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Monoamine Hypothesis of Depression:
Antidepressants Increase Monoamines

reuptake
pump blocked
by antidepressant

increase in neurotransmitters causes
return to normal state

FIGURE 12-12
Antidepressants increase
monoamines. According to
the monoamine hypothesis of
depression, a deficiency in
serotonin, norepinephrine,
and/or dopamine leads to
depression. Thus an increase
in these neurotransmitters
should cause a return to a
normal state. In general, all
antidepressants boost the
synaptic action of one or
more of the monoamines, in
most cases by blocking
presynaptic transporters. In
this figure, an antidepressant
is blocking the
norepinephrine transporter
(NET), thus increasing
synaptic availability of
norepinephrine and
theoretically reducing
symptoms of depression.
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FIGURE 12-13 Time course of antidepressant effects. This figure depicts the different time courses for three
effects of antidepressant drugs — namely, clinical changes, neurotransmitter (NT) changes, and receptor sensitivity
changes. Specifically, the amount of NT changes relatively rapidly after an antidepressant is introduced. However,
the clinical effect is delayed, as is the desensitization, or downregulation, of neurotransmitter receptors. This
temporal correlation of clinical effects with changes in receptor sensitivity has given rise to the hypothesis that
changes in neurotransmitter receptor sensitivity may actually mediate the clinical effects of antidepressant drugs.
These clinical effects include not only antidepressant and anxiolytic actions but also the development of tolerance
to the acute side effects of antidepressant drugs.
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Neurotransmitter Receptor Hypothesis of Antidepressant Action

A antidepressant blocks the reuptake pump, B increase in NT causes receptors

causing more NT to be in the synapse to downregulate

FIGURE 12-14A and B Neurotransmitter receptor hypothesis of antidepressant action. Although
antidepressants cause an immediate increase in monoamines, they do not have immediate therapeutic effects.
This may be explained by the monoamine receptor hypothesis of depression, which states that depression is
caused by upregulation of monoamine receptors; thus antidepressant efficacy would be related to downregulation
of those receptors, as shown here. (A) When an antidepressant blocks a monoamine reuptake pump, this causes
more neurotransmitter (NT) (in this case, norepinephrine) to accumulate in the synapse. (B) The increased
availability of NT ultimately causes receptors to downregulate. The time course of receptor adaptation is
consistent both with the delayed clinical effects of antidepressants and with development of tolerance to
antidepressant side effects.
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Monoamine Hypothesis of Antidepressant Action on Gene Expression
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FIGURE 12-15 Monoamine hypothesis of antidepressant action on gene expression. Adzptations in receplor
numter or sensitivity are likely due to alterations in gene expression, as shown here. The neurotransmitter at the
top is presumably increased by an antidepressant. The cascading consequence of this is ultimately to change the
expression of critical genes in order %o effect an antidepressant response. This includes downregulating some
genes so that there is decreased synthesis of receptors as well as upregulating other genes so that there is
increased synthesis of critical proteins, such as brain-derived neurotrophic factor (EDNF).
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SSRI Action

FIGURE 12-17 SSRI action. In this figure, the
serotonin reuptake inhibitor (SRI) portion of the SSRI
molecule is shown inserted into the serotonin
reuptake pump (the serotonin transporter, or SERT),
blocking it and causing an antidepressant effect.
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Depressed state: low 5HT, upregulated receptors, low number
of signals in the neuron to release more 5HT

FIGURE 12-18 Mechanism of action of serotonin selective reuptake inhibitors (SSRIs), part 1. Depicted here
is a serotonin (5HT) neuron in a depressed patient. In depression, the SHT neuron is conceptualized as having a
relative deficiency of the neurotransmitter 5HT. Also, the number of S5HT receptors is upregulated, including
presynaptic 5SHT1A autoreceptors as well as postsynaptic 5HT receptors.
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Antidepressant action: antidepressant blocks 5HT reuptake both
at the dendrites and at the axon

FIGURE 12-19 Mechanism of action of serotonin selective reuptake inhibitors (SSRIs), part 2. When an SSRI
is administered, it immediately blocks the serotonin reuptake pump [see icon of an SSRI drug capsule blocking

the reuptake pump, or serotonin transporter (SERT)]. However, this causes serotonin to increase initially only in
the somatodendritic area of the serotonin neuron (left) and not very much in the axon terminals (right).
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FIGURE 12-20 Mechanism of action of serotonin selective reuptake inhibitors (SSRIs), part 3. The
consequence of serotonin increasing in the somatodendritic area of the serotonin (5HT) neuron, as depicted in
Figure 12-19, is that the somatodendritic SHT1A autoreceptors desensitize or downregulate (red circle).
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The downregulation of the autoreceptors causes the neuron to
release more 5HT at the axon

FIGURE 12-21 Mechanism of action of serotonin selective reuptake inhibitors (SSRIs), part 4. Once the
somatodendritic receptors downregulate, as depicted in Figure 12-21, there is no longer inhibition of impulse
flow in the serotonin (5HT) neuron. Thus, neuronal impulse flow is turned on. The consequence of this is release
of 5HT in the axon terminal (red circle). However, this increase is delayed as compared with the increase of BHT
in the somatodendritic areas of the SHT neuron, depicted in Figure 12-20. This delay is the result of the time it
takes for somatodendritic 5HT to downregulate the 5HT1A autoreceptors and turn on neuronal impulse flow in
the BHT neuron. This delay may explain why antidepressants do not relieve cepression immediately. It is also the
reason why the mechanism of action of antidepressants may be linked to increasing neuronal impulse flow in
SHT neurons, with BHT levels increasing at axon terminals before an SSRI can exert its antidepressant effects,
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The increase of 5HT at the axon causes the postsynaptic receptors to
desensitize / downregulate, reducing side effects

FIGURE 12-22 Mechanism of action of serotonin selective reuptake inhibitors (SSRIs), part 5. Finally, once
the SSRIs have blocked the reuptake pump [or serotonin transporter (SERT) in Figure 12-19], increased
somatodendritic serotonin (5HT) (Figure 12-19), desensitized somatodendritic 5SHT1A autoreceptors (Figure
12-20), turned on neuronal impulse flow (Figure 12-21), and increased release of 5HT from axon terminals
(Figure 12-21), the final step (shown here) may be the desensitization of postsynaptic 5HT receptors. This
desensitization may mediate the reduction of side effects of SSRIs as tolerance develops.
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FIGURE 12-16 Serotonin selective reuptake
SSR' inhibitors. Shown here is an icon depicting the
core feature of serotonin selective reuptake
inhibitors (SSRIs), namely serotonin reuptake
inhibition. Although the six agents in this class
have unique pharmacological profiles, they all
share the common property of serotonin
transporter (SERT) inhibition.
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FIGURE 12-23 Secondary
pharmacological properties of SSRIs.
This icon depicts the various secondary
pharmacological properties that may be
associated with one or more of the six
different serotonin selective reuptake
inhibitors (SSRIs). These include not
only serotonin reuptake inhibition (SRI)
but also lesser degrees of actions at
other neurotransmitters and enzymes,
including norepinephrine reuptake
inhibition (NRI), dopamine reuptake
inhibition (DRI), serotonin 2C
antagonist actions (5HT2C),
muscarinic/cholinergic antagonist
actions (M1), sigma 1 receptor actions
(o), inhibition of nitric oxide synthetase
(NOS), and inhibition of CYP450 2D6,
3A4, and 1A2.
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fluoxetine

FIGURE 12-24 Icon of fluoxetine. In
addition to serotonin reuptake inhibition,
fluoxetine has norepinephrine reuptake
inhibition (NRI), CYP450 2D6 and 3A4
inhibition, and serotonin 2C antagonist
actions (5HT2C). Fluoxetine's activating
effects may be due to its actions at
serotonin 2C receptors. Norepinephrine
reuptake inhibition may be clinically
relevant only at very high doses.
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FIGURE 12-26 Icon of sertraline.
Sertraline has dopamine reuptake
inhibition (DRI) and sigma 1 receptor
binding in addition to serotonin reuptake
inhibition (SRI). The clinical relevance of
sertraline’s DRI is unknown, although it
may improve energy, motivation, and
concentration. Its sigma properties may
contribute to anxiolytic actions and may
also be helpful in patients with psychotic
depression.
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paroxetine

FIGURE 12-27 Icon of paroxetine. In
addition to serotonin reuptake inhibition
(SRI), paroxetine has mild anticholinergic
actions (M1), which can be calming or
possibly sedating, weak norepinephrine
reuptake inhibition (NRI), which may
contribute to further antidepressant
actions, and inhibition of the enzyme
nitric oxide synthetase (NOS), which may
contribute to sexual dysfunction.
Paroxetine is also a potent inhibitor of
CYP450 2D6.
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fluvoxamine

FIGURE 12-28 Icon of fluvoxamine.
Fluvoxamine's secondary properties
include actions at sigma 1 receptors,
which may be anxiolytic as well as
beneficial for psychotic depression, and
inhibition of CYP450 1A2 and 3A4.



2taAoTmpapn Seropram

citalopram

CYP2D6

H1

FIGURE 12-29 Icon of
citalopram. Citalopram consists
of two enantiomers, R and S.
The R enantiomer has weak
antihistamine properties and is
a weak inhibitor of CYP450
2D6.
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escitalopram

FIGURE 12-32 Icon of escitalopram.
The S enantiomer of citalopram has
been developed and marketed as the
antidepressant escitalopram. This agent
is the most selective of the serotonin
selective reuptake inhibitors (SSRIs).
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TOLKUKIKALKO OVTIKOTAOAUTTIKOL
(OEPOTOVIVEPYLKN KOl VOPAOPEVEPYLIKN
6paon)

FIGURE 12-80 Tricyclic structure. At

top is the chemical structure of a

tricyclic antidepressant (TCA). The three

rings show how this group of drugs got

its name. At bottom is the general

chemical formula for the phenothiazine

antipsychotic drugs. These drugs also
have three rings, and the first

| antidepressants — the TCAs — were

R modeled after such drugs.
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FIGURE 12-€1 Icons of tricyclic antidepressants.
Al tricyclic antidepressants hiock reuptake of
norzpinephrine anc ere antggorists at histamine 1,
alpha 1 adrenergic, and muscarinic cholinergic
receptors; they also block voltage-sensitive sedium
channels (A, B, and C). Some tricyclic
antidepressants are also potent inhibitors of the
seratonin reuptake pump (A), and sorme may
additicnally bz antagonists at sarotonin 2A and 2C
receptors (C).
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FIGURE 12-86 Side effects of tricyclic antidepressants (TCAs), part 1. In this figure, the icon of the TCA is
shown with its antihistamine (H1) portion inserted into histamine receptors, causing the side effects of weight
gain and drowsiness.
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FIGURE 12-87 Side effects of tricyclic antidepressants (TCAs), part 2. In this figure, the icon of the TCA is
shown with its anticholinergic/antimuscarinic (M1) portion inserted into acetylcholine receptors, causing the side
effects of constipation, blurred vision, dry mouth, and drowsiness.
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FIGURE 12-88 Side effects of tricyclic antidepressants (TCAs), part 3. In this figure, the icon of the TCA is
shown with its alpha-adrenergic antagonist (alpha) portion inserted into alpha 1 adrenergic receptors, causing the
side effects of dizziness, drowsiness, and decreased blood pressure.
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Are Two Antidepressant Mechanisms
Better Than One?

single selective mechanisms =
loss of side effects
loss of efficacy?

multiple
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