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Individuals with anxiety will experience 
frequent or chronic excessive worry, ner-
vousness, a sense of unease, a feeling of 

being unfocused, and distress, which result 
in functional impairment.1 Frequently, 
anxiety is accompanied by restlessness or 
muscle tension. Generalized anxiety disor-
der is one of the most common psychiatric 
diagnoses in the United States and has a 
prevalence of 2% to 6% globally.2 Although 
research has been conducted regarding anx-
iety’s pathogenesis, to date a firm consen-
sus on its etiology has not been reached.3 It 
is likely multifactorial, with environmental 
and biologic components. 

	One area of focus has been neurotrans-
mitters and the possible role they play in 
the pathogenesis of anxiety. Specifically, 
the monoamine neurotransmitters have 
been implicated in  the clinical manifes-
tations of anxiety. Among the amines, 
normal roles include stimulating the 
autonomic nervous system and regulat-
ing numerous cognitive phenomena, 
such as volition and emotion. Many psy-
chiatric medications modify aminergic 
transmission, and many current anxiety 
medications target amine neurotransmit-
ters. Medications that target histamine, 
serotonin, norepinephrine, and dopamine 
all play a role in treating anxiety. 

	In this article, we focus on serotonin 
(5-hydroxytryptamine, 5-HT) as a media-
tor of anxiety and on excessive synaptic 
5-HT as the cause of anxiety. We discuss 
how 5-HT–mediated anxiety can be iden-
tified and offer some solutions for its 
treatment.  

The amine neurotransmitters
There are 6 amine neurotransmitters in 
the CNS. These are derived from tyrosine 
(dopamine [DA], norepinephrine [NE], 
and epinephrine), histidine (histamine), 
and tryptophan (serotonin [5-HT] and 
melatonin). In addition to their physiologic 
actions, amines have been implicated in 
both acute and chronic anxiety. Excessive 
DA stimulation has been linked with fear4,5; 
NE elevations are central to hypervigilance 
and hyperarousal of posttraumatic stress 
disorder6; and histamine may mediate emo-
tional memories involved in fear and anxi-
ety.7 Understanding the normal function of 
5-HT will aid in understanding its potential 
problematic role (Box,8-18 page 38). 

How serotonin-mediated anxiety 
presents
“Anxiety” is a collection of signs and symp-
toms that likely represent multiple pro-
cesses and have the common characteristic 
of being subjectively unpleasant, with a 
subjective wish for the feeling to end. The 
expression of anxiety disorders is quite 
diverse and ranges from brief episodes such 
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as panic attacks (which may be mediated, 
in part, by epinephrine/NE19) to lifelong 
stereotypic obsessions and compulsions 
(which may be mediated, in part, by DA 
and modified by 5-HT20,21). Biochemical 
separation of the anxiety disorders is key to 
achieving tailored treatment.6 Towards this 
end, it is important to investigate the phe-
nomenon of serotonin-mediated anxiety.

Because clinicians are familiar with 
reductions of anxiety as selective serotonin 
reuptake inhibitors (SSRIs) increase 5-HT 
levels in the synapse, it is difficult to con-
ceptualize serotonin-mediated anxiety. 

However, many of the effects at postsyn-
aptic 5-HT receptors may be biphasic.15-18 
Serotonin-mediated anxiety appears to 
occur when levels of 5-HT (or stimulation 
of 5-HT receptors) are particularly high. 
This is most frequently seen in patients 
who genetically have high synaptic 5-HT 
(by virtue of the short form of the 5-HT 
transporter),22 whose synaptic 5-HT is fur-
ther increased by treatment with an SSRI,23 
and who are experiencing a stressor that 
yet further increases their synaptic 5-HT.24 
However, it may occur in some individuals 
with only 2 of these 3 conditions.
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Box

A closer look at serotonin

Serotonin (5-HT) arises from neurons in 
the raphe nuclei of the rostral pons and 

projects superiorly to the cerebral cortex and 
inferiorly to the spinal cord.8 It works in an 
inhibitory or excitatory manner depending on 
which receptors are activated. In the periphery, 
5-HT influences intestinal peristalsis, sensory 
modulation, gland function, thermoregulation, 
blood pressure, platelet aggregation, and 
sexual behavior,9 all actions that produce 
potential adverse effects of serotonin reuptake–
inhibiting antidepressants. In the CNS, 5-HT 
plays a role in attention bias; decision-making; 
sleep and wakefulness; and mood regulation. 
In short, serotonin can be viewed as mediating 
emotional motivation.10 

Serotonin alters neuroplasticity. During 
development, 5-HT stimulates creation of new 
synapses and increases the density of synaptic 
webs. It has a direct stimulatory effect on the 
length of dendrites, their branching, and their 
myelination.11 In the CNS, it plays a role in 
dendritic arborization. Animal studies with rats 
have shown that lesioning highly concentrated 
5-HT areas at early ages resulted in an adult 
brain with a lower number of neurons and a 
less complex web of dendrites.12,13 In situations 
of emotional stress, it is theorized that low 
levels of 5-HT lead to a reduced ability to deal 
with emotional stressors due to lower levels of 
complexity in synaptic connections. 

Serotonin has also been implicated in 
mediating some aspects of dopamine-related 
actions, such as locomotion, reward, and threat 
avoidance. This is believed to contribute to the 
beneficial effect of 5-HT2A blockade by second-
generation antipsychotics (SGAs).14 Blockade of 
other 5-HT receptors, such as 5-HT1A, 5-HT2C, 

5-HT6, and 5-HT7, may also contribute to the 
antipsychotic action of SGAs.14 

Serotonin receptors are found throughout 
the body, and 14 subtypes have been 
identified.9 Excitatory and inhibitory action 
of 5-HT depends on the receptor, and the 
actions of 5-HT can differ with the same 
receptor at different concentrations. This 
is because serotonin’s effects are biphasic 
and concentration-dependent, meaning that 
levels of 5-HT in the synapse will dictate the 
downstream effect of receptor agonism or 
antagonism. Animal models have shown that 
low-dose agonism of 5-HT receptors causes 
vasoconstriction of the coronary arteries, and 
high doses cause relaxation. This response 
has also been demonstrated in the vasculature 
of the kidneys and the smooth muscle of the 
trachea. Additionally, 5-HT works in conjunction 
with histamine to produce a biphasic response 
in the colonic arteries and veins in situations of 
endothelial damage.15 

Most relevant to this discussion are 5-HT’s 
actions in mood regulation and behavior. Low 
5-HT states result in less behavioral inhibition, 
leading to higher impulse control failures and 
aggression. Experiments in mice with deficient 
serotonergic brain regions show hypoactivity, 
extended daytime sleep, anxiety, and 
depressive behaviors.13 Serotonin’s behavioral 
effects are also biphasic. For example, low-
dose antagonism with trazodone of 5-HT 
receptors demonstrated a pro-aggressive 
behavioral effect, while high-dose antagonism 
is anti-aggressive.15 Similar biphasic effects 
may result in either induction or reduction of 
anxiety with agents that block or excite certain 
5-HT receptors.16-18 
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Clinically, individuals with serotonin-
mediated anxiety will usually appear calm. 
The anxiety they are experiencing is not 
exhibited in any way in the motor system 
(ie, they do not appear restless, do not pace, 
muscle tone is not increased, etc.). However, 
they will generally complain of an inter-
nal agitation, a sense of a negative internal 
energy. Frequently, they will use descriptions 
such as “I feel I could jump out of my skin.” 
As previously mentioned, this is usually in 
the setting of some environmental stress, in 
addition to either a pharmacologic (SSRI) or 
genetic (short form of the 5-HT transporter) 
reason for increasing synaptic 5-HT, or both. 

Almost always, interventions that block 
multiple postsynaptic 5-HT receptors or 
discontinuation of the SSRI (if applicable) 
will alleviate the anxiety, quickly or more 
slowly, respectively. Sublingual asenapine, 
which at low doses can block 5-HT2C (Ki 
= 0.03 nM), 5-HT2A (Ki = 0.07 nM), 5-HT7 
(Ki = 0.11 nM), 5-HT2B (Ki = 0.18 nM), and 
5-HT6 (Ki = 0.25 nM),25,26 and which will 
produce peak plasma levels within 10 min-
utes,27 usually is quite effective.28 

A key difference: No motor system 
involvement
What distinguishes 5-HT from the other 
amine transmitters as a mediator of anxiety 
is the lack of involvement of the motor sys-
tem. Multiple studies in rats illustrate that 
exogenously augmenting 5-HT has no effect 
on levels of locomotor activity. Dopamine 
depletion is well-characterized in the motor 
dysfunction of Parkinson’s disease, and 
DA excess can cause repetitive, stereotyped 
movements, such as seen in tardive dyski-
nesia or Huntington’s disease.8 In humans, 
serotonin-mediated anxiety is usually with-
out a motoric component; patients appear 
calm but complain of extreme anxiety or 
agitation. Agitation has been reported after 
initiation of an SSRI,29 and is more likely to 
occur in patients with the short form of the 
5-HT transporter.30 Motoric activation has 
been reported in some of these studies, but 
does not seem to cluster with the complaint 

of agitation.29 The reduced number of avail-
able transporters means a chronic steady-
state elevation of serotonin, because less 
serotonin is being removed from the syn-
apse after it is released. This is one of the 
reasons patients with the short form of the 
5-HT transporter may be more susceptible 
to serotonin-mediated anxiety.

What you need to keep in mind
Pharmacologic treatment of anxiety begins 
with an SSRI, a serotonin-norepinephrine 
reuptake inhibitor (SNRI), or buspirone. 
Second-line treatments include hydroxyzine, 
gabapentin, pregabalin, and quetiapine.3,31 
However, clinicians need to be aware that a 
fraction of their patients will report anxiety 
that will not have any external manifesta-
tions, but will be experienced as an unpleas-
ant internal energy. These patients may 
report an increase in their anxiety levels when 
started on an SSRI or SNRI.29,30 This anxiety is 
most likely mediated by increases of synaptic 
5-HT. This occurs because many serotonergic 
receptors may have a biphasic response, so 
that too much stimulation is experienced as 
excessive internal energy.16-18 In such patients, 
blockade of key 5-HT receptors may reduce 
that internal agitation. The advantage of 
recognizing serotonin-mediated anxiety is 
that one can specifically tailor treatment to 
address the patient’s specific physiology. 

It is important to note that the anxiolytic 
effect of asenapine is specific to patients 
with serotonin-mediated anxiety. Unlike 
quetiapine, which is effective as augmenta-
tion therapy in generalized anxiety disor-
der,31 asenapine does not appear to reduce 
anxiety in patients with schizophrenia32 
or borderline personality disorder33 when 
administered for other reasons. However, 
it may reduce anxiety in patients with the 
short form of the 5-HT transporter.30,34
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Bottom Line
Serotonin-mediated anxiety occurs when levels of synaptic serotonin (5-HT) 
are high. Patients with serotonin-mediated anxiety appear calm but will report 
experiencing an unpleasant internal energy. Interventions that block multiple 
postsynaptic 5-HT receptors or discontinuation of a selective serotonin reuptake 
inhibitor (if applicable) will alleviate the anxiety.
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Drug Brand Names

Asenapine • Saphris,  
   Secuado
Gabapentin • Neurontin
Hydroxyzine • Vistaril

Pregabalin • Lyrica
Quetiapine • Seroquel
Trazodone • Oleptro


