are of significant clinical interest to practicing physicians. These include mirtazapine, venlafaxine, and the investigational
medication duloxetine. Venlafaxine and duloxetine are serotonin-norepinephrine reuptake inhibitors (SNRIs), while
mirtazapine acts on both serotonin and norepinephrine,
but not through reuptake inhibition. The new dual-action
antidepressants may provide a faster speed of onset and
higher rates of remission than the older TCAs and MAOIs
while avoiding their intolerable side effects.
Mirtazapine, a dual-action antidepressant, has demonstrated an earlier onset of action compared with SSRIs.
Quitkin et al.9 recently reviewed several double-blind
studies comparing mirtazapine with SSRIs and found that
mirtazapine produced a higher proportion of patients
showing improvement in the first week. Of patients taking
mirtazapine (N = 298), 13% had an onset of persistent
improvement in the first week compared with 6% of the
patients taking SSRIs (N = 285). Despite having good efficacy, mirtazapine has not become a first-line treatment
for depression in most clinical situations because of 2 limiting side effects in a number of patients: weight gain and
sedation.
The SNRIs appear to have fewer side effects than the
older dual-action medications, TCAs and MAOIs. Venla-

Selective Serotonin
Reuptake Inhibitors
Fluoxetine
Paroxetine

Tricyclic Antidepressants
Clomipramine Imipramine

✓
…
…
…
…
…

✓
…
…
…
…
…

✓
✓
…
✓
✓
✓

✓
✓
…
✓
✓
✓

12%

20%

21%

33%

< 1%
< 1%
2%
…
…
…
✓

N/A
7%–13%
2%–6%
…
…
…
✓

9%
< 1%
4%
✓
✓
✓
…

N/A
N/A
N/A
…
✓
✓
…

faxine and duloxetine inhibit both norepinephrine and serotonin reuptake but do not bind appreciably to the muscarinic, histaminergic, and α-adrenergic receptors that are
believed to be responsible for many of the significant side
effects of the TCAs.10 (Table 2). However, the SNRIs are
not side-effect free; venlafaxine is associated with an increased risk of sustained hypertension, especially at high
doses.
Thase et al.11 published a pooled analysis of 8 studies
comparing venlafaxine and various SSRIs, including
fluoxetine and paroxetine. The authors found that the
SSRIs needed 4 weeks to separate from placebo in rates
of remission (a score of ≤ 7 on the HAM-D) but venlafaxine needed only 2 weeks to do the same (Figure 2). Also,
venlafaxine was superior to the SSRIs in the final remission rate achieved. In this pooled analysis, the remission
rate for patients taking placebo was 25%, the remission
rate for patients taking an SSRI was 35%, and the remission rate for patients taking venlafaxine was 45%. A
follow-up study by Entsuah et al.12 examined the studies
included in the analysis by Thase et al. and found no significant age-by-treatment, gender-by-treatment, or ageby-gender-by-treatment interactions. The remission rates
of the patients taking venlafaxine were significantly
higher than those of the patients taking SSRIs, regardless
of age or gender. These reviews11, 12 support the superior
remission abilities of venlafaxine.
Smith et al.13 analyzed 32 studies in which venlafaxine
was compared with various antidepressants and found
this SNRI to be significantly more effective in reducing
the symptoms of depression than the SSRIs studied,
which included fluoxetine, paroxetine, and sertraline.
However, venlafaxine had no significant advantage over
the TCAs studied, which included amitriptyline, clomip-
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Figure 2. Remission Rates for 8 Pooled Studies Comparing
Venlafaxine, SSRI, and Placebo Treatmenta
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Reprinted with permission from Thase et al.11
p ≤ .05 for venlafaxine vs. SSRI.
c
p ≤ .05 for venlafaxine vs. placebo.
d
p ≤ .05 for SSRI vs. placebo.
e
p < .001 for SSRI vs. placebo.
f
p < .001 for venlafaxine vs. SSRI.
g
p < .001 for venlafaxine vs. placebo.
Abbreviation: SSRI = selective serotonin reuptake inhibitor.
b

ramine, and desipramine. This analysis strongly supports
the case that dual-action antidepressants produce more
robust remission effects in depression than SSRIs.
Duloxetine, currently pending FDA approval, is an
SNRI but is significantly more potent than venlafaxine.14
Bymaster et al.15 published in vitro data showing that
duloxetine is the most potent nontricyclic dual reuptake
inhibitor, with inhibition constants (Ki) of 0.8 nM for the
serotonin transporter and 7.5 nM for the noradrenergic
transporter (Table 3). While there are no published headto-head clinical studies comparing duloxetine with venlafaxine for the treatment of major depression, the comparison of the Ki values of duloxetine and venlafaxine shows
duloxetine to be substantially more potent at both the serotonin and norepinephrine reuptake inhibitor sites.
A number of placebo-controlled, randomized clinical
trials16–18 on duloxetine for the treatment of major depression have been conducted across the dose range of 40 to
120 mg/day, with a recent emphasis on 60 mg once-a-day
dosing, and have had positive results. An 8-week, doubleblind study by Goldstein et al.16 compared duloxetine
with fluoxetine for the treatment of major depressive disorder. Patients were randomly assigned to treatment with
a dose of duloxetine titrated from 40 to 120 mg/day
(N = 70), 20 mg/day of fluoxetine (N = 33), or placebo
(N = 70). Duloxetine was superior to the SSRI in producing remission, with rates of 30% for fluoxetine and
45% for duloxetine by last-observation-carried-forward
analysis and 30% for fluoxetine and 56% for duloxetine
by estimated probability of remission.
10

Table 3. Ki Values of Various Antidepressantsa

Dual-action antidepressants may be especially more effective than single-action antidepressants in treating the
somatic symptoms that frequently occur in depression.
The dual-action TCAs and MAOIs are more effective for
the painful physical symptoms associated with depression
than the SSRIs, but their side effects make them less tolerable.19,20 It is worth noting that an older dual-action antidepressant, the tricyclic amitriptyline, has enjoyed wide
clinical use for the treatment of chronic pain conditions, in
either the presence or absence of depression. The doses
typically used are low, mostly because of side effects such
as sedation, weight gain, dizziness, cardiac conduction effects, dry mouth, urinary hesitation, and others.
Studies have demonstrated the effectiveness of duloxetine in reducing the somatic symptoms associated with
depression. Coexisting somatic symptoms were assessed
prospectively in 2 paired major depression trials comparing duloxetine with placebo.17,18 In these two 9-week
trials, a total of 512 patients were randomly assigned to
treatment with either 60 mg/day of duloxetine or placebo.
A visual analog scale was used to assess pain symptoms.
In the first study,17 the estimated probability of remission
for patients taking duloxetine was 44%, almost 3 times
that of the probability of remission for patients taking the
placebo (16%) (Figure 3). In the second study,18 duloxetine was also significantly superior to placebo, with remission rates of 43% for patients taking duloxetine and 28%
for patients taking placebo. Both studies also concluded
that duloxetine significantly reduced the painful physical
symptoms associated with depression compared with placebo. Patients in both studies improved in overall pain,
back pain, shoulder pain, and time in pain while awake.
Venlafaxine has also been studied in patients with
chronic pain conditions. Kunz et al.21 reported results of a
study of the effects of venlafaxine in diabetic neuropathic
pain. A dose of 75 mg/day of venlafaxine, a low level
thought to have only the efficacy of SSRIs, did not separate from the placebo in reduction of pain intensity. However, doses of 150 to 225 mg/day of venlafaxine did produce a significant reduction in pain intensity. This study
supports the widely held clinical belief that medications
that offer both serotonergic and noradrenergic interven-
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Figure 3. Estimated Probability of Response and Remission of
Placebo (N = 115) and Duloxetine (N = 121) Treatment
Groupsa

by the U.S. Food and Drug Administration for the treatment of chronic
pain conditions; and duloxetine is not approved for the treatment of
depression.
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tions can be helpful in treating somatic symptoms,
whether in the presence or absence of depression.
CONCLUSION
Although the single-action SSRIs are still the most
commonly prescribed antidepressants, dual-action antidepressants are experiencing a surge in scientific and clinical
interest, particularly because the newer dual-action antidepressants mirtazapine, venlafaxine, and duloxetine enjoy a
more benign side effect profile than the earlier dual-action
antidepressants, the TCAs and MAOIs. While the TCAs
and MAOIs are effective in treating depression, they have
an inferior side effect profile that makes them less tolerable. While the SSRIs have fewer side effects than the
TCAs and MAOIs, and have been extremely useful overall
as a class of antidepressants, there are many indications in
clinical practice and in research trials that dual-action serotonin and norepinephrine inhibitors are more effective
than SSRIs in treating depression. SNRIs such as venlafaxine and duloxetine may have an earlier onset of action,
superior remission abilities, and better efficacy in treating
the physical symptoms of depression than the SSRIs. This
makes further research and clinical exploration of this
class of antidepressants very exciting.
Drug names: amitriptyline (Elavil and others), bupropion (Wellbutrin
and others), citalopram (Celexa), clomipramine (Anafranil and others),
desipramine (Norpramin and others), escitalopram (Lexapro), fluoxetine (Prozac and others), imipramine (Tofranil, Surmontil, and others),
isocarboxazid (Marplan), maprotiline (Ludiomil and others), mirtazapine (Remeron and others), paroxetine (Paxil and others), phenelzine
(Nardil), sertraline (Zoloft), tranylcypromine (Parnate), venlafaxine
(Effexor).
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