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Modes and nodes explain the mechanism of action of
vortioxetine, a multimodal agent (MMA): enhancing
serotonin release by combining serotonin (5HT)
transporter inhibition with actions at SHT receptors
(S5HT1A, 5HT1B, SHT1D, S5HT7 receptors)

Stephen M. Stahl

ISSUE:

Vortioxetine is an antidepressant that targets multiple pharmacologic modes of
action at sites—or nodes—where serotonergic neurons connect to various brain
circuits. These multimodal pharmacologic actions of vortioxetine lead to enhanced
release of various neurotransmitters, including serotonin, at various nodes within

neuronal networks.

Take-Home Points

m Most known antidepressants, including vortioxetine,
inhibit the serotonin (5HT) transporter (SERT) as one
of their pharmacologic actions.

m Although SERT inhibition enhances 5HT release, that
release is blunted at various nodes within neuronal networks
when 5HT stimulates 5HT negative feedback receptors.

m More robust release of 5HT can be caused by
vortioxetine, even at lower degrees of SERT inhibition,
when B5HT1B, 5HT1D, and 5HT7 receptors are also fully
or partially blocked, and if 5SHT1A receptors are also
stimulated at nodes within brain circuits where serotonin

neurons connect to neural networks.

Five modes of action currently describe the range of
pharmacologic targets for psychotropic drugs'™:

1. Inhibition of transporters
2. Actions at G protein-linked receptors, from stimulation
to blockade
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3. Actions at ligand-gated ion channels, from stimulation
to blockade

4. Actions at voltage-gated ion channels

5. Enzyme inhibition

Most psychotropic drugs have a single mode of
action, even if they have multiple targets within that
mode.'® That is, some antidepressants block more than
one ’cranspor’cer.z’3 Also, essentially all antipsychotics
block more than one G protein-linked rec:ep’ror.z'3
However, only a few psychotropic drugs target more
than one mode of action. Vortioxetine is an example of
such a “multimodal” agent, since it targets 3 modes of

action (Figure 1)1

1. Inhibition of a transporter (ie, the serotonin trans-
porter or SERT)

2. Actions at several G-protein linked receptors (ie,
agonist actions at 5HT1A receptors, partial agonist
actions at 5HT1B receptors, antagonist actions at
5HT1D and 5HT7 receptors)

3. Inhibition of a ligand-gated ion channel (the 5HT3
receptor)
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Figure 1. Icon of vortioxetine showing its 6 pharmacologic
mechanisms. Highlighted here are the 5 actions princi-

pally linked to regulation of serotonin (5HT) release,
namely serotonin transporter (SERT) inhibition; 5SHT1A
agonism; 5HT1B partial agonism; and 5HT1D and 5HT7
antagonism.

Although vortioxetine thus targets a complex
mixture of pharmacologic modes, the combined effects
can be conceptualized more simply as actions that work
together to alter the downstream release of numerous
neurotransmitters. Here, the mechanism whereby these
receptors work together to enhance the release of
serotonin is described. The mechanism whereby these
S5HT receptors work together to alter the release of
other neurotransmitters is covered in other Brainstorms
articles.”™

Modes and Nodes

Actions of vortioxetine can be understood not only
within “microcircuits” or synapses between presynap-
tic 5SHT neurons and post synaptic sites, but also within
“macrocircuits” where serotonergic neurons are part of
a neuronal network that connects many neurons with
each other. Sometimes the sites where neurons connect
at synapses are also called the “nodes” of a neuronal
network. Nodes are distributed anatomically through-
out the brain and can sometimes be visualized with
modern neuroimaging techniques.” Since there is
topographical localization of function within the brain,
one network of brain circuits can regulate entirely
different functions than another. Thus different func-
tions, such as cognition, fear, reward, and arousal, each
map to different brain circuits and brain regions."*'°
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The entire wiring diagram of the brain is also called the
connectome, and changes in neurotransmitter release
within the connectome theoretically alter the “strength”
of connectivity of one brain area to the next.

Thus, drugs such as vortioxetine and many others
that alter the release of neurotransmitters can modify
the connectivity of the brain and thereby potentially
reduce symptoms by changing the efficiency of infor-
mation processing in specific brain circuits. Since there
are numerous symptoms in any given psychiatric
condition, it is likely that there are numerous networks
with altered connectivity involved in every psychiatric
disorder. Agents that can change more than one
neurotransmitter’s release in more than one site (ie,
multiple modes of action at multiple nodes within brain
networks) at least theoretically have the possibility
of changing multiple symptoms linked to multiple
circuits.>!'? Thus, it is useful to understand the net effect
of the multiple, simultaneous actions of vortioxetine on
neurotransmitter release in order to gain insight into its
pharmacologic mechanism of action.

Serotonin Release and SERT Inhibition

Serotonin neurons project widely throughout the brain
and interact with many brain circuits via presynaptic
nerve terminals containing the well-known SERTSs
(Figure 2A).>'> What may be less widely appreciated
are all the negative feedback mechanisms within brain
networks that act to limit the amount of 5HT released
even when SERTs are inhibited (Figure 2A). These
negative feedback mechanisms serve as “brakes” upon
the release of 5HT, even in the presence of SERT
inhibition. They include SHT1A recep’cors,ls*18 which
are located presynaptically on the soma and dendrites
of 5HT neurons, as well as the negative feedback
autoreceptor subtypes SHT1B and 5HT1D, which are
located on the presynaptic nerve terminals of 5HT
neurons (Figure 2A)."*'7! Yet another negative feed-
back upon 5HT release is 5SHT7 receptors that innervate
gamma-amino butyric acid (GABA) neurons in the
raphe; when 5HT stimulates these 5SHT7 receptors, this
causes the release of inhibitory GABA, which shuts off
further 5HT release (Figure 2A).'317222

When SERTSs are inhibited, this causes 5HT to rise
everywhere there are presynaptic 5HT nerve terminals
(Figure 2B). However, the amount of 5HT release is
mitigated by the multiple negative feedback receptors.
To the extent that long-term SERT inhibition desensi-
tizes these receptors, their ability to diminish serotonin
release is blunted. This is seen especially with pre-
synaptic somatodendritic 5HT1A receptors, whose
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Figure 2A. Baseline. This figure shows how 5HT release is regulated. 5HT neurons have numerous negative feedback
mechanisms within brain networks that act to limit the amount of 5HT released. These negative feedback mechanisms serve as
“brakes” upon the release of 5HT, even in the presence of SERT inhibition. They include 5HT1A receptors located

presynaptically on the soma and dendrites of 5HT neurons, as well as the negative feedback autoreceptor subtypes 5HT1B and
5HT1D located on the presynaptic terminals of 5HT neurons. Another negative feedback mechanism for 5HT release is the
5HT?7 receptor that innervates gamma amino butyric acid (GABA) neurons in the raphe. When 5HT stimulates these 5SHT7
receptors, this causes the release of inhibitory GABA, which shuts off further SHT release.
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Figure 2B. SERT inhibition. When SERTs (highlighted on the vortioxetine icon) are inhibited (shown as cancelled out with the
red symbol at the 5HT nerve terminal), this causes 5HT to rise everywhere there are presynaptic 5HT nerve terminals
(indicated by enhanced clouds of yellow 5HT release here compared to Figure 2A). However, the amount of 5HT release is
limited due to the multiple negative feedback mechanisms that inhibit further 5HT release. Specifically, presynaptic

somatodendritic 5SHT1A receptors inhibit 5HT release, especially immediately after administration, but eventually
downregulate to allow enhanced release by SERT inhibition with chronic administration. Simultaneous stimulation of 5SHT1A
presynaptic autoreceptors while blocking SERT may lead to more rapid desensitization of the 5SHT1A presynaptic receptors,
and make the enhanced release of 5SHT occur faster. However, 5SHT release is also importantly regulated by SHT1B, 5HT1D,
and 5HT? receptors, which act long-term to limit the amount of SHT that is released by SERT inhibition.
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Figure 2C. SERT inhibition combined with stimulating 5HT1A receptors and partially or fully blocking 5HT1B/D and 5HT7
receptors. Shown here are the combination of vortioxetine’s actions that lead to enhanced release of 5HT. In addition to
blocking SERT (faded red symbols), vortioxetine simultaneously stimulates 5SHT1A receptors and blocks 5HT1B, 5HT1D, and

5HT7 receptors (highlighted on the vortioxetine icon). The negative feedback of 5SHT1B, 5SHT1D, and 5HT?7 receptors is blocked
(shown as cancelled out with the bright red symbols at the SHT nerve terminals), thereby enhancing 5HT release compared to
blocking SERT alone (compare yellow cloud of 5HT here with Figure 2B).

5 /1D
T

SR

8

@—© = GABA neuron
= 5HT

5HT

downregulation is considered key to the enhanced
release of 5SHT caused by SERT inhibition (Figure 2B).
What would happen if you simultaneously stimulate
those 5SHT1A presynaptic autoreceptors on the seroto-
nin cell body and dendrites while blocking SERT?
Preclinical evidence suggests that this hastens the
desensitization of SHT1A presynaptic receptors, and
makes serotonin release occur faster.'*”

Although the role of 5HTIA receptors in the
regulation of 5HT release after SERT inhibition is well
known, only recently has it become widely recognized
that S5HT release is also importantly regulated by 5SHT
actions on 5HTIB, 5HTID, and 5HT7 receptors
(Figure 2B). What happens if you block these receptors
while simultaneously blocking SERT (Figure 2C)?
Thus, full or partial antagonism of 5HT1B, 5HT1D,
and/or 5HT7 receptors interferes with their negative
feedback actions, thus “cutting the brake cable” and
thereby disinhibiting 5HT release (Figure 2C).'**
Although the combination of SERT inhibition with
5HT1A agonism and simultaneous full or partial
antagonism of 5HT1B, SHT1D, and 5HT7 receptors
causes more SHT release than with SERT alone, the
continuing presence of monoamine oxidase (MAO)
activity ensures that 5HT levels do not rise to
dangerous levels. Also, the same amount of 5HT release
can be caused by lesser amounts of SERT inhibition
when combined with these additional 5HT receptor
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actions.®** That is, most antidepressants acting pre-
dominantly by SERT inhibition have nearly complete
blockade of the SERT at therapeutic doses,>> % whereas
SERT inhibition by vortioxetine at therapeutic doses
can be as low as 50%.°** A plausible hypothesis to
explain the apparently lesser amount of sexual dys-
function with vortioxetine compared to selective
SERT inhibitors (SSRIs or selective serotonin reuptake
inhibitors)®® is this lower amount of SERT inhibition
by vortioxetine®** combined with the other actions
of vortioxetine at various S5HT receptors, causing
enhanced release of 5SHT in a manner that leads to
antidepressant actions in some circuits but perhaps lack
of sexual dysfunction in others.*®

Summary

In summary, the multiple modes of action of vortioxetine,
namely SERT inhibition with stimulation of 5HT1A
presynaptic receptors plus blockade or partial blockade
of presynaptic 5SHT1B and 5HTI1D receptors and post-
synaptic 5SHT7 receptors, combine to raise 5HT levels at
multiple nodes within neural networks across the brain.
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