Interactions of Antidepressants With
Neurotransmitter Transporters and Receptors
and Their Clinical Relevance

Elliott Richelson, M.D.

Thisreview discusses the pharmacology of antidepressants asit relates to their blockade of human
transporters for norepinephrine, serotonin, and dopamine, as well as their blockade of several differ-
ent human neurotransmitter receptors. This blockade by antidepressants of transporters and receptors
isthought to relate to therapeutic and adverse effects of these compounds. Knowledge of the preclin-
ical pharmacology of antidepressants will help the clinician to identify adverse effects and drug inter-
actions that may occur with these agents. The article also reviews drugs that have dual action (effects
on serotonin and norepinephrine), which may provide a therapeutic advantage in treating depressed

patients.

I n the United States today, there are over 20 different
drugs approved by the U.S. Food and Drug Adminis-
tration (FDA) to treat depression. More than half of these
compounds have been available for decades. The evo-
lution of the development of drugs for the pharma-
cotherapy of depression has been that drugs with a mul-
tiplicity of effects (e.g., tricyclic antidepressants) have
been superseded by those with selective actions (i.e., sero-
tonin selective reuptake inhibitors [SSRIs]). This evo-
lution came about to reduce adverse effects of antide-
pressant drugs, by largely eliminating interactions with
certain neurotransmitter receptors. Although these more
selective compounds may be better tolerated by patients,
there is increasing evidence to suggest that selective
drugs, specifically SSRIs, do not yield superior efficacy
as measured by response and remission rates in treating
depressed patients. In fact, it may be an advantage to in-
crease synaptic levels of both serotonin and norepineph-
ring, as, for example, with venlafaxine (at high dosages)
and with the new antidepressant duloxetine. Since knowl-
edge of the pharmacology of antidepressants can help the
clinician in the selection and use of these agents, this re-
view will present some of their pharmacology asit relates
to their effects at synapses in the brain, as well as else-
where in the body. The information presented from pre-
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clinical studies will show how these effects may relate to
the therapeutic and adverse effects of these compounds
and why some antidepressants are more likely than others
to cause these effects. Thus, the reader will learn what
might be the clinical relevance of the effects of antide-
pressants on specific neurotransmitter systems.

THE SITE OF ACTION OF
ANTIDEPRESSANTS IS THE SYNAPSE

Whether therapeutic or adverse, most of the effects of
antidepressants in the body occur at the level of the syn-
apse, where one neuron communicates with another neu-
ron or another type of cell (e.g., smooth muscle cell). By
either blocking neurotransmitter transport, blocking cer-
tain neurotransmitter receptors, or inhibiting the mito-
chondrial enzyme monoamine oxidase, antidepressants
change the magnitude of the effects of neurotransmitters at
these synapses. Some biogenic amine neurotransmitters,
after release, are taken back into the nerve ending. Reup-
take occurs through transport proteins (transporters),
which have been molecularly cloned from human and
other species. This transport is a mechanism to prevent
overstimulation of receptorsin the synapse.

In general, antidepressants can block transport of the
biogenic amine neurotransmitters norepinephrine, seroto-
nin, and dopamine. They also can antagonize certain
receptors, the most clinically relevant of which are pre-
sented here. In addition, some antidepressants inhibit the
activity of monoamine oxidase, a ubiquitous enzyme that
is important in the degradation of catecholamines (both
norepinephrine and dopamine) and serotonin. Since this
enzyme is present in mitochondria, which are found in
nerve endings aswell asin most other cellsin the body, its
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Table 1. Potency of Antidepressants for Blocking Some Neurotransmitter Transporters

and Receptors®

Receptors
Neurotransmitter Transporters Higtamine  Muscarinic

Drug NE 5-HT DA H, Acetylcholine  a,-Adrenergic
Amitriptyline +++ ++++ - +++++ +++ +4+
Amoxapine +++ +++ - +++ + ++
Bupropion 0 - + - 0 —
Citalopram - FE— 0 + - N
Clomipramine +++ - +++ +++ 4+
Desipramine +++++ +++ — ++ ++ T+
Doxepin +++ +++ 0 +Ht++++ ++ +4+
Duloxetine o+t At + _ _ _
Fluoxetine ++ +++++ — _ _ _
Fluvoxamine + H+++ — 0 0 _
Imipramine +++ +++++ — ++++ ++ T+
Mirtazapine - 0 0 P + +
Nefazodone ++ ++ ++ +++ - T4+
Paroxetine +++ -+ + 0 Tt _
Sertraline + +H++++ 0 + +
Venlafaxine + ++++ — 0 0 0
Reference compounds

Methylphenidate +++

Phentolamine St

Diphenhydramine .

Atropine I

3Reprinted with permission from Richelson. 3!

Abbreviations: 5-HT = serotonin, DA = dopamine, NE = norepinephrine.
Symbols: + to ++++++ = increasing levels of potency, — = weak, 0 = no effect.

Figure 1. Inhibition by Antidepressants of the Human Norepinephrine Transporter*
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aThe potency (affinity) data are expressed as the inverse of the equilibrium dissociation constant, K,

multiplied by afactor of 107. The Ky isin molarity. All data excePt those for duloxetine are from

Tatsumi et al.* Data for duloxetine were derived from Richelson,®

with the molecularly cloned

human norepinephrine transporter by methods previously described.*

inhibition results in an elevation in the concentration of
neurotransmitter available for release at the synapse.

SPECIFIC SYNAPTIC EFFECTS OF
ANTIDEPRESSANTS AND THEIR POSSIBLE
CLINICAL CONSEQUENCES

As previously alluded to and as presented elsewherein
this supplement, there are clinical data™ to suggest that

dual- or multi-action drugs, such as clomipramine, dul ox-
etine, venlafaxine, and mirtazapine, have superior efficacy
in treating depressed patients or have amore rapid onset of
activity compared with single-action compounds. As will
be seen in this section, clomipramine, duloxetine, and ven-
lafaxine (at high dosages) block transport of both seroto-
nin and norepinephrine. On the other hand, mirtazapine
has no effects on transporters but has actions on some pre-
synaptic receptors (a,-adrenoceptors) that can increase the
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Figure 2. Inhibition by Antidepressants of the Human Serotonin Transporter®
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aThe potency data are expressed as described in the legend to Figure 1. All data except those for duloxetine are
from Tatsumi et al.* Data for duloxetine were derived from Richelson,®* with the molecularly cloned human
serotonin transporter by methods previously described.*

Figure 3. Selectivity of Antidepressants for Blocking Uptake of Serotonin Over Norepinephrine®
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8Data are the ratios of the numbers presented in Figures 1 and 2.

activity of serotonergic neurons and actions on some post-
synaptic receptors (serotonin-2A [5-HT,,]) that might be
important for its therapeutic effects.

Blockade of Neurotransmitter Transport
by Antidepressants

The vast magjority of available antidepressants are neu-
rotransmitter transport blockers (Table 1; Figures 1-4). In
addition, most of these drugs, including older-generation
compounds, are more potent at blocking transport of sero-
tonin than transport of norepinephrine.* However, newer
antidepressants are generally more selective and more
potent than the older compounds at blocking transport of
serotonin over norepinephrine. In addition, some antide-
pressants (e.g., mirtazapine) very weakly block transport
of norepinephrine, serotonin, and dopamine. Bupropion is
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the only antidepressant more selective for blocking trans-
port of dopamine than for other neurotransmitters. How-
ever, its effects on the dopamine transporter are relatively
weak, and overall, bupropion may be more noradrenergic
than dopaminergic due to the effects of a metabolite.®
Paroxetine is the most potent blocker of serotonin
transport. Potency does not equate to selectivity, since ci-
talopram, which is about 10-fold less potent than paroxe-
tine, is by far the most selective blocker of serotonin trans-
port (Figures 2 and 3). Selectivity isbased on theratio of 2
numbers: the drug’s potency at serotonin transport block-
ade divided by its potency at norepinephrine transport
blockade. It is more important to know the potency, rather
than the selectivity ratio, to predict certain adverse effects
and certain drug interactions. Finally, sertraline isthe most
potent of the antidepressants at blocking transport of dopa-
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Figure 4. Antidepressant Inhibition of the Human Dopamine Transporter®
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#The potency data are expressed as described in the legend to Figure 1. All data except those for duloxetine are
from Tatsumi et al.* Data for duloxetine were derived from Richelson,®! with the molecularly cloned human
dopamine transporter by methods previously described. Methylphenidate is not an antidepressant, but it is

shown here for comparison.*

mine (Figure 4), sinceit is about as potent as methylpheni-
date at this blockade.”

Venlafaxine has been called a serotonin-norepinephrine
reuptake inhibitor (SNRI) on the basis of animal data.’
However, as science progressed and the molecularly
cloned human transporters were studied, it became clear
that venlafaxine is much weaker at the human norep-
inephrine transporter than it is at the rat transporter. It
is, therefore, an SSRI at low dosages (likely below 200
mg/day), with a selectivity for the human serotonin
transporter over the human norepinephrine transporter of
120-fold (Figure 3). At high dosages (e.g., 375 mg/day),
effects on the norepinephrine transporter can be achieved.®
On the other hand, the new antidepressant duloxetine
appears to be a potent blocker of both transporters, with
a more balanced ratio of about 20 (Figures 1-3). Such
data suggest that this compound will have effects on trans-
porters for both serotonin and norepinephrine at the start-
ing dosage.

Transporter blockade may be related to the mechanism
of therapeutic effects of antidepressants. Additionally,
blockade of both the noradrenergic and serotonergic trans-
porters by an antidepressant may result in better rates of
response.’ Clinical data also suggest that serotonin trans-
porter blockade is necessary for treatment of panic disor-
der and obsessive-compulsive disorder.®™

Transport blockade of neurotransmitters likely relates
to certain adverse effects of these antidepressant drugs
and to some of their drug interactions (Table 2). For ex-
ample, serotonin transport blockade is the property that
causes sexual side effects, seen more commonly with the
SSRIsthan other types of antidepressants.*? Serotonin pro-
motes release of prolactin, while dopamineinhibitsrelease

of thishormone. Thus, elevation of prolactin levels can be
seen with drugs that potently block the serotonin trans-
porter.®*'* Increased prolactin levels potentially can cause
galactorrhea, menstrual changes, and sexual dysfunction
in males (impotence).*®

Serotonin transport blockade is also the property that
causes serious results when a monoamine oxidase in-
hibitor is combined with an antidepressant (serotonergic
syndrome).*® In addition, researchers have reported ad-
verse interactions between L-tryptophan, the precursor
of serotonin, and fluoxetine,”” as well as between St.
John's wort (Hypericum perforatum), which might have
weak inhibitory effects on monoamine oxidase,® and
anti depressants.™®

Blockade of the dopamine transporter, as for the other
transporters, may relate to antidepressant effects of drugs.
It may be of benefit to patients with Parkinson’s disease
and mitigate against an increase in prolactin levels. It may
also affect motivation and cognition. On the other hand,
this property could cause psychomotor activation and
precipitation or aggravation of psychosis, which has been
seen very rarely with bupropion® and sertraline.

Blockade of Neurotransmitter Receptors
by Antidepressants

Although antidepressants interact with a multitude of
neurotransmitter receptors (Table 1; Figures 5-7),%* data
for only 3 receptors of clinical relevance will be presented
here. Most newer antidepressants are weaker than the
older compounds (especially tricyclic antidepressants) at
blocking receptors for neurotransmitters. This fact pre-
dicts a side effect profile for these newer compounds dif-
ferent from and more favorable than that for older drugs.

J Clin Psychiatry 2003;64 (suppl 13)
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Table 2. Pharmacologic Properties of Antidepressants and Their Possible Clinical Consequences®

Property Possible Clinical Consequences
Blockade of the norepinephrine Antidepressant effects
transporter Tremors
Tachycardia
Hypertension

Blockade of the antihypertensive effects of guanethidine and guanadrel
Augmentation of pressor effects of sympathomimetic amines

Blockade of the serotonin Antidepressant effects
transporter Antianxiety effects
Anti-OCD effects
Gastrointestinal disturbances (including weight loss early in treatment,
weight gain late in treatment)
Increase or decrease in anxiety (dose-dependent)
Sexual dysfunction (including decreased libido)
Extrapyramidal side effects
Interactions with L-tryptophan, monoamine oxidase inhibitors

Blockade of the dopamine Antidepressant effects
transporter Enhanced motivation
Enhanced cognition
Mitigation against prolactin elevation
Antiparkinsonian effect
Psychomotor activation
Aggravation of psychosis

Blockade of histamine H, Potentiation of central depressant drugs
receptors Sedation
Drowsiness
Weight gain

Blockade of muscarinic Antidepressant effects
receptors Blurred vision

Attack or exacerbation of narrow angle glaucoma
Dry mouth
Sinus tachycardia
Constipation
Urinary retention
Memory dysfunction

Blockade of a,-adrenergic Potentiation of the antihypertensive effect of prazosin, terazosin,
receptors doxazosin, tamsulosin, and |abetal ol
Postural hypotension, dizziness
Reflex tachycardia

aModified from Richelson.®
Abbreviation: OCD = obsessive-compulsive disorder.

Figure 5. Blockade by Antidepressants of Human Histamine H, Receptors®
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@The affinity data are expressed as described in the legend to Figure 1. All data except those for duloxetine
were derived from radioligand binding studies with human brain tissue.?>?® Data for duloxetine are from
Wong et al.?* and are based on |Cg, (concentration at 50% inhibition of binding) at rat brain receptors.
Diphenhydramine is not an antidepressant, but it is shown here for comparison.

J Clin Psychiatry 2003;64 (suppl 13) 9



Elliott Richelson

Figure 6. Blockade by Antidepressants of Human Muscarinic Receptors®

Potency

aThe affinity data are expressed as described in the legend to Figure 1. All data except those for dul oxetine
were derived from radioligand binding studies with human brain tissue.?#? Data for duloxetine are from
Wong et al.2* Atropine is not an antidepressant, but it is shown here for comparison.

Figure 7. Blockade by Antidepressants of Human o,-Adrenoceptors®
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aThe affinity data are expressed as described in the legend to Figure 1. All data except those for duloxetine
were derived from radioligand binding studies with human brain tissue.???® Data for duloxetine are from
Wong et al.?* Phentolamine is not an antidepressant, but it is shown here for comparison.

Of all the receptor interactions of antidepressants, in
general the most potent effect is at histamine H, receptors.
In fact, some antidepressants are such exceedingly potent
histamine H, antagonists (Figure 5) that they are more
potent than al of the newer-generation histamine H,
antagonists marketed in recent years in the United States.
As aresult, clinicians are using them to treat allergic and
dermatol ogic problems.®

A drug interaction of antidepressants related to his-
tamine H, receptor antagonism is the potentiation of the
effects of central depressant drugs, which cause sedation
and drowsiness. This antagonism is probably responsible
for these side effects. Sedation, however, may be adesired
effect in patients who are agitated and also depressed. This

10

property also may be responsible for weight gain, as has
been strongly correlated for weight gain with antipsy-
chotic drugs.®

For antidepressants, the next most potent receptor
blocking effect that is of certain clinical relevanceisat the
muscarinic acetylcholine receptor. Antidepressants have
a broad range of affinities for human brain muscarinic re-
ceptors (Figure 6). The most potent is amitriptyline. The
SSRI paroxetine is unique among the newer compounds
for having appreciable antimuscarinic potency, similar to
that for imipramine (Figure 6). However, it is not likely
that at the usual dosage of paroxetine (20 mg/day) there
will be significant effect on muscarinic receptors. None-
theless, if the dosage is increased or the usual dosage is

J Clin Psychiatry 2003;64 (suppl 13)



given to a slow metabolizer, anticholinergic side effects
may be seen.”

Although blockade of muscarinic receptors may be
related to therapeutic effects,”® more likely this receptor
blockade by some antidepressants is responsible for sev-
eral adverse effects (Table 2). Thus, vigilance is especially
necessary with elderly patientsto avoid or reduce the anti-
muscarinic effects of antidepressants.

At the o,-adrenoceptor, the most potent compounds,
although a little weaker than the antihypertensive drug
phentolamine, are likely to have effects clinically at these
receptors (Figure 7). This receptor blockade by antide-
pressants may be responsible for orthostatic hypotension,
amost serious and common cardiovascular effect of these
drugs.® This side effect can cause dizziness and a reflex
tachycardia. In addition, this property of antidepressants
will result in the potentiation of several antihypertensive
drugs that potently block o.,-adrenoceptors (Table 2).

DISCUSSION

Blockade of transporters and receptors by antidepres-
sants occurs shortly after a patient has ingested a dose of
medication. Thus, most of the possible adverse effects dis-
cussed occur early in the treatment of patients. However,
with chronic administration of the drug, adaptive changes
may occur that can result in an adjustment to certain side
effects, the development of new side effects, and the onset
of therapeutic effects. The reader should keep in mind that,
as a first approximation, the drugs that are most potent at
the properties discussed are more likely to cause these
possible clinical effects than the drugs that are weak at
these properties. What is meant by “first approximation” is
that there are many more variables to consider, in addition
to affinity for atransporter or areceptor, in predicting the
likelihood that a drug will cause an adverse effect. The
true prediction is based on knowledge of certain variables
that at this time cannot be readily measured. More specif-
icaly, it is the concentration of the drug at the site of
action, relative to its affinity (or more correctly, the in-
verse of the affinity, which is the concentration of drug at
50% of its maximal binding) for this site that determines
how much of the drug will be bound to its target.* How-
ever, thisis the case only in the absence of neurotransmit-
ter competing for binding to the same site and in the ab-
sence of biological variability of the target (i.e., structural
differences affecting binding affinity).** Assuming no bio-
logical variability, one needs to know the concentration
not only of the drug, but also of the neurotransmitter at the
target. Presently, it is possible to obtain thisinformationin
only avery limited way, with positron emission tomogra-
phy scanning.

Nonetheless, clinically, these synaptic effects can be
linked to therapeutic and certain adverse effects. Knowl-
edge of these effects helps elucidate the advantages of
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newer compounds relative to the older compounds, and
differences among new compounds in terms of their side
effect profiles and certain drug interactions. Specifically,
new antidepressants with selective effects on blocking
both serotonin and noradrenergic transporters (e.g., dul ox-
etine and high-dose venlafaxine) may provide therapeutic
advantages over single-action compounds. Thus, the in
vitro findings presented should help clinicians choose the
most appropriate antidepressant for each patient and, po-
tentialy, will help to maximize efficacy and prevent or
minimize the occurrence of certain adverse effects and
drug interactions.

Drug names: amitriptyline (Endep, Elavil, and others), atropine
(Atropen and others), bupropion (Wellbutrin and others), citalopram
(Celexa), clomipramine (Anafranil and others), desipramine (Nor-
pramin and others), diphenhydramine (Ambenyl, Benadryl, and oth-
ers), doxazosin (Cardura and others), doxepin (Sinequan, Zonalon,
and others), fluoxetine (Prozac and others), imipramine (Tofranil and
others), labetalol (Trandate, Normodyne, and others), methylphenidate
(Ritalin, Concerta, and others), mirtazapine (Remeron), nefazodone
(Serzone), paroxetine (Paxil), phentolamine (Regitine and others),
prazosin (Minizide, Minipress, and others), sertraline (Zoloft),
tamsulosin (Flomax), venlafaxine (Effexor).

Disclosure of off-label usage: The author of this article has determined
that, to the best of his knowledge, duloxetine has not been approved by
the U.S. Food and Drug Administration for treatment of major depres-
sive disorder.
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