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The Serotonin System 
Part II: Pharmacological Interventions 

Zubin Austin 

ABSTRACT 
There is increasing evidence that alterations in the serotonin 
system may mediate various psychiatric dysfunctions. JJy 
directly influencing and modifying either the specific re
ceptor implicated in the dysfunction, or the serotonin system 
generally, success with treatment has been demonstrated 

Price et al have proposed a method for classifying 
pharmacological interventions which affect the serotonin 
system. 6 The five groups of agents (precursors, releasers, 
reuptake inhibitors, receptor agonists, and receptor anta
gonists) act in different ways, which in part, accounts for 
their efficacy in treatment or prevention of psychiatric 
illness. This paper will review the medications which 
modulate serotonin production, resorption or interaction 
at the receptor level The clinical implications of such 
modulation, and the success of such psychopharmacologic 
treatment will be assessed with respect to a variety of 
common psychoadaptive conditions. 

The underlying assumption of this psychopharmacologic 
approach is that the dysregulation of certain neurotrans
mitters, in particular serotonin, results in the expression 
of certain psychopathologies. Success with agents which 
directly or indirectly effect the serotonin system provides 
some support for this hypothesis. 
Key Words: 5-hydroxytryptamine, pharmacology, psy
chiatry, serotonin 
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RESUME 
De plus en plus d'indications semblent montrer que le 
systeme de la serotonine pourrait agir comme mediateur 
dans la manifestation de divers troubles psychiatriques. 
Ainsi, on a constate qu 'il est possible de soigner ces troubles 
en agissant directement et en modifiant le recepteur precis 
a ['origine du trouble, ou le systeme de la serotonine en 
general 

Price etses col/aborateurs proposent une methode pour 
classifier les interventions pharmacologiques relatives au 
systeme de la serotonine. Les cinq groupes d'agents (pre
curseurs, liberateurs, inhibiteurs du recaptage, agonistes 
du recepteur et antagonistes du recepteur) fonctionnent 
dif.feremment, ce qui e.xplique en partie leur efficacite pour 
le traitement ou la prevention des problemes psychiatriques. 
Le present document passe en revue les medicaments qui 
modifient la production de serotonine, sa resorption ou 
son interaction avec le recepteur. Les incidences cliniques 
d'une telle modulation et le succes d'un traitement psycho
pharmacologique seront analyses selon diverses conditions 
habituelles de psycho-adaptation. 

L'hypothese sous-jacente a l'approche psychopharma
cologique est que le deregletnent de certains neuro
mediateurs, en particulier la serotonine, entrafne !'expres
sion de diverses psychopathologies. L'utilite des agents qui 
agissent directement ou indirectement sur le systeme de 
la serotonine semble appuyer cette hypothese. 
Mots cles: 5ahydroxytryptamine, pharmacologie, psychi
atrie, serotonine 
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It has been postulated that certain 
psychiatric illnesses, as detailed in 
Part I, may arise due to dysfunction 
of the serotonergic system (Ta
ble 1). 1 Studies have suggested that 
patients with markedly reduced 
concentrations of 5-HIAA (the 
main serotonin metabolite) in cere
bro spinal fluid (CSF) are more 
prone to violent suicide attempts 
than control subjects.2 It has also 
been reported that patients suffer
ing from depression and impulse 
control disorders have dysfunc-

tions of the serotonergic system 
which can be detected through 
5-HIAA metabolite assays.3,4 

Such studies have led to the 
speculation that agents which spe
cifically target the serotonergic 
system may facilitate treatment of 
psychiatric illnesses. Numerous 
traditional psychopharmacologic 
agents (such as the tricyclic antide
pressants) have serotonergic activ
ity. Many serotonin-specific med
ications (including fluoxetine and 
ondansetron) have recently been 

marketed; many more (such as 
ritanserin and ipsapirone) await 
further trial and study. Use of these 
medications has increased our un
derstanding of the serotonin system 
and its role in the development of 
psychiatric illness.5 

There are at least five ways in 
which drugs are thought to affect 
the serotonergic system (Table m. 
The first of these ways is through 
the administration of precursors. 
These are substances from which 
serotonin may be synthesized, such 
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Table I: Receptor Functional Significance and Pharmacologic Manipulation* 

Indication Serotonin Receptor(s) Medications 

Depression 5-HT,A, 5-HT2A, 5-HT2B 5-HT Reuptake Blockers 
5-HT,A Agonists 
MAO Inhibitors 
5-HT Precursors 

Anxiety 5-HT,A, 5-HT2A, 5-HT3 5-HT,A Agonists 
5-HT3 Antagonists 

Appetite Regulation 5-HT,A, 5-HT2 5-HT Reuptake Blockers 
5-HT2 Antagonists 
MAO Inhibitors 
5-HT Releasers 

Obsessive-Compulsive 
Disorder unknown 5-HT Reuptake Blockers 

Acute Migraine 5-HT10 , 5-HT,c 5-HTID Agonists 

Mixed Anxiety- 5-HT2A, 5-HT2B, 5-HT,A 5-HT2 Antagonists 
Depressive Disorder 5-HT,A Agonists 

Sleeping Disorders unknown 5-HT Precursors 

Panic Disorder ? 5-HT,A ? 5-HT,A Agonists 

Chemotherapy-induced 
Emesis 5-HT3 5-HT3 Antagonists 

Dysthymia ? 5-HT2 ? 5-HT2 Antagonists 

• Adapted from Price et al. J Clin Psych 1990; 51 (Suppl):3 1-41 6 

Table II: Summary of Serotonergic Medications 

Group Examples 

Precursors L-Tryptophan 
5-Hydroxytryptophan (5-HTP) 

Releasers Fenfluramine 

Reuptake Blockers Tricyclic Antidepressants 
(e.g., Clomipramine Amitriptyline) 
Fluoxetine/Fluvoxamine 
Sertraline 
MAO Inhibitors (e.g., Phenelzine) 

5-HT Agonists Metachlorophenylpiperazine 
(mCPP - Trazodone Metabolite) 
Buspirone (5-HT,A partial specific) 
Sumatriptan (5-HTID) 

5-HT Antagonists Cyproheptadine (5-HT2) 
Methysergide (5-HT2) 
Ritanserin (5-HT2) 
Ondansetron (5-HT3) 
Granisetron (5-HT3) 

* Adapted from Price et al. J Clin Psych I 990; 51 (Suppl):31-41 6 

as the dietary amino acid progen
itor of serotonin, L-tryptophan 
(L-TRP). Owing to its safety pro
file and predictable pharmacologic 
effects, numerous studies have 
used L-tryptophan to study the 
serotonergic system.6 

L-Tryptophan, found in a wide 
variety of dietary sources, com
petes with other, large amino acids 
for uptake into the brain. It is then 
converted by the rate-limiting en
zyme tryptophan hydroxylase into 
5-hydroxytryptophan (5-HTP). In 

tum, 5-HTP is decarboxylated into 
5-HT (5-hydroxytryptamine sero
tonin). It has been postulated that 
depression, among other condi
tions, may be partly due to a de
ficiency of serotonin 7 and thus, it 
would be possible to mediate an 
increased turnover of centrally pro
duced and stored serotonin by sup
plementing dietary sources of tryp
tophan. This increased supply of 
serotonin would then act as an 
endogenous antidepressant. Clini
cal success with supplemental ther
apy has been limited, in large part 
due to the fact that there is a rate 
limiting enzymatic process at 
work, and excess amounts of die
tary precursor will be simply ex
creted and wasted. Recently, some 
research has focused on the use of 
5-HTP as a precursor, in order to 
bypass this rate-limiting enzyme, 
though results have been incon
clusive. 8 

Serotonin is produced and stored 
presynaptically in granules. Re
leasers (for which fenfluramine is 
the prototype agent), promote re
lease of this supply into the syn
apse. These agents may exert their 
therapeutic effects by quantitative
ly increasing the amount of sero
tonin available for receptor stim
ulation. It was thought that a large 
and relatively gradual release of 
serotonin into the synapse would 
be helpful in the treatment of de
pression, among other disorders. 
However, simply increasing the 
amount of neurotransmitter avail
able may not always lead to desired 
therapeutic outcomes. Use of fen
fluramine has demonstrated cer
tain important biochemical limita
tions of this approach in treating 
dysfunctions of the serotonergic 
system. 

There are currently eight named 
serotonin receptor sites, and many 
more putative receptors have been 
reported.9 Each of these receptors 
affects a unique secondary mes
senger system; hence each receptor 
is thought to modulate unique neu-
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rotransmitter outcomes.1 o For ex
ample, the 5-HT1A receptor, when 
stimulated by serotonin, causes an 
inhibition of adenylate cyclase. 
The 5-HT1A receptor, located pre
synaptically will therefore inhibit 
subsequent release of serotonin. By 
contrast, the 5-HT2 receptors are 
thought to mediate turnover of 
phosphatidylinositol; stimulation 
of these postsynaptic receptors is 
excitatory for the serotonergic sys
tem generally. The same neuro
transmitter, serotonin, will there
fore exhibit dramatically different 
effects, depending upon which re
ceptor sites are stimulated. Releas
ers, such as fenfluramine, are not 
sufficiently refined to target spe
cific receptor sites; they simply 
increase available amounts of neu
rotransmitter within the synapse. 
This increased amount of serotonin 
may exert inhibitory effects (on the 
presynaptic 5-HTIA receptor) or 
excitatory effects (on the post
synaptic 5-HT2 receptors), but it is 
difficult to predict which one will 
predominate. 

This model then explains the 
limited efficacy of releasers in the 
treatment of a wide variety of 
psychopathologies. Fenflur~mine 
is indicated only as an anorexiant, 
and is of limited efficacy for the 
treatment of eating disorders. It has 
been used, though with limited 
success as an antidepressant, in 
patients refractory to traditional 
agents. The fact that fenfluramine 
indirectly causes stimulation of a 
wide variety of serotonin receptors 
also accounts for its relatively un
favourable side effect profile. 

The reuptake inhibitors have 
analagous net effects as the releas
ers. Recall that the principal mech
anism by which serotonin is re
moved from the synapse is through 
reuptake back into the presynaptic 
neuron. Many of the 'typical' anti
depressants, such as amitriptyline, 
fluoxetine or clomipramine block 
this pre-synaptic reuptake, thereby 
effectively increasing the concen-

tration of serotonin within the syn
apse.11 Monoamine oxidase inhib
itors, such as phenelzine block the 
activity of the major degredative 
enzyme within the synapse. Once 
again, simply increasing the 
amount of serotonin available 
within the synapse gives no indi
cation whether it will act in an 
excitatory or inhibitory fashion. 

The reuptake inhibitors appear 
to be more effective in a diverse 
range of psychopathologies, than 
the releasers. The clinical effects 
of reuptake inhibitors are, there
fore, more complicated than their 
simple pharmacological effects. 
The older agents (e.g., amitripty
line, imipramine, clomipramine) 
are also potent reuptake inhibitors 
in the noradrenergic system; this 
in part explains their efficacy as 
not only antidepressants, but also 
in a variety of psychiatric dysfunc
tions such as panic disorder or ob
sessive-compulsive disorder. It is 
thought that tricyclic antidepres
sants, with a secondary substituent 
side chain show increased selec
tivity in inhibiting norepinephrine 
uptake. Conversely, those tricy
clics with tertiary or quaternary 
side chain structures, or a 3-sub
stituted halogen in the tricyclic 
nucleus will be more selective for 
inhibiting serotonin reuptake. 
Thus, small alterations in the tri
cyclic molecule may produce 
dramatically different effects in 
terms of reuptake inhibition. This 
in tum will help explain the dif
ferent clinical indications for reup
take inhibitors. The balance of spe
cificity for serotonin versus nore
pinephrine, and the relative po
tency of the reuptake inhibition are 
both important in developing any 
predictive model for efficacy of 
reuptake inhibitors generally, and 
tricyclic agents specifically. 12 

Many tricyclic compounds pro
duce active metabolites in vivo. 
These metabolites often display 
specificity for one or the other 
biogenic amines, and this is often 
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different than the parent com
pound. Imipramine, for example, is 
relatively equipotent in its inhibi
tion of both serotonin and nore
pinephrine uptake. Imipramine's 
major metabolite, desipramine, 
preferentially blocks norepine
phrine reuptake. Clomipramine 
shows increased specificity for the 
serotonergic system; desmethyl
clomipramine acts as a specific 
norephinephrine reuptake blocker. 
It is likely that the interaction be
tween these two monoaminergic 
systems accounts for the efficacy 
of tricyclic reuptake inhibitors in 
the treatment of various psycho
pathologies. It is also likely that this 
interaction accounts for the side 
effect profile of tricyclic com
pounds. 

Recently, there has been increas
ing interest in the 'serotonin
specific anti depressants', such as 
fluoxetine, fluvoxamine and sertra
line. These non-tricyclic com
pounds are highly specific in their 
sertoninergic activity, and display 
little, if any, affinity for the nora
drenergic system. A series of stu
dies have demonstrated that acute 
administration of serotonin reup
take inhibitors causes an initial 
reduction in serotonin turnover. 
However, after approximately two 
weeks, there is a return to normal, 
control values. The mechanism for 
this decompensation reaction is not 
completely understood; it appears 
to be a factor in the activity of 
fluoxetine, fluvoxamine,13 and ser
traline.14,15 The net result of this 
change in amine turnover is a sta
bilization of both the serotoniner
gic and the beta-adrenergic recep
tor systems. This stabilization 
appears to be essential for the anti
depressant activity associated with 
reuptake inhibitors, whether they 
are 'serotonin-specific' or not. 

With the discovery and elucida
tion of the serotonin family of re
ceptors (5-HT1, 5-HT2 and 5-HT3), 

there has been much research re
cently focused on the role of var-
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ious receptor agonists and antag
onists which can directly effect 
specific receptors for specific 
therapeutic outcomes. The func
tional significance of a variety of 
5-HT receptors has been described, 
and targeting receptors responsible 
for the development of psycho
pathologies provides an effective 
method of treatment - without 
many of the side effect problems 
associated with 'broad spectrum 
therapy' such as reuptake inhibi
tion. 

Currently, the most widely avail
able serotonin receptor agonist is 
metachlorophenylpiperazine (m
CPP), a metaboite of trazodone. 
This metabolite is a non-specific 
agonist, with activity at many pre
and post-synaptic serotonin recep
tor sites. Therefore, like the reup
take inhibitors, it is difficult to 
develop a predictive model for 
m-CPP's effects since it will stim
ulate both the excitatory post-syn
aptic and inhibitory pre-synaptic 
receptor sites. In many ways, 
m-CPP may act analagously to the 
reuptake inhibitors. Other receptor 
agonists, capable of activity at spe
cific receptor sites will undoubt
edly increase our understanding of 
the serotonergic system. 

Several receptor antagonists are 
available, and the use of these 
agents has greatly increased our 
understanding of the role of the 
serotonergic system in the devel
opment of certain psychopatholo
gies. As the name implies, the 
receptor antagonists directly block 
activation of 5-HT receptors. Non
selective agents, such as methyser
gide, cyproheptadine or metergo
line have significant effects on 
multiple serotonin receptors, with 
enhanced activity at one specific 
receptor site (e.g., methysergide 
has potency and efficacy of the 
5-HTrn receptor site). The selec
tive blocking agents exert their 
effects predominantly at one spe
cific receptor (e.g., the 5-HT3 anta
gonists ondansetron and granise-
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tron). Ketanserin, a novel anti
hypertensive agent has potent ef
fects on the S2 serotonin receptor 
in the smooth vessel vasculature.I6 

Buspirone is the first widely
available drug of the azapirone 
class. It possesses a novel chemical 
structure completely different from 
the benzodiazepines or antide
pressants, and possesses a unique 
mechanism of action and side ef
fect profile. Buspirone is thought 
to function as a partial agonist at 
the 5-HTIA receptor site; evidence 
suggests that the azapirones may 
have dual antianxiety and antide
pressant activity.I 7 Owing to its 
bimodal nature, buspirone appears 
to be composed of both 5-HTIA 
agonist and antagonist properties. 
The functional significance of its 
pharmacology may depend on the 
underlying neurophysiologic dys
function. I 8 In depressive states, 
when there appears to be a defi
ciency of serotonin output, azapi
rones may enhance expression of 
serotonin. Conversely, during 
times of overstimulation of sero
tonin neurotransmission (as is 
thought to occur during anxiety 
and panic states), azapirones may 
produce a functional antagonism 
of the serotonin system.I9 In net, 
the azapirones appear to work as 
serotonergic stabilizers, although 
further research is necessary to 
clarify the exact nature and func
tional significance of this potential
ly important new class of sero
tonin-active drugs. 

The receptor agonists and anta
gonists offer several advantages 
over traditional antidepressants 
which act as reuptake inhibitors. 
Instead of increasing the amount 
of serotonin available in a non
specific way, these agents target 
unique and discrete receptors re
sponsible for development of psy
chiatric dysfunction. Implicit in this 
approach is the idea that unique 
and discrete receptors are indeed 
responsible for the development of 
psychiatric dysfunction. This has 

yet to be confirmed, though clinical 
success with receptor-specific 
agents and empirical evidence 
seems to suggest this is true. How
ever, equally likely is a complex, 
as yet undescribed interaction be
tween serotonin and other mono
aminergic systems. This latter pos
sibility is one which has piqued the 
interest of numerous researchers. 

The use of medications in the 
treatment of psychiatric dysfunc
tions has provided relevant infor
mation about the dysfunctions.20 
Specifically, the role of the mono
aminergic neurotransmitter sys
tems, such as serotonin, in the 
development of psychiatric ill
nesses.2I The progression in treat
ment, from the use of precursors 
to the reuptake inhibitors has par
alleled our understanding of the 
serotonin system.22 The latest ad
vances in treatment, the use of 
receptor specific agents is the next 
logical refinement in our progress 
towards a clearer, more rational 
basis for treatment of patients with 
psychiatric illness. ~ 
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