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Antidepressants

he pharmacologic treatment of patients with major
depressive disorders can justifiably be viewed as a

they are better tolerated by patients than the original anti-
depressants, and there is much less toxicity (i.e., serious
sequelae including death from overdosage) seen with the
newer drugs.

There were two types of original, or first generation,
antidepressants: tricyclic antidepressants (TCAs) and
monoamine oxidase inhibitors (MAOIs). The newer drugs
are a heterogeneous group. Two of them, amoxapine and
maprotiline, are quite similar pharmacologically (if not
structurally) to secondary amine TCAs such as desipra-
mine and nortriptyline. Another group of newer drugs
shares the common pharmacologic action of selectively
blocking the reuptake of 5-hydroxytryptamine (5-HT; se-
rotonin) in vivo and, consequently, have been named sero-
tonin selective reuptake inhibitors (SSRIs). Other newer
drugs (e.g., bupropion, nefazodone, trazodone, venla-
faxine, and mirtazapine) have a pharmacologic profile
distinct from each other as well as the other types of anti-
depressant drugs. They comprise, therefore, a truly hetero-
geneous group of atypical antidepressants.

This article will broadly review the chemical struc-
tures, efficacy, side effects, toxicity, and mechanisms of
action of these drugs. Subsequent articles will cover some
of these specific issues in greater detail. Often in reviews
of this type, these topics are discussed separately for
TCAs, MAOIs, SSRIs, and other atypical antidepressant
drugs. However, issues related to efficacy are, in general,
similar for all types of antidepressant drugs, and side ef-
fect profiles are not necessarily distinguishable by these
categories. Consequently, in this paper, the parameters
mentioned above will be reviewed together for the differ-
ent types of antidepressant drugs.

CHEMICAL STRUCTURES

The structures of the different classes of antidepressant
drugs are shown in Figures 1–4. As is evident in Figure 1,
the trivial name tricyclic antidepressant stems from all
these drugs having a three-ring molecular core. Tertiary
amine tricyclic antidepressants are demethylated in vivo
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T
success story in neuropsychopharmacology. Treatment of
such patients with antidepressant drugs causes clinically
significant improvement in 65% to 75% of patients and es-
sentially complete recovery in 40% to 50% of patients.
There is no doubt that such improvement is drug related,
as these percentages are consistently higher than those
achieved in patients treated with placebo. Further, the de-
gree of improvement produced by antidepressant drugs is
comparable to that achieved by drugs or surgical proce-
dures for non-psychiatric indications.1 Of course, there re-
main important drawbacks to the use of these drugs, chief
among them being: (1) the 25% to 35% of patients who
show minimal improvement; (2) the duration of time
(weeks to months) it takes for maximal improvement to
occur; (3) side effects; and (4) toxicity.

With the marketing of many newer antidepressant
drugs in the United States in the last 10 years, the side ef-
fect profile and toxicity of antidepressant drugs has im-
proved considerably. The coalescence of basic and clinical
research clearly identified pharmacologic actions of an-
tidepressant drugs that contributed to side effects but not
to efficacy.2 This led to the development of drugs that
lacked such pharmacologic properties. Although the
newer drugs have their own side effect profiles, in general,
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to their corresponding secondary amine derivatives, e.g.,
imipramine to desipramine, amitriptyline to nortriptyline.3

As there are some differences in the pharmacologic profile
of tertiary amine and secondary amine TCAs (see above),
differences in the extent of such conversions in particular
patients might contribute to interindividual variability in,
for example, the side effect profile that they produce.

The structures of three MAOIs currently in use in the
United States are shown in Figure 2. Isocarboxazid and
phenelzine are derivatives of hydrazine (NH2NH2). Tran-
ylcypromine, by contrast, is related structurally to amphet-
amine, and it does have stimulant properties. These
MAOIs are mechanism-based irreversible inhibitors of the
enzyme. In a mechanism-based reaction, a relatively inert
substrate (in this case, these drugs) is converted by a nor-
mal enzyme reaction to a highly reactive intermediate that
inactivates the enzyme without prior release from the ac-
tive site.4 Since all these MAOIs bind to the enzyme essen-
tially irreversibly, inactivation of monoamine oxidase per-
sists even after the drugs are metabolized and removed
from the body. Recovery of MAO activity requires the

synthesis of new protein, and it can take several weeks for
the activity of MAO to return to normal after stopping ad-
ministration of an MAOI.

MAO is located in the outer membrane of the mito-
chondria. In order for a net transporter-induced reuptake
of monoamines to occur from the synapse back into the
nerve, MAO has to metabolize cytoplasmic amines newly
taken up or those that diffuse to keep the concentration of
free monoamine in the cytoplasm low. This facilitates in-
ward-directed transporter activity, i.e., reuptake.5 Inhibi-
tion of MAO, then, is associated with an increase of cy-
tosolic monoamines in the neuron terminal. It is still not
completely clear how inhibition of intracellularly located
MAO affects the concentration of monoamines in the ex-
tracellular space.

Three SSRIs are shown in Figure 3: fluoxetine, paroxe-
tine, and sertraline. Fluvoxamine should also be consid-
ered with this group, and its pharmacologic profile is pre-
sented in this chapter. It is an SSRI; although marketed in
this country for the treatment of obsessive-compulsive
disorder, it has clearly been demonstrated to be an antide-
pressant in other countries.6

The structures of amoxapine and maprotiline are shown
in Figure 3 also. Their pharmacologic profile is, in gen-
eral, similar to that of secondary amine TCAs, i.e., they
block relatively selectively the reuptake of norepinephrine
(NE) in comparison to 5-HT (see Table 1) and have com-
parable potency to the TCAs for blocking H1 histamine
(see Figure 5) or α1-adrenergic receptors (see Figure 6).
The remaining four drugs shown in Figure 3—bupropion,
nefazodone, trazodone, and venlafaxine—have pharmaco-
logic profiles distinct from the other antidepressant drugs.
In general, they are comparable to the SSRIs in their side
effect profile and tolerability by patients. However, bupro-
pion, nefazodone, and trazodone are very weak inhibitors
of the uptake of either NE or 5-HT (see Table 1).
Venlafaxine, by contrast, does inhibit the uptake of both 5-
HT and NE (see Table 1). Finally, the structure of a novel
antidepressant, mirtazapine, is shown in Figure 4.
Mirtazapine is very similar structurally to mianserin, an
antidepressant widely used in Europe. As might be ex-

Figure 1. The Structure of Tricyclic Antidepressants*

*All these drugs have a three-ring (tricyclic) molecular core.

Figure 2. The Structures of Monoamine Oxidase Inhibitors*

*Isocarboxazid and phenelzine are hydrazine (NH2NH2) derivatives.
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EFFICACY

The prototypical TCA is imipramine, the efficacy of
which was originally reported in 1958 by Kuhn.12 As a
group, TCAs may still be the most commonly prescribed
pharmacotherapy by psychiatrists for depression.13 The
overall efficacy of these drugs is comparable, causing
clinically significant improvement in a much greater per-
centage of patients than that seen with placebo.14,15 In di-
rect comparison with placebo, the TCAs were statistically
superior in about three quarters of the trials.16 Not all de-
pressed patients respond equally well to TCAs. For ex-
ample, only about 50% of patients with “atypical” depres-
sion—those who have symptoms of mood reactivity,
rejection sensitivity, leaden paralysis, overeating, and
oversleeping—respond well to imipramine.17 Also, psy-
chotic depressed patients have a lower response rate to
TCAs than nonpsychotic patients. However, whether this
is due to psychosis or to the fact that psychotic depressed
patients tend to be more severely ill than nonpsychotic de-
pressed patients is still unclear.18

At about the time that imipramine was reported to be
efficacious, the MAOI iproniazid was also found to be an
antidepressant.19,20 The overall efficacy of MAOIs in ma-

Figure 3. Second Generation Drugs Currently Marketed as Antidepressants in the United States*

*Fluoxetine, paroxetine, and sertraline are serotonin selective reuptake inhibitors (SSRIs). Amoxapine and maprotiline are selective norepinephrine
reuptake inhibitors.

pected from such structural similarity, the pharmacologic
profile of these two drugs shows a degree of correspon-
dence. However, some of the modest quantitative differ-
ences that do exist between these drugs (e.g., affinities for
α1-adrenoceptors) do appear to have a large impact on cer-
tain responses that they elicit (see below).

Table 1. Potency of Antidepressants to Block Monoamine
Reuptake*

IC50 Values (nM)

Drugs Norepinephrine 5-HT

TCAs
Amitriptyline 25 100
Desipramine 2 300
Doxepin 150 2000
Imipramine 25 50
Nortriptyline 6 200
Protriptyline 10 250
Trimipramine 5000 10,000

Second generation
Amoxapine 25 600
Bupropion 2500 15,000
Maprotiline 40 20,000
Mirtazapine 2000 5000
Nefazodone 600 150
Trazodone 20,000 750
Venlafaxine 300 50

SSRIs
Fluoxetine 200 15
Fluvoxamine 500 5
Paroxetine 70 1
Sertraline 300 4

*Data from multiple sources in the literature, e.g., references 7–9.
Some values have been adjusted to reflect not only the absolute po-
tency of the drug in blocking the reuptake of norepinephrine or 5-HT
but also their relative potencies in relationship to each other. The lower
the IC50 value, the more potent the drug. For example, desipramine is
about 150-fold more potent as an inhibitor of norepinephrine reuptake
than 5-HT reuptake. Paroxetine, on the other hand, inhibits the reup-
take of 5-HT about 70-fold more potently than the reuptake of norepi-
nephrine.

Figure 4. Structure of the Novel Antidepressant Mirtazapine*

*Mirtazapine is a derivative of mianserin, whose structure is shown for
comparative purposes.

N

CH3

NN

N

CH3

N

Mirtazapine Mianserin

CH2

Cl
Cl

NH

OCH(CH2)2NHCH3

CH2

O

O

O

F

N
H

CH2CH2CH2N

CH3

H Cl

C C
H

N
H

C CH3

CH3

CH3

CH3

O

N
N (CH2)3 N

N
(CH2)2OO

CH2CH3

Cl N

N
NNCH2CH2CH2N

O Cl
OH

CH3N

H3CO

CH3

CH3
N

N

H

Cl

N

Sertraline Fluoxetine Paroxetine Maprotiline Bupropion

Nefazodone Venlafaxine Trazodone Amoxapine

O



© Copyright 1997 Physicians Postgraduate Press, Inc.

One personal copy may be printed

12 J Clin Psychiatry 1997;58 (suppl 6)

Alan Frazer

both phenelzine and imipramine were superior to placebo,
which produced a 25% response rate. The response rate to
phenelzine (79%), however, was markedly superior to that
of imipramine (52%). The superior response rate to phen-
elzine was not confined to atypical patients with a history
of panic attacks. Tranylcypromine also seems to be more
effective in such patients than TCAs.21 Inclusion of this
subgroup in clinical trials of TCA nonresponders may ac-
count, in large measure, for the claims that TCA nonre-
sponders respond well to MAOIs.26–28

There are at least two isoenzymes of MAO, referred to
as type A and type B. Evidence for the existence of these
isoenzymes was based initially on differing substrate
specificities and differential sensitivity to inhibitors of
MAO. Clorgyline is a selective inhibitor of the type A
form, whereas deprenyl is selective for the type B isoen-
zyme. Definitive proof that these two forms of MAO exist
is now available with the cloning of cDNAs encoding
subunits of each isoenzyme from human liver.29 The irre-
versible inhibitors of MAO shown in Figure 2 are
nonselective, i.e., they inhibit both isoenzymes. However,
it is the inhibition of type A monoamine oxidase that is
preferentially associated with antidepressant activity.23,30

The efficacy of the newer drugs has been compared
with that of TCAs or placebo. Their efficacy is superior to
that of placebo and comparable to that of TCAs, but no
better. They have not consistently been shown to produce
more improvement than TCAs in depressive symptom-
atology, to improve a greater percentage of patients, or to
cause more rapid improvement. Workman and Short31

jor depression seems comparable to that of the TCAs, al-
though more severely depressed inpatients may not re-
spond as well to MAOIs as to TCAs.16 Whether MAOIs
are as effective in patients with typical depression as they
are in patients with atypical depression has been contro-
versial.21,22 Patients with typical depression would be those
who meet current standard diagnostic criteria or, histori-
cally, those described by Kuhn as being good responders
to TCAs. By contrast, a variety of symptom clusters have
been used to describe atypical depression; these often in-
clude overeating, oversleeping, mood reactivity, and rejec-
tion sensitivity, with the symptomatology becoming
worse, rather than better, in the evening. Murphy et al.23

reviewed data on the efficacy of MAOIs and concluded
that they were “as effective as the tricyclics in all recent
controlled studies of typical populations of depressed pa-
tients meeting current diagnostic criteria as in those pa-
tients with so-called atypical depression.” A more recent
review21 reached the same conclusion, especially when the
MAOIs are used in larger doses or in such patients who
initially fail to respond to TCAs.

On the other hand, Quitkin, Klein, and their associates
have provided convincing evidence of a subgroup of pa-
tients with depression that is preferentially responsive to
phenelzine.17,24,25 These depressed patients were defined as
being atypical, in that they were mood reactive and had at
least two of the following symptoms: hyperphagia, hyper-
somnolence, rejection sensitivity, or leaden paralysis (i.e.,
severe fatigue causing a marked decrease in energy or
heaviness of limbs). In this group of depressed patients,

Figure 5. Potency of Antidepressants to Block H1 Histamine
Receptors*

*Data from references 7,10, and 11. Some values may have been ad-
justed to reflect not only the absolute potency of the drug in blocking
H1 histamine receptors but also their relative potencies in relationship
to each other. The relationship between Ki values (the concentration of
drug needed to occupy 50% of the receptors) and IC50 values is given
by the equation Ki = IC50/1 + L/KD, where L is the concentration of
radioligand used in the experiment and KD is the affinity of the
radioligand for the receptor. The more potent the drug, the lower the Ki

value.
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Figure 6. Potency of Antidepressants to Block α1-Adrenergic
Receptors*
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conducted a meta-analysis of data from clinical trials in
which either bupropion, fluoxetine, or trazodone was com-
pared with imipramine. All the studies were placebo con-
trolled, and their results were published in seven major
psychiatric journals between 1980 and 1990. A total of
2090 patients were included in these studies. All the drugs
were more efficacious than placebo, but there was no dif-
ference among the four drugs in their effect size in com-
parison with that of placebo. In other words, the newer
drugs had efficacy comparable to that of the “gold stan-
dard” TCA, imipramine. Amoxapine32 and maprotiline33

also exhibit efficacy equivalent to that of the TCAs. Inter-
estingly, bupropion has been found to be effective in non-
responders to TCAs.34

Rickels and Schweizer35 reviewed the efficacy of SSRIs
and concluded that they were not more efficacious nor
faster acting than TCAs but were comparable in efficacy.
The use of other statistical approaches yielded a similar
conclusion.36 Others who reviewed specific SSRIs reached
the same conclusion.37–39 In general, substantial improve-
ment is obtained in about twice as many patients with the
SSRIs as with placebo and in a percentage comparable to
that with TCAs. Fluvoxamine has been found to be effec-
tive in both inpatients and outpatients, whereas the effi-
cacy of the other SSRIs has been evaluated primarily just
in outpatients.36 There are data from which it has been in-
ferred that SSRIs may be more efficacious in severe de-
pression than TCAs or in depressives with prominent anx-
iety symptoms.40 Such conclusions must be viewed with
caution as they come from retrospective meta-analyses of
databases. Properly designed prospective studies will be
needed to validate or refute such claims.

The efficacy of venlafaxine has also been evaluated in
outpatients as well as inpatients. Venlafaxine was effective
in treating both severely depressed inpatients with melan-
cholia41 and outpatients with major depression.42 Results
from outpatient studies indicate that venlafaxine has effi-
cacy comparable to that of standard therapies such as im-
ipramine or trazodone.42,43 In two studies of depressed,
hospitalized patients with melancholia, treatment with
venlafaxine was shown to be superior to either placebo or
fluoxetine treatment.41

Not surprisingly, both nefazodone44 and mirtazapine45

have been reported to have efficacy superior to placebo
and comparable to that of standard antidepressant drugs
such as amitriptyline or imipramine. Mirtazapine is also
efficacious both in inpatients and outpatients.46,47 Recently,
the efficacy of mirtazapine was compared with that of tra-
zodone in a study of 200 hospitalized depressed patients.48

After 6 weeks of treatment, the mirtazapine-treated pa-
tients had a significantly greater response rate and a sig-
nificantly greater reduction in symptomatology in com-
parison to that of the trazodone-treated patients, as
assessed by the Hamilton Rating Scale for Depression
(HAM-D).

An important limitation of all antidepressants is the
time it takes for their maximal therapeutic effects to occur.
Essentially all studies of the efficacy of antidepressant
drugs demonstrate this time to be 4–6 weeks or longer. A
more rapid maximal effect would be of obvious benefit in
terms of patient suffering and the potential for suicide. An
issue related to time for maximal improvement is the rate
of onset of antidepressant action. Clinical lore holds that
there is a lag phase of 2 weeks or longer before drug-in-
duced beneficial effects become evident. This has been in-
terpreted as indicating that it takes antidepressant drugs 2
or more weeks to begin to work. Clarification of this has
considerable importance for several reasons. First, if it is
really true that drug-responsive patients show no evident
improvement early in treatment, then there is little ratio-
nale for altering treatment early on for apparently nonre-
sponding patients. Alternatively, if early improvement
predicts subsequent antidepressant response, then the ab-
sence of this would warrant stopping treatment with a par-
ticular drug and doing whatever is next deemed appropri-
ate for the nonresponsive patient. Second, if there is really
little-to-no drug-related improvement early in treatment,
then later-developing pharmacologic effects of antidepres-
sant drugs may be more relevant for efficacy than acute
effects.

The idea of delayed onset of efficacy produced an en-
tire field of investigation, namely the study of slowly de-
veloping, adaptive effects produced by antidepressant
drugs on central monoamine systems.49,50 Such studies
have contributed greatly to our understanding of regula-
tory processes in these neuronal systems, processes that
have physiologic, and perhaps even pathophysiologic, im-
portance. For example, repeated, but not acute, adminis-
tration of many, but not all, types of antidepressant drugs
reduces responses elicited by activation of central β
adrenoceptors, with this effect accompanied by a decrease
in density or “down-regulation” of these receptors.51–54

Another example of this type of adaptive process concerns
the firing rate of serotonergic soma in the raphe nuclei.
Very shortly after the administration of many antidepres-
sant drugs, these soma decrease their rate of firing.55 In
spite of continued administration of antidepressant drugs,
the firing rate of these soma returns to predrug levels after
about 2 to 3 weeks.56 Because these and other adaptive
changes induced by antidepressant drugs take time to de-
velop, some investigators have speculated that it is these
adaptive effects that are crucial for clinical efficacy.57,58

In reality, though, the question of when antidepressant
drugs begin improving depressive symptomatology is
very difficult to answer and has not been addressed ad-
equately. Several factors contribute to the difficulty of an-
swering this question. One confounding factor is that de-
pressed patients do respond, at least partially, to placebo,
and onset of drug action has been defined as the time when
improvement produced by drug is statistically greater than
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that caused by placebo. Certainly, such a separation may
require several weeks or more of treatment.59 As Burke
and Preskorn60 have pointed out, this approach does not
truly measure onset of action but rather the ability to de-
tect an average difference between drug and placebo effi-
cacy. The placebo-induced drop in average depression se-
verity scores soon after treatment is initiated limits early
detection of drug-specific effects. Further, the presentation
of the results of these types of efficacy studies almost al-
ways combines the results of drug-responsive and nonre-
sponsive patients. It would seem important to examine the
rate of drug response only in patients who have met crite-
ria for good or excellent response after a suitable period of
time. Inclusion of nonresponders would decrease the ap-
parent rate of drug response.

Another issue to consider is whether the rating scales
used in most clinical trials are sufficiently sensitive to de-
tect subtle, but important, early changes in depressive
symptomatology. Typical global rating scales used in
clinical drug trials, such as the HAM-D,61 do not measure
specific aspects of the syndrome with great sensitivity. In-
deed, it was for this reason that the Montgomery-Asberg
Depression Rating Scale62 was developed to be sensitive
to drug-induced change. Finally, dose is often raised
slowly, such that adequate therapeutic doses may not be
achieved early in treatment. Some authors have speculated
that the apparent delay in improvement may be related to
the time needed to achieve a therapeutic steady-state con-
centration of drug in plasma.63

In view of this, it is not surprising that early drug-in-
duced behavioral improvement has been difficult to de-
tect. To do this properly, Prien et al.64 stated that such stud-
ies require: (1) predetermined criteria for the change
considered clinically significant; (2) frequent clinical as-
sessments; (3) appropriately aggressive dosage schedules;
(4) use of a placebo to control for nonspecific responses;
(5) adequate sample size to detect a true early difference
between treatments. Such a study is designed quite differ-
ently from a typical drug efficacy study. Indeed, there
were essentially no studies reviewed by Prien et al.64 that
had all these features.

Interestingly, some of the newer antidepressant drugs
have a side effect profile that allows a more rapid titration
to maximal dosage than could be done with TCAs. In
some cases when this was done, early improvement was
detected. For example, depressed patients whose dosage
of venlafaxine was rapidly raised to above 200 mg daily
within the first week of treatment showed improvement in
depression that was significantly greater than that due to
placebo as early as Week 1.65 Treatment with fluoxetine is
usually initiated at the dose that will be used throughout
the drug trial, although the long half-life of this drug and
its principal metabolite means that steady-state concentra-
tion of active drug in plasma will not occur for many
weeks after treatment has begun.40 Nevertheless, a meta-

analysis of patients treated with fluoxetine or placebo
showed statistically greater global improvement caused by
fluoxetine within 1 week of treatment initiation.66 Such
data are of interest as the studies were not necessarily de-
signed to detect a rapid onset of action.

Another factor of relevance for the issue of onset of ac-
tion is that major depressive disorder is thought to be a
syndrome, comprised of behavioral, cognitive, and so-
matic components. These components may change at dif-
ferent rates during the course of treatment,67 implying that
there is no single onset of action, but rather multiple “on-
sets.” There have been several studies that have attempted
to examine the “pattern of recovery” from depression.
None, though, were truly designed to address the issue of
onset, according to the criteria proposed by Prien et al.64

Small et al.68 reported data from a multicenter study evalu-
ating the efficacy of trazodone, imipramine, and placebo.
Treatment continued for 4 weeks and the patients were
classified categorically as responders or nonresponders.
Data were presented for five individual factors from the
HAM-D. When the data from all patients were analyzed,
the two active drugs were nearly indistinguishable in caus-
ing improvement of the five factors, but they were uni-
formly better than placebo. In the responders, the profiles
of response were similar for both active treatments and the
placebo group. It was concluded that recovery from de-
pression by any therapeutic intervention (including place-
bo) is similar in terms of the kinds of improvement ob-
served during the first 4 weeks of treatment. The data also
showed that the most dramatic improvement is seen in the
first week of treatment, again irrespective of treatment
modality. They concluded that if minimal change in be-
havior is observed after the first week of therapy, the pa-
tient is likely to be a nonresponder at endpoint.

More recently, Stassen et al.69 reached similar conclu-
sions from their meta-analysis of a multicenter efficacy
study of amitriptyline, oxaprotiline, and placebo. Re-
sponse was considered to be at least a 50% reduction on
the HAM-D score from baseline. Specific types of behav-
ioral changes were not presented. Similar to the results
of Small et al.,68 the time course of global improvement
among responders was identical in all three treatment
groups.

Katz et al.70 studied a group of severely depressed inpa-
tients whose dosage of either amitriptyline or imipramine
was raised rapidly (within 1 week) to the maximal amount.
They examined the specific components of depression as
well as the syndrome as a whole and assessed whether ini-
tial patterns of behavioral improvement could predict
eventual therapeutic response. After 4 weeks of treatment,
patients were placed into nonresponder or responder
groups based on predetermined criteria. After drug therapy
was initiated, improvement was found to occur within 1
week in behaviors such as anxiety, hostility, and physical
distress in the drug-responsive but not in the nonrespon-
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sive patients. It was concluded that if drug treatment of de-
pression is going to be effective, then positive changes in
behavior will occur within the first week of treatment.
This conclusion should be viewed with caution, since this
study did not include a group of patients maintained on
placebo.

At the present time, then, it can be concluded with cer-
tainty that maximal clinical improvement with all types of
antidepressant drugs takes weeks, if not months, to occur.
Less certain is whether there is truly a delay in the initia-
tion of behavioral improvement caused by antidepressant
drugs. It is worth noting that the concept of a lag period
does not agree with Kuhn’s12 original observations on the
rate of response to imipramine. Further research to clarify
the initial pattern(s) of drug-induced behavioral improve-
ment is warranted.

SIDE EFFECTS

It is now clear that the side effects produced by many of
the antidepressant drugs are a consequence of their ability
to block muscarinic cholinergic receptors, H1 histamine
receptors, and α1-adrenergic receptors.2 The affinity val-
ues (Ki) of the various types of antidepressant drugs for
these receptors are shown in Figures 5–7. The lower the Ki

values, the more potently the antidepressant blocks the re-
ceptor. Because of the very wide range of Ki values for the
antidepressant drugs, the abscissa in these figures is pre-
sented in logarithmic units.

Blockade of muscarinic cholinergic receptors causes
side effects that occur quite frequently—dry mouth,
blurred vision, constipation, urinary retention. Sinus
tachycardia and short-term memory impairment can also
be due to muscarinic cholinergic blockade. As shown in
Figure 7, the TCAs as a group are clearly more potent at
blocking these receptors than other types of antidepressant
drugs, and they all can cause these types of side effects.
Consistent with their high potency at muscarinic recep-
tors, amitriptyline and protriptyline tend to produce anti-
cholinergic side effects with the highest frequency.71

MAOIs have little affinity for muscarinic cholinergic re-
ceptors (data not shown) and tend not to cause these side
effects. Although amoxapine and maprotiline are some-
what less potent at muscarinic receptors than TCAs, they
do produce anticholinergic side effects, perhaps to an ex-
tent comparable to that of the TCAs.32 Even though the
SSRI paroxetine has reasonable affinity for muscarinic re-
ceptors, it produces less marked anticholinergic effects
than do the TCAs.37,72 This may be because it is given in
lower dosage than many TCAs and, in general, achieves
lower steady-state plasma concentrations than most of the
TCAs.38 For similar reasons, mirtazapine also does not
seem to cause the full spectrum of anticholinergic side ef-
fects.73 Because of their low potency at blocking musca-
rinic receptors, other SSRIs and atypical antidepressant

drugs cause essentially no more anticholinergic side ef-
fects than placebo.

Blockade of H1 histamine receptors causes sedation and
drowsiness, and perhaps contributes to weight gain as
well. As evident in Figure 5, many antidepressant drugs
show very high affinity for these receptors, even more so
than their affinities for muscarinic receptors. H1 histamine
receptor blockade can also lead to the potentiation of the
effects of other central nervous system depressants.
Among the TCAs, sedation and drowsiness are commonly
seen with doxepin, trimipramine, amitriptyline, and imip-
ramine. Interestingly, the secondary amine TCAs—desip-
ramine, nortriptyline, and protriptyline—are less sedating
than the other TCAs. The high potency of amoxapine and
maprotiline at H1 histamine receptors probably accounts
for their causing sedation similar to that of amitriptyline or
imipramine. Even though both trazodone and nefazodone
are weakly potent at H1 histamine receptors, they are quite
sedative. This may be due in part to their high affinity for
α1-adrenoceptors (see Figure 6). However, it may also be a
consequence of the fact that the steady-state plasma con-
centrations of these two antidepressants is much higher
than that of other antidepressant drugs, often reaching the
micromolar range.74–76 Thus, at therapeutic doses, concen-
trations of either trazodone or nefazodone in plasma may
be sufficient to cause some blockade of H1 histamine re-
ceptors. Given its high affinity for H1 histamine receptors,
it is not surprising that mirtazapine also causes drowsiness
and sedation.73 Little sedation or drowsiness is caused by
the SSRIs, bupropion, venlafaxine, or the MAOIs.

Figure 7. Potency of Antidepressants to Block Muscarinic
Cholinergic Receptors*

*Data from references 7, 10, and 11. Some values may have been ad-
justed to reflect not only the absolute potency of the drug in blocking
muscarinic cholinergic receptors but also their relative potencies in
relationship to each other. The relationship between Ki values (the con-
centration of drug needed to occupy 50% of the receptors) and IC50

values is given by the equation Ki = IC50/1 + L/KD, where L is the con-
centration of radioligand used in the experiment and KD is the affinity
of the radioligand for the receptor. The more potent the drug, the lower
the Ki value.
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Orthostatic hypotension and perhaps sedation is associ-
ated with blockade of α1-adrenoceptors. The sedative ef-
fect may be a consequence of NE acting centrally to in-
crease arousal or vigilance.77 Presumably due to their
relative high affinity at α1-adrenoceptors (see Figure 6),
all TCAs can cause orthostatic hypotension. This can oc-
cur in as many as 20% of patients treated with TCAs; it is
particularly a problem in elderly patients.71 Since the hy-
potension is not consistently related to dose,71 it can occur
anytime during treatment. Among the TCAs, postural hy-
potension is observed least frequently with nortriptyline.78

Both trazodone and nefazodone are potent at blocking α1-
adrenoceptors79; for unknown reasons, nefazodone seems
to cause less orthostatic hypotension than trazodone.
Amoxapine and maprotiline also produce this effect.
None of the other antidepressant drugs potently block this
receptor, and they produce little, if any, orthostatic hypo-
tension. MAOIs also have comparable potential to the
TCAs for causing orthostatic hypotension, even though
they do not cause this effect by blocking α1-adrenoceptors.

Interestingly, venlafaxine can cause a dose-related in-
crease in blood pressure in some patients. The likelihood
of patients receiving 100 mg or less of venlafaxine having
a sustained elevation of blood pressure was no greater
than that of patients receiving placebo.80 However, for pa-
tients receiving between 101–300 mg of venlafaxine
daily, the percentage having a sustained blood pressure el-
evation was 3% to 4% higher than that of the placebo-
treated patients. About half of the venlafaxine-treated pa-
tients defined as having a sustained blood pressure
elevation no longer met the criteria for this categorization
when blood pressure measurements were taken subse-
quently, even though the patients continued to receive
venlafaxine.

The TCAs affect the myocardium because of a combi-
nation of anticholinergic activity, inhibition of amine re-
uptake, and direct depressant effects. These effects are
most commonly manifested as a mild tachycardia. How-
ever, conduction disturbances and electrocardiographic
(ECG) changes can occur. Changes in the ECG include
prolongation of PR, QRS, or QT intervals or flattening or
inversion of T waves due to a slowing of both atrial and
ventricular depolarization. The slowing of depolarization
can lead to atrioventricular or bundle-branch block or to
premature ventricular contractions. These side effects are
cause for concern even though they occur much more
commonly in patients with preexisting cardiac problems.81

With therapeutic doses of TCAs, abnormalities of cardiac
conduction occur in less than 5% of patients and most are
not clinically significant.78

Amoxapine and maprotiline may have somewhat less
of an effect on cardiac conduction and the ECG than the
TCAs do.32,33 The SSRIs and other atypical antidepres-
sants have virtually no effect on the conduction system of
the heart and produce much less effect on the ECG than

the TCAs. The MAOIs also do not cause conduction dis-
turbances or have important direct cardiac effects.

TCAs cause a number of other side effects less fre-
quently than those enumerated above. An important side
effect is weight gain, in part because it reduces the likeli-
hood that patients will continue to take their medication.82

Amitriptyline appears most likely to cause significant
weight gain, whereas desipramine and nortriptyline are
the least likely.83 Weight gain also occurs in patients
treated with MAOIs, particularly with phenelzine.82 Most
SSRIs have an anorectic effect and do not cause any clini-
cally significant weight gain. Paroxetine appears to be
unique among SSRIs in having no clinically significant
anorectic effect,37 and weight gain has been reported in
patients being treated with paroxetine over time.38 Bupro-
pion also does not cause the weight gain associated with
the older antidepressant drugs.84,85 Venlafaxine can cause
weight loss which is often transient; patients treated with
this drug in clinical trials show a modest decrease in
weight during the first 5 months of treatment but an in-
crease of about 5 lb after 8 months.80 Perhaps due to its
potent antihistaminic effect, treatment with mirtazapine is
also associated with modest weight gain.73 Trazodone also
can cause weight gain, but it is too early to know the ef-
fect of nefazodone on weight gain.

Since TCAs may lower the seizure threshold, they are
potentially epileptogenic. It has been estimated that TCA-
induced seizures occur in 0.1% to 0.5% of patients.86 Sei-
zure activity appears to be related to dose and the rate of
dose escalation, and it usually occurs early in treatment.
Similar to the TCAs, a number of the newer drugs lower
the seizure threshold and can induce seizures. Induction
of seizures is particularly pronounced with maprotiline
and bupropion, especially in patients receiving high doses
(e.g., > 225 mg/day of maprotiline or > 450 mg/day of bu-
propion).86 By contrast, the incidence of seizures is very
low with trazodone, nefazodone, and mirtazapine, and
the incidence with SSRIs is lower than that with
TCAs.37,38,73,86–88 The incidence of seizures in patients
treated with venlafaxine (0.26%) was somewhat lower
than that in patients treated with a reference antidepres-
sant, mostly TCAs (0.38%), during clinical trials.80 Sei-
zures do not seem to occur in association with MAOIs.86

An important CNS side effect of TCAs is their induc-
ing mania or hypomania in patients with bipolar depres-
sion or in patients with depression and a strong family his-
tory of bipolar disorder.71 This side effect also occurs in
patients treated with MAOIs. There appears to be some-
what less risk of this occurring in patients treated with
SSRIs,72,89 but this may be due to bipolar patients gener-
ally being excluded from clinical trials. Further examina-
tion of this issue is warranted. There are insufficient data
to assess the risk of this effect occurring with other atypi-
cal antidepressant drugs (compare, for example, the con-
clusion of Fogelson et al.90 regarding the risk of bupro-
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pion inducing manic episodes with the conclusion of
Sachs et al.).91

In general, all the newer antidepressant drugs show im-
proved patient tolerability in comparison to the TCAs. As
with all drugs, though, there are side effects produced by
these newer compounds. There are similarities in the side
effect profiles of SSRIs. They all cause nausea (15% to
35% incidence), vomiting, and diarrhea to a considerably
greater extent than the TCAs do.35,38,88 Nausea is the most
common side effect of these drugs, and, for most of them,
somnolence is relatively frequent also. Both the nausea
and somnolence tend to dissipate over time as the drugs
continue to be taken. Headache is also a common side ef-
fect of this class of drugs and increases in frequency over
time. Fluoxetine appears to be distinct among the SSRIs in
producing a relatively high incidence of insomnia, ner-
vousness, restlessness, and anxiety.35 By contrast, fluvox-
amine seems to produce agitation and anxiety at a particu-
larly low rate.88

Venlafaxine has a side effect profile similar to that of
the SSRIs,42–44 but it does not seem to have the stimulant
effect that can occur with fluoxetine. Further, a rapid toler-
ance develops to the nausea caused by venlafaxine.80 Bu-
propion, though, can cause nervousness and insomnia (as
well as tremors and palpitations) and has more of a stimu-
lant than a sedative profile.92 The occurrence of nausea and
vomiting in patients treated with either trazodone, nefazo-
done, or bupropion is, in general, less than that seen in pa-
tients treated with SSRIs or venlafaxine.73,92 Mirtazapine
causes a much lower incidence of nausea and vomiting
than that seen with either SSRIs or venlafaxine.45,73

An antidepressant-induced side effect that is receiving
increasing attention is sexual dysfunction.93,94 Such side
effects can include abnormal ejaculation/orgasm, anorgas-
mia, impotence, decreased libido, dysmenorrhea, and
menstrual complaints. Estimates of such side effects are
quite variable.93 Sertraline causes more sexual dysfunction
in males than in females.93 The placebo-adjusted incidence
of such side effects for different SSRIs varies widely.92 It is
not clear if there is truly such variability or whether the as-
certainment of the incidence of these effects was different
in various studies. Venlafaxine also appears to produce
sexual dysfunction, also more in males than in females.92

There appears to be little impairment of sexual functioning
in patients treated with bupropion,92,93,95 and perhaps with
nefazodone as well. To date, the only sexual dysfunction
symptom seen with mirtazapine is decreased libido, and
this occurred in a low percentage of patients.73 It is inter-
esting that there were no reports of priapism during the
clinical trials of nefazodone, since it is structurally similar
to trazodone, which is well known to cause this effect.96,97

Given the number of patients studied in such trials and the
low incidence with which priapism occurs with trazodone,
careful postmarketing surveillance for this side effect with
nefazodone will be necessary before it can be concluded

that it does not occur. Finally, it should be noted that both
TCAs and MAOIs can also cause sexual dysfunction in-
cluding loss of libido, impaired erectile function, impaired
or painful ejaculation, impotence, and anorgasmia. In fact,
it was recently concluded that the incidence of sexual dys-
function was highest with TCAs and MAOIs, intermediate
with SSRIs and venlafaxine, and lowest with bupropion
and trazodone.93

Among all antidepressant drugs, amoxapine has the
greatest potential for producing neuroleptic-like side ef-
fects, due either to its high affinity or that of one of its
metabolites for D2 dopamine receptors. Treatment with
amoxapine can cause the movement and neuroendocrine
disorders associated with antipsychotic treatments, but the
incidence of these effects with amoxapine seems much
lower than that seen with typical neuroleptics.98

TOXICITY

TCAs can be toxic. TCA-induced toxicity of the CNS
can cause delirium, which is easily recognizable. How-
ever, this is preceded by symptoms that may appear as ei-
ther a worsening of depression or the development of psy-
chosis. The mean incidence of such toxicity is correlated
positively with plasma concentrations of the TCAs.

Overdosage of TCAs can cause death. This is of great
concern, as depression is the disorder most commonly as-
sociated with deliberate self-harm. Suicide by poisoning
accounts for about 20% of all suicides, and TCAs are the
most commonly used drugs in suicides by poisoning.99 For
every million patients treated with TCAs, 100 to 150 will
make a self-poisoning attempt.100 Overdosage with TCAs
can produce coma, seizures, hypertension, ECG abnor-
malities, and arrhythmias. Death from TCA overdose is
primarily due to cardiac arrest.101 Desipramine may be as-
sociated with more deaths per overdosage than other
TCAs.99,102 Although difficult to estimate accurately, a le-
thal dose of a TCA may be as low as 1200 mg and almost
always occurs with doses of 2000 mg or greater.103 This is
no more than 10 to 15 times greater than the standard
therapeutic daily dose for most of these drugs.

The most publicized and alarming toxic effect of
MAOIs is hypertensive crisis. The high blood pressure
may elicit a headache that can be accompanied by sweat-
ing, pallor, nausea, and vomiting. More serious and even
fatal syndromes can develop, such as intracranial hemor-
rhage due to the hypertensive crisis.104 The acute, dramatic
increase in blood pressure is not a toxic effect of MAOIs
alone but is more properly considered a drug (or food) in-
teraction.105 For example, the rise of blood pressure may be
due to the ingestion of foods containing indirectly acting
sympathomimetic amines such as tyramine. Cheese is rich
in tyramine, and when the development of hypertension in
a patient being treated with an MAOI was traced originally
to her ingestion of cheese, the hypertensive crisis was
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termed the “cheese reaction.” Tyramine raises blood pres-
sure by releasing norepinephrine and epinephrine from ei-
ther sympathetic nerve terminals and/or the adrenal me-
dulla. Normally, tyramine is metabolized by MAO,
primarily type A, in the gastrointestinal tract and does not
enter the circulation to an appreciable extent. However, if
MOA-A is inhibited, then tyramine enters the circulation
and releases the greater than normal amounts of catechol-
amine stored in nerve terminals, causing the hypertensive
crisis.105,106 Among the currently available MAOIs, tranyl-
cypromine seems most likely to cause hypertensive epi-
sodes.105 Patients treated with MAOIs have extensive,
complicated dietary restrictions.107 More recent data on the
tyramine content of many foods and beverages106 indicate
that there was little rationale for many of these diets.
Rather than the 700 food items prohibited in some diets, it
appears that only aged cheese, pickled herrings, concen-
trated yeast extract, and broad bean pods need to be
avoided totally.105 Equally important, numerous over-the-
counter cold and sinus medications contain indirectly act-
ing sympathomimetic amines, and their use should also be
avoided by patients treated with MAOIs.

There is another serious drug interaction with MAOIs.
Certain drugs used during anesthesia, e.g., pethidine, have
caused severe and even fatal responses in patients being
treated with MAOIs. Consequently, anesthesiologists have
usually required withdrawal of MAOIs for 2 to 3 weeks
before surgery performed under anesthesia.108

Overdosage with MAOIs alone can cause very serious,
even life-threatening, problems. The onset of symptoms
usually occurs 6 to 12 hours after ingestion but can be de-
layed up to 24 hours. Early symptoms include faintness,
anxiety, flushing, sweating, headache, tachypnea, tachy-
cardia, and tremor. More serious symptoms include mus-
cular hyperactivity, coma, seizures, profound hypotension,
and cardiac arrest.109 An acute overdosage of 4 to 6 mg/kg
body weight can be fatal.110

In general, the SSRIs and the other atypical antidepres-
sant drugs (except amoxapine and maprotiline) have a
higher therapeutic index than the TCAs do.103 Overdosage
with these drugs does not appear to have the life-threaten-
ing consequences associated with TCAs. Deaths have oc-
curred following overdosage with trazodone, although in
the great majority of cases, serious adverse effects have
not occurred and recoveries were uneventful.79 Of 28 pa-
tients who overdosed with paroxetine, with the largest
dose being 850 mg, all achieved full recovery with conser-
vative clinical management. Neither cardiovascular toxic-
ity nor seizure activity was noted.37 Seven patients who in-
gested up to 13 times the maximum recommended dose of
sertraline recovered completely.39 As of 1989, there were
58 reports of overdosage with fluvoxamine; 9 patients
died, but all of these took multiple medications.

Bupropion also may have a better therapeutic index
than TCAs. Five female patients who ingested 900 to 3000

mg of bupropion in single doses did not have any serious
adverse effects; there were no cardiac abnormalities or sei-
zures and no impairment of consciousness.111 A 3-year
multicenter, retrospective analysis of bupropion overdos-
age reported to poison control centers was published re-
cently.112 There were 58 cases of bupropion ingestion
alone and nine cases of bupropion combined with a benzo-
diazepine. No deaths occurred. Cardiovascular abnormali-
ties were limited primarily to sinus tachycardia. Neuro-
logic toxicity included lethargy and tremors. Seizures
occurred in 13 patients.

Compared to the TCAs, venlafaxine appears to present
few toxicity problems with overdose. Fourteen patients
have taken overdoses of venlafaxine, in some cases what
appears to be about 10 times more than the recommended
maximum dose. Plasma concentrations more than 30-fold
higher than therapeutic levels have been recorded. All pa-
tients recovered without sequelae; the most commonly re-
ported symptoms were somnolence and sinus tachycardia.
One patient who ingested 2.75 g venlafaxine along with
10 g naproxen and 0.5 mg thyroxine experienced two gen-
eralized convulsions, became deeply comatose, and re-
quired assisted ventilation before recovering.80

Mirtazapine also appears to have less serious sequelae
associated with overdose than the TCAs do. During clini-
cal trials with this antidepressant, 10 patients took over-
doses of mirtazapine—4 of them took mirtazapine alone in
doses up to 5–7 times greater than the usual daily dose.
Transient somnolence was the dominant clinical symp-
tom, without any clinically relevant changes in vital signs
or the ECG.73 Further, an elderly patient who took about
20 times the recommended dose of mirtazapine in combi-
nation with about 14 times the recommended dose of mid-
azolam recovered without serious adverse effects.73 She
entered a semicomatose state followed by transitory som-
nolence. Neither respiratory nor cardiovascular functions
were compromised, and seizures were not observed.

MECHANISMS OF ACTION

The advent of the newer antidepressant drugs clarifies
some issues and raises other ones about mechanism(s) of
action of antidepressants. The 30-year-old monoamine
hypotheses of depression,113–116 postulating a functional
deficiency of noradrenergic or serotonergic transmission
at key sites in the brain, were based in large measure on
the acute pharmacologic actions of TCAs and MAOIs.
These hypotheses followed the discovery that these anti-
depressant drugs either blocked the uptake of NE and
5-HT or inhibited the catabolism of these monoamines by
monoamine oxidase. As TCAs also had anticholinergic
properties, it was speculated that such an action also con-
tributed to their antidepressant activity and, further,
that cholinergic hyperactivity contributed to the pathogen-
esis of depression.117 Consequently, that most of the newer
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antidepressant drugs (as well as the traditional MAOIs)
have essentially no anticholinergic properties implies that
such activity contributes solely to side effects and not effi-
cacy. This is likely to be true also for the H1 histamine re-
ceptor and α1-adrenergic receptor antagonism produced
by many of the antidepressant drugs.2

Since none of the TCAs selectively blocked the uptake
of serotonin in vivo, it was difficult to ascertain what ef-
fect, if any, serotonin uptake inhibition contributed to their
antidepressant activity. Several theories were proposed in
which different behavioral effects were attributed to NE
and to 5-HT (e.g., see reference 118). Because of the
SSRIs, we now know that drugs with selective effects on
either NE or 5-HT can be antidepressants. Further, there
seems little evidence to distinguish between the efficacy
of these two types of antidepressants or to differentiate
among the patients that they help. Whether the initial pat-
tern of behavioral improvement elicited by these two dif-
ferent classes of antidepressant drugs is similar or dif-
ferent needs to be addressed given that maximal
improvement with drugs such as paroxetine or desipra-
mine seems to be equivalent. Finally, it is of interest that
drugs that block the uptake of NE or 5-HT selectively pro-
duce therapeutic effects equivalent to drugs that block the
uptake of both monoamines. At present, what we can state
with confidence is that most depressives will respond to a
drug that blocks the uptake of either NE or 5-HT or to one
that blocks the uptake of both of these monoamines.

However, although we now have drugs that selectively
block the reuptake of either NE or 5-HT, we also have an-
tidepressants that essentially produce no inhibition of
these reuptake processes or MAO. Table 1 indicates the
potency (IC50 values) of various types of antidepressant
drugs to inhibit the reuptake of NE or 5-HT. Secondary
amine TCAs such as desipramine, nortriptyline, and pro-
triptyline, as well as amoxapine and maprotiline among
the second generation compounds, are relatively selective
inhibitors of the reuptake of NE. As their class name im-
plies, SSRIs are selective inhibitors of the reuptake of 5-
HT. Interestingly, the magnitude of selectivity for fluoxe-
tine is not that large, about 15-fold; fluoxetine, though, is
an SSRI in humans.119 Tertiary amine TCAs such as ami-
triptyline and imipramine, although slightly more potent
in vitro as inhibitors of NE reuptake than 5-HT reuptake,
do not exhibit any selectivity in vivo.120 Interestingly,
among the “nonselective” reuptake inhibitors, venlafaxine
is the only one that is more potent in vitro for serotonin
reuptake than NE reuptake. This raises the possibility that
there may be dose regimens under which venlafaxine will
function essentially as an SSRI. Further research will be
needed to establish this.

Even among the TCAs, trimipramine is devoid of activ-
ity as a NE or 5-HT reuptake inhibitor, and doxepin also is
a relatively weak inhibitor of the uptake of NE and espe-
cially 5-HT. Among the second generation antidepressant

drugs, bupropion is a very weak inhibitor of the uptake of
NE and 5-HT as is the newly marketed drug mirtazapine.
Both trazodone and nefazodone are very weak inhibitors
of NE reuptake and quite weak at inhibiting 5-HT reuptake
also. Clearly, even though either the property of NE or
5-HT reuptake inhibition (or inhibition of MAO) is a good
predictor of clinical efficacy as an antidepressant, some
other property(ies) must account for the clinical efficacy
of drugs such as trimipramine, bupropion, mirtazapine,
and, perhaps, doxepin, nefazodone, and trazodone as well.

Among all antidepressant drugs, bupropion is relatively
unique in that it more potently blocks the reuptake of do-
pamine than that of either NE or 5-HT.121 It is also more
potent in vivo as an inhibitor of dopamine reuptake than
that of NE.121 Bupropion may have dopamine mimetic
properties in humans, as it decreases plasma concentra-
tions of prolactin after its acute administration. On the
other hand, treatment of patients with bupropion caused
no decrease in the concentration of the dopamine metabo-
lite homovanillic acid (HVA) in cerebrospinal fluid.122 If
inhibition of DA reuptake were occurring, a decrease in
HVA would be expected.

Even though bupropion is slightly more potent in vitro
and in vivo at inhibiting the reuptake of DA than that of
NE, it is more potent in vivo in inhibiting the firing rate of
noradrenergic soma in the locus ceruleus than it is at inhib-
iting the firing rate of dopaminergic cells in the mid-
brain.121 Interestingly, treatment of patients with bu-
propion decreases whole-body NE turnover.123 Thus,
bupropion also seems capable of affecting noradrenergic
transmission by a mechanism still to be determined. It
seems possible that a metabolite of bupropion, in particu-
lar hydroxybupropion, might reach sufficient concentra-
tions in patients to affect the reuptake of NE.121

The preceding discussion raises two issues. First, since
not all antidepressant drugs block the reuptake of NE and/
or 5-HT, what data exist from which it may be inferred that
this pharmacologic property is important for efficacy
among the antidepressant drugs that possess it? The rela-
tionship to clinical efficacy necessitates studies of de-
pressed patients. Given this, it is difficult to state with cer-
tainty that reuptake inhibition is the essential feature
needed for efficacy. However, there are data showing that
the presence of 5-HT is necessary for the maintenance of
an acute antidepressant effect of SSRIs (or MAOIs). It was
found initially in the 1970s that administration of the in-
hibitor of 5-HT synthesis, parachlorophenylalanine
(PCPA), rapidly reversed the antidepressant effects of ei-
ther imipramine or tranylcypromine.124 More recently,
Delgado and associates125,126 have reexamined this pheno-
menon using a different strategy. They gave patients who
had responded to and were being maintained on antide-
pressant drugs a diet that was low in tryptophan and high
in amino acids that compete with tryptophan for transport
into the brain. As tryptophan is the dietary precursor of
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5-HT, the effect of this diet is presumably to lower the
brain content of 5-HT in the patients. This type of diet low-
ers levels of 5-HT in the brains of animals.127 Administra-
tion of this diet produced a relapse in about 70% of the pa-
tients studied who were treated with an SSRI or MAOI,
whereas only 20% of the “recovered” depressed patients
treated with desipramine, nortriptyline, or bupropion re-
lapsed.126 Selective inhibitors of NE uptake, then, seem
much less dependent on the availability of serotonin for
their beneficial effects than do either SSRIs or MAOIs.

By contrast, selective inhibitors of NE uptake do seem
dependent on the availability of NE for their effects,
whereas the efficacy of SSRIs may not be. Administration
of the inhibitor of catecholamine synthesis, alpha-methyl-
para-tyrosine (AMPT), to recovered depressives main-
tained on antidepressants caused a return of depressive
symptomatology in patients who responded to noradrener-
gic uptake inhibitors but not in those who responded to
SSRIs.128 It does seem, then, that antidepressants that in-
hibit NE and/or 5-HT reuptake, or inhibit MAO, need the
availability of these transmitters for efficacy. Given this,
for such drugs it seems reasonable to speculate that reup-
take inhibition (or MAO inhibition) is a (the?) key pharma-
cologic property that contributes to antidepressant efficacy.

The second issue is what pharmacologic properties
might contribute to efficacy among antidepressant drugs
that have very little potency as inhibitors of either MAO or
NE or 5-HT reuptake in vitro. Although 5-HT uptake in
vivo has been speculated to be involved in the efficacy of
nefazodone or trazodone,129 this seems unlikely. For ex-
ample, administration of nefazodone to rats produces either
no inhibition of the serotonin transporter130 or only modest
inhibition even at high doses.129 This is true of trazodone
also.131 Perhaps most importantly, administration of “thera-
peutic” doses of nefazodone (200 mg, b.i.d.) to healthy vol-
unteers caused only a short-lived and modest inhibition
(34%) of 5-HT uptake into platelets and no decrease of
whole blood 5-HT content; this contrasts with the 50% to
80% decrease in whole blood 5-HT content produced by
administration of 20 mg of fluoxetine.132 In view of this, it
seems highly unlikely that either drug causes much, if any,
inhibition of 5-HT reuptake in patients treated with them.
And if they do not inhibit 5-HT reuptake, they certainly do
not inhibit NE reuptake (see Table 1).

A pharmacologic property shared by trazodone and
nefazodone, as well as several TCAs and the new drug
mirtazapine, is relatively high potency as an antagonist of a
serotonin receptor called the 5-HT2A receptor (Table 2). In
general, these drugs are at least fivefold more potent in
vitro as antagonists of this receptor than they are as inhibi-
tors of 5-HT uptake (compare values in Table 2 with those
in Table 1). It is not surprising, then, in studies of animals
in vivo, these drugs more potently antagonize 5-HT2A-me-
diated responses than they do 5-HT reuptake.129–131,133–135

Interestingly, repeated administration to rats of those anti-

depressant drugs that are potent 5-HT2A antagonists cause
a down-regulation of 5-HT2A receptors in the brain.136–139

That antagonists down-regulate this receptor is somewhat
surprising because down-regulation is usually associated
with prolonged stimulation of a receptor by agonists. The
mechanisms whereby antagonists cause down-regulation
are unknown. Physical antagonism coupled with down-
regulation of 5-HT2A receptors certainly implies that these
drugs are causing strong functional blockade of transmis-
sion mediated by 5-HT2A receptors in vivo.

Yet it is likely to be the enhancement of central seroto-
nergic transmission that either contributes to or accounts
for the efficacy of some TCAs, SSRIs, perhaps MAOIs,
and venlafaxine (see above and reference 53). If such data
are considered together, it seems reasonable to conclude,
then, that such enhancement of serotonergic transmission
is not occurring through activation of 5-HT2A receptors (or
probably 5-HT2C receptors, also).

Even if these drugs are not 5-HT or NE reuptake inhibi-
tors or MAOIs, might they still be capable of enhancing
serotonergic or noradrenergic transmission? As is the case
with many types of antidepressant drugs, chronic treat-
ment of rats with trazodone causes desensitization of
somatodendritic serotonin autoreceptors.56 As activation
of these autoreceptors exerts an inhibitory effect on sero-
tonergic cell firing, their becoming desensitized might fa-
cilitate serotonergic transmission. Whether the structurally
related nefazodone produces a similar effect is not yet
known. However, chronic treatment of rats with nefazo-
done potentiates a response mediated by postsynaptic 5-
HT1A receptors.138 Interestingly, acute treatment of rats
with mirtazapine elicited a response mediated by 5-HT1A

receptors, even though this drug has very low potency for
this receptor subtype.135 There are a number of studies
showing that altering the function of 5-HT2A receptors
modifies responses mediated by 5-HT1A receptors and vice
versa. How this occurs is currently the subject of consider-
able research, but is still unknown. Given this, however, it
may be that the 5-HT2A receptor antagonist properties of
drugs such as trazodone, nefazodone, and mirtazapine
contribute to facilitation of transmission mediated by post-
synaptic 5-HT1A receptors.

However, another factor to consider is that among all
antidepressants, nefazodone and trazodone have the high-

Table 2. Antidepressants With Relatively High Affinity for the
5-HT2A Receptor*
Drug Ki (nM)

Amitriptyline 18
Doxepin 25
Mirtazapine 10
Nefazodone 25
Nortriptyline 40
Trazodone 25
*Data from references 7 and 11.
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est affinity (Ki values of about 100 nM) for the 5-HT1A re-
ceptor.11 As the therapeutic plasma concentrations of these
two drugs are higher than those of other antidepressant
drugs,74,76 it seems probable that these two drugs do indeed
cause some occupancy of 5-HT1A receptors in vivo. Nei-
ther drug has been reported to cause 5-HT1A-mediated ef-
fects after their acute administration; it is therefore un-
likely that they are 5-HT1A agonists. It is more likely,
therefore, that they are 5-HT1A antagonists. However, the
functional significance of 5-HT1A antagonism is unclear.

Trazodone, trimipramine, and mirtazapine can facilitate
noradrenergic transmission. Intravenous administration of
trazodone to rats caused a modest, dose-dependent in-
crease in the spontaneous firing rate of noradrenergic lo-
cus ceruleus neurons.140 Interestingly, acute administration
of trimipramine to rats caused the same effect.141 Chronic
treatment of rats with trimipramine caused a supersensi-
tive response of cortical neurons to iontophoretically ap-
plied NE.141 Such data indicate that both trazodone and tri-
mipramine may facilitate noradrenergic transmission,
even though the underlying mechanism(s) by which they
do so is unknown.

Among existing antidepressant drugs, mirtazapine
blocks α2-adrenoceptors most potently (Ki = 100 nM).7,11

Such α2-adrenoceptor antagonism is produced in vivo by
mirtazapine.135 Both somatodendritic and terminal autore-
ceptors are the α2 subtype. Consequently, antagonism of
this receptor would enhance noradrenergic cell firing and
the release of NE. The antagonism of α2-adrenoceptors
probably accounts for the ability of the acute administra-
tion of mirtazapine to increase the extracellular concentra-
tion of 3,4-dihydroxyphenylacetic acid (DOPAC) in the
hippocampus, as measured using in vivo microdialy-
sis.135,142 In this study, the concentration of DOPAC was
used to provide a measure of the release of NE. Thus, acute
administration of mirtazapine enhances the release of NE.
Not only can mirtazapine enhance noradrenergic transmis-
sion, but it can also facilitate serotonergic transmission as
evidenced by its dose-dependent increase in the firing rate
of serotonergic soma in the dorsal raphe nucleus.143

Chemical lesioning of noradrenergic neurons prevented
this effect of mirtazapine, indicating that the increase in
serotonin cell firing was due to enhanced noradrenergic
transmission. The enhancement of serotonergic cell firing
is thought to be due to NE acting on α1-adrenoceptors on
the serotonergic soma and/or dendrites.144 Thus, by block-
ing α2-adrenoceptors, mirtazapine enhances the release
of NE in the raphe nuclei which then activates α1-
adrenoceptors to increase the firing rate of serotonergic
soma. This scenario is plausible as mirtazapine is about
fourfold less potent in blocking α1-adrenoceptors (Ki of
about 400 nM)7 than it is in blocking α2-adrenoceptors.
This is an important difference between mirtazapine and
the structurally related drug mianserin. Mianserin has
comparable potency at α1- and α2-adrenoceptors7 and, con-

sequently, does not produce a noradrenergic-induced en-
hancement of serotonergic transmission.142

The mirtazapine-induced increase in serotonergic cell
firing causes enhanced release of 5-HT, measured using
the technique of in vivo microdialysis.135,142 The α2-
adrenoceptor-blocking activity of mirtazapine contributes
in another way to this drug’s facilitation of the release of
5-HT. The release of 5-HT from serotonergic terminals
may be tonically inhibited by NE acting on α2-adrenergic
heteroceptors.145 Mirtazapine antagonizes the inhibitory
effect of NE on these heteroceptors,143 thereby facilitating
further the release of 5-HT.

The possible mechanisms by which NE can regulate the
release of serotonin is shown schematically in Figure 8. It
is evident from this figure that selective inhibitors of NE
reuptake (e.g., desipramine, maprotiline) that are also po-
tent α1-adrenoceptor antagonists should not cause much
enhancement of serotonergic transmission. Essentially all
the selective NE reuptake inhibitors fall into this category
(see Figure 6). These drugs are also very weak α2-
adrenoceptor antagonists,11,117 so they would not facilitate
5-HT release by blocking α2-adrenergic heteroceptors.
Thus, although selective NE reuptake inhibitors may po-
tentiate postsynaptically-mediated serotonergic electro-
physiologic responses,146 other pharmacologic properties
that they either possess (α1 antagonism) or lack (α2 an-
tagonism) make them unlikely to facilitate serotonergic
transmission through noradrenergic mechanisms.

Figure 8. Noradrenergic Regulation of the Release of 5-HT*

*Modified from reference 135, with permission. Noradrenergic nerves
innervate the raphe nuclei. The enhanced release of norepinephrine in
the raphe nuclei caused, for example, by blockade of inhibitory autore-
ceptors on noradrenergic terminals, activates postsynaptic α1-
adrenoceptors, which may lead to an increase of the rate of firing of
serotonergic soma. This can lead to enhanced release of 5-HT at sero-
tonergic terminals. In addition, there appear to be α2-adrenoceptors on
serotonergic terminals, which, when activated, can inhibit the release
of 5-HT. Blockade, then, of such heteroceptors could further enhance
the release of 5-HT.
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The converse issue to that just discussed is whether al-
tered serotonergic transmission leads to changes in norad-
renergic transmission. Serotonergic innervation of the lo-
cus ceruleus147 provides the anatomic basis for such a
possibility. Iontophoretic application of 5-HT into the lo-
cus ceruleus can cause suppression of its spontaneous fir-
ing rate, but this effect is inconsistent.148,149 However, there
does appear to be a serotonergic inhibitory pathway be-
tween the dorsal raphe nucleus and the locus ceruleus that
markedly attenuates the excitation of the locus ceruleus
caused by a noxious stimulus.148,150 The excitatory re-
sponse of the locus ceruleus to noxious stimuli appears to
be mediated by an excitatory amino acid pathway.151 The
observation, then, that iontophoretic administration of
5-HT into the locus ceruleus reliably attenuated the excita-
tion of the locus ceruleus caused by glutamate or kainate149

implies that 5-HT may block locus ceruleus responses to
painful stimuli by attenuating responses of locus ceruleus
neurons to excitatory amino acids. A 5-HT1A receptor may
mediate this effect of 5-HT.152 The precise site of action in
the locus ceruleus whereby 5-HT produces these effects on
excitatory amino acid responses is unclear. In addition,
there appears to be a site outside the locus ceruleus where
activation of 5-HT2A receptors increases locus ceruleus re-
sponses to somatosensory stimulation.153

Thus, although serotonergic transmission may not di-
rectly modulate the activity of locus ceruleus neurons, it
may modulate the response of locus ceruleus neurons to
other inputs, particularly those using excitatory amino
acid transmitters such as glutamate. In general, though, it
appears that the locus ceruleus is not under the type of
direct influence from its serotonergic innervation that
the dorsal raphe is by its noradrenergic innervation. What
effect, if any, then, that antidepressants selectively acting
on serotonergic neurons (e.g., SSRIs) would have indi-
rectly on noradrenergic transmission remains a matter of
conjecture.

CONCLUSION

Several points emerge from the foregoing discussion.
First, most available antidepressant drugs that are selec-
tive for noradrenergic neurons are unlikely to have a sec-
ondary effect on serotonergic neuronal activity and the re-
lease of 5-HT. Second, serotonin selective antidepressant
drugs seem even more unlikely to modulate noradrenergic
neuronal firing and release. This might explain why on a
variety of serotonergic and noradrenergic parameters,
long-term effects caused by antidepressant drugs seem de-
pendent on their acute pharmacologic properties, i.e., nor-
adrenergic but not serotonergic drugs modify noradrener-
gic parameters, and serotonergic but not noradrenergic
drugs alter serotonergic indices. Ordway et al.54 reported
that the decrease in density of β-adrenoceptors throughout
the brain caused by antidepressant drugs was confined to

those drugs that had acute noradrenergic effects; neither
SSRIs nor trazodone produced this effect. The ability of
antidepressant drugs to reduce responses elicited by acti-
vation of 5-HT1A receptors upon repeated administration
seems limited to those drugs that block the uptake of sero-
tonin or inhibit its catabolism.154 Similarly, antidepressant-
induced desensitization of α2-adrenoceptors on 5-HT ter-
minals was caused by a reversible MAOI and a selective
inhibitor of NE uptake, but not by an SSRI.155 Such selec-
tivity of action is also consistent with the clinical data
mentioned earlier,126,128 whereby selective inhibitors of NE
reuptake seem dependent on the availability of NE but not
5-HT for their efficacy, whereas SSRIs need 5-HT but not
NE for their beneficial effects.

Third, there are novel and, in some instances, still
unexplained mechanisms by which antidepressants that
are neither reuptake inhibitors nor MAOIs facilitate
serotonergic- and/or noradrenergic-mediated responses. A
key area for future research will be to understand these
mechanisms.

Drug names: amitriptyline (Elavil and others), amoxapine (Asendin),
amphetamine (Adderall), bupropion (Wellbutrin), desipramine (Nor-
pramin and others), doxepin (Sinequan and others), fluoxetine (Prozac),
fluvoxamine (Luvox), imipramine (Tofranil and others), maprotiline
(Ludiomil), midazolam (Versed), mirtazapine (Remeron), nefazodone
(Serzone), nortriptyline (Pamelor), paroxetine (Paxil), phenelzine (Nar-
dil), protriptyline (Vivactil), sertraline (Zoloft), tranylcypromine (Par-
nate), trazodone (Desyrel), trimipramine (Surmontil), venlafaxine
(Effexor).
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