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Preface

This book is being published as we mark the end of the first 50 years of the
modern antidepressant era. This era began with the chance discovery that tricy-
clic antidepressants and monoamine oxidase inhibitors had antidepressant pro-
perties. That discovery had three consequences. First, it brought simple and
effective treatment to patients suffering from major depressive illnesses. Second,
these discoveries, together with the discovery of lithium and chlorpromazine,
began the remedicalization of psychiatry by making it clear that the treatment
of many of the major psychiatric illnesses can be approached in the same way as
other medical conditions. However, the most far-reaching effect was to provide
the first clue as to what mechanisms might underlie antidepressant efficacy, a
development that has led to an explosion in the number of available anti-
depressants and to their widespread use.

The goal of this book is to provide a thorough review of the current status
of antidepressants—how we arrived at this point in their evolution and where
we are going in both the near and the long term. The book employs both
a scientific and historical approach to accomplish these goals. The book is
intended for practitioners who use antidepressants on a daily basis in their
practice as well as for the student and researcher. Each will find that the book
provides a comprehensive and logical approach to this important group of
medications.

The importance of the book is a function of its topic. Antidepressants are
among the most widely used of all medications. Major depressive disorder is a
significant health problem, being second only to cardiovascular disease in pre-
valence and impact on psychosocial functioning and quality of life. If not pro-
perly treated, major depression can result in serious disability and needless
mortality. For these reasons, this book begins with a focus on our understand-
ing of the basic science of antidepressants and then moves on to discuss the
clinical application of that knowledge to optimize treatment of patients with ma-
jor depressive disorder. While great strides have been made over the last 50 years
to increase the safety, tolerability, and effectiveness of antidepressants, more is
needed and is being done. For that reason, the book ends with chapters that
peer into the near and far future and discuss where we are going from here.
Thus, the book is divided into parts that each build upon what went before, par-



alleling the way antidepressant pharmacotherapy has evolved over the last
50 years.

The first part of the book describes the basic pharmacological principles
underlying treatment strategies for depression. In the first chapter, Dr. Horst
describes the basic physiology of neurotransmission in the brain relevant to the
clinical effectiveness of antidepressants. In the second chapter, Drs. Preskorn
and Catterson outline basic pharmacokinetic principles that are important for
prescribers to understand in order to maximize the safety, tolerability, and
effectiveness of antidepressant pharmacotherapy. In the final chapter of Part 1,
Drs. Burke and Preskorn review the basic principles underlying therapeutic
drug monitoring (TDM) and then examine the current role and usefulness of
TDM in the therapeutic use of the different classes of antidepressants.

The second part of the book deals with clinical methodological issues rele-
vant to both the study and the treatment of patients with major depressive dis-
order. In the first of these two chapters, Drs. Connor and Leonard describe
the search for biological markers that can help the prescriber, student, and re-
searcher understand the underlying biological basis of major depressive disor-
der and its different subtypes, with the ultimate goal of providing more care-
fully targeted treatments. In the second, Dr. Bech describes rating scales that
can be used to measure the specific symptoms of major depressive disorder as
well as scales that assess more subjective quality-of-life issues, since both types
of evaluation are important in assessing the effectiveness of a treatment for
depression.

The third part of the book provides an overview of what is currently known
about the pharmacotherapy of major depressive disorder. In the first chapter,
Dr. Preskorn and Ms. Ross provide an overview of the currently marketed anti-
depressants and a logical framework for understanding their clinical pharma-
cology. Each of the subsequent chapters in this part focuses on different classes
of antidepressant: tricyclic antidepressants in the chapter by Dr. Lader; mono-
amine oxidase inhibitors in the chapter by Drs. Kennedy, Holt, and Baker; the
selective serotonin reuptake inhibitors in the chapter by Dr. Preskorn, Dr. Stanga,
and Ms. Ross; and other newer antidepressants in the chapter by Dr. Preskorn
and Ms. Ross. To conclude Part 3, the current role of herbal preparations in the
treatment of depression is described by Dr. Wheatley.

The fourth part of the book deals with the treatment of depression in special
populations. Drs. Bober and Preskorn discuss the special considerations that
arise in treating depression in children and adolescents. Next, Drs. Yonkers and
Brawman-Mintzer discuss how the action of antidepressant medications may
differ in women. Drs. Glover and Boyer then discuss depression in the elderly,
among whom the diagnosis of depression is frequently missed and who fre-
quently suffer from concurrent medical illness that may contribute to and com-
plicate the treatment of depression. Dr. Alarcon then discusses the special consi-
derations that arise in the use of antidepressants and mood stabilizers to treat
bipolar depression and avoid triggering a manic episode. Following that chap-
ter, Dr. Trivedi describes strategies for managing treatment-refractory depres-
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sion. And finally, Drs. Wainberg, Kolodny, and Siever describe what is known
about the use of antidepressants to treat personality disorders.

The final part of this textbook focuses upon future directions in the devel-
opment of new antidepressants and describes new paradigms and approaches to
antidepressant drug development. Drs. Nalepa and Sulser discuss how new
hypotheses concerning the mechanism of action of antidepressants are leading
to the discovery of a new generation of therapeutic agents. In the next chapter,
Drs. Garlapati, Boyer, and Feighner describe promising new directions in anti-
depressant development, with a focus on current research underway in the
search for antidepressants that affect a variety of neuropeptides. As described
by Dr. Preskorn in the final chapter, our field will ultimately be influenced by
pharmacogenetics and pharmacogenomics, and it is important that everyone in-
volved in either research on or treatment of major depressive disorder be aware
of the important new advances being made in this area.

This textbook will be ideal for those studying the basic science of depression,
for the clinical researcher in this area, and for academicians, residents, and
practitioners who are actively involved in treating patients with major depressive
disorder.

We thank all of the contributors to this textbook for their excellent, compre-
hensive, and state-of-the-art presentations.

S.H. Preskorn, J.P. Feighner, C.Y. Stanga and R. Ross
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Biochemical and Physiological Processes in Brain Function
and Drug Actions
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1 Psychiatric Research Institute, Suite 200, 1100 N. St. Francis, Wichita, KS 67214, USA
e-mail: Dale_horst@via-christi.org
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Abstract An understanding of the basic elements of neurotransmission in the
brain is an important foundation for any consideration of the clinical use and
future development of antidepressants. However, attempts to describe the influ-
ences of drugs on brain and neuronal function have become increasingly com-
plex, and it is now clear that neuronal processes are complex molecular events
involving multiple control factors. The brain consists of approximately 100 mil-
lion neurons, which account for half of the brain�s volume, with the other half
being made up of glial cells. New insights into the function of glial cells, the in-
fluence of phosphorylation on neuronal functions, and the regulation of genetic
functions in synthesizing neuronal proteins have enhanced our appreciation of
the complexity of neural function in the brain. Glial cells play an important role
in recycling and conserving the neurotransmitters glutamate and GABA and
also have an important effect on neurons in the brain via glial cell line-derived
neurotrophic factor (GDNF). The basic function of neurons is to convey electri-
cal signals in a highly organized and integrated way. The dominant means of
neuron-to-neuron communication or transmission occurs by means of specific
chemicals (i.e., neurotransmitters). Neuronal communication is a complex pro-
cess that involves neurotransmitter storage and release, neurotransmitter inacti-



vation, receptors, G proteins, and second messengers. A number of neuronal
mechanisms have been identified that are thought to play important roles in the
etiology of major depressive disorder (e.g., the serotonin transporter mecha-
nism); an increasing understanding of the neuronal mechanisms that underlie
psychiatric disorders will help to guide future drug development.

Keywords Neurotransmitters · Glial cells · Neurons · Synapse · Glial cell
line-derived neurotrophic factor (GDNF) · G proteins · Second messengers

1
The Needle in the Haystack

From relatively simple beginnings a half century ago, our attempts to describe
drug influences on the brain and neuronal functions have become quite com-
plex. Whereas we once spoke of drugs blocking neurotransmitter uptake, caus-
ing neurotransmitter release or depletion, or influencing receptors, today we
understand that all of these basic neuronal processes are, in reality, complex
molecular events that involve multiple control factors. Identifying a specific mo-
lecular mechanism in a drug�s action on neuronal functions is, in fact, very
much like a search for a needle in a haystack.

New insights concerning glial functions, the influence of phosphorylation on
neuronal functions, and, most recently, the regulation of genetic functions in
synthesizing neuronal proteins, have significantly enhanced our appreciation of
the complexity of neural functions in the brain. As our understanding of basic
neuronal and synaptic processes increases, so does the number of potential sites
or mechanisms for the expression of depressive behavior and for drug actions.
The needle is still only a needle, but the haystack continues to grow larger.

This chapter summarizes and describes our understanding of the basic ele-
ments of neurotransmission in the brain and provides a foundation for subse-
quent discussions of the clinical use and future development of antidepressants.

2
Neurobiology

The brain consists of approximately 100 million neurons, which account for one
half of the brain�s volume, the other half being made up of glial cells. Glial cells
guide the synaptic formation of neurons during brain development (Bacci et al.
1999), influence the extracellular environment of the neurons (Zahs 1998), syn-
thesize neurotransmitter precursors (Martin 1992), and respond to, or in some
cases, may cause brain damage (McGeer and McGeer 1998; Aschner et al. 1999;
Raivich et al. 1999). In turn, neurons are known to produce factors that influ-
ence the development and function of glia (Melcangi et al. 1999; Vardimon et al.
1999).

4 W. D. Horst



2.1
Glia

For many years, glia were thought to have a somewhat limited or passive role
in brain function, but more recent findings indicate that glia have receptors,
uptake mechanisms, and enzymes for several neurotransmitters, suggesting
that the functions of these cells are closely integrated with neuronal functions
(Martin 1992; Ransom and Sontheimer 1992; Attwell1994; Inagaki and Wada
1994; Otero and Merrill 1994) (Table 1).

An important example of this type of interaction is shown in Fig. 1. Gluta-
mate and gamma aminobutyric acid (GABA) are ubiquitous neurotransmitters
in brain, serving as primary excitatory and inhibitory neurotransmitters. Glial
cells (astrocytes) play a prominent role in recycling and conserving both gluta-
mate and GABA by recapturing them from the synapse, converting them to glu-
tamine, and then returning glutamine to the presynaptic neurons for conversion
back to the appropriate transmitter. In addition to the conservation of transmit-
ter, glia protect neurons by limiting synaptic levels of glutamate (Bacci et al.
1999; Vardimon et al. 1999). Prominent among glutamate�s several cellular influ-
ences is the opening of specific calcium channels that allow the influx of calcium
ions into neurons. The overstimulation of neurons via this mechanism has been

Table 1 Membrane elements of mammalian glia (from Ransom and Sontheimer 1992; Sontheimer
1994)

Receptorsa Response mode

Noradrenergic (� and �) G protein
Adenosine G protein
Acetylcholine (muscarinic) G protein
Neuropeptides (substance P) G protein
Glutamate (quisqualate, kainate) Ion gating
Gamma aminobutyric acid (GABA A) Ion gating
Ion channels (voltage-sensitive)
Potassium
Inwardly rectifying
Outwardly rectifying
Transient A-type
Sodium
Tetrodotoxin-sensitive–“neuronal”
Tetrodotoxin-resistant–“glial”
Calcium (L and T types)
Chloride
Transporters (uptake sites)
GABA
Glutamate
Glycine

a Although nearly all neuronal-type neuroreceptors have been shown to occur on glial membranes, only
those that have been shown to produce a response are included here.
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associated with neurotoxicity and neuronal death. Thus, it is of considerable im-
portance that extraneuronal concentrations of glutamate be controlled and that
mechanisms exist to limit the synaptic activity of this transmitter. Glial cells
have been shown to possess membrane transporters or uptake sites for gluta-
mate; it has also been demonstrated that glutamate uptake into glial cells is the
primary route for clearing synaptic glutamate. Once inside the glial cell, the glu-
tamate is metabolized to glutamine, a neuronally inactive substance. The con-
version of glutamate to glutamine occurs primarily in glial cells via the enzyme
glutamine synthetase. Thus, glial cells play a critical roll in limiting the synaptic
concentrations of glutamate and conserving the neurotransmitter for reuse. An
important element in the above function is the maintenance of appropriate lev-
els of glutamine synthetase activity in glial cells. Significant factors in the regu-
lation of glutamine synthetase activity are glucocorticoid stimulation of gene ex-
pression and the absolute requirement for the astrocyte and neuron to be in jux-
taposition. The critical neuronal factor required for gene expression of gluta-
mine synthetase has not been identified (Vardimon et al. 1999).

Further evidence of the role astrocytes play in limiting synaptic levels of glu-
tamate is seen in the influence that neuronal factors play in the regulation of

Fig. 1 The role of glia (astrocytes) in accumulating, metabolizing and conserving synaptic GABA and
glutamate (Dale Horst 1995). Specific membrane transporters move GABA and glutamate into glia cells
where GABA is carboxylated (CO2) to form glutamate; glutamate in turn is aminated (NH4) to create
glutamine. Glutamine is then transported out of the glia and is available to GABAergic and glutamater-
gic presynaptic neurons for conversion to their respective transmitters. Thus, glia appear to play an im-
portant role in salvaging these two ubiquitous and important transmitters

6 W. D. Horst



glutamate transporter expression in glial membranes (Swanson et al. 1997;
Schlag et al. 1998). A soluble, diffusible substance secreted by neurons has been
shown to increase the expression of glutamate transporter molecules in astro-
cytes. Thus, it would appear that the level of neuronal activity plays a role in
regulating the rate at which glutamate is transported into the glia for inactiva-
tion as described above. Although the substance has not been identified, the
above effects can be mimicked by cyclic adenosine 50-monophosphate (AMP)
analogs (Swanson et al. 1997; Schlag et al. 1998).

Neuron dependent expression of two types of calcium channels has also been
shown in astrocytes (Corvalan et al. 1990). The agent responsible for this inter-
cellular communication has not been identified but may be cyclic AMP or a re-
lated substance (Corvalan et al. 1990).

Recent investigations have revealed a metabolic coupling between glia and
neurons (Poitry-Yamate et al. 1995; Tsacopoulos and Magistretti 1996; Bacci et
al. 1999). Considerable energy is consumed by the various processes of synaptic
transmission. The preferred energy source for brain function is glucose. Astro-
cytes are capable of transporting glucose across the cell membrane via an active,
carrier-assisted mechanism. Since astrocytes are well know to be in intimate
contact with the brain�s vascular system, it is assumed that glucose is transport-
ed directly into the glia from the circulation. Inside the glia, glycolysis trans-
forms the glucose to lactose and, in the process, provides energy for the trans-
port of transmitters and ions across the glial membrane. Lactose is then trans-
ferred out of the glia and accumulated by neurons where it is the preferred sub-
strate for oxidative metabolism. This energy transfer process is stimulated by
the uptake of neurotransmitters such as glutamate and gamma aminobutyric
acid (GABA). Neurotransmitter uptake by glia is accompanied by the influx of
sodium ions. The accumulation of sodium ions stimulates a Na+/K+ adenosine
triphosphatase (ATPase) pump that consumes adenosine 50-triphosphate (ATP)
and exchanges intracellular sodium ions for extracellular potassium ions. The
activity of the ATPase stimulates the metabolism of glucose resulting in in-
creased lactose production. Thus the production of the metabolic precursor
keeps pace with the overall synaptic activity.

In some cases astrocytes have been shown to possess functional ion channels
controlled by neurotransmitter receptors. In this way, glia have been associated
with long-distance signal transmission in brain via gap junctions across
glial membranes (Cornell-Bell et al. 1990; Cornell-Bell and Finkbeiner 1991;
Robinson et al. 1993). The observation that glial gap junctions are in part con-
trolled by components of second messenger systems (Enkvist and McCarthy
1992) supports the active role of glia cells in brain function. It has been suggest-
ed that glial dysfunction plays a role in epilepsy and in the degenerative diseases
Parkinson�s and Huntington�s (Ransom and Sontheimer 1992). Although several
psychopharmacological agents interact with glial elements, as well as those same
elements found on neurons, the contributions of these glial interactions to the
agents� overall pharmacodynamics remain largely unknown and the subject of
intensive investigation.

Biochemical and Physiological Processes in Brain Function and Drug Actions 7



One exciting, potential therapeutic lead for the treatment of neurodegenera-
tive disorders is found in research with glial cell line-derived neurotrophic fac-
tor (GDNF). GDNF was isolated from a culture of glial cells and found to stimu-
late the growth of embryonic dopamine neurons (Bohn 1999). Since this obser-
vation on dopaminergic neurons was made, GDNF has been found to elicit a
trophic response on several other brain neuron types including motor neurons
and noradrenergic, cholinergic, and serotonergic neurons (Bohn 1999). Other
neurotrophic factors have been identified with activity similar to that of GDNF
(Saarma and Sariola 1999); these include neurturin, persephin, and artemin.
GDNF is a chain of 134 peptides synthesized from a larger propeptide. It exerts
its biological activity through a series of complex receptor interactions, requir-
ing cofactors and a tyrosine kinase receptor (Grondin and Gash 1998; Saarma
and Sariola 1999). Although the exact role of GDNF in brain development and
maintenance is not known, GDNF has been shown to be active in a variety of
animal models for Parkinson�s disease (Grondin and Gash 1998; Lapchak 1998;
Bohn 1999) and has been proposed as a potential therapeutic agent for the treat-
ment of Parkinson�s disease, amyotrophic lateral sclerosis, and other neurode-
generative diseases. While the activity of GDNF is promising, in that it demon-
strates efficacy in a variety of midbrain, dopamine-deficient models, many hur-
dles must be crossed before it can become a therapeutic reality. For example,
what are the effects of long-term GDNF administration (dopamine enhancement
may result in psychotic symptoms)? How will the substance be administered (it
is a long chain peptide and will not cross the blood–brain barrier)? Are there
subpopulations of patients who will not respond to GDNF (they may be defi-
cient in receptors or essential components of the messenger system)? A small
sampling of patients with Parkinson�s disease did not reveal genetic abnormality
in the GDNF gene (Wartiovaara et al. 1998).

2.2
Neurons

The basic function of neurons is to convey electrical signals in a highly orga-
nized and integrated way, each neuron receiving input from many other neurons
and, in turn, providing input to many other neurons. This function is the prod-
uct of complex chemical processes transmitting signals across neuronal synap-
ses—a symphony of intra- and interneuronal events, layers of feedback, and
control mechanisms assuring the correct or appropriate response. Although
chemical transmission is a complex, multi-stepped system, it provides for maxi-
mum flexibility and unidirectional flow of neuronal signals.

2.3
The Electrical Nature of Neurons

Resting neurons maintain an electrical polarization between the inside and out-
side of the cellular membrane. This polarization is negative on the inside and
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positive on the outside of the neuron. Key elements in maintaining the polarized
state include the presence of large (nondiffusible), intracellular, negatively
charged, proteins and specific ion pumps, located in neuronal membranes that
use cellular energy to pump ions against concentration gradients. Changes in
the state of transmembranal polarization are affected by a system of specific ion
channels activated by neurotransmitter substances or by the degree of trans-
membrane polarization (voltage sensitive). Ions move through the channels be-
cause of concentration (from high to low concentrations) or electrogenic (oppo-
site charges attract) gradients. Activation of neurotransmitter controlled ion
channels reduces the level of polarization to a critical level at which voltage-sen-
sitive channels open and permit the rapid influx of cations (e.g., Na+). This in-
flux completely depolarizes the neuron and even reverses the polarization for a
brief period. Membrane ion channels adjacent to the area of depolarization
open, thus extending the depolarization along the neuron and causing the for-
mation of an action potential. In this way, electrical signals are carried from one
end of the neuron to the other. Repolarization occurs by the opening of voltage-
sensitive K+ channels. Since K+ concentrations are high inside the neuron and
low outside, K+ carries positive charges to the outside of the membrane, making
the inside more negative. The restoration of conditions in the resting state is
completed by the exchange of intracellular Na+ ions for extracellular K+ ions.
Ion exchange is accomplished by an energy-dependent pump (excellent reviews
of the electrical nature of neurons may be found in Levitan and Kaczmarek 1997
and Shepherd 1994).

2.4
The Synapse

The synapse is defined as the juncture of two neurons: the neuron from which
the signal is coming is known as the presynaptic neuron, while the receiving
neuron is called the postsynaptic neuron. Signals are passed across the synapse
by either of two mechanisms. The first is by direct connection of the pre- and
postsynaptic neurons via gap junctions (similar to the connection of astrocytes
described above). The physiological significance of this type of connection is
that transmission is rapid, can occur in two directions, and can synchronize the
activity of many neurons. Electrogenic coupling of neurons occurs in only a few
populations of neurons located primarily in the brain stem (Baker and Llinas
1971; Korn et al. 1973; Llinas et al. 1974). Cortical precursor cells are also known
to communicate via gap junctions (LoTurco and Kriegstein 1991), although this
function is lost as the cells develop into mature functioning neurons. Other neu-
rons in the suprachiasmatic nucleus are also known to transmit signals via gap
junctions, which are at least partially influenced by the neurotransmitter GABA
(Shinohara et al. 2000). These gap junctions may be unique in that they are elec-
trogenic in nature but are influenced by a neurotransmitter substance; they may
thus exhibit the advantages of both modes of interneuronal communication.
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2.5
Chemical Transmission

By far the dominant means of neuron-to-neuron communication or transmis-
sion occurs by means of specific chemicals or neurotransmitters. Chemical
transmission requires the presence of several elements to operate effectively
(Table 2). These elements consist of specific proteins in the form of enzymes,

Table 2 Elements required for chemical transmission

Presynaptic
Enzymes for neurotransmitter synthesis
Mechanism for neurotransmitter storage
Mechanism for appropriate neurotransmitter release
Neurotransmitter receptors for feedback modification of neurotransmitter release
Synaptic
Mechanism for terminating neurotransmitter action
Postsynaptic
Neurotransmitter receptors to initiate response
Coupler proteins
Mechanism for response (ion channels/second messenger systems)

Fig. 2 Typical presynaptic neuron with key structures relevant to neurotransmission (Dale Horst 1995).
Microtubules transport storage vesicles, enzymes, and a variety of proteins from the neuronal soma
where they are synthesized to the nerve ending where they are required for carrying out their physio-
logical functions. Storage vesicles maintain stores of neurotransmitter molecules for eventual release
into the synaptic cleft. Mitochondria contain enzymes vital to providing energy to the neuron and, in
many cases, such as the biogenic amines, they contain enzymes such as monoamine oxidase that help
regulate neurotransmitter levels in the nerve ending. Calcium and a variety of special fusion proteins
fuse the storage vesicle membranes with the neuronal membrane to release the transmitter substance
into the synaptic cleft. Reuptake pumps are proteins incorporated into the neuronal membrane that
transport the transmitter substance from the synapse into the neuron where it can be reincorporated
back into the storage vesicle. Autoreceptors respond to neurotransmitter released from the nerve end-
ing to provide feedback regulation of presynaptic depolarization
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storage-binding proteins, uptake/membrane transport structures, receptors,
and response systems (ion channels/second messenger systems). Each element
represents an opportunity for malfunction (disease state) and/or a point for
modulation of transmission through pharmacological intervention. In fact, the
manipulation of these elements serves as the basis of modern psychopharmacol-
ogy. The functional relationship of the elements of neurotransmission is illus-
trated in Figs. 2 and 3.

2.5.1
Neurotransmitter Synthesis

The final enzymatic steps in synthesizing a neurotransmitter generally occur in
or near the storage site. This assures maximum efficiency in the neurotransmit-
ter molecules getting to the storage sites. Neuropeptides are a notable exception
to this role since their synthesis involves gene activation followed by DNA tran-
scription and RNA translation to form large polypeptides. The polypeptides are
then broken down into the component neuropeptides. All of this occurs within
the neuronal soma so that the neuropeptides must be transported along the
axon to the nerve terminal for storage. In several cases, neurotransmitter syn-
thesizing enzymes are shared by more than one transmitter system. For exam-
ple, the transmitters norepinephrine and dopamine share the enzymes tyrosine
hydroxylase, and l-dopa decarboxylase, while several peptides share common

Fig. 3 Typical postsynaptic neuron with key structures relevant to neurotransmission (Dale Horst 1995).
Neurotransmitter substances bind to postsynaptic receptors, which may be one of two major types, G
protein or ion channel coupled. Other ion channels are regulated by intraneuronal ions such as calcium
or potassium as well as transmembrane voltages. G proteins couple receptors with second messenger
systems, which in turn regulate a variety of protein kinases that are responsible for initiating biological
responses. Second messengers also directly regulate intraneuronal calcium levels. The various elements
in the illustration are shown in their functional sequence, not in their anatomical domains. Postsynaptic
receptors, G proteins, and second messengers are in fact neuronal membrane-associated elements
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peptidases. Although many drugs are known to inhibit specific neurotransmitter
synthesizing enzymes, these drugs have not proven useful as therapeutic agents,
either because the neurotransmitters they influence are ubiquitous and impor-
tant to many life processes or because the enzymes influence multiple transmit-
ters and thus produce broad, nonspecific effects.

2.5.2
Neurotransmitter Storage and Release

Many neurotransmitters are stored in organelles known as synaptic vesicles
(Thiel 1995). These structures—constructed in the soma and transported along
the axons, with their full complement of neurotransmitter—concentrate near
the nerve terminal. The vesicular membranes contain many specific protein
structures involved in the multiple functions of the storage vesicles (Kelly 1999;
Krantz et al. 1999; Rahamimoff et al. 1999). Vesicular functions include neuro-
transmitter synthesis, neurotransmitter transport across the vesicular mem-
brane, neurotransmitter binding inside the vesicle, docking proteins for attach-
ing to the neuronal plasma membrane, calcium binding proteins for membrane
fusion and neurotransmitter release, and special coating proteins for vesicular
endocytosis and recycling processes.

Calcium ions are an essential element for the release of neurotransmitters. A
major mechanism for calcium entry results from the activation of voltage-gated
ion channels located in the plasma membrane (Rahamimoff et al. 1999; Zhang
and Ramaswami 1999). Of course, the activation of the voltage-gated ion chan-
nels depends on many factors, such as the activity of numerous other mem-
brane ion channels (Rahamimoff et al. 1999) and a variety of presynaptic li-
gand-gated ion channels (MacDermott et al. 1999) as well as autoreceptors
(MacDermott et al. 1999). Given the absolute requirement for Ca++ in the neuro-
transmitter release process, it is not surprising that proteins that comprise the
voltage-gated calcium channel are intimately bound to specific proteins associ-
ated with storage vesicle docking and fusion processes (Catterall 1999). This
would ensure that transmitter release is occurring in a microenvironment con-
taining an appropriate concentration of calcium.

Proteins involved in the storage and release mechanisms of neurotransmitters
are well conserved in many different transmitter systems so that drugs that in-
terfere with storage and release tend to have broad nonspecific effects. Reser-
pine is an example of such a drug. Reserpine destroys the ability of presynaptic
storage vesicles to transport and store all biogenic amines such as norepineph-
rine, dopamine, serotonin, and histamine (Krantz et al. 1999). Since this effect
is not reversible, recovery from the effects of reserpine requires the synthesis
and transport of new storage vesicles to the nerve terminals, a process that re-
quires several days. For these reasons, reserpine had a short-lived and limited
use in psychiatry.

The pharmacology surrounding the control of neurotransmitter release via
heterosynaptic, ligand-gated mechanisms presents some clinically significant
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examples. Transmitters for the presynaptic, ligand-gated channels include
GABA, glutamate, acetylcholine, serotonin, and ATP (MacDermott et al. 1999).

Presynaptic GABA receptors are of the GABA-A type and thus relevant to the
inhibitory actions of the benzodiazepines (Tallman et al. 1999). The presynaptic
GABA-A receptors are channels for chloride ions, and their activation hyperpo-
larizes the presynaptic neuron, resulting in inhibition of presynaptic release of
neurotransmitter. Presynaptic cholinergic receptors are of the nicotinic type
and, when activated, tend to depolarize the neuron by admitting sodium and
calcium ions. The activation of these presynaptic receptors by nicotine is the
source of tobacco smoke�s central pharmacological and addictive properties
(Grady et al. 1992; Wonnacott 1997; Yeomans and Baptista 1997; MacDermott
et al. 1999; Watkins et al. 1999). Presynaptic serotonin receptors are of the
5-hydroxytryptamine 3 (5-HT3) type; when activated, they admit calcium
into the neuron, thus promoting depolarization and transmitter release (Ronde
and Nichols 1998). As with all other serotonergic receptors, the activity of the
5-HT3 receptors is enhanced by drugs that block the reuptake of serotonin
(MacDermott et al. 1999). In addition, ethanol has been demonstrated to influ-
ence several of these presynaptic receptors such as GABA-A, glutamate, nicotin-
ic cholinergic, and 5-HT3 serotonergic types (Lovinger 1997; Narahashi et al.
1999). The relevance of ethanol�s influence on these structures to its pharmaco-
logical actions is the subject of continued investigations.

2.5.3
Neurotransmitter Inactivation

Once liberated into the synapse, neurotransmitters are available to transmit
their signals until they are removed or inactivated in some manner. Thus, trans-
mitter inactivation is an important element in controlling synaptic transmis-
sion. Rapid inactivation would attenuate transmission, while slow inactivation
would accentuate signal transmission. Three major routes for neurotransmitter
inactivation are known. First, transmitters may be removed by washout or turn-
over of the extraneuronal fluid. This occurs at a relatively slow rate in brain and
would appear to be inadequate in most situations.

A second mode of transmitter inactivation is by enzymatic degradation of
the neurotransmitter. A notable example of this mode is the function of acetyl-
choline, a major excitatory transmitter in brain, in which the time span in the
synapse is vital for proper function. Acetylcholine is rapidly metabolized in the
synapse by acetylcholinesterase, a process that splits the transmitter into two
parts, acetate and choline. These two components are then transported back
into the presynaptic neuron where another enzyme, choline acetyltransferase,
rejoins them to form acetylcholine. Thus, these two enzymes and the transport
of the precursors across the membrane form an effective and efficient means of
rapidly terminating the synaptic activity of the transmitter, while protecting the
availability of the precursors required for transmitter synthesis.
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A third mechanism for transmitter inactivation is a variation of the second.
In this case, rather than transporting the individual components of the neuro-
transmitter, the intact transmitter is transported across the presynaptic neuro-
nal membrane and into the cytoplasm, where it is eventually accumulated by
storage vesicles and becomes available for release once again. Transport or “re-
uptake” is accomplished by special transmembrane proteins, which serve as car-
riers. Since the concentrations of transmitter are generally greater in the presyn-
aptic terminal than in the synaptic fluid, cellular energy in the form of ATP is
expended in the reuptake process. Many major transmitters are primarily inac-
tivated by this reuptake process, including the biogenic amines, norepinephrine,
dopamine, and serotonin, and the amino acids, GABA, glycine, and glutamine.
The transporter proteins for the majority of transmitters have similar properties
(Kanner et al. 1994; Nelson 1998; Krantz et al. 1999), such as a requirement for
sodium and chloride ions. The transporters characteristically have 12 trans-
membrane sections, with a large extracellular loop between the third and fourth
sections. This third loop contains a site or sites for glycosylation (Blakely et al.
1997; Gegelashvili and Schousboe 1997; Nelson 1998; Krantz et al. 1999). Inhibi-
tion of glycosylation at these sites appears to diminish the function or efficiency
of the transporter but does not influence substrate affinity (Melikian et al.
1996).

A second set of transporters, similar to, but genetically distinct from, those
found in the neuronal membrane, is located within the membranes of the neu-
rotransmitter storage vesicles. These transporters move the neurotransmitters
from the neuronal cytoplasm to the interior of the vesicles, where they are ready
for release once again (Krantz et al. 1999).

The serotonin transporter has been the subject of intensive investigation
because it is the site of action for the selective serotonin reuptake inhibitors
(SSRIs), the drugs of choice in the treatment of major depression. A transporter
protein structure approximating the serotonin transporter is shown in Fig. 4. In
common with other neurotransmitter transporters, the serotonergic transporter
has 12 transmembrane sections with both the amino and carboxyl terminals
within the neuron (Blakely et al. 1997; Nelson 1998). The serotonin transporter
molecule includes intraneuronal sites for phosphorylation that are critical for
the regulation of transporter activity (Blakely et al. 1997, 1998). These sites ap-
pear to be primarily phosphorylated by kinase C and dephosphorylated via the
action of phosphatase 2A (Blakely et al. 1998). Phosphorylation inactivates the
transporter molecules and therefore slows the clearing of serotonin from the
synaptic cleft. This phosphorylation process likely serves as a kind of feedback
control, since kinase C activity is regulated via neurotransmitter interaction
with neuroreceptors (see the section “Second Messengers” later in this chapter
and Fig. 7).

Recognition or binding sites for serotonin to the transporter are located at
extraneuronal loops of the molecule. A precondition for substrate binding is the
binding of one each of sodium and chloride ions to the transporter (Nelson
1998; Krantz et al. 1999). Presumably the binding of these ions places the tertia-
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ry configuration of the transporter in the best position for substrate binding.
The exact location of the site of attachment of inhibitory drugs, such as many of
the antidepressant compounds, is not known for all drugs, but it most likely oc-
curs at a variety of external sites. The tricyclic antidepressants are known to
bind to the central loops (Blakely et al. 1991; Nelson 1998) in the transport do-
main for serotonin.

The transporters for several types of neurotransmitters, including those for
the amino acids, GABA and glutamate, the catecholamines, dopamine and nor-
epinephrine, and the biogenic amine, serotonin, have long been known to re-
quire the presence of sodium and chloride ions in order to function. In general,
binding of these monovalent ions appears to be required in order for the neuro-
transmitter to bind to the transporter. Recent information suggests that trans-
porters for the neurotransmitters may actually serve a significant role as ion
channels and thus play a part in neuronal function and regulation of neuronal
activity (Lester et al. 1996; Galli et al. 1997; Nelson 1998; Krantz et al. 1999). Al-
though the ion requirements may vary depending on which transporter is in-
volved, the basic mechanisms appear to be similar for the entire family of trans-
porters.

Fig. 4 A typical neurotransmitter protein (Dale Horst 2000). Neurotransmitter transporters, while ex-
hibiting specificity for the neurotransmitter being transported, have many structural features in com-
mon. Each has 12 transmembrane sections, a large extraneuronal loop between the third and fourth
transmembrane sections, intraneuronal sites for phosphorylation (P), and a requirement for ion binding.
The figure approximates a serotonin transporter
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As an example, the serotonin transporter appears to function with neutral
stoichiometry. Thus, Na+, Cl�, and serotonin+ are transported into the neuron,
while K+ is transported out, resulting in no net transfer of charge (Galli et al.
1997; Krantz et al. 1999); yet it has been demonstrated that significant charge
transfer does occur through the serotonin transported (Galli et al. 1997). The
exact nature of this transfer is not known, but clearly the transporter is acting
as an ion channel.

These findings raise interesting questions about the primary function of
transporters. It has always been assumed that the primary role of transporters
is to remove neurotransmitter from the synapse and to do so in a way that con-
serves neurotransmitter for reuse. This recently reported information raises the
possibility that the transporters� primary role is as an ion channel, with the
transport of neurotransmitters serving as a channel-regulating mechanism in
addition to providing for the conservation of neurotransmitter (Lester et al.
1996; Galli et al. 1997; Krantz et al. 1999).

This novel perspective of the neurotransporters may provide a solution to an
old puzzle concerning the mechanism of action of antidepressants. It is well
known that a few weeks of treatment with antidepressants is needed before the
onset of clinical response, and yet blockade of neurotransmitter reuptake is im-
mediate. Since reuptake blockers appear to block the ion channel activity of the
transporters as well as their transport function (Lester et al. 1996; Galli et al.
1997), it may be that the significant pharmacological action of the reuptake in-
hibitor antidepressants is related more to the presynaptic, intraneuronal, ionic
milieu than to increased synaptic neurotransmitter concentrations.

Whether transporter or ion channel, these structures are important for prop-
er brain function. It has been found that approximately 4% of the human popu-
lation have a genetic defect that reduces the transcription process for the sero-
tonin gene, resulting in individuals with reduced transporter function (Lesch et
al. 1996). Such individuals have been found to demonstrate relatively high anxi-
ety-related traits (Lesch et al. 1996). In addition, it has been suggested that this
defect has a possible link to neurodevelopment and neurodegenerative disorders
(Lesch and Mossner 1998).

In the case of the biogenic amines, while reuptake is the major means of lim-
iting their synaptic activity, significant contributions to inactivation are made
via the enzymes catechol-O-methyl transferase (Guldberg and Mardsen 1975;
Mannisto et al. 1992) and monoamine oxidase (Singer and Ramsay 1995). Inac-
tivation by these enzymes does not result in any known reusable or physiologi-
cally active products. The reuptake sites for the biogenic amines exhibit some
specificity for each amine, but the sites for each amine appear to be identical on
all neurons and in all brain regions containing that amine. Thus, it is possible to
design a drug that will specifically block the reuptake of a single bioamine, and
will influence reuptake to the same extent at all neurons containing that amine.
As will be discussed later, this specificity is an important factor in therapeutic
drug design.

16 W. D. Horst



Unlike the biogenic amines, the amino acid transmitters are taken up by both
presynaptic neurons and by adjacent glial cells (Jursky et al. 1994; Kanai et al.
1994; Kanner et al. 1994) (Fig. 1). Within the glia, GABA and glutamate are me-
tabolized to glutamine, which is then transported out of the glia and into GABA
and glutamate presynaptic neurons where it is converted back to either GABA
or glutamate (Shank et al. 1989). The physiological significance of this dual up-
take system is not fully understood. Also, unlike the biogenic amines, amino
acid transporters occur in multiple variations for each of the transmitters. Thus,
three variations of the glutamate transporter (Kanai et al. 1994) have been iden-
tified, while four are known for GABA and three for glycine (Jursky et al. 1994).
As more is learned about the physiological role of these various transporter sub-
types, they may prove to be useful sites for specific modification by drugs.

The pharmacological manipulation of reuptake or transport sites has been an
area of intensive activity in developing drugs for the treatment of major depres-
sion. The discovery that tricyclic antidepressants, such as imipramine and ami-
triptyline, had the ability to be potent reuptake blockers of norepinephrine and
serotonin led to the early hypothesis that depression was the result of an insuffi-
ciency of these biogenic amines and that this insufficiency was corrected by re-
ducing the rate at which these transmitters were removed from the synapse.
This hypothesis was supported by other pharmacological and biological obser-
vations. Recent clinical success with a new class of antidepressants, the SSRIs,
underscores the importance of amine reuptake as an appropriate mechanism of
action for antidepressant activity, although it is now apparent that reuptake in-
hibition alone may not be directly responsible for the antidepressant activity.
Rather, reuptake inhibition initiates changes or adjustments in receptors, ion
fluxes, and intracellular messenger systems that alter neurotransmission in key
pathways (Kilts 1994; Paul et al. 1994; Galli et al. 1997).

2.5.4
Receptors

Neuroreceptors are specific, membrane-bound proteins that bind neurotrans-
mitter molecules and translate that molecular attachment into a physiological
response. The amino acid sequence of each receptor type imparts a specificity
for the particular neurotransmitter that will bind to it. Of particular importance
in defining a receptor is that a physiological response results when the receptor
is activated. Many proteins are capable of binding neurotransmitter substances
but are not capable of eliciting a response. Such binding proteins are better re-
ferred to as acceptors.

Neuroreceptors may be placed into four broad categories, depending on the
mode of action of their physiological response (Cooper et al. 1996). The most
prevalent of these are those receptors that connect to a second messenger sys-
tem through one of a family of proteins referred to as G proteins. This receptor
type is characterized by having seven transmembrane sections of the protein
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with extracellular and intracellular loops that serve as neurotransmitter binding
sites and sites for receptor regulation (Fig. 5).

A second class of receptors consists of those that form membrane ion chan-
nels or ionophores. Stimulation of receptors in this class opens ion channels
specific for sodium, potassium, calcium, and chloride ions. The receptor/ion
channel consists of five individual proteins, each with four transmembrane sec-
tions. The receptors are made up of a combination of protein subtypes; each
subtype may exist in several variations. Thus, receptor/ion channels for a specif-
ic neurotransmitter may exist in several variations.

The third receptor class consists of receptors that attach to allosteric sites on
other neuroreceptors that regulate receptor ligand affinities. Examples of recep-
tors that act at allosteric sites include the benzodiazepine and associated recep-
tors, which modify GABA receptor activity, and the glycine B receptor, which is
associated with the N-methyl-d-aspartate (NMDA) subtype of glutamate recep-
tor. The presence of glycine on the glycine B receptor is one of the requirements
for glutamate activation of the NMDA receptor.

The fourth receptor class is made up of intraneuronal receptors best charac-
terized by steroid transcription factor binding and the synthesis of various com-

Fig. 5 A typical G protein-coupled neurotransmitter receptor (Dale Horst 1995). Receptors of this type
have seven transmembrane sections with the carboxyl terminal on the inside of the neuron. The figure
approximates a serotonin 1A receptor. Receptors of this type vary with regard to their amino acid com-
position and the lengths of the extra- and intracellular segments
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ponents of synaptic transmission, such as enzymes, receptors, and second mes-
sengers systems (Joels and de Kloet 1994). As might be expected, the effects me-
diated by these receptors have a slow onset and persist over an extended period
of time.

Neuroreceptors generally exhibit specificity for neurotransmitters and are
usually identified by the transmitter that binds to them and to which they elicit
a response. The existence of subtypes of receptors for specific transmitters has
been known for many decades. For example, acetylcholine receptors were tradi-
tionally thought of as being either nicotinic or muscarinic, based on their phar-
macological response. It is now known that they not only exhibit different phar-
macological characteristics but that they are entirely different in their functions
and mode of responses. The nicotinic acetylcholine receptor is a five-protein,
sodium ion channel that is opened in the presence of acetylcholine, while the
muscarinic receptor is a single-protein unit coupled to a second messenger sys-
tem (inositol phosphate) by a G protein.

Historically, receptor subtypes have been identified by pharmacological stud-
ies in which specific drugs are used to stimulate or block receptor activity. Such
techniques are limited in that they do not differentiate among receptor subtypes
as either two different proteins or one protein in different membrane configura-
tions. Pharmacological techniques are also limited in the number of subtypes
that can be identified, particularly as the pharmacological differences become
increasingly subtle and if very specific pharmacological agents are not available.

In recent years, molecular biological techniques have been used to identify
and characterize many new receptor subtypes. Specific genes have been identi-
fied that express neuroreceptors subtypes for many of the neurotransmitters.
Through these techniques, populations of “pure” receptor types have been pro-
duced, which may then be used to identify specific ligands for the receptors.
Specific ligands, in turn, are useful for determining the location and density of
specific receptors. Methods also exist by which transcription paths are altered
to prevent the expression of specific receptors (Lucas and Hen 1995), thus pro-
viding animal models that lack specific receptors. Such studies provide impor-
tant clues to the physiological function of specific receptors (Thomas and
Capecchi 1990; Wahlestedt et al. 1993; Furth et al. 1994; Lai et al. 1994; Saudou
et al. 1994; Silvia et al. 1994; Standifer et al. 1994; Zhou et al. 1994; Tecott et al.
1995).

As shown in Table 3, receptors for various transmitters come in a variety of
subtypes. For example, 14 subtypes have been identified for serotonin, with the
possibility of more to be discovered (Lucas and Hen 1995). Nearly all receptors
for the various neurotransmitters come in several subtypes. This fact is very im-
portant from a pharmacological perspective, since it means that there is the
possibility of identifying compounds for a specific receptor subtype, thus limit-
ing the pharmacological effects.

Neuroreceptors are important sites for pharmacological intervention in psy-
chiatric disorders. For example, all antipsychotic medications are known to have
antagonist activity at dopamine receptors. Antidepressant drugs are well known
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to influence receptors either directly as antagonists or indirectly by up or down
regulation of receptor populations (Kilts 1994). Many antidepressants, the tricy-
clic antidepressants in particular, are known to interact with receptors of several
neurotransmitter systems. Anxiolytic agents, the benzodiazepines and buspi-
rone, exert their pharmacological actions through interaction with benzodiaze-
pine and serotonin (5-HT1A) receptors, respectively.

Drugs may interact with receptors in one of several ways. They may bind to
the receptor and cause a physiological response similar to that of a natural neu-
rotransmitter; such a drug would be referred to as an agonist. Other drugs may
also bind to the receptor but do not elicit a physiological response; rather they
prevent agonists from binding to the receptor. Such drugs are described as an-
tagonists. A third type of ligand–receptor interaction is referred to as inverse ag-
onism. An inverse agonist is a drug that binds to a receptor but produces an ef-
fect opposite to that of agonist activity. This type of action has been described
in studies of the benzodiazepine receptor (Stephens et al. 1986), where a single
receptor mediates agonist, antagonist, and inverse agonist activities. Pharma-
ceutical agents are also known that appear to exhibit mixtures of these basic re-
actions (e.g., mixed antagonist/agonists that produce partial or limited agonist
activities, but may behave as antagonists when in the presence of full agonists).

Another distinctive interaction between psychotropic drugs and receptors is
well known to occur with chronic antidepressant treatment. Multiple, but not
single, doses of many antidepressant compounds are known to down-regulate
beta adrenergic receptors (Wolfe et al. 1978) and NMDA receptors in brain tis-
sue (Paul et al. 1994) (i.e., they reduce the actual number of receptor sites).
Since many of these drugs do not interact with these receptor populations di-
rectly, the induced changes may be the result of some activity in the second
messenger system, although the precise mechanisms for these effects are not
known. Since the slow onset of the receptor adaptations is similar to the timing
of the onset of the clinical antidepressant effect (Oswald et al. 1972), it has been
suggested that one or the other of these changes may be related to the antide-
pressant effect itself (Caldecott-Hazard et al. 1991; Paul et al. 1994).

2.5.5
G proteins

Serving as linking proteins between extracellular receptors and intracellular ef-
fector mechanisms (second messengers), the G proteins [regulatory guanosine
50-triphosphate (GTP)-binding proteins] constitute a large family of related
structures vital to the transmission of interneuronal signals. G proteins are actu-
ally heterotrimeric structures composed of one each of three protein subunits
termed alpha, beta, and gamma (Rens-Domiao and Hamm 1995). To date, 18
specific alpha subunits, five beta subunits, and seven gamma subunits have been
identified. The various subunits are not all interchangeable and some combina-
tions of the subunits are not compatible.
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The alpha subunits play a key role in the transduction process. The alpha
unit binds the guanine nucleotide and exhibits intrinsic GTPase activity. It is
also the alpha subunit that interacts with the neuroreceptor to initiate the trans-
duction process. Frequently it is the alpha subunit that interacts with the effec-
tor proteins, although this function has been attributed to the beta/gamma sub-
unit in some instances (Haga and Haga 1992; Pitcher et al. 1992; Clapham and
Neer 1993). Although the alpha subunit disengages from the other two subunits
at certain stages of transduction, the beta and gamma subunits remain bound
to each other at all times.

The sequence of events for the G protein transduction cycle is illustrated in
Fig. 6. The binding of an agonist to a neuroreceptor causes the release of guano-
sine 50-diphosphate (GDP) from the alpha subunit with the subsequent binding
of GTP. The binding of GTP releases the alpha subunit from the beta/gamma
subunit complex and at the same time binds the alpha subunit to the effector
protein. Following the interaction with the effector, the alpha subunit converts
GTP to GDP (intrinsically) and recombines with the beta/gamma subunits to
begin the cycle over again.

All of the neuroreceptors known at this time to stimulate G protein regulato-
ry units are of the seven-transmembrane, helical type. G proteins are known to
interact with a variety of effectors, including adenyl cyclase, phosphodiesterase

Fig. 6 Regulatory cycle of G protein signal coupling. G protein exists as a tri-protein with alpha, beta,
and gamma subunits. Binding of an agonist to a receptor induces the release of the alpha subunit from
the beta/gamma subunits and GDP from the alpha subunit. GTP binds to the alpha subunit; this com-
plex then binds to a second messenger (adenylate cyclase or phospholipase C). The intrinsic GTPase
converts GTP to GDP, which results in the uncoupling of the alpha subunit from the second messenger.
The second messenger is then available for recoupling to an alpha/GTP complex. The alpha/GDP com-
plex then binds to a beta/gamma subunit complex and the cycle is ready to begin again
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(phosphatidylinositol turnover), calcium and potassium channels, and receptor-
coupled kinases. Through these effectors, G proteins are involved in both excita-
tory and inhibitory roles. Through the stimulation of receptor-coupled kinases
and the phosphorylation of specific intracellular domains of the receptor pro-
teins, G proteins provide feedback control of receptor sensitivity (Hausdorff et
al. 1990).

Relatively little is known about drug influences on G protein functions. Lithi-
um is known to inhibit G protein function in the adrenergic stimulation of ade-
nylate cyclase (Belmaker et al. 1990); however, the role of this effect in the thera-
peutics of lithium is not known. There is insufficient evidence at this time to
suggest that G proteins would provide useful sites for drug interventions. Al-
though the existence of multiple specific subtypes of subunits suggests that
drugs with selected and limited activity could be identified, there is no evidence
to suggest that specific G proteins are associated with specific neuroreceptors or
transmitters. Thus, drugs that alter G protein function may produce broader ef-
fects than desired for therapeutic use. Likewise, no psychiatric disorders have
been identified that are the result of defects in G protein regulatory systems. As
more is learned about this vital link in neuronal transmission, opportunities for
pharmacological manipulation may become more evident.

2.5.6
Second Messengers

As stated earlier, many types of neuroreceptors are connected via a family of G
proteins to one of two classes of second messenger systems, the cyclic adenosine
monophosphate (cAMP)/protein phosphorylation system or the inositol tri-
phosphate/diacylglycerol system. Each of these two systems is regulated by the
action of G proteins and the effectors for each system include protein kinases
that catalyze the transfer of the terminal phosphate group of ATP to a wide vari-
ety of substrate proteins (Table 4). In addition to activating protein kinases, the
inositol triphosphate pathway is directly involved in the regulation of intraneu-
ronal calcium concentrations. Unlike the localized effects of changes in ions,
second messenger actions are known to spread over long distances in neurons,
thus influencing many types of neuronal functions (Kasai and Petersen 1994).

Table 4 Classes of proteins that are targets for phosphorylation by protein kinases

G proteins
Microtuble-associated proteins or neurofilaments
Synaptic vesicle proteins
Neurotransmitter-synthesizing enzymes
Neurotransmitter receptors
Ion channel proteins
Neurotransmitter transporters
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Neuroreceptors, through specific G proteins, either stimulate or inhibit the
enzyme adenylate cyclase that catalyzes the formation of cAMP (Gilman 1989).
cAMP in turn binds to protein kinases that activate specific effector proteins
through the process of phosphorylation (Fig. 7 and Table 4). A key element in
this pathway is the intraneuronal concentration of cAMP. The rate of synthesis
of cAMP is the ratio of stimulatory to inhibitory receptor input, while the rate
of metabolic degradation of cAMP is determined by the activity of the enzyme,
phosphodiesterase. Multiple genetic forms of adenylate cyclase (Cooper et al.
1995), and phosphodiesterase (McKnight 1991) have been identified. More than
300 specific forms of protein kinase are known (Walsh and Van Patten 1994),
resulting in diverse activities.

In the case of the inositol/diacylglycerol system, extraneuronal signals are
transmitted via a neurotransmitter receptor through a G protein to a phospho-
diesterase, phospholipase C, which in turn hydrolyzes phosphatidylinositol-4,5-
bisphosphate (PIP2), an intermembrane-bound phospholipid (Fig. 8). The
products of this hydroxylation are inositol 1,4,5-trisphosphate (IP3) and diacyl-
glycerol, both of which serve second messenger roles (Hokin and Dixon 1993).
IP3 diffuses to the endoplasmic reticulum and stimulates a specific IP3 receptor

Fig. 7 Regulation and actions of the second messenger adenylate cyclase. Adenylate cyclase is either
stimulated or inhibited in its production of cAMP (cyclic adenosine monophosphate) by specific recep-
tors and G proteins. cAMP stimulates a variety of protein kinases, which in turn phosphorylate (PO4

++)
an effector which activates it and produces biological responses. cAMP is inactivated by the enzyme
phosphodiesterase, which converts cAMP to AMP
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to release sequestered Ca++. The IP3 receptor is now known to exist in multiple
subtypes (Marshall and Taylor 1993; Danoff and Ross 1994). The activity of IP3

receptors are regulated by several allosteric sites for Ca++, adenine nucleotides,
and protean kinases. IP3 is inactivated by the removal of phosphate through a
series of phosphatase enzymes and the inositol moiety recycled back to phos-
phatidylinositol.

The diacylglycerol formed by the action of phospholipase C activates a widely
distributed kinase, kinase C. Kinase C phosphorylates several proteins associat-
ed with a variety of neuronal membranes, such as those of synaptic vesicles, mi-
crotubules, receptor proteins (Nalepa 1994; Premont et al. 1995), and trans-
porters (Blakely et al. 1998). The action of diacylglycerol is quite short, and it is

Fig. 8 Intraneuronal actions of phospholipase C activity. Phospholipase C is activated via a receptor
stimulated G protein. Phospholipase C splits phosphatidylinositol into inositol triphosphate (IP3) and di-
acylglycerol moieties. The diacylglycerol stimulates kinase C, which activates effector proteins through
phosphorylation. The IP3 binds to a receptor on the endoplasmic reticulum. Stimulation of this receptor
releases bound calcium into the cytoplasm. IP3 is inactivated by a series of phosphatases. Inositol is
reincorporated into phosphatidylinositol. The anti-manic drug lithium is a potent inhibitor of phospha-
tase and blocks the reincorporation of inositol back into phosphatidylinositol
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rapidly recycled into phosphatidylinositol or metabolized to enter prostaglandin
synthetic pathways.

The activity level of a protein that is activated by phosphorylation is deter-
mined by the relative rates of phosphorylation verses dephosphorylation. Cal-
cineurin has been identified as a major factor in the dephosphorylation of a
wide variety of proteins with key roles in synaptic transmission (Yakel 1997).
These processes include ion channels (receptor and voltage gated), neurorecep-
tors, and neurotransmitter release. Calcineurin is approximately 50% bound to
the neuronal membrane and thus influences many membrane-bound processes.

Calcineurin is composed of two subunits, designated A and B. The A subunit
binds Ca++ and calmodulin; Ca++ binding is required for the binding of calmod-
ulin. The B unit also binds Ca++ and full phosphatase activity is not realized un-
less all of these components are in place (Yakel 1997).

Calcineurin has been demonstrated to regulate receptor gated ion channels,
such as those gated by glutamate (NMDA), GABA, serotonin (5-HT3), and ace-
tylcholine (nicotinic). It appears to have a major influence on voltage gated
Ca++ channels. Calcineurin is also implicated in the processes of synaptic re-
lease of neurotransmitters and the recycling of the synaptic structures them-
selves. Nitric oxide synthetase is a substrate for calcineurin, the dephosphoryla-
tion of nitric oxide synthetase increasing its activity and enhancing the produc-
tion of nitric oxide. This latter process may be involved in certain neurotoxicity
mechanisms. Finally, calcineurin regulates gene transcription and synaptic plas-
ticity in learning and memory-related processes (Table 5).

Although no psychotherapeutic agents are known to exert effects by influenc-
ing calcineurin, immunosuppressant drugs such as cyclosporin A and FK506
are known to be potent inhibitors of calcineurin (Yakel 1997). The clinical sig-
nificance of these immunosuppressant drugs with respect to their inhibition of
calcineurin is not known; however, these drugs are known to cause neurotoxici-

Table 5 Synaptic structures that are substrates for calcineurin regulation (from Yakel 1997)

Receptors
Serotonin (5-HT3)
GABA-A
Glutamate (NMDA)
Acetylcholine
Ion channels (voltage-gated)
Calcium
Sodium
Potassium (M-current)
Other proteins
Nitric oxide synthase
Dynamin I (vesicle recycling)
Darpp-32 (regulator of protein phosphatase 1)
CREB (synaptic plasticity)
Inhibitor-1 (regulator of protein kinase A)
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ty and sympathetic hypertension in in vivo animal studies (Hughes 1990; Lyson
et al. 1993; Yakel 1997).

Traditionally, the components of second messenger systems have not been
the primary targets of psychopharmacological agents. This is because second
messengers are few in number and, therefore, are not specific or selective com-
pared to neurotransmitter receptors or reuptake sites. For example, a drug that
influences the intracellular levels of cAMP would be expected to have the same
influence in many types of synapses simultaneously or, for that matter, in many
kinds of tissues, since second messengers exist in many types of cells outside
the nervous system (Nishizuka 1995). Of course, now that subtypes of such ele-
ments as phospholipase, phosphodiesterase, adenylate cyclase, and IP3 receptors
are known, the identification of more selective agents may be possible.

At this time, only one psychotherapeutic agent is known that is likely to have
a mechanism of action that involves a second messenger system. Lithium, as an
agent for treating mania, is well known to block inositol monophosphatase, a
critical enzyme in the synthesis of phosphatidylinositol and the subsequent pro-
duction of IP3 (Hokin and Dixon 1993; Parthasarathy et al. 1994). It has been
suggested that this is the mechanism of lithium�s anti-manic action, since the
influences on IP3 occur at therapeutic doses (Baraban et al. 1989; Belmaker et al.
1990). Other pharmacological observations support this hypothesis (Kofman
and Belmaker 1993). It is becoming more evident that there is a great deal of in-
teraction among the various components of the second messenger systems and
that some drug effects may be accounted for in this way. For example, the an-
tidepressants are known to influence cAMP levels through their influences on
adrenergic receptors; however, they also influence the inositol/diacylglycerol
system by modifying the action of kinase C (Nalepa 1994). Thus, antidepressant
effects may be produced through more than one neurotransmitter system.

The ultimate influence that an agonist exerts upon a neuronal systems de-
pends on a complex series of interactions between the agonist and the receptor,
the receptor and the G protein, and the G protein and the second messenger
system (Kenakin 1995a, 1995b). Although it has not yet been demonstrated, dif-
ferent agonists may influence receptors in ways that alter the interaction of the
receptors with a variety of G proteins. It is known that receptors may activate
more than one kind of G protein, thus providing qualitatively differing biologi-
cal responses. It has also been demonstrated that the relative concentrations of
receptors to G proteins may be an important determinant in the qualitative re-
sponse to agonist activity. High concentrations of receptors relative to G pro-
teins cause an interaction with multiple G proteins with multiple effects. The
roles that these factors play in disease states or in the mechanisms of action of
drugs are not known at this time; however, psychotropic agents such as antide-
pressants and antipsychotics are certainly well known for their influence on re-
ceptor populations, and some of their pharmacological actions may result from
changes in the interaction of these crucial elements in neurotransmission.
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Abstract A number of general pharmacokinetic principles and properties apply
to all drugs; these include absorption, distribution, metabolism, elimination,
half-life and steady-state concentration, and linear versus nonlinear pharmaco-
kinetics. Factors that can affect the pharmacokinetics of a drug include protein
binding, cardiac function and hepatic arterial blood flow, hepatic integrity, renal
factors, aging, disease, and gender. An understanding of basic pharmacokinetic
principles provides a background for understanding the pharmacokinetic prop-
erties of the major classes of antidepressants. The chapter reviews the absorp-
tion, distribution, metabolism and elimination, half-life, linear versus nonlinear
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pharmacokinetics, and pharmacokinetically mediated drug–drug interactions
associated with each of the following classes of antidepressants: tricyclics, selec-
tive serotonin reuptake inhibitors, bupropion, serotonin–norepinephrine-spe-
cific reuptake inhibitors (venlafaxine and duloxetine), phenylpiperazine agents
(trazodone and nefazodone), monoamine oxidase inhibitors, and mirtazapine.

Keywords Pharmacokinetics · Antidepressants · Absorption · Distribution ·
Metabolism · Elimination · Half-life · Steady-state concentration · Linear
pharmacokinetics · Nonlinear pharmacokinetics · Drug–drug interactions

Portions of this chapter are adapted with permission from Chap. 3 on “Phar-
macokinetics” in Janicak PG, Davis JM, Preskorn SH, Ayd FJ Jr. (2001) Principles
and Practice of Psychopharmacotherapy, third edition. Lippincott Williams &
Wilkins, Philadelphia, PA.

1
Introduction

The pharmacokinetics of a drug can be divided into four primary phases:

– Absorption
– Distribution
– Metabolism
– Elimination

Pharmacokinetics involves what the body does to the drug. In contrast, phar-
macodynamics involves what the drug does to the body. The fundamental rela-
tionship between pharmacodynamics and pharmacokinetics is expressed in the
following equation:

Effect ¼ affinity for site of action�drug level
�biological variance of the individual

Pharmacodynamics describes what the drug is theoretically capable of doing.
For example, any drug that can block the central histamine-1 receptors is theo-
retically capable of causing sedation. However, to cause this effect, a sufficient
amount of the drug must reach this target. The pharmacokinetics of a drug de-
termines whether that amount is achieved under specific dosing conditions.
Factors unique to each individual also affect the outcome. These include genetic
differences, age-associated changes in physiology, disease states, and concomi-
tant medications, which can affect related mechanisms of actions or the mecha-
nisms that mediate the absorption, distribution, and elimination of the drug in
question.

Generally speaking, there is an optimal receptor occupation (site of action)
that will produce an optimal response. Below this critical level, the site of action
will not be sufficiently engaged to achieve the desired response. Conversely, re-
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ceptor occupation above an upper threshold is associated with an increased
likelihood of adverse effects. This principle is fundamental to understanding the
potential benefit of therapeutic drug monitoring (TDM). TDM is a means to de-
termine drug level, the second variable in the equation presented above. Since
TDM is the focus of the next chapter, only a few comments on TDM will be
made here.

Drug level is determined by two variables: dosing rate and clearance. From
this perspective, dose-finding clinical trials are essentially population pharma-
cokinetic studies in which the goal is to determine the dose of the drug needed
to achieve the optimal drug level (i.e., concentration) in the average person en-
rolled in the study. Since individuals with medical conditions or diseases or
who are taking multiple concomitant drugs are generally excluded from such
studies, the effect of biological variance in the individual becomes an important
variable that the astute clinician must factor into the equation.

This chapter first outlines basic pharmacokinetic principles to provide a
background for the discussion of the properties of the different classes of an-
tidepressants that follows. The rest of the chapter focuses on the pharmaco-
kinetics of the following classes of antidepressants: tertiary and secondary
amine tricyclic antidepressants (TCAs) and selective norepinephrine reuptake
inhibitors (including both secondary amine TCAs such as desipramine and
nonTCAs such as reboxetine), selective serotonin reuptake inhibitors (SSRIs),
bupropion, combined serotonin–norepinephrine reuptake inhibitors (e.g., ven-
lafaxine), phenylpiperazine agents (trazodone and nefazodone), monoamine ox-
idase inhibitors (MAOIs), and mirtazapine. Each section includes discussions of
the following pharmacokinetic characteristics:

1. Absorption and distribution
2. Metabolism and elimination
3. Half-life
4. Linear versus nonlinear pharmacokinetics
5. Pharmacokinetically mediated drug–drug interactions

For ease of reference, a glossary of pharmacokinetic terms is provided at the
end of the chapter.

2
Pharmacokinetic Principles

2.1
Absorption and Distribution

The principal route of administration for psychoactive drugs, including antide-
pressants, is oral, with absorption generally occurring in the small bowel. Drug
then passes into the portal circulation and enters the liver. Cytochrome P450
(CYP) enzymes in the bowel wall and in the liver can metabolize drugs before
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they reach the systemic circulation (i.e., first-pass metabolism). Most psychiat-
ric medications are highly lipophilic. This lipophilicity enables them to readily
pass the blood–brain barrier and enter the central nervous system, (Hegarty
and Dundee 1977; Greenblatt et al. 1989, 1996; Janicak and Davis 2000) and
causes them to share other similarities, including:

1. Rapid absorption
2. Rapid and extensive distribution in tissue compartments
3. High first-pass effect
4. Large volume of distribution

The more polar (less lipophilic) a compound, the slower the absorption from
the gastrointestinal tract and penetration into the brain from the systemic circu-
lation.

First-pass effect can be altered by diseases (e.g., cirrhosis, portacaval shunt-
ing, persistent hepatitis, congestive heart failure) and by some drugs (e.g., alco-
hol, ketoconazole, fluoxetine), influencing the peak concentrations achieved and
the ratio of the parent compound to its metabolites (Preskorn 1997; Klotz 1998;
Thurmann and Hompesch 1998; DeVane and Pollock 1999).

Bioavailability refers to the portion of a drug absorbed from the site of ad-
ministration. Fig. 1 illustrates drug concentration curves in plasma as a function
of time for IM, IV, and oral administration of a drug. The area under the curve
(AUC) is the total amount of drug in the systemic circulation available for distri-
bution to the site(s) of action (i.e., its bioavailability). Because IVadministration

Fig. 1 Drug concentration curves in plasma as a function of time for intramuscular (IM), intravenous
(IV), and oral administration of a drug (copyright Preskorn 2003)
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of a drug produces 100% absorption, it is the reference site of administration.
The same dose, if completely absorbed from one of the other routes, would pro-
duce an AUC identical to IV administration, although the shape of the curve
would be different principally because of the delayed time to peak concentration
(Cmax).

Different routes of administration can affect the ratio of parent compound to
its various metabolites as well as the rate of absorption. The concentration ver-
sus time curve is usually shifted to the right with IM compared to IV adminis-
tration and generally shifted even more to the right with oral administration,
due to the immediate entrance into the central compartment with IV adminis-
tration as opposed to the more gradual (and often less complete) absorption
with these other two routes of administration (Fig. 1). Hence, the time needed
to reach the maximum plasma concentration following a dose (Tmax) is shifted
to the left (i.e., shortened), while the peak plasma drug concentration occurring
after a dose (Cmax) is higher, contracting the curve, even though the AUC may
be unchanged.

Still other factors can affect the rate of absorption, independent of the site of
administration. For example, some drugs are not stable when given in IM for-
mulation and may crystallize at tissue pH, making them less bioavailable when
given IM than orally.

A decrease in the AUC represents a decrease in bioavailability for that route
of administration (Benet et al. 1996). Common factors that influence bioavail-
ability include physicochemical properties of the drug, formulation of the prod-
uct, disease states that influence gastrointestinal function or first-pass effect,
and precipitation of the drug at the injection site.

Other clinically important parameters beyond the extent of absorption that
have an impact on the single-dose plasma curve include peak concentration
(Cmax) and time to the peak concentration (Tmax). Generally, Cmax will be in-
versely correlated to Tmax (i.e., the shorter the time for a drug to be absorbed,
the higher the peak concentration). A higher Cmax and shorter Tmax typically
mean a more rapid appearance of clinical activity following administration.
Since Tmax and Cmax are generally a function of a compound�s physicochemical
properties, these parameters can also determine whether a particular drug is ap-
propriate for a specific indication.

While fast absorption is desired for some psychotropic agents, that may not
always be the case particularly since adverse effects may be a function of Cmax.
For example, cardiac toxicity due to the stabilization of excitable membranes,
which is an effect of TCAs, is as much a function of the peak plasma concentra-
tion as it is of the steady-state tissue concentration. Thus, changing a formula-
tion to delay Tmax and reduce Cmax may significantly increase safety and/or tol-
erability. Dividing the dose into smaller amounts and administering it more fre-
quently can also accomplish the same result. In the latter case, the average plas-
ma concentration and the amount absorbed will remain the same, but the peak
concentration will be lower and the trough concentration higher.
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Bioavailability, particularly the rate of absorption, can vary significantly
among different formulations (i.e., products) of the same drug. The Food and
Drug Administration considers a generic product to be comparable to a brand
name if there is no more than a 20% difference (more or less) in bioavailability
(i.e., Tmax and Cmax) (Schwartz 1985). Hence, there could theoretically be as
much as a 40% difference between two generic preparations of the same drug.
This might explain treatment failure or side effects in a patient who had previ-
ously tolerated and benefited from one preparation of a medication and is then
switched to another preparation because of cost or availability.

Most psychotropic drugs are highly protein-bound (Vallner 1977; Routledge
1986; Campion et al. 1988; MacKichan 1989). Bound drug often accounts for
more than 90% of the total plasma concentration. While the free-drug fraction
is the smallest absolute amount, it is the most important, since its concentration
determines the final equilibration with the site of action. While the difference
between 95% and 90% bound drug may seem small, the corresponding change
in the free fraction would be from 5% to 10%, thus doubling the effective drug
concentration.

2.2
Metabolism

Most psychotropic agents, including antidepressants, undergo extensive oxida-
tive biotransformation resulting in the formation of more polar metabolites,
which are then excreted in the urine. The necessary biotransformation steps
may involve one or several of the following:

1. Hydroxylation
2. Demethylation
3. Oxidation
4. Sulfoxide formation

Whereas most psychotropic drugs undergo extensive oxidative biotransfor-
mation (i.e., phase I metabolism) prior to elimination, some undergo simple
conjugation with moieties such as glucuronic acid (i.e., phase II metabolism),
and others are excreted unmetabolized (e.g., lithium) (Preskorn 1996). Since
conjugation can occur in most organs, phase II metabolism is not dependent on
liver function. Thus, the clearance of drugs that undergo only glucuronidation
is generally not affected or affected to only a small degree by even significant
liver impairment. However, most antidepressants undergo oxidative biotransfor-
mation mediated principally by CYP enzymes in the liver and hence can be af-
fected to a clinically meaningful degree by significant liver impairment.

Oxidative biotransformation results in the formation of metabolites whose ef-
fects may be similar or dissimilar to the parent compound. For example, norflu-
oxetine has essentially the same activity as fluoxetine in terms of both serotonin
uptake blockade and inhibition of several CYP enzymes, but is cleared more
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slowly (Preskorn et al. 1994; Preskorn 1997; Richelson 1998). As a result, norflu-
oxetine accumulates extensively in the body following chronic administration of
fluoxetine, making it, rather than the parent compound, the principal determi-
nant of clinical effect.

In contrast to fluoxetine, clomipramine�s major metabolite, desmethyl-
clomipramine, has a markedly different pharmacological profile from the parent
drug (Preskorn 1996). While clomipramine is a potent inhibitor of serotonin
uptake, desmethylclomipramine is a more potent inhibitor of norepinephrine
uptake. If clomipramine�s value in obsessive-compulsive disorder depends on
its ability to block uptake of 5-hydroxytryptamine (5-HT) (and not block up-
take of norepinephrine), then this effect should be a function of the relative ra-
tio between clomipramine and desmethylclomipramine. Thus, this agent could
lose its effectiveness for treatment of obsessive-compulsive disorder if a patient
were an efficient demethylator of clomipramine such that desmethyl-
clomipramine rather than the parent drug was the predominant molecule reach-
ing the brain.

Another important clinical situation may arise when the parent drug is
biotransformed into a less efficacious and possibly more toxic metabolite. For
example, if the concentration of the hydroxylated metabolite of imipramine
(2-hydroxyimipramine) were increased, this TCA could lose its effectiveness
while simultaneously increasing in toxicity (Jandhyala et al. 1977).

CYP enzyme induction and inhibition also play a role a role in the metabo-
lism of psychotropic agents. Alcohol, nicotine, and most anticonvulsants induce
a number of CYP enzymes (Pippenger 1987; Spina et al. 1996). Barbiturates and
carbamazepine induce their own metabolism (i.e., autoinduction) as well as that
of other drugs.

Alcohol has a triphasic effect on the elimination rates of drugs such as TCAs
that require extensive biotransformation (Weller and Preskorn 1984). Acute al-
cohol ingestion in combination with a TCA in a teetotaler who attempts suicide
will significantly block the first pass metabolism of the TCA. This inhibition can
triple the peak concentration of a TCA by increasing its bioavailability. These
facts are why the consumption of alcohol in association with a TCA overdose
increases lethality.

Drinking on a regular basis for several weeks to months can induce CYP en-
zymes, resulting in a lower TCA plasma concentration. Thus, subacute and sub-
chronic alcohol consumption induces liver enzymes and causes lower plasma
levels of drugs that undergo oxidative biotransformation as a necessary step in
their elimination.

Chronic alcohol ingestion can cause cirrhosis, reducing hepatic CYP enzyme
concentration and liver mass and causing portacaval shunting. These effects will
result in increased plasma drug levels due to both greater bioavailability (due to
reduced first-pass metabolism) and decreased clearance.

In contrast to anticonvulsants and alcohol, drugs such as bupropion, fluoxe-
tine, quinidine, paroxetine, and some antipsychotics can inhibit specific CYP
enzymes (Wright et al. 1982; Fonne-Pfister and Meyer 1988; Preskorn et al.
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1994; Preskorn 1997; Richelson 1998; Baker 1999; Naranjo et al. 1999; Tanaka
and Hisawa 1999). As a result, drugs such as fluoxetine can slow the metabolism
of TCAs, certain benzodiazepines, bupropion, some steroids, and antipsychotics
to a clinically meaningful degree. For example, 20 mg/day of fluoxetine pro-
duces, on average, a 500% increase in the levels of those co-prescribed drugs
that are principally dependent on CYP 2D6 for their clearance. If the co-pre-
scribed drug has a narrow therapeutic index (e.g., a TCA) and the dose is not
adjusted for the change in clearance, serious or even life-threatening toxicity
could result.

2.3
Elimination

The last step in a drug�s clearance from the body is elimination. Elimination oc-
curs via the kidneys for most psychotropic drugs. The drug is first converted by
drug metabolizing enzymes into polar metabolites, which are more water- and
less lipid-soluble than the parent compound. This process facilitates the clear-
ance of these metabolites in urine. Following a single dose, this step is reflected
on the plasma drug concentration versus time curve by the terminal elimination
phase, which is typically a gradual and steady decline in the plasma drug level
over time (Fig. 1). The slope of this clearance curve is a function of the rates of
biotransformation and elimination. Thus, the slope (the kinetic constant of
elimination [Ke]) represents a summation of the CYP enzymatic activity re-
quired for the biotransformation and the glomerular filtration rate that clears
the polar metabolites from the blood.

2.4
Half-Life and Steady-State Concentration

Half-life (t1/2) is the time needed to clear 50% of a drug from the plasma. It also
predicts the length of time necessary to reach steady state. As a general rule, the
time to steady-state concentration (Css) of a drug is five times the half-life of the
drug. Parenthetically, that is not necessarily five times the dosing interval. For
example, a drug may have a half-life of 6 h but be administered only once a day
(i.e., dosing rate) as a hypnotic. It takes a comparable period of time to clear the
drug from the body after steady state has been attained. During each half-life
period, a patient either clears or accumulates 50% of the eventual Css produced
by that dosing rate. Therefore, in one half-life, a patient will have reached 50%
of the concentration that will eventually be achieved. In two half-lives, a patient
achieves the initial 50% plus half of the remaining 50%, for a total of 75%. After
three half-lives, a patient achieves the initial 50% and the next 25% plus half of
the remaining 25%, for a total of 87.5%. At 97% (i.e., five half-lives), the patient
is essentially at steady state, which is the rationale behind this general rule.

The half-life of a drug also has clinical relevance because the longer the half-
life of a drug, the longer the interval between starting the drug and seeing its
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full effects, whether beneficial or adverse. The length of the half-life also is one
parameter determining the time needed to assess for the full effect of the drug
at that dose.
Css is that total concentration of a drug in plasma once steady state has been

achieved meaning that this concentration will not change as long as the dosing
rate (i.e., dose per interval of time) remains unchanged or other factors do not
alter the rate of metabolism or elimination of the drug (e.g., the administration
of a concomitant drug which induces or inhibits the metabolism of the drug of
interest). When Css is achieved, the amount of drug excreted every 24 h will
equal the amount taken every 24 h, as long as other medical illnesses, diet (e.g.,
grapefruit juice), personal habits (e.g., alcohol use, smoking), or the ingestion
of concomitant medications (e.g., carbamazepine, fluoxetine) do not alter the
elimination rate.

Under steady-state conditions, there is a proportional relationship between
the tissue and the plasma compartments (Holford and Sheiner 1981; Glotzbach
and Preskorn 1982; Benet et al. 1996). This is the underlying principle of TDM.
Even though psychotropic agents do not exert their psychoactive effects in plas-
ma, and tissue concentrations of the drugs (depending upon the organ) are
10–100 times greater than plasma concentrations, plasma concentrations pro-
vide an indirect or surrogate measurement of tissue concentrations (Glotzbach
and Preskorn 1982; Seeman 1995). TDM thus uses drug concentration in plasma
to assure adequacy of drug dose for efficacy while at the same time seeking to
avoid toxicity.

2.5
Linear Versus Nonlinear Pharmacokinetics

When the amount of drug eliminated per unit of time is directly proportional to
the amount ingested (i.e., there is a linear relationship between dose change and
plasma level change), this condition is termed first order or linear kinetics.
When only a fixed amount of drug is eliminated in a given interval of time, be-
cause mechanisms for biotransformation and elimination are saturated, the
condition is terms zero order kinetics. With zero order kinetics, each dose incre-
ment produces a larger than proportional increase in plasma concentration. A
classic example of zero order kinetics is alcohol, for which blood levels rise dis-
proportionately as increased amounts are ingested.

While most drugs exhibit linear kinetics over their usual concentration
ranges, a number of psychotropic drugs demonstrate nonlinear pharmacokinet-
ics. With nonlinear pharmacokinetics, the drug concentration increases dispro-
portionately at specific concentration of the drug as the mechanism responsible
at lower concentrations becomes saturated and a less efficient but higher capac-
ity mechanism takes over. CYP enzymes are usually the mechanisms in such
nonlinear pharmacokinetics. These enzymes have different affinities and capac-
ities to mediate the biotransformation of a drug at different concentrations. At a
low concentration, the biotransformation is principally mediated by a CYP en-
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zyme with a higher affinity for the drug but a lower capacity to metabolize it. If
the drug saturates this capacity as its concentration increases (i.e., it autoin-
hibits its own metabolism), then the levels of the drug rise disproportionately
with increasing dose until they reach a point at which a lower affinity but higher
capacity CYP enzyme takes over the drug�s biotransformation. For example,
one third of patients taking TCAs demonstrate nonlinear kinetics when concen-
trations exceed approximately 200 ng/ml (Nelson and Jatlow 1987; Preskorn
1999). Other antidepressants with nonlinear pharmacokinetics include fluoxe-
tine, nefazodone, and paroxetine (Preskorn 1997; Baker 1999; Preskorn 1999).

2.6
Factors That Can Affect Pharmacokinetics

2.6.1
Protein Binding

Most psychotropic medications, including antidepressants, are highly protein-
bound. Any condition that shifts the ratio of bound to free drug can change the
concentration of the drug at its site(s) of action and thus alter the magnitude of
its effect. Conditions that lead to a functional decrease in the amount of circulat-
ing protein include:

� Malnutrition (e.g., severe anorexia)
� Wasting (e.g., the nephrotic syndrome)
� Aging (Cusack et al. 1985; Campion et al. 1988)
� Concomitant drugs that compete for protein-binding sites (Paxton 1980;

Goulden et al. 1987)

Increasing the relative amount of the free fraction can increase toxicity. Most
assays used in routine TDM do not distinguish between bound and free-drug
fractions, and hence will not detect such changes unless specialized techniques
are employed.

Inflammatory processes can increase the amount of circulating alpha 1-acid
glycoprotein (which avidly binds a variety of psychotropic drugs), increasing
the amount of bound drug while the free fraction remains unchanged. In such
circumstances, the circulating total concentrations may seem excessive, but ac-
tually simply represent an increase in the bound (but biologically inert) circu-
lating fraction (Abernethy and Kertzner 1984).

2.6.2
Cardiac Function and Hepatic Arterial Blood Flow

After a drug enters the systemic circulation, the delivery back to the liver de-
pends on left ventricular function. Hence, drugs may also affect the clearance of
other drugs indirectly, through an effect on hepatic arterial blood flow (Cohen
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1995; Parker et al. 1995; DeVane and Pollock 1999). The rate of drug conversion
is dependent on the rate of delivery to the liver, which is determined by arterial
flow. Cimetidine and beta-blockers, such as propranolol, decrease arterial flow,
slowing the clearance of various drugs that undergo extensive oxidative bio-
transformation.

While decreased left ventricular output can result in a decrease in hepatic ar-
terial flow, right ventricular failure causes hepatic congestion, reducing the first-
pass effect and delaying biotransformation.

2.6.3
Hepatic Integrity

Certain conditions can also directly or indirectly affect hepatic integrity or func-
tion. Diseases that directly affect hepatic integrity include cirrhosis, viral infec-
tions, and collagen vascular diseases. Diseases that indirectly affect function in-
clude metabolic disorders (e.g., azotemia secondary to renal insufficiency) and
cardiac disease.

2.6.4
Renal Factors

Multiple renal factors can affect the elimination of psychotropic medications,
including renal insufficiency, dehydration, plasma pH, and concurrent medica-
tions. Renal insufficiency can delay clearance and result in the accumulation of
higher concentrations of polar metabolites. Depending on the pharmacological
profile of these metabolites, patients may accumulate compounds that are less
efficacious and/or more toxic than the parent compound. Likewise, dehydration
diminishes glomerular filtration rate. Changing the plasma pH (e.g., giving
cranberry juice to acidify it or sodium bicarbonate to make it more basic) can
also hasten or retard the clearance of certain drugs (e.g., amphetamines). Con-
current medications may also affect the ability of the renal tubules to excrete a
drug. For example, loop diuretics and nonsteroidal anti-inflammatory agents
decrease renal clearance of lithium (Mehta and Robinson 1980; Ragheb et al.
1980).

2.6.5
Aging and Disease: Effects on Metabolism and Elimination

The absolute and the relative size of the body�s fat compartment can change
with normal aging or morbid obesity (Edelman and Leibman 1959; Cohen 1995;
Parker et al. 1995; Klotz 1998; DeVane and Pollock 1999). The percentage of total
body water and protein content decreases in the elderly, while the percentage of
fat content increases, providing a relatively larger reservoir to store psychotrop-
ics. These changes partially explain why many psychotropic drugs have a more
persistent effect in elderly than in younger patients. The morbidly obese patient
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also has an increased reservoir in which to store drug, with the effect being pro-
portional to the size of the adipose reservoir.

2.6.6
Gender: Effect on Metabolism and Elimination

A number of differences in drug pharmacokinetics are found in females.

� Absorption/bioavailability
� Lower acidic environment increases absorption of weak bases (e.g., TCAs,

benzodiazepines, some antipsychotics).
� Exogenous estrogen may also increase absorption through this same mech-

anism.
� Slower transit time in small intestine delays drug absorption and peak lev-

els; lowers peak blood concentration.

� Volume of distribution (VD)
� Drug concentration and distribution are greater in young women than in

men.
� Protein binding is lower in women than in men.
� Exogenous hormones and pregnancy can alter protein binding.

� Metabolism and elimination
� Estradiol and progesterone (used in oral contraceptives) reduce specific

CYP enzyme activity (e.g., levels of antipsychotics such as haloperidol, clo-
zapine, and risperidone may rise).

� Effects of pregnancy
� Increased endogenous hormones of the luteal phase cause decreased gastro-

intestinal motility and promote drug absorption.

2.7
Summary

As noted at the beginning of the chapter, pharmacokinetics is only one of three
variables that determine a drug�s effect. While a drug cannot exert its action
without reaching a critical concentration at its site of action, achieving that con-
centration will not result in a clinically meaningful response if the site of action
of the drug is not relevant to the disease the patient has. Also, there can be in-
terindividual genetic variability at both the drug�s site of action and in the
mechanism mediating its pharmacokinetics (e.g., CYP enzymes, transporter
proteins). Such mutations in receptors can alter the binding affinity of the drug
so that a different concentration is needed to occupy the target to a clinically
meaningful degree. Thus, for example, a number of different factors might ex-
plain why some patients appear to need a different concentration of a drug to
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achieve the same clinical benefit. These include both genetic and acquired fac-
tors:

� Inter-individual variation in CYP enzyme function
� Inter-individual variation in the site of action (e.g., a receptor protein)
� Inter-individual variation in ABC transport pumps that can affect the ratio

of drug concentration in plasma to that in the brain
� Inter-individual variation in plasma protein binding
� Assay limitations
� Temporal dissociation between changes in drug concentration and changes

in drug effect

Although the clinical relevance of pharmacokinetics has been emphasized in
this chapter, it is important to keep these limitations in mind when applying
pharmacokinetic principles.

A table summarizing the pharmacokinetic parameters of commonly used an-
tidepressants is provided in the Appendix (Table 4).

3
Tricyclic Antidepressants

There are two major classes of TCAs: the older tertiary amine TCAs (e.g., ami-
triptyline, imipramine) and the subsequent secondary amine TCAs (nortripty-
line, desipramine). The former have multiple mechanisms of action over their
clinically relevant concentration range whereas the latter are relatively selective
norepinephrine reuptake inhibitors. Tertiary amine TCAs are converted by
N-demethylation to secondary amine TCAs in humans (e.g., amitriptyline into
nortriptyline and imipramine into desipramine). Several CYP enzymes mediate
this conversion including 1A2, 3A (usual major pathway), and 2C19. This fact
will be important latter when considering pharmacokinetic drug–drug interac-
tions (DDIs) involving TCAs. Unless otherwise specified, TCAs in this chapter
will refer to tertiary amine TCAs, since they are the most popularly used mem-
bers of the superfamily of TCAs.

The pharmacokinetics of the various TCAs are generally similar. Of critical
importance to the clinical pharmacology of tertiary amine TCAs are their multi-
ple mechanisms of action, some of which result in toxicity over a relatively nar-
row range in plasma concentration. For example, amitriptyline�s most potent
mechanism of action involves histamine-1 receptor blockade, which causes se-
dation (Richelson 1988). Direct membrane stabilization occurs at only a tenfold
higher plasma concentration (Preskorn and Irwin 1982) and mediates central
nervous system and cardiac toxicity including seizures, arrhythmias, and sud-
den death (Halper and Mann 1988; Preskorn 1989; Preskorn and Fast 1991). The
fact that TCAs have so many different concentration-dependent mechanisms of
action makes knowledge of their pharmacokinetics critical in avoiding their tox-
ic effects and maximizing their therapeutic efficacy.
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3.1
Absorption

TCAs are well absorbed from the gastrointestinal tract. Their absorption is not
influenced to a clinically significant extent by disease states, age, or concomitant
drug administration. However, only 50%–60% of an oral dose reaches the sys-
temic circulation due to first-pass metabolism in the gut and the liver. Some of
the metabolites produced by such metabolism do reach the systemic circulation
in part as a result of enterohepatic recirculation.

Tertiary amine TCAs are absorbed relatively rapidly after an oral dose, with
their maximum plasma concentration (Cmax) occurring 0.5–4 h after an oral
dose. Secondary amine TCAs are absorbed from the gastrointestinal tract more
slowly, achieving Cmax in 4–8 h after an oral dose. This difference may account,
in part, for the generally better tolerability of secondary compared to tertiary
amine TCAs.

Concentration-dependent side effects of TCAs such as sedation (histamine-1
blockade) and orthostatic hypotension (alpha-1 blockade) are most likely to oc-
cur around the time of Tmax. Therefore, the timing of a single daily dose can be
adjusted so that such effects occur when the patient is supine and asleep. How-
ever, elderly patients may be especially prone to falls leading to injuries when
getting up to use the bathroom at night (Preskorn 1993b). Thus, a divided dose
of a tricyclic would lead to a lower Cmax, thereby decreasing the potential for an
orthostatic drop in blood pressure mediated by alpha-1 receptor blockade. Al-
though the average steady-state concentration (Css) will not change if the drug
is given once daily or in divided doses, the difference between Cmax and Cmin will
be exaggerated. Concentration-dependent adverse effects of TCAs, such as direct
membrane stabilization, may also become clinically apparent at Cmax resulting
in intracardiac conduction delay and subsequent arrhythmias (Preskorn and Ir-
win 1982).

3.2
Distribution

TCAs have volumes of distribution (Vd) that exceed a normal adult�s plasma
volume (about 5 liters). This means that these drugs tend to accumulate exten-
sively in tissues outside of the systemic circulation. The consequence of a large
Vd is the relative ineffectiveness of dialysis in reducing the body�s burden of
drug (Pentel et al. 1982).

The TCAs are all highly bound to plasma proteins. This fact raises concern
about possible pharmacokinetic interactions mediated by the displacement of
other highly protein-bound drugs producing a higher free fraction of the dis-
placed drug. DDIs due to displacement from binding proteins can manifest
themselves in one of two ways: (1) drug A displaces the TCA leading to elevated
TCA levels and toxicity, (2) the TCA may displace drug A leading to toxicity as-
sociated with drug A. In addition, acidosis due to TCA overdose results in de-
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creased protein binding and increased free tricyclic availability (Levitt et al.
1986). Since TCAs are highly bound to plasma proteins, competition for binding
sites can exist with other co-prescribed drugs such as aspirin, phenytoin, and
phenothiazine that are also highly protein bound (Azzaro and Ward 1994). Con-
ventional TDM of the TCA and co-prescribed drugs does not assess changes in
the ratio of bound to free drug.

3.3
Metabolism and Elimination

The TCAs are extensively biotransformed prior to being eliminated from the
body. The primary biotransformations involve hydroxylation of the ring struc-
ture or demethylation of the terminal nitrogen (Hammer and Sjoqvist 1967;
Potter and Manji 1990). Many CYP enzymes are involved in the oxidative me-
tabolism of TCAs including CYP 2D6, 2C19, 1A2, and 3A3-4 (Pollock 1994). The
rate-limiting step in elimination of TCAs is biotransformation mediated by
CYP 2D6 (Brosen et al. 1992). The fact that approximately 7% of Caucasians are
genetically deficient in this enzyme complicates matters (Eichelbaum and Gross
1990). As a result of this deficiency, plasma concentrations can be fourfold high-
er than in nonaffected individuals receiving the same dose of the same TCA
(Nelson and Jatlo 1987; Preskorn et al. 1993). Conventional doses of a TCA such
as imipramine (150–250 mg/day) may lead to toxic side effects such as delirium
and seizures in such individuals (Preskorn and Jerkovich 1990; Preskorn and
Fast 1992).

While CYP 2D6 is the rate-limiting step in the clearance of all TCAs, tertiary
amine TCAs are demethylated to secondary amine TCAs by multiple CYP en-
zymes: 1A2, 2C19, and 3A. In contrast to CYP 2D6, these CYP enzymes are in-
ducible. That fact is relevant as discussed below in terms of pharmacokinetically
mediated DDIs. This conversion is of clinical importance because tertiary amine
TCAs such as imipramine and amitriptyline are more potent inhibitors of sero-
tonin reuptake than their secondary amine TCA metabolites, desipramine
and nortriptyline, respectively (Hyttel 1994). Desipramine and nortriptyline are
5–20 times more potent at norepinephrine reuptake than their parent com-
pounds. Clomipramine, which is the TCA that is most potent at blocking seroto-
nin uptake, is converted to desmethylclomipramine by hepatic enzymes.
Desmethylclomipramine is 100 times more potent at blocking norepinephrine
reuptake than serotonin (Hyttel 1994). Due to this variability in mechanism of
action of metabolites and parent compounds, the clinician must consider the
following:

� The physiology of the psychiatric illness being treated (i.e., will the depres-
sive illness respond more favorably to a norepinephrine- or serotonin-me-
diated mechanism of action?)
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� The tolerability of TCAs with troublesome side effects mediated by block-
ade of cholinergic, histaminic, and noradrenergic receptors (which are
greater with tertiary amine than secondary amine TCAs)

� The narrow therapeutic window of the TCAs (i.e., inadvertent or intentional
overdoses can translate into seizures or cardiac conduction problems)

� The individual�s capacity to metabolize/eliminate TCAs (patients with im-
paired renal and/or hepatic function may accumulate toxic levels of TCAs,
while, conversely, patients who are rapid metabolizers may not develop suf-
ficiently therapeutic TCA levels)

3.4
Half-Life

The half-life of all secondary amine TCAs is approximately 24 h. Protriptyline is
the longest lived of all TCAs, with a half-life of approximately 80 h. While the
tertiary amine TCAs have half-lives less than 24 h, they are metabolized to sec-
ondary amine TCAs. The half-lives of all TCAs are sufficiently long to allow
once-daily dosing. Plasma levels of amitriptyline and nortriptyline increase as a
function of age consistent with a modest increase in half-life (Preskorn and Mac
1985). Prescribing the total daily dose of a TCA to be taken at bedtime is gener-
ally more convenient for patients and should improve compliance. Exceptions
to once-daily dosing would be appropriate for patients in whom problems may
arise as a result of effects occurring at the height of Cmax as discussed earlier in
the chapter.

3.5
Linear Versus Nonlinear Pharmacokinetics

The majority of patients taking TCAs over their clinically relevant dosing range
demonstrate linear pharmacokinetics. For these patients, changing the dose of
the TCA results in a proportionate change in plasma drug concentration (Nelson
and Jatlo 1987; Preskorn 1989; Bupp and Preskorn 1991; Preskorn and Fast
1991). Nonlinear pharmacokinetics of TCAs occur when patients: (1) are geneti-
cally deficient in CYP 2D6; (2) take other drugs that inhibit this enzyme; or (3)
have intercurrent disease such as hepatic or renal failure that significantly delays
elimination. The consequence of nonlinear pharmacokinetics is that higher dos-
es of TCAs will produce disproportionate increases in concentration-dependent
adverse effects unless the TCA dose is adjusted.

3.6
Pharmacokinetically Mediated Drug–Drug Interactions

Drugs coadministered with TCAs may inhibit, induce, or have no impact on the
metabolism of the TCA. Carbamazepine, a CYP 3A enzyme inducer, can cause
decreases of 50%–100% in steady-state plasma concentrations of tertiary amine
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TCAs by increasing the rate of their conversion to their respective secondary
amine TCA metabolites (Preskorn et al. 1993). This induction can decrease the
TCA plasma concentration to the point that antidepressant efficacy is compro-
mised.

Drugs such as bupropion, fluoxetine, paroxetine, and thioridazine cause sub-
stantial inhibition of CYP 2D6 (Table 3; Shen and Lin 1991). Concomitant use of
such drugs with TCAs can convert normal metabolizers into phenocopies of in-
dividuals who are genetically deficient in CYP 2D6. If such combinations of
drugs are used, the TCA dose must be adjusted downward with use of TDM to
avoid TCA toxicity.

4
Selective Serotonin Reuptake Inhibitors

The SSRIs include citalopram, escitalopram, fluoxetine, fluvoxamine, paroxe-
tine, and sertraline. As a class, these drugs have become the first choice for
many physicians in the treatment of conditions such as depression and obses-
sive-compulsive disorder. While members of this class are remarkably similar in
their pharmacodynamic actions, they are quite different in their pharmacoki-
netics and their effects on the CYP enzymes that mediate most oxidative drug
metabolism.

4.1
Absorption

All of the SSRIs are well absorbed after an oral dose, with 70%–100% reaching
the systemic circulation. Coadministration of SSRIs with food may lead to slight
and not clinically meaningful changes in their rate of absorption (DeVane
1994). The Tmax comes later for most SSRIs (4–8 h) compared with TCAs. Acute
adverse effects of SSRIs (e.g., restlessness) typically reach their peak or have
their onset when the drug reaches its Cmax. The fact that gastrointestinal side ef-
fects often occur within 1 h of an oral dose of an SSRI suggests that this effect
may be mediated by direct serotonergic actions within the gut as opposed to an
effect on the chemoreceptor trigger zone in the brain (Preskorn 1993a).

4.2
Distribution

Although SSRIs share a large Vd with TCAs, SSRIs are much safer than TCAs
even when taken in overdose. Therefore the high Vd of SSRIs should not result
in any clinically deleterious effects (Dechant and Clissold 1991; Henry 1991).
Fluoxetine, paroxetine, and sertraline are highly bound to plasma proteins
(>95%) (Preskorn 1993a), which always raises concern about the potential for
DDIs as a result of another more toxic drug being displaced from its binding
protein by a co-prescribed drug such as an SSRI. The protein binding of citalo-
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pram (50%), escitalopram (50%), and fluvoxamine (77%) is considerably less
(Fredericson 1978; Palmer and Benfield 1994).

Despite these differences in protein binding, significant protein binding drug
displacement interactions are generally not an issue with SSRIs (Apseloff et al.
1997). The reason is as follows: While these drugs are themselves highly protein
bound, their binding is relatively weak, and even more importantly their con-
centrations are sufficiently low that protein binding is not saturated. For the lat-
ter reason, there is still adequately capacity to bind most other drugs unless
their concentrations are unusually high as is the case with only a few drugs such
as valproate. In addition, even the remote chance of an increase in the free frac-
tion of drug would be mitigated by the parallel increase in its clearance. Unfor-
tunately, the potential significance of protein binding displacement has not been
tested in the extreme cases where it might be meaningful; such cases include the
debilitated patient with protein wasting who is receiving a drug such as valpro-
ate that achieves a concentration (mcg/ml) under usual dosing conditions that
saturates protein binding. Given all of these considerations, protein-binding dis-
placement as a mechanism of DDIs with most psychotropic drugs including all
of the SSRIs is unlikely to be meaningful. Nevertheless, caution is recommended
when co-prescribing SSRIs with other highly protein-bound drugs such as war-
farin or valproate in medically compromised, elderly patients.

4.3
Metabolism and Elimination

Table 1 lists some common drugs that are metabolized by different CYP en-
zymes; Table 2 summarizes the inhibitory effect of the SSRIs and some other
newer antidepressants at their usually effective, minimum dose on specific CYP
enzymes; and Table 3 presents a summary of formal in vivo studies of the effects
of different SSRIs on CYP 2D6 model substrates.

All the SSRIs have metabolites, some of which are clinically relevant while
others are not.

Both fluoxetine and citalopram are marketed as racemic mixtures of two
enantiomers. Fluoxetine�s metabolite, norfluoxetine, is equipotent to the parent
compound in terms of serotonin reuptake inhibition and inhibition of several
CYP enzymes, particularly CYP 2D6, CYP 2C9/10, and CYP 2C19 (Table 2). Flu-
oxetine and its metabolites are excreted chiefly in the urine, which raises suspi-
cion that the drug may accumulate more extensively in patients with renal im-
pairment. While single-dose studies of fluoxetine (Aronoff et al. 1984; Lemberg-
er et al. 1985) do not reveal any effect of renal impairment on this drug�s phar-
macokinetics, such studies are inadequate due to the drug�s extended half-life.
One multiple-dose pharmacokinetic study of fluoxetine in this population
(Bergstrom et al. 1993) concluded that the pharmacokinetics of fluoxetine are
unaltered in renal failure. However, graphic data presented in this paper suggest
fluoxetine levels may double in individuals with severe renal failure.
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Table 1 Drugs metabolized by CYP enzymes (copyright Preskorn 2003)a

Metabolizing
enzyme

Drug type Drug

CYP 1A2 Antidepressants Amitriptyline, clomipramine, imipramine
Antipsychotics Clozapineb, olanzapineb, thioridazineb

b-Blockers Propranolol
Opiates Methadoneb

Miscellaneous Caffeineb, paracetamol, tacrineb, theophyllineb, R-warfarinb

CYP 2C9/10 Phenytoinb, S-warfarinb, tolbutamideb

CYP 2C19 Antidepressants Citalopramb, clomipramine, imipramine
Antipsychotics Thioridazine
Barbiturates Hexobarbital, mephobarbital, S-mephenytoinb

b-Blockers Propranolol
Benzodiazepines Diazepam

CYP 2D6 Antiarrhythmics Encainideb, flecainideb, mexiletine, propafenone
Antipsychotics Haloperidol (minor), molindone, perphenazineb, risperidoneb,

thioridazine (minor)
b-Blockers Alprenolol, bufuralol, metoprololb, propranolol, timolol
Opiates Codeineb, dextromethorphanb, ethylmorphine
SSRIs Fluoxetine, N-desmethylcitalopramb, paroxetineb

TCAs Amitriptyline, clomipramineb, desipramineb, imipramineb,
N-desmethylclomipramineb

Other antidepressants Venlafaxineb, mCPP metabolite of nefazodone and trazodoneb

Miscellaneous Debrisoquinb, donepezil, 4-hydroxyamphetamine, perhexilineb,
phenforminb, parteineb

CYP 3A3/4 Analgesics Acetaminophen, alfentanil
Antiarrhythmics Amiodarone, disopyramide, lidocaine, propafenone, quinidine
Anticonvulsants Carbamazepineb, ethosuximide
Antidepressants Amitriptyline, clomipramine, imipramine, nefazodoneb,

sertralineb, O-desmethylvenlafaxineb

Antiestrogens Docetaxel, paclitaxel, tamoxifenb

Antihistamines Astemizoleb, loratadineb, terfenadineb

Antipsychotics Quetiapineb, clozapine
Benzodiazepines Alprazolamb, clonazepam, diazepam, midazolamb, triazolamb

Calcium channel blockers Diltiazemb, felodipineb, nicardipine, nifedipineb, niludipine,
manidipine, isoldipine, nitrendipine, verapamilb

Immunosuppressants Cyclosporineb, tacrolimus (FK506-macrolide)
Local anesthetics Cocaine, lidocaine
Macrolide antibiotics Clarithromycin, erythromycin, triacetyloleandomycin
Steroids Androstenedione, cortisolb, dehydroepiandrosterone 3-sulfate,

dexamethasone, estrogenb, testosteroneb, estradiolb,
ethinylestradiol, progesterone

Miscellaneous Benzphetamine, cisaprideb, dapsoneb, donnepezil, lovastatin,
omeprazole (sulfonation)

a For more detailed information readers are referred to the Cytochrome P450 Drug Interaction Table
maintained by David A. Flockart, MD, PhD (http://medicine.iupui.edu/flockhart).
b Drug has a principal CYP enzyme pathway.
Such lists are not comprehensive, since the CYP enzyme(s) responsible for biotransformation is known for
only approximately 20% of marketed drugs. Many drugs were developed before the necessary knowledge
and technology existed. Some drugs are listed under more than one CYP enzyme. That does not necessar-
ily mean that each of these enzymes contributes equally to the elimination of the drug. One enzyme may
be principally responsible based on substrate affinity and capacity and abundance of the enzyme.
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The racemic mixture of citalopram produces racemic desmethylcitalopram
and didesmethylcitalopram. The active S-enantiomer of citalopram is generally
only one-third of the total citalopram plasma level under steady-state conditions
(Rochat et al. 1995). However, there is variability in this ratio among different
patients that may be characteristic of patients who are genetically deficient in
CYP 2C19, which is one of the enzymes principally responsible for the metabo-
lism of citalopram (Rochat et al. 1995). Racemic citalopram is metabolized by
both CYP 2C19 and CYP 2D6, based on a study comparing the steady-state lev-
els of citalopram, desmethylcitalopram, and didesmethylcitalopram in individu-
als who were extensive metabolizers of sparteine (i.e., CYP 2D6) and mepheny-
toin (i.e., CYP 2C19), and individuals who were poor metabolizers of either
sparteine or mephenytoin, respectively (Sindrup et al. 1993). Both the total
clearance of citalopram and the clearance of desmethylcitalopram were signifi-
cantly slower in poor versus extensive metabolizers of mephenytoin (i.e., defi-
cient in CYP 2C19), while the demethylation clearance of desmethylcitalopram
was significantly lower in poor versus extensive metabolizers of sparteine (i.e.,
deficient in CYP 2D6). Both of these CYP enzymes exhibit considerable genetic
polymorphism in specific populations: approximately 5%–10% of white popula-
tions in Western Europe and North America are genetically deficient in
CYP 2D6 (Evans et al. 1980; Steiner et al. 1988), whereas 20% of Orientals are
genetically deficient in CYP 2C19 (Kupfer and Preisig 1984; Goldstein and de
Morais 1994). Citalopram�s dependence on these two enzymes would be expect-
ed to increase the interindividual variability in plasma levels of this drug.

Escitalopram, the S enantiomer of the citalopram, has now been approved in
several European countries and marketed in the United States (Package insert

Table 2 The inhibitory effect of newer antidepressants at their usually effective minimum dose on spe-
cific CYP enzymes (adapted from Harvey and Preskorn 1996a,b; Preskorn 1996; Shad and Preskorn
2000; copyright Preskorn 2003)

No or minimal effect (<20%)a Mild
(20%–50%)a

Moderate
(50%–150%)a

Substantial
(>150%)a

Bupropionb ? ? ? 2D6
Citalopram 1A2, 2C9/10, 2C19, 3A3/4 2D6 � �
Fluoxetine 1A2 3A3/4 2C19 2D6, 2C9/10
Fluvoxamine 2D6 � 3A3/4 1A2, 2C19
Nefazodone 1A2, 2C9/10, 2C19, 2D6 � � 3A3/4
Paroxetine 1A2, 2C9/10, 2C19, 3A3/4 � � 2D6
Sertraline 1A2, 2C9/10, 2C19, 3A3/4 2D6 � �
Venlafaxine 1A2, 2C9/10, 2C19, 3A3/4 2D6 � �

Mirtazapine, based on in vitro modeling, is unlikely to produce clinically detectable inhibition of these
five CYP enzymes. However, no in vivo studies have been done to confirm that prediction.
a Percentage increase in plasma levels of a coadministered drug dependent on this CYP enzyme for its
clearance.
b The potential in vivo effects of bupropion on CYP enzymes other than 2D6 have not been studied and
thus are unknown.
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for escitalopram, Physicians� Desk Reference 2003, p 3532). In many European
countries, approval is a two-step process involving first approval to market and
then approval as of price. The marketing of escitalopram has been delayed in
some European countries due to discussions about how much additional value
the single enantiomer represents relative to the racemate, citalopram. Escitalo-
pram at 10–20 mg/day is comparable to 20–40 mg/day of citalopram in terms of
serotonin uptake inhibition, weak CYP 2D6 inhibition, antidepressant efficacy,
and adverse effect profile. Its pharmacokinetics are comparable to citalopram in
terms of half-life, linear pharmacokinetics, and modest effects on the metabo-
lism of other drugs via the inhibition of CYP enzymes in contrast to fluoxetine,
fluvoxamine, and paroxetine.

Fluvoxamine, paroxetine, and sertraline produce multiple metabolites with-
out apparent clinically relevant activity in terms of serotonin uptake inhibition.
Fluvoxamine and paroxetine are eliminated primarily by renal excretion, where-
as sertraline elimination is divided equally between fecal and renal excretion
(Kaye et al. 1989). Studies of fluvoxamine and sertraline have shown no effect of
renal impairment on the pharmacokinetics of these SSRIs (Warrington 1991;
Goodnick 1994), whereas renal impairment significantly delays elimination of
paroxetine (Doyle et al. 1989). As a result, clinicians may wish to halve the usual
daily dose of fluoxetine and paroxetine in patients with renal impairment. The
nonlinear pharmacokinetics of fluoxetine and paroxetine suggest that signifi-
cant elevations in plasma concentration may occur in renally impaired patients,
especially with multiple doses. As a result, concentration-dependent adverse ef-
fects may emerge more quickly and be more severe in patients with renal im-
pairment who are prescribed these drugs, unless the dose is adjusted.

4.4
Half-Life

The half-lives of the SSRIs vary substantially and in clinically important ways.
The half-lives of fluvoxamine and paroxetine at low doses (or concentrations)
are approximately 10–12 h. That sets the stage for both the need for divided dai-
ly dosing and for a higher incidence and greater severity of withdrawal symp-
toms. Paroxetine is usually dosed once a day, but that is because it has nonlinear
pharmacokinetics: at low concentrations, paroxetine is preferentially cleared by
CYP 2D6 which is a highly efficient but low-capacity enzyme such that the half-
life of paroxetine is approximately 10 h at low concentrations, which are
achieved early in the course of treatment with 20 mg/day or during washout. As
paroxetine continues to accumulate, it saturates CYP 2D6 and its levels and its
half-life increases as its clearance becomes dependent on another CYP enzyme,
most likely CYP 3A, for its biotransformation prior to its elimination (Harvey
and Preskorn 1996a,b). This phenomenon likely contributes to the increased
risk of SSRI discontinuation symptoms when paroxetine is stopped, since its
clearance accelerates as its level falls below the point at which it saturates
CYP 2D6.
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Fluoxetine is at the opposite extreme from fluvoxamine and paroxetine. In
young healthy individuals, the half-life of fluoxetine is 2–4 days and the half-life
of its active metabolite, norfluoxetine, is 7–15 days. In healthy elderly individu-
als, the half-life of fluoxetine and norfluoxetine is even longer — 3 weeks on av-
erage for its active metabolite, norfluoxetine (Harvey and Preskorn 2001). The
extended half-life of norfluoxetine means that plasma drug concentrations will
continue to rise for 1–2.5 months in young individuals at a fixed dose and for
up to 4 months on average in healthy individuals over the age of 65. These long
half-lives set the stage for the late-emergence of concentration-dependent ad-
verse effects. Once fluoxetine is started, there is also a gradually increasing inhi-
bition of multiple CYP enzymes; and a prolonged period is needed to recover
the drug metabolizing capacity of CYP enzymes once fluoxetine is discontinued.
This means that the patient is at risk for pharmacodynamic and pharmacoki-
netic DDIs mediated by the fluoxetine-induced inhibition of multiple CYP en-
zymes for a prolonged period of time. This phenomenon is the reason the FDA
warns that MAOIs should not be started for several weeks after fluoxetine is dis-
continued to avoid the potentially lethal serotonin syndrome (Sternbach 1988).

One advantage of fluoxetine�s extended half-life is its use as a depot antide-
pressant for patients with compliance problems. Once a steady-state concentra-
tion of fluoxetine is achieved, missing any given dose will have little, if any, clin-
ical impact. The extended half-life of fluoxetine and norfluoxetine also decreases
the risk of a withdrawal syndrome following fluoxetine discontinuation. These
advantages do not override the disadvantages of the long half-life in most clini-
cal situations. For this reason, fluoxetine is recommended primarily as a niche
SSRI in situations where these advantages are important and outweigh the dis-
advantages for a specific patient.

Citalopram, escitalopram, and sertraline have half-lives of about 1–2 days.
This half-life permits once-a-day dosing. Steady state with these SSRIs is
achieved in approximately 5–10 days, so that the maximum effect occurs and
clears at a manageable rate. For these reasons, the risk of SSRI discontinuation
symptoms with these SSRIs is intermediate between the risk with fluvoxamine
and paroxetine which have the shortest half-lives (i.e., increased risk) and the
risk with fluoxetine which has the longest half-life (i.e., reduced risk).

4.5
Linear Versus Nonlinear Pharmacokinetics

Citalopram, escitalopram, and sertraline have linear pharmacokinetics over
their clinically relevant dosing range, whereas fluoxetine, fluvoxamine, and
paroxetine do not as a result of CYP enzyme inhibition. As a consequence, the
disproportionate increases in plasma concentrations of these drugs that occur
with dose increases may translate into disproportionate increases in concentra-
tion-dependent adverse effects. This difference is particularly important in el-
derly patients whose clearance of fluoxetine and paroxetine is already decreased
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(Preskorn 1993b). The effect on the inhibition of CYP enzymes will also be mag-
nified.

4.6
Pharmacokinetically Mediated Drug–Drug Interactions

There are many possible mechanisms of pharmacokinetically mediated DDIs.
Of paramount importance are the differential effects SSRIs have on the inhibi-
tion of CYP enzymes. Table 2 lists inhibitory effects of SSRIs on CYP enzymes
at their usually effective doses. Many drugs are dependent on CYP enzymes for
their biotransformation into polar metabolites, which can be excreted by the
kidneys. Such oxidative drug metabolism is most often dependent on the func-
tional integrity of one or more CYP enzymes. A CYP enzyme can lose its func-
tional capacity due to (1) genetic mutation, (2) concomitant ingestion of a drug
that is an inhibitor, or (3) intercurrent disease affecting the liver. If this happens,
drugs dependent on that particular CYP enzyme for their biotransformation will
accumulate to a greater than usual extent, which can lead to the development of
concentration-dependent adverse effects. This is particularly worrisome in the
case of a drug with a narrow therapeutic index where toxicity may result from
drug accumulation.

The capacity of the SSRIs to inhibit the functional integrity of specific CYP
enzymes has been extensively studied (Tables 2 and 3; Jeppensen et al. 1996).
Different SSRIs have different capacities to inhibit specific CYP enzymes. That
action translates into clinically meaningful changes in the clearance rates of
concomitantly prescribed drugs dependent on these CYP enzymes for their bio-
transformation into more polar metabolites. For example, fluoxetine and its me-
tabolite, norfluoxetine, and paroxetine are potent inhibitors of CYP 2D6 (Crewe
et al. 1992; Skjelbo and Brosen 1992; Otton et al. 1993; Otton et al. 1994; von
Moltke et al. 1994; Alderman et al. 1997), whereas citalopram, escitalopram, flu-
voxamine, and sertraline are not (Bergstrom et al. 1992; Preskorn 1997). Fluvox-
amine and fluoxetine�s metabolite, norfluoxetine, are modest inhibitors of
CYP 3A4 (von Moltke et al. 1995) whereas the other SSRIs have little or no effect
on CYP 3A4. Fluvoxamine is a much more potent inhibitor of CYP 1A2 in vitro
and in vivo than other SSRIs (Thomson et al. 1992; Brosen et al. 1993b; Jeppen-
son et al. 1996).

As mentioned in the previous section, the clearance of TCAs is principally de-
pendent on the oxidative drug-metabolizing enzyme CYP 2D6. As such, TCAs
have been used as model substrates to test in vivo differences in the capacity of
SSRIs to inhibit CYP 2D6. For example, sertraline at 50–100 mg/day has been
shown to produce a mild inhibition of CYP 2D6 in vivo (Table 3) (Preskorn and
Fast 1992; Preskorn et al. 1994; Jann et al. 1995; Sproule et al. 1997). Additional
studies of sertraline at 150 mg/day (three times its usually effective antidepres-
sant dose) have been done using either desipramine or imipramine as a model
substrate. At these doses, sertraline produced a 54%–66% increase in AUC of
these TCAs (Zussman et al. 1995; Kurtz et al. 1997). This is six to seven times
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less than the effect of fluoxetine or paroxetine at their usually effective antide-
pressant doses (20 mg/day). Paroxetine at 20 mg/day causes a doubling of the
Cmax and a fivefold decrease in clearance of desipramine (Brosen et al. 1993a).
Fluoxetine at 20 mg/day leads to a fourfold increase in the Cmax of desipramine
when co-administered, an effect that is likely to result in TCA toxicity unless an
appropriate dose adjustment is made (Preskorn et al. 1994). Fluvoxamine pro-
duces a modest inhibition of desipramine clearance that is of the same order of
magnitude as sertraline at its usually effective daily dose (Spina et al. 1993).
Citalopram at 40 mg/day and escitalopram at 20 mg/day are moderate inhibitors
of CYP 2D6 comparable to sertraline at 150 mg/day but substantially less than
the substantial inhibition seen with 20 mg/day of either fluoxetine or paroxetine.
(Gram et al. 1993; Package inserts for citalopram and escitalopram, Physicians�
Desk Reference 2003, pp 1344 and 3532; Jeppensen et al. 1996). Neither citalo-
pram nor escitalopram have any appreciable effect on the other CYP enzymes.

Knowledge of the pharmacokinetics of SSRIs and of drugs prescribed with
them will enable clinicians to predict potential drug–drug interactions based on
the following paradigm:

– Drug A ! affects ! CYP enzyme X
– CYP enzyme X ! metabolizes ! Drugs B, C, D, and E
– then, Drug A ! may affect ! Drugs B, C, D, and E

If one knows which CYP enzyme an SSRI inhibits as well as the potency an
SSRI has for such an effect, the clinical outcome can be predicted when other
drugs known to be metabolized by specific CYP enzymes are prescribed with
SSRIs. This is especially important when drugs with narrow therapeutic indexes
are combined with SSRIs.

5
Bupropion

Bupropion is an antidepressant with a unique mechanism of action. Dopamine
and norepinephrine uptake inhibition are its most potent pharmacodynamic ac-
tions, while its uptake inhibition of serotonin is relatively weak (Preskorn and
Othmer 1984; Golden et al. 1988). This drug has a relatively narrow therapeutic
index so that too low a dose is not efficacious and too high a dose may result in
toxicity (Lineberry et al. 1990; Preskorn 1991). Knowledge of the pharmacoki-
netics of bupropion can help the clinician navigate this narrow therapeutic in-
dex. Due to its pharmacokinetics and its narrow therapeutic index, there are
two formulations of bupropion: the original immediate release (IR) and a subse-
quent sustained release (SR).

There are a number of studies demonstrating a minimum threshold concen-
tration for efficacy for the parent drug, bupropion, of approximately 25 ng/m:
(Preskorn 1982, 1991; Goodnick 1992) and one study demonstrating poorer out-
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comes with higher levels of the three major metabolites, hydroxybupropion,
erythrohydrobupropion, and threohydrobupropion (Golden et al. 1988).

5.1
Absorption

The bioavailability of bupropion is not known with certainty, but it is estimated
to be approximately 80% based on urinary recovery following oral administra-
tion of radio-labeled bupropion (Smith et al. 1980). Bupropion and its metabo-
lites have a Tmax of 1–4 h, which correlates with the onset of side effects such as
tremulousness (Goodnick 1994). Dose-dependent seizures are most likely to oc-
cur during this time interval (Davidson 1989). The dose-dependent nature of
the risk of bupropion-induced seizures is the reason why the total daily IR and
SR doses should not exceed 450 mg and 400 mg/day, respectively. No single IR
and SR dose should exceed 150 mg and 200 mg/day, respectively. Doses of either
formulation should not be given any closer than 4 h apart.

5.2
Distribution

The volume of distribution of bupropion is 19–21 l/Kg, which suggests signifi-
cant accumulation in tissue. Bupropion is 85% bound to plasma proteins. As
with the SSRIs and the TCAs, concern about DDIs due to plasma protein bind-
ing displacement is warranted.

5.3
Metabolism and Elimination

Bupropion is extensively metabolized in the liver to three metabolites: hydroxy-
bupropion, threohydrobupropion, and erythrohydrobupropion. The hydroxy
and threo metabolites are thought to produce clinical activity, whereas the ery-
thro metabolite is thought to be clinically inactive (Goodnick 1994). Metabolite-
to-bupropion ratios are 44:1 for hydroxybupropion and 18:1 for threohy-
drobupropion (Goodnick 1994). Accumulation of the hydroxy and threo
metabolites occurs as a result of the longer half-lives of these metabolites.
Knowledge of accumulation of bupropion and its metabolites is of value, since
toxicity such as seizures may be mediated by the parent compound and/or its
metabolites.

Unfortunately, little is known about the CYP enzymes involved in bupropi-
on�s metabolism, although the existence of the metabolites of bupropion sug-
gests that CYP enzymes are involved. Case report data from DDIs involving bu-
propion and other drugs known to inhibit or induce CYP-mediated drug metab-
olism are also suggestive. This issue will be discussed in more detail in the sec-
tion on DDIs below.
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5.4
Half-Life

The parent drug bupropion has a relatively short half-life of 10–14 h. Because of
its short half-life, as well as concern about the magnitude of Cmax being propor-
tional to the risk of bupropion-induced seizures, the dosing recommendation
for the IR formulation is to give it in three divided doses of no more than
150 mg/dose, with at least 4 h between doses. To further minimize the risk of
seizures, the dosage should not exceed 450 mg/day and cannot be collapsed into
a single daily dose.

Due to its relatively short half-life and its dose-dependent (and hence phar-
macokinetic-dependent) seizure risk, a SR formulation has been developed. The
Cmax for the SR preparation is reduced and the Tmax modestly extended relative
to the IR formulation. However, this preparation did not achieve the goal of
once-a-day administration. Instead, the labeled dosing recommendation is for
twice-a-day administration in equal doses. The rationale for twice-daily dosing
comes from a study that compared bupropion IR 100 mg three times daily with
bupropion SR 150 mg twice daily. At these dosages, the Cmax and AUC for bu-
propion and all of its major metabolites were nearly equivalent in the two
groups (GlaxoSmithKline data on file). Due to dosage strengths, the maximum
dose with this formulation is 400 mg/day compared to 450 mg/day with the IR
formulation. No single dose of the SR formulation should exceed 200 mg/day.
Although there are pharmacokinetic reasons to suspect that the seizure risk is
less with the SR versus the IR formulation, that has not been adequately studied
to make a definitive claim.

5.5
Linear Versus Nonlinear Pharmacokinetics

Plasma levels of bupropion follow linear pharmacokinetics at doses between 100
and 250 mg (Preskorn 1993a). In animals, bupropion induces its own metabo-
lism (Schroeder 1983). However, healthy volunteers who received bupropion at
doses up to 450 mg/day for 14 consecutive days showed no evidence of induced
metabolism (GlaxoSmithKline data on file). There are no data about the nature
of the pharmacokinetics of bupropion�s metabolites: linear, nonlinear, or induc-
ible.

5.6
Pharmacokinetically Mediated Drug–Drug Interactions

There has been little systematic study of DDIs with bupropion either as the per-
petuator or the victim. However, there are reasons to suspect that pharmacoki-
netically mediated DDIs may occur with bupropion. First, bupropion is exten-
sively metabolized in the liver, which means that any one of several steps in its
biotransformation could be inhibited or induced by other drugs. For example, a
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drug such as carbamazepine appears to induce the metabolism of bupropion,
causing decreased levels of the parent compound and increased levels of the hy-
droxybupropion metabolite (Ketter et al. 1992). This conversion is mediated by
a relatively obscure CYP enzyme, 2B6 (Hesse et al. 2000; Wang and Halpert
2002). While this enzyme may be inducible by carbamazepine, the ability of
commonly used drugs to inhibit this CYP enzyme in vivo is largely unknown.
There are in vitro data indicating that ritonavir, efavirenz, and nelfinavir can in-
hibit CYP 2B6 and thus have the potential for elevating levels of bupropion
when co-administered with it (Hesse et al. 2001). The induction of the conver-
sion of bupropion to its hydroxylated metabolites could lead to treatment failure
if the efficacy is principally due to the parent compound and could increase the
risk of adverse effects if they are principally mediated by the drug�s metabolites
as suggested by the report by Golden et al. (1988).

Other reasons to suspect pharmacokinetically mediated DDIs with bupropion
are found in case report data, which suggest that coadministration of fluoxetine,
a known inhibitor of CYP 2D6, can cause elevated levels of hydroxybupropion,
resulting in toxicity. In one case, a 39-year-old woman developed a catatonic
state within 9 days of discontinuing fluoxetine and initiating bupropion at
225 mg/day. She recovered when bupropion was discontinued. She was re-chal-
lenged with the same dose of bupropion after allowing fluoxetine to fully wash
out. She tolerated this re-challenge well with a corresponding significant de-
crease in her hydroxybupropion levels (Preskorn 1991). In addition, Rosenblatt
and Rosenblatt (1992) have analyzed post-marketing reports to the Food and
Drug Administration regarding cases of grand mal seizures. In such cases, pa-
tients taking bupropion and fluoxetine in combination developed seizures at
half the bupropion dose as patients taking bupropion alone. Until more is
known about bupropion�s metabolism, concomitant administration of drugs
known to inhibit or induce hepatic enzymes should be done cautiously and
TDM should be used to maximize efficacy and minimize toxicity.

There are also minimal data about the effects of bupropion on the pharmaco-
kinetics of other drugs. Bupropion at a dose of 300 mg/day does cause substan-
tial inhibition of CYP 2D6 as witnessed by a 500% increase in the levels of desi-
pramine used as a model CYP 2D6 substrate (bupropion package insert, Physi-
cians� Desk Reference 2003, p 1678). There are also case reports supporting the
fact that bupropion can cause clinically significant interactions when co-admin-
istered with CYP 2D6 substrates that have a narrow therapeutic index such as
TCAs (Shad and Preskorn 1997; Weintraub 2001).

6
Serotonin–Norepinephrine Specific Reuptake Inhibitors

While venlafaxine and duloxetine are structurally and pharmacologically dis-
tinct from the tertiary amine TCAs, they share with those older antidepressants
the ability to inhibit the uptake pumps for both serotonin and norepinephrine.
However, both venlafaxine and duloxetine avoid multiple neuroreceptors and
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fast sodium channels, which complicate the use of TCAs. For this reason, both
venlafaxine and duloxetine are termed selective serotonin and norepinephrine
reuptake inhibitors. As with other drugs, their pharmacodynamic effects are
pharmacokinetically determined. Less has been published on the pharmacoki-
netics of duloxetine (Sharma et al. 2000) so it will be covered in more detail in
the chapter “Other Antidepressants,” and this section will focus on the pharma-
cokinetics of venlafaxine.

6.1
Absorption

Following an oral dose of venlafaxine, absorption is rapid and extensive. How-
ever, first-pass metabolism by the liver results in a relatively high proportion of
the drug being converted and reaching the central compartment as the principal
active metabolite, O-desmethylvenlafaxine (Schweizer et al. 1991). Food does
not significantly affect venlafaxine�s absorption. The Tmax is about 2 h for ven-
lafaxine and 2–3 h for O-desmethylvenlafaxine (Klamerus et al. 1992). Concen-
tration-dependent adverse effects are most likely to occur at or near the drug�s
Cmax and include such things as nausea, hypertension, tremor, and abnormal
ejaculation.

Although originally marketed in an immediate release formulation with the
recommendation for administration twice or three times a day, venlafaxine, like
bupropion, is also marketed in an extended release preparation (Effexor XR).
The XR formulation is designed to allow for slow diffusion of venlafaxine from
the capsule into the gut and permits once-a-day administration. In a study com-
paring 150 mg of venlafaxine XR with 75 mg twice daily of venlafaxine immedi-
ate release (IR), initial doses of venlafaxine XR resulted in a generally lower Cmax

and longer Tmax. With repeated dosing, the overall exposure of venlafaxine and
O-desmethylvenlafaxine was similar in the two groups (Wyeth Pharmaceuticals
data on file). In other words, venlafaxine XR results in a slower rate of absorp-
tion but an equivalent extent of absorption compared to venlafaxine IR. Accord-
ingly, venlafaxine XR can be administered once daily with a mg-for-mg equiva-
lence to venlafaxine IR.

6.2
Distribution

Venlafaxine has neither extensive tissue binding nor plasma protein binding.
This means that, given venlafaxine�s short half-life, the drug is cleared quickly
after being discontinued. It also means that the risk of DDIs due to plasma pro-
tein binding displacement is negligible. However, the downside is that these
same characteristics account for a significant risk of SRI discontinuation symp-
toms when venlafaxine is abruptly discontinued. This risk is not less and may
arguably be greater with the XR compared to the IR formulation, since the XR
formulation provides more stable plasma concentrations and hence more
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chance for tolerance to develop, but does not change the rate of elimination. For
this reason, the FDA package insert advises that venlafaxine should be tapered
rather than abruptly discontinued (Venlafaxine package insert, Physicians� Desk
Reference 2003, pp 3392 and 3397).

6.3
Metabolism and Elimination

Venlafaxine is extensively metabolized by CYP 2D6 into two clinically insignifi-
cant metabolites (N-desmethyl and N,O-didesmethyl metabolites) and into O-
desmethylvenlafaxine (ODV), the major metabolite of venlafaxine. ODV retains
significant pharmacodynamic properties of the parent compound (Klamerus et
al. 1992). ODV is further metabolized by CYP 3A into more polar metabolites.
The clearance of these metabolites occurs primarily via renal excretion. As a re-
sult, patients with renal disease have significantly decreased clearance of ven-
lafaxine and the dose of venlafaxine should accordingly be reduced by about
half in such patients, especially those with creatinine clearance values below
30 ml/min (Troy et al. 1994).

6.4
Half-Life

The half-lives of venlafaxine and O-desmethylvenlafaxine are 5 and 11 h, respec-
tively. For this reason, the immediate release formulation of venlafaxine is rec-
ommended to be given at least twice daily in equally divided doses. A three
times per day dosing schedule may be even more desirable, especially for the
compliant patient who may experience significant concentration-dependent ad-
verse effects at higher doses. The prolonged absorption of the extended-release
(XR) formulation permits once-a-day administration but it is important to note
that, as discussed above, it does not alter the rate of elimination.

6.5
Linear Versus Nonlinear Pharmacokinetics

Venlafaxine follows linear pharmacokinetics up to doses of about 75 mg/day.
Doses greater than 75 mg/day lead to nonlinear pharmacokinetics (Ellingrod
and Perry 1994). The evidence for this effect is delayed clearance of venlafaxine
and O-desmethylvenlafaxine at the higher dose range (Klamerus et al. 1992),
which suggests that enzymes responsible for its metabolism become saturated.
Increasing the dose above 75 mg/day may lead to disproportionate increases in
plasma drug levels; such increases may result in a desirable outcome, such as
antidepressant response, or an undesirable outcome, such as hypertension.
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6.6
Pharmacokinetically Mediated Drug–Drug Interactions

Venlafaxine is 130 times less potent than fluoxetine as an inhibitor of cyto-
chrome CYP 2D6 in vitro (Otton et al. 1994). In vivo studies support the in vitro
findings that venlafaxine is a weak inhibitor of CYP 2D6 (Amchin et al. 2001).
As such, venlafaxine is unlikely to create clinically meaningful inhibition of
CYP 2D6 when combined with drugs dependent on CYP 2D6 metabolism. A
number of other studies have examined the inhibitory effects that venlafaxine
may have on other cytochromes, including but not limited to CYP 3A4, 1A2,
2E1, 2C9, and 2C19. Based on the results of these studies, venlafaxine produces
weak to no inhibition of these human drug metabolizing enzymes and therefore
is unlikely to contribute to clinically significant inhibition of co-prescribed
drugs that are substrates for them (Ball et al. 1997; Amchin et al. 1998a,b,
1999a,b; Preskorn and Catterson 1998; Shad and Preskorn 2000).

7
Phenylpiperazine Agents

This class of agents is represented by trazodone and nefazodone. The antide-
pressant activity of these agents appears to be mediated through postsynaptic
blockade of the 5-HT2 receptor. Nefazodone has additional albeit weak activity
as a serotonin uptake blocker (Fontaine 1993). The pharmacokinetics of this
class of agents is complex. This section will describe the pharmacokinetic simi-
larities and differences between trazodone and nefazodone so that their use can
be optimized.

7.1
Absorption

Both nefazodone and trazodone are well absorbed after an oral dose and reach
Cmax in 1–3 h. In the case of nefazodone, only about 20% of a low, oral dose is
bioavailable due to extensive first-pass metabolism in the bowel wall and liver
mediated by CYP 3A. Since nefazodone saturates or inhibits CYP 3A, its bio-
availability increases with increasing dose, and thus it demonstrates nonlinear
pharmacokinetics.

The potent histamine-1 blockade by trazodone and its rapid absorption have
led to frequent use of this drug as a soporific agent. Sedation, which is a concen-
tration-dependent adverse effect, and its short half-life, limited the usefulness of
trazodone as an antidepressant agent. In contrast, nefazodone is a much less po-
tent blocker of histamine-1 receptors (Cusack et al. 1994). Nevertheless, its sed-
ative effects coupled with the need to titrate the dose has seriously limited
its use. Its use was further limited by the addition of a warning to the package
insert about liver failure being a possible consequence of nefazodone use
(Nefazodone package insert, Physicians� Desk Reference 2003, p 1106).
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7.2
Distribution

The Vd of nefazodone and trazodone is relatively low compared to that of the
SSRIs, although significant tissue penetration occurs with each drug. Plasma
protein binding is extensive for both drugs, which raises the concern about pos-
sible DDIs resulting from more toxic drugs being displaced from their binding
proteins. However, this mechanism as discussed above is rarely clinically rele-
vant for numerous reasons. Consistent with that discussion, in vitro studies
show no effect of nefazodone on the plasma protein binding of agents such as
phenytoin, theophylline, and warfarin (Dockens et al. 1995; Salazaar et al. 1995;
Marino et al. 1997; Duncan et al. 1998). Nefazodone has been shown to displace
5% of plasma protein-bound haloperidol, an effect that is unlikely to be clinical-
ly significant.

7.3
Metabolism and Elimination

Trazodone�s main metabolite is m-chlorophenylpiperazine (mCPP). While the
parent compound exerts its antidepressant action via 5-HT2 blockade, mCPP
is a postsynaptic 5-HT2C agonist and is anxiogenic when administered
alone (Kahn et al. 1988). The clearance of trazodone is delayed in the elderly
(Greenblatt et al. 1987). Thus, the histamine-1 blocking effects of trazodone
and/or the anxiogenic effects of mCPP may be magnified in this population, de-
pending on the metabolic status of the patient. The metabolite mCPP is of inter-
est because studies have been done attempting to use it as a biological marker
for such conditions as panic disorder, obsessive-compulsive disorder, and
schizophrenia as well as depression. For example, depressed patients show a
blunted growth hormone response to mCPP infusion compared to normal con-
trol subjects (Anand et al. 1994). Although mCPP has not been used outside the
research arena, it is discussed here to highlight its importance as a metabolite of
nefazodone and trazodone and the potential importance of metabolites in deter-
mining the overall clinical effect of a drug, especially in subsets of patients.
mCPP is dependent on biotransformation by CYP 2D6 to be cleared from the
body. In a study by Ferry et al. (1994), mCPP levels were found to be elevated
four- to fivefold in poor metabolizers of dextromethorphan (a 2D6 substrate).
This finding implies that individuals who are genetically deficient in CYP 2D6
or who are receiving substantial CYP 2D6 inhibitors such as fluoxetine can ac-
cumulate much higher levels of this metabolite and may potentially experience
clinically meaningful anxiogenic effects. This may explain otherwise paradoxical
reactions in such individuals to either nefazodone or trazodone.

The metabolism of nefazodone results in three clinically relevant metabolites:
hydroxynefazodone, a triazole-dione metabolite, and mCPP. Hydroxynefa-
zodone is equipotent to the parent compound in terms of 5-HT2 antagonism
and is probably a significant contributor to the therapeutic efficacy of nefa-
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zodone. The triazole-dione metabolite is one-seventh the potency of the parent
compound, but achieves plasma concentrations that are ten times that of the
parent compound; it may therefore be a significant contributor to nefazodone�s
antidepressant activity. The mCPP metabolite is usually less clinically important
than these other metabolites because its plasma level is generally significantly
lower than the level achieved in trazodone�s metabolism (Mayol et al. 1994).

Renal insufficiency does not alter the clearance of nefazodone (Barbihaiya et
al. 1995c). On the other hand, severe hepatic failure does cause clinically signifi-
cant increases in half-life and AUC for nefazodone and hydroxynefazodone
(Ferry et al. 1994; Barbihaiya et al. 1995b). As a result, caution is warranted if
nefazodone is used in patients with severe hepatic impairment.

7.4
Half-Life

The half-life of trazodone, which is at 5–9 h, is fairly short for an antidepressant.
Because of this short half-life, trazodone must be administered in multiple daily
doses in order to reach steady-state concentrations that will result in antidepres-
sant efficacy. However, the need for multiple daily doses may lead to noncompli-
ance problems, resulting in reduced antidepressant efficacy.

Although the half-life of nefazodone, which is 2–4 h, is less than that of trazo-
done, its antidepressant efficacy has been established using a twice-daily dosing
schedule (Rickels et al. 1994). The antidepressant efficacy of nefazodone is
substantially bolstered by its active metabolites hydroxynefazodone (half-life
1.5–4 h) and triazole-dione (half-life 0.5–18 h), which may account for the need
for less frequent dosing of nefazodone than trazodone. In fact, there is evidence
that patients who have shown a favorable antidepressant response to nefazodone
on a twice daily dosing schedule can be safely converted to a single daily dose
without compromising antidepressant efficacy (Preskorn et al. 1997).

7.5
Linear Versus Nonlinear Pharmacokinetics

Trazodone may exhibit saturation of its first-pass metabolism, which may lead
to nonlinear pharmacokinetics at increasing doses over its clinically relevant
dosing range (Preskorn 1993a). As a result, the Cmax may increase dispropor-
tionately with increasing doses. Correspondingly, concentration-dependent ef-
fects like sedation are amplified as the dose increases.

Nefazodone is metabolized by and inhibits CYP 3A. Therefore, nefazodone
not surprisingly has nonlinear pharmacokinetics across its clinically relevant
dosing range (Kaul et al. 1995; Barbihaiya et al. 1996a). At daily doses between
200 and 600 mg, plasma levels and AUC increase exponentially with dose in-
creases. Thus, a small increase in total daily dose could cause a disproportion-
ately greater effect whether desired or undesired. For example, a patient with a
partial antidepressant response may develop concentration-dependent adverse
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effects with a small increase in total daily dose. Unfortunately, dosing studies
have determined antidepressant efficacy at total daily doses between 400 and
600 mg/day (Fontaine et al. 1994). This has complicated the dose titration of ne-
fazodone and has significantly limited its acceptance in clinical practice. More-
over, these effects are likely to be more pronounced in elderly patients, because
these patients achieve higher plasma levels of nefazodone and hydroxynefa-
zodone than younger individuals (Barbihaiya et al. 1996b).

7.6
Pharmacokinetically Mediated Drug–Drug Interactions

The wide therapeutic index of trazodone and its lack of systemic toxicity even
in overdose make pharmacokinetically mediated DDIs in which it is the “vic-
tim” drug clinically inconsequential. However, since mCCP, a metabolite of tra-
zodone, is a 2D6 substrate, drugs that are potent inhibitors of 2D6, such as flu-
oxetine and paroxetine, could cause worsening of anxiety symptoms if co-ad-
ministered with nefazodone or trazodone. Due to the long half-life of fluoxetine,
this potential may exist for weeks after it has been discontinued. This fact
should be kept in mind when switching from fluoxetine to nefazodone as well
as other drugs that are dependent on CYP 2D6 or CYP 2C for their clearance.

Nefazodone significantly inhibits CYP 3A4 and possibly P-glycoprotein (Bris-
tol-Myers Squibb, data on file, 1992; Schmider et al. 1996; Stormer et al. 2001;
Garton 2002). For this reason, the coadministration of nefazodone and drugs
that depend on this enzyme for their metabolism must be done cautiously. For
example, the coadministration of nefazodone and drugs such as astemizole, cis-
apride, and terfenadine was contraindicated because nefazodone via its inhibi-
tion of CYP 3A can elevate the levels of these drugs to the point that they could
cause significantly delayed intracardiac conduction, setting the stage for the de-
velopment of a potentially fatal torsades de pointes arrhythmia (Woosley et al.
1993; Abernethy et al. 2001). In fact, terfenadine, astemizole, and cisapride have
been withdrawn from many markets because of this interaction not only with
nefazodone but also with a number of other CYP 3A inhibitors (Preskorn 2002;
also see information on Dr. Preskorn�s website at www.preskorn.com). Given
that CYP 3A is responsible for over 50% of all known human oxidative drug me-
tabolism, there are numerous drugs whose pharmacokinetics can be affected by
coadministration of nefazodone. In addition to astemizole, cisapride, and ter-
fenadine, there are reports of clinically significant interactions between nefa-
zodone and alprazolam, carbamazepine, cyclosporine, tacrolimus, and triazo-
lam (Campo et al. 1998; Olyaei et al. 1998; Vella and Sayegh 1998; Wright et al.
1999; Garton 2002). For example, the central nervous system effects of drugs
such as alprazolam and triazolam that depend on 3A4 metabolism can also be
substantially potentiated by coadministration of nefazodone. Although not con-
traindicated for combined use, the dosage of alprazolam or triazolam should be
decreased by 75% if co-prescribed with nefazodone (Barbhaiya 1995a; Green et
al. 1995).
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Parenthetically, nefazodone, like the SSRIs and venlafaxine, is capable of in-
hibiting serotonin uptake and therefore coadministration with MAOIs is con-
traindicated (i.e., a pharmacodynamically mediated drug–drug interaction).

8
Monoamine Oxidase Inhibitors

Limited data are available concerning the pharmacokinetics of this class of an-
tidepressants, because of the era in which they were developed. They have not
gained widespread acceptance as antidepressants due to concerns about hyper-
tensive crises, the need to follow a tyramine-free diet, and the potential for or-
thostatic hypotension and weight gain.

MAOIs can be further subclassified based on pharmacodynamic activity. For
example, inhibitors of MAO-A prevent deamination elimination predominately
of serotonin and norepinephrine and include clorgyline, an irreversible inhibi-
tor, and moclobemide, a reversible inhibitor. Inhibitors of MAO-B prevent de-
amination of predominantly dopamine and include selegiline and pargyline.
Nonselective inhibitors of MAO-A and MAO-B include irreversible agents such
as phenelzine, tranylcypromine, and isocarboxazid. Limited knowledge of the
pharmacokinetic properties of the generally available MAOIs is summarized in
the sections that follow.

8.1
Absorption

MAOIs such as phenelzine, tranylcypromine, and moclobemide reach peak plas-
ma concentrations in 1–4 h, which correlates with the occurrence of adverse ef-
fects such as orthostatic hypotension and fatigue. Therefore, more frequent low-
er doses may be helpful for the patient who has had a favorable antidepressant
response but is troubled by these concentration-dependent side effects.

8.2
Distribution

The volume of distribution of MAOIs is difficult to establish. Presumably these
drugs penetrate CNS tissue well, where the MAO-inhibiting activity is desired.

8.3
Metabolism and Elimination

Many MAOIs are converted to compounds that are structurally similar to cate-
cholamine and psychostimulants. To what extent these metabolites possess
MAO-inhibiting capabilities is not known. Agents like tranylcypromine, selegi-
line, and phenelzine may produce stimulant effects that are mediated by their
metabolites (Preskorn 1993a). Differences in efficacy of some MAOIs such as
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phenelzine may be mediated by differences in acetylation status (Davidson et al.
1978).

8.4
Half-Life

Most MAOIs have a short half-life of 2–4 h, meaning plasma levels of these
drugs will become nondetectable within 1 day of discontinuing them. However,
the effect of irreversible binding and deactivation of MAO has a half-life of
about 2 weeks (Janicak et al. 2001). Thus, the pharmacodynamic effects persist
until the body manufactures new MAO.

8.5
Linear Versus Nonlinear Pharmacokinetics

There is some evidence that phenelzine has nonlinear pharmacokinetics (Robin-
son et al. 1980, 1985). This has no clinical significance with respect to inhibition
of monoamine oxidase, because no further MAO inhibition can occur once the
enzyme is saturated. It may, however, become clinically relevant with respect to
concentration-dependent side effects such as hypotension and fatigue.

8.6
Pharmacokinetically Mediated Drug–Drug Interactions

Reflecting the age of these drugs, little is known about their potential to be ei-
ther the perpetrator or victim of pharmacokinetically mediated DDIs. Selegiline
is in part metabolized by CYP 2D6 and adverse interactions have been reported
with SSRIs that are also substantial CYP 2D6 inhibitors (e.g., fluoxetine)
(Preskorn 1998b).

DDIs involving pharmacodynamic mechanisms are of such clinical relevance
that they need to be mentioned here. As previously discussed, SSRIs should not
be prescribed for at least 2 weeks after MAOI discontinuation. By the same to-
ken, SSRIs must be fully washed out prior to prescribing an MAOI. In the case
of fluoxetine, 5 weeks must elapse after discontinuation prior to starting therapy
with an MAOI. MAOIs may precipitate hypertensive crises if combined with ty-
ramine or sympathomimetic amines. The hypoglycemic effects of insulin may
be potentiated if combined with MAOIs. The combination of an MAOI and me-
peridine may be fatal (Goodnick 1994). These matters are more extensively cov-
ered in the chapter on MAOIs by Kennedy et al.

9
Mirtazapine

Mirtazapine is an antidepressant that offers a unique pharmacodynamic profile
in terms of its antidepressant mechanism of action. It is a potent alpha-2 antag-
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onist that produces increases in noradrenergic and serotonergic neurotransmis-
sion, which is the primary mechanism thought to underlie its antidepressant ac-
tivity (deBoer et al. 1995). Mirtazapine also has a favorable pharmacokinetic
profile.

9.1
Absorption

Mirtazapine is rapidly and completely absorbed following an oral dose, reaching
its Tmax in about 2 h. Food has a minimal impact on the rate and extent of ab-
sorption, and therefore does not require any dosage adjustment [Remeron (mir-
tazapine) package insert, Physicians� Desk Reference 2003, pp 2401–2404].

9.2
Distribution

The volume of distribution of mirtazapine is unknown. The plasma protein
binding of mirtazapine is 85%. As discussed above, displacement interactions
are rarely clinically significant.

9.3
Metabolism and Elimination

Multiple human CYP enzymes are involved in the biotransformation of mirtaza-
pine. The 8-hydroxy metabolite is formed primarily by CYP 2D6 and CYP 1A2;
the N-demethyl metabolite by CYP 1A2, CYP 3A4 and CYP 2D6; and the N-ox-
ide metabolite by CYP 1A2, CYP 3A4, and CYP 2C9 (Montgomery 1995; Stormer
et al. 2000; Timmers et al. 2000).

Demethylmirtazapine is the only metabolite that appears to be pharmacolog-
ically active and is three to four times less potent than the parent compound
at the presumed sites of action mediating antidepressant response (Sitsen and
Zivkov 1995). The metabolites of mirtazapine are excreted chiefly in the urine
as sulfated or glucuronidated products (Dahl et al. 1997). Renal failure can lead
to a 30%–50% decrease in the clearance of mirtazapine while hepatic impair-
ment has been found to reduce clearance of mirtazapine by approximately 30%
compared with clearance in normal subjects [Remeron (mirtazapine) package
insert, Physicians� Desk Reference 2003, pp 2401–2404]. Accordingly, dosage ad-
justments may be needed for populations of depressed patients with liver or re-
nal failure.

9.4
Half-Life

The half-life of mirtazapine is 20–40 h, which means that steady-state levels can
be achieved with once daily dosing at bedtime, thus taking advantage of the sed-
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ative and sleep enhancing qualities of the drug (Voortman and Paanakker
1995).

9.5
Linear Versus Nonlinear Pharmacokinetics

Mirtazapine has linear kinetics across its clinically relevant dose range
(15–80 mg/day) (Timmer et al. 1995).

9.6
Pharmacokinetically Mediated Drug–Drug Interactions

Given the multiple and approximately equal pathways for the biotransformation
and elimination of mirtazapine, this drug is relatively protected against being
the victim of a clinically meaningful CYP enzyme-mediated drug–drug interac-
tion. Nevertheless, fluvoxamine has been reported to cause a three- to fourfold
elevation in mirtazapine plasma levels (Antilla et al. 2001). Of interest, a case of
serotonin syndrome has been reported following the coadministration of flu-
voxamine and mirtazapine (Demers and Malone 2001).

There is limited in vivo data regarding mirtazapine�s effects on various CYP
enzymes. Based on in vitro studies, mirtazapine is ten times less potent in in-
hibiting CYP 2D6 than fluoxetine. Mirtazapine is also three orders of magnitude
less potent in inhibiting CYP 1A2 and CYP 3A4 compared with fluvoxamine
and ketoconazole, respectively (Dahl et al. 1997). The Dahl group also studied
mirtazapine in poor metabolizers versus extensive metabolizers of debriso-
quine, a substrate for CYP 2D6. In this study, no significant differences were
found in the pharmacokinetic parameters of mirtazapine or demethylmirtazap-
ine, suggesting that CYP 2D6 plays a relatively minor role in the total elimina-
tion of mirtazapine in humans in vivo. Based on these limited data, there is little
reason to suspect that DDIs from mirtazapine would inhibit the metabolism of
co-prescribed drugs that are substrates for CYP 1A2, CYP 2D6, or CYP 3A4.
Consistent with this concept, mirtazapine has been reported to not have an ef-
fect on plasma levels of risperidone and 9-hydorxyrisperidone, which are
CYP 2D6 and CYP 3A substrates, respectively (Loonen et al. 1999)

10
Conclusion

This chapter provides an overview of the pharmacokinetics of all the major
classes of antidepressants to help clinicians select the most appropriate medica-
tions and doses for their patients and avoid pharmacokinetically mediated
DDIs. Information on the use of therapeutic drug monitoring with antidepres-
sants is discussed in the next chapter. The clinical profiles of all the major class-
es of antidepressants are reviewed in Part 3.
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Glossary

Absorption Process by which a drug passes from the site of adminis-
tration to the systemic circulation.

Area under curve
(AUC)

The total area under the plot-of-drug concentration
versus time following either a single dose or multiple
doses of a specific drug product (e.g., formulation) in a
specific patient by a specific route of administration.

Autoinduction The induction of enzymes responsible for the biotrans-
formation of a drug by the drug itself, such that the half-
life decreases with chronic exposure to the drug (e.g.,
carbamazepine).

Autoinhibition The inhibition or saturation of the highest affinity en-
zymes responsible for the biotransformation of a drug by
the drug itself, such that lower affinity enzymes become
important in elimination and the half-life increases with
chronic exposure to the drug (e.g., fluoxetine, paroxe-
tine).

Bioavailability Fraction of the dose administered that is absorbed
and reaches the systemic circulation as active drug. This
fraction will range between 0 and 1.0.

Biotransformation The process by which a drug is converted to more polar
substances (i.e., metabolites), which are then eliminated
from the body either in the urine or in the stool (e.g.,
demethylated and hydroxylated metabolites of tricyclic
antidepressants; the three metabolites of bupropion).

Clearance (CI) The volume of plasma completely cleared of drug per
unit of time, generally per minute.

Concentration
maximum (Cmax)

The highest or peak plasma drug concentration occur-
ring after a dose.

Concentration
minimum (Cmin)

The lowest or trough plasma drug concentration occur-
ring before the next dose.

Distribution Process by which a drug moves from the systemic circu-
lation to the target site (e.g., brain) and to other tissue
compartments (e.g., heart, adipose tissue).

Dosing rate The amount of drug delivered to the body per interval of
time by a specific route of administration [i.e., oral (po),
intramuscular (IM), or intravenous (IV)].

Elimination half-life
(t1/2, plasma half-life)

The time necessary for the concentration of drug in a
bodily compartment (usually plasma) to decrease by one
half as a result of clearance. Half-life is generally mea-
sured in hours. For psychotropic medications, half-life
can be as short as 2–4 h (e.g., triazolam) to as long as
20 days (e.g., norfluoxetine, the demethylated metabolite
of fluoxetine).
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Elimination rate
constant (Ke)

Rate of decrease in drug concentration per unit of time
as a result of elimination from the body.

Enterohepatic
recirculation

The reabsorption of drug and/or metabolites from the
small bowel into the portal circulation after first pass me-
tabolism has occurred. Such recirculation contributes to
the total amount of drug and/or metabolites, which even-
tually enters the systemic circulation (e.g., demethylated
and hydroxylated metabolites of tricyclic antidepres-
sants).

First-order kinetics The amount of drug eliminated per unit of time is direct-
ly proportional to its concentration. In this state, the
mechanisms for biotransformation and elimination are
not saturated (e.g., benzodiazepines, tricyclic antidepres-
sants, lithium carbonate).

First-pass metabolism
(first-pass effect)

The passage of the drug from the portal circulation into he-
patocytes and conversion there into metabolites. These
metabolites may have a pharmacological profile different
from that of the parent drug. They are typically then ex-
creted by the hepatocytes into the biliary system and pass
back into the small bowel where enterohepatic recirculation
may occur (e.g., benzodiazepines, bupropion, nefazodone,
neuroleptics, tricyclic antidepressants).

Percent protein
binding

Percentage of the drug present in the plasma that is
bound to plasma protein under physiological conditions.
Many drugs, especially acidic agents such as phenytoin,
are bound to albumin. Basic drugs, such as tricyclic an-
tidepressants, may bind extensively to a1-acid glycopro-
tein. Levels of this protein can rise during acute inflam-
matory reactions (e.g., infections) and cause a temporary
increase in plasma drug levels of no clinical consequence.

Pharmacodynamics What the drug does to the body. The mechanism of ac-
tion exerted by the drug such as cholinergic receptor
blockage (e.g., benztropine).

Pharmacokinetics What the body does to the drug. The process of drug ab-
sorption from the site of administration, distribution to
the target organ and other bodily compartments, metab-
olism or biotransformation (if necessary), and eventual
elimination.

Plasma drug concen-
tration-time curve

A plot of the changes in plasma drug concentration as a
function of time following single or multiple doses of a
drug. This curve represents the series of events that fol-
low the absorption of the drug into the systemic circula-
tion: (1) the rate and the magnitude of the rise of plasma
drug concentration; (2) the decline in plasma drug con-
centrations as a result of distribution to the target site
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(i.e., the brain for psychotropic drugs) and other tissue
compartments where the drug may be active (e.g., the
heart) or simply stored (e.g., the adipose tissue); and (3)
the eventual decline due to biotransformation (if neces-
sary) and elimination.

Steady-state
concentration (Css)

The condition under which drug concentration does not
change as a result of continued drug administration at
the same dosing rate. The amount administered per dos-
ing interval equals the amount eliminated per dosing in-
terval.

Therapeutic drug
monitoring (TDM)

Based on the ability to quantitate the concentration of
drug and its clinically relevant metabolites in a biological
sample such as plasma. Using this information, the phy-
sician can rationally adjust the dose to achieve a plasma
drug concentration within the range in which optimal re-
sponse occurs for most patients, in terms of both efficacy
and safety. Such monitoring is used primarily for drugs
that have a narrow therapeutic index and wide interindi-
vidual variability in clearance rates (e.g., bupropion, clo-
zapine, lithium, some anticonvulsants, tricyclic antide-
pressants).

Therapeutic index The difference between the maximally effective dose or
concentration and the toxic dose or concentration.

Therapeutic range The concentration of drug in plasma that usually pro-
vides a therapeutically desirable response in the majority
of individuals without substantial risk of serious toxicity.
The target concentration for an individual patient is usu-
ally within the therapeutic range.

Time maximum
(Tmax)

The time needed to reach the maximal plasma concentra-
tion following a dose. Tmax can vary depending on the
route of administration and formulation of the product
(e.g., immediate versus sustained release forms).

Volume of
distribution (Vd)

The apparent volume into which the drug must have been
distributed to reach a specific concentration. Many psy-
chotropic drugs have much large apparent volumes of
distribution than would be expected based on physical
size of the body, because the drugs dissolve dispropor-
tionately more in lipid and protein compartments (i.e.,
tissue) than in the body�s water compartment.

Zero order kinetics Situation in which only a fixed amount of drug eliminat-
ed per unit of time regardless of plasma concentration
because all mechanisms mediating elimination are satu-
rated.
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Abstract Therapeutic drug monitoring (TDM) can play an important role in use
of a number of antidepressants and other psychotropic medications (e.g., tricy-
clic antidepressants). However, the field of psychiatry has been slow to adopt
such monitoring as a routine part of care. Research supporting the clinical bene-
fit and cost-effectiveness of TDM with newer antidepressants has also been limit-
ed. However, an increasing awareness of how significant inter- and intra-patient
variability in pharmacokinetics may affect response to antidepressant therapy is
creating growing interest in the use of TDM to optimize antidepressant treatment
response. To interpret the results of TDM, it is important to understand the rela-
tionship between plasma and tissue concentrations of drugs and the factors that
can cause variations in drug concentration. There is a correlation between plas-
ma concentrations of psychotropic drugs and tissue concentrations. Thus, TDM
provides an indirect measurement of drug concentration at effector sites in tissue
compartments of interest (i.e., the central nervous system for psychotropic medi-
cations). Plasma drug concentrations of a given dose of drug may be affected by
the pharmacokinetics of the individual patient (e.g., drug absorption, metabo-
lism, elimination). TDM can be used to increase the safety of antidepressant
pharmacotherapy with certain agents (e.g., tricyclic antidepressants) by enabling
clinicians to avoid toxic levels of medication resulting from variations in patient
pharmacokinetics. TDM can also be used to enhance therapeutic response. For
those antidepressants with established concentration:response relationships,
TDM has the potential to speed antidepressant response by providing a basis for
more efficient dose adjustment and can also help clinicians monitor/confirm
medication compliance. Recommendations for the use of TDM in clinical prac-
tice and directions for future research are provided.

Keywords Therapeutic drug monitoring · Drug dose · Plasma drug
concentration · Drug toxicity · Therapeutic response

1
Introduction

The first chapter explained the basic potential pharmacodynamics of drugs such
as antidepressants designed to affect brain function. The second chapter, in
turn, laid out the basic principles of pharmacokinetics. These two chapters form
the basis for understanding the clinical effects of psychiatric medications such
as antidepressants as illustrated in the following equation:

Response ¼ pharmacodynamics�pharmacokinetics �biological variance ð1Þ
This equation can also be stated as follows:

Response¼affinity for site of action�drug concentration�biological variance
absorption genetics
distribution age
metabolism disease
eliminationinternal environment ð2Þ
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As can be readily seen in Eq. 2, pharmacokinetics is important because drug
concentration determines which potential sites of action of the drug will be en-
gaged and to what degree. At the lowest concentration, the drug will exert its
effect only on the site(s) of action for which it has the greatest affinity. At higher
concentrations, the drug will sequentially engage sites of action for which its af-
finity is lower. It is particularly important to understand this fact when dealing
with drugs such as tertiary amine tricyclic antidepressants (TCAs) (e.g., ami-
triptyline) that can affect many different sites of action over a relatively narrow
concentration range (see the chapter “Overview of Currently Available Antide-
pressants” by Preskorn and Ross, this volume).

Viewed from this perspective, clinical trials done for drug registration are in
fact population pharmacokinetic studies in which the goal is to determine the
usual dose needed in the usual patient enrolled in the clinical trial to achieve a
concentration that engages the right site of action to the right degree to achieved
the desired clinical effect. This fact also forms the basis for understanding the
value of therapeutic drug monitoring (TDM) with psychiatric medications such
as antidepressants, and particularly antidepressants such as TCAs, which can af-
fect multiple sites of action over a relatively narrow dosing range. In essence,
TDM is a refinement of the dose–response approach. The goal of TDM is to
eliminate interindividual differences in drug clearance among patients (variable
No. 3 in Eq. 2) as a factor affecting the outcome of treatment response.

To understand this statement, it is important to appreciate the following
equation:

Drug concentration ¼ dosing rate=clearance ð3Þ
If there were no interindividual differences in drug clearance, then TDM

would provide no advantage over simply knowing the dose, because clearance
would drop out as a variable in Eq. 3 and drug concentration would simply be a
function of dose. However, the clearance of most drugs varies substantially
among different patients due to inborn or genetic as well as acquired differences
in the ability to clear a specific drug. The acquired differences are enumerated
in Eq. 2 and include concomitant drug therapy that can change the pharmacoki-
netics of a co-prescribed drug by affecting its absorption, distribution, metabo-
lism, or elimination. For example, the concomitant ingestion of a drug that in-
hibits the specific cytochrome P450 (CYP) enzymes mediating the biotransfor-
mation of a second drug leads to increased accumulation of the second drug
and hence greater effect either on its highest affinity site of action or on a lower
affinity site of action.

TDM then is essentially a means of detecting differences in drug clearance so
that parallel adjustments can be made in the dose to produce a drug concentra-
tion that has the maximum chance of being therapeutic with a minimum risk of
being toxic. That is the basic foundation underlining the information presented
in this chapter.
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The application of TDM in medical practice can have a dramatic affect on
clinical response to pharmacotherapy. However, despite data supporting the
benefit of TDM with certain antidepressants, namely TCAs, the field of psychia-
try has been slow to adopt such monitoring for reasons that are not particularly
clear. One factor that may have contributed to this problem is an under-appreci-
ation among clinicians of the degree of interpatient variance in pharmacokinet-
ics and the associated broad and unpredictable variability in plasma drug con-
centrations achieved at a given antidepressant dose.

Research to support the clinical benefit and cost-effectiveness of TDM with
“newer” antidepressants (i.e., those antidepressants first approved for use in the
1990s) has been limited. In the absence of well-defined concentration–response
relationships for these agents, it may not be surprising that many clinicians
have perceived the use of TDM with antidepressants as an unnecessary, compli-
cated, and costly procedure offering obscure clinical benefit. As such, demand
for further research in this area has not been great. However, times are chang-
ing. Along with a burgeoning interest in pharmacogenetics, there is now an in-
creasing appreciation of how significant inter- and intrapatient variability in
pharmacokinetics may affect response to antidepressant pharmacotherapy. It
seems reasonable to conclude that, at present, TDM is an underutilized proce-
dure that has considerable untapped potential to enhance antidepressant drug
therapy.

The goal of this chapter is to discuss the general principles underlying TDM
and then to examine the present status of TDM as it applies to our current anti-
depressant armamentarium. The chapter concludes with recommendations for
the use of TDM in routine clinical practice using antidepressants as well as di-
rections for further research.

2
Dose:Response Versus Concentration:Response Relationships

At times, the boundary between the concepts of drug dose and drug concentra-
tion can become blurred with the two phenomena often considered synony-
mously. In fact, nothing could be further from the truth. Drug dose and the sub-
sequently achieved drug concentration can have an erratic, unpredictable rela-
tionship. When technology did not permit accurate and precise routine determi-
nation of plasma drug concentration, dose was emphasized as the variable of
singular importance both in clinical practice and pharmaceutical marketing.
However, given present advances in technology that permit relatively low-cost
and accessible determination of drug concentration, exclusive emphasis on drug
dose as the critical treatment variable is na�ve. It was, is, and will always be the
concentration of drug at the effector sites that mediates both the beneficial and
the adverse effects of drug treatment. Dose is only indirectly related to treat-
ment response as an, at times, inaccurate estimate of drug concentration.

In the drug development process, the relationship between dose and concen-
tration is straightforward at the in vitro phase of investigation. The investiga-
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tional drug is added to a closed, controlled system and the amount of drug
added (i.e., the dose) is the only variable determining drug concentration. A bi-
ological effect is then assayed (e.g., receptor occupancy) and a concentration–
response relationship is determined which literally mirrors the dose:response
relationship. In this case, dose and concentration are virtually synonymous.

Shifting to the in vivo phase of investigation, a drug dose is added to the sys-
tem (i.e., given to a human subject), clinical response is assessed, and a dose–
response relationship is determined, albeit with broader standard deviations
around the mean response than seen in the controlled in vitro system. Under
such conditions, the relationship between dose and drug concentration becomes
considerably more complex due to pharmacokinetic variance among subjects.
Dose shifts from the exclusive variable to one of many variables that determine
drug concentration. A particular drug dose is, of course, associated with some
mean plasma concentration in the population of study subjects, but there can be
wide variance in the deviation from that mean (Burke and Preskorn 1999). Ef-
forts are made to minimize deviation from the mean by reducing the variability
in the study population (i.e., inclusion/exclusion criteria regarding characteris-
tics such as age, concurrent illness, and concomitant medications). These data
from clinical trials underestimate the substantial interpatient variability in phar-
macokinetics that exists in a routine clinical population, as well as the consider-
able deviation that exists in the dose:concentration relationship. Hence, in clini-
cal practice (i.e., in vivo) it is an error to tacitly assume that dose:response is
equivalent to concentration:response. For those patients whose pharmacokinet-
ics deviate from the population mean, the actual drug dose may have little pre-
dictive value, and knowledge of drug concentration can make the difference be-
tween a failed versus an optimal treatment response.

3
Basics Principles of TDM

As mentioned in the introduction, the cornerstone of pharmacotherapy, and the
basic principle underlying TDM, is that clinical response to drug therapy is a
function of a drug�s biological activity (i.e., nature and potency of action at a
biological target or site of action) and the concentration of drug available at that
site of action to exert the effect (Eqs. 1 and 2).

The “working” extension of this relationship is that changes in drug concen-
tration will change the magnitude, and perhaps quality, of the clinical response
to drug therapy.

3.1
Plasma: Tissue Concentration

Another basic principle underlying TDM is that the plasma drug concentration
reflects the concentration of the drug at the site of action that is responsible for
the clinical effect. For antidepressant drugs, the site mediating the psychotropic
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effect is presumably in the brain. Sites mediating other effects can be located in
other tissue compartments (e.g., orthostasis due to vascular a-adrenergic recep-
tor blockade in the periphery). A critical point is that there is generally a corre-
lation between plasma concentrations of psychotropic drugs and tissue concen-
tration (Glotzbach and Preskorn 1982). Thus, TDM provides an indirect mea-
surement of drug concentration at effector sites in the tissue compartments of
interest (i.e., the central nervous system in the case of antidepressant effect).
There are reports in which the relationship between plasma and tissue antide-
pressant drug concentration is obscure (Renshaw et al. 1992; Karson et al.
1993). These reports are not surprising when one considers the complex kinet-
ic/dynamic relationship that must be taken into account to minimize error in
these plasma/tissue correlational studies (e.g., delay in drug entry into the brain
compartment due to protein binding, molecular size, lipophilicity) (Greenblatt
and Harmatz 1993). More recent studies that have used fluorine magnetic reso-
nance spectroscopy (MRS) to examine the kinetics of “newer” antidepressants
have found that brain drug concentration correlates with plasma drug concen-
tration and clinical response, although, as expected, changes in brain drug con-
centration lag behind changes in plasma drug concentration (Henry et al. 2000).

Advanced functional imaging technology (i.e., MRS, positron emission tomo-
graphy [PET]) holds the promise of further advancing the cause of TDM (i.e.,
increasing awareness and understanding of the clinical utility of drug concen-
tration monitoring). More recently the “reverse logic” of TDM has begun to be
applied to the process of developing psychotropic treatments. Functional imag-
ing is being used in this area to determine the amount of drug necessary at a site
of action (e.g., receptor occupancy in particular brain regions) to produce a de-
sired clinical response. Researchers can then determine the plasma drug con-
centration associated with the desired degree of biological activity and the dos-
ing range needed to achieve this concentration (Martineza et al. 2001). From
this type of research will come a refinement of dosage parameters and further
application of TDM to guide dosing to achieve desired tissue drug concentra-
tions.

3.2
Drug Concentration Variability

For an orally administered drug, the plasma concentration achieved is a func-
tion of the dose ingested and the pharmacokinetics of the individual patient
(e.g., drug absorption, metabolism, elimination) (see Eq. 3). In this regard, the
ingested drug dose has been and is used as a first approximation or estimate of
the drug concentration achieved in an average individual. However, as seen in
Eq. 3, dose is only one of the variables determining concentration. Drug dose,
in and of itself, can be a strikingly misleading predictor of drug concentration
achieved. Drug concentration can vary markedly due to patient-specific and
environmental factors that affect the pharmacokinetic handling of the drug
(Table 1). To the best of our understanding, the principal source of interpatient
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variance in the pharmacokinetics of antidepressant agents is drug metabolism
(Brosen 1996) (for further discussion of this issue, see chapters by Garlapati et
al. and Preskorn and Catterson, this volume). The genetic polymorphism of
CYP isoenzymes and drug interactions that can alter isoenzyme activity have
received considerable attention in the last decade with regard to the effects they
can have on antidepressant drug metabolism (Preskorn and Harvey 1998). De-
spite the attention to metabolism, variability in drug absorption and the effects
of changes in cardiac and renal function on drug elimination should not be un-
derestimated as factors that can contribute to the wide range of drug concentra-
tion achieved at a given dose (e.g., from near zero to an order of magnitude
greater than predicted based on drug dose).

As mentioned in the introduction, TDM is essentially a refinement of the
dose approximation of drug concentration, which accounts for, and eliminates,
inter- and intrapatient variability in pharmacokinetics as a factor affecting
treatment outcome. It provides the clinician with objective data to rationally
guide dose adjustment. In this sense, it represents an advance over the time-
consuming and often error-prone approach to dose titration based on clinical
assessment of response. Clearly drug concentration, while a principal determi-
nant of clinical response, is not the sole determinant, and clinical assessment re-
mains the final arbiter of whether the treatment was successful or not. However,
objective data, such as drug concentration, can assist the clinical decision-mak-
ing process in a meaningful way (Yesavage 1986; Guthrie et al. 1987; Preskorn et
al. 1993; Dahl and Sjoqvist 2000; Rasmussen and Brosen 2000; Tucker 2000).
This type of data is particularly desirable in the treatment of depression, where
(1) in the absence of biological markers, response is typically based on subjec-
tive assessment, and (2) the adverse effects of antidepressant drug therapy can
mimic a worsening of depressive symptoms and lead the clinician to increase
the drug dose when a reduction of dose would actually be more appropriate
(see the discussion of “Avoiding Toxicity” below).

4
Utility of TDM with Antidepressant Pharmacotherapy

When the patient is taking a medication for which an assay is available, TDM
differs from virtually all other laboratory tests in that it always yields useful in-

Table 1 Factors affecting plasma drug concentration achieved at a given drug dose

Age/development (e.g., puberty, menopause)
Gender
Genetics (e.g., cytochrome P450 isoenzyme polymorphism)
Administration (e.g., time of day, food effect)
Body habitas (e.g., size, % body fat, nutritional status, hydration)
Physiological derangement (e.g., comorbid disease, impaired organ function)
Pharmacokinetic drug interactions (e.g., concomitant medications, environmental toxins)
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formation. Many laboratory tests are ordered as screening procedures; hence,
the results are likely to be normal for most patients. In the case of TDM, the test
is directed at something that should be there: the drug being used to treat the
patient. The drug concentration is either detectable or not. If it is not, that is
useful information. If it is detectable, the question is whether the concentration
is too low to expect a beneficial response, too high, so that toxicity may result
or adverse effects will mask any therapeutic benefit, or at an appropriate level to
optimize clinical outcome.

There is good reason to believe, and scientific support for the belief, that the
use of TDM, although unlikely to be a panacea, can optimize antidepressant
treatment response (see section “Recommendations for TDM with Antidepres-
sants” later in this chapter). The general goals for TDM with any type of drug
are all relevant to antidepressant pharmacotherapy (Table 2). Antidepressant
agents also exhibit many of the pharmacological features that are considered
predictive of TDM utility in clinical practice (Table 3). Some of these features
will be reviewed below. The reader is referred to Burke and Preskorn (1999) for
a more detailed discussion of these topics.

4.1
Avoiding Toxicity

The first goal in antidepressant, or for that matter any, pharmacotherapy is safe-
ty. TDM is a method that can be used to increase the safety of antidepressant

Table 2 Goals of therapeutic drug monitoring

Avoid toxicity Identify pharmacokinetic variability and adjust dose to avoid
concentration-dependent toxicity

Assess compliance Obtain objective index of the amount of drug being consumed

Enhance response Adjust dose to achieve optimal plasma concentration based on
concentration:response data

Increase cost-efficiency Obtain economic benefit of reducing titration time and optimizing clinical
outcome of pharmacotherapy

Avoid medico-legal
problems

Establish plasma level on prescribed dose; substantiate need for and safety
of unusually high or low dosing

Table 3 Pharmacologic features of a drug consistent with the utility of therapeutic drug monitoring

Complex pharmacodynamics (drugs with multiple biological activities)
Substantial interpatient variability in pharmacokinetics affecting plasma drug concentration
Narrow therapeutic index
Difficult detection of early toxicity
Delayed onset of clinical benefit
Defined concentration:outcome relationships (effectiveness and toxicity)
Necessity of dose titration
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pharmacotherapy. There is considerable interpatient variability in the clearance
of virtually all antidepressant drugs (Preskorn et al 1993; Jerling 1995; Amster-
dam et al. 1997). In controlled studies, plasma drug concentrations achieved
with a given antidepressant at a given dose have been shown to vary more than
40-fold (Preskorn 1991; Rasmussen and Brosen 2000). This interpatient variabil-
ity in antidepressant drug clearance can have serious, even life-threatening, con-
sequences for those agents with a narrow therapeutic index, such as the TCAs;
but even for agents with a wide therapeutic index, there can be significant con-
sequences in terms of tolerability and a “failed treatment trial.” The clinician
can only determine a particular patient�s rate of drug clearance by measuring
the plasma drug level (i.e., TDM) and/or genotyping the patient (Preskorn 1993;
Tucker 2000).

For several antidepressants, the early stages of toxicity may be clinically “si-
lent” (e.g., slowing of intracardiac conduction by TCAs) or may mimic a wors-
ening of the condition for which the medication was initially prescribed (e.g.,
insomnia and anorexia from a serotonin reuptake inhibitor). When early toxici-
ty mimics worsening of the depressive syndrome (e.g., fatigue, sexual dysfunc-
tion, anxiety, anorexia), the clinician, based on a subjective assessment of “re-
sponse,” may increase the drug dose believing the problem to be lack of effec-
tiveness due to inadequate levels rather than early toxicity due to excessive lev-
els (Balant-Gorgia et al. 1989; Preskorn and Jerkovich 1990). By detecting exces-
sively high plasma drug concentrations, TDM can provide the clinician with ob-
jective data to more accurately assess the cause of the adverse or inadequate
treatment response and then quickly and safely optimize the dose. In complex
patients who have multiple comorbid medical conditions and/or are taking mul-
tiple concomitant medications, TDM during the early stages of therapy can be
useful in identifying patients at risk for toxicity at “therapeutic doses” (Rasmus-
sen and Brosen 2000). In those patients who do experience an untoward or “id-
iosyncratic” response (e.g., syncope, seizure), TDM can help clarify the underly-
ing cause (i.e., demonstrate that the patient achieves unusually high drug levels
at a routine dose).

4.2
Enhanced Therapeutic Response

As a general rule, the faster the feedback, the more beneficial it is. Feedback
from TDM is both faster and less ambiguous than feedback from clinical assess-
ment of antidepressant response. For example, a clinician treating depression
may have to wait several weeks to determine whether the selected antidepressant
dose will be effective (Depression Guideline Panel 1994; Quitkin et al. 1996).
This process of dose titration based exclusively on clinical response is slow, er-
ror prone, and costly, with the patient experiencing prolonged illness while the
decision is being made to titrate the dose or change drugs. For those antidepres-
sants with established concentration:response relationships, TDM can potential-
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ly hasten antidepressant response by providing a basis for more efficient dose
adjustment (Preskorn and Fast 1991).

In psychiatry, identifying the relationship between drug concentration and
effectiveness is fraught with difficulty. In a psychiatric illness like major depres-
sive disorder, under routine practice conditions, the detection and quantifica-
tion of improvement, especially early or partial response, is not reliable due to
non-drug response (e.g., placebo response) and non-response. Hence, those
studies that attempt to correlate concentration with response are more likely to
yield a type II error (i.e., not finding a relationship when one exists) (Preskorn
1996a).

Despite the imprecision of response assessment, there have been a surprising
number of studies demonstrating a plasma concentration:efficacy relationship
for various antidepressant drugs (Preskorn et al. 1993; Pollock et al. 1996;
Veefkind et al. 2000). In such cases, knowing the plasma drug level permits the
clinician to adjust the drug dose rationally into a “therapeutic range” to hasten
the onset and increase the likelihood of a therapeutic response. However, even
in the absence of well-established concentration:response relationships, TDM
may be useful. If a patient is not responding optimally to pharmacotherapy,
TDM can provide data about whether the problem is likely to be too little drug
(i.e., a concentration near zero) or too much drug (i.e., a concentration several
times greater than the reference range associated with response in fixed-dose
studies), which can guide further treatment decisions.

For those drugs for which concentration:response studies per se have not
been done, clinical trial data on dose:response can provide a basis for estimating
a concentration:response threshold or range. In those studies that employed a
fixed-dose design, mean drug concentration determined at the “ineffective
dose” and at the “usually effective minimum dose” can be used to estimate a
minimum or threshold concentration range necessary for response. The con-
centrations achieved at higher doses, associated with either no additional bene-
fit or with a response that is actually decreased (i.e., decreased efficacy or in-
creased dropout rate due to adverse effects), are an estimate of the upper end of
a therapeutic concentration range. In some cases, when a determination of plas-
ma drug concentration is requested, clinical laboratories may report the con-
centration:response data from fixed-dose studies as the “reference range,” which
can be used as a target concentration range for clinical effectiveness. However,
this is not always the case and it behooves the clinician to clarify this point with
the reference laboratory when interpreting TDM results.

Pharmacokinetic differences aside, the issue of medication compliance is rel-
evant to optimizing antidepressant treatment and particularly amenable to
TDM. More than 40% of patients who receive psychotropic medications are
noncompliant with their regimen (Ley 1981; Lin et al. 1995). Erratic compliance
can lead to subtherapeutic antidepressant concentrations and thereby prolong
the duration of the illness, or it can lead to excessive antidepressant concentra-
tions and toxicity. Compliance may become even more of an issue if the pa-
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tient�s depressive syndrome includes psychotic features with impairment of con-
centration, motivation, and thought organization.

4.3
General Application of TDM

Ironically, one of the arguments mounted against the use of TDM in psychiatry
has been that it is “not cost-effective.” When the cost argument is made, gener-
ally only the cost of TDM is considered, not the costs such an approach can
save. These potential savings include (1) the cost of failed antidepressant treat-
ment trials due to a dose that was inadequate or too high; (2) the cost of man-
power and other resources utilized during a prolonged dose titration based on
clinical response; and (3) the cost of treatment for adverse effects related to ex-
cessive plasma drug concentration. What typically should be a one-time expen-
diture for a plasma drug assay must be balanced against TDM�s potential useful-
ness and overall cost savings during an antidepressant treatment trial. As the
availability and use of these drug assays have increased, their cost has gone
down. In the case of newer antidepressant agents, the cost of the TDM is now
typically less than the cost of a 1-month supply of drug.

With many of the more popular antidepressants (e.g., selective serotonin re-
uptake inhibitors[SSRIs]), the starting dose may be the effective antidepressant
dose. When patients respond to the starting dose this is clearly advantageous.
However, for those patients who do not respond to the “usually effective mini-
mum dose,” the appropriate next step in therapy has not been explicitly defined
(Burke and Preskorn 1998; Depression Guideline Panel 1994; Quitkin et al.
1996). Should the dose be increased or decreased? Although most clinicians rou-
tinely increase the drug dose, the phenomenon of antidepressant “nonrespon-
ders” going on to become treatment “responders” after a dose reduction is es-
tablished in the psychiatric literature (Dornseif et al. 1989; Cain 1992). Likewise,
it is not clear how long the patient should be maintained at the “usually effective
minimum dose” before determining that the dose is ineffective (Janicak et al.
1997; Burke and Preskorn 1998). Two weeks? Four weeks or longer? In such cas-
es, the one-time use of TDM may be the most cost-effective way to assure that
the patient receives a therapeutic treatment trial (Burke and Preskorn 1999).

TDM should usually be a one-time expenditure because assaying a plasma
drug concentration at steady state measures the intrinsic ability of a particular
patient to clear a specific drug (i.e., essentially phenotyping the patient as to
their drug clearance capability). For most antidepressants, this intrinsic ability
to clear drug is a trait phenomenon related to the patient�s inherited comple-
ment of hepatic enzymes, body habitus, and organ function. Hence, under rou-
tine circumstances, the results of a single drug assay at steady-state concentra-
tion can be used to predict how a subsequent change in dose will correspond-
ingly change the drug concentration in a particular patient. However, for those
drugs with nonlinear kinetics, there may be a disproportionate increase in drug
concentration as the dose increases beyond a certain level (i.e., a shift from
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first-order to zero-order elimination kinetics) (Janicak et al. 1997). Under such
circumstances, it may be useful to repeat TDM to accurately determine how a
dosing change affects plasma drug concentration.

A caveat to the predictive value of one-time TDM is that there can be sub-
stantial intrapatient changes in pharmacokinetics that can affect drug concen-
tration (Table 1). A change in the intrinsic clearance capabilities of the individu-
al can be caused by a change in organ function secondary to the onset of disease
or by the addition of concomitant medications that directly alter hepatic en-
zyme activity (Preskorn 1993; Jerling 1995; Preskorn and Harvey 1998). In gen-
eral, when TDM is repeated in an individual patient, it should be done for a spe-
cific reason such as (1) suspected noncompliance; (2) a significant change in
general health status; (3) the addition of concomitant medications where there
is risk of a pharmacokinetic drug–drug interaction; or (4) a change in treatment
response (i.e., latent onset of adverse effects or the loss of treatment effective-
ness).

In this era of litigation, a comment regarding the medico-legal relevance of
TDM is appropriate. The lack of TDM in the case of a sudden death with sub-
stantially elevated postmortem plasma drug concentrations or in the case of a
suicide with substantially low postmortem drug levels can be seen as negligence.
TDM provides objective evidence to substantiate the need for and safety of un-
usually high doses of medications or the appropriateness of unusually low doses
in specific patients (Goldman et al. 1989).

5
Recommendations for TDM with Antidepressants

At the present time, data suggest that TDM may offer a clinical benefit for a
number of antidepressant agents, ranging from being mandatory with some
types of antidepressants because of safety issues, to being a useful and cost-ef-
fective, but yet discretionary, means of enhancing response with others. This
section will review information relevant to the use of TDM in routine clinical
practice for the major classes of currently marketed antidepressant drugs. The
goal is to help the reader decide, for which antidepressant agents, for which pa-
tients, and under what circumstances, TDM is a practical and efficient alterna-
tive to dose titration based on clinical assessment of response. Table 5 in the Ap-
pendix summarizes optimal plasma concentration levels.

5.1
Tricyclic Antidepressants

TCAs are the most extensively studied class of antidepressants with regard to
TDM. The TCAs have several features consistent with the utility of TDM, includ-
ing (1) complex pharmacodynamics with multiple biological activities, and (2)
substantial interpatient variability in drug clearance due in large part to their
dependence on the genetically polymorphic CYP isoenzyme 2D6 for their me-
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tabolism (Bolden-Watson and Richelson 1993; Preskorn 1993; Richelson 1994;
Burke and Preskorn 1998). There are now genotype data demonstrating that
TCA clearance decreases progressively, and hence TCA plasma concentration in-
creases progressively, with the number of CYP 2D6 mutated alleles that a subject
exhibits (Morita et al. 2000).

As a group, the TCAs exhibit a narrow therapeutic index, with the risk of car-
diac and central nervous system toxicity occurring at dosages only four to five
times higher than those recommended for antidepressant efficacy (Rudorfer
and Young 1980; Veith et al. 1980; Preskorn et al. 1983; Preskorn and Jerkovich
1990; Preskorn and Fast 1992). Toxicity due to TCAs can be insidious, and early
signs may either not be reported by patients or may be interpreted by the clini-
cian as a worsening of the depression. Peripheral anticholinergic effects (e.g.,
blurred vision, dry mouth, constipation) are not well correlated with TCA-in-
duced central nervous system toxicity and cannot be used as a marker to esti-
mate plasma drug concentration reliably (Preskorn and Jerkovich 1990).

The usefulness of TDM and the potential lethality of TCAs have been under-
scored by numerous case reports of sudden death in which the autopsy ruled
out acute over-ingestion and revealed no cause of death beyond sudden cardiac
arrest and enormously elevated TCA plasma and tissue levels. In many of these
cases, suits have been successfully brought to trial for failure to use TDM to
avoid such fatal outcomes (Preskorn et al. 1989).

5.1.1
Concentration:Response Relationship

Despite the inherent difficulty in correlational studies, over the years there have
been numerous successful attempts to identify a relationship between concen-
tration and response for the TCAs. The strongest relationship between plasma
concentration and therapeutic response has been demonstrated for nortripty-
line (NT), desipramine (DMI), imipramine (IMI), and amitriptyline (AT). These
data have been reviewed and summarized previously (Preskorn et al. 1993;
Goodnick 1994; Burke and Preskorn 1999). In general, the optimal plasma con-
centration for therapeutic response is 100–300 ng/ml for tertiary-amine tri-
cyclics and 50–150 ng/ml for secondary-amine tricyclics. Although specific tar-
get concentrations are not available, the lower end of the concentration range
could be interpreted as the minimum effective concentration for most patients.

Studies of NT have demonstrated a curvilinear concentration:response rela-
tionship with an optimum range of 50-150 ng/ml (Goodnick 1994; Perry et al.
1987). Within this range, 70% of patients with primary major depressive disor-
der experience complete remission (e.g., a final score on the Hamilton Rating
Scale for Depression [Hamilton 1960] equal to or less than 6) versus 29% of pa-
tients who develop TCA plasma concentrations outside this range. DMI studies
demonstrate a curvilinear concentration:antidepressant response relationship
similar to the one observed with NT. The “therapeutic window” for DMI derived
from meta-analysis is 100-160 ng/ml (Perry et al. 1987; Goodnick 1994). There
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is a remission rate of 59% in this range versus 20% outside it. Of note, for the
secondary-amine TCAs (i.e., NT, DMI) the response rate is generally higher at
the lower end of this range than at the upper limit, suggesting that the common
tendency to “push” the dose in the case of non-response may not be the best
strategy with these agents.

The results for tertiary-amine tricyclic agents are less robust in terms of con-
centration:antidepressant response. However an optimal range can be discerned
from a consideration of concentration:efficacy data and concentration:toxicity
data. The optimum plasma level range for AT efficacy is 75-175 ng/ml. For a per-
son taking AT, this concentration range refers to the sum of AT and its active
metabolite NT. The remission rate is 48% within this range versus 29% outside
it (Perry et al. 1987; Goodnick 1994). Based on meta-analysis, the threshold for
optimum antidepressant response to IMI was close to the threshold for central
nervous system and cardiac toxicity. Thus, the upper limit of the therapeutic
range appears to be a function of toxicity rather than reduced efficacy as it is
with the secondary amine TCAs (e.g., NT, DMI). At present, the threshold con-
centration proposed for patients taking IMI is 265 ng/ml with a remission rate
of 42% above this threshold versus 15% below it. The concentration refers to
the sum of IMI and its active metabolite DMI. Studies of clomipramine have
identified a positive relationship between plasma concentration and clinical an-
tidepressant response, with half reporting a linear relationship and the other
half a curvilinear relationship. Clomipramine does have dose-dependent toxicity
and this likely accounts for the upper limits of the “therapeutic” plasma range.
Taken together, the data suggest an optimal antidepressant response when the
combined clomipramine/desmethylclomipramine concentration is greater than
175 ng/ml and less than 400 ng/ml (Goodnick 1994).

5.1.2
Recommendation

The concentration:response data for the TCAs discussed above support the use
of TDM at least once as a routine aspect of TCA therapy for major depressive
disorder. TDM directed dosing of the TCAs can increase the likelihood of a suc-
cessful antidepressant response two- to threefold, compared to use of a fixed
dose, and can reduce the likelihood of experiencing serious toxicity (Perry et al.
1987). Because of their dependence on CYP 2D6 for metabolism, repeat TDM
may be indicated when additional medications are initiated that may have af-
fects on CYP 2D6 activity and hence alter plasma TCA concentration (Preskorn
and Harvey 1998).

5.2
Serotonin Selective Reuptake Inhibitors

At the present time, most physicians consider the SSRIs to be the first-line phar-
macotherapy for treating depression (Burke and Preskorn 1998; Olfson and
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Klerman 1993). Any approach (e.g., TDM) that could improve the response rate
for patients treated with these agents would therefore be of great interest. As a
class, the SSRIs do exhibit a number of features that suggest the utility of TDM
(Table 3). There is a delay in onset of the antidepressant response, a wide inter-
patient variability in the dose:concentration relationship, and data that suggest
concentration:response relationships for drugs in the SSRI class.

Tolerability problems with the SSRIs are dose- and hence concentration-de-
pendent. These include nausea, restlessness, tremors, and insomnia, all of which
can lead to premature treatment discontinuation. Moreover, some of the adverse
effects of the SSRIs can look like a worsening depressive disorder, which can
complicate dose titration based on clinical assessment of response. This latter
observation suggests that TDM of SSRIs could be a cost-effective strategy, even
if used only in patients who do not respond to an initial trial of the usually ef-
fective minimum dose. However, TDM is not a standard of care issue with SSRIs
due to their wide therapeutic index. No serious systemic toxicity occurs with
the SSRIs even when taken in substantial overdose (Wernicke et al. 1987; Beasley
et al. 1991; Dunner and Dunbar 1992; Carraci 1994).

5.2.1
Concentration:Response Relationship

A provocative feature of the SSRIs, based on the results of fixed-dose studies, is
that the response rate, on average, does not increase at doses above the “mini-
mum effective dose.” This feature has been partly responsible for the popularity
of the SSRIs, because of the suggestion that, unlike with other antidepressant
agents, dose titration was unnecessary and the starting dose was also the effec-
tive dose. In double-blind, controlled studies of patients suffering from major
depressive disorder, daily doses of 20, 40, and 60 mg of fluoxetine produced
comparable remission (Altamura et al. 1988; Wernicke et al. 1988; Schweizer et
al. 1990). Similarly, no difference was found in the overall remission rates in pa-
tients treated with 20, 30, or 40 mg/day of paroxetine or 50, 100, 150, or 200 mg/
day of sertraline (Tasker et al. 1990; Dunner and Dunbar 1992; Fabre et al. 1995;
Preskorn 1997). Despite these data that support a “flat dose:response” for SSRIs,
there are clearly individual patients who only benefit from a dose other than the
usually effective minimum dose. It is plausible that the need for a higher dose in
a specific patient is related to pharmacokinetics (i.e., lower plasma concentra-
tions of drug achieved at a given dose), but systematic TDM studies have not
been carried out to explore this issue.

The degree of serotonin reuptake inhibition does correlate with SSRI concen-
tration and, hence, the antidepressant effect related to this mechanism of action
must be concentration-dependent as well (Preskorn 1993). However, it is likely
that the “flat dose:response curve” of the SSRIs is due to the fact that 70%–80%
of serotonin reuptake sites are inhibited at the “usually effective minimum dose”
and little additional uptake is inhibited as the dose is increased (Wood et al.
1983; Lemberger et al. 1985; Marsden et al. 1987; Preskorn and Harvey 1996).
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These data suggest the possibility of a threshold effect for the SSRIs, reminiscent
of that of the monoamine oxidase inhibitors (MAOIs), for which inhibition of
70%–80% of monoamine oxidase (MAO) activity is necessary for the optimal
antidepressant effect to occur, while further enzyme inhibition beyond that ap-
pears to be of limited additional value for most patients.

The reader is referred to Rasmussen and Brosen (2000) for a review of con-
centration:response studies of SSRIs. The “flat dose:response curve” of the SSRIs
may partly explain why a number of attempts using “routine doses” have failed
to identify a consistent relationship between SSRI plasma levels and antidepres-
sant efficacy (Kelly et al. 1989; Preskorn et al. 1991; Goodnick 1994; Amsterdam
et al. 1997). Prior, failed attempts to find a consistent relationship between SSRI
concentration and antidepressant efficacy do not prove that one does not exist.
Simple correlation is a very limited method of discovering a relationship be-
tween drug concentration and response, especially when it involves complex
factors such as enantiomeric forms of the drug with differing biological activity,
delayed time to achieve steady-state plasma/tissue drug concentration, delayed
onset of clinical response, and interpatient variability in pharmacokinetic pa-
rameters (Koran et al. 1996).

Identifying concentration:response relationships for antidepressant agents is
particularly problematic because there is an inherent signal-to-noise problem
for antidepressant efficacy due to lack of objective measures of illness, a high
placebo response rate, and diverse underlying psychopathology (e.g., substance
abuse, Axis II disorders). If the study, like most clinical trials, is performed with
outpatients, drug compliance and timing of plasma sampling can add consider-
able error to the interpretation of drug concentration determinations. In the
case of fluoxetine and norfluoxetine, considerable time is required to achieve
steady-state concentrations in the central nervous system, and failure to account
for plasma:tissue equilibration time can obscure the relationship between plas-
ma drug concentration and clinical response (Renshaw et al. 1992; Greenblatt
and Harmatz 1993; Karson et al. 1993).

Even in the absence of an ideal correlational study, data from the double-
blind, fixed-dose clinical trials provide an expected plasma drug concentration
range for the usually effective dose of each SSRI. Since this dose on average sep-
arates drug treatment from placebo, the concentration that on average is
achieved by this dose must also separate the drug from placebo. This concentra-
tion then is an estimate of the minimum concentration of the SSRI necessary to
produce an antidepressant effect. Therapeutic plasma levels of three SSRIs de-
rived in this way are 10–50 ng/ml of sertraline on 50 mg/day (Preskorn et al.
1994; Ronfeld et al. 1997), 70–120 ng/ml of paroxetine on 20 mg/day (Lund et
al. 1979; Bayer et al. 1989; Hebenstreit et al. 1989; Lundmark et al. 1989; Sindrup
et al. 1992), and 120-300 ng/ml of combined fluoxetine and norfluoxetine
on 20 mg/day (Feighner and Cohn 1985; Lemberger et al. 1985; Goodnick
1991; Preskorn et al. 1991, 1994; Goodnick 1992). Mean plasma concentrations
associated with the usually effective dose of the other SSRIs are 85 ng/ml for
citalopram (40 mg/day) and 100 ng/ml for fluvoxamine (150 mg/day) (Kragh-
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Sorenson et al. 1981; Fredricson 1982; Bjerkenstedt et al. 1985; Folgia et al. 1990;
Nathan et al. 1990; Rochat et al. 1995).

5.2.2
Recommendation

Due to their wide therapeutic index, there is no compelling reason to monitor
plasma levels of any of the SSRIs as a standard of care to prevent toxicity. How-
ever, because of the broad variability in plasma SSRI concentrations achieved at
a routine dose, TDM is useful for individual dose optimization (Lundmark et al.
2000, 2001). Approximately 50% of patients on any single dose of an SSRI do
not achieve an optimum response in terms of relief of their depressive episode
(Preskorn 1996a). For these patients, TDM can provide important objective data
to rule out noncompliance and identify those individuals who are pharmacoki-
netic outliers (i.e., have particularly slow or rapid drug clearance). In the “non-
responder” on the usually effective minimum dose of an SSRI, a determination
of drug concentration can be used to direct treatment decisions (i.e., low drug
concentration and lack of effectiveness, high drug concentration and poor toler-
ability) and reduce the delay in getting the patient on an optimal dose. Another
unique use of TDM with the SSRI fluoxetine would be to determine if its metab-
olite, norfluoxetine, is still present after drug discontinuation. Such plasma
monitoring would help the clinician decide when it is safe to start treatment
with another agent and avoid a drug–drug interaction (e.g., when switching to
an MAOI or to a substrate for one of the several drug-metabolizing enzymes in-
hibited by fluoxetine).

5.3
Bupropion

Bupropion undergoes extensive first-pass hepatic metabolism. The drug is con-
verted into three metabolites that accumulate in concentrations several times
that of the parent compound (Cooper et al. 1984; Perumal et al. 1986; Preskorn
and Katz 1989; Goodnick 1991a). The three major known metabolites are: hy-
droxybupropion (HB), threobupropion (TB) and erythrobupropion (EB). The
HB and TB metabolites are pharmacologically active, with half the potency of
the parent compound, in animal model tests for antidepressant activity (Cooper
et al. 1984; Perumal et al. 1986; Preskorn and Katz 1989; Goodnick 1991). There
is considerable interindividual variability in plasma levels of bupropion and
these metabolites (Preskorn et al. 1990).

A focus of concern with bupropion has been the risk of seizure, which is esti-
mated at 4 per 1,000 at a dose of 450 mg/day and increases exponentially with
higher doses (Davidson 1989). Several observations (Davidson 1989; Preskorn et
al. 1990) suggest that the risk of seizures may be due to excessively high levels
of bupropion or its metabolites: (1) that the incidence of seizures is dose related,
and hence must be concentration related; (2) that seizures typically occur within
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days of a dose change and a few hours after the last dose, suggesting an effect
due to peak plasma concentrations; and (3) that individuals with increased lean
body mass such as anorexic patients are at an increased risk for seizures. Case
report data link excessive levels of bupropion and its metabolites to other forms
of CNS toxicity including psychosis, delirium, and extrapyramidal syndromes
(Preskorn and Katz 1989; Preskorn et al. 1990).

5.3.1
Concentration:Response Relationship

In spite of the complicated pharmacokinetics of bupropion, a number of studies
have examined the relationship between bupropion concentration and antide-
pressant efficacy. In most cases, the concentration:response studies of bupropi-
on have assayed only plasma levels of the parent compound. These studies
demonstrate an optimal antidepressant response occurring at plasma levels be-
low 100 ng/ml of the parent compound, with patients appearing to do better in
the 10–50 ng/ml range than at higher levels (Preskorn et al. 1990; Goodnick
1991a; Goodnick 1992). In a study by Golden et al. (1988), plasma concentra-
tions of bupropion and all three of its metabolites were assayed, and it was
found that the patients with higher metabolite levels did not do as well as those
with lower levels. Taken together, the results of these concentration:response
studies are surprisingly consistent: (1) there is a better response at lower
(10–50 �g/ml) rather than higher plasma levels of the parent drug, bupropion;
and (2) higher levels of the metabolites (HB >1200 ng/ml, TB >400 ng/ml, and
EB >90 ng/ml) are associated with a poorer response. Clearance of the HB me-
tabolite appears to be dependent on CYP 2D6. Patients phenotypically deter-
mined to be “poor metabolizers” (i.e., to have deficient CYP 2D6 activity) have
been shown to accumulate high plasma concentrations of HB, which may in-
crease the risk of toxicity and decrease antidepressant efficacy (Pollock et
al.1996).

5.3.2
Recommendations

The available data support the conclusion that TDM would be likely to increase
the safe and effective use of bupropion. TDM appears particularly applicable to
bupropion since the risk of central nervous system toxicity is associated with
the use of higher doses, and effectiveness occurs at lower rather than higher
plasma levels of bupropion and its metabolites. However, TDM is not yet rou-
tinely used with bupropion, perhaps because of the limited database or the lim-
ited appreciation of its potential utility. In cases in which patients have other
than the desired response to the usually effective doses of bupropion, either
lack of efficacy or treatment-limiting adverse effects, plasma level monitoring
would be a reasonable means to optimize dosing. TDM is particularly suited
for preventing potential drug interactions and confirming safety in patients
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who are taking bupropion along with drugs that are known to inhibit CYP 2D6
activity.

5.4
Venlafaxine

Venlafaxine has linear pharmacokinetics over its clinical dosing range and is
O-demethylated by CYP 2D6 to its major, active metabolite, O-desmethylven-
lafaxine (Haskins et al. 1985; Klamerus et al. 1996). There are data that support
an ascending dose:response and hence concentration:response relationship for
venlafaxine (Harvey and Preskorn 2000). Patients with mutated CYP 2D6 alleles
(i.e., poor metabolizers), or who are taking drugs that inhibit CYP 2D6 activity
can develop significant increases in plasma venlafaxine concentration (i.e.,
300%–400% increase) (Eap et al. 2000; Fukuda et al. 2000). As the plasma con-
centration of venlafaxine increases, associated norepinephrine reuptake inhibi-
tion becomes more prominent, and the risk of adverse signs of autonomic
arousal (e.g., hypertension, tachycardia, diaphoresis, tremor) increases. These
pharmacological and clinical features suggest the potential usefulness of TDM
in optimizing the antidepressant response to venlafaxine.

Precise, selective assays for venlafaxine and its active metabolite have been
successfully developed in recent years using high-performance liquid chroma-
tography (Hicks et al. 1994; Vu et al. 1997). Preliminary data based on these as-
says suggest an optimal plasma concentration range from 195–400 ng/ml for
therapeutic response with venlafaxine (Veefkind et al. 2000). The concentration
range refers to the sum of venlafaxine and its active metabolite, O-desmethyl-
venlafaxine. It should be noted that, in this fixed-dose study by Veefkind et al
(2000), “nonresponders” tended to have higher plasma drug concentrations,
while the “responders” had higher ratios of metabolite to parent compound. Al-
though O-desmethylvenlafaxine is believed to have comparable pharmacody-
namics to the parent compound, this finding suggests that the metabolite or ra-
tio of metabolite to parent compound may play some therapeutic role. More re-
search is clearly needed; however, at present a case can be made in favor of us-
ing TDM for those patients who are not responding optimally to venlafaxine at
the usually effective minimum doses.

5.5
Nefazodone and Trazodone

Nefazodone and trazodone have multiple effects on serotonin transmission in
the central nervous system. Both drugs have a short half-life, nonlinear pharma-
cokinetics, and are biotransformed to several active metabolites (Shukla et al.
1992; Preskorn 1993; Goodnick 1994; Greene and Barbhaiya 1997). All these
pharmacological features pose difficulties in trying to identify a meaningful re-
lationship between plasma drug concentration and clinical outcome (e.g., mod-
est differences in sampling time or compliance could substantially affect plasma
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drug concentration). Hence, it is not surprising that little is known about the re-
lationship between plasma concentration and response for trazodone and nefa-
zodone. There is no recommendation for the clinical application of TDM with
these agents at this time. A case can be made that TDM research is particularly
needed for drugs like nefazodone that have nonlinear kinetics and multiple ac-
tive metabolites that make dose:concentration and concentration:response rela-
tionships clinically difficult to predict. Recently, plasma assays for nefazodone
and its metabolites have been successfully developed that are sensitive, selective,
and precise (Yao et al. 1998; Dodd et al. 1999; Yao and Srinivas 2000). Note that
the average levels of bupropion, hydroxybupropion, erythrohydrobupropion,
and threohydrobupropion achieved on 450 mg/day are 33, 1452, 138, and 671,
respectively. Thus, the total for parent drug plus metabolites is over 2,000 ng/ml
(2 ug/ml) (Preskorn and Katz 1989; Preskorn 2000). However, the use of these
assays is at present confined to the research lab.

5.6
Mirtazapine

Mirtazapine is the most recent, novel addition to the antidepressant armamen-
tarium. It has multiple metabolites, exhibits linear pharmacokinetics over its
clinically relevant dosing range, and has a broad therapeutic index (Preskorn
1997). At present, because of the limited database (i.e., there are no published
fixed-dose:response studies), there is no recommendation for the use of TDM
with mirtazapine.

5.7
Monoamine Oxidase Inhibitors

Three MAOIs are marketed in the United States with an approved indication
for the treatment of depression: phenelzine, isocarboxazid, and tranylcypro-
mine. All three drugs irreversibly inhibit both subtypes of MAO (i.e., types A
and B). These drugs are rapidly cleared from the plasma with a short half-life
of 1–2 h (Goodnick 1994). They act as substrate for MAO, forming covalent
bonds with the enzyme and thereby irreversibly inactivating it. Thus, the phar-
macokinetics of this enzyme-inhibiting class of antidepressants is unique
among psychotropic drugs in that the drug is rapidly cleared from the plasma
but the biological effects persist. The most serious adverse effects of MAOIs are
related to hypermetabolic states (i.e., hypertensive crisis, serotonin syndrome).
These effects are related to the decreased MAO activity. A clear relationship be-
tween MAOI levels and the generally nuisance side effects (e.g., orthostatic hy-
potension, weight gain, sexual dysfunction, myoclonus) has not been estab-
lished.
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5.7.1
Concentration:Response Relationship

Given their rapid elimination and the fact that their presumed mechanism of ac-
tion is irreversible, it is not surprising that a relationship between plasma con-
centration of the MAOIs and outcome has been difficult to demonstrate. In the
case of the MAOIs, there is a dissociation between the effect and concentration
(i.e., the magnitude of effect will persist even after the plasma drug concentra-
tion has fallen substantially, or even completely disappeared). For this reason,
conventional TDM (i.e., measuring circulating concentrations of the drug) is
not applicable to MAOIs. Yet, the pharmacodynamics of this class of drugs actu-
ally provides an opportunity to make a measurement that is potentially closer
to an ideal measurement, namely measurement of the biological effect of the
drugs: MAO inhibition. While the ideal measurement would be MAO activity in
the brain, that measurement is currently impractical. Instead, platelet MAO
activity has been used as a surrogate marker for central neuronal MAO activity.
The use of this surrogate endpoint is based on the correlation between the
degree of platelet and neuronal MAO inhibition. Optimal antidepressant effi-
cacy has been correlated with approximately 80% inhibition of platelet MAO
(Preskorn and Burke 1992).

5.7.2
Recommendations

TDM as it applies to MAOIs is not measuring plasma drug concentration but
rather the drug effect (i.e., inhibition of platelet MAO activity) . The platelet as-
say for MAOI activity is cumbersome, expensive, and not always readily avail-
able. Two samples, rather than one, are needed, and to assure accuracy, the plas-
ma sample must be handled in a more fastidious way than samples for measur-
ing drug levels. The first sample determines basal enzyme activity, and the sec-
ond sample is used to assess the degree of enzyme inhibition. These facts, cou-
pled with the infrequent use of MAOIs, have limited the application of this ap-
proach despite the fact that monitoring enzyme inhibition may permit more op-
timal dosing.

6
Summary

Although the focus in administering antidepressant pharmacotherapy is dose, it
is the concentration of a drug at the site of action that determines the clinical
effect. Because of interpatient variance in pharmacokinetics, dose often falls
short of predicting the concentration of drug that is achieved (i.e., higher than
expected drug levels leading to toxicity, lower than expected drug levels that are
without benefit). In treating a condition like depression, dose titration typically
occurs without the benefit of objective measures of response. Interpreting treat-
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ment response can be confounded when adverse effects of antidepressant phar-
macotherapy mimic a worsening of the depressive syndrome. TDM is a simple
way to eliminate pharmacokinetic variability from the treatment equation. It
provides rational, objective data to guide the clinician in optimizing the drug
dose and the treatment trial. Despite the precedent found in other medical disci-
plines and decades of scientific support, TDM is underappreciated and under-
utilized in psychiatry.

The facts are (1) that there is broad variability in plasma drug concentrations
achieved at a given antidepressant dose, (2) that this variability in drug concen-
tration has clinical relevance to both efficacy and toxicity, and (3) that the anti-
depressant concentration achieved by a given patient taking a given drug dose
cannot be reliably predicted by clinical assessment. The question is how best to
account for pharmacokinetic variability so that antidepressant treatment can be
optimized. With the recent increase in attention to how pharmacogenetic factors
regulate drug metabolism, it has been suggested that general phenotyping or
genotyping screens for hepatic enzyme activity be used to optimize antidepres-
sant treatment (Tucker 2000). We shall see what the future will bring. For now,
traditional TDM provides targeted, economical phenotyping that is directly rel-
evant to the antidepressant treatment trial. In a sense, traditional TDM is actual-
ly a broader index of drug handling by the patient in that it takes into account
drug absorption and elimination variables, whereas genotyping only assesses
metabolic capabilities.

In the case of TCAs, a drug class characterized by a narrow therapeutic index,
TDM has become a standard of care issue, guiding the dosing process to avoid
serious toxicity and increasing the likelihood of an optimal response. With the
other popular classes of antidepressants, which tend to be characterized by a
broad therapeutic index, a case can be made that TDM can provide meaningful
data to guide dose optimization. Does this mean that all persons started on anti-
depressant medication should have TDM? This is probably not necessary, since
a good number of persons treated for depression respond well to the starting
antidepressant dose. However, for those patients who do not respond to the usu-
al effective dose of an antidepressant, TDM can suggest a reason for the nonre-
sponse (e.g., too much drug, too little drug) and provide an alternative to a
lengthy trial and error, dose titration process. As illustrated in Fig. 1, TDM is
used principally as a means to guide dosing. However, when an outlier is identi-
fied (i.e., a patient with an unanticipated high or low drug concentration), the
clinician has an objective basis for pursuing other issues related to treatment
such as compliance or a suspected rare genotype (Dahl and Sjoqvist 2000).

Inherent in the clinical goals of TDM is an increase in the efficiency with
which healthcare resources are utilized. For an illness like clinical depression,
which represents a significant public and private economic burden, any measure
that may hasten an optimal clinical outcome should be considered. In the treat-
ment of clinical depression, TDM is often a one-time expenditure, the cost of
which is typically less than a 1-month supply of medication. The low cost of
TDM relative to (1) drug acquisition cost, (2) the cost of higher intensity clinical

108 M. J. Burke · S. H. Preskorn



services during a prolonged dose titration, and (3) the potential consequences
of a failed treatment trial (e.g., suicide attempts, accidents, unemployment) sug-
gests that this clinical test more than pays for itself by providing objective data
for rational dose optimization (Burke et al. 1994; Burke 1996).
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Abstract Over the last four decades, a wealth of data has been generated con-
cerning biological substrates of depression. In this chapter, the literature dealing
with biological markers of depression is critically reviewed with respect to (1)
the potential usefulness of such markers in the diagnosis of depressive disorders
and (2) the relevance of such markers for elucidating the underlying biological
basis of depression. Thus far a number of different hypotheses have emerged
with respect to the underlying biological basis of depressive illness. The mono-
amine hypothesis suggests that depression results from a reduction in synaptic
concentrations of serotonin and/or noradrenaline. The hypothalamic-pituitary-
adrenal (HPA) axis hypothesis suggests that depression is secondary to hyperse-
cretion of either corticotropin-releasing factor or glucocorticoids. In contrast,
the macrophage theory suggests that depression occurs due a hyperactivity of
macrophage arm of the immune response, resulting in increased production of
pro-inflammatory cytokines such as interleukin (IL)-1b, IL-6 and interferon
(IFN). While each hypothesis when examined in isolation looks impressive,
there is a fundamental lack of integration of the various theories. In addition,
the fact that depression is such a heterogeneous disorder with many subtypes
makes a single "all-inclusive" biological marker of depression difficult to obtain.
However, it is suggested that biological markers may be more predictive of cer-
tain subtypes of depression. For instance, hyperactivity of the HPA axis appears
to be a particularly good marker of melancholic depression.

With regard to the future of biological markers, it is likely the psychiatric
state of an individual may be diagnosed by a profile of different markers, as
opposed to just the presence or absence of a single marker. Moreover, in vivo
imaging techniques such as MRI, PET, and SPECT are likely to yield biological
markers that will give new insights into the biological basis of depression,
without having to use invasive procedures such as lumbar puncture in order
to study brain function.

Keywords Depression · Biological markers · Neurotransmitter · Neuropeptide ·
Endocrine · Immune · Platelet

1
Introduction

Depressed mood is experienced by most people at one time or another. When
mild, it is a passing feeling with no serious consequences. However, depressive
illness involves an accentuation of the intensity of otherwise normal emotions
and can cause severe distress and disruption of life and, if left untreated, can be
fatal. In addition to the abnormal severity of the mood disturbance, the psy-
chopathological state involves a combination of other features such as loss of
motivation and an inability to experience pleasure (anhedonia), loss of self es-
teem, feeling of worthlessness and extreme pessimism, disturbances in sleep
and appetite, loss of energy, psychomotor disturbances (retardation or agita-
tion), autonomic nervous system and gastrointestinal disturbances, impairment
of reality (hallucinations, delusions, or confusion), and suicidal tendencies. De-
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pression is by no means a homogeneous disorder; rather it is a complex phe-
nomenon that has many subtypes, and probably more than one etiology. How-
ever, in this chapter, the term depression, or depressive illness, is used through-
out merely as a convention.

2
Biological Markers of Depression

2.1
Why Do We Need Biological Markers of Depression?

Because of the frequent difficulties that arise in making a precise diagnosis, spe-
cific markers of depression and its the underlying etiology would be particularly
valuable. In recent decades, a search for such biological markers of depression
has been undertaken. Much of the data on biological markers of depression de-
scribed in this chapter were generated in an effort to understand the biological
substrates underlying depressive illness. However, as noted above, depression is
a complex phenomenon with many subtypes and probably more than one etiol-
ogy. In addition, depressive symptoms are often comorbid with other psychiat-
ric disorders such as anxiety, schizophrenia, and mania. Therefore, given the ex-
istence of many different subtypes of depression, and different comorbid states
that may be caused by different biological substrates, one must ask whether it is
realistic to try to identify an all-inclusive biological marker of depression. It
seems more likely that biological markers may be an important tool for distin-
guishing different subtypes or co-morbidities of depression.

2.2
State Versus Trait Markers of Depression

A distinction is often made in biological psychiatry between so-called state and
trait markers of depression. A trait marker is one that is present in the individu-
al both during the active phase of the disease and also when the patient has been
successfully treated and has gone into remission. Such a marker may therefore
highlight an innate vulnerability of the individual to depressive illness. In con-
trast, a state marker is one that is evident or detectable only while depressive
symptoms are present. Thus, such a marker may either be causally related to
the depressive symptoms in some way, or alternatively, may occur as a direct re-
sult of the presence of depressive symptoms, thus being a secondary or coinci-
dental change. In many studies, patients are assessed both clinically and bio-
chemically during the active phase of the disease, following successful treat-
ment, and occasionally following relapse. Such longitudinal studies give impor-
tant insights into how biological changes correspond to psychiatric pathology
and may yield important information regarding the biological basis of depres-
sion and possible diagnostic markers.
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In this chapter, the literature dealing with biological markers of depression is
critically reviewed with respect to (1) the potential usefulness of such markers
in the diagnosis of depressive disorders and (2) the relevance of such markers
for elucidating the underlying biological basis of depression.

3
Neurotransmitter Changes in Depression: Data Generated from Analysis
of Body Fluids and Postmortem Brain Tissue

3.1
Noradrenaline

Schildkraut (1965) first proposed a role for the catecholamine neurotransmitter
noradrenaline in depressive disorders. This hypothesis suggested that depres-
sion may be due to a reduced noradrenaline concentration in the synapse. After
this, a great interest arose in examining biological markers of central noradren-
ergic activity in depressed patients and also in normal (non-depressed) control
subjects. The initial studies on central noradrenergic function in depression
were largely restricted to the analysis of the major central metabolite of norad-
renaline, 3-methoxy-4-hydroxy phenyl glycol (MHPG), in urine and plasma, be-
cause there is evidence that under carefully controlled conditions of diet, exer-
cise, and time of day at which the body fluid is collected, there is an equilibrium
in the distribution of MHPG between the cerebrospinal fluid (CSF), blood, and
urine (Potter et al. 1983). Thus it was hoped that analysis of MHPG concentra-
tions in body fluids would provide an index of central noradrenergic activity.
Early studies indicated that urinary MHPG concentrations were reduced in de-
pressed patients (Maas et al. 1972), a finding that has subsequently been ob-
served by other groups (Muscettola et al. 1984; Schatzberg et al. 1989). However,
others have failed to detect changes in urinary MHPG in unipolar depressed pa-
tients and control subjects, but have noted that patients with bipolar depression
had significantly lower urinary MHPG compared with unipolar depressed pa-
tients (Schildkraut et al. 1978; Beckmann and Goodwin 1980; Muscettola et al.
1984). In stark contrast to these findings, Potter et al. (1983) reported that uri-
nary MHPG concentrations were higher in unipolar depressed patients than in
control subjects. Thus, studies to date have reported either no change, an in-
crease, or a decrease in urinary MHPG in depressed patients. Similarly, studies
that have examined concentrations of MHPG in plasma or CSF in depression
have yielded variable results (Redmond and Leonard 1997). In addition to ex-
amining MHPG concentrations, other approaches have been used to study the
noradrenergic system in depression. For example, b-adrenoceptor density has
been examined in brain tissue from suicide victims and a number of studies
have reported a significant increase in b-adrenoceptor binding in suicide brain
tissue (Zarko and Biegon 1983; Mann et al. 1986). However, others failed to
replicate such findings in a group of suicide victims who had a history of de-
pressive illness (De Paermantier et al. 1990). In addition to the b-adrenoceptor
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studies, an increased a2-adrenoceptor density was observed in postmortem
brain tissue from depressed suicide victims (Meana and Garcia-Seville 1987;
Meana et al. 1992). This finding provided support for the hypothesis that major
depression is related to supersensitive a2-adrenoceptors that cause an inhibition
of noradrenaline release (Meana and Garcia-Seville 1987).

Tyrosine hydroxylase (TH) has been the subject of a number of studies in de-
pression research. Biegon and Fieldust (1992) reported that there was reduced
TH immunoreactivity in the locus coeruleus of suicide victims. In contrast, an-
other study reported increased TH levels in the locus coeruleus of antidepres-
sant-free suicide victims compared to age-matched controls (Ordway et al.
1994). The results of the Ordway et al. (1994) conflict with the findings of Biegon
and Fieldust (1992). However, in the Biegon and Fieldust study, only 50% of the
patients had a confirmed history of depression. In addition, Ordway et al. quan-
tified total TH in entire cross sections of the locus coeruleus, whereas Biegon
and Fieldust examined TH concentrations within individual cell bodies. Thus,
there are substantial methodological differences between these studies that may
account for the divergent results observed.

3.2
Serotonin

A putative role for serotonin in depressive disorders was proposed based on the
fact that reserpine-induced depletion of monoamine neurotransmitters pro-
voked depressive symptoms in vulnerable individuals (Harris et al. 1957). How-
ever, as described above, much of the initial research on the biochemical basis
of depression focused on the role of noradrenaline in the pathophysiology of de-
pression (Schildkraut et al. 1965), and it wasn�t until Coppen et al. (1963)
showed that tryptophan potentiated the antidepressant effect of monoamine ox-
idase inhibitors (MAOIs) that a direct role for serotonin in the etiology of de-
pression was proposed, and a serotonergic theory of depression was formulated
(Coppen 1967). After this, there was a great interest in examining biological
markers of central serotonergic activity in depressed patients in comparison to
control subjects. CSF concentrations of the serotonin metabolite, 5-hydroxyin-
dole acetic acid (5-HIAA), have been used as an index of brain serotonin turn-
over. However there is disagreement as to how far lumbar CSF 5-HIAA concen-
trations correlate with brain 5-HIAA concentrations and ultimately serotonergic
activity within the central nervous system (CNS) (Stanley et al. 1985; Gjerris
1988). Nonetheless, it has been demonstrated that there was reduced CSF
5-HIAA concentrations in depressed patients (van Praag et al. 1972) and suicide
victims (Asberg et al. 1976). These data added more support to the serotonergic
hypothesis of depression. Later studies also reported reduced 5-HIAA in the
CSF of depressed patients relative to healthy control subjects (Agren 1980;
Asberg et al. 1984). However, others have reported that there was either no
change, or even an increase, in CSF 5-HIAA in depressed patients (Vestergaard
et al. 1978; Banki et al. 1981; Koslow et al. 1983; Roy et al. 1985). Thus, studies
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to date in depressed patients have yielded inconsistent findings, but overall it
can be concluded that depressed patients as a group do not have reliably lower
concentrations of CSF 5-HIAA (Cowen 1996). However, it has been suggested
that reduced CSF 5-HIAA may be a marker for suicide as opposed to depression
per se, since reduced CSF 5-HIAA concentrations have been observed in suicide
attempters irrespective of whether they were suffering from depression (Arango
et al. 1997). Thus, it has been suggested that reduced CSF 5-HIAA concentra-
tions are more pronounced in a subset of depressed patients who attempted sui-
cide, and particularly in those patients who were persistent suicide attempters
with a preference for a violent method of suicide (Asberg et al. 1987). Therefore,
it is not unreasonable to suggest that reduced CSF 5-HIAA may be a biological
marker of suicidal intention in depressed patients.

In addition to measuring CSF 5-HIAA concentrations in depressed patients,
many other studies have focused on the measurement of plasma concentrations
of tryptophan, the amino acid precursor of serotonin. Because tryptophan hy-
droxylase (TPH), the enzyme catalyzing the rate-limiting step in serotonin bio-
synthesis, is not normally saturated, it was hypothesized that the reduced brain
serotonergic activity observed in depression may be due to reduced availability
of the essential amino acid tryptophan. The studies conducted to date have ex-
amined both total and free tryptophan, and also the ratio of tryptophan to large
neutral amino acids that compete with tryptophan for an amino acid trans-
porter that carries amino acids across the blood-brain barrier. There are several
reports indicating that there is a reduction in plasma-free tryptophan concen-
trations in patients with major depression in comparison to healthy controls or
subjects with minor depression (see Meltzer and Lowy 1987). However, a num-
ber of other studies have failed to detect such a reduction in depressed patients
(see Meltzer and Lowy 1987). The data generated on plasma amino acid concen-
trations in depression suggest that a reduced free tryptophan: large neutral ami-
no acid ratio in depressives is due to a reduction in plasma tryptophan concen-
trations, as opposed to an increase in the concentration of the competing amino
acids (Maes and Meltzer 1995). With regard to the role of tryptophan availability
in depression, it is of interest that dietary tryptophan depletion using a trypto-
phan-free diet and amino acid loading causes patients who had previously re-
sponded to antidepressant therapy with selective serotonin reuptake inhibitors
(SSRIs) to relapse into a depressive state; this was quickly reversed following re-
plenishing of tryptophan stores (Delgado et al. 1990, 1999).

Shaw et al. (1967) were the first to suggest that abnormalities in serotonin
neurotransmission in the brainstem were present in the brains of suicide vic-
tims. Presynaptic and postsynaptic serotonin receptor alterations have been ob-
served in the prefrontal cortex of suicide victims that are consistent with re-
duced serotonergic function. Binding to the serotonin transporter was found to
be reduced in some but not all studies, particularly in the ventral and lateral
prefrontal cortical regions (Arango et al. 1997). In this regard, a recent in vivo
imaging study using single photon emission computed tomography (SPECT) re-
vealed that there was a reduction in the number of serotonin uptake sites in the

122 T. J. Connor · B. E. Leonard



brain stem of depressed patients as indicated by reduced binding of [123I]-2
b-carbomethoxy-3 b-(4-iodophenyl)tropane ([123I] b-CIT) (Malison et al. 1998).
In this study by Malison et al. (1998), platelet [3H] paroxetine binding was not
altered in depressed patients and was not significantly correlated with brainstem
[123I] b-CIT binding, thus raising questions about the validity of the platelet se-
rotonergic system in our understanding of brain serotonergic function. In addi-
tion to changes observed in serotonin transporter number, increased binding to
postsynaptic 5-HT1A and 5-HT2A receptors have been noted in many studies
(Arango et al. 1997). Such an increase in serotonin receptors may be compensa-
tory in nature due to the reduction in synaptic serotonin concentrations.

3.3
Other Neurotransmitters That May Play a Role in the Etiology
of Depressive Disorders

Noradrenaline and serotonin are the two neurotransmitters that have received
the most attention with respect to depressive illness, and to date the pharmaco-
logical approaches used in the treatment of depressive disorders have involved
agents that modulate serotonergic and/or noradrenergic neurotransmission.
However, numerous groups have been investigating the possible role of other
neurotransmitter systems in the biology of depression. Data that support a role
for other neurotransmitters in the etiology of depression are discussed in the
following sections.

3.3.1
Dopamine

Dopamine may be regarded as the forgotten monoamine with respect to depres-
sive disorders. Depression is a disorder that is characterized by a disruption of
normal reward processes. An inability to experience pleasure (anhedonia), or a
loss of motivation (lack of interest) are key features of melancholic depression
according to the diagnostic and statistical manual of mental disorders (DSM-
IV) (American Psychiatric Association 1994). It has been suggested that hypoac-
tivity of the mesolimbic dopaminergic system (MDS) may be responsible for
these particular features of the disorder (Willner 1983), since dopamine is a
neurotransmitter that is central to motivation and reward processes (Willner
1983). However, the evidence that dopamine has a role in depression has come
almost entirely from preclinical research.

Numerous studies have tried to assess forebrain dopaminergic function in
depressed patients by measuring concentrations of the dopamine metabolite ho-
movanillic acid (HVA) in CSF. Measurement of CSF HVA concentrations has
provided one of the most direct means for assessing brain dopaminergic func-
tion in clinical studies (Jimerson 1987). In some studies, the subjects were treat-
ed with probenecid to block the transport of HVA out of the CSF; this allows the
accumulation of HVA in the CSF and is therefore thought to give a better ap-
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proximation of dopamine turnover. The majority of studies tend to report re-
duced HVA concentrations in the CSF of depressed patients relative to control
subjects; five out of six studies demonstrated that depressed subjects who were
medication free for at least 10 days had reduced CSF HVA concentrations in
comparison to control subjects (Jimerson 1987). It has been reported that such
decreases in HVA are particularly pronounced in patients who display marked
psychomotor retardation (Willner 1983). There are also reports of decreased
HVA concentrations in the CSF of depressed patients who attempted suicide
(Brown and Gershon 1993). Consistent with these findings, it has been reported
that there was a decrease in 24-h urinary excretion of HVA and another dopa-
mine metabolite, dihydroxyphenylacetic acid (DOPAC), in depressed suicide at-
tempters (Roy et al. 1992). Thus, these studies provide further evidence for a de-
crease in dopamine turnover in depressed patients. However, the interpretation
of these data is by no means straightforward. From an analysis of the various
studies it appears that reduced CSF HVA concentrations are more closely related
to motor activity than mood. For example, CSF HVA concentrations were re-
ported to be lower in patients suffering from melancholic rather than non-
melancholic depression, a relationship that may be explained by the fact that
patients with melancholic depression display psychomotor retardation (Willner
1995). In fact, reduced CSF HVA concentrations have also been observed in non-
depressed patients suffering from Parkinson�s disease and Alzheimer�s disease
who display impaired motor function (Wolfe et al. 1990). Thus the specificity of
such dopaminergic changes as a marker of depressive illness remains question-
able. In addition to the dopamine metabolite studies in depressed patients, it
has also been reported that there is lower binding of the selective D1 receptor
ligand SCH 23390 in the frontal cortex of patients with bipolar disorder (Suhara
et al. 1992). In addition, an in vivo SPECT study indicated that there is an in-
crease in the density of D2 receptors in the basal ganglia of depressed subjects
when compared to control subjects (D�haenen and Bossuyt 1994). Such an in-
crease in D2 density is compatible with reduced dopamine turnover as indicated
by the low CSF HVA levels that have been reported in depressed patients. How-
ever, more recently Bowden et al. (1997) reported that there were no significant
differences between antidepressant-free suicide victims and control subjects
with respect to D1 or D2 density.

3.3.2
Excitatory Amino Acids

The idea that excitatory amino acids such as glutamate and aspartate may play
a role in depressive disorders is quite a recent one. Most of the support for this
hypothesis has come from preclinical studies which demonstrated that chronic
treatment with a variety of antidepressant drugs alter the ligand binding proper-
ties of the N-methyl-d-aspartate (NMDA) subtype of glutamate receptors. In ad-
dition, functional antagonists of the NMDA receptor have been reported to dis-
play antidepressant-like activity in both behavioral and biochemical screening
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procedures used to predict antidepressant activity in rodents (Paul 1997). The
hypothesis that the NMDA receptor is involved in the neurobiology of depres-
sion is given credence by the finding that the glutamate recognition site on the
NMDA receptor and the allosteric regulation of this site by glycine differ in the
frontal cortex of suicide victims compared with those from age- and postmor-
tem interval-matched control subjects (Nowak et al. 1995). Specifically, the bind-
ing of the glutamate receptor antagonist [3H]CGP-39653 was significantly (40%)
lower in cortices from suicide victims than in controls (Nowak et al. 1995).

The high-affinity component of glycine displacement of [3H]CGP-39653 is
also significantly reduced in frontal cortical homogenates from suicide victims.
However, other studies that examined the NMDA receptor in postmortem brain
tissue found no significant differences either in the affinity (Kd) of [3H] di-
zocilpine or receptor density (Bmax) between suicide victims and control sub-
jects or depressed suicide victims and controls (Holemans et al. 1993; Palmer et
al. 1994). Thus, the postmortem data that support a role for the NMDA receptor
in depressive illness are limited, and further studies are required to establish
that NMDA has a definite role in depressive disorders.

3.3.3
Neuropeptides: Corticotropin-Releasing Factor

Corticotropin-releasing factor (CRF) is a 41 amino acid peptide that was first
isolated, characterized, and synthesized in 1981 by Vale et al. (1981). CRF is re-
leased from the hypothalamus and stimulates release of adrenocorticotropin
(ACTH) from the pituitary gland and is consequently a central regulator of glu-
cocorticoid secretion from the adrenal glands. However, in the last decade, a
wealth of data have accumulated to suggest that CRF can also act as a central
neurotransmitter via mechanisms that are independent of its ACTH-releasing
properties (Owens and Nemeroff 1991; De Souza and Grigoriadis 1995). To date,
animal studies have demonstrated that many of the alterations in neurotrans-
mission elicited by CRF are similar to those engendered by acute stressors, such
as the increased release of noradrenaline and dopamine in a number of brain
structures (Dunn and Berridge 1987; Lavicky and Dunn 1993). Chronic CRF ad-
ministration also upregulates locus coeruleus tyrosine hydroxylase activity in a
manner similar to chronic stress (Melia and Duman 1991). In addition, central
CRF administration provokes many stress-like changes in behavior, such as anx-
iogenic behavior in laboratory animals (Koob et al. 1993). In terms of biological
psychiatry, CRF has been a focus of investigation with respect to both depres-
sive and anxiety disorders for a number of years. Nemeroff et al. (1984) were
the first to observe elevated CSF concentrations of CRF in depressed subjects in
comparison to control subjects. In addition, Nemeroff et al. (1984) examined pa-
tients suffering from Alzheimer�s disease, schizophrenia, and alcoholism and
failed to observe the increases in the CSF CRF concentrations that were seen
in depressed patients. These findings were replicated in a study conducted by
Banki et al. (1987), which examined larger patient numbers and demonstrated
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that depressed patients displayed CSF CRF concentrations that were almost two-
fold higher than those seen in either control subjects or non-depressed psychi-
atric patients. It is of interest that, in this study, four patients with bipolar disor-
der were examined and displayed CSF CRF concentrations that were no different
from those of control subjects (Banki et al. 1987). Thus, elevated CSF CRF con-
centrations appear to be a selective marker for unipolar depressive illness.
Moreover, elevated CSF CRF appears to be specific to patients suffering form
primary depression as opposed to those who suffer from depression that is
associated with an underlying physical complaint such as chronic back
pain (France et al. 1988). Other studies have reported either no significant
change (Roy et al. 1987; Molchan et al. 1993; Pitts et al. 1995) or even a decrease
(Geracioti et al. 1992, 1997) in CSF CRF concentrations in depressed patients
when compared to control subjects. The reason for these discrepancies is un-
clear. However, in many of these studies, the group of depressed patients exam-
ined was heterogeneous and often included patients with both unipolar and bi-
polar depression. The inclusion of bipolar subjects may well have skewed these
analyses, as it is well established that CSF CRF concentrations are not altered in
bipolar illness (Banki et al. 1987; Berrettini et al. 1987; Kling et al. 1991; Risch et
al. 1992). Other difficulties include the use of small sample sizes and failure to
consider confounding factors such as gender, age, and episode characteristics
(Mitchell 1998). In addition to the clinical data, a number of studies have exam-
ined CRF and CRF receptor expression in tissue derived from suicide victims.
Arato et al. (1989) found increased CRF in cisternal CSF samples from suicide
victims in comparison to appropriate controls. Raadsheer et al. (1994) reported
a fourfold increase in total CRF neuron count in the hypothalamic paraventricu-
lar nucleus and a threefold increase in neurons which co-express CRF and argi-
nine vasopressin (AVP). Other studies that measured CRF content in cortical
sites found no significant difference between suicide victims or depressed pa-
tients and control subjects (Charlton et al.1988; Leake et al. 1990). With respect
to CRF receptor numbers in depressed patients, Nemeroff et al. (1988) reported
decreased CRF receptor binding in the frontal cortex of suicide victims com-
pared to control subjects. However Leake et al. (1990) failed to detect any chang-
es in CRF receptor binding in cortical tissue obtained from depressed patients.
In all, the data generated from both basic and clinical studies have led to pro-
posals that hypersecretion of CRF is a core defect in psychiatric disorders such
as anxiety and depression (Owens and Nemeroff 1993; Heim et al. 1997). Also,
elevated CSF CRF concentrations appear to be a state-specific marker of depres-
sion that subsides following effective treatment either with antidepressant drugs
or electroconvulsive therapy (Nemeroff et al. 1991; DeBellis et al. 1993). More-
over, failure of CRF to return to baseline following treatment appears to be in-
dicative of relapse (Banki et al. 1992). In addition, it has been suggested that
CRF antagonists may have an important therapeutic utility in treating depres-
sion and anxiety (Owens and Nemeroff 1993; Schulz et al. 1996).
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4
Peripheral Markers of Neurotransmitter Receptors:
Platelet and Lymphocyte Studies

Certain analogies exist between the neurotransmitter pharmacology of the brain
and of the peripheral tissues. Since it is often not possible to study the brain di-
rectly in man, one window of opportunity would be to study these same neuro-
transmitters and neurotransmitter receptors in peripheral tissues whenever they
behave in a manner analogous to those in the CNS. It is with this in mind that
the platelet has been developed as a model of the serotonergic and noradrener-
gic nerve terminal (Stahl 1985). Some structural properties of platelets are simi-
lar to neurons. Both possess a limiting membrane rich in receptors and both
contain mitochondria and dense-cored vesicles in which neurotransmitters are
stored (for reviews, see Sneddon 1973; Stahl 1985). However, one of the most
basic limitations of platelets is that they lack a synapse and are therefore a poor
model of neuronal synaptic transmission. Nonetheless, numerous investigations
have been conducted over the last two decades that have examined serotonin
uptake and numerous serotonergic and noradrenergic receptors on platelets in
depressed patients. In addition to the studies conducted on platelets, peripheral
lymphocytes have been used to study b-adrenergic receptors in depressed pa-
tients.

4.1
Studies on the Noradrenergic System

4.1.1
Lymphocyte b-Adrenoceptors

b-Adrenoceptor downregulation in the frontal cortex has been commonly used
as a biochemical marker of antidepressant efficacy. The human lymphocyte
b-adrenoceptor has been used as a peripheral marker of central b-adrenoceptor
function. A reduction in b-adrenoceptor binding on lymphocyte membranes
had been identified in depressed patients using radioligand binding studies
(Extein et al. 1979; Carstens et al. 1987; Pandey et al. 1987; Magliozzi et al.
1989). However, other studies have reported an increase (Healy et al. 1983; But-
ler and Leonard 1986) or no change (Cooper et al. 1985; Mann et al. 1985) in
lymphocyte b-adrenoceptor density in depressed patients. Thus, studies con-
ducted to date on lymphocyte b-adrenoceptor numbers have yielded equivocal
results (Elliot 1991; Potter et al. 1993), possibly as a result of the heterogeneity
of the patients studied, types of radioligands used in the analysis, and the differ-
ent periods allowed for washout of psychotropic medication taken by patients.
Therefore, the lymphocyte b-adrenoceptor does not appear to be a reliable
marker of central b-adrenergic function in depression.
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4.1.2
Platelet a2-Adrenoceptors

Considerable attention has been paid to a2-adrenoceptors in depressive illness,
as presynaptic a2-adrenoceptors control the release of noradrenaline from cen-
tral noradrenergic neurons (Langer 1981). In addition, rodent studies indicated
that chronic, but not acute, treatment with the tricyclic antidepressant desipra-
mine results in decreased sensitivity of a2-adrenoceptors, thus increasing syn-
thesis and release of noradrenaline from neurons (Spyraki and Fibiger 1980). In
addition, the finding of increased a2-adrenoceptor density in postmortem brain
tissue from depressed suicide victims provided strong support for the hypothe-
sis that endogenous depression is related to supersensitive a2-adrenoceptors
(Meana and Garcia-Seville 1987). In an attempt to monitor human a2-adreno-
ceptor activity in relation to affective disorders, a number of research groups
have compared platelet a2-adrenoceptor binding in depressed patients with that
in matched healthy controls. However, the studies to date that have examined
the a2-adrenoceptor in depressed patients have yielded contradictory results.
Studies of the a2 agonists ([3H]-clonidine or [3H]-p-amino-clonidine) have
found increased (Garcia-Sevilla et al. 1981, 1986; Takeda et al. 1989; Piletz et al.
1990), decreased (Doyle et al. 1985; Carstens et al. 1986), or no significant
change (Georgotas et al. 1987; Werstiuk et al. 1992) in a2-adrenoceptor number
in depressed subjects. Similarly, using the selective a2-adrenoceptor antagonists
such as [3H]-rauwolscine or [3H]-yohimbine, which label a larger number of
sites but may not label all the high-affinity sites, researchers have found an ele-
vated (Healy et al. 1983), reduced (Wood and Coppen 1982; Wood et al. 1985;
Maes et al. 1999), or unaltered (Lenox et al. 1983; Campbell et al. 1985) number
of a2-adrenoceptor sites in depressed subjects. Antidepressant treatment has
been reported to either reduce or not to alter platelet a2-adrenoceptor number
(Garcia-Sevilla et al. 1981; Healy et al. 1983; Pimoule et al. 1983; Campbell et al.
1985; Pandey et al. 1989; Werstiuk et al. 1992). In a review by Piletz et al. (1986)
it was suggested that the inconsistencies in the platelet a2-adrenoceptor litera-
ture on depression are due to variations in the biochemical techniques used,
such as different conditions for the isolation and preparation of platelets, age of
the platelet sample, and whether agonists or antagonists were used in the bind-
ing assay.

4.1.3
Platelet Imidazoline Receptors: A New Peripheral Marker of Depression?

Imidazoline receptors are a newly discovered family of receptors, some of
which, like a2-adrenoceptors, have a presynaptic inhibitory effect on the release
of noradrenaline. Two subtypes of imidazoline receptor have been identified (I1
and I2 receptors) based on their differential affinities for imidazoline com-
pounds such as clonidine, idazoxan, guanabenz, and yohimbine. Because of the
ability of imidazoline receptors to modulate noradrenaline release, these recep-

128 T. J. Connor · B. E. Leonard



tor are of interest when studying the neurobiology of depressive illness. To date,
a number of studies have examined platelet imidazoline receptors in depressed
patients (Garcia-Sevilla et al. 1996; Piletz et al. 1996), and one recent study
examined imidazoline receptor binding in brain tissue from suicide victims
(Garcia-Sevilla et al. 1996). It has been reported that there is an increase in I1
receptor number in platelets from depressed patients in comparison to control
subjects (Garcia-Sevilla et al. 1996; Piletz et al. 1996). In addition, the Kd for
[125I]-p-iodoclonidine binding at I1 sites in depressed patients was two- to three-
fold lower than in control subjects (Piletz et al. 1994). Thus, it appears that both
I1 receptor number and affinity are increased in depressed patients compared to
healthy controls. In addition, it was reported that chronic treatment with both
desipramine and fluoxetine reduced the number of I1 binding sites, suggesting
that an increased I1 receptor number may be a state marker of depressive illness
(Piletz et al. 1994). It is also of interest that this increase in I1 receptor number
appears to be quite specific to unipolar depression since euthymic patients with
bipolar disorder or patients suffering from generalized anxiety disorder did not
display increases in platelet I1 receptor number (Garcia-Sevilla et al. 1996; Piletz
et al. 1996). Thus, the data generated to date indicate that increased I1 receptor
expression may be a new, relatively specific state marker of depressive illness.
Nonetheless, further studies are required to assess the validity of increased
platelet I1 binding as a biological marker of depression.

4.2
Platelet Studies on the Serotonergic System

The platelet has been widely studied as a peripheral model of serotonergic neu-
rons (Pletscher and Laubscher 1980; Leonard 1991). The platelet shares with its
CNS nerve terminal counterpart the ability to take up, store, and release 5-HT
(Stahl 1977), thus representing an easily accessible marker of serotonergic func-
tion. In the absence of the sophisticated neuroimaging techniques that are now
becoming available, platelet studies have provided much information regarding
adaptations to the serotonergic system in major depression and other psychiat-
ric disorders (for review, see Nugent and Leonard 1998). Various serotonergic
abnormalities have been described in the platelets from depressed patients, in-
cluding a deficit in the transport of 5-HT; it has been shown that the maximal
rate of transport (Vmax) of serotonin into the platelet is reduced in depressed pa-
tients in comparison to healthy controls (Tuomisto and Tukainen 1976; Tuomis-
to et al. 1979; Butler and Leonard 1988; for a review, see Meltzer and Lowy
1987). Attempts to differentiate between depressive subtypes according to 5-HT
uptake indicate that no differences appear to exist (Stahl et al. 1983; Arora et al.
1984; Rausch et al. 1986). Clinical improvement in patients is frequently, but not
always, accompanied by a normalization of platelet 5-HT uptake, suggesting that
this is a state-dependent marker of depressive illness (Butler and Leonard 1988).
With regard to the specificity of impaired 5-HT uptake to depressed patients, it
has been reported that reduced platelet 5-HT uptake is also observed in other
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psychiatric disorders such as schizophrenia and panic disorder (Rotman et al.
1979; Arora and Meltzer 1982; Pecknold et al. 1988).

There is also a reduced number of [3H]-imipramine binding sites on platelets
from depressed patients when compared to healthy control subjects, without
any significant alteration in the binding affinity (Briley et al. 1980). This finding
was explained in terms of a reduced number of 5-HT uptake sites on the platelet
membrane of depressed patients in comparison with control subjects. Subse-
quent to this initial finding, numerous research groups have examined imipra-
mine binding in depressed patients, only half of whom have described a signifi-
cant decrease in this parameter (for a review, see Elliot 1991). Therefore, the re-
liability of platelet [3H]-imipramine binding as a peripheral marker of depres-
sion has come into question. It should be also emphasized that no change has
been reported in the [3H]-paroxetine binding site on the serotonin transporter
of depressed patients (Stain-Malmgren et al. 1998).

In addition to carrying serotonin uptake sites on their membranes, platelets
also carry functional 5-HT2 receptors that, when stimulated, initiate phospho-
inositol (PI) turnover. Platelet 5-HT2 receptor activation provokes a change in
platelet shape and, at higher concentrations, platelet aggregation. Studies con-
ducted in depressed patients examining 5-HT-induced platelet aggregation re-
sponses have yielded variable results, with some groups observing no significant
change between depressives and controls (Wood et al. 1984) and others finding
a reduced aggregation response in depressed patients that normalizes following
successful treatment (Healy et al. 1983; Butler and Leonard 1988). Based on
5-HT2 receptor binding studies in depressed patients, it was reported that there
were either no significant differences between depressed patients and control
subjects (Cowen et al. 1987; McBride et al. 1987) or that depressed patients had
increased receptor number compared to controls (Biegon et al. 1987; Butler and
Leonard 1988). In the study by Butler and Leonard (1988), increased platelet
5-HT2 receptor number was paradoxically accompanied by a decreased platelet
aggregation response, which was interpreted as being due to an uncoupling of
the 5-HT2 receptor from the second messenger system in the platelet. A recent
study reported increased protein kinase C activity in the cytosolic fraction of
platelets from depressed patients, suggesting that a hyperactive PI signaling sys-
tem may reflect the increased density of 5-HT2 receptors on the platelet mem-
brane of depressed patients (Pandey et al. 1998).

5
Immunological Markers

It is now widely accepted that psychological stress and psychiatric illness can
compromise immune function (Leonard 1995). Furthermore, it is well estab-
lished that soluble mediators released by immune cells (cytokines) can affect
CNS function and produce alterations in behavior (see Anisman et al. 1993;
Dantzer 1994). In addition to the behavioral changes that are evident in de-
pressed patients, many endocrine and immune abnormalities have also been
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identified. Most of the initial research that examined the effect of depression on
immunity indicated that there were suppressive effects on many aspects of im-
mune function. Thus, some studies reported impaired zymosan-induced neu-
trophil phagocytosis (O�Neill and Leonard 1990), mitogen-stimulated lympho-
cyte proliferation (Kronfol and House 1989; Maes et al. 1989), and natural killer
(NK) cell cell activity (Irwin et al. 1990, 1992) in depressed patients. Despite the
numerous reports documenting a suppression of various indices of immune
function in depression, contradictory studies have been reported in which re-
searchers failed to detect any significant alteration in some of these immune pa-
rameters in depressed patients (Albrecht et al. 1985; Darko et al. 1989). It has
been suggested that these inconsistencies were a result of, among other things,
evaluation of varying forms of depression (unipolar patients displayed more im-
mune alterations than bipolar patients) and varying severities of illness (sup-
pression of immune function was positively correlated with illness severity). In
addition, studies that examined immune correlates in relatively young outpa-
tients with milder symptoms of depression found that lymphocyte function was
not altered compared to control subjects (for a review, see Weisse 1992).

Despite these initial findings of immunosuppression in depressed patients,
other studies have indicated that immune activation could also be present in de-
pressed patients, and it has been suggested that such immune activation may
play a role in the onset of depressive symptoms (Smith 1991; Maes et al. 1995a).
Traditionally, major depression was viewed as a disorder that occurred as a re-
sult of abnormalities in central monoaminergic neurotransmitter systems (pri-
marily the noradrenergic and serotonergic systems), and that such neurotrans-
mitter changes gave rise to the behavioral sequelae and the reported alterations
in endocrine and immune function. However, in recent times it has been sug-
gested that the behavioral deficits, central monoamine abnormalities, and hypo-
thalamic-pituitary-adrenal (HPA) axis activation seen in depressed patients
may, in fact, be secondary to alterations in immune function, at least in some
cases of depression (Smith 1991; Maes et al. 1995a).

Depression is associated with an increase in plasma concentrations of the
complement proteins C3 and C4 and immunoglobulin (IgM) (Song et al. 1994).
Song et al. (1994) also reported increases in plasma concentrations of the posi-
tive acute phase proteins (APPs) haptoglobin, a1-antitrypsin, and a1 and a2

macroglobulin in depressed patients. These findings were consistent with earlier
reports of increases in complement and positive acute APPs in depressed pa-
tients (Kronfol and House 1989; Maes et al. 1992), whereas negative APP con-
centrations were reduced in depressed patients (Maes et al. 1995a).

Recently, it has been reported that increased concentrations of interleukin
(IL)-6, soluble IL-6 receptor (sIL-6R), soluble IL-2 receptor (sIL-2R), IL-1, IL-1
receptor antagonist (IL-1ra), and interferon (IFN)-g occur in depressed patients
(Maes et al. 1993, 1994, 1995b,c; Sluzewska et al. 1995a,b), and many of these al-
terations were accompanied by increased positive APP concentrations (see Maes
et al. 1995a). In addition, increased monocyte phagocytosis has been observed
in depressed patients, an effect that is reversed upon successful antidepressant
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treatment, suggesting that increased monocyte phagocytosis is a state marker of
depression (McAdams and Leonard 1993). Similarly, Griffiths et al. (1996) re-
ported that increased serum IL-1 concentrations in depressed patients returned
to normal in those patients who responded to a 12-week course of sertraline.
Also, elevated serum IL-6 and a1-acid glycoprotein concentrations observed in a
group depressed patients were normalized following chronic fluoxetine treat-
ment (Sluzewska et al. 1995a), suggesting that, like increased macrophage pha-
gocytosis, increased concentrations of IL-1, IL-6, and a1-acid glycoprotein may
be state markers of depression and may be causally involved in the onset of de-
pressive symptomatology. In this regard, there is evidence suggesting that signs
of immunological activation, such as increased serum IL-6 and positive APP
concentrations, are more evident in patients suffering from treatment-resistant
depression, compared to those showing a positive response to antidepressant
treatment (Sluzewska et al. 1995b). Seidel et al. (1995) reported a significant in-
crease in mitogen-stimulated g-IFN and sIL-2R production from peripheral
blood mononuclear cell (PBMC) cultures and elevated serum APP concentra-
tions in depressed patients, which were maximal during the acute phase of the
illness and returned to control levels over a 6-week hospitalization period dur-
ing which time a concomitant decrease in Hamilton Depression Rating Scale
(HAM-D) (Hamilton 1960) scores was apparent. In stark contrast to the findings
already outlined, Weizman et al. (1994) reported that IL-1b, IL-2, and IL-3 pro-
duction from mitogen-stimulated PBMC cultures was significantly reduced in
depressed patients, when compared to age- and sex-matched controls. Further-
more, the reduced cytokine secretion in these depressed patients was normal-
ized following 4 weeks of clomipramine treatment (Weizman et al. 1994). The
reason for this discrepancy between studies is not apparent, and clearly further
studies with larger sample sizes need to be conducted to evaluate both circulat-
ing cytokine concentrations and ex vivo mitogen-stimulated cytokine produc-
tion in various subtypes of depressed patients.

Studies employing flow cytometric analysis have revealed that depressed
patients have an increased number of T helper (CD4+), T memory
(CD4+,CD44RO+), activated T cells (CD25+ T cells and HLA-DR+ T cells), and
B cell subsets, indicating the presence of immunological activation in these pa-
tients (see Maes et al. 1995a).

Although many discrepancies exist between the clinical studies conducted to
date, a large volume of data has been generated that, for the most part, indicates
that signs of immunological activation (elevated cytokine and positive APP con-
centrations) are evident in depressed patients. Nonetheless, relatively few of
these studies have examined the effect of antidepressant treatment on the ob-
served changes. However, the few studies that have evaluated the effect of antide-
pressant therapy suggest that signs of immunological activation are state, as op-
posed to trait, markers of depression (McAdams and Leonard 1993; Sluzewska et
al. 1995a; Griffiths et al. 1996). It remains to be seen if altered concentrations of
cytokines, soluble cytokine receptors and APPs are specific to particular sub-
types of depression and other conditions in which stress plays a major role. In
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this regard, it is of interest that a recent study reported that increased serum IL-1
concentrations were present in patients suffering from typical depression, but
absent from patients suffering from atypical depression with increased neuroveg-
etative symptoms (Griffiths et al. 1996).

6
Neuroendocrine Markers of Depression

Since hypothalamic control of pituitary hormone release is primarily regulated
by the same biogenic amine neurotransmitters as have been implicated in the
etiology of depression, it is not unreasonable to suggest that alterations in endo-
crine functioning may be associated with depressive disorders. Because direct,
invasive studies on the limbic system in humans are impossible, the neuroendo-
crine system can be studied as an indirect measure of limbic integrity or dys-
function. With this goal in mind, neuroendocrine challenge tests were developed
in an attempt to determine which neurotransmitter receptors were dysfunction-
al in depression; it has been proposed that some of these tests could be used to
aid the diagnosis of depression (Checkley 1980).

6.1
Hypothalamic-Pituitary-Adrenal Axis Responses

Because the HPA axis plays an integral role in the pathophysiology of stress, and
because stress has long been thought to precipitate episodes of depression in
vulnerable individuals (Anisman and Zacharko 1982), the HPA axis has been
the most extensively studied of all endocrine axes with respect to psychiatric
disorders. A large volume of data suggests that depression is associated with hy-
peractivity of the HPA axis. There have been reports of elevated urinary-free
cortisol concentrations in depressed patients relative to healthy controls (Carroll
1986). Also, as mentioned earlier, depression is associated with elevated CRF
concentrations in the CSF (Nemeroff et al. 1984), and recent studies using imag-
ing techniques have demonstrated that adrenal size is increased in depressed
patients but normalizes following clinical recovery from the disease (Nemeroff
et al. 1992; Rubin et al. 1995). In addition to these baseline alterations in HPA-
axis activity, depression is also associated with an inability to suppress ACTH
and cortisol secretion in response to a 1- to 2-mg oral dose of the synthetic glu-
cocorticoid dexamethasone (Carroll 1982). The dexamethasone suppression test
(DST) is undoubtedly the most intensively studied single test of HPA-axis activ-
ity in depressed patients. However, despite its initial promise of being a diag-
nostic tool for depressive illness, its specificity must be called into question, in
that dexamethasone nonsuppression is evident in a significant proportion of pa-
tients with alcoholism, anorexia nervosa, or Alzheimer�s disease in the absence
of depression. In addition, only about 50% of depressed patients display dexa-
methasone nonsuppression and, in the majority of cases, these are melancholic
depressed patients (Dinan 1994). Thus, the use of the DST as a diagnostic tool
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in the diagnosis of depression per se is questionable. However, it may be useful
as a marker in the diagnosis of depression of the melancholic subtype; in addi-
tion, the DST does seem to be a useful predictor of response to antidepressant
therapy, in that depressed patients who persistently display dexamethasone non-
suppression following treatment tend to have a poor clinical outcome (Nemeroff
and Evans 1984; Carroll and Haskett 1985).

Another challenge test that has been used to assess the status of the HPA axis
in depressed patients is the ACTH and cortisol responses to intravenous CRF
administration (Holsboer et al. 1999). Reports indicate that depressed patients
display a blunted ACTH response to intravenous CRF administration in the
presence of a normal cortisol response (Gold et al. 1988; Ur et al. 1992; Holsboer
et al. 1999). Such a phenomenon has been explained in terms of a downregula-
tion of CRF receptors on cells of the anterior pituitary. Such a downregulation
of CRF receptors is likely to have occurred as a result of CRF hypersecretion in
depressed patients as indicated by elevated CSF concentrations of CRF in de-
pressed patients (Nemeroff et al. 1988). Nonetheless, the adrenal gland appears
to be secreting cortisol independently of ACTH.

A combined dexamethasone suppression-CRF challenge test has also
been employed to assess the status of the HPA axis in depressed patients
(von Bardeleben and Holsboer 1989). In this test, dexamethasone-pretreated
patients show enhanced ACTH and cortisol responses to an infusion of 100 mg
of CRF. A comparison of the dose–response curves for depressed and normal
individuals demonstrated that depressed patients required higher doses of dexa-
methasone to suppress ACTH and cortisol secretion following CRF administra-
tion (Holsboer and Barden 1996). It has been suggested that the sensitivity of
the combined dexamethasone suppression-CRF challenge test greatly exceeds
that of the standard DST (Heuser et al. 1994).

In addition to CRF, AVP is another hypothalamic peptide that stimulates the
release of ACTH and ultimately cortisol. AVP alone is a weak stimulator of
ACTH release. However, AVP and CRF act in a synergistic fashion with respect
to ACTH release, so that, when both peptides are given together, ACTH is re-
leased far in excess of what it would be expected by either peptide given alone.
For example, in man, concurrent administration of AVP and CRF produces a
30-fold increase in the release of ACTH in comparison to that achieved follow-
ing administration of CRF alone (DeBold et al. 1984). Moreover, the ACTH-re-
leasing potential of AVP is dependent on the ambient endogenous CRF level
(DeBold et al. 1984). Although elevated levels of CSF AVP have not so far been
reported in depression, it is of interest that fluoxetine treatment produces a re-
duction in CSF concentrations of both AVP and CRF in patients with major de-
pression (DeBellis et al. 1993). It is also of interest that fluoxetine reduced hypo-
thalamic AVP release in vitro (DeBellis et al. 1993). Also, it was reported that de-
pressed patients exhibited an increase in the number of AVP-expressing CRF
neurons in the hypothalamic paraventricular nucleus (Purba et al. 1996). Re-
cently, Dinan et al. (1999) reported that depressed patients who were challenged
with CRF displayed a blunted ACTH response. However, when challenged with a

134 T. J. Connor · B. E. Leonard



combination of CRF and the AVP analog desmopressin, the depressed patients
displayed an ACTH response similar to that of healthy control subjects (Dinan
et al. 1999). Thus, it was suggested that there may be a supersensitivity of the
vasopressin V1b receptor in depressed patients, and that this may explain the
continued adrenal overactivity in the presence of a blunted ACTH response to
CRF (Scott and Dinan 1998; Dinan et al. 1999). However, a number of studies
that have examined the effects of AVP or desmopressin on HPA activity in de-
pression have yielded inconsistent results (Scott and Dinan 1998). Thus, further
examination of the role of AVP in the HPA dysregulation observed in depression
is warranted. In addition, the use of better selection criteria for patients in such
studies may yield more conclusive results, since many of the studies conducted
to date have examined groups of depressed patients who were clinically hetero-
geneous (Scott and Dinan 1998).

6.2
Growth Hormone Response to Clonidine

One of the most consistent neuroendocrine changes reported in depressed pa-
tients is a blunted growth hormone (GH) response to the a2-adrenoceptor ago-
nist, clonidine. The GH response to clonidine has been consistently found to be
blunted in endogenously depressed patients in comparison to control subjects
(Matussek et al. 1980; Checkley et al. 1981, 1984; Charney et al. 1982b; Siever et
al. 1982a; Ansseau et al. 1984, 1988). However, there are also studies that have
used low-dose oral or intravenous clonidine and found no significant difference
in the GH response between depressed patients and controls (Dolan and
Calloway 1986; Katona et al. 1986). Changes in GH release appear to be due to
decreased sensitivity of a2-adrenoceptors in depressed patients. However, for
the most part it appears that antidepressant treatment has no effect on the GH
response to clonidine (Charney et al. 1982a, 1984; Siever et al. 1982b; Price et al.
1986), suggesting that such a blunted GH response to clonidine is a trait marker
of depression. Similarly, it has been reported that depressed patients display a
blunted GH response to the noradrenaline reuptake inhibitor, desipramine
(Meesters et al. 1985; Laakmann et al. 1986). In addition, it would appear that
patients who were dexamethasone non-suppressors were far more likely to show
a blunted GH response to desipramine than subjects who were suppressors, sug-
gesting that this endocrine abnormality may be secondary to the hypercorti-
solemia observed in depressed patients (Dinan and Barry 1990).

6.3
Prolactin Response to Serotonergic Enhancers:
d-Fenfluramine, Clomipramine, l-Tryptophan, and 5-Hydroxytryptophan

Centrally acting serotonin enhancers such as fenfluramine, l-tryptophan,
5-hydroxytryptophan, and clomipramine increase the release of prolactin from
the anterior pituitary. Because these compounds facilitate an increase in synap-
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tic 5-HT concentrations, their physiological action is interpreted as providing
an indirect index of central 5-HT responsivity (Quattorone et al. 1983; Cleare et
al. 1996; Bauman et al. 1999), which is particularly useful when trying to under-
stand the role of 5-HT in psychiatric disorders. Many studies using various sero-
tonergic enhancers have observed a blunted prolactin response in depressed pa-
tients when compared with control subjects (O�Keane and Dinan 1991; Mann et
al. 1995). However, Price et al. (1991) reported that a blunted prolactin response
to l-tryptophan was only observed in non-melancholic depressives, and that
prolactin secretion following tryptophan challenge was further elevated in both
melancholic and psychotic depressives, indicating that a blunted prolactin re-
sponse does not occur in all subtypes of depression. It is also noteworthy that a
blunted prolactin response to serotonergic enhancers has been reported in pa-
tients who do not suffer from depression, but exhibit impulsive aggressive be-
havior (Coccaro et al. 1989). Thus, the specificity of such a marker for depres-
sive disorders is questionable. It is also of interest that, in a recent study, it
was reported that the prolactin response to d-fenfluramine was still abnormal in
remitted patients in comparison to controls (Flory et al. 1998), suggesting that
serotonergic changes in depression may be trait-dependent, rather than state-
dependent.

6.4
Melatonin

A role for the pineal hormone melatonin in the neurobiology of depressive dis-
orders was first suspected as depression is thought to be associated with alter-
ations in circadian rhythms (Gillin 1993) and/or in noradrenergic function
(Schildkraut 1965). With regard to the association between melatonin secretion
and the noradrenergic system, it is noteworthy that b-adrenoceptors are located
on pinealocytes and b-adrenoceptor stimulation by noradrenaline stimulates pi-
nealocytes to synthesize melatonin from its precursor serotonin (Axelrod 1978).
It has also been demonstrated that the b-adrenoceptor antagonist, propranolol,
blocks the nocturnal rise in melatonin in human subjects (Hanssen et al. 1977).
Thus, it has been suggested that, in man, melatonin secretion may serve as an
index of both noradrenergic function and circadian rhythmicity (Lewy 1983). A
blunting in the nocturnal rise of melatonin has been reported in patients suffer-
ing from major depression (Mendlewicz et al. 1979; Wetterberg et al. 1979;
Brown et al. 1985, 1987; McIntyre et al. 1989). The reduced nocturnal melatonin
concentrations observed in depressed patients appear to be particularly associ-
ated with melancholia, since melancholic depressed patients display significant-
ly reduced nocturnal melatonin secretion compared to both nonmelancholic de-
pressives and healthy control subjects (Brown et al. 1985). The mechanisms that
underlie the suppression of nocturnal melatonin secretion in melancholic de-
pressed patients still remain elusive. However, since a disturbance in noradren-
ergic activity may be involved in the altered pattern of nocturnal melatonin se-
cretion, a recent study examined b-adrenoceptor binding in the pineal gland of
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suicide victims compared with control subjects (Little et al. 1997). No differ-
ences in pineal b-adrenoceptor binding were observed between depressed and
control subjects (Little et al. 1997).

It is also of interest that there is an association between the suppression of
nocturnal melatonin secretion, high serum cortisol, and DST nonsuppression in
patients with an acute depressive episode (Wetterberg et al. 1979, 1981, 1984).
However, it was reported that these individuals continued to display a suppres-
sion of melatonin secretion following remission of the depressive symptoms
and normalization of cortisol levels (Branchey et al. 1982). Such data suggest
that the blunted nocturnal secretion of melatonin observed in some depressed
patients may be a trait, rather than state, marker of depressive illness. In addi-
tion to the alterations in nocturnal melatonin secretion that were observed in
unipolar depressed patients, a number of reports indicate that mania is associat-
ed with increased melatonin secretion in comparison to control subjects (Lewy
et al. 1979; Miles and Philbrick 1988). For example, Lewy et al. (1979) reported
that manic patients displayed consistently elevated plasma melatonin concentra-
tions both during the day and at night.

7
Conclusion

Over the last three decades, a wealth of data has been generated concerning bio-
logical substrates of depression. Different research groups have focused on a
multitude of targets ranging from monoamine neurotransmitters to neuropep-
tides, and have even examined immunopeptides such as cytokines. Thus far, a
number of different hypotheses have emerged, each of which explains the bio-
logical basis of depression quite eloquently. However, while each hypothesis
when examined in isolation looks impressive, there is a fundamental lack of in-
tegration of all the various theories that have been proposed concerning biologi-
cal substrates for depressive illness. In addition, the fact that depression is such
a heterogeneous disorder, which can present itself in many different subtypes
and exists in a number of comorbid states, makes a reliable all-inclusive biolog-
ical marker of depression difficult to obtain. However, it is not unreasonable to
suggest that correlations between biological markers and the psychiatric state
may serve to give some indication of what biological substrates underlie differ-
ent subtypes of depression. Ongoing studies are warranted in order to examine
large patient sample sizes and a number of different biological markers in each
patient. Such studies will allow the evaluation of a sufficient number of patients
presenting with different subtypes of depression and different comorbidities. In
the future, the psychiatric state of an individual may be diagnosed by a profile
of different biological markers, as opposed to just the presence or absence of a
single marker of depression. Moreover, the advent of in vivo imaging techniques
such as MRI, PET and SPECT may yield biological markers that will give new
insights into the biological basis of depression or new diagnostic tools for par-
ticular subtypes of depressive illness without having to use invasive procedures
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such as lumbar puncture in order to study brain function. However, until the
time when reliable biological markers are identified, the psychiatrist�s clinical
judgment remains the most valid means of diagnosing and treating depressive
disorders.
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Abstract Rating scales for depression can be considered as the quantification of
the symptoms included in the DSM-IV diagnosis of major depression. Among
the essential psychometric properties of depression rating scales is their sensi-
tivity to discriminate between antidepressants and placebo. Among the inter-
view-based rating scales, the Hamilton Depression Rating Scale (HAM-D) is still
the one most widely used. It is, however, not a unidimensional scale and the fac-
tors or dimensions of depression, anxiety and sleep should be analysed sepa-
rately in drug trials. Among the self-rating scales, the coverage of major depres-
sion is insufficient in the most widely used scale, the Beck Depression Inventory.
The scales based on DSM-IV, such as the Major Depression Inventory, should
therefore be considered for use in future trials with antidepressants.

Quality of life scales are essentially self-rating scales as quality of life is a
subjective dimension. Positive well-being is the core dimension of quality of
life and can be considered the opposite pole to major depression. The most
widely used quality of life scales are the Medical Outcome Studies (MOS)
SF-36 and the Psychological General Well-Being Scale (PGWB). As a short,
non-intrusive quality of life scale, the WHO-Five (which covers positive well-
being items of the PGWB) should be considered in trials with antidepressants.
However, the assessment of quality of life is also to be considered an attempt
to see the whole of the patient when evaluating the outcome of treatment.

S. H. Preskorn et al. (eds.), Antidepressants: Past, Present and Future
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Therefore, quality of life also covers coping skills and compliance in trials with
antidepressants. The top-bottom approach of health-related quality of life in
the psychopharmacological treatment of depressed patients encompasses the
issues of impairments, disability, wanted and unwanted treatment effects, cop-
ing skills, compliance and subjective quality of life.

Keywords Depression rating scales · Quality of life · Unidimensionality ·
Sensitivity · Responsiveness · Applicability

1
Introduction

Figure 1 shows the top–bottom approach of health-related quality of life when
used in the assessment of major depression. It is the holistic approach originally
developed by the World Health Organization (WHO) to evaluate the sequence
underlying chronic disorders (WHO 1980; Bech 1993): impairments, disability,
treatment, stress adaptation and subjective quality of life. Thus, at the bottom is
the patient�s own assessment of his or her subjective quality of life.

At the top (Fig. 1) are listed impairments that refer to the neuropsychobiolog-
ical structures causing disease (e.g., impairments in the serotonergic transmit-
ters or receptors in the brain). Disabilities, then, reflect the behavioural dys-
functions (i.e., the clinical symptoms leading to restricted social performance).

Fig. 1 Health-related quality of life: The top–bottom approach (WHO 1980; Bech 1993)
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As discussed by Fayers et al. (1997), many quality of life rating scales have
been developed without a clear model of validity, often combining items of dis-
ability and side-effects of treatment with subjective well-being.

This chapter discusses tools that have been developed to evaluate the various
issues listed in Fig. 1, from disorder-oriented symptoms at the level of disability
down to subjective well-being.

2
Disorder-Oriented Symptom Rating Scales for Major Depressions

Within the disability symptoms, Feinstein (1987) has differentiated between disor-
der-oriented and ailment-oriented symptoms to emphasize that clinicians should
not only focus on the symptoms modified by treatment but should also measure
to what extent the symptoms have a negative effect on the daily life of the patient.

However, in the criteria for major depressive episodes, DSM-IV (American
Psychiatric Association 1994) has included both disorder-oriented and ailment-
oriented symptoms. According to criterion B for major depression in DSM-IV,
at least five of the clinical core symptoms should be present for at least 2 weeks.
According to criterion C, these symptoms should cause clinically significant dis-
tress in social, occupational, and other important areas of functioning.

As pointed out by Winokur (1995), the modern systems of diagnosis in psy-
chiatry deal mainly with a classification based on clinical symptomatology, im-
plying that the definitions are referring to syndromes. Thus, the Feighner crite-
ria (Feighner et al. 1972) are syndromatic diagnoses based on shared phenome-
nology of symptoms resulting in a high degree of inter-observer reliability. The
Feighner criteria did lead subsequently to the development of the DSM-III
(American Psychiatric Association 1980) and the ICD-10 (WHO 1993).

Figure 2 shows the psychometric triangle developed by Bech (1996) for the
analysis of symptom rating scales for depression, including internal validity, in-
ter-observer reliability, and external validity.

Fig. 2 Psychometric triangle for analysis of rating scales
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Internal validity means both content validity (“face validity”) and construct
validity [i.e., the combination of items (symptoms) into a total score]. External
validity means predictive validity for treatment outcome as well as responsive-
ness (i.e., the ability to measure changes during treatment). Sensitivity refers to
the ability of a scale to discriminate between active treatment and placebo. For
interview rating scales, inter-rater reliability is important. For self-rating scales,
test–retest reliability is important.

2.1
Interview Rating Scales for Depression

The Hamilton Depression Rating Scale (HAM-D) (Hamilton 1960) was devel-
oped by Hamilton at the beginning of the antidepressant area (i.e., in the late
1950s). The inter-observer reliability of the scale was found to be high and ac-
ceptable in all settings in which it had been used.

In the randomized clinical trials by which antidepressants (e.g., imipramine)
were shown to be superior to placebo, the HAM-D was found to be of acceptable
responsiveness as well as sensitivity when compared to global improvement as-
sessed by experienced psychiatrists. When using a global improvement response
of “much” and “very much” improved, the short-term (typically 4–6 weeks) out-
come of improvement with antidepressants is around 65%, whereas placebo
shows 45%. When a 50% reduction on the HAM-D score from pre-treatment to
endpoint (3–6 weeks later) is used as a response criterion, similar outcome rates
of improvement are found, namely 65% versus 45% for antidepressants versus
placebo. Thus, the responsiveness of the HAM-D and of the global improvement
scales was very similar. However, the sensitivity of these scales was rather small.
Thus, the advantage of antidepressants over placebo was 15%-20%.

Figure 3 shows the terminology of response, remission, relapse and recovery,
as suggested by Frank et al. (1991) and Kupfer (1991). With reference to the
HAM-D, response is defined as at least a 50% reduction in the pre-treatment
score, and full remission is defined as a score of 7 or less. According to the Eu-
ropean guidelines for antidepressants (1994), the treatment of an episode of ma-
jor depression covers both a short-term and a medium-term period (i.e., the
whole episode of major depression).

Figure 3 shows the definition of early improvement as a 25% reduction in the
HAM-D score (Lauge et al. 1998). The delayed onset of action of the antidepres-
sants, with early improvement seen after 2 weeks of therapy and response after
4 weeks, has also been investigated with depression rating scales other than the
HAM-D. However, the response curve shown in Fig. 3 is similar for other
depression rating scales (Lauge et al. 1998). Even the Montgomery-�sberg Scale
(MADRS) does not seem to be too different from the HAM-D, although it
was originally intended to have better sensitivity and responsiveness than the
HAM-D (Montgomery and �sberg 1979; Bech 1989).

The internal validity of the HAM-D has historically been the most problemat-
ic feature of this scale. The original Hamilton manual (Hamilton 1960, 1967) is
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rarely used today; rather, the American version published by Guy (1976) is
now the most frequently used version (Zitman et al. 1990). However, Hamilton
never accepted the definitions of the individual items in the American version
(Hamilton and Shapiro 1990). Furthermore, the American version (Table 1) in-

Fig. 3 Terminology of the treatment of a major depressive episode of which the short-term treatment
is 8 weeks and the medium-term trial period is 44 weeks

Table 1 The universe symptoms in the HAM-D21. The first 17 items constitute the HAM-D17

Item no. Symptoms

1 Depressed mooda

2 Feelings of guilta

3 Suicide
4 Insomnia, early
5 Insomnia, middle
6 Insomnia, late
7 Work and activitiesa

8 Retardationa

9 Agitation
10 Anxiety, psychica

11 Anxiety, somatic
12 Somatic symptoms, gastrointestinal
13 Somatic symptoms, general (loss of energy)a

14 Genital symptoms
15 Hypochondriasis
16 Insight
17 Loss of weight
18 Diurnal variation
19 Depersonalization and derealization
20 Paranoid symptoms
21 Obsessive and compulsive symptoms

a Items constitute the depression core factor.
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cludes 21 items while Hamilton recommended using only the first 17 items to
measure severity of depressive states. In collaboration with Hamilton, Bech et
al. (1986) published a version to be used with outpatients rather than inpatients.
This version has been further modified for primary care physicians and family
practitioners, who now treat more than 80% of depressed patients (Bech 1996).

Hamilton used factor analysis to evaluate the internal validity of the scale. He
was, however, aware of the many problems involved in the use of factor analysis
(e.g., the problem of generalization because the method is too sensitive to the
distribution of the sample of patients selected). Table 2 compares the factors
identified with the HAM-D17 and the HAM-D21. Thus, the scale covers more than
one factor. In the HAM-D21, the item of depressed mood is included in the retar-
dation factor. In the HAM-D17, depressed mood is included in the depression
factor. This factor, often referred to as the melancholia factor, has been identified
by latent structure analysis (Bech et al. 1981). The melancholic factor includes
six of the HAM-D items as indicated in Table 1 (HAM-D6). On the basis of these
6 items, the Melancholia Scale (MES) was developed (Bech and Rafaelsen 1980).
This scale consists of 11 items and has been shown by latent structure analysis to
cover only one dimension (Bech 1996, 2002a). The Mania Scale (MAS) was con-
structed in a manner analogously to the MES (Bech et al. 1979; Bech 1996,
2002b; Smolka and Stieglitz 1999). In long-term trials with bipolar patients on
lithium therapy, the MES and MAS have been shown to have a high applicability
and validity in defining relapses or recurrence (Jensen et al. 1995).

Because the MES and the MAS had been developed before the release of
the DSM-III, attempts have been made to modify the two scales to cover the
DSM-IV and the ICD-10. Thus, the Major Depression Scale (Bech et al. 1997)
and the DSM-IV Mania Scale (Bech 1996) were developed.

When the major depression symptoms are removed from the HAM-D, it is
the factor of anxiety or anxiety/somatization that is most important. Therapeu-
tically, anxiety is a substantial part of depressive states. Thus, in Europe, the
Kielholz classification system of antidepressants includes a sedative-anxiolytic
versus an activity profile (Bech 1993). In other words, the factor structure of the
HAM-D seems important when classifying antidepressants.

The individual symptoms included in Table 1 are in accordance with Hamil-
ton, measured on a scale of intensity. However, severity of symptoms can also

Table 2 The two most frequently used versions of the HAM-D and their factor structure (in brackets
the item nos., see Table 1)

HAM-D17 HAM-D21

Factors Factors

Depression (1, 2, 7, 8, 10, 13) Cognitive disturbances (2, 3, 9, 19, 20, 21)
Anxiety (9, 10, 11) Anxiety/somatization (10, 11, 12, 13, 15, 16)
Sleep (4, 5, 6) Sleep (4, 5, 6)

Retardation (1, 7, 8, 14)
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be measured by frequency (i.e., how much of the time they occur). The Invento-
ry of Depressive Symptomatology (IDS) was developed by Rush et al. by using
frequency of symptoms, but with reference to the universe of the HAM-D, as
shown in Table 1 (Rush et al. 1986). The final version of IDS contains 30 symp-
toms (Rush et al. 1996).

The IDS has both an interview version (clinician-rated, IDS-C) and a self-rat-
ing version (IDS-SR). Thus, when comparing clinician versus patient assessment
of the severity of depression, the IDS measures the same content. Most other
studies in this field compare not only clinicians� ratings with patients� ratings
but also two different symptom contents [e.g., the HAM-D with the Beck
Depression Inventory (BDI, Beck et al. 1961)]. A quick version of IDS (QIDS)
has recently been developed (Rush et al. 2000) to cover the major depressive dis-
order items in the DSM-IV. The QIDS-C correlates 0.93 with the IDS-C30, while
the QIDS-SR correlates 0.94 with the IDS-SR30 (Rush et al. 2000).

The inter-rater reliability for the IDS-C is as high as for the HAM-D. The fac-
tor structure is also similar to the HAM-D, with the most important factors be-
ing cognitive/mood and anxiety (Rush et al. 1996).

In conclusion, the HAM-D is the most frequently used interview rating scale
for measuring severity of depressive states. When most randomized clinical tri-
als with antidepressants done over the last 40 years were reviewed (Bech 1999),
it was found that the HAM-D was used in over 90% of the trials. Various at-
tempts to develop scales that are psychometrically better than the HAM-D have
not been successful. The Major Depression Scale has been developed to cover
the DSM-IV concept of major depression better than the HAM-D. The most in-
teresting attempt to modify the HAM-D has been made by Rush et al. with the
IDS. The advantage of this scale is that it has both a clinician version (IDS-C)
and a patient version (IDS-SR). The key issue in assessing depression based on
symptoms is severity. Table 3 shows the concordance between the DSM-IV cate-
gories of a major depressive episode and total scores on the HAM-D17.

Table 3 The key issue of major depression is severity. The concordance between the DSM-IV categories
of major depression and the total severity score on HAM-D17

DSM-IV categories of a major depressive episode (MDE) HAM-D17 total scores

MDE with psychotic features 30 or higher
MDE with melancholic features 25–29
MDE without melancholic features 18–24
Less than major depression 13–17
Probably major depression
Dysthymia
Mixed anxiety depression
Seasonal depression

Quality of Life and Rating Scales of Depression 155



2.2
Self-Rating Scales for Depression

There are many more self-rating than interview scales for depression, although,
in principle, disorder-oriented scales should be clinician-assisted. The most
widely used self-rating scale for depression, especially in the psychotherapeutic
literature, is the Beck Depression Inventory (BDI) (Beck et al. 1961). The uni-
verse of items includes 21 symptoms which mainly cover cognitive aspects ac-
cording to Beck�s therapy of depression. With the introduction of the DSM-IV
criteria for major depressive disorder, the BDI is insufficient. However, the con-
tent of the scale has recently been modified to be closer to the DSM-IV criteria
for major depression (Beck et al. 1996).

Fig. 4 Major depressive inventory
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In psychopharmacology, the Zung Self-Report Depression Scale (SRDS)
(Zung 1965) has been used more than the BDI. However, the content of the
SRDS is, like that of the BDI, not sufficient for measuring major depression in
accordance with DSM-IV.

The Major Depression Inventory (MDI) (Bech 1998; Bech and Wermuth
1998) is a self-rating scale that covers major depression as defined in both the
DSM-IV and the ICD-10. Psychometrically, the scale was found superior to the
SRDS (Bech and Wermuth 1998). Furthermore, the MDI has shown adequate
sensitivity and specificity when compared with the Present State Examination
diagnosis of major depression (Bech et al. 2000). The MDI is shown in Fig. 4.

The Inventory of Depressive Symptomatology Self-Rating Version (IDS-SR)
(Rush et al. 1996) has the advantage of covering the HAM-D universe of symp-
toms. The factor structure of the IDS-SR is similar to that of the IDS-C as well
as of the HAM-D.

3
Ailment-Oriented Symptom Rating Scales

Ailment-oriented scales capturing patient-centred problems should, in princi-
ple, be self-report scales.

The Hopkins Symptom Checklist (HSCL) was developed by Parloff et al.
(1954) to measure distress or discomfort in patients seeking psychotherapy
help, independent of their psychiatric diagnosis. Frank (1974), who was among
the co-authors of the Parloff paper, preferred the term “demoralization” to “dis-
tress”, emphasizing that these patients are typically conscious of having failed
to meet their own expectations or those of others, or are unable to cope with
pressing problems. Parloff and Frank tried to go beyond symptoms to describe
“distress” or “demoralization” but found that the symptoms are the language of
distress.

The original Hopkins Symptom Checklist, which was published by Bech
(1993), contained 41 items. Over the years, however, the HSCL has been en-
larged. Thus, the final revision of the HSCL, the HSCL-90, has 90 items (Lipman
1989). Items have been added to cover more affective syndromes. Moreover,
the scoring of the individual items was changed from “How much were you
distressed?” to “How much were you bothered?”, thereby focussing on
psychopathological symptoms rather than on “distress” or “demoralization”.
Derogatis et al. (1974) identified many significant clinical factors apart from the
original factor of interpersonal sensitivity. Among these factors are “retarded
depression”, “agitated depression”, “phobic anxiety”, “obsessive-compulsive”,
“anger-hostility”, and “somatization”. In other words, over the years, the HSCL
has developed from an ailment-oriented rating scale to a disorder-oriented scale
(i.e., covering various affective syndromes).

The Medical Outcomes Study (MOS) Short-Form (SF-36) is a questionnaire
that asks about a mixture of ailment-oriented symptoms and well-being (Ware
and Gandek 1994). SF-36 contains 36 items covering eight factors or dimen-
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sions: physical functioning; role limitations, physical; bodily pain; general
health; vitality; social functioning; emotional health; and role limitations, emo-
tional.

The internal validity of the eight dimensions has been found acceptable by
Mcdowell and Newell (1996). The test–retest reliability has also been found ade-
quate (Brazier et al. 1992).

The SF-36 has been widely used due to its capacity to discriminate between
different diseases (e.g. Stewart et al. 1992). It has been shown that major depres-
sion has a negative impact on all eight dimensions of the SF-36 (Wells et al.
1992). The advantage of the SF-36 is that most countries now have national
norms from general population studies. Figure 5 shows the Danish norms as
well as the typical scores of a patient with major depression (Bjorner et al.
1998). Untreated cases of major depression are among the most disabling disor-
ders when compared to diabetes, cancer or cardiovascular diseases.

The responsiveness of SF-36 during treatment has been evaluated only to a
limited extent so far. However, when compared to the Sickness Impact Profile,
the SF-36 was shown to be superior (Beaton et al. 1994)

4
Stress Adaptation: Coping Skills and Compliance

The Hopkins Symptom Checklist (HSCL) was mentioned earlier as an example
of a questionnaire that was originally designed to measure distress, but which
over the years has become a questionnaire for the assessment of various affec-
tive, psychopathological syndromes. On the other hand, the correspondence be-
tween the specific affective factors on the HSCL and types of coping skills has
been investigated by Frank et al. in Baltimore (e.g., Frank et al. 1978) using the

Fig. 5 The SF-36 profile of patients with major depression before treatment compared to the Danish
norm means
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Clark Personal and Social Adjustment Scale (Clark 1968) and the Locus of Con-
trol (Rotter 1966). A recent study has shown a close correspondence between
the HSCL and coping strategies in patients with breast cancer (Schnoll et al.
1998).

Coping skills refer to a person�s ability to change cognitive and behavioural
efforts to manage specific demands that are appraised as taxing or exceeding
the resources of this person (Lazarus and Folkman 1984). As discussed by
Folkman et al. (1991), coping has two major functions: to manage or alter the
problem that is causing distress (problem-focussed coping) and to regulate the
emotional response to this problem (emotion-focussed coping).

In patients with chronic disorders, such as bipolar disorders, the changeable
aspects for which problem-focussed coping is possible occur in the context of
long-term prophylactic therapy with a mood stabilizer such as lithium.

In studies of the compliance of patients with bipolar disorder with long-term
lithium treatment, it has been found that there are great discrepancies between
psychiatrists� assessments and patients� self-reports (Cochran 1984). The main
reasons for noncompliance with lithium treatment from the patients� point of
view were a dislike of having medication controlling their moods and the side-
effects of treatment.

Essentially, compliance means that patients have to do what doctors tell them
to do. Quality of life is essentially an attempt to focus on patients� autonomy
with regard to what they want to do with their lives and bodies (Brock 1988).
The term “concordance” rather than “compliance” has been suggested to refer
to the relationship between doctor and patient (Bech 1998).

5
Subjective Quality of Life: Positive Psychological Well-Being

Health-related quality of life assessments essentially help the patient communi-
cate what is of importance to him or her during therapy, although this might
not be of importance to other patients (Bech 1998). Self-reported scales or ques-
tionnaires are crucial in the field of subjective quality of life because only pa-
tients are able to report on how they feel.

In reviewing quality of life scales for chronic conditions such as cancer, hy-
pertension and major depression, it became obvious that there are both disor-
der-specific quality of life scales and disease-anonymous (generic) quality of life
scales (Bech 1995). The core components of all the generic quality of life scales
include positive versus negative well-being, so that decreased positive well-being
appears to be the most sensitive outcome measure (i.e., to have the greatest re-
sponsiveness). In a recent meta-analysis of nine quality of life scales (Pukrop
1997), it was concluded that a general quality of life dimension emerged, cover-
ing positive versus negative psychological well-being.

The SF-36 was discussed earlier in the chapter as a mixture of ailment-orient-
ed symptoms and well-being. There are a total of five psychological well-being
items on the SF-36, which measure both positive and negative well-being. These

Quality of Life and Rating Scales of Depression 159



items are derived from the Psychological General Well-Being Scale (PGWB),
which was originally developed by Dupuy (1984). The PGBW appears to be the
most widely used psychological well-being scale. Another widely used well-be-
ing questionnaire is the General Health Questionnaire (GHQ), which was devel-
oped by Goldberg (1972) as a screening instrument to detect current affective
disorders in general population surveys, in primary medical care settings or
among general medical outpatients. Although there are many other scales in this
field, in the following section, only PGWB and GHQ will be described as exam-
ples of generic quality of life scales. Among disease-specific quality of life scales,
the Quality of Life in Depression Scale (QLDS) will be briefly described.

5.1
Generic Psychological Well-Being Scales

Research on quality of life questionnaires has led to improvements in two im-
portant psychometric aspects of these tools, namely standardization in normal
population scores and in translation procedures. Both SF-36 and PGWB were
originally developed in American English while GHQ was in British English.
The SF-36 has been translated into several European languages through an In-
ternational Quality of Life Assessment (IQOLA) Project (Ware and Gandek
1994). This project is unique in the literature on quality of life instruments. The
Journal of Clinical Epidemiology has recently devoted a whole issue to the pre-
sentation of the results of these translations (Gandek and Ware 1998).

The PGWB and the GHQ have been through less extensive translation proce-
dures; however, translations in several European languages exist. An English–
English PGWB translation has been published by Hunt and McKenna (1992).

The PGBW consists of 22 items, 11 of which are positively keyed (measure
positive well-being), while the rest are negatively keyed (negative well-being).
Figure 6 shows the content validity of PGWB when compared to SF-36. Thus,
the dimensions of general health, vitality and mental health overlap, while

Fig. 6 Comparative content of scales
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PGWB contains positive psychological well-being and self-control. Studies in
Europe (WHO 1998; Rasmussen et al. 1999) have shown that the total scale score
of PGWB is a sufficient statistic and that the score on the five items (WHO-Five)
that measure positive psychological well-being is also a sufficient statistic (i.e.,
covers most of the variance). Table 4 shows the five items of the PGWB that
measure positive well-being (Bech et al. 2003) and how they correspond to the
items on the Major Depression Inventory (MDI) (Fig. 4). In other words, MDI
measures negative well-being.

The test–retest reliability of PGWB has been found to be adequate (Ware et
al. 1979). PGWB demonstrated the greatest responsiveness compared to ten oth-
er questionnaires in a study by Croog et al. (1986), in which the outcome of dif-
ferent antihypertensive therapies was investigated in terms of subjective quality
of life.

In a study on patients with manic-depressive illness in prophylactic mainte-
nance therapy, Thunedborg et al. (1995) showed that PGWB was among the best
scales in predicting relapse of depressive episode.

In a trial with fluoxetine in the acute therapy of major depression, patients
with low PGWB scores (meaning decreased quality of life) dropped out of treat-
ment despite a reduction in symptoms measured by the treating physician
(Hunt and McKenna 1993).

In a trial with patients suffering from both major depression and alcoholism
(Borup and Und�n 1994), it was found that combination therapy with disulfiram
and fluoxetine improved patients� conditions to a degree equal to the national
mean [which is 82; the theoretical score range of PGWB is from 0 (worst possi-
ble well-being) to 119 (best possible well-being)]. In another study performed
by Speer (1998), it was shown that the patients (mainly elderly depressed pa-
tients) scored an average of 45.9 on the PGWB at admission to hospital. At the
end of treatment, the average score had improved significantly to 68.5. However,
the patients were still significantly below the national mean of 82. Thus, using

Table 4 Positive versus negative well-being: Quality of life and depression

PGWB/WHO Major Depression (ICD-10) Inventory

Positive well-being Negative well-being

1 In good spirits 1 In low spirits
2 Active and vigorous 2 Lack of energy
3 Interested in things 3 Lack of interests
4 Fresh and rested 4 Sleep disturbances
5 Calm and relaxed 5 Restless/subdued

6 Difficulty in concentration
7 Lacking self-confidence
8 Guilt feelings
9 Suicidal thoughts

10 Decreased/increased appetite
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national means as a reference, quality of life as measured by the PGWB can be
used as a goal of treatment.

The PGWB includes items that measure intensity as well as frequency. Revic-
ki et al. (1996) have suggested measuring all the PGWB items on frequency
scales. WHO (1998) has also recommended using frequency items for the five
items that measure positive psychological well-being (Bech et al. 2003).

The General Health Questionnaire (GHQ) included 60 items in its original
version (Goldberg 1972). However, shorter forms (30, 28, and 12 items) have
been recommended. The internal validity of the brief 12-item version shows that
the total score is a sufficient statistic (Vieweg and Hedlund 1983). The test–ret-
est reliability is also adequate (Goldberg 1978). The GHQ was developed pri-
marily as a screening instrument for detecting patients with depressive illness.
For this purpose, the 12-item version has a sensitivity of around 90% and a
specificity of around 80% (Freeling and Tylee 1992). However, Henkel et al.
(2003) have shown that the WHO-Five is superior to the GHQ in the screening
of depression in the primary care setting.

Another version of the GHQ-QoL scale has been developed to measure posi-
tive psychological well-being (Bech 1993). The GHQ-QoL has recently been
shown to have high applicability and validity in a Danish population study of
persons aged 65 years or older who were being screened for mild dementia or
major depression (Lauritzen 1998).

5.2
Depression-Specific Quality of Life Scales

The Quality of Life in Depression Scale (QLDS) was developed as a question-
naire to be used in patients with mild depression and even in the normal popu-
lation (Tuynman-Qua et al. 1992). It was designed to be more easily adminis-
tered than the Beck Depression Inventory (BDI) or the Zung Self-Report Scale.
Although many of the items reflect depressive symptoms, the formulations of
the individual items are more “soft” or “patient-friendly”. The QLDS consists of
34 items which are formulated dichotomously (i.e., the response is either “yes”
or “no”), so that the score ranges from 0 to 34. The QLDS has been found to
have adequate internal validity (Dam et al. 1998; McKenna and Hunt 1992).

The original study with this scale, which was carried out in the Netherlands
and in England (Tuynman-Qua et al. 1992), showed a correlation coefficient of
around 0.60 when the QLDS was compared to the HAM-D. This is rather similar
to the correlation coefficient found in many studies in which the BDI or the
Zung Self-Report Scale have been compared to the HAM-D. When compared to
the Psychological General Well-Being Scale (PGBW), the coefficient for the
QLDS was around 0.80 (McKenna and Hunt 1992).

Studies comparing the responsiveness of the QLDS and the PGWB are still
needed. In a recent pilot study comparing the antidepressive effect of fluoxetine
plus placebo versus fluoxetine plus mianserin in hospitalized patients with ma-
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jor depression, the QLDS was found to be sensitive but not better than the
HAM-D (Dam et al. 1998).

6
Conclusion

Both depression and quality of life are multi-dimensional concepts. While quali-
ty of life is a subjective concept, depression is both a subjective and behavioural
concept. Hence, rating scales for depression include both interview or observer
scales and self-rating scales, while scales measuring quality of life are essentially
self-report scales or questionnaires.

The most widely used interview scale for depression is the HAM-D which is a
multi-dimensional scale. Over the years, attempts have been made to modify
the HAM-D to cover the symptoms of major depression according to DSM-IV
as closely as possible. Among the self-rating scales for depression, the BDI and
the Zung SRDS have been the most widely used. However, self-rating scales have
also been developed to cover DSM-IV major depression, such as the MDI.

Among questionnaires that measure the zone between ailment-oriented
symptoms and distress, the Hopkins SCL is the most widely used questionnaire.
The Medical Outcomes Study, SF-36 can be considered a mixture of ailment-ori-
ented symptoms and quality of life items. It is a multi-dimensional scale that
shows that major depression is among the most disabling medical disorders.

Among the quality of life scales, the PGWB is the most widely used generic
scale (i.e., like the SF-36, it is a scale that can be used across all medical disor-
ders). The PGWB and the WHO-Five are essentially one-dimensional scales for
measuring positive psychological well-being. In this sense, they are counter-
points to the MDI, which measures negative well-being.

The QLDS is a depression-specific quality of life scale. The advantage of this
scale compared with the WHO-Five or the MDI is still to be proved.
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Abstract Until the late 1980s when the first selective serotonin reuptake inhibi-
tor (SSRI) was introduced, clinicians had limited options for treatment of clini-
cal depression, with the only available antidepressants being the tricyclic antide-
pressants (TCAs), the monoamine oxidase inhibitors (MAOIs), and trazodone.
In recent decades, antidepressant drug development has evolved from a process
based on chance discovery to a rational development process that molecularly
targets specific sites of action in the central nervous system. Such rational drug
development has produced agents that are safer and better tolerated than the
older agents such as the TCAs and the MAOIs. Currently available antidepres-
sants have a variety of mechanism of actions. Some of them, such as the tertiary
amine TCA amitriptyline, affect multiple sites of action (SOA) while others,
such as the SSRIs, target a single SOA. Drugs such as venlafaxine and bupropion
affect two SOAs. This chapter serves as an introduction to the chapters that fol-
low, by reviewing the mechanisms of action of antidepressants and providing a
brief overview of the history of antidepressant development. Each of the five
chapters in the section that follows deals with different groups of antidepres-
sants. The next chapter and the one following it cover the first classes of antide-
pressants that were introduced, the TCAs and the MAOIs, respectively. Newer
antidepressants are then reviewed: the SSRIs and other recently developed an-
tidepressants. Finally, Wheatley provides an overview of new findings concern-
ing herbal agents in the treatment of depression.

Keywords Antidepressants · Mechanism of action · Site of action · Rational
drug development



1
Introduction

The previous two sections of this book reviewed basic pharmacology and prin-
ciples of neuroscience that are important to the safe and effective use of antide-
pressants. In this section, the different classes of currently marketed antidepres-
sants are discussed in the order in which they were introduced. Lader (in the
following chapter) and Kennedy et al. (in the chapter after that) cover the first
classes of antidepressants that were introduced, the tricyclic antidepressants
(TCAs) and the monoamine oxidase inhibitors (MAOIs). Newer antidepres-
sants—selective serotonin reuptake inhibitors (SSRIs) and other recently devel-
oped antidepressants—are reviewed in the next two chapters by Preskorn et al.
Finally, Wheatley provides an overview of new findings concerning herbal
agents in the treatment of depression. Tables summarizing dosing recommenda-
tions and adverse events profiles of commonly used antidepressants as well as
tables giving information on pharmacokinetic parameters and plasma drug con-
centrations are provided in the Appendix. This introductory chapter is intended
to provide a transition from the first two sections and to establish a conceptual
frame of reference to help readers understand the following chapters on the var-
ious classes of available antidepressants. For more information on the pharma-
cology of antidepressants and copies of other publications by the first author of
this chapter, readers are referred to his Applied Clinical Pharmacology website
(www.preskorn.com).

The modern era of antidepressant pharmacotherapy began in the second half
of the twentieth century with the chance discovery of the TCAs and the MAOIs.
These drugs were the mainstay of antidepressant pharmacotherapy for most of
the remainder of that century and are still widely used around the world, partic-
ularly in developing countries where cost is a critical issue. They are also used
in more developed countries but on a more limited basis, having given up sub-
stantial market share to newer antidepressants that were developed as a result of
rational attempts to improve on the pharmacology of the TCAs and MAOIs.
Based on an understanding of this history and development process, it is possi-
ble to rationally place all the currently available antidepressants into eight
mechanistically different classes from which clinicians can select the best treat-
ment for their patients (Table 1).

Over the last 30 years, antidepressant drug development evolved from a pro-
cess based on chance to one based on rational research in which molecules were
designed to selectively target specific sites of action in the central nervous sys-
tem, such as specific neuroreceptors or neuronal transport pumps for specific
neurotransmitters. The goal has been to move from medications such as the
TCAs, which have multiple desired and undesired effects, to drugs that affect
only one or two sites of action capable of mediating antidepressant efficacy
while avoiding effects on other sites of action that mediate tolerability and/or
safety problems. The overall goal of recent antidepressant drug development
has been to produce medications that are safer, better tolerated, and less likely
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to interact with other co-prescribed drugs than the older agents such as the
TCAs, MAOIs, and trazodone (Tallman and Dahl 1994; Preskorn 1995b). The
success of this approach is evident in the great expansion in the use of newer
generation antidepressants, such as the selective serotonin reuptake inhibitors,
to treat even mild to moderate depression (Pincus et al. 1998). Due to the toxic-
ity and tolerability problems of the older antidepressants (e.g., TCAs and
MAOIs), physicians shied away from using these antidepressants to treat more
mild but still clinically significant episodes of depression. Instead, such patients
were referred for counseling approaches, which were not always successful but
were nevertheless felt to be safer.

Table 1 Classification of currently available antidepressants by putative mechanism(s) of action respon-
sible for antidepressant efficacy (copyright Preskorn 2003)

Class Antidepressants Comments

Combined NE and 5-HT uptake inhibitors,
which also have effects on multiple other
neuroreceptors and fast sodium channels

Amitriptyline All are tertiary amine TCAs except
amoxapineAmoxapine

Clomipramine
Doxepin
Imipramine
Lofepramine
Trimipramine

NE selective reuptake inhibitors (NSRIs) Desipramine All are tertiary amine TCAs except
maprotiline and the nontricyclic
NSRIs such as reboxetine
(not available in United States)

Maprotiline
Nortriptyline
Protriptyline
Reboxetine

Monoamine oxidase inhibitors (MAOIs) Phenelzine Only irreversible and nonselective
MAOIs are available in the
United States, but selective
and reversible agents (RIMAs)
such as moclobemide are available
elsewhere

Tranylcypromine
Selegiline
Moclobemide
Brofaromine

5HT2A receptor blockers and weak 5-HT
uptake inhibitors

Trazodone
Nefazodone

Selective serotonin reuptake inhibitors
(SSRIs)

Citalopram
Escitalopram
Fluoxetine
Fluvoxamine
Paroxetine
Sertraline

Combined 5-HT and NE uptake inhibitors
(SNRIs)

Venlafaxine

DA and NE uptake inhibitors Bupropion

5-HT (2A and 2C) and a2-NE receptor
blockers

Mirtazapine

5-HT, 5-hydroxytryptamine (serotonin); DA, dopamine; NE, norepinephrine.
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2
Mechanisms of Action of Antidepressants

Before tracing the history of antidepressant development, it may be helpful to
briefly review how antidepressant drugs produce their clinical effects. For a
more detailed discussion of these issues, readers are referred to the first two
chapters of this volume. To produce a desired effect (e.g., antidepressant effica-
cy), a drug must act on a site of action (SOA) (e.g., an uptake pump, a receptor,
an enzyme) that is physiologically relevant to that effect. The drug “recognizes”
and binds to that SOA. The activation or inhibition of the SOA is called the
drug�s “mechanism of action.” For example, a drug may be an agonist or antag-
onist at a specific serotonin receptor. The nature and magnitude of a drug�s ef-
fect is determined by its:

� SOA
� Binding affinity for that SOA
� Concentration at the SOA (Preskorn 1996)
� Action on the site (i.e., agonism, antagonism, or inverse agonism)

These four factors determine the “usual” effect of the drug in the “usual” pa-
tient at the “usual” dose (as established in clinical trials). However, all patients
are not “usual” because of individual variations due to factors such as age, ge-
netics, intercurrent illnesses that affect organ functioning, concomitant medica-
tions, and social habits (e.g., smoking) (Lin and Poland 1994). Clinicians need
to take such interindividual differences into account in selecting and dosing a
drug. The three important variables that determine the effect of a drug in a spe-
cific patient are summarized in the following equation:

Effect¼
Affinity for site of action�Concentration at site of action�Interindividual variability
ðpharmacodynamicsÞ ðpharmacokineticsÞ

The first two variables in this equation explain the relationship between phar-
macodynamics and pharmacokinetics. The first variable determines the poten-
tial effect of the drug and how much drug is needed to engage the SOA to a clin-
ically meaningful extent in the usual patient. The second variable determines
the magnitude of the drug�s effect by determining how much drug reaches the
SOA. Concentration is determined by the dose the patient is taking relative to
the patient�s ability to clear the drug from the body (concentration=dosing rate/
clearance). The third term explains how interindividual variability in patients
can shift the dose–response curve to produce a greater or lesser effect than
would usually be expected relative to the dose prescribed.

Knowledge of the SOA(s) of antidepressants will help clinicians understand
their effects (Table 2). As shown in Table 2, some antidepressants, such as the
SSRIs, directly affect only one SOA at the usual concentration achieved under
therapeutic dosing conditions. [Note that some SSRIs also affect cytochrome
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Table 2 Comparison of the mechanisms of action of antidepressants at clinically relevant dosesa

(adapted from de Boer et al. 1988, 1995; Bolden-Watson and Richelson 1993; Cusack et al. 1994; Frazer
1997) (copyright Preskorn 2003)

Mechanism of Actionb Ami-
tripty-
line

Desi-
pra-
mine

Ser-
tra-
line

Ven-
lafax-
ine

Nefa-
zo-
done

Mir-
tazap-
ine

Bu-
propi-
on

Tranyl-
cypro-
mine

Histamine-1 receptor blockade Yesc No No No No Yesc No No
Acetylcholine receptor blockade Yes No No No No No No No
NE uptake inhibition Yes Yes No Yes No No Yes No
5-HT2A receptor blockade Yes No No No Yesc Yes No No
a1-NE receptor blockade Yes No No No Yes No No No
5-HT uptake inhibition Yes No Yes Yesc Yes No No No
a2-NE receptor blockade No No No No No Yes No No
5-HT2C receptor blockade No No No No No Yes No No
5-HT3 receptor blockade No No No No No Yes No No
Fast Na+ channels inhibition No No No No No No No No
Dopamine uptake inhibition No No No No No No Yes No
Monoamine oxidase inhibition No No No No No No No Yes

5-HT, 5-hydroxytryptamine (serotonin); Na+, sodium; NE, norepinephrine.
a Amitriptyline represents the mixed reuptake and neuroreceptor blocking class; desipramine—norepi-
nephrine selective reuptake inhibitors; sertraline—serotonin selective reuptake inhibitors; venlafax-
ine—serotonin and norepinephrine reuptake inhibitors; nefazodone—5-HT2A and weak serotonin up-
take inhibitors; mirtazapine—specific serotonin and norepinephrine receptor blockers; bupropion—do-
pamine and norepinephrine uptake inhibitor. Monoamine oxidase inhibitors (MAOIs) do not directly
share any mechanism of action with other classes of antidepressants, although they affect dopamine,
norepinephrine, and serotonin neurotransmission via their effects on monoamine oxidase.
b The effects of these various antidepressants are listed using a binary (yes/no) approach for simplicity
and clinical relevance. The issue for clinician and patient is whether the effect is expected under usual
dosing conditions. A “yes” means that the usual patient on the usually effective antidepressant dose of
the drug achieves concentrations of parent drug and/or metabolites that should engage that specific
target to a physiologically/clinically significant extent given the in vitro affinity of the parent drug and/
or metabolites for that target. If the affinity for another target is within an order of magnitude of de-
sired target, then that target is likely also affected to a physiologically relevant degree. For example,
under usual dosing conditions, amitriptyline achieves concentrations that engage the norepinephrine
uptake pump. At such concentrations, it also substantially blocks histamine-1 and muscarinic acetylcho-
line receptors, since it has even more affinity for those targets than it does for the norepinephrine up-
take pump. Since the binding affinity of amitriptyline for the 5-HT2A and a1-norepinephrine receptors
and the serotonin uptake pump are within an order of magnitude of its affinity for the norepinephrine
uptake pump, amitriptyline at usual therapeutic concentrations for antidepressant efficacy will also af-
fect those targets. On the other hand, amitriptyline will not typically affect Na+ fast channels at usual
therapeutic concentrations because there is more than an order of magnitude (i.e., >tenfold) separation
between its effects on this target versus norepinephrine uptake inhibition. Nevertheless, an amitripty-
line overdose can result in concentrations which engage this target. That fact accounts for the narrow
therapeutic index of the tricyclic antidepressants (TCAs) and is the reason therapeutic drug monitoring
to detect unusually slow clearance is a standard of care when using such drugs.
c Most potent effect (i.e., effect that occurs at lowest concentration). See previous footnote for further
explanation.
The binding affinities of all drugs listed in the table (except mirtazapine) are based on the work of
Cusack et al. (1994) and Bolden-Watson and Richelson (1993). Information on the binding affinities of
mirtazapine (including affinities for 5-HT2A and 5-HT3 receptors) is based on the work of de Boer et al.
(1988, 1995). Although the publications by the Richelson group did not include values for the 5-HT2A

and 5-HT3 receptors or the other antidepressants, Elliot Richelson of the Mayo Clinic in Jacksonville,
Florida (personal communication) confirmed that the other antidepressants would be unlikely to affect
these receptors under usual dosing conditions.
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P450 (CYP) enzymes, which are non-neural sites of action, a fact that can have
important consequences for drug–drug interactions.] However, other antide-
pressants affect more than one site: For example, venlafaxine and bupropion af-
fect two SOAs and nefazodone affects three SOAs. Tertiary amine TCAs, such as
amitriptyline, affect six different targets at usual therapeutic concentrations.
Drugs that affect more than one site of action often act sequentially: i.e., as the
concentration increases, they affect additional targets, so that their clinical ef-
fects are different at different doses. The multiple actions of the tertiary amine
TCAs, like the effects of some newer antidepressants on CYP enzymes, would
generally be considered a clinical disadvantage since they increase the risk of
side effects or drug–drug interactions (Preskorn 1995a, 1996). The older classes
of antidepressants, either because they affect a site of action with broad effects
on organ function (e.g., the MAOIs, which affect an enzyme responsible for four
major neurotransmitters) or because they affect multiple sites of action (e.g.,
the TCAs) typically have narrow therapeutic indices, poor tolerability profiles,
and the potential to cause multiple types of pharmacodynamic interactions with
concomitantly prescribed medications.

As a rule, most drugs including antidepressants act as antagonists at their
SOA(s). Table 3 shows the effects produced by blocking a specific neural mecha-
nism. If the drug were to act as an agonist at that site, it would have the opposite
effect to what is shown in Table 3. For example, antidepressants that block neu-
ronal uptake pumps for serotonin, norepinephrine, and dopamine act as indi-
rect agonists by increasing the concentration of these neurotransmitters at their
respective receptors. Therefore, the clinical effects of uptake inhibitors will be

Table 3 Sites of action and clinical and physiologic consequences of blockade or antagonism (adapted
from with permission from Preskorn 1996, pp 48–49) (copyright Preskorn 2003)

Site of action Consequence of blockade

Histamine-1 receptor Sedation, antipruritic effect
Muscarinic acetylcholine
receptor

Dry mouth, constipation, sinus tachycardia, memory impairment

NE uptake pump Antidepressant efficacy, increased blood pressure, tremors, diaphoresis
5-HT2A receptor Antidepressant efficacy, increased rapid eye movement sleep, antianxiety

efficacy, anti-extrapyramidal symptoms
a1-NE receptor Orthostatic hypotension, sedation
5-HT2 uptake pump Antidepressant efficacy, nausea, loose stools, insomnia, anorgasmia
a2-NE receptor Antidepressant efficacy, arousal, increased libido
5-HT2C receptor Antianxiety efficacy, increased appetite, decreased motor restlessness
5-HT3 receptor Antinauseant
Fast Na+ channels Delayed repolarization leading to arrhythmia, seizures, delirium
Dopamine uptake pump Antidepressant efficacy, euphoria, abuse potential, antiparkinsonian

activity, aggravation of psychosis
Monoamine oxidase Antidepressant activity, decreased blood pressurea

5-HT, 5-hydroxytryptamine (serotonin); Na+, sodium; NE, norepinephrine.
a Hypertensive crisis (i.e., markedly elevated blood pressure) and serotonin syndrome can occur when
monoamine oxidase inhibitors are combined with noradrenergic and serotonin agonists, respectively.
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the opposite of those shown in Table 3. By increasing the availability of seroto-
nin receptors, SRIs (the SSRIs and the SNRI venlafaxine) act as indirect agonists
at the receptors 5-HT2A, 5-HT2C, and 5-HT3 (Glennon and Dukat 1994). This ex-
plains why all SRIs can (1) decrease rapid eye movement (REM) and stage IV
sleep due to indirect stimulation of the 5-HT2A receptor (Oswald and Adam
1986; Saletu et al. 1991; Armitage et al. 1995; Staner et al. 1995; Sharpley et al.
1996), (2) decrease appetite and cause motor restlessness due to indirect stimu-
lation of the 5-HT2C receptor (Tecott et al. 1995), and (3) cause nausea due to
indirect stimulation of the 5-HT3 receptor (Glennon and Dukat 1994). Indirect
stimulation of one or more of these 5-HT receptors likely mediates the sexual
dysfunction caused by all serotonin reuptake inhibitors (SSRIs and also dual re-
uptake inhibitors such as venlafaxine) (Modell et al. 1997; Montejo-Gonzales et
al. 1997).

Blocking, rather than stimulation, of certain receptors can explain the activi-
ties of certain other antidepressants. For example, nefazodone and mirtazapine
most likely increase stage IV sleep by blocking the 5-HT2A receptor (Rush et al.
1998). Mirtazapine most likely increases appetite and decreases motor restless-
ness by blocking the 5-HT2C receptor and can treat nausea by blocking the
5-HT3 receptor (Glennon and Dukat 1994). Trazodone is a 5-HT2A blocker that
is sometimes used as an antidote for the sleep disturbances caused by SRIs
(Nierenberg et al. 1992). The effects of mirtazapine and trazodone on sleep are
also amplified by their blockade of central histaminic receptors (Bolden-Watson
and Richelson 1993; Cusack et al. 1994; Frazer 1997; De Boer et al. 1988, 1995).
The fact that nefazodone and mirtazapine cause minimal, if any, sexual dysfunc-
tion is consistent with their minimal inhibition of serotonin uptake, perhaps
coupled with their blockade of the 5-HT2A receptor (De Boer et al. 1988, 1995;
Bolden-Watson and Richelson 1993; Cusack et al. 1994; Frazer 1997).

3
Brief History of Antidepressant Development

Before the introduction of the SSRIs, all psychotropic medications were the re-
sult of chance observation. For example, lithium came from studies looking for
putative endogenous psychomimetic substances excreted in the urine of psy-
chotic patients (Cade 1949). The phenothiazines came from a search for better
preanesthetic agents (Laborit et al. 1952). The TCAs were the results of an un-
successful attempt to improve on the antipsychotic effectiveness of phenoth-
iazines (Kuhn 1958). The MAOIs came from a failed attempt to develop effective
antitubercular medications (Crane 1957). The first studies of benzodiazepines
were unsuccessful attempts to treat schizophrenia. Despite the initial failure of
these drugs to be therapeutic in the areas for which they were being tested, as-
tute clinical investigators recognized their therapeutic value for other condi-
tions: lithium for bipolar disorder, phenothiazines for psychotic disorders,
TCAs and MAOIs for major depression, and benzodiazepines for anxiety disor-
ders.
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This movement from chance to rational drug discovery has been the rule not
only in psychiatry but also in all areas of drug development (Preskorn 1994).
That change occurs in concert with a movement from a situation in which there
is too little knowledge of the underlying biological causes of illnesses to permit
a more rational approach to drug development to a stage where there is suffi-
cient knowledge to begin rationally targeting mechanisms important in the
pathophysiology of a disease. Ironically, many of the early chance discovery
drugs have played an important role in providing insights into pharmacological
mechanisms that mediate antidepressant efficacy.

The TCAs and MAOIs, the antidepressant properties of which were discov-
ered by chance, were the first scientifically proven treatments for major depres-
sion. They demonstrated that major depression was amenable to medical inter-
ventions just like other medical conditions such as hypertension or diabetes.
Unfortunately, like most chance discovery drugs, their beneficial effects were as-
sociated with numerous undesirable effects since the TCAs affect multiple SOAs
over a relatively narrow range of concentrations (Preskorn and Irwin 1982;
Preskorn and Fast 1991; Bolden-Richelson and Watson 1993; Cusack et al.
1994). The inhibition of fast sodium channels by the TCAs can cause potentially
serious effects on cardiac conduction that occur at concentrations that are only
an order of magnitude higher than those needed to inhibit the neuronal uptake
pumps for NE and 5-HT, which are the putative sites of action mediating the an-
tidepressant efficacy of the TCAs. This explains why an overdose of TCAs that is
only 5–10 times the therapeutic dose can cause serious toxicity.

Table 4 illustrates the cocktail of drugs, each having only one predominant
mechanism of action, that a patient would have to take to reproduce the effects
that occur in a patient taking a tertiary amine TCA such as amitriptyline. Obvi-
ously, the problem with amitriptyline is that the patient has to experience a wide
range of effects, some of them undesirable, to receive the benefit of the mecha-
nism that medicates an antidepressant response. The problem is further compli-
cated by the interindividual variability in the clearance of the TCAs that can re-
sult from a patient being a slow or fast metabolizer or from the effects of age,

Table 4 Amitriptyline: polydrug therapy in a single pill

Drug Action

Chlorpheniramine Histamine-1 receptor blockade
Cimetidine Histamine-2 receptor blockade
Benztropine Acetylcholine receptor blockade
Desipramine NE uptake inhibition
Nefazodone 5-HT2A receptor blockade
Sertraline Serotonin uptake inhibition
Prazosin a1-NE receptor blockade
Yohimbine a2-NE receptor blockade
Quinidine Direct membrane stabilization

5-HT, 5-hydroxytryptamine (serotonin); NE, norepinephrine.
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medical illness, or taking a concomitant medication that either induces or in-
hibits the clearance of the TCA (Preskorn 1993). Thus, certain patients can de-
velop serious adverse effects while taking routine doses due to the accumulation
of toxic concentrations (Preskorn et al. 1989). Although therapeutic drug moni-
toring may help clinicians adjust the dose to avoid these problems, adverse ef-
fects that are difficult to tolerate may often occur at concentrations of the TCAs
that are actually subtherapeutic. This problem with the TCAs highlighted the
need for new drugs with a much wider gap between the concentration at which
they have potency for depression and the concentration at which they cause un-
desirable side effects.

Despite the problems associated with the TCAs and MAOs, these early classes
of antidepressants served as roadmaps to improve our understanding of the
mechanisms of action that medicated their desirable and undesirable effects.
They implicated the potentiation of neurotransmission in one or more central
biogenic amine neural systems as a potential mechanism of action responsible
for their antidepressant efficacy. This information, coupled with improved
means of isolating and studying the effects of drugs on specific neural mecha-
nisms, was essential in the rational drug development efforts that led to the de-
velopment of the newer generation antidepressants covered in chapters entitled
“Selective Serotonin Reuptake Inhibitors” and “Other Antidepressants.”

The goal of rational psychiatric drug development is to develop drugs that
target only specific brain mechanisms believed to be important in the patho-
physiology of a psychiatric syndrome (e.g., major depression), while avoiding
effects on other targets that mediate unwanted effects (e.g., peripheral anticho-
linergic effects) (Preskorn 1990, 1995b; Tallman and Dahl 1994). This concept is
also relevant to the last section of this book, which begins with a discussion of
cutting-edge theories of mechanisms mediating antidepressant response and
then proceeds to a discussion of investigational antidepressants either in devel-
opment or soon to be in development and ends with a discussion of the human
genome project and its role in identifying previously unknown targets that
might be capable of mediating antidepressant response.

Figure 1 illustrates the evolution of antidepressants over the past three dec-
ades. Based on the knowledge gained from studying the pharmacology of the
TCAs and the MAOIs, biogenic amine neurotransmission (e.g., dopamine, nor-
epinephrine, and dopamine) became the target for rational psychiatric drug de-
velopment during the last 30 years. This focus was further reinforced by basic
neuroscience studies demonstrating that these neurotransmitters systems sub-
serve a wide range of basic brain functions including the perception of pain,
sleep, thermal regulation, appetite, gut regulation, balance, reproductive func-
tioning, motor functioning, higher cognitive functioning, and sensory interpre-
tation. Many of these basic functions are disturbed in patients suffering from
major depression.

While newer antidepressants are more selective and thus produce a narrower
range of effects in comparison to TCAs and MAOIs, they still have their limita-
tions. For example, the SRIs (SSRIs and venlafaxine) are selective in terms of af-
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fecting the neuronal uptake pump for serotonin. Nevertheless, they are not se-
lective in terms of their effects on the multitude of postsynaptic serotonin recep-
tors such as 5-HT1A, 5-HT1D, 5-HT2A, and 5-HT3 (Hoyer et al. 1994). As a result,
they can produce many different serotonin-mediated effects, some of which are
likely unnecessary for antidepressant efficacy. For example, SRIs can cause nau-
sea, a feeling of lack of coordination, decreased libido, suppression of REM
sleep, and akathisia as well as being useful in the treatment of such apparently
disparate disorders as major depression, anxiety disorders, pain disorders, and
premature ejaculation. Nevertheless, in contrast to the TCAs, SRIs do not affect
other neuroreceptors such as histamine, acetylcholine, and a-adrenergic recep-
tors or fast sodium channels; and it is effects on those sites of action that are
responsible for many of the safety and tolerability problems with the TCAs. This
targeted development explains the similarities between the different SRIs.

While the introduction of the SSRIs and other newer antidepressants repre-
sented a significant advance in the treatment of major depression and in large
measure account for the substantial expansion in the antidepressant market
seen over the last decade, they also demonstrate the adage that nature sides with
the “hidden flaw.” Although intended to be selective, three of the SSRIs (i.e., flu-
oxetine, fluvoxamine, and paroxetine) have subsequently been found to be more
potent as inhibitors of specific drug metabolizing CYP enzymes than as antide-
pressants (Preskorn and Catterson, this volume). That is because these antide-

Fig. 1 Mechanism of action and development of standard and new generation antidepressants (copy-
right Preskorn 2003)
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pressants were developed before the isolation of the first CYP enzyme in 1988.
As a result, these three SSRIs are prone to specific types of drug–drug interac-
tions (for a more detailed discussion of this issue, see the chapter entitled
“Selective Serotonin Reuptake Inhibitors”, this volume). In fact, their effect on
the CYP enzyme system has now been recognized as the principal characteristic
that distinguishes among the different SSRIs. While fluoxetine, fluvoxamine,
and paroxetine all inhibit one of more CYP enzymes to a clinically significant
degree at usually effective antidepressant doses, citalopram and sertraline do
not (Preskorn 1996). As a result, those two SSRIs have become the rational
choice among the SSRIs, particularly when one considers that patients on an an-
tidepressant are frequently taking multiple other medications. In essence, fluox-
etine, fluvoxamine, and paroxetine would likely not be developed today. Instead,
their propensity for inhibiting human drug metabolizing CYP enzymes would
be recognized during the preclinical stage of development (Preskorn 2000a,b).
Following that finding, the drug developers would most likely decide against ad-
vancing those drugs into human testing. Instead, they would tweak the structure
of the molecule to produce a new candidate agent which, in this case, would be
capable of blocking serotonin uptake without substantially inhibiting any hu-
man drug metabolizing CYP enzyme (e.g., as is the case with citalopram and
sertraline). This brief discussion illustrates that drug development is a continu-
ally evolving process limited only by available knowledge and technology, as will
be discussed in the last section of this volume.

References

Armitage R, Trivedi M, Rush AJ (1995) Fluoxetine and oculomotor activity during sleep
in depressed patients. Neuropsychopharmacology 12:159-165

Bolden-Watson C, Richelson E (1993) Blockade by newly-developed antidepressants of
biogenic amine uptake into rate brain synaptosomes. Life Sci 52:1023-1029

Cade JFJ (1949) Lithium salts in the treatment of psychotic excitement. Med J Aust 2:349-
352

Crane GE (1957) Iproniazid (Marsilid) phosphate, a therapeutic agent for mental disor-
ders and debilitating disease. Psychiatry Res Rep 8:142-152

Cusack B, Nelson A, Richelson E (1994) Binding of antidepressants to human brain re-
ceptors: focus on newer generation compounds. Psychopharmacology 114:559-565

de Boer TH, Maura G, Raiteri M, de Vos CJ, Wieringa J, Pinder RM (1988) Neurochemical
and autonomic pharmacological profiles of the 6-aza-analogue of mianserin, Org
3770 and its enantiomers. Neuropharmacology 27:399-408

de Boer T, Ruigt G, Berendsen H (1995) The alpha2-selective adrenoceptor antagonist
Org 3770 (mirtazapine remeron) enhances noradrenergic and serotonergic transmis-
sion. Hum Psychopharmacol 10:107S-118S

Frazer A (1997) Antidepressants. J Clin Psychiatry 58(suppl 6):9-25
Glennon RA, Dukat M (1994) Serotonin receptor subtypes. In: Bloom FE, Kupfer DJ (eds)

Psychopharmacology: the fourth generation of progress. Raven Press, New York, pp
1861-1874

Hoyer D, Clarke DE, Fozard JR, Hartig PR, Martin GR, Mylecharane EJ, Saxena PR,
Humphrey PP (1994) International Union of Pharmacology classification of receptors
for 5-hydroxytryptamine (serotonin). Pharmacol Rev 46:157-203

Overview of Currently Available Antidepressants 181



Kuhn R (1958) The treatment of depressive states with G-22355 (imipramine hydrochlo-
ride). Am J Psychiatry 115:459-464

Laborit H, Huguenard P, Alluaume R (1952) Un nouveau stabil-isateur vegetatif, le 4560
RP. Presse Med 60:206-208

Lin KM, Poland RE (1994) Ethnicity, culture and psychopharmacology. In : Bloom FE,
Kupfer DF (eds) Psychopharmacology: the fourth generation of progress. Raven
Press, New York, pp 1907-1918

Modell JG, Katholi CR, Modell JD, DePalma RL (1997) Comparative sexual side effects of
bupropion, fluoxetine, paroxetine, and sertraline. Clin Pharmacol Ther 61:476-487

Montejo-Gonzalez AL, Llorca G, Izquierdo JA, Ledesma A, Bousono M, Calcedo A,
Carrasco JL, Ciudad J, Daniel E, De la Gandara J, Derecho J, Franco M, Gomez MJ,
Macias JA, Martin T, Perez V, Sanchez JM, Sanchez S, Vicens E (1997) SSRI-induced
sexual dysfunction: fluoxetine, paroxetine, sertraline, and fluvoxamine in a prospec-
tive, multicenter, and descriptive clinical study of 344 patients. J Sex Marital Ther
23:176-194

Nierenberg AA, Cole JO, Glass L (1992) Possible trazodone potentiation of fluoxetine: a
case series. J Clin Psychiatry 53:83-85

Oswald I, Adam K (1986) Effects of paroxetine on human sleep. Br J Clin Pharmacol
22:97-99

Pincus HA, Tanielian TL, Marcus SC, Olfson M, Zarin DA, Thompson J, Zito JM (1998)
Prescribing trends in psychotropic medications: primary care, psychiatry, and other
medical specialties. JAMA 279:526-531

Preskorn SH (1990) The future and psychopharmacology: potentials and needs. Psychiatr
Ann 20(suppl 11):625-633

Preskorn SH (1993) Pharmacokinetics of antidepressants: why and how they are relevant
to treatment. J Clin Psychiatry 54(suppl 9):14-34

Preskorn SH (1994) Antidepressant drug selection: criteria and options. J Clin Psychiatry
55(suppl A):6-221

Preskorn SH (1995a) Comparison of the tolerability of bupropion, fluoxetine, imipra-
mine, nefazodone, paroxetine, sertraline, and venlafaxine. J Clin Psychiatry 56(suppl
6):12-21

Preskorn SH (1995b) Should rational drug development in psychiatry target more than
one mechanism of action in a single molecule? Intl Rev Psychiatry7:17-28

Preskorn SH (1996) Clinical pharmacology of selective serotonin reuptake inhibitors.
Professional Communications, Caddo, OK

Preskorn SH (2000a) The human genome project and modern drug development in psy-
chiatry. J Pract Psychiatry Behav Health 6:272-276 (available at www.preskorn.com)

Preskorn SH (2000b) The stages of drug development and the human genome project:
drug discovery. J Pract Psychiatry Behav Health 6:341-344 (available at www.presko-
rn.com)

Preskorn SH, Fast GA (1991) Therapeutic drug monitoring for antidepressants: efficacy,
safety and cost effectiveness. J Clin Psychiatry 52(suppl 6):23-33

Preskorn SH, Irwin HA (1982) Toxicity of tricyclic antidepressants-kinetics, mechanism,
intervention: a review. J Clin Psychiatry 43:151-156

Preskorn SH, Jerkovich GS, Beber JH, Widener P (1989) Therapeutic drug monitoring of
tricyclic antidepressants: a standard of care issue. Psychopharmacol Bull 25:281-284

Rush AJ, Armitage R, Gillin JC, Yonkers KA, Winokur A, Moldofsky H, Vogel GW, Kaplita
SB, Fleming JB, Montplaisir J, Erman MK, Albala BJ, McQuade RD (1998) Compara-
tive effects of nefazodone and fluoxetine on sleep in outpatients with major depres-
sive disorder. Biol Psychiatry 44:3-14

Saletu B, Frey R, Krupka M, Anderer P, Gr�nberger J, See WR (1991) Sleep laboratory
studies on the single-dose effects of serotonin reuptake inhibitors paroxetine and flu-
oxetine on human sleep and awakening qualities. Sleep 14:439-447

182 S. H. Preskorn · R. Ross



Sharpley AL, Williamson DJ, Attenburrow ME, Pearson G, Sargent P, Cowen PJ (1996)
The effects of paroxetine and nefazodone on sleep: a placebo controlled trial. Psycho-
pharmacology 126:50-54

Staner L, Kerkhofs M, Detroux D, Leyman S, Linkowski P, Mendlewicz J (1995) Acute,
subchronic and withdrawal sleep EEG changes during treatment with paroxetine and
amitriptyline: a double-blind randomized trial in major depression. Sleep 18:470-477

Tallman JF, Dahl SG (1994) New drug design in psychopharmacology: the impact of mo-
lecular biology. In: Bloom FE, Kupfer DF (eds) Psychopharmacology: the fourth gen-
eration of progress. Raven Press, New York, pp 1861-1874

Tecott LH, Sun LM, Akana SF, Strack AM, Lowenstein DH, Dallman MF, Julius D (1995)
Eating disorder and epilepsy in mice lacking 5-HT2c serotonin receptors. Nature
374:542-546

Overview of Currently Available Antidepressants 183



Tricyclic Antidepressants

M. Lader1

1 Institute of Psychiatry, King’s College, Denmark Hill, London, SE5 9AF, UK
e-mail: spklmhl@iop.kcl.ac.uk

1 Introduction and History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186

2 Chemistry, Pharmacology and Clinical Effects . . . . . . . . . . . . . . . . . . 188
2.1 Imipramine as an Exemplar TCA. . . . . . . . . . . . . . . . . . . . . . . . . . 188
2.1.1 Basic Pharmacology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188
2.1.2 Clinical Pharmacology. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188
2.1.3 Clinical Uses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
2.1.4 Efficacy in Acute Depression . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189
2.1.5 Rate of Onset of Efficacy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190
2.2 Amitriptyline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
2.2.1 Nortriptyline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191
2.3 Other Tricyclic Antidepressants . . . . . . . . . . . . . . . . . . . . . . . . . . 192

3 Metabolism/Plasma Concentrations and Clinical Response . . . . . . . . . . . 193

4 Safety and Adverse Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195
4.1 Drug–Drug Interactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195
4.1.1 CNS Drugs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195
4.1.2 Cardiovascular Drugs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195
4.2 Adverse Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
4.2.1 Central Nervous System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
4.2.2 Cardiovascular . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 197
4.2.3 Gastrointestinal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198
4.2.4 Genitourinary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 198
4.2.5 Metabolic-Endocrine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
4.2.6 Miscellaneous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199
4.2.7 Drop-Out Rates as an Indicator of Tolerability . . . . . . . . . . . . . . . . . . 199
4.3 Overdose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200
4.4 Teratogenicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201

5 Clinical Use and Therapeutic Indications: Major Depression . . . . . . . . . . 202
5.1 Acute Phase. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202
5.2 Continuation Phase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203
5.3 Maintenance Therapy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203

6 Special Considerations: Use in Primary Care . . . . . . . . . . . . . . . . . . . 204

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 205



Abstract The first truly effective antidepressants were the tricyclics (TCAs)
such as imipramine and amitriptyline. Many more followed in the 1960s and
1970s, before they were partly superseded by newer drugs such as the selective
serotonin reuptake inhibitors (SSRIs). TCAs were discovered serendipitously,
their clinical potential discerned, and their pharmacology was later elucidated.
The first members of the class were three-ringed in chemical structure, but later
compounds were more varied chemically. They act to increase biogenic amines
in the brain, especially serotonin, norepinephrine and sometimes dopamine.
The mechanism is to block reuptake back into the pre-synaptic neuron. They
have a gradual onset of action and help about 60%–80% of depressed patients.
However, they seem most effective in patients of moderate degrees of severity of
illness. Some correlation between plasma concentration and clinical response
has been established but this is of limited clinical application.

The TCAs have a wide range of unwanted effects, involving many bodily sys-
tems. Some induce drowsiness, some alertness. The convulsive threshold is
lowered. The most troublesome side effects are autonomic, with dry mouth,
constipation, blurring of vision, hypotension and tachycardia. Urinary reten-
tion occasionally occurs in elderly males. Adherence to treatment may be dis-
appointingly low because of intolerability. A further major disadvantage is tox-
icity in overdose. Drug interactions involve other CNS drugs, especially seda-
tives and alcohol.

In clinical usage, the TCAs are given in the acute phases of depression and
continued into the maintenance phase. They are also indicated as prophylactic
therapy in patients prone to recurrent episodes. Patients with depression sec-
ondary to a dementing process often respond well to small doses.

The TCAs are still widely used, particularly in primary care, but mainly for
reasons of cost. In most countries, secondary care practitioners prefer SSRIs
because of their better side-effect profile and superior safety.

Keywords Tricyclic antidepressants · Reuptake inhibition · Brain biogenic
amines · Depressive disorder · Relapse · Recurrence

1
Introduction and History

Tricyclic antidepressants (TCAs) such as amitriptyline and imipramine along
with the monoamine oxidase inhibitors (Kennedy et al., this volume) were the
first truly effective antidepressants. They, like most of the first drugs in any
therapeutic class at the time, were chance discovery medications. Ironically, the
TCAs were the result of a failed attempt to produce a better antipsychotic by
modifying the structure of chlorpromazine. Although the TCAs were chance
discovery drugs, they had three major effects on psychiatry and clinical psycho-
pharmacology. First, they were the first medications that could successfully treat
clinical depression, a serious psychiatric medical condition. Second, they
showed that such psychiatric illnesses could be treated like other medical condi-
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tions and thus provided an impetus for the remedicalisation of psychiatry.
Third, they provided the first useful clues as to what might underlie clinical de-
pression and thus gave rise to the biogenic amine theories and served as blue-
prints for the development of subsequent generations of antidepressants (see
the two chapters by Preskorn et al., “Selective Serotonin Reuptake Inhibitors”
and “Other Antidepressants” in this volume).

The nomenclature of this class of antidepressants is problematic because the
term “tricyclic” refers to the chemical structure and, as such, is descriptive
but not specific, nor does it convey any information about the pharmacology
of these drugs. For example, phenothiazines also have a three-ringed core struc-
ture. Also, some newer drugs of this pharmacological type considered to be “tri-
cyclics” contain one, two or four rings. The term “monoamine re-uptake in-
hibitors” has been alternatively proposed instead of “tricyclic” to parallel the
description of mechanism of action used with other classes of antidepressants
[e.g., monoamine oxidase inhibitors, selective serotonin re-uptake inhibitors
(SSRIs), non-serotonin re-uptake inhibitors]. However, having made this point,
by convention, in this chapter I will use the term “tricyclic antidepressant” or
TCA.

The first tricyclic compound produced, imipramine, is an iminodibenzyl
compound. In the later 1940s, such chemicals were evaluated as possible antihis-
taminic and antiparkinsonian agents, but proved relatively ineffective for these
purposes. However, the discovery of chlorpromazine as an antipsychotic caused
renewed interest in these compounds. Although imipramine was ineffective as
an antipsychotic agent, Roland Kuhn tried imipramine in depressed patients as
well as in patients with schizophrenia and discovered its antidepressant proper-
ties.

Imipramine was first marketed in 1959 and gradually became established in
the treatment of depression. Several companies then synthesised other tricyclic
compounds, which were evaluated in the treatment of depression and intro-
duced. Amitriptyline and trimipramine also have marked sedative properties.
Many other compounds have subsequently been marketed, most of which have
few if any advantages over these prototypal compounds. Over the years, other
indications for the TCAs in addition to depression have been studied. These in-
clude nocturnal enuresis, bulimia nervosa and obsessive-compulsive disorder
(OCD) (Orsulak and Waller 1989).
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2
Chemistry, Pharmacology and Clinical Effects

2.1
Imipramine as an Exemplar TCA

2.1.1
Basic Pharmacology

An extensive range of pharmacological actions have been described for imipra-
mine, and its pharmacology will be described as the exemplar for the TCAs as a
class (Stahl and Palazidou 1986). Imipramine affects several neurotransmitters,
including 5-hydroxytryptamine, norepinephrine, and acetylcholine. Imipramine
has sympathomimetic effects due to its ability to inhibit the re-uptake of nor-
epinephrine from the synaptic cleft into the presynaptic neuron. The active re-
uptake transport system is blocked, as is that related to 5-HT uptake. In vivo,
imipramine is more potent than desipramine in blocking 5-HT re-uptake. Con-
versely, desipramine is more potent than imipramine in blocking norepineph-
rine uptake. Consequently, with chronic administration, the uptakes of both
amines are blocked. Adaptive processes occur within the neuron and in recep-
tors to overcome the amine re-uptake blockade (Stahl and Palazidou 1986): the
synthesis of the neurotransmitters is reduced, as is the consequent turnover.
The effects on brain amines and mechanisms are therefore complex.

Imipramine�s agonistic effect on biogenic amines, postulated to be involved
in the pathophysiology of depression, can be demonstrated by its prevention,
and partial reversal, of the depressant effects of reserpine and tetrabenazine. In
addition, amphetamine, cocaine and other central stimulants are potentiated by
imipramine, and the uptake of indirectly acting sympathomimetic amines, such
as tyramine, is blocked.

Imipramine binds to cholinoceptors and has anticholinergic properties simi-
lar to those of atropine. Thus, it can inhibit acetylcholine-induced spasm of the
guinea-pig ileum and physostigmine-induced arousal of the cat�s electroenceph-
alogram (EEG). However, the antihistaminic effects of imipramine are weak.
(Readers are referred to the earlier chapter in this volume by Horst for a more
detailed discussion of the synaptic pharmacology underlying such effects).

2.1.2
Clinical Pharmacology

In man, imipramine induces slow-wave (theta) activity in the EEG with gener-
alised desynchronisation. It may activate epilepsy. REM sleep is suppressed.
Cognitive, psychomotor and affective functions in normal subjects are impaired
(Seppala and Linnoila 1983), with memory being particularly affected. Positive
mood changes can be detected in normal subjects but only those selected for
their high scores on ratings of depressive affect.
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In the periphery, the anticholinergic actions of imipramine are the most easi-
ly demonstrable. Potentiation of norepinephrine can also be shown. The block-
ade of amine uptake is demonstrable by injecting tyramine intravenously (i.e.
more tyramine is needed to increase the blood pressure after imipramine).

2.1.3
Clinical Uses

In his original account of the clinical effects of imipramine in over 500 patients
with various types of depressive illness, Kuhn (1958) concluded that “The main
indication is without doubt a simple endogenous depression,” and that “every
complication of the depression impairs the chances of success of the treatment.”
Although these statements are still generally true, some cases of “reactive de-
pression” seem to respond to tricyclic antidepressants.

Patients with depression associated with early dementia are also responsive
to TCAs (Raskin and Crook 1976). However, depressed schizophrenics and de-
pressive reactions in the context of personality disorders are much less amen-
able to treatment, as are adolescent depressives (Hazell et al. 1995). In this re-
view, the researchers performed a meta-analysis of 12 randomised controlled
trials and concluded that the TCAs were no more effective than placebo in de-
pressed subjects aged 16–18 years. The pooled-effect size was only 0.35 standard
deviations. The pooled odds ratio was only 1.08, again indicating no significant
benefit of treatment.

2.1.4
Efficacy in Acute Depression

Many controlled clinical trials have shown imipramine to be superior to place-
bo, but there have also been failed trials (Klein and Davis 1969). By and large,
60%–70% of patients with major depressive disorder respond adequately to imi-
pramine as compared with one-third of patients given placebo. However, some
trials suggest that imipramine may not be as effective in more severely de-
pressed patients. In these patients, who are usually admitted to the hospital, im-
ipramine has been found to be less effective than electroconvulsive therapy. At
the other end of the continuum of severity, the efficacy of imipramine as com-
pared with placebo in mildly depressed patients has not been established. In
one trial, patients with a moderate degree of depression improved significantly,
whereas those who only just met inclusion criteria for severity did not (Stewart
et al. 1983). These findings may reflect the nature of the illness rather than the
treatment (i.e. mild depression may be more responsive to placebo and more se-
vere depression may be unresponsive to any treatment).

Nelson et al. (1984b) identified symptoms that improve significantly with an-
tidepressant treatment and correlated them with those symptoms that were
found to be responsive in two previous studies (Montgomery and Asberg 1979;
Bech et al. 1981). A fair degree of concordance is apparent: across all three stud-
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ies, the symptoms susceptible to improvement are depressed mood (sadness),
guilt and worthlessness, and decreased involvement in work and interests. A
comparison of symptoms that have been found useful for measuring change in
severity of depression are presented in Table 1.

2.1.5
Rate of Onset of Efficacy

Multiple explanations for the apparent delay in the onset of the action of antide-
pressant drugs have been proposed. Pharmacokinetics could be one factor in-
volved in the delay, especially with regard to TCAs, which are begun at lower
doses and then increased as the patient tolerates the side-effects. Stassen et al.
(1996) looked at this time delay in some detail by taking the data from two mul-
ticentre double-blind studies comparing amitriptyline, oxaprotiline, imipra-
mine, moclobemide and placebo. Their meta-analyses showed that, among im-
provers, the time to improvement was the same whether or not active drug or
placebo had been given. This effect was constant, despite the eventual difference
in efficacy between active drug and placebo. In addition, 70% of patients who
showed improvement in the first 14 days of treatment became responders. The
authors concluded from this that the therapeutic qualities of antidepressants do
not lie in the suppression of symptoms but rather in their ability to “elicit and
maintain certain conditions which enable recovery in a sub-group of patients
who would otherwise remain non-responders”.

With respect to the time course of response, improvement in somatic symp-
toms is often the first change to be noted in patients treated with TCAs. Patients

Table 1 Comparison of symptoms useful for measuring change in severity of depression

Nelson et al. 1984b Montgomery and Asberg 1979 Bech et al. 1981

Depressed mood
(includes apparent
and reported sadness);
hopelessness

Apparent sadness; reported sadness
(includes hopelessness)

Depressed mood (includes
apparent and reported sadness
and hopelessness)

Guilt, worthlessness Pessimistic thoughts (includes guilt
and worthlessness)

Guilt (includes worthlessness)

Early morning awakening Reduced sleep �
Decreased interest in work
and activities

Lassitude (difficulty initiating
and performing work)

Decrease in work and interests

Decreased appetite Reduced appetite �
Loss of energy � Somatic symptoms: general

(includes loss of energy)
Anhedonia Inability to feel �
Somatic anxiety � �
� Inner tension Psychic anxiety
� Concentration difficulties �
� Suicidal thoughts �
� � Retardation
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remark that they sleep better and longer, and that they feel less tired during the
day. Their ability to do things also improves, with patients becoming more alert
and attentive. Retardation becomes less marked. Only later does the depressive
affect begin to lift: this effect may be delayed for up to 4 weeks from the initia-
tion of drug therapy. In patients with anxious depression, anxiety may be slow
to respond or refractory to treatment (Lader et al. 1987). In bipolar patients, a
hypomanic swing may occur. An upswing in mood induced by the TCA may be
the first indication that a patient previously believed to be unipolar is probably
bipolar.

Attempts to identify those patients who are particularly likely to respond to
drug therapy (Brown and Khan 1994) have not been entirely successful. Age and
educational background do not seem to affect outcome. A favourable outcome
is associated with few previous episodes, insidious onset, brief duration and
lack of precipitating causes. Conversely, neurotic, hypochondriacal and histrion-
ic personality traits predict poor response. Delusional patients are also less re-
sponsive to TCAs.

In depressed schizophrenic patients, imipramine may increase hostility, bel-
ligerence, agitation, delusions and thought disorder. The effect of imipramine
by itself on the constellation of symptoms associated with schizophrenia is usu-
ally disappointing, so that clinicians must resort to using a combination of an
antidepressant and an antipsychotic drug.

2.2
Amitriptyline

Amitriptyline closely resembles imipramine in its pharmacology and clinical
effects, but is more sedative and has more pronounced anticholinergic effects.
Like imipramine, amitriptyline is mainly metabolised by demethylation (to nor-
triptyline) and by hydroxylation and glucuronide formation (see Preskorn and
Catterson, this volume, for a more detailed discussion of the metabolism of the
TCAs). It also has a fairly long plasma half-life. Many controlled trials have es-
tablished its effectiveness in depression, especially when anxiety or agitation co-
exists. Amitriptyline became generally established in Europe as the archetypal
tricyclic antidepressant with which newly developed putative antidepressants
were compared.

2.2.1
Nortriptyline

The pharmacokinetics of nortriptyline have been extensively studied as ade-
quate methods for its estimation became available early (see Preskorn and
Catterson�s chapter in this volume for a more detailed discussion). Treatment
with standard dosage results in an up to 30-fold variation in steady-state con-
centrations. Twin and family studies suggest that genetic factors strongly influ-
ence metabolism. Plasma concentrations correlate with biological effects, such
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as inhibition of noradrenaline uptake into rat iris, or into cerebral cortex, or as
shown by the reduced pressor effects of intravenous tyramine in man. Side-ef-
fects increase with plasma concentrations as judged by subjective complaints or
by measurements of visual accommodation.

In clinical practice, nortriptyline is about as effective as amitriptyline, but it
is less sedating.

2.3
Other Tricyclic Antidepressants

More than 20 TCAs have been introduced throughout the world, most with
rather similar clinical characteristics. However, the inhibition of uptake of brain
amines varies greatly among these drugs (Table 2) (Rudorfer and Potter 1989).
Desipramine, available in the U.S. but unavailable in Europe, was believed to

be the active principle of imipramine with a quicker onset of action. This has
not proven to be the case.
Clomipramine, the dihydrobenzazepine analogue of chlorpromazine, is

strongly sedative. Although a powerful inhibitor of 5-HTuptake, on repeated ad-
ministration its metabolite, desmethylclomipramine, accumulates and preferen-
tially blocks noradrenaline uptake (Balant-Gorgia et al. 1991). Claims that it is

Table 2 The relative inhibitory potencies of antidepressant and related drugs on the uptake of norad-
renaline, 5-HT, and dopamine in the rat brain in vitro (synaptosomes), in vivo (various techniques), and
5-HT uptakes in human platelets under clinical conditions

Rat brain Human
platelets

In vitro In vivo

Drug NA 5-HT DA NA 5-HT DA 5-HT

Amitriptyline ++ ++ � + (+) � +(+)
Citalopram � +++ � � +++ � ++
Clomipramine ++ +++ � ++ +(+)� +++
Desipramine +++ (+) � +++ (+) � +
Doxepin + + � + + � +
Fluoxetine + ++ � � ++ � ++
Fluvoxamine � ++ � � + �
Imipramine ++ +(+) � +++ + � ++
Iprindole � � � � � � �
Lofepramine +++ (+) � +++ (+) � +
Maprotiline ++ � � ++ � � �
Mianserin + � � � � �
Nomifensine ++ � + ++ � +
Nortriptyline ++ (+) � ++ (+) �
Viloxazine + � � (+) � �

+++, Very high potency; ++, high potency; +, moderate potency; �, low potency; parentheses denote
possible effects; DA, dopamine; NA, noradrenaline.
The data are compiled from numerous reports.
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rapidly therapeutic following intravenous infusion have not been adequately
tested. It has proven efficacy in patients with obsessional and panic disorders
(McTavish and Benfield 1990). Its efficacy in OCD appears to be independent of
its antidepressant activity. It is also favoured by some experienced clinicians in
the management of refractory depression. Trimipramine has a branched side
chain and is strongly sedating (Settle and Ayd 1980).
Lofepramine is a tricyclic compound that resembles imipramine except that

it has a more complex side chain. It binds only weakly to cholinergic receptors
and therefore has fewer anticholinergic side-effects (Feighner et al. 1982; Rickels
et al. 1982). Despite being partly metabolised to desipramine, it has less car-
diotoxicity and seems safer in overdosage than typical TCAs (Lancaster and
Gonzalez 1989a). It has been popular in the United Kingdom, especially in the
treatment of elderly patients with depression.
Protriptyline is strongly stimulant and may produce restlessness and insom-

nia if taken during the late afternoon or evening.
Doxepin may have fewer side-effects than amitriptyline (Lancaster and

Gonzalez 1989b) whereas dothiepin is very similar to amitriptyline. Both drugs
are sedative antidepressants and have been recommended for the treatment of
anxious depression.
Maprotiline is chemically a tricyclic compound with a bridge structure across

the central ring. It selectively blocks norepinephrine re-uptake.
Amoxapine is chemically related to the antipsychotic compound, loxapine

(Jue et al. 1982). It appears fairly similar in efficacy to the standard TCAs with a
similar profile of unwanted effects.

3
Metabolism/Plasma Concentrations and Clinical Response

This is a complex subject that has excited much discussion in the past (Furlanut
et al. 1993). Nevertheless, some discussion of this topic is necessary because
plasma concentration estimations are available in many centres, the use of such
measures can sometimes be helpful in optimising clinical dosage (see Connor
and Leonard, this volume), and therapeutic drug monitoring can play a role in
preventing adverse drug effects.

It was believed that a range of plasma concentrations could be established for
each TCA, within which a clinical response was predictable (Risch et al.
1979a,b). Of the 20%–30% of depressed patients who fail to respond adequately,
some are undoubtedly failing to take their medication as prescribed; however,
others are believed to metabolise the drug rapidly, resulting in sub-therapeutic
levels.

As noted earlier, nortriptyline has been the most widely studied TCA in this
respect. Some researchers have felt that routine monitoring of nortriptyline
plasma concentrations is not justified (Risch et al. 1981). However, enough of a
relationship has been established to make it worthwhile taking a standardised
plasma sample (i.e. just before the morning dose) in non-responders and ad-
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justing the dosage of nortriptyline if the plasma drug concentration seems ex-
cessively high or inadequately low (between 50–200 ng/ml).

Clinical response is related to plasma amitriptyline concentrations in an even
more complex way. Both amitriptyline and its active metabolite, nortriptyline,
have to be considered, and addition of the two concentrations is too simplistic.
Unfortunately, the relevant studies are somewhat contradictory. Again, it is dif-
ficult to discern any clear guidelines, but it is unlikely that the amitriptyline
plus nortriptyline levels have a relationship to response totally at variance with
that of nortriptyline alone. Accordingly, it is sensible to lower dosage if the lev-
els of the two together exceed 250 ng/ml or if that of nortriptyline exceeds
150 ng/ml (Vandel et al. 1978). The risk of serious adverse effects begins to ap-
pear at levels above 350 ng/ml and the risk and seriousness of these adverse
effects increases as the concentration increases (Preskorn 1986). The reader
is referred to the chapters by Preskorn and Catterson (“General Principles of
Pharmacokinetics”) and Burke and Preskorn (“Therapeutic Drug Monitoring of
Antidepressants”) earlier in this volume for more details.

Studies with imipramine are perhaps the clearest (Task Force 1985). When
the combined levels of imipramine and desipramine in patients exceed 200 ng/
ml, clinical response is better than in patients with lower levels. Higher levels
(over 250 ng/ml) are associated with no better clinical response than 200–
250 ng/ml, but side-effects are increased. Clomipramine studies yield essentially
similar data. The threshold value for satisfactory antidepressant effect is a com-
bined clomipramine and desmethylclomipramine concentration of 160–200 ng/
ml (Faravelli et al. 1984).

Monitoring of plasma levels can also play an important role in preventing ad-
verse drug effects. For example, individuals who are genetically deficient in the
hepatic isoenzyme CYP 2D6 (approximately 7% of Caucasians) (Eichelbaum
1990) may attain plasma levels of TCAs that are fourfold higher than those of
non-affected individuals (Nelson and Jatlo 1987; Preskorn et al. 1993). In such
patients, conventional doses of a TCA such as imipramine (150–250 mg/day)
may lead to toxic side-effects such as delirium and seizures (Preskorn and
Jerkovich 1990; Preskorn and Fast 1992). Therapeutic drug monitoring can help
prevent such adverse outcomes. For a more detailed discussion of pharmacoki-
netic issues and therapeutic drug monitoring with TCAs, readers are referred to
the chapters in this volume entitled “General Principles of Pharmacokinetics”
and “Therapeutic Drug Monitoring of Antidepressants”. A table summarising
information on plasma concentrations of commonly used antidepressants in
provided in the Appendix (Table 5).
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4
Safety and Adverse Effects

4.1
Drug–Drug Interactions

For a discussion of drug–drug interactions mediated by pharmacokinetic fac-
tors, readers are referred to the chapter by Preskorn and Catterson in this vol-
ume.

4.1.1
CNS Drugs

The sedative actions of many TCAs are potentiated by central depressant drugs
such as alcohol, barbiturates and benzodiazepines. Thus, patients taking antide-
pressants must be warned about drinking alcohol and exhorted never to drink
and drive. The commonly prescribed combination of a TCA and a benzodiaze-
pine results in definite but usually mild potentiation of central sedation.

The stimulant effects of amphetamine, as with other sympathomimetics, are
potentiated.

Potentiation of phenothiazines is only a problem at high doses. Anticholiner-
gic effects include confusion, constipation, dry mouth and urinary retention.
Toxic effects on the heart may develop. Potentiation occurs both at the receptor
level and in the liver where drugs compete for the microsomal liver enzymes.

4.1.2
Cardiovascular Drugs

TCAs prevent some obsolescent antihypertensive agents (e.g. guanethidine, be-
thanidine, debrisoquine and perhaps methyldopa) from being taken up by the
amine pump to their site of action in the presynaptic noradrenergic neuron
(Cocco and Ague 1977). Consequently, if a TCA is given to a depressed hyper-
tensive patient maintained on one of these antihypertensive agents, control of
the blood pressure may be lost. The rise in blood pressure is sometimes marked
and difficult to control.

Clonidine is more complex. It is transported by the norepinephrine pump,
but also acts as a presynaptic agonist, the stimulation of these receptors produc-
ing a feedback inhibition of norepinephrine synthesis.

In managing the depressed hypertensive patient, the clinician should first re-
view whether specific antihypertensive therapy is necessary or whether salt re-
striction and a diuretic might suffice. If drugs are judged necessary, a beta-adre-
noceptor antagonist should be used. Otherwise, an SSRI should be the antide-
pressant of choice.

TCAs markedly potentiate some directly acting sympathomimetic amines, es-
pecially norepinephrine. Attacks of severe hypertension may be caused. Patients
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receiving injections of local anaesthetics formulated with epinephrine are at
risk, so that dentists and others who use such injections should routinely ask
their patients whether they are taking TCAs.

TCAs may potentiate anti-arrhythmics such as quinidine and cardiac drugs
of the digoxin type. Coumarin anticoagulants are occasionally potentiated by
TCAs. Thyroid hormones are also mildly potentiated. Conversely, thyroid medi-
cation has been advocated as an adjunct to TCAs in the treatment of refractory
depression.

4.2
Adverse Effects

The unwanted effects of the TCAs are often more than a minor or a transient
nuisance (Blackwell 1981a,b). The patient may find them so unpleasant that they
are unable to attain an adequate therapeutic dose level. Refusal to continue with
medication after the first dose or two is commonly encountered in specialist
practice. Because patients with depression have many subjective bodily com-
plaints anyway, it is often difficult to disentangle drug-related effects from de-
pressive symptoms (Nelson et al. 1984a). The unwanted effects of the TCAs are
discussed in the following sections by bodily system. For more information on
adverse effects, refer to the adverse effects tables in the Appendix (Tables 2
and 3).

4.2.1
Central Nervous System

Many of the antidepressants induce drowsiness and torpor and a feeling of heav-
iness. This comes on rapidly, reaches its peak in the first few days, and then
wanes over the next week or two. Amitriptyline, doxepin, dothiepin, trimipra-
mine, clomipramine and mianserin are the most sedating; imipramine and nor-
triptyline have less effect, whereas desipramine and protriptyline are actually
mild stimulants. As well as drowsiness, the patient may complain of feeling
light-headed, almost to the point of psychological detachment and even deper-
sonalisation. Thinking, attention, concentration and especially memory are im-
paired at high doses (Thompson 1991). However, these functions are typically
impaired anyway in depressed patients and TCAs may improve cognitive perfor-
mance after a week or so as a harbinger of general clinical improvement (Glass
et al. 1981; Thompson and Trimble 1982).

A persistent tremor may be induced in the elderly by the TCAs. High doses,
especially of amitriptyline, may precipitate extrapyramidal reactions. A few in-
stances of syndromes resembling tardive dyskinesia have even been reported.
Rare neurotoxic reactions have also been documented, comprising ataxia, nys-
tagmus, dysarthria, agitation, tremor and hyperreflexia.

Almost all TCAs and related drugs lower the convulsive threshold. Patients
with epilepsy may experience an increase in seizure frequency, and a hitherto
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non-epileptic subject may have a seizure for the first time (Burley et al. 1978).
Of the TCAs, maprotiline is particularly likely to induce seizures (Edwards et al.
1986). As would be expected, the risk of seizures increases with high dose and
polypharmacy (Rosenstein et al. 1993).

A consequence of all antidepressant therapy is that the patient may erupt into
hypomania. This is true with TCAs (Sultzer and Cummings 1989), and patients
with documented bipolar illnesses and with a pronounced diurnal variation in
mood are most at risk. It has been claimed that TCAs cannot only induce a hy-
pomanic reaction but can also induce rapid cycling.

The anticholinergic properties of the TCAs, particularly tertiary amine TCAs
(e.g. amitriptyline, doxepin and imipramine) may lead to confusional reactions,
especially in the elderly. The initial symptom is heightened visual awareness,
which typically progresses to visual illusions such as shimmering and moir� ef-
fects, and flashes of colour. Eventually visual hallucinations, usually of a fairly
unformed type, supervene. Rarely, a full-blown delirium is induced, with fully
organised hallucinations. Confusional reactions, as with other anticholinergic
reactions, are more likely when the TCA is combined with other anticholinergic
drugs. The triple combination of a TCA, an anticholinergic antipsychotic (e.g.
thioridazine) and an antiparkinsonian agent is even more likely to result in this
unfortunate outcome.

The abrupt withdrawal of TCAs is occasionally followed by an akathisia-like
syndrome or behavioural activation. Other symptoms include abdominal pain,
nausea, vomiting, diarrhoea and flu-like symptoms such as fatigue, anxiety
and agitation, nightmares, and sleep disturbances (Disalver and Greden 1984;
Disalver et al. 1987; Disalver 1989, 1994). Such symptoms have been reported in
up to half of patients who abruptly stop high-dose imipramine, and in a third of
those withdrawing from clomipramine (Coupland et al. 1996). In such cases, the
TCA should be re-instituted and then withdrawn more gradually. Alternatively,
a modest dose of atropine can be given to combat the cholinergic overactivity
rebound (Disalver et al. 1983). Despite the misgivings of some researchers (e.g.
Medawar 1997), this does not represent true dependence but only a physical
withdrawal syndrome (Drug and Therapeutics Bulletin 1999).

4.2.2
Cardiovascular

Because of the a-adrenergic blocking effects, postural hypotension may occur
and is particularly common in the very young, the very old, and the physically
debilitated. Tachycardia, found in many patients on TCAs, is a reflex mechanism
to compensate for the hypotension. The effect is most pronounced during the
first few weeks of medication but it may persist. It can be minimised by increas-
ing the dose gradually at the onset of treatment.

In patients taking TCAs, changes in cardiac conduction resemble those seen
in patients on phenothiazine therapy (Taylor and Braithwaite 1978). Repolarisa-
tion is prolonged, as shown in the ECG by a lengthened Q-T interval, flattened
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or inverted T-waves, and prominent U-waves. In addition, TCAs have a quini-
dine-like effect with prolongation of A-V conduction and even A-V block. More
serious conduction defects include bundle branch and complete heart block.
Bradycardia or tachycardia, ventricular extrasystoles, and atrial and ventricular
arrhythmias may occur. The pharmacological mechanisms are complex and
include cholinergic blockade of the vagus, a direct toxic effect on the myocardi-
um, and a heightened sensitivity of the heart to circulating catecholamines
(Glassman and Stage 1994).

The cardiac arrhythmias with TCAs have been blamed for an excess of sud-
den deaths in depressed patients with a history of cardiac disease. Amitriptyline
seems the most suspect TCA but this may reflect the extent of its usage. Never-
theless, its use should be avoided in cardiac patients. In the elderly, TCAs should
be administered in divided doses rather than as one large dose at night. Conges-
tive cardiac failure may be precipitated or aggravated by TCAs in patients with
recent myocardial infarction.

Lofepramine may be less cardiotoxic. This is also true for many of the newer
antidepressants (see the two chapters by Preskorn et al., this volume: “Selective
Serotonin Reuptake Inhibitors” and “Other Antidepressants”). Therefore, one of
these drugs is preferred in the depressed patient with cardiovascular pathology.

Therapeutic drug monitoring can also be useful in monitoring for plasma
drug levels that may lead to cardiotoxicity (for a more detailed discussion of
this issue, see Preskorn and Catterson, “General Principles of Pharmacokinet-
ics” and Burke and Preskorn “Therapeutic Drug Monitoring of Antidepres-
sants”, this volume).

4.2.3
Gastrointestinal

Anticholinergic effects comprise reduced gut motility with constipation which
may become severe or even culminate in paralytic ileus. Achalasia of the oe-
sophagus and relaxation of the oesophageal sphincter may result in a hiatus her-
nia or exacerbate a pre-existing one. The best treatment is to lower the dose
rather than to administer cholinomimetic drugs such as neostigmine or bethan-
echol. However, acid formation in the stomach is decreased by TCAs, which can
therefore help depressed patients with symptomatic peptic ulcers.

4.2.4
Genitourinary

The cholinergic blockade of the TCAs results in increased bladder sphincter to-
nus. Some degree of urinary retention may ensue but this is usually of clinical
significance only in patients with pre-existing pathology such as prostatic en-
largement. Consequently, elderly males should be asked about difficulties with
micturition before being prescribed TCAs.
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A common sexual effect of the TCAs is delayed orgasm with slow ejaculation.
This effect can be exploited therapeutically in patients with premature ejacula-
tion. Anorgasmia may occur, but the incidence of this side-effect is higher with
the SSRIs than with the TCAs. Erectile dysfunctions and changes in libido may
also occur (Mitchell and Popkin 1983; Segraves 1989).

4.2.5
Metabolic-Endocrine

Effects on the pituitary–gonadal axis can produce menstrual irregularities,
breast enlargement and galactorrhea in women and impotence, gynaecomastia
and testicular swelling in men. Libido may be increased or decreased but such
changes are difficult to interpret because of alterations in sexual function asso-
ciated with the depressive illness itself.

Weight gain is often marked in patients treated with TCAs. Part of the weight
gain is a reversal of the weight loss earlier in the illness. Nonetheless, many pa-
tients report a craving for carbohydrates, and TCAs are known to have complex
effects on blood glucose levels. Weight gain can be upsetting for many patients.
Obesity is also a risk factor for hypertension and diabetes and cardiovascular
problems.

4.2.6
Miscellaneous

Other anticholinergic effects include pupillary dilatation and loss of accommo-
dation with blurring of vision. Because intraocular pressure rises, these drugs
should be used with the utmost caution and with appropriate ophthalmic moni-
toring in patients with narrow angle glaucoma. One of the newer antidepres-
sants with few anticholinergic actions such as an SSRI is to be preferred. Para-
doxically, hyperhidrosis has been described, especially with imipramine, and
was believed to be a harbinger of a good therapeutic response: the mechanism
is unclear.

Minor symptoms include headache, fatigue, nausea, anorexia, stomatitis,
peculiar taste sensations and nightmares. Liver function tests may show minor
impairment, especially with high doses of TCAs, but usually return to normal
even while the drug is being continued. Mild cholestatic jaundice occasionally
develops. Allergic reactions include rashes, urticaria and oedema (Warnock and
Knesevick 1988); agranulocytosis, thrombocytopenia and eosinophilia have
been reported.

4.2.7
Drop-Out Rates as an Indicator of Tolerability

Drop-out rates have been used as an operational indicator of the tolerability of
various antidepressant drugs. In one study (Schmidt et al. 1986) that used a
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multi-centred hospital-based drug monitoring system, the drop-out rate in pa-
tients on TCAs was 7.4%, as compared with 3.1% in patients on newer antide-
pressants such as maprotiline. A comparison of published trials of TCAs and SS-
RIs found that 18.8% of patients on TCAs and 15.4% of patients on SSRIs
dropped out because of side-effects, a difference that did not quite reach signifi-
cance (Song et al. 1993). Parenthetically, this study categorised trazodone, mian-
serin, bupropion and nomifensine as TCAs. A meta-analysis of 42 controlled tri-
als carefully compared TCAs with SSRIs, omitting antidepressants not falling
unequivocally into one or other category and found that drop-out due to side-
effects averaged 27% with TCAs and 19% with SSRIs (p<0.01) (Montgomery et
al. 1994).

4.3
Overdose

TCAs constitute a major problem in overdose (Proudfoot 1986). First, they are
prescribed for depressive disorders, a salient feature of which can be suicidal
ideation or intentions. Next, most of these drugs are dangerous in overdose,
producing a complex clinical picture that is difficult to treat. For this reason,
prescriptions should be for conservative amounts; however, even a week�s sup-
ply of a TCA at full dosage can be lethal, and the determined patient can hoard
his supplies. Entrusting antidepressants to a trustworthy relative or friend is a
wise precaution, but this strategy should be carefully negotiated with the pa-
tient. The problem of accidental overdosage among children is also a concern:
even 250 mg has proven fatal on occasion. A toddler might take a parent�s TCAs
or those prescribed to an elder sibling for enuresis.

The standard TCAs of the imipramine and amitriptyline family are all dan-
gerous in overdose. Doses above 600 mg are likely to produce serious effects in
adults. Doses over 2.5 g (i.e. one hundred 25-mg tablets) are likely to prove fatal.
[Contrary to popular belief among general practitioners in the United Kingdom,
dothiepin appears to be at least as toxic as other TCAs (Buckley et al. 1994).]
Other antidepressants such as the SSRIs, mianserin, trazodone, nefazodone and
bupropion may be significantly less toxic. They are preferred when prescribing
for a patient who is socially isolated and whom one suspects of harbouring sui-
cidal intent. Lofepramine also appears to be safer (Dorman 1985; Malmvik et al.
1994).

The seriousness of a TCA overdose is correlated both with the dose ingested
and the plasma drug level achieved (see the chapter in this volume by Preskorn
and Catterson “General Principles of Pharmacokinetics” and Burke and Preskorn
“Therapeutic Drug Monitoring of Antidepressants”).

Symptoms of overdose with a TCA usually appear within 4 h (Crome 1982).
Common features include dry mouth, blurred vision, dilated pupils, sinus tachy-
cardia, extrapyramidal signs and either drowsiness or excitement.

The cardiovascular effects of overdosage with the TCAs are the most life-
threatening and range from sinus tachycardia to major arrhythmias. Serious ar-
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rhythmias are more likely in the elderly, those with pre-existing cardiac prob-
lems, and in patients with pre-existing respiratory difficulties. The ECG may
show prolongation of the QRS complex and ST segment, and T-waves are often
abnormal. The ECG changes may resemble ventricular or supraventricular
tachycardia or bundle branch block; atrioventricular block and bradycardia
sometimes occur. The more serious effects probably stem from a quinidine-like
myocardial depressant action of the TCAs. The EEG of all patients who have tak-
en an overdose of a TCA should be monitored until they have fully recovered.

Central effects comprise excitement or coma with shock. Coma with shock
suggests that a sedative drug such as a benzodiazepine may have been taken as
well. Metabolic acidosis is sometimes present. Convulsions may occur, especial-
ly in children; maprotiline is the TCA most likely to induce seizures. Respirato-
ry depression may develop with sudden apnoea. Other effects that have been re-
ported include hypotension, agitation or delirium, hyperreflexia, myoclonus
and chorea, and bowel and bladder paralysis. Total recovery is still possible de-
spite a flat EEG and dilated non-reactive pupils.

Because the anticholinergic actions of the drug may delay gastric emptying,
it is worth washing out the stomach within the first 12 h. Activated charcoal
may also help reduce absorption. Because of the high tissue and plasma binding,
forced diuresis, haemodialysis and haemoperfusion are ineffective.

Respiration must be maintained and electrolyte and blood gas disturbances
rectified. The correction of the metabolic acidosis by intravenous infusion of bi-
carbonate may of itself lessen the cardiac abnormalities. Intravenous physostig-
mine salicylate 2 mg over 5 min may reverse both peripheral and central anti-
cholinergic effects; however, because it tends to cause convulsions, on balance it
is best avoided. Diazepam 10 mg may be needed to combat any seizures which
develop. Some centres prefer intravenous phenytoin because it also has an anti-
arrhythmic effect; however, phenytoin may not be a good choice because it can
add to the delay in intracardiac conduction caused by the TCA. Otherwise treat-
ment is generally supportive, with bodily temperature and vital functions being
monitored and maintained.

4.4
Teratogenicity

Imipramine has been implicated in teratogenic effects in animals but reports of
congenital limb deformities in babies born of mothers who had taken this drug
during pregnancy have not been confirmed. Nevertheless, unless there is a com-
pelling need to use these drugs in pregnant women, they should be avoided, es-
pecially in the first trimester. If a depressed woman taking a TCA becomes preg-
nant, the possibility of recommending a therapeutic abortion should be consid-
ered. At the least, the fetus should be carefully monitored. Based on a recent re-
view of the use of antidepressants in pregnancy and lactation, it appears that
the key factor is whether the likely benefits to the mother outweigh the risks to
the fetus (McElhatton 1999). Among TCAs, the drugs of choice for use during
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pregnancy are amitriptyline and imipramine. Neonatal withdrawal symptoms
may also occur and this should be monitored for.

5
Clinical Use and Therapeutic Indications: Major Depression

Current recommendations for the use of antidepressant drug therapy distin-
guish between the acute phase, the continuation phase and maintenance therapy
(Drug and Therapeutics Bulletin 1999). Depression is now recognised as a re-
lapsing and recurring condition (Angst 1992), especially in the more severe
forms requiring referral to a specialist. About 1 in 3 such patients who are not
maintained on antidepressant therapy will relapse within 6 months of the index
episode. Even more will relapse or enter a new depressive phase within 2 years
(Belsher and Costello 1988). Predictors of relapse include a history of previous
episodes, severe acute illness, persistent symptoms, especially somatic symp-
toms, ongoing medical and/or social problems, and lack of social support. For a
summary of U.S. package insert dosing guidelines for clinical depression, refer
to the dosing table in the Appendix (Table 1).

5.1
Acute Phase

The initial treatment phase, referred to as the acute phase, typically involves the
first 2–4 months of treatment, during which a significant clinical response will
occur in about two-thirds of patients. The rest of the patients remain depressed
despite apparently adequate drug dosage and compliance (Quitkin et al. 1996).
If no sign of improvement can be detected, treatment with a TCA at full dose
should not be continued beyond 4 weeks. A longer time is justified if some re-
sponse can be discerned, and an increase in dosage in partial responders is a
worthwhile strategy but should be guided by therapeutic drug monitoring to
ensure that the patient is not developing toxic levels (see the chapter entitled
“Therapeutic Drug Monitoring of Antidepressants”, this volume). A standard-
ised estimate of plasma drug concentration may be helpful in detecting the clan-
destine non-complier, as well as in detecting slow metabolisers and confirming
ultra-rapid metabolisers.

In many countries, newer antidepressants, especially the SSRIs, have become
the treatment of choice for depression; however, in other countries the TCAs are
still considered a first choice treatment for depression. Patients who have re-
sponded well to a TCA during a previous episode will probably respond again.
Conversely, TCAs are best avoided in the old and the physically ill. Unfortunate-
ly, the medico-scientific issues have been overshadowed by pharmaco-economic
ones. In my experience, most patients can just tolerate full doses of a TCA but
are more comfortable taking an SSRI or another newer compound.

There is no rationale for using combinations of TCAs. Combinations of a
TCA and some SSRIs, principally fluoxetine, fluvoxamine and paroxetine, can

202 M. Lader



result in high TCA levels in the body because of competition for microsomal en-
zymes. An increase in the dosage of the TCA is a more logical and less haz-
ardous manoeuvre.

5.2
Continuation Phase

Several placebo-controlled trials indicate that if patients are maintained on a
TCA for 4 to 6 months until they are symptom free, this halves the rate of re-
lapse (Reimherr et al. 1998). Contrary to earlier practice, it is now accepted that
the TCA should be continued at full, rather than half, dosage (Paykel and Priest
1992). A question that is still unanswered is whether continued treatment for
months after apparent recovery is needed in more mildly ill patients seen in pri-
mary care. In whatever context, it is probably wise to continue medication if
any symptoms (e.g. insomnia, anhedonia) persist. When TCAs are withdrawn in
due course, the dose should be tapered and abrupt discontinuation avoided.

5.3
Maintenance Therapy

The decision as to whether to recommend long-term maintenance therapy to
lessen the risk of recurrence depends on several factors, the most important of
which being the number, frequency and severity of previous episodes. Another
issue is how disruptive the episodes have been and if they are increasing in
severity and/or duration. A general criterion is that long-term therapy should
be considered if a patient has had two or more previous episodes of depression,
requiring specialist advice or care over the preceding 5 years.

Maintenance therapy is usually quite successful (e.g. Frank et al. 1990; Kupfer
et al. 1992; Reynolds et al. 1999). Again, full dosage is usually recommended. At-
tempts to lower the dose may result in the return of symptoms such as lack of
motivation or insomnia, or a full-blown episode may supervene and prove
rather treatment-resistant. Sometimes, despite full dosage, efficacy in preventing
recurrence appears to wane (Byrne et al. 1998). A change of medication may
then be needed.

Little is known of the efficacy of TCAs in primary care in preventing recur-
rence. However, one encounters numerous patients who have been taking low
doses of TCAs for years and believe they are deriving continuing benefit.

The decision to stop long-term therapy is a difficult one and depends on a
variety of factors. It is important to try to discern by a careful symptomatic en-
quiry whether subclinical episodes are still occurring. For example, some pa-
tients describe a few weeks in which some insomnia recurs or they feel under
the weather. Withdrawal may result in recurrence in these patients. As a rule,
the older the patient, the more important it is to continue TCA medication.
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6
Special Considerations: Use in Primary Care

In many countries, the administration of antidepressants is very much within
the purview of general practitioners. In one large-scale study in the United
Kingdom (Martin et al. 1997), a representative sample of 250 doctors recorded
their prescribing activity every 4 weeks, for a total of 4,000 general practitioner
weeks of recording per year. Included in the record were any patients who began
a new course of an antidepressant or whose treatment was stopped or changed
by the GP. During the course of the study, there were nearly 14,000 inceptions
and 4,000 discontinuations of various antidepressants. The use of antidepres-
sants increased between 1990 and 1995, due mostly to an increase in the pre-
scribing of SSRIs. Furthermore, the ratio of discontinuations to inceptions was
significantly lower for SSRIs (22%) than for TCAs (33%). However, there was
more switching away from SSRIs when they failed than from TCAs. This study
raises interesting questions about the different ways in which TCAs and SSRIs
medications are used in primary care.

A large study constituted the first pan-European survey of depression in the
community (Lepine et al. 1997). A total of 13,359 of the 78,463 adults who were
screened by interview were identified as suffering from depression. This trans-
lates into a 6-month prevalence rate of 17%. Major depression accounted for
about 7% of these and 1.8% for the rest. A significant proportion of the sufferers
from depression (43%) failed to seek treatment for their depressive symptoms.
Of those who did seek help, most consulted a primary care physician. Sufferers
from major depression posed the greatest demand and made frequent visits to
their general practitioners. However, more than two thirds of depressed patients
were not prescribed any treatment and, when drug therapy was prescribed, only
a quarter of these subjects were given antidepressant drugs. There was wide-
spread use of tranquillisers, which it was thought might perhaps reflect the high
frequency of insomnia or concomitant anxiety in these depressed patients. In-
deed, with the exception of Germany and the United Kingdom, more depressed
subjects were given tranquillisers than antidepressant drugs. The only country
in which antidepressants were prescribed significantly more frequently than
tranquillisers was the United Kingdom (31% versus 8%), which may reflect all
the publicity over the past 20 years concerning problems with the benzodi-
azepines.

Another problem in the primary care use of TCAs that has been remarked on
in many countries for many years is the low and supposedly ineffective level of
the TCA dosages used. The duration of treatment is also believed to be less than
optimal. In a study by MacDonald et al. (1996), the TCAs seemed safe in the
dosages used but they may not have been exerting any real therapeutic activity.

In the United States, the advent of managed care has highlighted problems
with the use of antidepressants. The SSRI manufacturers are well aware that the
TCAs are less expensive and hence may be preferred by the insurers in health
management organisations on cost grounds. However, the question is whether
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the total cost of treating a patient with a TCA rather than an SSRI is less. There
are studies that suggest that treatment with SSRIs may be less costly than treat-
ment with TCAs when the total cost of providing a course of treatment is con-
sidered. In this regard, Hylan et al. (1998) reported that patients who initiate
therapy with SSRIs consistently achieve minimum therapeutic doses for the du-
ration of therapy whereas those on TCAs are less likely to do so.
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Abstract The monoamine oxidase inhibitors (MAOIs) have been in clinical use
for five decades. The coincidental discovery that inhibiting brain monoamine
oxidase resulted in antidepressant benefits indirectly led to the norepinephrine
(NE) and serotonin hypotheses for depression. Phenelzine (PLZ) and tranylcy-
promine (TCP) typify the classical, nonselective and irreversible inhibitors; se-
legiline (SEL) selectively but irreversibly inhibits MAO-B and is an established
adjunct therapy for Parkinson�s disease; while moclobemide and befloxatone re-
present examples of selective and reversible inhibitors. These agents provide op-
portunities to examine brain amine and amino acid levels during treatment and
have also contributed to emerging aware of neurogenesis and neuronal rescue
as potential antidepressant properties. Also of emerging interest are the extend-
ed sites of action beyond MAO for these agents including g-aminobutyric acid
(GABA) and imidazoline binding sites.

Despite the well-known clinical concerns about food and drug interactions
and the high side-effect burden associated with classical MAOIs, they continue
to be third line agents for treatment-resistant depression. PLZ is also a second
line agent for atypical depression. Moclobemide is the only generally available
reversible inhibitor of MAO-A and has obtained limited acceptance as a first
line treatment in some countries for major depressive disorder (MDD), partic-
ularly in patients with prominent anxiety symptoms. It also has one of the low-
est side-effect burdens of the MAOIs and, unlike the SSRIs, rarely produces
sexual dysfunction. A transdermal form of SEL has been investigated for treat-
ing MDD. With appropriate cautions, the MAOIs continue to provide an im-
portant alternative class of antidepressants for the treatment of various forms
of depressive illnesses.

Keywords Monoamine oxidase inhibitors (MAOI) · Phenelzine (PLZ) ·
Tranylcypromine (TCP) · Selegiline (SEL) · Moclobemide · GABA · Neuronal
rescue · Imidazoline

1
Introduction and History

“The best news for psychiatry in 1957 was the discovery that iproniazid protects
serotonin from monoamine oxidase. Serotonin, allowed free activity in the
brain, is perhaps the most energetic releaser of reserve power in the human ma-
chine...” (Robie 1958).

This enthusiastic comment heralded the advent of antidepressant pharmaco-
therapy, based on the preliminary experience of patients with tuberculosis and
subsequently schizophrenia who were the first recipients of iproniazid.

The monoamine oxidase inhibitor (MAOI) “honeymoon” proved to be rela-
tively brief. Iproniazid was ultimately withdrawn due to its toxic effects on the
liver. Shortly after tranylcypromine (TCP) became available as a less toxic alter-
native, the “cheese reaction” was attributed to this drug�s interaction with tyra-
mine in mature cheese (Blackwell 1963), and one of the first multicentre trials
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in the UK involving phenelzine (PLZ), imipramine, electroconvulsive therapy
and placebo failed to demonstrate any clinical superiority for PLZ over placebo
(MRC 1965).

Nevertheless, a small but convinced group of psychopharmacologists in both
the United States and the United Kingdom continued to evaluate the safety and
efficacy of TCP, PLZ and isocarboxazid (ISO) as the three surviving representa-
tives of what have come to be known as the “classical” MAOIs.

Continuing interest in antidepressant specificity for “atypical depression”
and “anxious” subtypes of major depression (Quitkin et al. 1994), as well as the
emergence of a subclass of reversible and selective agents within the MAOIs
(Waldmeier et al. 1994) has confirmed the continuing importance of the MAOI
family of drugs in the treatment of depression and related disorders. There are
also encouraging findings regarding the efficacy and safety of a transdermal de-
livery system for selegiline (SEL) (also called l-deprenyl) in clinical populations.

2
Chemistry

As of 2002, only irreversible MAOIs have approval from the Food and Drug Ad-
ministration in the United States. In addition to PLZ and TCP, SEL has approval
for the treatment of Parkinson�s disease. Pargyline was approved for treatment
of severe hypertension but is no longer manufactured. Although manufacturing
of the antidepressant ISO was discontinued in 1990 in the United States, it was

Table 1 Some MAO inhibitors and their actions

Generic name Brand name or
company code

Currently marketed
in North America

Reversible/irreversible,
selectivity

Iproniazid Marsilid No Irreversible, nonselective
Isoniazid, INH Nydrazid Yes, as antitubercular Irreversible, nonselective
Phenelzine Nardil Yes Irreversible, nonselective
Isocarboxazid Marplan Yes (relaunched in U.S.) Irreversible, nonselective
Tranylcypromine Parnate Yes Irreversible, nonselective
Clorgyline � No Irreversible, MAO-A-selective
Pargyline Eutonyl Recently withdrawn

as antihypertensive
Irreversible, MAO-B-selective

Selegiline Eldepryl,
l-Deprenyl

Yes, trials with transdermal
system completed

Irreversible, MAO-B-selective

Moclobemide Aurorix, Manerix Available in Canada
and elsewhere (not in U.S.)

Reversible, MAO-A-selective

Brofaromine Consonar No Reversible, MAO-A-selective.
Lazabemide Ro 196327 No Reversible, MAO-B- selective
Mofegiline � No Irreversible, MAO-B-selective
Milacemide � No Partially reversible,

relatively nonselective
Toloxatone � No Reversible, MAO-A-selective
Befloxatone � No Reversible, MAO-A-selective
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relaunched in 1998. Moclobemide, a reversible inhibitor of MAO-A (RIMA), has
been available in Europe, Canada, Australia and elsewhere since the early 1990 s
but is not available in the United States (Fulton and Benfield 1996). Bro-
faromine, another RIMA with demonstrated antidepressant efficacy (Volz 1997),
is not currently under active investigation. However, a new RIMA compound,
befloxatone, is undergoing clinical trial evaluation in the United States and
Europe (Curet et al. 1996).

The MAOIs may be classified according to chemical structure (hydrazine ver-
sus nonhydrazine), by affinity for substrate site (reversible versus irreversible),
or by degree of selectivity for the A or B isoenzyme (A or B inhibitor; see
Table 1).

2.1
Hydrazine Status

Both PLZ and ISO are hydrazine derivatives, with a nitrogen–nitrogen bond in
their side chains. The first generation of hydrazine compounds (iproniazid and
isoniazid) was withdrawn due to hepatotoxicity. TCP and SEL represent nonhy-
drazine arylalkylamines. These compounds are structurally related to amphet-
amine, and in a single case report of TCP overdose (Youdim et al. 1979) de-
tectable levels of amphetamine were found, although this finding has not been
replicated by other researchers (Sherry et al. 2000). However, methamphetamine
and amphetamine are prominent metabolites of SEL (Heinonen et al. 1994).

2.2
Selectivity and Reversibility

Pargyline was the first selective MAOI to receive FDA approval. Although it
proved selective for the B isoenzyme and did not require dietary restriction of
tyramine intake (the gastrointestinal tract contains predominantly MAO-A), it
was not an effective antidepressant. Although SEL is also a B inhibitor at low
doses, at therapeutic doses in antidepressant trials, its selectivity is diminished
(Lipper et al. 1979). Both pargyline and SEL are examples of irreversible selec-
tive inhibitors, in contrast to moclobemide, which is both reversible and selec-
tive (Table 1).

3
Pharmacology

3.1
Characteristics of the Monoamine Oxidase Enzyme System

The monoamine oxidases are flavoproteins found on the outer membrane of mi-
tochondria. They catalyse the oxidative deamination of a variety of alkylamines,
resulting in the formation of hydrogen peroxide and an aldehyde derivative of
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the amine. The aldehyde is then further reduced or oxidized to the correspond-
ing alcohol or carboxylic acid, respectively. Free cytoplasmic and extraneuronal
neurotransmitter amines would be most susceptible to MAO metabolism. The
presence of high concentrations of MAO in the blood–gut and blood–brain
barriers supports the idea that MAO serves a protective or detoxifying role
(Murphy and Kalin 1980).

Irreversible inhibitors attach to the flavin–adenine dinucleotide group, result-
ing in a decreased breakdown of the substrate neurotransmitters and a denatur-
ing of the original MAO. This results in a deficiency of MAO to denature dietary
tyramine or amine medications. In contrast, the reversible inhibitors such as
moclobemide have a direct inhibitory action on MAO-A and may be competi-
tively displaced by tyramine, substantially reducing the likelihood of food and
drug interactions (Bieck and Antonin 1989).

The enzyme is expressed widely through eukaryotic organisms and in all
mammals studied to date. Many cells express both forms of MAO, in differing
proportions, but some tissues contain only one form of the enzyme, which has
facilitated purification of the individual. MAO-A is found in the placenta while
MAO-B is found in platelets. Because platelets are relatively easy to procure,
much of the research on MAO in humans has examined MAO-B. Although the
human brain expresses both enzymes, MAO-B predominates (80%–95%); in
contrast, in rat brain, MAO-A predominates over MAO-B. Immunohistochemi-
cal studies in postmortem human brain have reported that serotonergic neurons
contain predominantly MAO-B, while catecholaminergic neurons contain MAO-
A (Levitt et al. 1982; Westlund et al. 1988). These findings suggest that the two
forms of MAO are independently regulated and perform different functions.
The presence of MAO-B in serotonergic neurons is surprising since serotonin
(5-HT) is a preferential substrate of MAO-A; this finding suggests that MAO-B
may function to metabolize dietary and endogenous amines such as phenylethy-
lamine (PEA) or tyramine (TA), but may have little effect on 5-HT unless levels
of this amine are elevated. Normally, the classical neurotransmitter amines me-
tabolized by MAO [norepinephrine (NE), dopamine (DA), 5-HT] are preferen-
tially stored in vesicles where they are protected from MAO.

Homology between the amino acid sequences of both A and B isoforms is
70%, and both are encoded by separate genes located on the short arm of the X
chromosome. During development, the MAO-A form is expressed first, followed
by MAO-B, which increases in proportion through life. The complete absence of
MAO has been described (Sims et al. 1989) in a family of male cousins with a
deletion of Xp21-p11, an area that includes the gene for Norrie disease. Norrie
disease is a rare X-linked recessive neurologic disorder. Characteristics of Nor-
rie disease include retinal dysplasia with blindness, mental retardation and pro-
gressive hearing loss. Complete absence of MAO is thought to be related to fea-
tures such as somatic growth failure, abnormal sexual maturation, autonomic
nervous system dysfunction with hypotension, sleep disturbances with a
marked reduction in the amount of rapid eye movement (REM) sleep, flushing,
atonic seizures, motoric hyperactivity and hyperreflexia.
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Numerous attempts have been made to correlate hereditary variations in
MAO activity with human disease. Wide interindividual variations in platelet
and fibroblast MAO activity, as much as 50-fold, have been described in studies
of normal volunteers and those with psychiatric disorders. Low MAO-B activity
has been associated with stimulus-seeking and suicidal behaviour, alcoholism
and bipolar affective disorder. MAO-B activity increases with age in animals, el-
derly healthy humans and, to a greater extent, in patients with neurodegenera-
tive disease (Manuck et al. 2000). The increased activity of MAO-B with age may
reflect the glial cell proliferation that is linked to neuronal loss during ageing,
since the concentration of the enzyme is thought to be higher in glial than in
neuronal cells.

3.2
Platelet MAO

There are reports (Ravaris et al. 1976) that patients with greater than 80% inhi-
bition of platelet MAO after 2 weeks of treatment have a better antidepressant
response than patients with less than 80% inhibition. However, other studies
(Sharma et al. 1990) have not demonstrated a significant relationship between
clinical response and percentage of platelet MAO inhibition with PLZ, TCP
or SEL. A problem with measuring platelet MAO is, of course, that it is exclu-
sively MAO-B and does not necessarily reflect the central effect of the drugs on
MAO-A. Hence, there is no role for measurement of platelet MAO inhibition
with the RIMAs.

3.3
Effects of MAOIs on Brain Amine and Amino Acid Levels

The inhibition of MAO by drugs such as PLZ and TCP results in a marked eleva-
tion of levels of a number of brain amines termed “trace amines” (e.g. PEA,
meta- and para-tyramine, tryptamine and octopamine). In addition, PEA is a
metabolite of PLZ. These trace amines can have marked effects on uptake and/
or release of both catecholamines and 5-HT at nerve endings. They may also act
as neuromodulators through direct actions on receptors for the catecholamines
and/or 5-HT (Baker et al. 1992).

Several groups of researchers have noted that administering PLZ to rats re-
sults in an elevation of brain levels of g-aminobutyric acid (GABA). Acute and
chronic studies suggest that this elevation is the result, at least in part, of an in-
hibition of the catabolic enzyme GABA-transaminase (GABA-T) (Popov and
Matthies 1969; Baker et al. 1991; McManus et al. 1992; McKenna et al. 1994;
Parent et al. 2000). Elevation of brain levels of the amino acid alanine and inhi-
bition of alanine transaminase has also been observed (Wong et al. 1990; Tanay
et al. 2001). It is of interest that there is increasing evidence that GABA is in-
volved in the action of antipanic drugs, and PLZ is commonly used to treat pan-
ic disorder. Although the N2-acetyl analogue of PLZ is also an effective MAO in-
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hibitor, it neither alters GABA levels nor produces anxiolytic effects in rat
(Paslawski et al. 1996). The inhibition of GABA-T and elevation of GABA by PLZ
can be dramatically reduced by pre-treating rats with another MAO inhibitor
(Popov and Matthies 1969; Todd and Baker 1995). This finding suggests that a
metabolite of PLZ produced by the action of MAO on PLZ is ultimately respon-
sible for the elevation of brain GABA (Paslawski et al. 2001). In theory, this
would make PLZ a preferred antidepressant in the treatment of depressed pa-
tients with seizure disorders.

The structures of PLZ and TCP are similar to those of PEA and amphetamine,
and, not surprisingly, they have effects on the uptake and/or release of DA, NA
and, to a lesser extent, 5-HT. In animal studies that used therapeutically equiva-
lent doses of TCP, sufficiently high levels of this drug were attained in the brain
to affect the uptake and release of these neurotransmitters. High dosages of TCP
(1.3 to 3.0 mg/kg/day) are effective in treating patients who suffer from refracto-
ry depression (Amsterdam 1991). Since these doses are well above those that
have been reported to inhibit MAO by more than 90%, effects of TCP other than
the inhibition of MAO may contribute to the antidepressant effects of high-dose
TCP. Levels of free TCP may also contribute to the side-effects of this drug, in-
cluding a mean orthostatic drop in systolic blood pressure and a rise in pulse
rate. Elevations in blood pressure have also been significantly correlated with
the dose of TCP (Keck et al. 1991). One group of investigators hypothesized that
the initial hypertensive response to TCP is mediated by NE and that the ortho-
static hypotensive effect is mediated by a direct interaction between TCP and
a-adrenergic receptors (Keck et al. 1991).

Of the RIMA compounds that have been investigated so far, moclobemide ap-
pears to have few effects beyond MAO inhibition. In contrast, brofaromine is
also a relatively potent inhibitor of 5-HT reuptake, which may contribute to its
therapeutic efficacy (Waldmeier et al. 1994).

The selective, irreversible inhibitor of MAO-B, SEL, has been used extensively
in the treatment of Parkinson�s disease, primarily in early stages before treat-
ment with l-dopa is required, or, in later stages, in combination with l-dopa
(Parkinson Study Group 1993; Olanow et al. 1998). Although it was originally
assumed that SEL was effective in this condition because it slowed the inhibition
of the metabolism of DA, this theory has been disputed (Paterson et al. 1990).
Some researchers feel that the bioactive amine 2-phenylethylamine may play an
important role in the actions of this drug. SEL causes a marked increase in stri-
atal levels of the 2-phenylethylamine that occurs before increases in DA levels
become apparent with this drug. 2-Phenylethylamine has been reported to po-
tentiate the postsynaptic effects of DA. SEL also increases expression of the
mRNA coding for l-aromatic amino acid decarboxylase, the enzyme primarily
responsible for synthesis of 2-phenylethylamine (Paterson et al. 1990).

There is now also a reasonably large body of evidence indicating that SEL
may exert its therapeutic effects through actions on “oxidative stress” (Bentu�-
Ferrer et al. 1996; Gerlach et al. 1996). Several laboratories have reported that
SEL increases neostriatal superoxide dismutase (SOD) activity in rodents (Knoll
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1988; Carrillo et al. 1991; Clow et al. 1991). In addition, Wu et al. (1993) reported
that SEL can suppress formation of the hydroxyl radical formation following in-
trastriatal administration of the neurotoxin MPP+, and Chieuh et al. (1994)
demonstrated that this drug can also reduce hydroxyl radical formation by in-
hibiting DA autoxidation and subsequent melanin formation. It has also been
demonstrated that SEL can protect noradrenergic neurons from the neurotoxic
effects of DSP-4 (Zhang et al. 1995) and dopaminergic neurons from the neuro-
toxic actions of 6-hydroxydopamine (Knoll 1988; Salonen et al. 1996). It is of in-
terest that both SEL and its metabolite, N-desmethyldeprenyl (N-propargylam-
phetamine) have protective effects against excitotoxicity induced by glutamate
or glutamate receptor agonists (Semkova et al. 1996; Mytilineou et al. 1997a,b).
SEL has been reported to reduce apoptotic death and to provide neuroprotec-
tive/neurorescue effects in a remarkably large number of diverse models of neu-
rotoxicity (Magyar et al. 1998; Paterson and Tatton 1998; Boulton 1999; Xu et al.
1999).

Recent reports in the literature suggest that the second messenger nitric ox-
ide (NO) may also be involved in the actions of SEL. Zhang and Yu (1995) found
that the neurotoxin DSP-4, in addition to depleting noradrenaline levels in hip-
pocampus, also reduced NO synthase (NOS) activity in neurons of the dentate
gyrus and that SEL prevented the noradrenaline depletion and the loss of NOS
activity. In this regard, it is also of interest that Nw-nitro-l-arginine (LNNA), a
NOS inhibitor, has been reported to reduce delayed neuronal death in gerbil
brain after transient global ischemia (Kohno et al. 1996) and that SEL has been
reported to induce rapid increases in NO production in brain tissue and cere-
bral vessels (Thomas et al. 1998). Surprisingly, SEL has also been reported to
protect human dopaminergic neuroblastoma SH-SY5Y cells from apoptosis in-
duced by excess NO. Obviously the relationship between SEL and NO is an in-
teresting one that warrants further research.

It is also of interest that SEL has been reported to have neurorescue properties
(Tatton and Greenwood 1991) in addition to neuroprotective actions. Tatton and
Chalmers-Redman (1996) have proposed that these neurorescue properties as
well as some of the neuroprotective effects of SEL are independent of inhibition
of MAO. It has recently been suggested that SEL has neurotrophic actions and
can also alter expression of genes for SOD-1 and SOD-2 and for factors involved
in neuronal apoptosis (Tatton and Chalmers-Redman 1996; Paterson and Tatton
1998; Gelowitz and Paterson 1999). In this regard, it is also of interest that several
studies have now suggested that SEL has beneficial effects in Alzheimer�s disease
(Filip and Kolibas 1999 and references contained in that article). Changes in sev-
eral pre-synaptic and post-synaptic receptors may occur subsequent to the in-
creased levels of the amines and/or amino acid neurotransmitters produced by
the MAOIs. These delayed effects may be associated with the lag between admin-
istration of the MAO inhibitors and onset of antidepressant effect. Down-regula-
tion of b- and a2-adrenergic, 5-HT2, and tryptamine receptors have been shown
to occur after chronic administration of PLZ or TCP.
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In addition to inhibiting GABA-T and alanine-T, PLZ has been reported to
inhibit tyrosine amino transferase, aromatic amino acid decarboxylase, and do-
pamine b-hydroxylase (Yu and Bolton 1992). Aromatic amino acid decarboxyl-
ase, GABA-T and tyrosine amino transferase are pyridoxal-dependent enzymes.
Malcolm et al. (1990) reported that PLZ depletes blood pyridoxal-5-phosphate
levels in humans. In vitro studies of rats indicate that PLZ increases phenyletha-
nolamine N-methyltransferase and catechol O-methyltransferase activities. It
has also been reported that chronic administration of TCP results in an increase
in activity of aromatic amino acid decarboxylase (Robinson et al. 1979).

Numerous reports indicate that both PLZ and TCP interact with enzymes in-
volved in drug metabolism. Patients receiving PLZ or TCP may be taking other
drugs concomitantly that have the potential for metabolic drug–drug interac-
tions. PLZ and TCP have been reported to inhibit the degradation of drugs such
as hexobarbital, ethylmorphine, aminopyrine, meperidine and antipyrine (Eade
and Renton 1970; Clark et al. 1972; Smith et al. 1980; McDaniel 1986; Dupont et
al. 1987). TCP is also a relatively potent inhibitor of cytochrome P450 2C19
(Parkinson 1996).

Another factor that must be considered in the actions of TCP is the presence
of chiral centres. TCP is used clinically as the racemate but the (+)enantiomer
has been shown to be more potent than (�)TCP at inhibiting MAO, whereas
(�)TCP has been demonstrated to be more effective than (+)TCP as an inhibitor
of uptake of catecholamines (Smith 1980). The two enantiomers also differ in
their interaction with 5-HT1 receptors in human post-mortem frontal cortex,
with (�)TCP displaying a higher affinity than (+)TCP. Results to date, from
studies on laboratory animals and humans (Fuentes et al. 1976) indicate marked
pharmacokinetic differences between the two enantiomers in brain and plasma.

4
Metabolism/Plasma Concentration and Clinical Response

4.1
Phenelzine

Both PLZ and TCP are absorbed rapidly after oral administration and have
short elimination half-lives. Despite the fact that both drugs have been commer-
cially available for many years, much is still unknown about the metabolism of
these two drugs and the contribution of metabolites to their overall pharmaco-
logical profiles. Numerous studies have been conducted on the relationship be-
tween acetylator status and response of patients to treatment with PLZ. Because
isoniazid has structural similarity to PLZ and is a known substrate for acetyla-
tion, it has been assumed that PLZ is also acetylated, although the existence of
N-acetyl-PLZ as a metabolite of PLZ was not demonstrated until relatively re-
cently, and it appears to be only a minor metabolite (Robinson et al. 1985;
Mozayani et al. 1988). PLZ is a unique drug since it is a substrate for, as well as
an auto-inhibitor of, MAO (Clineschmidt and Horita 1969a,b).
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There is also evidence that phenylacetic acid (PAA) and p-hydroxypheny-
lacetic acid (p-OH-PAA) are important metabolites of PLZ (Clineschmidt and
Horita 1969a,b; Robinson et al. 1985). It is of interest that p-OH-PAA is a metab-
olite of the endogenous amine p-TA (p-OH-b-phenylethylamine) and that
2-phenylethylamine is also a known metabolite of PLZ (Dyck et al. 1985). There
is also indirect evidence for the formation of p-hydroxyphenelzine (p-OH-PLZ)
from PLZ (McKenna et al. 1990). Thus, possible routes for the formation of
p-OH-PAA are as follows (Baker et al. 2000):

– PLZ!PAA!p-OH-PAA or
– PLZ!PEA!p-TA (and/or PAA)!p-OH-PAA; or
– PLZ!p-OH-PLZ!p-OH-PAA (with or without p-TA intermediate).

These routes have not been studied in detail nor is there extensive informa-
tion on the pharmacological activity of metabolites such as p-OH-PLZ.
Phenylethylidene hydrazine (PhCH2CH = N-NH2) or 1-(2-phenylethyldiazene)
(PhCH2CH2N= NH) may be intermediates in going from PLZ to PAA, and hy-
drazine (H2NNH2) itself is a possible end-product of PLZ metabolism (Tipton
and Spires 1971; Yu and Tipton 1989). N-methylation is another possible route
of PLZ metabolism (Yu et al. 1991). To our knowledge there is no information
available about the involvement of cytochrome P450 (CYP) isozymes in the var-
ious steps of PLZ metabolism.

4.2
Tranylcypromine

Although several popular textbooks mention that amphetamine is a metabolite
of TCP, the bulk of evidence in the literature indicates that this is not the case.
Despite a case report on the presence of amphetamine in the plasma of a patient
who had overdosed on TCP, other studies conducted in humans and rats have
not revealed amphetamine in human urine or rat brain after the administration
of pharmacologically relevant doses of TCP (Sherry et al. 2000). The presence of
N-acetyl and ring hydroxylated metabolites of TCP has been demonstrated in
rats (Baker et al. 1986; Calverley et al. 1981; Foster et al. 1991) and microbes.
There is little information available about the involvement of specific CYP iso-
zymes in the metabolism of TCP, but TCP itself is a relatively potent inhibitor of
CYP 2C19 (Goldstein et al. 1994; Parkinson 1996).

4.3
Selegiline

SEL is extensively metabolized to (�)methamphetamine, (�)amphetamine and
(�)N-desmethyldeprenyl (N-propargylamphetamine) (Heinonen et al. 1994).
CYP isozymes are involved in these metabolic pathways (Grace et al. 1994; Bach
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et al. 2000). The relative contribution of these metabolites to the therapeutic ac-
tions and side-effects of SEL continues to be a matter of debate.

4.4
Moclobemide and Brofaromine

The two RIMAs, moclobemide and brofaromine, demonstrate similar T-max
values, but brofaromine is more highly protein- bound and has a longer elimi-
nation half-life than moclobemide (Waldmeier et al. 1994). Both agents are ex-
tensively metabolized. There is very little information available on the involve-
ment of CYP isozymes in these metabolic routes, although it has been reported
that moclobemide appears to be a substrate for CYP 2C19 and an inhibitor
of CYP 2C19, CYP 2D6, and CYP 1A2, and that CYP 2D6 contributes to
O-demethylation of brofaromine (Gram and Brossen 1993; Jedrychowski et al.
1993; Hartter et al. 1996). It has also been suggested that one-half the usual dose
of moclobemide should be used when it is given in combination with the potent
CYP 2D6 inhibitor cimetidine. It has been suspected for some time, but not yet
definitely shown, that an active metabolite may contribute to the MAO-inhibit-
ing activity of moclobemide (Da Prada et al. 1989; Waldmeier et al. 1994).

5
Safety and Adverse Effects

5.1
Drug–Drug Interactions

The major drug–drug and food–drug interactions involving MAOIs are summa-
rized in Table 2. The so-called cheese effect has been discussed in the preceding
section on “Precautions and Adverse Reactions.”

Although coadministration of certain MAOIs with TCAs, selective serotonin
reuptake inhibitors (SSRIs) and psychomotor stimulants such as amphetamine
are listed in this table, all three of these combinations have been used success-
fully in the treatment of refractory depression (Amsterdam 1991); however,
these combinations should be used only with extreme caution. Although MAOIs
have been used effectively in combination with amitriptyline, imipramine, dox-
epin and trazodone, their use with SSRIs or clomipramine may lead to the po-
tentially fatal serotonin syndrome. Combinations involving TCP and clomipra-
mine are among the most dangerous and should be avoided. When switching
from irreversible MAOIs to TCAs or SSRIs, a minimum washout of 2 weeks
is required to allow complete recovery of MAO activity (American Psychiatric
Association 2000; Kennedy et al. 2001). Combinations of moclobemide and an
SSRI or a TCA have been reported to be safe and efficacious, although this work
is preliminary and close observation of patients is important (Joffe and Bakish
1994). When moclobemide or brofaromine is withdrawn, only 24–48 h is re-
quired for complete recovery of MAO activity. When switching from a TCA or
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an SSRI to an MAOI, a washout period of 10–14 days is sufficient, except in the
case of fluoxetine, where a washout period of 5 weeks is required, primarily be-
cause of the long elimination half-life of its active metabolite, norfluoxetine.

Effective lithium augmentation of MAOIs was first reported in 1972
(Himmelhoch et al. 1972). In countries where it is available, l-tryptophan may
also be used in augmentation strategies, but should be started at low doses
(250–500 mg/day) and gradually titrated upward to reduce the risk of develop-
ing the serotonin syndrome (Barker et al. 1987). This syndrome, which results
from excessive increases in serotonergic tone, is characterized by tremor at rest,

Table 2 Interactions of MAOIs with drugs and food (reprinted with permission from Hansten and Horn
1995)

Type of interacting drug Examples Outcome MAOI expected
to interact

Foods containing tyramine
(releases norepinephrine)

Cheese, red wine, beer,
yeast extracts, aged meats

Hypertension Nonselective
MAO-A selectivea

MAO-B selectivea

Drugs that release
norepinephrine from
sympathetic neurons

Amphetamines, ephedrine,
phenylpropanolamine,
pseudoephedrine

Hypertension Nonselective
MAO-A selective
MAO-B selective?b

Drugs metabolized by
MAO

Phenylephrine (oral) Hypertension Nonselective
MAO-B selectivec

Sumatriptan (Imitrex) Increased serum
levels of sumatriptan

Nonselectived

MAO-A selective
Drugs that can inhibit
serotonin reuptake at
synapses

SSRIs, clomipramine,
imipramine, meperidine,
dextromethorphan,
propoxyphene?, venlafaxine

Serotonin syndrome
(confusion, agitation,
hypomania, sweating,
myoclonus, fever,
coma). Can be fatal

Nonselective
MAO-A selectivee

MAO-B selectivef

Serotonin agonists Sumatriptan Sertonin syndrome?d Nonselectived

MAO-A selectived

MAO, monoamine oxidase; MAOIs, monoamine oxidase inhibitors; SSRIs, selective serotonin reuptake
inhibitors.
a If doses of MAOIs and/or tyramine are large enough, tyramine-induced hypertension can occur.
b Recommended doses of selegiline (�10 mg/day) are unlikely to inhibit MAO-A; thus, theoretically, se-
legiline should not interact with indirect-acting sympathomimetics. However, doses of selegiline
>10 mg/day may result in inhibition of MAO-A.
c Initial evidence suggests that moclobemide produces only a minor increase in the pressor response of
IV phenylephrine, but the risk should be greater with oral phenylephrine.
d Based upon theoretical considerations.
e It is recommended that moclobemide not be used with meperidine or dextromethorphan. Initial evi-
dence suggests that moclobemide plus an SSRI does not result in a serotonin syndrome, but more data
are needed to establish whether moclobemide and an SSRI can be used safely together.
f A case report suggests that selegiline may interact with meperidine, but the patient also was on imi-
pramine 700 mg/day. Little is known about the use of selegiline with other inhibitors of serotonin up-
take.
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hypertonicity, myoclonus and autonomic signs. Hallucinations may also result
and a life-threatening hyperthermia may occur.

PLZ and TCP have been reported to inhibit the activity of a number of en-
zymes involved in drug metabolism (Baker et al. 1992). TCP has been identified
as a relatively potent inhibitor of CYP 2C19 (Parkinson 1996) and moclobemide
has been reported to be a substrate for CYP 2C19 and to inhibit CYP 2D6, CYP
2C19 and CYP 1A2 (Gram et al. 1995; Hartter et al. 1996). Thus, the potential
for metabolic drug–drug interactions between these MAOIs and coadministered
drugs that are substrates for and/or inhibitors of these CYP isozymes should be
considered.

It is also possible that interactions with prodrugs of amino acids or of val-
proic acid, which are converted in the body by MAO-B to amino acids or to val-
proic acid, will occur. Several such drugs are under investigation as anticonvul-
sants, and the potential for a serious drug–drug interaction with MAOIs must
be considered because the MAOIs will interfere with metabolism of the prodrug
to the active drug of interest.

5.2
Adverse Effects

The most feared side-effect of irreversible MAOIs is the TA-induced hyperten-
sive crisis. Once it is decided to initiate a trial of an irreversible MAOI, the pa-
tient should be instructed to avoid foods with substantial TA content (other
sympathomimetic amines such as PEA may also be culprits in this regard). TA,
a substrate of MAO present in significant concentrations in certain fermented
food stuffs including red wine, tap beer, cheese, yeast extracts and pickled fish,
causes a vasopressor response, an effect that is dramatically accentuated in pa-
tients taking an MAOI (Shulman et al. 1997; Shulman and Walker 1999). This
response is due in part to the MAO-inhibited patient�s inability to deaminate TA
(which is normally broken down by MAO-A in the gut) resulting in displace-
ment of intracellular stores of NA. When dietary restrictions are followed, the
risk of a serious hypertensive problem is curtailed. Although lists of foods that
should be avoided by patients taking MAOIs are available, there is a general
consensus that many of these are too extensive, and there has been a trend in
recent years to develop more “user-friendly” MAOI diets (Gardner et al. 1996).
There are also case reports of patients who develop idiosyncratic, spontaneous
hypertensive episodes shortly after taking initial doses of TCP and, more rarely,
PLZ. Reports of minimal increases in blood pressure in response to intravenous
and oral TA administration in patients taking RIMAs (moclobemide and bro-
faromine) suggest that these drugs are safer and can be used without stringent
dietary control (Bieck and Boulton 1994). However, it is suggested that they be
given after meals to reduce the likelihood of causing any inhibition of TA me-
tabolism. At usual therapeutic doses, the cheese effect should not be a problem
with the selective MAO-B inhibitor SEL, but at higher doses of this drug, there
is some inhibition of MAO-A and dietary restrictions should be followed.
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Because of its a-adrenergic blocking properties, phentolamine (5 mg IM or
IV) has traditionally been the recommended treatment for an MAOI-induced
hypertensive crisis. Onset of action is rapid, usually within 5 min, and a single
dose is generally effective. A diuretic such as furosemide may be given intra-
venously to avoid fluid retention and, if necessary, a beta-blocker such as pro-
pranolol may be given to control tachycardia. Additional doses of phentolamine
can be given over several hours if needed. A recent alternative treatment is sub-
lingual nifedipine (10 mg with a repeat dose after 20 min if required). As with
phentolamine, the onset of action occurs within 5 min.

Although a hypertensive crisis is the most feared reaction with classical
MAOIs, paradoxically, hypotension is a more common cardiovascular side-effect
and can lead to dizziness and fainting after sudden postural changes (Thase et
al. 1995). In fact, postural hypotension may be a useful clinical sign for deter-
mining therapeutic dose (i.e. the dose may be titrated upwards cautiously until
some postural hypotension is observed). If postural hypotension does become a
problem in otherwise responsive patients, mineralocorticoids may be given
while monitoring serum potassium levels to avoid hypokalaemia.

Insomnia can also be problematic with MAOIs, ultimately necessitating dis-
continuation of the drug in a small number of people; this side-effect can often
be managed by lowering the dose or by adding a sedative drug (e.g. a benzodi-
azepine or trazodone) to the therapeutic regimen at bedtime. Paradoxically,
some patients are sedated on PLZ and take the medication prior to sleep. The
irreversible MAOIs may cause a marked suppression of REM sleep, which is less
likely to be experienced with RIMAs (Flanigan and Shapiro 1994). Other com-
mon side-effects of the MAOIs include weight gain, peripheral oedema and sex-
ual dysfunction. A peripheral neuropathy resulting from pyridoxine deficiency
produced by PLZ may occur in some patients. There is a reduced incidence of
sleep disorders, sexual dysfunction and weight gain with moclobemide com-
pared with the classical MAOIs. There are fewer reports of sexual dysfunction
associated with moclobemide than with most other antidepressants (Kennedy et
al. 2000).

A discontinuation syndrome consisting of arousal, mood disturbance and
somatic symptoms has been reported with sudden cessation of PLZ or TCP
administration (Dilsaver 1988). As with other classes of antidepressants, it is
prudent to taper the dose of MAOIs and RIMAs over several weeks. With MAOIs
but not with RIMAs, it is necessary to avoid the administration of other antide-
pressants for at least 10–14 days after drug discontinuation to allow a full return
to normal MAO activity before starting a new drug.

6
Clinical Use/Therapeutic Indications

The MAOIs have found an important niche in the therapeutic armamentarium
of clinicians, particularly for atypical depression and depression associated with
anxiety, panic and phobias. PLZ continues to be used as a second-line therapy
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for atypical depression and TCP may be effective in previously “treatment-resis-
tant depression”.

Demonstrated antidepressant efficacy with SEL appears to require oral doses
(30–60 mg/day) that result in a loss of selective MAO-B inhibition and the need
for dietary precautions (Bodkin and Kwon 2001). A promising alternative deliv-
ery system for SEL involves the Selegiline Transdermal System (STS) that allows
direct absorption into the systemic circulation with consequent central MAO-B
inhibition and less inhibitory effects on gut or other peripheral MAO sites. This
STS “patch” has been found to be significantly better than placebo in the treat-
ment of major depression in both rates of response and remission. The only
side-effect that occurred significantly more frequently with the SEL group was a
local skin reaction at the patch site (Bodkin and Amsterdam 1999). If approved,
this novel delivery system for antidepressant medication could serve to increase
clinician confidence in prescribing MAOI therapy.

A summary of dosing guidelines for clinical depression is presented in the
dosing table in the Appendix (Table 1).

6.1
Atypical Depression

The concept of “atypical depression” has been applied to different subtypes of
depression; in the DSM-IV (American Psychiatric Association 1994), the term is
used to refer to a depression characterized by preserved mood reactivity accom-
panied by at least two of the following symptoms: extreme sensitivity to inter-
personal loss or rejection, prominent anergia, increased appetite, weight gain or
hypersomnia. Atypical depression was previously subclassified into anxious
(type A) and reversed vegetative (type V) types (Davidson et al. 1982). The Co-
lumbia University definition of atypical depression combined reversed vegeta-
tive symptoms with mood reactivity and intense rejection sensitivity. This
group has been able to demonstrate a superior response to PLZ over imipra-
mine (IMI) in patients with “Columbia University Atypical Depression” (Quitkin
et al. 1994). There also appears to be considerable overlap between the predis-
position towards “rejection sensitivity” and Axis II personality disorders, espe-
cially borderline personality disorder (BPD). TCP was found to be superior to
alprazolam, carbamazepine and trifluoperazine in BPD (Cowdry and Gardner
1988)

Recent investigations have compared moclobemide and sertraline in outpa-
tients with a diagnosis of atypical depression (Sogaard et al. 1999). Although
both sertraline and moclobemide improved the symptoms of atypical depres-
sion equally, the low dose of moclobemide (300–450 mg) limits conclusions
about comparative effectiveness of both agents in clinical practice.
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6.2
Anergic Bipolar Depression

A group at the University of Pittsburgh has emphasized the presence of type V
(reversed vegetative) symptoms in what has been described as “anergic bipolar
depression”. Although their results have not been replicated elsewhere, this
group has demonstrated the superiority of TCP over IMI in bipolar depression
(Himmelhoch et al. 1991). The extent to which findings from the Columbia
group are specific to PLZ and those of the Pittsburgh group are specific to TCP
remains unknown.

In a review of pharmacological strategies for the treatment of bipolar depres-
sion, Thase and Sachs (2000) recommended TCP and venlafaxine as preferred
agents in treatment-resistant cases of bipolar depression. A lower rate of switch-
ing from bipolar depression to hypomania or mania was also observed with
lamotrigine, paroxetine and moclobemide in three large-scale, double-blind
studies of bipolar depression (Calabrese et al. 1999), although other antidepres-
sants including bupropion have not been systematically evaluated in similar
large multicentre studies.

6.3
Anxiety and Eating Disorders

Many patients with atypical depression also suffer from panic attacks and anxi-
ety symptoms (Quitkin et al. 1990). PLZ has been reported by some authors to
be the treatment of choice for panic disorder (Westenberg 1996). In other inves-
tigations, moclobemide was found to be comparable in efficacy to clomipra-
mine (Kruger and Dahl 1999) and fluoxetine (Tiller et al. 1999), with approxi-
mately 60% of patients achieving panic-free status at the end of both studies.
Patients with moclobemide also reported significantly fewer side-effects. How-
ever, moclobemide was less effective than CBT and conferred no extra benefit
when added to CBT (Loerch et al. 1999).

Patients with social phobia also respond favourably to MAOI and RIMA ther-
apy. Studies involving PLZ provided support for the 60-mg dose (Gelerenter et
al. 1991; Liebowitz 1992), while, in one of the few direct comparisons of PLZ
and moclobemide, Versiani et al. (1992) confirmed the comparable efficacy of
moclobemide at a dose of 600 mg/day. PLZ also produced a superior outcome
to cognitive–behavioural group therapy during the acute phase of treatment
(Liebowitz et al. 1999).

Although dietary concerns have limited their use in patients with bulimia
nervosa, controlled trials support the efficacy of PLZ (Walsh et al. 1988) isocar-
boxazid (Kennedy et al. 1988) and brofaromine (Kennedy et al. 1993).
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6.4
Depression in the Medically Ill

There is limited evidence to support the use of moclobemide as a treatment for
comorbid depression in multiple sclerosis patients (Barak et al. 1999) and for
comorbid dementia and depression (Amrein et al.1999). Moclobemide also ap-
pears to be well tolerated and effective in treating depression associated with
traumatic brain injury (Newburn et al. 1999).

MAOIs have also been employed in the therapeutic management of various
conditions that include anginal pain, atypical facial pain, refractory thought dis-
orders, neurodermatitis, treatment-resistant narcoleptic states, migraine, narco-
lepsy, attention-deficit disorder and idiopathic orthostatic hypotension.

6.5
MAOIs in Combination Therapy

The practice of combining MAOI or RIMA antidepressants with other antide-
pressant agents, including TCAs and SSRIs, to treat refractory depression has
been in existence for decades, despite the potential for serious adverse drug in-
teractions (White and Simpson 1981; Joffe and Bakish 1994; Berlanga and Orte-
ga-Soto 1995; Ebert et al. 1995).

There is also anecdotal evidence to suggest tranylcypromine may be effective
in combination with bupropion (Pierre and Gitlin 2000) or risperidone (Stoll
and Haura 2000) in the management of treatment-refractory depression.

Following the publication of case series reports concerning the use of a com-
bination of moclobemide with SSRIs (Joffe and Bakish 1994) in previously non-
responsive depressed patients, a triple therapy of moclobemide, trazodone and
lithium (Magder et al. 2000) was also found to be effective and safe. These po-
tentially hazardous combination therapies should be used only by specialists in
pharmacology and with full patient awareness of the potential for adverse drug
interactions.

Continuation and maintenance treatments with MAOI and RIMA therapies
have not been adequately studied. Findings from three randomized, placebo-
controlled trials involving long-term MAOI therapy have been published. All
three studies involved PLZ, which proved superior to nortriptyline in a mainte-
nance trial in elderly depressives (Georgotas et al. 1989) and superior to placebo
in adult depressed populations (Harrison et al. 1986; Robinson et al. 1991).

Although acute treatment outcomes were comparable following fluoxetine
or PLZ treatment for atypical depression (Pande et al. 1996), none of the
PLZ-treated group had chosen to remain on this medication at a 2-year follow-
up (Zubieta et al. 1999).
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7
Beyond MAO Inhibition: Binding of MAOIs to Other Amine Oxidases
and Imidazoline Binding Sites

Not all experimental or clinical effects elicited by MAOIs might be explained
through binding to, and inhibition of, MAO enzymes. Hydrazine-based agents
in particular are notorious for their lack of specificity, inhibiting many enzymes
with carbonyl-containing cofactors such as pyridoxal phosphate. Thus, PLZ and
isocarboxazid might reasonably be expected to have rather widespread effects
on, for example, decarboxylase and aminotransferase enzymes such as those in-
volved in GABA metabolism and the urea cycle. While a full discussion of the
implications of such interactions is beyond the scope of this chapter, some men-
tion of the effects of MAOIs on other amine oxidases and related proteins is
both pertinent and revealing.

MAO substrates such as dopamine, tyramine, b-phenylethylamine, trypta-
mine and benzylamine are also substrates, to a greater or lesser degree and in a
tissue and species-dependent manner, for a family of enzymes known collective-
ly as the semicarbazide-sensitive amine oxidase (SSAO), or benzylamine oxidase
enzymes (Lyles 1996). These enzymes of the EC 1.4.3.6 group exist as cell sur-
face glycosylated type II ectoenzymes, mainly on vascular and non-vascular
smooth muscle (Lewinsohn 1981; Lyles and Singh 1985) and on white and
brown adipocytes (Barrand and Callingham 1982; Barrand and Fox 1982;
Barrand et al. 1984; Raimondi et al. 1991). Soluble SSAO enzymes present in the
plasma of humans (Lyles et al. 1990) and other species are more usually referred
to as plasma amine oxidases (PAO), and sometimes erroneously as serum amine
oxidases, with the SSAO abbreviation generally limited to the tissue-bound en-
zymes. The soluble PAO enzymes have substrate preferences distinct from the
tissue-bound SSAO enzymes, most notably in that they metabolize the polya-
mines, spermine and spermidine (Morgan 1985). That the EC 1.5.3.11 enzyme,
polyamine oxidase, is an integral player in the polyamine cycle and is also often
abbreviated to PAO continues to be a source of some confusion (Seiler 1995). In
the present review, PAO refers to plasma SSAO enzymes.

Both the soluble and tissue-bound SSAO enzymes contain a trihydroxypheny-
lalanine quinone (TPQ) cofactor (Janes et al. 1990, 1992; Holt et al. 1998) as well
as active site copper (Klinman and Williams 2000). These cofactors facilitate an
aminotransferase-type ping-pong oxidation of substrate amines, resulting in re-
lease of aldehyde, hydrogen peroxide and ammonia. Thus, the products of de-
amination are identical to those from MAO, although the reaction mechanism is
somewhat different. While MAO and SSAO/PAO enzymes share several sub-
strates, a few endogenous SSAO and/or PAO substrates are not turned over by
MAO, including histamine (also a diamine oxidase substrate) (Buffoni 1995),
methylamine (Precious et al. 1988; Lyles et al. 1990), aminoacetone (Lyles and
Chalmers 1992) and the polyamines, spermidine and spermine.

Several clinically used MAOIs are also able to inhibit SSAO enzymes. The hy-
drazine derivative, PLZ, can be considered a tight-binding suicide-type SSAO
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inhibitor, with enzyme recovery partly as a result of slow metabolism of the in-
hibitor by the enzyme (Andree and Clarke 1982). It is likely that doses of PLZ
sufficiently high to have a substantial effect on MAO will also inhibit SSAO to a
similar or greater degree. Isocarboxazid has not been thoroughly examined as
an SSAO inhibitor, but it is a hydrazine derivative and is structurally related to
iproniazid, a potent SSAO inhibitor (Lyles et al. 1983). At a concentration of
1 mM, TCP caused complete inhibition of rat aorta SSAO in vitro, although in-
hibition was readily reversible by dialysis (Lyles 1996). A comprehensive review
by Lyles (1996) provides numerous examples of other therapeutics, such as hy-
dralazine, carbidopa, benserazide, procarbazine and mexiletine, which also in-
hibit SSAO and PAO enzymes.

In the experimental setting, SSAO inhibition by established or novel MAOI
under investigation must be accounted for in situations where, for example,
amine or metabolite concentrations are being measured following MAOI admin-
istration and the amine of interest is a combined MAO/SSAO (or PAO) sub-
strate. In the clinical setting, the consequences of SSAO/PAO inhibition are far
less easy to predict, as a result of our lack of understanding of the physiological
functions of these enzymes. In fact, although several pathophysiological func-
tions for SSAO and PAO enzymes have been proposed (Callingham et al. 1995;
Yu 2000), one of only two physiological functions described to date for tissue-
bound SSAO is that of a vascular adhesion protein (VAP)-1 involved in lympho-
cyte trafficking (Salminen et al. 1998) and it is not yet clear if the enzymatic ca-
pability of SSAO is even required for lymphocyte trafficking to occur. In adipo-
cytes, SSAO appears to be important in the regulation of glucose transport, with
hydrogen peroxide precipitating glucose uptake through GLUT4 translocation
to the plasmalemma (Enrique-Taranc�n et al. 2000).

Deamination of the endogenous amines, methylamine and aminoacetone, by
SSAO/PAO yields formaldehyde and methylglyoxal respectively, as well as am-
monia and hydrogen peroxide. Both of these aldehydes are toxic and induce
cross-linking and damage in proteins and DNA (Callingham et al. 1995). Elevat-
ed SSAO activities are seen in diabetes, atherosclerosis, obesity and chronic
heart failure, and it has recently been confirmed that mortality rates in chronic
heart failure patients are significantly higher in those patients with elevated PAO
activity (Boomsma et al. 2000; Yu 2000). In combination with the increased
methylamine or aminoacetone levels that are seen in diabetes, pregnancy, preg-
nancy toxaemia and uraemia, formation of formaldehyde and methylglyoxal is
likely to be greatly accelerated in these conditions and it seems that some bene-
fit may be gained from inhibiting SSAO and reducing the rate of formation of
toxic metabolites. However, one should caution against the enthusiastic admin-
istration of SSAO inhibitors, or MAOI with the capacity to inhibit SSAO/PAO,
since there are many situations in which active SSAO would seem to be desir-
able. Langford et al. (1999) showed that weanling rats treated chronically with
an experimental SSAO inhibitor failed to develop functional aortae, particularly
with respect to vessel wall and elastin integrity. One might argue that this could
be related to a disruption of polyamine metabolism, given the integral role
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played by spermine and spermidine and their metabolites in cell growth, differ-
entiation and survival (Pegg and McCann 1982; Bonneau and Poulin 2000).
In fact, polyamines have been shown to possess both cytotoxic and protective
capabilities under a variety of conditions (Gilad and Gilad 1992; Poulin and
Bonneau 2000; Segal and Skolnick 2000) and inhibition of SSAO/PAO may not
be without risk.

The past decade has seen the emergence of a new family of receptors or bind-
ing sites, the imidazoline receptors (IR or IBS). These are reported to be in-
volved in the control of blood pressure and renal function, to modulate the con-
ductance of some ion channels, and perhaps to exert some control over MAO
activities (Renouard et al. 1993; Carp�n� et al. 1995a,b; Raddatz et al. 1995;
Tesson et al. 1995; Alemanay et al. 1997; Gargalidis-Moudanos et al. 1997;
Molderings 1997; Ozaita et al. 1997; Raddatz and Lanier 1997; Molderings and
Gothert 1999; Olmos et al. 1999). At least three binding site subtypes have been
identified, and some of these can be further subdivided based on ligand affinity
data (Eglen et al. 1998). While strong evidence now exists to support the con-
tention that I1BS does correspond to functional receptors, this may not be the
case for I2BS and I3BS. In fact, the presence of a high-affinity I2BS on MAO has
been demonstrated (Tesson et al. 1995), although clearly this site is not a recep-
tor. While imidazoline ligands are able to inhibit MAO, the high-affinity I2BS
appears to be distinct from the enzyme-active site, and ligand concentrations
required to inhibit MAO are much higher than their corresponding KD values at
the I2BS (Ozaita et al. 1997). Inhibition may thus be through an initially compet-
itive interaction with the active site, and a function has not yet been ascribed to
the high-affinity I2BS on MAO.

Numerous imidazoline ligands have been shown to inhibit diamine oxidase, a
rather specialized member of the SSAO family (A. Holt, unpublished data; see
Holt and Baker 1995) and an imidazoline binding site has also been identified
on plasma amine oxidase enzymes (Carp�n� et al. 1995a). Thus, it would seem
reasonable to conclude that at least some IBS are actually the active sites of dif-
ferent amine oxidase enzymes, and this would contribute to the apparent multi-
plicity of IBS. But is it merely coincidence that such a high degree of ligand
cross-recognition exists? Agmatine is an endogenous IBS ligand, and is also a
substrate for both porcine kidney diamine oxidase (Holt and Baker 1995) and
porcine vascular SSAO (A. Holt, unpublished). Polyamines are endogenous imi-
dazoline ligands, as well as substrates for plasma amine oxidases. Tryptamine
has micromolar affinity for I2BS in rabbit brain (Price et al. 1999), and is a sub-
strate for both MAO and SSAO. Interestingly, several b-carbolines, which can be
formed endogenously from tryptamine, had nanomolar affinities for I2BS in
rabbit brain (Price et al. 1999). One such compound, harmane, produced hypo-
tension when injected into the rostral ventrolateral medulla of the rat, most like-
ly through an action at I1 receptors (Musgrave and Badoer 1999).

While it is likely that more than one endogenous imidazoline receptor ligand
exists, current evidence suggests that one or more of these may be substrates
for one or more amine oxidase enzymes. This being the case, it would seem rea-
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sonable to suggest that amine oxidase inhibition may increase tissue levels of
the ligand(s), presumably increasing imidazolinergic transmission and conse-
quently decreasing imidazoline receptor density. In fact, ongoing studies in our
laboratories have provided preliminary evidence that rat brain I1 receptors are
down-regulated following chronic treatment with selective amine oxidase in-
hibitors (A. Holt and G.B. Baker, unpublished). Platelet I1 receptors are up-regu-
lated in depression and several related disorders, while treatment with desipra-
mine or fluoxetine reduced receptor density (Piletz et al. 1994, 1996a,b). Taken
together with the well-documented (although arguable) role played by imidazo-
line receptors in blood pressure control (Bousquet and Feldman 1999) and the
fact that several imidazolines, including agmatine, appear to be neuroprotective
(Olmos et al. 1999), it seems that the use of amine oxidase inhibitors to manipu-
late imidazolinergic systems might prove to be therapeutically beneficial. How-
ever, until the roles of imidazoline receptors are more clearly established, and
the effects of individual amine oxidase inhibitors, including MAOI, on this sys-
tem have been defined, it would seem prudent for users of MAOI to bear in
mind that the potential exists for clinical or experimental anomalies that might
not be attributable to MAO inhibition.
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Abstract The selective serotonin reuptake inhibitors (SSRIs) (citalopram, esci-
talopram, fluoxetine, fluvoxamine, paroxetine, and sertraline) are the most
widely prescribed class of antidepressants in the United States and a number of
other countries. All the SSRIs except fluvoxamine have an indication for major
depressive disorder (MDD) in the United States. The SSRIs were the first ratio-
nally developed class of psychiatric medications and thus share many similari-
ties: equivalent acute and maintenance antidepressant efficacy, flat dose–re-
sponse curve for antidepressant efficacy, ascending dose–response curve for ad-
verse effects, adverse effect profile consistent with excessive serotonin agonism,



60%–80% inhibition of serotonin uptake at their lowest, usually effective antide-
pressant dose, and efficacy for both depressive and anxiety disorders. The SSRIs
have good tolerability and do not cause severe side effects seen with certain oth-
er antidepressants (e.g., intracardiac conduction delays, seizures, postural hypo-
tension). Because of their wide therapeutic index, the SSRIs have demonstrated
good safety in overdose and there is no evidence of long-term safety problems.
However, the different SSRIs do differ considerably in pharmacokinetics and ef-
fects on cytochrome P450 enzymes. Three of the SSRIs—fluoxetine, fluvoxam-
ine, and paroxetine—inhibit one or more CYP enzymes to a substantial degree
and have the potential to cause clinically meaningful drug–drug interactions.
There is some debate about the efficacy of SSRIs in patients with more severe
depression. If a patient has not been able to tolerate one SSRI, many clinicians
will try a second SSRI; however, most psychiatrists prefer to switch to a drug
with a different mechanism of action if a patient has had an inadequate re-
sponse to an adequate trial of one SSRI, since there is no compelling evidence
showing that nonresponders to one SSRI will respond to a trial of a different
SSRI. All the SSRIs have a flat dose–response curve, so that there is usually no
advantage in using doses above the usually effective minimum dose.

Keywords Selective serotonin reuptake inhibitors · Rational drug development ·
Side effects · Tolerability · Citalopram · Escitalopram · Fluoxetine ·
Fluvoxamine · Paroxetine · Sertraline

Portions of this chapter have been adapted with permission from Janicak et
al. (2001).

1
Introduction and History

As reviewed earlier in this volume (“Overview of Currently Available Antide-
pressants”), drug development in psychiatry has evolved from a process based
on chance to one based on molecularly targeting specific sites of action in the
central nervous system (e.g., specific neuroreceptors or neuronal uptake pumps
for specific neurotransmitters). This chapter will review the first class of psychi-
atric medications rationally designed using in vitro receptor binding affinity
technology, the selective serotonin reuptake inhibitors (SSRIs) (Preskorn 1996).

The objective of such rational drug development was to create agents that
would affect only mechanisms that mediate the desired effect, in this case anti-
depressant efficacy, while avoiding effects on mechanisms that did not con-
tribute to such efficacy but instead mediated the tolerability or safety problems
that plagued the use of older chance-discovery antidepressants, specifically the
tricyclic antidepressants (see Lader, this volume; Preskorn 1990, 1995b; Tallman
and Dahl 1994).
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1.1
Organization

This chapter first describes the development of the SSRIs and then reviews their
chemistry, pharmacology, metabolism, safety and adverse effects, and clinical
use in the treatment of depression. For a more detailed discussion of the phar-
macokinetics of these agents, see Preskorn and Catterson (this volume), and for
a discussion of the use of therapeutic drug monitoring (TDM) of antidepres-
sants, see Burke and Preskorn (also in this volume). Summary tables on dosing,
adverse effects, pharmacokinetic parameters, and plasma concentrations are
provided in the Appendix. For more information on the pharmacology of
the SSRIs and copies of other publications by the first author of this chapter,
readers are referred to his “Applied Clinical Pharmacology” website (www.
preskorn.com).

1.2
Currently Available SSRIs and Indications for Their Use

The following SSRIs are currently available in the United States and many other
countries (the product names in use in the United States are given in parenthe-
ses): citalopram (Celexa), escitalopram (Lexapro), fluoxetine (Prozac), fluvox-
amine (Luvox), paroxetine (Paxil), and sertraline (Zoloft). All the SSRIs, except
fluvoxamine, have an indication for major depressive disorder in the United
States. Although fluvoxamine is marketed as an antidepressant in many coun-
tries, in the United States it is only labeled for the treatment of obsessive-com-
pulsive disorder (OCD). In the United States, fluoxetine is also indicated for the
treatment of OCD, panic disorder, premenstrual dysphoric disorder, and bulim-
ia nervosa; paroxetine is indicated for the treatment of OCD, panic disorder, so-
cial anxiety disorder (social phobia), generalized anxiety disorder, and posttrau-
matic stress disorder (PTSD); and sertraline is indicated for the treatment of
OCD, panic disorder, social anxiety disorder, PTSD, and premenstrual dysphoric

Table 1 Approved FDA indications for the SSRIs in the United States

SSRI Depres-
sion

Panic
disorder

OCD Social
anxiety
disorder

GAD PTSD Bulimia
nervosa

PMDD

Citalopram X
Escitalopram X
Fluoxetine X X X X X
Fluvoxamine X
Paroxetine X X X X X X
Sertraline X X X* X X X

OCD, obsessive-compulsive disorder; GAD, generalized anxiety disorder; PTSD, posttraumatic stress disor-
der; PMDD, premenstrual dysphoric disorder.
* Also approach for pediatric OCD
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disorder. The indications for the SSRIs that are currently approved by the U.S.
Food and Drug Administration are summarized in Table 1.

1.3
Prescription Data

The SSRIs are the most widely prescribed class of antidepressants in the United
States as well as in a number of other countries. The National Ambulatory Med-
ical Care Survey done in 1993–1994 found that half of the prescriptions for an-
tidepressants written by psychiatrists were for SSRIs (Olfson et al. 1998). An
analysis of data from two representative surveys of the general population of the
United States, the 1987 National Medical Expenditure Survey and the 1997 Med-
ical Expenditure Panel Survey, found that individuals being treated with depres-
sion were 4.5 times more likely to be treated with a psychotropic medication in
1997 than in 1987 and that this increase in antidepressant use was primarily at-
tributable to the introduction of the SSRIs, which were unavailable in 1987;
SSRIs were prescribed to 58.3% of individuals receiving outpatient treatment for
depression in 1997 (Olfson et al. 2002). A similar trend has been seen in other
countries, where the prescribing of SSRIs has also increased significantly [e.g.,
in New Zealand, where SSRIs accounted for 20.9% of antidepressant prescrip-
tions in 1993 but 44.8% in 1997 (Roberts and Norris 2001)]. Based on data from
the national prescription audit done in the United States by IMS Health, the
SSRIs accounted for approximately 55% of prescriptions for antidepressant
products in the first 11 months of 2002 (IMS Health 2002).

1.4
Rational Drug Development

As noted above, the SSRIs were the first class of psychotropic drugs to be ratio-
nally designed, and their introduction launched a new era in psychotropic drug
development. In the 1960s and 1970s, researchers began to investigate the phar-
macology of the tricyclic antidepressants (TCAs) and monoamine oxidase in-
hibitors (MAOIs). Although the antidepressant activity of these drugs was dis-
covered serendipitously, they provided the first evidence that central serotonin
agonism might be a means of producing antidepressant response (Preskorn
1994). Study of the TCAs demonstrated that drugs that inhibit the serotonin
transport protein can act as indirect central serotonin agonists. With this infor-
mation available, pharmaceutical developers in the 1970s began a research effort
to rationally develop drugs that would inhibit the neuronal uptake pump for se-
rotonin without affecting the various other neuroreceptors or fast sodium chan-
nels that are affected by the TCAs and are responsible for many of their side ef-
fects (Preskorn and Fast 1991; Preskorn and Burke 1992). In other words, the
goal of this rational drug development process was to find agents that would be
efficacious in treating depression without causing the side effects associated
with the older agents. These efforts resulted in the development of the SSRIs.
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All of the SSRIs were the product of rational drug development. The major
goal was to develop drugs with a precise, limited (or focused) range of pharma-
ceutical actions. Although this goal was achieved in terms of the neural mecha-
nisms of action of the SSRIs, it was not achieved in all respects. One problem is

Fig. 1 In vivo profile of SSRIs: serotonin uptake inhibition versus CYP enzyme inhibition. (Based on data
from Shad and Preskorn 2000) (copyright Preskorn 2003)

Fig. 2 Mean percentage increase in the concentration of CYP 2D6 model substrate/drugs as a function
of co-administration of different SSRIs. AUC, area under the plasma concentration–time curve (copyright
Preskorn 2003)
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that several, although not all, of the SSRIs have substantial, unintended, inhibi-
tory effects on cytochrome P450 enzymes that mediate the bulk of human oxi-
dative drug metabolism (see Figs. 1 and 2 and Table 2). Another problem is that
two SSRIs, citalopram and fluoxetine, were marketed as racemates containing
both the S- and the R-enantiomeric forms of these drugs.

If a molecule has an asymmetrical carbon (i.e., is “chiral”), then there are two
enantiomeric forms of the compound. All of the SSRIs except fluvoxamine have
an asymmetrical carbon. However, only the neuropharmacologically active
enantiomeric forms of paroxetine and sertraline were marketed. In contrast,
citalopram and fluoxetine were marketed as the racemates of their two enan-
tiomers, meaning that patients taking citalopram or fluoxetine were receiving
both the S- and the R-forms of the molecule.

The existence of two enantiomeric forms of a molecule such as citalopram or
fluoxetine raises questions about whether there are substantial differences in
the pharmacodynamics and pharmacokinetics of the different enantiomeric
forms and whether these differences could contribute in a meaningful way to
variance in drug response and side effects in different patients.

The presence of enantiomeric forms of a molecule can also complicate the
use of TDM (Preskorn 1996, 1999b) because it typically takes more sophisticat-
ed assays to separately quantify the concentration of each enantiomer than are
typically used in clinical assays for TDM. If the enantiomers have substantially
different pharmacology, these differences can complicate the ability to reliably
and accurately interpret the TDM results.

To resolve these chirality issues with citalopram and fluoxetine, the R- and
S-enantiomers of each of these SSRIs were identified, synthesized, and studied.

Table 2 Summary of the effect of the various SSRIs on the major human drug metabolizing cyto-
chrome P450 enzymes (from Preskorn 1996, 1999b; Harvey and Preskorn 1996a,b; Madsen et al. 2001)
(copyright Preskorn 2003)a

1A2 2D6 2C9/10 2C19 3A3/4

Citalopram ++
Escitalopram ++
Fluoxetine +++ +++ ++ +
Fluvoxamine +++ +++b +++ ++
Paroxetine +++
Sertraline +

Blank, no or minimal effect (<20%); +, mild effect (20%–50%); ++, moderate effect (50%–150%);
+++, substantial effect (>150%).
a The information in the table is based on the results of formal in vivo studies in humans. The ratings
are based on the following doses because the effects are dose dependent and the studies were princi-
pally conducted at these doses: 40 mg/day of citalopram; 20 mg/day of escitalopram, fluoxetine, and
paroxetine; 150 mg/day of fluvoxamine; and 100 mg/day of sertraline, with some studies testing doses
as high as 200 mg/day
b This table has been updated to reflect the results of a recent in vivo human study showing that flu-
voxamine at a dose of 150 mg/day caused a 300% increase in tolbutamide levels (Madsen et al. 2001).
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Both the R- and S-enantiomers of fluoxetine were found to be pharmacologically
active in ways that suggested the potential to be clinically beneficial as antide-
pressants. For a variety of reasons, the company that developed fluoxetine chose
the R-enantiomer for subsequent development as an antidepressant. That would
have given them a patented product even after generic fluoxetine became avail-
able. However, this development program was abandoned when the R-enanti-
omer was found to be capable of slowing intracardiac conduction as witnessed
by prolongation of the QTc interval.

In contrast to fluoxetine, the S-enantiomer of citalopram appeared to have all
of the beneficial properties of citalopram, while the R-enantiomer was found to
be generally pharmacologically inactive. This development program was suc-
cessful and the S-enantiomer of citalopram is now available as escitalopram.
The pivotal question awaiting clarification is whether R-citalopram has any
negative properties that are not present in escitalopram or whether escitalopram
is simply a more potent form of citalopram. Some countries, such as Sweden,
have declined to give a favorable price to escitalopram until the manufacturer,
Lundbeck, demonstrates a value in removing R-citalopram from the racemic
product.

2
Chemistry, Pharmacology, and Metabolism

The goal in developing the SSRIs was to produce antidepressants that both po-
tently and selectively inhibit the serotonin uptake pump. Potency and selectivity
are key concepts in understanding why the SSRIs are so different from the TCAs
and so similar to one another in terms of their central nervous systems (CNS)
effects. The SSRIs all selectively block the neuronal uptake pumps for serotonin,
thus increasing the availability of serotonin, and act as indirect agonists at the
following receptors: 5-HT2A, 5-HT2C, and 5-HT3 (Glennon and Dukat 1994). Se-
lectivity is defined as a separation of at least one order of magnitude (a tenfold
separation) between the effects of a drug on its most potent site of action and
its next most potent site of action; such a drug is capable of having pharmaco-
logically and clinically meaningful effects on its most potent target while having
no effects on any other target (i.e., the drug is “selective”) (Preskorn 1995b,
1999a).

As a result of their selective action on the serotonin transporter protein, SS-
RIs can achieve concentrations that produce virtually complete inhibition of the
serotonin uptake pump without producing effects on other neural mechanisms
of action such as inhibition of the norepinephrine or dopamine transporter pro-
tein (i.e., “uptake pumps”). Given this fact, the SSRIs share many similarities
(Preskorn 1999b) as follows:

1. Equivalent acute and maintenance antidepressant efficacy
2. A flat dose–response curve for antidepressant efficacy
3. An ascending dose–response curve for adverse effects
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4. An adverse effect profile consistent with excessive serotonin agonism
5. 60%–80% Inhibition of serotonin uptake at their lowest, usually effective

antidepressant dose
6. Efficacy in both depressive and anxiety disorder

However, while the SSRIs are very similar in terms of their efficacy and ad-
verse effect profiles, the different SSRIs do differ considerably in their pharma-
cokinetics and their effects on cytochrome P450 (CYP) drug metabolizing en-
zymes (Figs. 1 and 2 and Table 2) (Harvey and Preskorn 1996a,b; Preskorn
1996, 1999b; Shad and Preskorn 2000). Despite their rational development, the
SSRIs were not developed to avoid inhibitory effects on CYP enzymes, since
these agents were developed before the isolation of the first human CYP enzyme,
CYP 2D6. For this reason, the technology for screening for such unwanted ef-
fects on these important drug metabolizing enzymes did not exist in the 1970s
when the SSRIs were in drug discovery. Hence, three of the SSRIs—fluoxetine,
fluvoxamine, and paroxetine—inhibit one or more CYP enzymes to a substan-
tial degree and thus have the potential to cause clinically meaningful, specific
CYP enzyme-mediated pharmacokinetic drug–drug interactions (Preskorn
1999b). This fact needs to be taken into consideration in choosing between the
different SSRIs in clinical practice. (For a more detailed discussion of the phar-
macokinetics of antidepressants, see the chapter by Preskorn and Catterson, this
volume.)

The technology to screen for effects on CYP does exist now. As a result of this
technology, fluoxetine, fluvoxamine, and paroxetine ironically would probably
not enter human testing today, much less be marketed (Preskorn 1995a, 1996).
Instead, inhibitory effects on CYP enzymes would now be detected in preclinical
testing. If found, the companies developing these drugs would probably go back
to the design board and tweak their structures to produce SSRIs which, like
citalopram, escitalopram, and sertraline, do not inhibit any CYP enzymes to a
substantial degree under usual antidepressant dosing conditions (Preskorn
1996, 1999b; Shad and Preskorn 2000). Interestingly, data on market shares of
the various SSRIs show that the most prescribed agent in 2002 was sertraline,
followed by paroxetine, fluoxetine, citalopram, and fluvoxamine (with the newly
marketed escitalopram more widely prescribed than fluvoxamine by the end of
2002) (IMS Health 2002). This information on market share commanded by flu-
oxetine and paroxetine suggests that many prescribers do not understand the
significant problems posed by the fact that these SSRIs are prone to cause clini-
cally significant drug–drug interactions as a result of their inhibition of specific
CYP enzymes and have no offsetting advantage when compared with the other
SSRIs (e.g., citalopram, escitalopram, and sertraline) that do not have this prob-
lem (Preskorn 1999b).

With the exception of fluoxetine, the half-lives of the SSRIs under steady-state
conditions are all close to 24 h: citalopram and escitalopram 1.5 days (Milne
and Goa 1991), fluvoxamine 0.5–1 day (de Vries et al. 1992), paroxetine 1 day
(at 20 mg/day) (Preskorn 1993, 1996), and sertraline 1 day (Preskorn 1993,
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1996). For this reason, it is recommended that all but fluvoxamine be dosed
once a day (Janicak et al. 2001; Preskorn 1993). In addition, steady-state and vir-
tually complete washout are achieved within approximately 5 or 6 days of start-
ing and stopping these antidepressants (Preskorn 1996).

The only antidepressant with a half-life that is substantially longer than 24 h
is fluoxetine (Preskorn 1999b). The parent drug has a half-life of 2–4 days and
its active metabolite, norfluoxetine, has a half-life of 7–15 days (Preskorn 1996).
The half-life of fluoxetine and norfluoxetine is even longer at doses above
20 mg/day and in physically healthy older patients (Preskorn et al. 1998). In the
physically healthy elderly over 65 years of age, the average half-life of norfluoxe-
tine is 3 weeks (Harvey and Preskorn 2001) meaning that it takes 4 months to
reach steady-state and 4 months to fully clear the drug in the physically healthy
elderly over 65 years of age. These long half-lives mean that fluoxetine is essen-
tially an oral depot antipsychotic.

In beginning treatment with fluoxetine, clinicians need to keep in mind
that it requires an extended period of time to reach steady-state and to com-
pletely clear this drug. For this reason, adverse effects can develop gradually,
sometimes making detection of the cause difficult, and can persist for a sus-
tained period after this drug is discontinued. Likewise, the clinician who is
switching a patient from fluoxetine to another antidepressant must keep this
prolonged accumulation and washout in mind when starting or stopping fluoxe-
tine (Preskorn 1999b).

3
Safety and Tolerability

3.1
Drug–Drug Interactions

3.1.1
Pharmacodynamic Interactions

The SSRIs demonstrate good safety in terms of pharmacodynamically mediated
drug–drug interactions, which are limited to those mediated by serotonin reup-
take inhibition. For example, all the SSRIs can interact with monoamine oxidase
inhibitors (MAOIs) to cause the serotonin syndrome (Sternbach 1991; Beasley
et al. 1993b; Bhatara and Bandettini 1993; Coplan and Gorman 1993; Nierenberg
and Semprebon 1993; Graber et al. 1994; Mills 1995; Sporer 1995).

3.1.2
Pharmacokinetic Interactions

As discussed above, the risk of pharmacokinetic interactions differs among the
different SSRIs. Three of the SSRIs, fluoxetine, fluvoxamine, and paroxetine, in-
hibit one or more CYP enzymes to a substantial degree and thus have the poten-
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tial to cause clinically significant pharmacokinetic drug–drug interactions
(Figs. 1 and 2 and Table 2) (Harvey and Preskorn 1996a,b). Fluoxetine and flu-
voxamine cause the most types of CYP enzyme-mediated drug interactions be-
cause they inhibit more than one CYP enzyme to a substantial degree at their
usually effective antidepressant doses. Substantial inhibition of CYP enzymes
means that the coadministration of these SSRIs causes a several fold increase in
levels of co-prescribed drugs whose clearance is dependent on the CYP enzyme
inhibited by the SSRI. Such an increase in levels of the affected drug can cause a
variety of negative effects, including decreased tolerability, withdrawal syn-
dromes, or increased adverse effects and toxicity (Preskorn 1999b). Prescribers
may also attribute the adverse outcomes to a problem of “sensitivity” or “resis-
tance” and inappropriately adjust the dose or add additional medications, com-
pounding the problem (Preskorn 1998a). Such interactions are a concern espe-
cially with fluoxetine because its inhibition of CYP enzymes can persist for
weeks after fluoxetine is discontinued due the long half-life of this drug and its
active metabolite, norfluoxetine (Preskorn et al. 1994). Clinicians need to keep
the possibility of drug–drug interactions in mind when prescribing for any pa-
tient who has recently been taking fluoxetine (Preskorn 1999b). It should be
noted that the three SSRIs that carry a risk of causing such pharmacokinetic
drug–drug interactions do not have any known therapeutic advantages over the
other SSRIs (i.e., citalopram, escitalopram, and sertraline) that do not cause
such problems.

3.2
Adverse Effects

The SSRIs as a group have good tolerability. An important benefit of the SSRIs
is the absence of the severe side effects, such as intracardiac conduction delays,
seizures, and postural hypotension, seen with certain other types of antidepres-
sants.

Because of the similarity in their mechanism of action, the side effect profile
of all members of this class is very similar (Preskorn 1996, 1999b) (for a com-
parison of the placebo-subtracted incidence rate (%) of frequent adverse effects
for citalopram, fluoxetine, fluvoxamine, paroxetine, and sertraline, see Table 2
in the Appendix to this volume). The adverse effects associated with the SSRIs
are all consistent with excessive serotonin agonism and many of them are dose
dependent. Since the SSRIs all have a flat dose–response curve and treatment
can be begun at a clinically effective dose, clinicians should increase the dose
slowly if at all in the first 2–4 weeks of treatment, since there is no improvement
on average in response gained by using higher than the usually effective dose.
Parenthetically, that does not mean that some individuals will not benefit from a
higher (or even a lower dose) as a result of interindividual variability in their
ability to clear the drug.

Nausea and loose stools can occur early in treatment; these side effects are
dose dependent and tolerance typically develops with continued treatment. Nau-
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sea may be lessened by starting with a lower dose or by a dose reduction. It may
also be helpful to take the medication with food or to add an antacid or a medi-
cation that blocks serotonin receptors. For example, cisapride was given to
counteract the nausea caused by SSRIs until its removal from the market, which
occurred when it was recognized that an SSRI such as fluvoxamine can cause
dangerous and even lethal elevations in the levels of co-administered cisapride
as result of substantial inhibition of the CYP responsible for cisapride clearance,
CYP 3A3/4 (Janicak et al. 2001). Other side effects that may appear early in
treatment are headache, dizziness, somnolence or insomnia, sweating, tremor,
dry mouth, anxiety, and restlessness. A dose reduction or the addition of a ben-
zodiazepine early in treatment may be helpful with anxiety, nervousness, or
tremor; a beta-blocker may also be added for tremor. Less frequent side effects
include weight gain, sexual dysfunction (inhibition of ejaculation or orgasm),
bruxism, myoclonus, and paraesthesia (Janicak et al. 2001).

All antidepressants that produce substantial serotonin uptake inhibition can
cause anorgasmia, decreased libido, and delayed ejaculation (Modell et al. 1997;
Montejo-Gonzales et al. 1997). Sexual dysfunction occurs in approximately 30%
of patients treated with SSRIs. While most adverse effects caused by antidepres-
sants occur shortly after the first dose or at least within the first week of treat-
ment, sexual dysfunction is an exception (Modell et al. 1997; Montejo-Gonzales
et al. 1997). It frequently does not occur for several weeks or even months after
initiation of treatment and tolerance often does not develop. Unfortunately,
some patients will decide to discontinue treatment with an SSRI during the
maintenance phase because of this side effect and thus put themselves at risk
for a recurrence. A number of possible antidotes to the sexual dysfunction that
occurs with the SSRIs have been tried with varying degrees of success, including
treatment with bupropion, cyproheptadine, yohimbine, sildenafil, and topically
applied 1% testosterone creams for anorgasmia in women. Although most of
these treatments are supported only by case reports and open label studies,
sildenafil has been found to be superior to placebo in a double-blind study
(Nurnberg et al. 2000; Nurnberg 2001).

The SSRIs can also produce a withdrawal syndrome when they are stopped
(Lazowick and Levin 1995; Coupland et al. 1996; Price et al. 1996; Landry and
Roy 1997; Lejoyeux and Ades 1997; Schatzberg et al. 1997; Stahl et al. 1997;
Zajecka et al. 1997; Rosenbaum et al. 1998). The withdrawal syndrome may in-
clude flu-like symptoms (fatigue, myalgia, loose stools, nausea), lightheaded-
ness/dizziness, uneasiness/restlessness, sleep and sensory disturbances, and
headache, which can be remembered using the mnemonic FLUSH (Preskorn
1996, 1999b). The SSRI withdrawal syndrome can mimic worsening of the un-
derlying depression or even emergence of mania and such misdiagnosis may
lead to inappropriate treatment (Lazowick and Levin 1995; Landry and Roy
1997; Lejoyeux and Ades 1997; Rosenbaum and Zajecka 1997; Rosenbaum et al.
1998). The diagnosis of a withdrawal syndrome is confirmed when symptoms
remit, usually within 12 to 24 h, after the SSRI is restarted. The SSRI can then
be tapered more gradually. Risk factors for an SSRI withdrawal syndrome are
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duration of time on the antidepressant, the potency of the antidepressant, and
the half-life of the drug (Coupland et al. 1996; Price et al. 1996; Rosenbaum et
al. 1998). The shorter the half-life of the drug, the more likely it is that the drug
will wash out of the system before the brain has had an opportunity to re-equi-
librate (e.g., for upregulation of receptors) and that a withdrawal syndrome will
occur. Thus, following abrupt discontinuation, fluvoxamine and paroxetine are
the most likely to cause a withdrawal syndrome, followed by citalopram, esci-
talopram, and sertraline. The SSRI withdrawal syndrome is least likely to occur
following the discontinuation of fluoxetine due to the long half-life of the parent
drug and its active metabolite, norfluoxetine (Coupland et al. 1996; Price et al.
1996; Schatzberg et al. 1997; Rosenbaum et al. 1998).

The increased risk of a withdrawal syndrome with paroxetine may initially
seem to be inconsistent with its half-life, but that is because of its nonlinear
pharmacokinetics: at concentrations lower than those usually achieved under
steady-state conditions on 20 mg/day, paroxetine is preferentially cleared by
CYP 2D6 which is a high-affinity but low-capacity enzyme for this biotransfor-
mation. That is consistent with the fact that the half-life of paroxetine is 10 h at
a dose of 10 mg/day. At higher concentrations, paroxetine saturates this enzyme
and hence inhibits its own metabolism via this pathway. For this reason, paroxe-
tine�s level increases disproportionately relative to the dose increase and the
half-life is extended to 20 h under steady-state conditions achieved on 20 mg/
day. When paroxetine is discontinued, the same phenomena operate in reverse
and paroxetine is cleared more quickly than expected as its levels fall and CYP
2D6 becomes the principal mechanism of biotransformation and elimination.
That is the likely explanation for the increased risk of the SSRI discontinuation
syndrome with paroxetine compared with citalopram, escitalopram, or sertra-
line. For further details, the reader is referred to the earlier chapter by Preskorn
and Catterson (“General Principles of Pharmacokinetics”), which reviews the
pharmacokinetics of antidepressants, including paroxetine, in more detail.

3.3
Overdose

The SSRIs have demonstrated good safety in overdose because of their wide
therapeutic index (Preskorn 1996, 1999b). No serious systemic toxicity has been
demonstrated, even after substantial overdoses of SSRIs.

3.4
Teratogenicity

Most studies concerning the use of SSRIs in pregnancy have focused on fluoxe-
tine, because, given its long half-life, even if patients stop this medication when
they know they are pregnant, the medication will persist in the body for many
weeks into the first trimester. In a large-scale study of fluoxetine exposure dur-
ing pregnancy, Chambers et al. did not find any increase in the rate of spontane-
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ous abortions or major structural anomalies, but did find more than a twofold
increase in the incidence of three or more minor structural anomalies in neo-
nates exposed to fluoxetine in utero (Chambers et al. 1996). They also found a
higher rate of premature deliveries, lower birth weight, admission to special care
nurseries, cyanosis on feeding, and jitteriness compared with controls, particu-
larly in those exposed during the last trimester. These findings are similar
to those of Pastusak et al. (1993): they found no difference in rates of major
structural anomalies in neonates exposed to fluoxetine in utero compared with
those exposed to TCAs or non-teratogens, but did find double the rate of mis-
carriage. The findings of Chambers et al. and Pastusak et al. are similar to those
of Goldstein (1995), who found postnatal complications in 13% of neonates ex-
posed to fluoxetine during the last trimester.

These findings support the recommendations in The Expert Consensus
Guidelines on the Treatment of Depression in Women 2001 which recommend
the use of antidepressant medication in pregnancy as a first line option only if
the current depression is severe or if the patient has a history of severe depres-
sion so that there is a high likelihood of relapse of recurrence if medication is
discontinued. If it is decided that an antidepressant is needed during pregnancy,
the Expert Consensus guidelines recommend the SSRIs as the safest choice, fol-
lowed by the TCAs, recommendations that are consistent with the published lit-
erature on these agents (Altshuler et al. 2001).

3.5
Long-Term Safety

Antidepressants are often taken on a long-term basis to prevent recurrence of
depression. Studies have not found any evidence of long-term safety problems
with the SSRIs (Eric 1991; Doogan and Caillard 1992; Janicak et al. 2001).

4
Clinical Indications/Uses

Empirical data support the effectiveness of the SSRIs in a number of areas. The
SSRIs have been shown to be effective in both major depression and in anxiety
disorders; this is especially important because of the high incidence of comor-
bid anxiety disorders in depressed patients. SSRIs have been shown to be effec-
tive in both acute and long-term treatment (i.e., during the period when patients
are vulnerable to relapse). Data also support the efficacy of the SSRIs across the
lifespan in both younger and older patients, across different clinical settings
ranging from specialty psychiatric to primary care settings, in patients with and
without significant comorbid medical conditions, in outcome domains (e.g., im-
provement of life functioning) that go beyond just reduction in symptoms, and
in producing full remission as well as simply an acute response in the depressive
syndrome.
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4.1
Acute Treatment

The major indication for the SSRIs is the treatment of major depression. In gen-
eral, the overall efficacy of the different SSRIs for the acute treatment of MDD
is similar, as would be expected given their common mechanism of action. The
SSRIs demonstrate the same relative superiority over placebo in terms of acute
efficacy. They are also similar in preventing relapse, based on double-blind, ran-
domized clinical trials (Montgomery et al. 1988; Eric 1991; Doogan and Caillard
1992; Montgomery and Dunbar 1993; Janicak et al. 2001).

Two meta-analyses presented in Janicak et al. 2001 have shown that the SSRIs
are clearly superior to placebo and have efficacy comparable to other standard
antidepressants. The results of the first meta-analysis, which examined double-
blind, placebo-controlled studies, are shown in Table 3; results of the second
meta-analysis, which involved studies that compared the SSRIs with standard
antidepressants, are shown in Table 4. However, in all studies comparing the
SSRIs with the TCAs, the SSRIs have demonstrated a better tolerability profile
in comparison to tertiary amine TCAs as demonstrated by both lower dropout
rates and fewer adverse events.

One limitation that should be noted is that the majority of the studies listed
in Table 4 were done in depressed outpatients. Consequently, there is some de-
bate as to how efficacious the SSRIs are in patients with more severe depression,
in particular in patients who have been hospitalized.

Table 3 SSRIs versus placebo: acute treatment (reprinted with permission from Janicak et al. 2001)

Responders (%)

Drug Number
of studies

Number
of subjects

SSRI
(%)

Placebo
(%)

Difference
(%)

p Value

Fluoxetine 9 1,365 65 41 24 10�22

Fluvoxamine 3 125 67 42 25 0.008
Paroxetine 9 649 65 36 29 10�14

Sertraline 3 575 78 48 30 10�12

Table 4 SSRIs versus standard antidepressants: acute treatment (reprinted with permission from
Janicak et al. 2001)

Responders (%)

Drug Number
of studies

Number
of subjects

SSRI
(%)

Standard
antidepressant (%)

Difference
(%)

Citalopram 6 347 73 74 �1
Fluoxetine 16 1,549 63 64 �1
Fluvoxamine 4 137 70 66 +4
Paroxetine 16 1,322 62 60 +2
Sertraline 3 682 68 65 +3
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Some studies have suggested that the SSRIs may be less effective than certain
other antidepressants, in particular those that have dual effects on both seroto-
nin and norepinephrine. Two double-blind, active controlled studies found that
clomipramine produced a better response than paroxetine or citalopram in pa-
tients hospitalized for major depression (Danish University Antidepressant
Group 1986, 1990). Two other double-blind studies found venlafaxine and mir-
tazapine to be more effective than fluoxetine in patients hospitalized with de-
pression (Wheatley et al. 1998; Clerc et al. 1994). Finally, several studies have
found that adding desipramine (a selective norepinephrine reuptake inhibitor)
to an SSRI can change nonresponders or partial responders to full responders
(Weilburg et al. 1989; Nelson et al. 1991; Blier 2001).

Other studies support the effectiveness of the SSRIs in severe depression;
these studies were done in patients hospitalized for depression, in patients with
severe depression (HAM-D score of 25 or higher), and in patients with melan-
cholia (Janicak et al. 2001). One caveat concerning these studies is that some in-
cluded only active controls and simply found no difference between, for exam-
ple, an SSRI and a TCA, which does not prove that the SSRI is as efficacious as
the TCA but may only reflect the fact that the sample was too small to separate
the treatments (Janicak et al. 2001). Five double-blind studies have compared
various SSRIs with different TCAs in patients with HAM-D scores of 25 or high-
er (Reimherr et al. 1988; Bowden et al. 1993; Feighner et al. 1993; Pande and
Sayler 1993; Kasper et al. 1995), three of which included both inpatients and
outpatients (Bowden et al. 1993; Pande and Sayler 1993; Kasper et al. 1995) and
two of which were outpatient studies (Reimherr et al. 1988; Feighner et al.
1993). In the three studies that were placebo-controlled (Reimherr et al. 1988;
Feighner et al. 1993; Kasper et al. 1995), the SSRI tested (fluvoxamine, paroxe-
tine, or sertraline) was either found to be superior to both the TCA and placebo
or comparable to the TCA and superior to placebo. In the other two studies,
which did not include a placebo control, no difference was found between TCA
and SSRI. Four studies and one meta-analysis of European antidepressant trials
also found no difference in efficacy between various SSRIs and several tertiary
amine TCAs in patients hospitalized for major depression (Ginestet 1989; Tignol
et al. 1992; Beasley et al. 1993a; Arminen et al. 1994; Ottevanger 1995). Finally,
two small studies have found that fluoxetine and fluvoxamine had antidepres-
sant efficacy superior to placebo in patients with melancholia (Feighner et al.
1989; Heiligenstein et al. 1993), while another larger study did not find a differ-
ence between paroxetine and amitriptyline in such patients (Stuppaeck et al.
1994).

There is controversy over whether it makes sense to switch to a second SSRI
if a patient does not respond to a trial of one SSRI. If the patient has not been
able to tolerate the first SSRI, many clinicians will try a second SSRI (Janicak et
al. 2001). However, most psychiatrists prefer to switch to a drug with a different
mechanism of action if a patient has achieved inadequate efficacy after an ade-
quate trial of one SSRI (Fredman et al. 2000). There is no compelling evidence
showing that nonresponders to one SSRI will respond to a trial of a different
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SSRI (Janicak et al. 2001). For a detailed discussion of treatment-refractory de-
pression, see the chapter by Trivedi et al. (later in this volume).

4.2
Dosing Recommendations

All the SSRIs have a flat dose–response curve, so that there is usually no advan-
tage in using doses above the usually effective minimum dose, except in the in-
stance of either unusually slow or rapid metabolism, leading to unusually high
or low accumulation of drug, respectively. The former might be clinically sus-
pected because of increased frequency or severity of serotonin-mediated adverse
effects while the latter might be suspected because of the absence of therapeutic
benefit on usually therapeutic doses. These suspicions can be confirmed by use
of TDM even though that is rarely done in clinical practice for somewhat inex-
plicable reasons. The interested reader is referred to the earlier chapters by
Preskorn and Catterson (“General Principles of Pharmacokinetics”) and Burke
and Preskorn (“Therapeutic Drug Monitoring of Antidepressants”) for more de-
tailed discussion of genetically determined differences in pharmacokinetics and
the use of TDM.

Based on the labeling in the FDA package inserts for the various SSRIs, their
respective usually effective, lowest antidepressant dose for the treatment of ma-
jor depressive disorder are as follows:

1. Citalopram, 40 mg/day
2. Escitalopram, 20 mg/day
3. Fluoxetine, 20 mg/day
4. Fluvoxamine, 150–200 mg/day (note that this dose range has not been con-

firmed in definitive clinical trials)
5. Paroxetine, 20 mg/day
6. Sertraline, 50 mg/day

These usually effective doses produce comparable effects on plasma seroto-
nin levels and the serotonin uptake pump regardless of the SSRI involved
(Preskorn 1996). More detailed information on the dosing of the SSRIs is pro-
vided in Table 1 of the Appendix to this volume.

4.3
Onset of Action

Like most of the antidepressants reviewed in this book, there is a delay of at
least 1–2 weeks between starting an SSRI and seeing a clinically meaningful an-
tidepressant response. To date, all data regarding the rapidity of the SSRIs� onset
of action have been drawn from the retrospective subanalysis of clinical trials
that were not designed to evaluate onset of action (Blier 2001), and there is need
for prospective studies to examine comparative onset of action using sensitive
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designs and adequate sample sizes (Thase 2001) to clearly differentiate between
the different SSRIs. However, several randomized, double-blind studies have
suggested that fluoxetine may have a slower onset of action than other antide-
pressants, including citalopram (Patris et al. 1996), moclobemide (Gattaz et al.
1995), paroxetine (De Wilde et al. 1993), and venlafaxine (Clerc et al. 1994). The
delayed onset of antidepressant action with fluoxetine may be due to the long
half-lives of fluoxetine and norfluoxetine and the fact that it therefore takes
35–75 days to reach steady state in healthy young individuals and an average of
105 days in healthy individuals over the age of 65. Complete clearance of the
drug after the achievement of steady state takes a comparable period of time af-
ter discontinuation. This pharmacokinetic profile, coupled with fluoxetine�s
substantial effects on multiple CYP enzymes, is a compelling reason to avoid the
use of fluoxetine in general and in particular in elderly patients and those on
multiple other medications.

The fact that it takes several weeks for onset of antidepressant action with the
other SSRIs raises important questions about the mechanism of their antide-
pressant effect. While the SSRIs were developed based on the theory that central
serotonin uptake inhibition could confer antidepressant activity, there is a tem-
poral disconnect between the onset of that action and the onset of their antide-
pressant activity. In fact, substantial serotonin uptake inhibition occurs within
hours of the first dose of most SSRIs. If that effect alone was sufficient to medi-
ate an antidepressant response, then these medications should work within
hours rather than weeks. It now appears that, while the blockade of serotonin
uptake is a necessary action for the antidepressant efficacy of the SSRIs, by itself
it is not sufficient. Instead, this blockade sets in motion a cascade of more com-
plex adaptive responses in the brain which downregulate various pre- and post-
synaptic serotonin receptors as well as other neurotransmitter systems. It may
be that these adaptive responses more directly mediate the antidepressant re-
sponse than the blockade of serotonin uptake inhibition per se, since the time
course for these adaptive changes fits better with the time course of SSRI anti-
depressant response.

4.4
Maintenance Treatment

Six random-assignment, double-blind, placebo-controlled, crossover studies
have found that all the SSRIs (except fluvoxamine) can prevent relapse after re-
mission has been achieved (Janicak et al. 2001). These six studies involved 910
adults with major depression who had responded to acute treatment with an
SSRI and were randomly assigned in a double-blind fashion to either continue
on the SSRI or switch to placebo: 10% of those who were continued on the SSRI
relapsed over 24 weeks versus 35% of those who were switched to placebo (Jani-
cak et al. 2001). The findings from the three longest studies are summarized in
Table 5. In those studies, the advantage of remaining on the SSRI was still appar-
ent at 44 and 52 weeks; over the course of a year, there was approximately a 30%
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greater relapse rate in patients who were switched to placebo than in those who
remained on an SSRI. A study comparing the efficacy of fluvoxamine and sertra-
line in relapse prevention found no difference between the agents (Franchini et
al. 1997).
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Abstract This chapter covers the following antidepressants, which do not be-
long to one of the major classes described in the three preceding chapters: bu-
propion, mirtazapine and mianserin, nefazodone and trazodone, reboxetine,
venlafaxine, duloxetine, milnacipran, and tianeptine. Unlike the selective seroto-
nin reuptake inhibitors (SSRIs), many of these antidepressants have an ascend-
ing rather than a flat dose–response curve. The chapter provides a brief review
of the chemistry, pharmacology, metabolism, safety and adverse effects, clinical
use, and therapeutic indications of each antidepressant. Bupropion is a weak
dual uptake inhibitor of both dopamine and norepinephrine (NE). Information
concerning its pharmacodynamic and pharmacokinetic properties is limited,
primarily because of the age of the drug (clinical trials begun in the mid-1970s).
Bupropion�s most serious side effect is dose-dependent seizures, so that the
highest recommended doses are 450 and 400 mg/day for the immediate release
(IR) and sustained release (SR) formulations, respectively. Other adverse effects
include restlessness, activation, tremors, insomnia, and nausea. Bupropion was
found to be an effective antidepressant in several double-blind studies that gen-
erally used doses higher than the maximum recommended dose of 450 mg/day.
Despite fairly modest evidence of antidepressant efficacy, bupropion may be
useful in a number of clinical situations, including for patients with prominent
psychomotor retardation, Parkinson�s disease, or attention-deficit/hyperactivity
disorder; for patients who have failed to respond to other antidepressants; and
for patients who cannot tolerate sexual side effects of other antidepressants. Bu-
propion has also been approved as an aid in smoking cessation. Mirtazapine
and its forerunner mianserin, are tetracyclic compounds with a unique mecha-
nism of action. Mirtazapine is an a2-antagonist that increases noradrenergic
and serotonergic neurotransmission, the primary mechanism thought to under-
lie its antidepressant activity. Mirtazapine does not cause many of the side ef-
fects associated with the SSRIs (e.g., nausea, loose stools, disturbed sleep pathol-
ogy, sexual dysfunction) and causes minimal anticholinergic effects, no quini-
dine-like effects, and no effects on blood pressure. Sedation can be a problem,
especially early in treatment, although this may be an advantage for patients
with prominent insomnia, anxiety, or agitation. Mirtazapine can cause increased
appetite and weight gain, transient neutropenia, and transient mild elevations of
liver function tests. Three cases of agranulocytosis were reported out of 3,000
patients in the mirtazapine clinical trial program, an incidence too low to draw
any conclusion about cause and effect. Although postmarketing experience has
not found an unusual number of cases of agranulocytosis, the package insert in
the United States contains a warning that a white blood cell count should be
done if a patient taking mirtazapine develops signs of fever or infection. Because
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of its unique mechanism of action, mirtazapine may be efficacious for patients
who have not benefited from other types of antidepressants. Nefazodone and
trazodone have chemically related structures that incorporate 5-HT2A receptor
blockade plus weak 5-HT uptake blockade and possibly NE uptake blockade.
Trazodone is widely used as a nonhabit-forming sleep aid rather than as an an-
tidepressant. The antihistaminergic properties of trazodone are partly responsi-
ble for its popularity as a sleep aid, but can cause significant problems with day-
time sedation when it is used as an antidepressant; however, it may be useful for
treating agitation in geriatric patients. Nefazodone, a more potent serotonin re-
uptake inhibitor (SRI) than trazodone, was designed with the goal of producing
a better antidepressant than trazodone, although it is a much weaker SRI than
the SSRIs or venlafaxine. Because it substantially inhibits CYP 3A3/4, nefa-
zodone can elevate levels of coprescribed drugs metabolized via CYP 3A/3/4.
Nefazodone produces less activation and sexual dysfunction than the SSRIs and
venlafaxine; it does not cause blood pressure elevation or disturb sleep physiol-
ogy; it improves subjective sleep quality. The incidence and severity of the fol-
lowing adverse effects increase in a dose-dependent fashion as a function of the
starting dose of nefazodone: dizziness/lightheadedness, confusion, sedation,
gastrointestinal side effects. Nefazodone appears to have efficacy in patients
with clinical depression and prominent anxiety. Although there appears to be
greater interpatient variability in response to nefazodone than to many of the
other newer antidepressants, nefazodone can be a useful option for patients
who are unable to tolerate the adverse effects of the SSRIs. Reboxetine is a selec-
tive NE reuptake pump inhibitor. Its most common adverse effects are insom-
nia, sweating, constipation, dry mouth, and urinary hesitancy. Most of the pub-
lished trials of reboxetine have been active rather than placebo-controlled and
results were not published in full with rigorous peer review, compromising the
ability to make an assessment of efficacy. Sufficient evidence of the efficacy of
reboxetine in major depression has not been presented to receive approval for
marketing in the United States, but reboxetine is available in several other coun-
tries. Venlafaxine, a phenylethylamine, first inhibits the neuronal uptake pump
for serotonin (SE) and then at higher concentrations inhibits the uptake pump
for NE. Unlike tertiary amine tricyclic antidepressants (TCAs), which also inhib-
it the SE and NE uptake pumps, venlafaxine has low affinity for most other neu-
ral receptors and does not inhibit sodium fast channels, making it relatively safe
in overdose. Its adverse effects change qualitatively as the dose increases be-
cause of progressively greater blockade of NE uptake with increasing doses. At
low doses, the adverse-effect profile is similar to an SSRI with nausea, loose
stools, sexual dysfunction, while venlafaxine at higher doses can produce gener-
ally mild increases in blood pressure, diaphoresis, tachycardia, tremors, and
anxiety. A disadvantage of venlafaxine relative to the SSRIs is the potential for
dose-dependent blood pressure elevation, most likely due to the NE uptake inhi-
bition caused by higher doses; however, this adverse effect is infrequently ob-
served at doses below 225 mg/day. Venlafaxine and the SSRIs have similar ad-
vantages over the TCAs and monoamine oxidase inhibitors. Venlafaxine also
has a number of potential advantages over the SSRIs, including an ascending
dose–antidepressant response curve, with possible greater overall efficacy at
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higher doses, evidence of more rapid onset of antidepressant action, evidence of
superior efficacy in hospitalized patients with major depressive disorder com-
pared with placebo or fluoxetine, and minimal effects on CYP enzymes in con-
trast to fluoxetine, fluvoxamine, paroxetine, and the non-SSRI, bupropion. Du-
loxetine is a SE–NE re-uptake pump inhibitor, which is pending approval in the
United States and other countries in late 2003. It will be the third member of this
pharmacological class, which also contains venlafaxine and milnacipran (sibu-
tramine, the fourth member of this class, is marketed for obesity rather than
major depression). Only a limited number of articles have been published on
this compound but more should be expected shortly after its market introduc-
tion. The manufacturer is initially seeking indications for both major depression
and urinary incontinence. Due to its inhibition of the SE and NE uptake pumps,
duloxetine will undoubtedly carry a warning against use in combination with
monoamine oxidase inhibitors. It is also a moderate inhibitor of CYP 2D6, so
that modest dose reductions and careful monitoring will be needed when pre-
scribing duloxetine in combination with drugs that are preferentially metabo-
lized by CYP 2D6, particularly those with narrow therapeutic indexes. The most
common side effects identified in clinical trials to date appear to be nausea, dry
mouth, dizziness, constipation, insomnia, asthenia, and hypertension, consis-
tent with its mechanisms of action. Clinical trials to date have demonstrated
rates of response and remission in patients with major depression that are com-
parable to other marketed antidepressants reviewed in this book. Although mil-
nacipran is marketed in France, Japan, and a few other countries, its develop-
ment in the United States was discontinued. It is an SE and NE reuptake inhibi-
tor in the same class as venlafaxine, duloxetine, and the anti-obesity drug, sibu-
tramine. Milnacipran would be predicted to be susceptible to the same pharma-
codynamic drug–drug interactions as other drugs in this class, but would not
be expected to be involved in any CYP enzyme-mediated drug–drug interac-
tions. Milnacipran at doses of 50–200 mg/day has a favorable adverse-effect pro-
file when compared with tertiary amine TCAs, including a lower incidence of
abnormal liver function tests. At doses of 50 or 100 mg twice a day but not
100 mg once a day, it caused a lower incidence of nausea and anxiety but a high-
er incidence of headache, dry mouth, and dysuria than did fluoxetine, 20 mg/
day, or fluvoxamine, 100 mg twice a day. As with other drugs in this class, dys-
uria is the most common troublesome and dose-dependent adverse effect (oc-
curring in up to 7% of patients). High-dose milnacipran has been reported to
cause blood pressure elevation. Like reboxetine, most of the published trials of
milnacipran have been active rather than placebo-controlled and results were
not published in full with rigorous peer review, compromising the ability to
make an assessment of efficacy; however, findings to date suggest that mil-
nacipran produces a superior antidepressant response compared with placebo
at doses of 50 and 100 mg twice a day. Tianeptine is marketed in France but few
other countries around the world and there is little knowledge of this drug in
the United States and other English-speaking countries. However, a surprising
amount of research, particularly preclinical, has been done with tianeptine, in
part because of its apparent novel mechanism of action: Tianeptine, in contrast
to most other antidepressants, increases SE uptake into neurons rather than
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blocking it. However, its side-effect profile is similar to that of other newer an-
tidepressants, with low abuse potential and a low risk of adverse effects on the
cardiovascular system, the cholinergic systems, sleep/arousal, cognition, psy-
chomotor functioning, and weight. The most common adverse effects include
nausea, constipation, abdominal pain, headache, dizziness, and altered dream-
ing. Hepatotoxicity has been reported but is rare. Like reboxetine and mil-
nacipran, most of the published trials of tianeptine have been active rather than
placebo-controlled and results were not published in full with rigorous peer re-
view, compromising the ability to assess efficacy; however, trials to date do sug-
gest efficacy in patients with major depression.

Keywords Bupropion · Mirtazapine · Mianserin · Nefazodone · Trazodone ·
Reboxetine · Venlafaxine · Duloxetine · Milnacipran · Tianeptine

Portions of this chapter are adapted from Janicak et al. (2001) with permis-
sion from Lippincott Williams & Wilkins, and from four columns on reboxetine,
duloxetine, milnacipran, and tianeptine that are in press in the Journal of Psy-
chiatric Practice, with permission from Sheldon H. Preskorn.

1
Introduction

This chapter focuses on the following antidepressants, which do not belong to
one of the major classes described in the three preceding chapters: bupropion,
mirtazapine and mianserin, nefazodone and trazodone, reboxetine, venlafaxine,
duloxetine, milnacipran, and tianeptine. The pharmacodynamic properties of
these antidepressants differ substantially from those of the tricyclic antidepres-
sants (TCAs), the monoamine oxidase inhibitors, the selective SE reuptake in-
hibitors (SSRIs), and from each other. For example, while each of the SSRIs has
at least one order of magnitude separation between its binding affinity for the
serotonin (SE) reuptake pump and its affinity for its next most potent potential
site of action, this is not true for the antidepressants covered in this chapter.
Among the antidepressants described in this chapter, venlafaxine most closely
approximates the binding affinity profile of an SSRI. However, it is five times
more potent (i.e., has a higher binding affinity) as an inhibitor of the SE com-
pared with the norepinephrine (NE) uptake pump, although it is not as “selec-
tive” as the SSRIs (Bolden-Watson and Richelson 1993).

1.1
Dose–Response Curves

Unlike the SSRIs, many of the antidepressants in this chapter have an ascending
as opposed to a flat dose–response curve. That is consistent with their in vitro
pharmacology. For example, studies indicate that bupropion and its metabolites
and mirtazapine have curvilinear dose–response curves, at least for some of
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their effects. Drugs with curvilinear dose–response curves can produce an effect
at one dose that they do not produce at a higher dose, because at the lower dose
the drug preferentially engages a site of action capable of mediating an effect,
while at higher concentrations (doses) the drug engages a second site of action
that blocks or antagonizes that effect. For example, mirtazapine may cause seda-
tion at low doses, which may then dissipate at higher doses (Preskorn 2000b).
Optimum response to bupropion occurs at steady-state plasma levels of 50–
100 ng/ml, while higher levels of both parent compound and its metabolites are
associated with a poorer outcome (Golden et al. 1985). Nefazodone and ven-
lafaxine have ascending dose–antidepressant response curves (Preskorn 1995,
1999). However, the short half-lives of both nefazodone and trazodone (approx-
imately 4 h) mean that even small differences in the sample timing result in sub-
stantial changes in observed plasma levels of the parent compounds. Thus, the
short half-life of these drugs makes it methodologically difficult to test for a
concentration–response relationship.

1.2
Organization of the Chapter

For each antidepressant discussed in this chapter, we briefly review its chemis-
try, pharmacology, metabolism, safety and adverse effects, clinical use, and ther-
apeutic indications. For a more detailed discussion of the pharmacokinetics of
these agents, see the chapter on “General Principles of Pharmacokinetics” by
Preskorn and Catterson (this volume). For a discussion of the use of therapeutic
drug monitoring of antidepressants, see the chapter by Burke and Preskorn.
Summary tables on dosing, adverse effects, pharmacokinetic parameters, and
plasma concentrations are provided in the Appendix.

2
Bupropion

2.1
Chemistry, Pharmacology, and Metabolism

Information concerning the pharmacodynamics and pharmacokinetics of bu-
propion is fairly limited, primarily because of the age of this antidepressant.
Clinical trials of bupropion were begun in the mid-1970s and the drug was
approved before fluoxetine, although marketing was delayed because of the risk
of seizures (Soroko et al. 1977; Preskorn and Katz 1989; Preskorn 1991, 2000a;
Silkey et al. 2000). Consequently, when bupropion was in clinical trials, much of
the technology needed to study the pharmacodynamics and pharmacokinetics
of central nervous system drugs did not exist, nor were such studies required
for drug approval at that time.

Bupropion is a weak dual uptake inhibitor of both dopamine (DA) and NE.
Bupropion is structurally related to catechols and hence to psychostimulants
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such as diethylpropion (Tenuate) and amphetamine. Consistent with its struc-
ture, in animals bupropion blocks the uptake of both DA and NE. Animals will
self-administer bupropion, as they will other amphetamine-like drugs.

Bupropion�s weak affinity for the DA and NE uptake pumps has raised ques-
tions about whether either of these mechanism of action is relevant to its antide-
pressant efficacy. However, the parent drug, which has a half-life of 8–10 h, is
biotransformed by oxidative metabolism into three active metabolites: hydroxy-
bupropion, threohydrobupropion, and erythrohydrobupropion, all of which
have half-lives of 24 h or more and thus accumulate to a greater extent than
the parent drug (Schroeder 1983; Golden et al. 1985; Preskorn and Katz 1989;
Martin et al. 1990; Ascher et al. 1995). When the combined plasma concentra-
tions of bupropion plus its three active metabolites are considered, it is likely
that clinically relevant inhibition of both of the DA and NE uptake pumps oc-
curs under usual antidepressant dosing conditions. Consistent with its weak ef-
fects on DA and NE uptake, the combined levels of bupropion and metabolites
needed for antidepressant efficacy are in the microgram/ml range vs the nano-
gram/ml range for almost all other antidepressants (Preskorn 2000a). The total
concentration of bupropion plus its metabolites far exceeds the concentration of
any other antidepressant except nefazodone and its metabolites. The high con-
centration is consistent with its relatively weak in vitro affinity for 5-HT2A re-
ceptors and the SE uptake pumps. It should also be noted that there are substan-
tial interindividual variability in plasma levels of bupropion so that patients on
the same dose of bupropion may have quite different plasma levels.

Cytochrome P450 (CYP) 2B6 is responsible for the conversion of bupropion
to hydroxybupropion (Ekins et al. 1999).The mechanisms responsible for con-
verting bupropion to its two other metabolites are unknown.

2.2
Safety and Adverse Effects

2.2.1
Drug–Drug Interactions

As noted above, because of the age of bupropion, knowledge of its potential to
cause pharmacokinetically mediated drug–drug interactions is limited. There
are some data from case reports that coadministration of fluoxetine may in-
crease levels of two of bupropion�s metabolites (Preskorn 1991). However, there
have also been case reports that bupropion can substantially affect the metabo-
lism of imipramine (Shad and Preskorn 1997).

2.2.2
Adverse Effects

The most serious side effect associated with bupropion is seizures. The high
concentrations of bupropion and its metabolites needed for antidepressant effi-
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cacy mean that bupropion has a narrow therapeutic index in terms of the dose
needed for antidepressant efficacy vs the dose that causes seizures. The mini-
mum recommended dose for antidepressant efficacy is 300 mg/day, and some
patients will need the maximum dose of 450 mg/day to achieve a response.
Davidson (1989) found that the risk of seizures with bupropion was higher at
doses greater than the maximum recommended dose of 450 mg/day; doubling
the dose to 900 mg/day produces a fivefold increase in the seizure risk. An in-
creased risk of seizures was found in patients with eating disorders (i.e., bulim-
ia), which led to a delay in the marketing of the drug in the 1980s. The risk of
seizures with the immediate release (IR) formulation is estimated to be 4/1,000
at doses of 450 mg/day, while the risk of seizures with the sustained release for-
mulation may be as low as 1/1,000 in patients with no pre-existing history or
risk factors at doses of 400 mg/day. The occurrence of seizures appears to be
concentration dependent, given that (1) the occurrence of seizures is dose de-
pendent, (2) seizures tend to occur within a few days of a dose increase and
within a few hours of a dose, and (3) that patients with a lean body mass (e.g.,
with bulimia) appear to be at higher risk for seizures. Given the dose-dependent
nature of seizures, patients who seize on lower doses are probably slow metabo-
lizers who accumulate unusually high levels of bupropion or one or more of its
three active metabolites (Preskorn 1991). This suggests that therapeutic drug
monitoring (TDM) might play a role in minimizing the risk of seizures with bu-
propion but TDM with bupropion has not been adequately studied (see the
chapter “Therapeutic Drug Monitoring of Antidepressants” by Burke and
Preskorn, this volume). Particular care should be taken when switching from an
antidepressant that substantially inhibits specific drug-metabolizing CYP en-
zymes (e.g., fluoxetine, fluvoxamine, nefazodone, or paroxetine) to bupropion
or when adding bupropion to the treatment regimen of patients taking one of
these antidepressants or other drugs that substantially inhibit CYP enzymes
(e.g., macrolides, fluoroquinoles, antifungals, protease inhibitors).

The other main adverse effects that occur with bupropion are associated with
its DA and NE uptake inhibition: restlessness, activation, tremors, insomnia,
and nausea (Preskorn and Othmer 1984; Preskorn 1995).

Bupropion causes few, if any, anticholinergic, antihistaminic, or orthostatic
hypotensive effects. It is nonsedating and does not cause weight gain, nor does
it have any effect on intracardiac conduction. In contrast to the SSRIs and ven-
lafaxine, bupropion causes minimal or no sexual dysfunction, so that it may be
a useful alternative or adjunct for patients who experience sexual side effects
with other antidepressants (Labbhate et al. 1997; Rowland et al. 1997; Ashton
and Rosen 1998).

2.2.3
Overdose

Bupropion is safer in overdose than the TCAs; death is a rare outcome with an
overdose of bupropion alone since the drug has no adverse effects on the cardio-
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vascular or respiratory systems (Preskorn and Othmer 1984). The main adverse
effect associated with an overdose of bupropion is an increased risk of seizures
(Davidson 1989).

2.3
Clinical Use/Therapeutic Indications

2.3.1
Efficacy for Acute Treatment

Bupropion has been found to be an effective antidepressant in several double-
blind studies; however, most of the studies used doses higher than the maximum
recommended dose of 450 mg/day (Fabre et al. 1983; Meredith and Feighner
1983; Musso et al. 1993).

Bupropion was originally approved based on clinical efficacy studies that
used doses as high as 900 mg/day. However, after its approval, the maximum
recommended daily dose was capped at 450 mg/day because of concern about
seizures. Reanalysis of the data from only those patients who had received no
more than 450 mg/day in the clinical trials indicated that the response was not
as robust in this subgroup of patients, but the FDA permitted marketing of the
product based on this information.

Approval of the sustained release (SR) version of bupropion was based on
three double-blind studies. The FDA concluded that the three studies all failed
to demonstrate that the sustained release version of bupropion in doses of
400 mg/day or less was superior to placebo in the treatment of outpatients with
major depression (bupropion summary basis of approval). Nevertheless, the SR
formulation was approved based on bioequivalence with the IR formulation,
possibly because it was believed that the SR formulation would be less likely to
cause seizures than the IR formulation at comparable doses.

Despite the fairly modest evidence of bupropion�s antidepressant efficacy, it
may be a useful option in a number of clinical situations. Because of its activat-
ing properties, bupropion may be particularly useful for patients with promi-
nent psychomotor retardation. Given its DA agonistic properties, bupropion
may be uniquely helpful for patients with Parkinson�s disease as well as those
with attention-deficit/hyperactivity disorder (Wender 1998). In the original clin-
ical trials with bupropion, it was found to be efficacious in patients who histori-
cally had not responded to TCAs (Stern et al. 1983) and may also be helpful for
patients who do not respond to SE reuptake inhibitors (SRIs). Bupropion may
also be a good option of patients who cannot tolerate the sexual side effects of
other antidepressants (Hirschfeld 1999).

Finally, bupropion has also been approved as an aid in smoking cessation
(Package insert for Zyban, Physicians� Desk Reference, 2003). Given that smok-
ers have an increased incidence of depression and that clinical depression im-
pairs the ability to stop smoking, bupropion may serve a dual role both to treat
clinical depression and as an aid to stop smoking.
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2.3.2
Dosing Recommendations

The maximum recommended doses of the IR and SR formulations are 450 and
400 mg/day, respectively. The difference is due to the strengths of the IR and SR
dosage forms. The IR formulation should be given three times a day with doses
administered at least 4 h apart to minimize the risk of seizures (Davidson 1989).
The SR formulation should be given twice a day, with doses at least 4 h apart. In
selecting the dose, the goal is to aim for the lowest possible dose to minimize
the risk of seizures without compromising therapeutic efficacy.

2.3.3
Onset of Action

Based on the published double-blind studies, the time to onset of bupropion�s
antidepressant efficacy (as defined by statistical separation from a parallel group
treated with placebo) is approximately 2 weeks, which is comparable with most
other antidepressants.

3
Mirtazapine and Mianserin

3.1
Chemistry, Pharmacology, and Metabolism

Mirtazapine (6-azo-mianserin) and its forerunner, mianserin, are tetracyclic
compounds that differ from other antidepressant classes in terms of the mecha-
nism thought to be responsible for their antidepressant efficacy (Preskorn
1997). Mianserin, the older drug of the two, is marketed in several countries
around the world but not in the United States; mirtazapine has been marketed
in the United States since August 1996, and is also available in several other
countries.

The mechanism of action of mirtazapine is unique. It is an a2-antagonist that
produces increases in noradrenergic and serotonergic neurotransmission, which
is the primary mechanism thought to underlie its antidepressant activity (de-
Boer et al. 1995). It does not block the uptake pump for SE, NE, or DA. Mirtaza-
pine�s most potent site of action is the histamine-1 receptor. At higher concen-
trations, the drug first blocks the 5-HT2A receptor and then the a2-adrenergic
receptor. Blockade at the a2-receptor increases NE release by a direct effect on
the presynaptic a2-adrenergic autoreceptor, indirectly increasing SE release due
to increasing noradrenergic input to raphe neurons. Mirtazapine also binds the
5-HT2C and 5-HT3 receptors nearly as avidly as it binds the 5-HT2A receptor (de-
Boer et al. 1995). Doses of mirtazapine required to treat clinical depression
block all of these receptors (i.e., one or more of these mechanisms may mediate
its antidepressant efficacy). Unlike the tertiary amine TCAs (e.g., amitriptyline),
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mirtazapine has minimal affinity for muscarinic cholinergic receptors and
a1-adrenergic receptors. Unlike the SSRIs, venlafaxine, and duloxetine, mirtaza-
pine does not directly affect the uptake of SE or NE.

The half-life of mirtazapine is 20–40 h, which means that steady-state levels
can be achieved with once-daily dosing at bedtime, thus taking advantage of the
sedative and sleep enhancing qualities of the drug (Voortman and Paanakker
1995).

Mirtazapine is eliminated primarily through biotransformation that is medi-
ated by CYP 1A2, CYP 2D6, and CYP 3A3/4 (Montgomery 1995; Verhoeven et al.
1996; Stormer et al. 2000; Timmer et al. 2000); about 25% of the elimination of
mirtazapine is dependent on a phase II conjugation reaction with glucuronic
acid.

Mirtazapine has linear kinetics across its clinically relevant dose range
(15–80 mg/day; Timmer et al. 1995), suggesting that mirtazapine does not in-
hibit the three CYP enzymes responsible for its biotransformation. This conclu-
sion is further supported by in vitro studies showing that mirtazapine is a weak
inhibitor of these CYP enzymes (Delbressin et al. 1997).

Mirtazapine may have a curvilinear dose–response curve in terms of its seda-
tive effect. This effect may be more pronounced at lower (15 mg) than at higher
(30 mg/day or more) doses. This claim is based principally on comparisons of
the adverse effect rates between European and American trials with the drug.
Specifically, there was a higher incidence of sedation in American trials, which
used lower doses of mirtazapine, than in European trials, which used higher
doses. There is also a theoretical basis for this claim: the sedative effect of
mirtazapine at low doses is consistent with its high affinity for the histamine-1
(H-1) receptor. In fact, histamine binding to a physiologically relevant degree
occurs at lower doses of mirtazapine (i.e., <15 mg/day) than the doses need for
the binding of the receptors responsible for its antidepressant actions. At higher
doses, however, blockade of the a2-adrenergic receptors occurs and can produce
arousal effects like those seen with yohimbine. Thus, as a result of a2-adrenergic
antagonism, higher doses would be expected to counteract the sedation pro-
duced by lower doses of mirtazapine. To date, no fixed dose trials have been
published that rigorously test this concept.

3.2
Safety and Adverse Effects

3.2.1
Drug–Drug Interactions

Given the multiple and approximately equal pathways for the biotransformation
and elimination of mirtazapine (Preskorn 1997), this drug is relatively protected
against being the victim of a clinically meaningful CYP enzyme-mediated drug–
drug interaction. Nevertheless, fluvoxamine has been reported to cause a three-
to fourfold elevation in mirtazapine plasma levels (Antilla et al. 2001). Of inter-
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est, a case of SE syndrome has been reported following the coadministration of
fluvoxamine and mirtazapine (Demers and Malone 2001).

In one study (Preskorn et al., in press), the potential for drug–drug interac-
tions was examined following a crossover from fluoxetine to mirtazapine. Fluox-
etine was the SSRI of choice due to its long half-life and inhibition of multiple
CYP isoenzymes. In this study, patients (n=40) who had not benefited from or
tolerated fluoxetine were crossed over to open-label treatment with mirtazapine.
As expected, in addition to measurable mirtazapine concentrations, measurable
and pharmacologically relevant plasma concentrations of fluoxetine, and norflu-
oxetine were present for several weeks after fluoxetine had been discontinued.
Despite these findings, none of the patients developed symptoms of the SE syn-
drome, and their adverse effects were qualitatively and quantitatively the same
as would be expected for patients on mirtazapine alone, 15 mg/day. Fluoxetine
did not significantly alter the plasma concentration of mirtazapine, consistent
with the multiple pathways responsible for its elimination.

3.2.2
Adverse Effects

Mirtazapine does not cause many of the side effects associated with the SSRIs. It
does not cause nausea or loose stools, disturb sleep pathology [it actually in-
creases sleep efficiency (Frazer 1997)], and does not cause sexual dysfunction
(Preskorn 1999). Mirtazapine causes minimal anticholinergic effects, no quini-
dine-like effects, and no effects on blood pressure, including orthostatic hypo-
tension (Janicak et al. 2001).

Consistent with its blockade of the H-1 receptor, sedation can be a problem,
especially in early treatment with mirtazapine (Preskorn 1997); some clinicians
therefore start with a lower dose (e.g., 7.5 mg) but this strategy would be pre-
dicted to aggravate rather than avoid sedation and compromise efficacy (Nelson
1997). Sedation was listed as the reason for early termination in 10% of patients
in the double-blind registration studies for the drug (Mirtazapine Package In-
sert, Thompson PDR, 2003). However, the sedation associated with mirtazapine
may also be an advantage for patients with prominent insomnia, anxiety, or agi-
tation (Wheatley et al. 1998). As noted above, higher doses may theoretically de-
crease the sedative effects of mirtazapine.

Mirtazapine can cause increased appetite and weight gain, transient neutro-
penia (which typically presents and resolves within the first 6 weeks of treat-
ment), and transient mild elevations of liver function tests, particularly serum
glutamic pyruvic transaminase (SGPT), (which typically presents and resolves
within the first 6 weeks of treatment) (Janicak et al. 2001). Three cases of agran-
ulocytosis out of 3,000 patients were reported in the clinical trial program for
mirtazapine (Nelson 1997; Preskorn 1997). This incidence was too low to draw
any conclusion about cause and effect, and postmarketing experience with mir-
tazapine has not indicated an unusual number of cases of agranulocytosis with
this drug. Nevertheless, the package insert contains a warning that a white blood

Other Antidepressants 275



cell count should be done if a patient taking mirtazapine develops signs of fever
or infection (Preskorn 1999).

3.2.3
Overdose

Mirtazapine, like the other newer antidepressants, has a wide therapeutic index
and is generally safe in overdose (Nelson 1997; Bremner et al. 1998).

3.3
Clinical Use/Therapeutic Indications

3.3.1
Efficacy for Acute Treatment

The approval of mirtazapine in the United States was based on six double-blind,
placebo- and amitriptyline-controlled studies, which found mirtazapine to be su-
perior to placebo and comparable in efficacy to amitriptyline in the treatment of
depression (Zivkov et al. 1995; Fawcett and Barkin 1997). A double-blind cross-
over study found that 63% of patients who were nonresponders to 6 weeks of
double-blind treatment with amitriptyline responded to mirtazapine (Catterson
and Preskorn 1996). Mirtazapine was found to be efficacious in the treatment of
patients hospitalized for major depressive disorder in two studies; in the first
study, it was found to be comparable to amitriptyline and superior to placebo
(Montgomery et al. 1998), and in the second study, it was found to be superior to
fluoxetine (Wheatley et al. 1998).

Three double-blind studies have found mianserin to be superior to placebo,
but 15 studies have found it slightly less effective than tertiary amine TCAs
(Janicak et al. 2001).

Because of its unique mechanism of action, which is not shared with any oth-
er types of antidepressant, mirtazapine may be efficacious for patients who have
not benefited from other types of antidepressants, and there is some evidence
supporting this possibility (Catterson and Preskorn 1996; Wheatley et al. 1998).

3.3.2
Dosing Recommendations

Mirtazapine can be started at a clinically effective dose and can be taken once a
day. However, no double-blind fixed-dose studies have been published to estab-
lish the optimal dose of mirtazapine.

Liver failure can lead to a 30% decrease and renal failure to a 50% decrease in
the clearance of mirtazapine (Organon, data on file). Accordingly, dosage ad-
justments may be needed for populations of depressed patients with liver or re-
nal failure.
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3.3.3
Onset of Action

Based on the published double-blind studies, the time to onset of mirtazapine�s
antidepressant efficacy (as defined by statistical separation from a parallel group
treated with placebo) is approximately 2 weeks, which is comparable with most
other antidepressants.

4
Nefazodone and Trazodone

4.1
Chemistry, Pharmacology, and Metabolism

Nefazodone and trazodone have chemically related structures; both incorporate
5-HT2A receptor blockade plus weak 5-HT uptake blockade and possibly NE up-
take blockade (Yocca et al. 1985; Feighner et al. 1989; Fontaine et al. 1991; Weise
et al. 1991).

More prescriptions are written for trazodone than for nefazodone, which
most likely reflects the widespread use of trazodone as a nonhabit-forming sleep
aid rather than as an antidepressant. Nefazodone is a structural analog of trazo-
done and was designed with the goal of producing a better antidepressant than
trazodone (Yocca et al. 1985). Nefazodone is a more potent SRI than trazodone
but is a much weaker SRI than the SSRIs or venlafaxine (Bolden-Watson and
Richelson 1993; Frazer 1997). It is likely that nefazodone only produces SE
(5HT2A) inhibition at doses of 300 mg/day or above, and even at 500 mg/day
it does not appear to produce the same degree of SE reuptake inhibition as the
SSRIs and venlafaxine at their usual starting doses (Narayan et al. 1998). The
pharmacology of nefazodone is consistent with its clinical advantages and dis-
advantages as described below.

4.2
Safety and Adverse Effects

4.2.1
Drug–Drug Interactions

Because of its ability to substantially inhibit CYP 3A3/4, nefazodone, like bupro-
pion, fluoxetine, fluvoxamine, and paroxetine, has the potential to cause clini-
cally meaningful CYP enzyme mediated adverse drug–drug interactions. Nefa-
zodone-induced inhibition of CYP 3A3/4 can elevate levels of co-prescribed
drugs that are dependent on this CYP enzyme for their oxidative metabolism
(Preskorn 1999; Shad and Preskorn 2000).
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4.3
Adverse Effects

Nefazodone produces less activation and sexual dysfunction than the SSRIs and
venlafaxine, and it does not cause blood pressure elevation (Janicak et al. 2001).
Nefazodone does not disturb sleep physiology and improves the subjective qual-
ity of sleep (Armitage et al. 1994; Gillin et al. 1997).

The incidence and severity of the following adverse effects increase as a func-
tion of the starting dose of nefazodone: dizziness/lightheadedness, confusion,
sedation, and gastrointestinal side effects (Preskorn 1999).

The antihistaminergic properties of trazodone are partly responsible for its
popularity as a sleep aid, but cause significant problems with daytime sedation
when it is used as an antidepressant (Preskorn 1999). Because it is sedating, it
may also be useful for treating agitation in geriatric patients (Janicak et al.
2001). Trazodone is not antiarrhythmic, it may induce or exacerbate ventricular
arrhythmia (not proved), may cause priapism, and postural hypotension. How-
ever, it causes no anticholinergic effects and it causes no quinidine-like effects
(Janicak et al. 2001).

4.3.1
Overdose

Nefazodone has good safety in overdose due to its wide therapeutic index (Rob-
inson et al. 1996a). Trazodone is also relatively safe in overdose.

4.4
Clinical Use/Therapeutic Indications

4.4.1
Efficacy for Acute Treatment

Unlike the clinical trials of the SSRIs and venlafaxine, a true fixed-dose study of
nefazodone was done but never published. This study had major limitations:
the doses used were low (50–300 mg/day) compared with doses that were found
to be optimally effective in later studies and the number of subjects was small.

Later studies used a targeted fixed “dose-range” design [i.e., low dose=50–
300 mg/day and high dose=300–600 mg/day (Robinson et al. 1996b; Janicak et
al. 2001)]. Patients were randomly assigned to the lowest dose in either range
and the investigator could then titrate the patient within the assigned ranges to
maximize treatment outcome. This design, while reasonable and valid, does not
permit as straightforward an assessment of the dose–response curve as do con-
ventional fixed-dose studies. This difference should be kept in mind, particular-
ly when comparing the antidepressant effect of nefazodone with that of other
antidepressants that were tested in strict fixed-dose designs. The absence of true
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fixed-dose studies probably reflects the need for multi-step dose titration, which
has limited the clinical acceptance of nefazodone.

In a series of double-blind trials comparing nefazodone with placebo and
other antidepressants using such fixed dose-range designs (D�Amico et al. 1990;
Presentation to the FDA Psychopharmacology Advisory Council July 1993;
Fontaine et al. 1994; Rickels et al. 1994; Mendels et al. 1995; Robinson et al.
1996b), nefazodone was found to be superior to placebo and equivalent to imi-
pramine and fluoxetine in efficacy. A meta-analysis of efficacy studies with nefa-
zodone examined the magnitude of the antidepressant response as a function of
the average daily dose in an attempt to establish an antidepressant response
curve. This meta-analysis indicated that the magnitude of antidepressant effect
at doses of 300–400 mg/day is approximately comparable to that seen with the
SSRIs and lower doses of venlafaxine, indicating that nefazodone used at these
doses is effective in the same percentage of patients as other antidepressants.
However, at doses of 500 mg/day, the magnitude of the response exceeded that
seen with the SSRIs, but was less than that seen with high-dose venlafaxine (i.e.,
225–375 mg/day). Response to nefazodone at 600 mg/day was virtually the same
as to placebo. This finding is likely to be an artifact of the study design in which
the clinician could titrate nonresponders to the highest tolerated dose produc-
ing a curvilinear dose–response curve with a diminution in response and in-
crease in dropouts due to adverse effects at higher doses. Nevertheless, these
data are consistent with the conclusion that there is generally no advantage in
exceeding 500 mg/day of nefazodone.

Nefazodone appears to have efficacy in patients with clinical depression and
prominent anxiety (Fawcett et al. 1995).

There appears to be a greater degree of interpatient variability in response to
nefazodone than occurs with many of the other newer antidepressants. Never-
theless, nefazodone can be a useful option for patients who are unable to toler-
ate the adverse effects of the SSRIs.

Several random-assignment, well-controlled clinical trials have found that
trazodone is 32% more effective than placebo and 4% more effective than tertia-
ry TCAs (Janicak et al. 2001).

4.4.2
Dosing Recommendations

Tolerability problems limit the starting dose of nefazodone (Preskorn 1995).
Stepwise dose titration reduces the frequency and severity of side effects by al-
lowing patients to develop some tolerance. The package insert (Physician�s Desk
Reference 2003) recommends starting nefazodone at 100 mg twice a day for
1 week before increasing the dose in increments of 100–200 mg/day at intervals
of no less than 1 week. Using this strategy, the dose of nefazodone can be in-
creased as needed to a maximum of 600 mg/day in equally divided doses admin-
istered two or three times a day.
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While the therapeutic dose of nefazodone is listed as 200–600 mg/day, the
daily dose that is usually needed for most patients to achieve an adequate re-
sponse appears to be in the 400–500 mg/day range given in equally divided dos-
es two to four times a day. As noted above, nefazodone requires at least twice-a-
day dosing and careful dose adjustment. The development program for a sus-
tained release formulation was discontinued. There appears to be more variabil-
ity between patients in the optimal dose of nefazodone for efficacy and tolerabil-
ity compared with other antidepressants (Janicak et al. 2001). Antidepressant
efficacy at the initial starting dose is less robust than with other antidepressants,
and dose titration is needed to improve tolerability and increase efficacy
(Janicak et al. 2001).

While trazodone has fewer anticholinergic adverse effects compared with the
tricyclic antidepressants, excessive sedation can limit dose titration. Generally,
the use of trazodone is now limited to single bedtime doses of 50–200 mg as a
soporific agent to counteract the insomnia that can be produced by 5-HTuptake
inhibitors and/or as an augmentation strategy with these medications.

4.4.3
Onset of Action

Nefazodone has been found to produce a statistically significant improvement
in sleep and anxiety symptoms in patients with major depression within 1 week
(Fawcett et al. 1995). However, full antidepressant response usually takes a peri-
od comparable to that needed with the SSRIs. There is no evidence that higher
doses produce more rapid onset.

5
Reboxetine

5.1
Chemistry, Pharmacology, and Metabolism

Reboxetine, (RS)-2-[(RS)-a-(2-ethoxyphenox) benzyl] morpholine methanesul-
fonate, is a chiral compound and is marketed as a racemic mixture of (R,R)-
and (S,S)-reboxetine in a number of countries but not in the United States
(Frigerio et al. 1997). It is not a tricyclic antidepressant. Nevertheless, pharma-
cologically reboxetine is a selective NE reuptake pump inhibitor (Raggi et al.
2002). (S,S)-reboxetine is the more potent inhibitor of the NE uptake pump
(Fleishaker 2000). There are pharmacokinetic and toxicological differences be-
tween the two enantiomers as described latter in this section (Raggi et al. 2002).

There is considerable preclinical animal evidence supporting an in vivo selec-
tive effect of reboxetine on the NE uptake pump with secondarily mediated ef-
fects on other biogenic amine systems, particularly DA. Osmotic pump infusion
of reboxetine produced a 600% and 342% increase in extracellular NE and DA,
respectively, in the prefrontal cortex of rats (Invernizzi et al. 2001). Administra-
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tion of clonidine reduced this effect but this reduction was attenuated after
14 days compared to 2 days of continuous reboxetine infusion consistent with
a reboxetine-induced desensitization of terminal a2-adrenergic receptors
(Invernizzi et al. 2001). Intravenous administration of reboxetine produced a
dose-dependent decrease in the firing of NE in the locus coeruleus but not SE
neurons in dorsal raphe, and this effect persisted and was enhanced by chronic
treatment up to 21 days (Szabo and Blier 2001a). This result is consistent with a
selective effect on NE but not SE uptake pumps. The dose-dependent magnitude
of the reduction in firing rate following 1.25, 2.5, 5.0, and 10.0 mg/kg was 52%,
68%, 81%, and 83%, respectively. Cumulative intravenous injections of reboxe-
tine increased the recovery time of CA3 pyramidal neurons in the hippocampus
following iontophoretic application of NE but not SE consistent with a selective
effect on the NE uptake pump (Szabo and Blier 2001b). However, administration
of the selective 5-HT1S receptor antagonist WAY 100,635 induced a 140% in-
crease in basal pyramidal neuronal firing in rats treated with reboxetine com-
pared with those treated with saline, suggesting a possible tonic activation of
the postsynaptic 5-HT1A receptors that is possibly attributable to the known
effect of reboxetine of desensitizing a2-adrenergic heteroreceptors (Szabo and
Blier 2001b). These results suggest that a selective NE uptake pump inhibitor
can nevertheless have secondary effects on SE neurotransmission. Despite being
a selective NE uptake pump inhibitor, systemic administration of reboxetine in
rats produced an increase in the burst firing but not the average firing frequen-
cy of DA neurons in the ventral tegmental area (VTA) and enhanced DA output
in the medial prefrontal cortex but not the nucleus accumbens (Linner et al.
2001). These results suggest that reboxetine can facilitate both prefrontal DA
output and excitability of VTA DA neurons, which might explain its effects on
drive and motivation observed in clinical trials. Consistent with NE uptake
pump inhibition as a mechanism mediating its antidepressant effects, reboxe-
tine was ineffective in the forced swim test in mice genetically bred to be unable
to synthesis NE and epinephrine, even though it was effective in normal mice
(Cryan et al. 2001). Chronic administration of reboxetine also causes a net
deamplification of the NE-mediated signal transduction cascade through a de-
sensitization of the b-adrenergic receptor-coupled adenylate cyclase system and
decreases nuclear cAMP-response element binding protein (CREB)-P, indicating
a direct effect beyond the b-adrenergic receptors themselves (Manier et al.
2002). Systemic administration of reboxetine in rats has been shown to inhibit
nicotinic acetylcholine receptors through an as-yet-unexplained mechanism
other than an apparent direct effect on these receptors (Miller et al. 2002).

In man, reboxetine at doses of 4 and 8 mg has been shown to enhance corti-
cal excitability as assessed by transcranial stimulation in the absence of changes
in motor threshold, intracortical inhibition, M-response, and F-wave or H-re-
flexes (Anonymous 2002). In a placebo-controlled trial, reboxetine at doses of 4
and 8 mg/day in healthy adult humans caused a dose-dependent decrease in re-
call and recognition memory performance for emotional elements of a series of
slides accompanied by a narrative (Papps et al. 2002). This effect was similar to
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that seen with b-adrenergic receptor antagonists and the opposite of that seen
with yohimbine and the opposite of that predicted by the NE uptake pump inhi-
bition produced by reboxetine. The results of this study, if replicated, require
further work to understand the mechanism underlying this effect. In an inter-
esting, double-blind, random assignment study of the differential social behav-
ioral effects of reboxetine, a NE selective reuptake inhibitor, vs citalopram, an
SSRI, in 60 normal volunteers it was found that subjects treated with reboxetine
had reduced hand fiddling and more cooperative communication during a
mixed-motive game and were more likely to be classified as cooperative players
in comparison to subjects treated with citalopram, who conversely showed more
evidence of protection of self from the negative consequences of social interac-
tion (Tse and Bond 2002).

Based on in vitro studies using human liver microsomes, the metabolism of
both reboxetine enantiomers is principally mediated by CYP 3A (Wienkers et
al. 1999). At concentrations achieved on clinically used doses, reboxetine has no
effect in vitro on CYP 1A2, 2C9, 2D6, 2E1, or 3A activity (Fleishaker 2000).
Based on the in vivo study in man of the effect of chronic administration of re-
boxetine on the excretion rate of 6-b-hydroxycortisol (a model CYP 3A sub-
strate), there was no evidence for significant induction of CYP 3A (Pellizzoni et
al. 1996).

In vivo, the ratio of the area under the curve concentration–time curves
(AUC) for the (S,S)- to (R,R)-enantiomers in man is approximately 0.5 and there
is no evidence of chiral inversion (Fleishaker 2000). Differences in the clearance
of the two enantiomers may be explained by differences in protein binding. Ra-
cemic reboxetine is greater than 97% protein bound principally to a1-acid gly-
coprotein (Edwards et al. 1995). Reboxetine is well absorbed after oral adminis-
tration with absolute bioavailability of approximately 95% (Fleishaker et al.
1999). Maximal concentrations are generally achieved 2–4 h after oral ingestion.
Food affects the rate but not the extent of absorption. Reboxetine in man has
linear pharmacokinetics over its clinically relevant dosing range (Dostert et al.
1997; Rey et al. 1999). It is primarily biotransformed prior to renal elimination
with less than 10% excreted unchanged. Reboxetine is the primary circulating
species in plasma, but a number of metabolites are formed by hepatic biotrans-
formation. Clearance is principally via the kidneys with less than 10% excreted
unchanged. Gender does not affect the pharmacokinetics of either of the rebox-
etine enantiomers (Fleishaker et al. 1999). The unbound clearance of reboxetine
was statistically significantly less for Asians compared with blacks or Caucasians
[3,742+/�1,468; 5,187+/�2,027; and 5,294+/�1,163 ml/min, respectively
(Hendershot et al. 2001)]. However, the differences in AUCs were modest and
unlikely to require dosage adjustment for ethnicity. Reboxetine plasma levels
(AUCs) were four times higher and t1/2 twice as long (24 vs 12 h) in elderly
but otherwise healthy volunteers (mean age 81+/�9 years) compared to young
volunteers (Bergmann et al. 2000). Similar results were found in elderly
(80+/�4 years) females patients hospitalized for major depression or dysthymic
disorder (Poggesi et al. 2000). Comparable changes in reboxetine clearance were
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observed in plasma levels of volunteers with severe renal impairment (9–19 ml/
min) (Coulomb et al. 2000) and in volunteers with moderate to sever hepatic
dysfunction (Fleishaker 2000).

5.2
Safety and Adverse Effects

5.2.1
Drug–Drug Interactions

Pharmacodynamically, reboxetine would be predicted to interact with other
drugs capable of promoting NE function. Due to its ability to block the neuronal
uptake of tyramine, reboxetine theoretically might protect against the risk of a
hypertensive crisis when patients on monoamine oxidase inhibitors consumed a
tyramine-rich meal (Dostert et al. 1997). However, the hypertensive crisis, if it
did occur, would be predicted to be more severe and last longer in the presence
of reboxetine. For this reason, it would be prudent to avoid such a combination
until there are formal studies to asses the relative risk.

The in vivo human pharmacokinetic drug–drug interaction studies are con-
sistent with the predictions based on the in vitro metabolism studies. In man,
coadministration of 200 mg of ketoconazole increased the AUC of (R,R)- and
(S,S)-enantiomers of reboxetine by 58% and 43%, respectively, and decreased
their oral clearance by 34% and 24%, respectively (Herman et al. 1999). Con-
versely, neither quinidine nor fluoxetine, both substantial CYP 2D6 inhibitors,
affected the clearance of either enantiomer (Fleishaker 2000). Conversely, coad-
ministration of reboxetine did not affect the clearance of either alprazolam or
dextromethorphan, model substrate/drugs for CYP 3A and 2D6, respectively
(Fleishaker 2000) nor clozapine or risperidone (Spina et al. 2001).

5.2.2
Adverse Effects

Consistent with its pharmacology, the most common adverse effects of reboxe-
tine compared with placebo were insomnia, sweating, constipation, dry mouth,
and urinary hesitancy; compared with fluoxetine, reboxetine had lower rates of
nausea, diarrhea, and somnolence (Scates and Doraiswamy 2000). In short-term
(4- to 6-week) studies, the discontinuation rate in patients on reboxetine up to
8 mg/day was comparable to placebo (Tanum 2000). In an open-label, forced ti-
tration study to 8 mg/day in 12 elderly patients (75–87 years of age), one patient
discontinued prematurely and two were held at 6 mg/day because of changes in
cardiac rhythm. A total of 5 out of 11 (including the 2 held at 6 mg/day) experi-
enced tachycardia (Andreoli et al. 1999). In contrast to SE uptake drug in-
hibitors, there is no evidence of a discontinuation syndrome following abrupt
discontinuation of reboxetine and minimal spontaneous reports of adverse ef-
fects on decreased libido or anorgasmia (Tanum 2000). Consistent with its effect
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as a NE uptake pump inhibitor, there have been case reports of prolonged or-
gasm of reduced intensity, seminal emission after defecation accompanied by
pain, spontaneous and painful ejaculation, and urinary hesitancy and retention
(Andreoli et al. 1999; Benazzi 2000; Kasper 2000; O�Flynn and Michael 2000;
Demyttenaere and Huygens 2002). These effects can also be seen with other an-
tidepressants capable of inhibiting the NE uptake pump.

5.2.3
Overdose

There is limited published data on the safety of reboxetine in overdose. A place-
bo-controlled, crossover study in 20 healthy young volunteers revealed no statis-
tically significant prolongation of the QTc (Fridericia correction) after treatment
with 2, 4, and 6 mg of reboxetine alone and 6 mg in combination with 200 mg of
ketoconazole twice daily for 7 days (Fleishaker et al. 2001). That result is consis-
tent with no effect on cardiac repolarization and suggests cardiac safety in over-
dose. Consistent with this finding, a 71-year-old woman recovered uneventfully
following an acute ingestion of 48 mg of reboxetine in a suicide attempt (Agelink
et al. 2002). Nevertheless, more data on safety in overdose would be reassuring.

5.3
Clinical Use/Therapeutic Indications

5.3.1
Efficacy for Acute Treatment

Sufficient evidence of the efficacy of reboxetine in major depression has not
been presented to receive approval for marketing in the United States, but re-
boxetine is available in several other countries around the world. Consistent
with the fact that it was principally developed in Europe, most of the clinical tri-
als with reboxetine are active but not placebo-controlled. To be a positive study
(i.e., disprove the null hypothesis), the investigational drug in such studies must
produce superior efficacy to the comparator. That has not been in the case in
the majority of such studies with reboxetine and likely contributed to its failure
to date to receive approval in the United States.

The publications with reboxetine are somewhat perplexing. Papers reporting
on meta-analyses indicate that there have been four short-term (4- to 8-week)
trials of reboxetine vs placebo totaling 703 patients (Ferguson et al. 2002); how-
ever, a PubMed search yielded only two published trials involving approximate-
ly 300 patients (Versiani et al. 1999; Andreoli et al. 2002). The meta-analysis re-
ported improvements in psychomotor retardation, cognitive disturbance, and
anxiety but did not mention improved overall antidepressant response, suggest-
ing that perhaps there was no difference between this presumably positive effi-
cacy outcome. In a published 8-week, double-blind, random assignment, multi-
center trial involving 381 patients assigned to reboxetine, 8–10 mg/day, fluoxe-
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tine, 20–40 mg/day, or placebo, reboxetine and fluoxetine produced a statistical-
ly significant higher response and remission rate (Andreoli et al. 2002). A
6-week, double-blind, random assignment, placebo-controlled trial involving 52
hospitalized patients found a response rate of 74% in patients treated with re-
boxetine vs 20% in patients treated with placebo (p<0.001), with 64% of placebo
patients vs 15% of reboxetine-treated patients withdrawn prematurely due to
lack of efficacy (Versiani et al. 2000). In a double-blind relapse prevention study,
patients who responded to 6 weeks of open label treatment with reboxetine were
randomly assigned to either stay on reboxetine or be switched to placebo
(Versiani et al. 1999). At the end of 6 months, there was a statistically significant
lower relapse rate in patients treated with reboxetine vs placebo: 22% vs 56%,
respectively (p<0.001).

The other published studies with reboxetine were not placebo-controlled. In
an 8-week double-blind, random assignment trial in 347 elderly depressed pa-
tients, 68% of patients treated with reboxetine vs 71% of patients treated with
imipramine experienced adverse events (not statistically different) (Katona et al.
1999). There have also been a number of double-blind, random assignment, an-
tidepressant trials that have not shown an overall statistically superior response
rate for reboxetine vs fluoxetine (Massana 1998; Massana et al. 1999; Keller
2001).

Post hoc analyses have proposed superior efficacy for reboxetine vs fluoxe-
tine in more severely depressed patients (Massana et al. 1999) and in social
functioning (Massana 1998; Keller 2001). The latter result is consistent with the
previously mentioned prospective study of the effect of reboxetine on social
functioning in normal volunteers compared with subjects receiving placebo.
Nevertheless, post hoc analyses of clinical trials should be considered as hypoth-
esis generating rather than hypothesis confirming.

5.3.2
Dosing Recommendations

The effective dose of reboxetine in the positive clinical trials discussed above
has mainly been between 8–10 mg/day. As mentioned above, pharmacokinetic
studies suggest that dose reductions are needed to achieve comparable plasma
reboxetine levels in the elderly and in those with significant hepatic and renal
impairment.

5.3.3
Onset of Action

There is no evidence of a faster onset of action with reboxetine.
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6
Venlafaxine

6.1
Chemistry, Pharmacology, and Metabolism

Venlafaxine, a phenylethylamine, first inhibits the neuronal uptake pumps for
SE and then the uptake pump for NE (Harvey et al. 2000). Venlafaxine is approx-
imately five times more potent in vitro as an inhibitor of the SE than the NE up-
take pump (Bolden-Watson and Richelson 1993). However, unlike tertiary
amine TCAs, which also inhibit the SE and NE uptake pumps, venlafaxine has
low affinity for most other neural receptors and does not inhibit sodium fast
channels, making it relatively safe in overdose. It has been reported that the se-
quential effects of venlafaxine on the SE and then the NE uptake pumps are
dose- and concentration-dependent (Harvey et al. 2000). At 75 mg/day, venlafax-
ine is predominantly an SRI, like the SSRIs (Preskorn 1999), whereas at 375 mg/
day it produces NE uptake inhibition comparable to that of desipramine.

Venlafaxine is biotransformed by CYP 2D6 to its active metabolite,
O-desmethylvenlafaxine (ODV). ODV has pharmacological activity comparable
to the parent drug and is believed to contribute equally with the parent drug to
efficacy and adverse effects; ODV is then metabolized via CYP 3A3/4 (Klamerus
et al. 1992; Preskorn and Burke 1992; Troy et al. 1992). The half-life of venlafax-
ine is approximately 5 h, while the half-life of ODV is approximately 12 h.

In contrast to the SSRIs, which have a flat dose–response curve, venlafaxine
has an ascending dose–response curve. This ascending dose–response curve is
consistent with venlafaxine�s sequential, concentration-dependent effects on the
SE and NE uptake pumps. Clinically, this ascending dose–response curve pro-
vides a stronger rationale for using higher doses of venlafaxine in patients who
have partially responded or not responded to an initial lower starting dose (e.g.,
75 mg/day) (Janicak et al. 2001); this is in contrast to the SSRIs, which have a
flat dose–response curve and for which, consequently, there is a weaker ratio-
nale for increasing the dose above the usually clinically effective dose.

6.2
Safety and Adverse Effects

6.2.1
Drug–Drug interactions

Venlafaxine appears to have a good profile in terms of pharmacodynamically
mediated drug–drug interactions (Preskorn 1999). At lower doses, these are me-
diated by SE reuptake inhibition, whereas at higher doses, venlafaxine is suscep-
tible to the same potential interactions as the secondary amine TCAs, which are
NE selective reuptake inhibitors (NSRIs) (for example, hypertensive crisis when
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combined with other NE agonists, particularly monoamine oxidase inhibitors)
(Feighner 1995; Nelson 1997).

Venlafaxine also appears to have a good profile in terms of pharmacokineti-
cally mediated drug–drug interactions (Preskorn 1999). Venlafaxine does not
appear to produce substantial inhibition of any drug metabolizing CYP enzyme
at its usually effective, minimum antidepressant dose.

Because the effect of venlafaxine appears to be dependent on the combined
concentrations of venlafaxine (the biotransformation of which is mediated
by CYP 2D6) and its principal metabolite ODV (which is metabolized via
CYP 3A3/4), CYP 2D6 deficiency, which occurs in approximately 7% of Cau-
casians, may have fewer clinical implications for venlafaxine than for other
medications (such as paroxetine) that are metabolized by CYP 2D6. However,
the co-administration of an agent that is a substantial inhibitor of CYP 3A3/4
could result in a clinically meaningful increase in venlafaxine and ODV levels,
particularly in patients who are CYP 2D6 deficient, which could lead to an in-
crease in the incidence or severity of adverse effects.

6.2.2
Adverse Effects

Whereas the adverse effect profile of an SSRI generally stays the same qualita-
tively, but increases quantitatively over its clinically relevant dosing range, the
adverse effects of venlafaxine change qualitatively as the dose increases because
of progressively greater blockade of NE uptake with increasing dose and hence
increasing concentration over its clinically relevant dosing range.

Venlafaxine has a generally benign tolerability profile. At low doses, consis-
tent with its action on the SE system, the adverse effect profile is similar to an
SSRI: nausea, loose stools, sexual dysfunction. The IR formulation of venlafax-
ine appears to cause a somewhat higher incidence of gastrointestinal adverse ef-
fects, in particular nausea, compared with the SSRIs (Preskorn 1999). Venlafax-
ine appears to have the same liability as the SSRIs for causing sexual dysfunc-
tion (Janicak et al. 2001). At higher doses, venlafaxine can produce the same ad-
verse effects as an NSRI: generally mild increases in blood pressure, diaphoresis,
tachycardia, tremors, and anxiety (Preskorn 1995; Nelson 1997). A disadvantage
of venlafaxine relative to the SSRIs is the potential for dose-dependent blood
pressure elevation, most likely due to the NE uptake inhibition caused by higher
doses of venlafaxine. However, elevated blood pressure is a dose-dependent ef-
fect and is infrequently observed at doses below 225 mg/day (Presentation to
the U.S. Food and Drug Administration April 1993; Grunder et al. 1993). Since
venlafaxine has been marketed, patients who have developed clinically meaning-
ful elevations in blood pressure but who had not responded to other antidepres-
sants but did respond to venlafaxine have been able to remain on the drug while
their blood pressure was managed with a hypertensive (Janicak et al. 2001). Oth-
er management strategies, when feasible, include a dose reduction or a switch
to another class of antidepressant. Elevated blood pressure developed within
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2 months of patients being stabilized on a given dose, so patients should be
carefully monitored during this period (Grunder et al. 1993; Presentation to the
U.S. Food and Drug Administration April 1993; Feighner 1994). It is recom-
mended that blood pressure be monitored in patients receiving doses of
225 mg/day or more at every visit during the first 2 months after dose stabiliza-
tion (Janicak et al. 2001). As noted above, another dose-dependent adverse ef-
fect of venlafaxine is tremors. This effect might be due to NE uptake inhibition;
however, this effect also occurs with the SSRIs (Preskorn 2000c). It therefore ap-
pears more likely that these tremors are mediated through an SE effect on either
the NE or DA systems.

Because of its relatively short half-life, venlafaxine has a risk of causing an SE
withdrawal syndrome (for a description, see the preceding chapter on the
SSRIs) comparable to that of fluvoxamine and paroxetine (Schatzberg et al.
1997). The incidence and severity of the SE withdrawal syndrome is partly a
function of the half-life of the agent involved—the half-life of venlafaxine,
including the half-life of its active metabolite ODV, is approximately 12 h
(Klamerus et al. 1992). The extended release formulation dose not change the
half-life of the drug and therefore does not affect the risk of SE withdrawal syn-
drome upon abrupt discontinuation. Although the withdrawal syndrome that
can occur with venlafaxine is not as medically serious as the sedative hypnotic
withdrawal syndrome, it can be unpleasant for patients, who may mistake the
withdrawal symptoms for a relapse of their depressive illness, and may even be-
come so dysphoric or agitated that they experience suicidal ideation (Rosen-
baum and Zajecka 1997; Rosenbaum et al. 1998). It can also mimic mania, which
may lead to a misdiagnosis and inappropriate treatment (Landry and Roy
1997).

6.2.3
Overdose

Venlafaxine inhibits the SE and NE uptake pumps, but has low affinity for most
other neural receptors and does not inhibit sodium fast channels or potassium
rectifying channels (as do the tertiary amine TCAs), making it relatively safe
in overdose due to its wide therapeutic index (Muth et al. 1991; Feighner 1995;
Janicak et al. 2001). During clinical trials, patients survived acute ingestion of
over 6,750 mg of venlafaxine without serious sequelae (Presentation to the U.S.
Food and Drug Administration April 1993). These acute overdoses required no
specific therapeutic interventions beyond general nursing care with the most
common effects being nausea and vomiting, which further reduced the severity
of the overdose.
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6.3
Clinical Use/Therapeutic Indications

6.3.1
Efficacy for Acute Treatment

Venlafaxine and the SSRIs have similar advantages over the TCAs and monoam-
ine oxidase inhibitors. Venlafaxine also has a number of potential advantages
over the SSRIs, including an ascending dose–antidepressant response curve,
with possible greater overall efficacy at higher doses, evidence of more rapid on-
set of antidepressant action, and evidence of superior efficacy in hospitalized
patients with major depressive disorder (MDD) compared with placebo or flu-
oxetine, and minimal effects on CYP enzymes in contrast to fluoxetine, fluvox-
amine, paroxetine, and the non-SSRI, bupropion.

At a dose of 75 mg/day, venlafaxine demonstrates efficacy comparable to any
other type of antidepressant in outpatients with clinical depression (Preskorn
1994). Venlafaxine has an ascending dose–response curve in terms of antide-
pressant efficacy in contrast to the SSRIs, consistent with its sequential effects
on SE and NE uptake inhibition. In essence, a dose increase with venlafaxine is
pharmacologically and clinically a built-in augmentation strategy comparable to
adding an NSRI such as desipramine to an SSRI such as sertraline (Preskorn
1998).

Ferrier (2001) reviewed findings from studies that reported rates of remission
[defined as a score of 10 or less on the 17-item Hamilton Depression Rating
Scale (HAM-D) or a clinicians� global impression (CGI) improvement score of 1,
very much improved] for MDD and found remission rates of approximately
20%–30% with SSRIs during short-term therapy and remission rates with ven-
lafaxine that ranged from 37% to 62%. In these studies, the remission rates for
venlafaxine were greater than those seen with fluoxetine, sertraline, or paroxe-
tine, especially at doses of 75–300 mg/day. While data on remission rates are
clinically important, several caveats concerning this analysis should be kept in
mind. First, these studies were designed to collect data on rates of response, not
remission. Second, they used different dosing approaches ranging from conser-
vative to more aggressive. Third, length of time to endpoint of study varied from
one study to another. Nevertheless, some evidence exists in support of the idea
that antidepressants that combine noradrenergic with serotonergic mechanisms
of action, such as the TCAs and venlafaxine, may have a more robust effect than
purely serotonergic antidepressants.

In addition to these meta-analyses, there have been a few head-to-head com-
parison with other antidepressant examining overall efficacy. These studies are
briefly reviewed below.

Rudolph and Feiger (1999), in a double-blind, placebo-controlled, parallel-
group design study, compared the efficacy and tolerability of venlafaxine XR
(75–225 mg/day) and fluoxetine (20–60 mg/day) in 232 outpatients with MDD.
Remission rates, defined as a HAM-D�7, in this study were 37%, 22%, and 18%
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for venlafaxine XR, fluoxetine, and placebo, respectively, which were statistically
significant differences. Discontinuation rates secondary to adverse events were
low for both drug treatment groups: 6% for venlafaxine ER and 9% for fluoxe-
tine. One possible explanation for the difference in remission rates could be the
short duration of treatment, which could have biased the results against fluoxe-
tine due to its long half-life and the longer time needed to achieve a steady-state
concentration (Css) of both parent drug and active metabolite, norfluoxetine.
Another possibility is that venlafaxine could be more efficacious than fluoxe-
tine, perhaps due to its dual mechanism of action.

Clerc et al. (1994) compared the efficacy of venlafaxine IR (200 mg/day) and
fluoxetine (40 mg/day) in a double-blind study of 68 inpatients hospitalized with
melancholic depression, with initial minimum Montgomery-Asberg Depression
Rating Scale (MADRS) scores of 25. Dropout rates for venlafaxine and fluoxe-
tine were 18% and 35%, respectively. There were significantly more responders
at weeks 4 and 6 in the venlafaxine group: 76% vs 47% at week 4 and 76% vs
41% at week 6 for venlafaxine and fluoxetine, respectively. One obvious but un-
derstandable limitation of this study is the lack of a placebo group.

An examination of the fixed-dose efficacy data on venlafaxine illustrates how
study design can affect results. In clinical trials of venlafaxine, the magnitude of
the antidepressant effect of venlafaxine was smaller at 375 mg/day than at the
lower dose of 225 mg/day (Preskorn 1994). This finding is consistent with the
higher early drop-out rate seen in those patients who were assigned to the high-
est dose of venlafaxine compared to the 225 mg/day dose. Such dropouts oc-
curred before the patients could have reasonably been expected to experience
an antidepressant response. In fixed-dose studies, patients are randomly as-
signed to predetermined doses regardless of need and titrated rapidly to that
predetermined dose. This approach to dosing is in stark contrast to what occurs
in clinical practice, where patients are typically started on the lowest, usually ef-
fective, dose and titrated upward according to response and side effects. Titra-
tion in clinical practice is frequently done much more gradually than in a fixed-
dose study and, as a result, the patient treated in clinical practice has more time
to adjust to any dose-dependent adverse effects. For example, patients in clinical
practice typically develop tolerance to many of the acute adverse effects (e.g.,
nausea) produced by drugs that potentiate 5-HT, such as the SSRIs and ven-
lafaxine.

6.4
Dosing Recommendations

The dosing of venlafaxine is simplified because clinicians can prescribe a usual-
ly effective dose (75 mg/day) from the start without dose titration. As a result of
the development of an extended release formulation, venlafaxine can be taken
once a day. The use of the immediate release formulation is now principally lim-
ited to rapid dose titration in hospitalized patients.
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6.4.1
Onset of Action

There is evidence that venlafaxine has a more rapid onset of antidepressant ac-
tion than the SSRIs. One study indicated that high-dose venlafaxine (>300 mg/
day) can produce a response in 20% of patients within 1 week and can statisti-
cally separate from placebo as soon as 4 days (Preskorn 1994), a finding that is
consistent with the combined inhibition of both SE and NE uptake pumps at
such doses (Janicak et al. 2001).

7
Duloxetine

7.1
Chemistry, Pharmacology, and Metabolism

Duloxetine is a chiral compound [(+/�)-N-methyl-3-(1-napthalenyloxy)-3-
(2-thiophene) propanamine] which can be formed from the building blocks of
(S)-3-chloro-1-(2-thienyl)-1-propanil and the corresponding (R)-butanoate
(Wong et al. 1988; Liu 2000). More importantly for the prescriber, it is an
SE–NE reuptake pump inhibitor which is pending approval in the United States
and other countries in late 2003. Thus, it will be a third member of this pharma-
cological class, joining venlafaxine and milnacipran; sibutramine is a fourth
member of this class but is marketed for obesity rather than major depression
(Jackson et al. 1997). Given that it has not yet been marketed, there are only a
limited number of published articles available on this compound, but more
should be expected shortly after its market introduction. The manufacturer
(Lilly) is initially seeking indications for both major depression and urinary
incontinence, illustrating the fact that the brain and the body are in fact insepa-
rable.

The positive enantiomer (LY 248686) is a slightly more potent than the nega-
tive enantiomer (LY 248685) as an inhibitor of SE uptake; neither enantiomer is
a substantial inhibitor of the DA uptake pump (Wong et al. 1993). There is both
in vitro and in vivo preclinical pharmacological evidence suggesting that dulox-
etine may be a more balanced inhibitor of SE and NE reuptake pumps than is
venlafaxine, meaning that the ratio of its affinity constants for these two pumps
is closer to one (Beique et al. 1998; Bymaster et al. 2001). Like venlafaxine and
milnacipran, duloxetine has low affinity for muscarinic, histamine-1, adrener-
gic, DA, and SE receptors (Wong et al. 1988). That suggests a low potential for
causing adverse effects mediated by actions on these mechanisms, which has
been confirmed in the clinical trials discussed below. The ability of duloxetine
to block both uptake pumps in vivo has been demonstrated in a number of ani-
mal studies, including the usual animal models of depression (Wong et al. 1993;
Fuller et al. 1994; Engleman et al. 1995, 1996; Katoh et al. 1995; Kihara and Ikeda
1995; Kasamo et al. 1996; Gobert et al. 1997; Gongora-Alfaro et al. 1997; Smith
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and Lakoski 1997, 1998; Rueter et al. 1998a,b; Gobert and Millan 1999). A brief
summary of this in vivo preclinical work follows.

Duloxetine at 15 mg/kg administered intraperitoneally to rats produced a
large increase in extracellular levels of SE (250%) and NE (1,100%) in both the
hypothalamus and cerebral cortex (Engleman et al. 1995). In rats and mice, du-
loxetine prevented tetrabenazine-induced ptosis, inhibited reserpine-induced
hypothermia, and potentiated the effects of 5-hydroxytrytophan (a precursor of
SE) but did not affect oxotremorine-induced (oxotremorine is a cholinergic ag-
onist) lacrimation or salivation (Katoh et al. 1995). These results support inhibi-
tion of both SE and NE uptake at doses that do not block muscarinic receptors,
which is consistent with the in vitro data and with the adverse effect profile seen
in clinical trials. Oral administration of duloxetine produced a dose-dependent
increase in the output of both NE and SE from the frontal cortex and DA output
from the nucleus accumbens. The latter is most likely an indirect effect mediat-
ed via its direct effects on the central SE and/or NE circuits (Kihara and Ikeda
1995) and is consistent with the anatomical connections of these systems and
other electrophysiological studies, including the observation that acute adminis-
tration of duloxetine and other SE uptake pump inhibitors increases the firing
frequency of DA neurons in the substantia nigra at the same time that they sup-
press the spontaneous firing of SE neurons in the dorsal raphe. Duloxetine an-
tagonized the SE- and NE-depleting effect of p-chloroamphetamine and 6-hy-
droxydopamine but not DA depletion in both mice and rats and decreased brain
5-hydroxyindoleacetic acid (5HIAA) and SE turnover consistent with in vivo
blockade of the SE and NE uptake pumps, but had no direct effect on the DA
uptake pump at the doses used (Fuller et al. 1994). The recovery times of dorsal
hippocampal CA3 pyramidal neurons in rats were significantly prolonged after
microiontophoretic applications of SE and NE following treatment with duloxe-
tine, consistent with inhibition of both the SE and NE uptake pumps (Rueter et
al. 1998a). In the same study, electrically evoked release of SE was enhanced
in the midbrain and hippocampus presumably due to desensitization of the
5-HT1D and 5-HT1A autoreceptors and a2-adrenergic heteroreceptors, respec-
tively. Acute intravenous administration of duloxetine in rats suppressed spon-
taneous firing activity of both SE and NE neurons in the dorsal raphe and locus
coeruleus, respectively, with ED50 values of 99 and 475 mg/kg, respectively
(Bruno et al. 1999). The firing rate of SE neurons in the dorsal raphe nucleus
was decreased after 2 days of duloxetine administration but returned to control
levels after 21 days consistent with acute SE uptake inhibition followed by com-
pensatory desensitization of the somatodendritic 5-HT1A autoreceptors (Rueter
et al. 1998b). That conclusion was further supported in this same study by the
finding that administration of the 5-HT1A antagonist WAY 100635 increased hip-
pocampal firing rates in rats treated for 21 days to a greater extent that in either
rats treated for 2 days or control rats.

The ability of duloxetine to inhibit SE uptake has also been demonstrated in
healthy human volunteers (Kasahara et al. 1996; Turcotte et al. 2001). In one
study, duloxetine at doses up to 60 mg/day administered for 14 days did not im-
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pede the usual increase in blood pressure that follows an intravenous tyramine
infusion, whereas clomipramine (a tertiary amine TCA) did (Turcotte et al.
2001). However, duloxetine at the 60-mg dose in this study did increase supine
systolic blood pressure. The results from this single study need replication but
suggest that 60 mg/day may be near the threshold dose for NE reuptake pump
inhibition.

Duloxetine at doses of 20–40 mg twice a day in 12 healthy male volunteers
exhibits linear pharmacokinetics with a mean oral clearance, apparent volume
of distribution, and half-life of 114 l/h (range:44–218 l/h), 1943 l (range: 803–
3,531 l), and 12.5 h (range: 9.2–19.1 h), respectively (Sharma et al. 2000).

There are several lines of in vitro, ex vivo, and in vivo evidence suggesting
that duloxetine dissociates slowly from (i.e., binds tightly to) the SE uptake
pump (Kasahara et al. 1996; Ishigooka et al. 1998). This finding, along with du-
loxetine�s large volume of distribution and concentration in the brain, suggests
that the plasma half-life underestimates the half-life in the brain and hence like-
ly accounts for the fact that it has been efficacious for the treatment of de-
pressed patients when given once a day.

Preclinical animal studies with duloxetine also provide some evidence of po-
tential pharmacodynamic drug–drug interactions that may occur in man and
may have either beneficial or adverse consequences depending on the magni-
tude of the effect. 1-(2-pyrimidinyl) piperazine (1-PP) is the major metabolite
of buspirone and is an a2-adrenergic antagonist. 1-PP potentiated the duloxe-
tine-induced increase in SE, NE, and DA levels in the frontal cortex by 290%,
1,320%, and 600%, respectively, consistent with the fact that a2-adrenergic re-
ceptors tonically inhibit NE and DA and phasically inhibit SE release in the
frontal cortex (Gobert et al. 1997). (�)-Pindolol, a 5-HT1A, 5-HT1B, and b1-/b2-
adrenergic receptor antagonist potentiated the increase in frontal cortex of levels
of both SE and DA but not NE produced by administration of duloxetine and
fluoxetine (Gobert et al. 1999). Systemic administration of buspirone, a 5-HT1A

receptor partial agonist, transiently inhibited the duloxetine- and fluoxetine-in-
duced increases in SE levels but markedly and synergistically increased duloxe-
tine- and fluoxetine-induced increases in DA levels (550% and 240%, respective-
ly) and in NE levels (750% and 350%, respectively) in the frontal cortex (Gobert
et al. 1997). Consistent with this study was the finding that coadministration of
the 5-HT1A antagonist, LY 206130, produced a 570%, 480%, and 300% increase
in duloxetine-induced increases in SE, NE, and DA levels, respectively, in the hy-
pothalamus of conscious, freely moving rats consistent with antagonism of the
normal auto-inhibitory feedback loop mediated by somatodendritic 5-HT1A au-
toreceptors (Engleman et al. 1996) with duloxetine.
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7.2
Safety and Adverse Effects

7.2.1
Drug–Drug Interactions

Preclinical evidence of pharmacodynamic drug–drug interactions with duloxe-
tine was reviewed above. These interactions are mediated by duloxetine-induced
inhibition of the SE and NE uptake pumps and thus would be common to this
class. The SE- and NE-mediated interactions would also be common to other
antidepressants sharing either of these specific mechanism (e.g., tertiary and
secondary amine TCAs reviewed in the chapter by Lader in this volume, and
SSRIs reviewed in the chapter by Preskorn, Ross, and Stanga). For these reasons,
duloxetine will undoubtedly carry a warning against use in combination with
monoamine oxidase inhibitors.

Duloxetine at a dose of 120 mg/day is also a moderate inhibitor of CYP 2D6
(i.e., less than fluoxetine or paroxetine at their lowest usually effective dose) but
greater than escitalopram, citalopram, or sertraline at their lowest usually effec-
tive dose) (Skinner et al. 2003). Thus, modest dose reductions and careful moni-
toring will be needed when prescribing duloxetine in combination with drugs
that are preferentially metabolized by CYP 2D6, particularly those with narrow
therapeutic indexes.

7.2.2
Adverse Effects

A PubMed search yielded only four published clinical trials with duloxetine in
major depression (Berk et al. 1997; Detke et al. 2002a,b; Goldstein et al. 2002)
and one trial in stress urinary incontinence (Norton et al. 2002). Thus, the pub-
lished data on adverse effects are limited but consistent with the preclinical
pharmacology of the drug and the adverse effect profiles of other drugs with
similar mechanisms of action. In the stress urinary incontinence study, the dis-
continuation rate for adverse effects was dose dependent as follows: placebo–
5%, 20 mg/day–9%, 40 mg/day–12%, and 80 mg/day–15%, with nausea being
the most common symptom leading to discontinuation (Norton et al. 2002).
Similar results but with fewer doses were seen in the depression trials. In one
such trial, the discontinuation rate on placebo was 4.3% vs 12.5% with duloxe-
tine, 60 mg/day, with the most common adverse effects being nausea, dry
mouth, dizziness, and constipation (Detke et al. 2002a). In a forced titration trial
to 120 mg/day, the only adverse effects that were reported to a statistically great-
er degree (p<0.05) on duloxetine compared with placebo were insomnia and as-
thenia (Goldstein et al. 2002). The adverse effects in these trials are consistent
with indirect SE and NE agonism mediated by uptake pump inhibition. There
was a significant incidence of hypertension reported in the published trials as
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has been reported with some antidepressants that inhibit the NE reuptake
pump.

7.2.3
Overdose

There are no published data on overdoses with duloxetine. However, the precli-
nical pharmacology of the drug suggests that it should have a wide therapeutic
index.

7.3
Clinical Use/Therapeutic Indications

7.3.1
Efficacy for Acute Treatment

At this time, approval for marketing is being sought for the treatment of both
major depression and stress urinary incontinence. There are published random
assignment, double-blind, placebo-controlled studies demonstrating statistically
better reduction in symptoms in both conditions on duloxetine vs placebo
(Berk et al. 1997; Detke et al. 2002a,b; Goldstein et al. 2002; Norton et al. 2002).
The duloxetine specific response rates (i.e., rate on drug–rate of placebo) at dos-
es of 60 and 120 mg/day were 23% and 16%, respectively (Detke et al. 2002a;
Goldstein et al. 2002). The duloxetine specific remission rate (i.e., rate on drug–
rate on placebo) at doses of 60 and 120 mg/day were 15%, 28%, and 24% (Detke
et al. 2002a,b; Goldstein et al. 2002). These rates are comparable to drug-specific
response and remission rates for other marketed antidepressants reviewed in
this book. In addition to higher antidepressant response and remission rates
(e.g., reduction in rating scale scores) compared to placebo, patients treated
with duloxetine also experienced a greater reduction in associated painful phys-
ical symptoms that are commonly seen in depressed patients, including overall
pain, back pain, shoulder pain, and time in pain while awake (Detke et al.
2002a; Goldstein et al. 2002).

7.3.2
Dosing Recommendations

The dosing guidelines at this time have not been formalized, but the published
positive trials have used doses of 60–120 mg/day.

7.3.3
Onset of Action

There is no published evidence to date of a faster onset of action with duloxetine
vs other marketed antidepressants.
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8
Milnacipran

8.1
Chemistry, Pharmacology, and Metabolism

Milnacipran (also earlier called midalcipran) is chemically the cyclopropane
derivative, 1-phenyl-1-diethyl-aminocarbonyl-cyclopropane (z) hydrochloride.
It is a racemic mixture composed of two enantiomers which are both active
based on preclinical pharmacology (Deprez et al. 1998; Atmaca et al. 2003). Mil-
nacipran is marketed in France, Japan, and a few other countries (Tajima 2002).
It was in development in the United States in the late 1980s and early 1990s but
that development was discontinued.

Pharmacologically, milnacipran is a SE and NE reuptake inhibitor and thus is
in the same class as venlafaxine and duloxetine as well as the anti-obesity drug
sibutramine. It is virtually equipotent at the inhibition of both of these uptake
pumps, produces several-fold and long-lasting elevations in the extracellular
levels of monoamines in mammalian brain, and is active in animal models of
depression (Briley et al. 1996; Delini-Stula 2000). It has no direct effect on the
DA. Other than its SE and NE transporter binding, milnacipran has low affinity
for receptors for acetylcholine, DA, histamine NE, and SE and does not affect
ion channels nor does it inhibit monoamine oxidase (Briley et al. 1996; Atmaca
et al. 2003). These findings qualify milnacipran as a member of the selective SE
and NE uptake pump inhibitors along with venlafaxine and duloxetine and is
consistent with its clinical adverse effect profile discussed later.

In rat brains, specific binding of milnacipran has been found in structures
dense in SE innervation including the dorsal raphe, basal ganglia, colliculi, and
cerebral cortex (Barone et al. 1994). Selective lesioning of SE neurons caused
large decreases in milnacipran binding in septal nuclei, caudate, hippocampus,
thalamus, and ventral and dorsal hypothalamus, but in other brain regions
had only partial (putamen) or no effect (amygdala, lateral hypothalamus). Mil-
nacipran was differentially displaceable in these various areas by SSRIs (e.g.,
paroxetine) and NSRIs (e.g., desipramine). These binding data are consistent
with milnacipran binding to both the SE and NE uptake pumps. In contrast to
desipramine, milnacipran, 50 mg/day for 21 days, did not modify basal or in-
duced release of NE, tissue concentrations of NE, or a2-adrenergic receptor sen-
sitivity in the rat (Moret and Briley 1994). These results suggest that mil-
nacipran under these dosing conditions in this species did not meaningfully in-
hibit the NE uptake pump; however, neither plasma nor tissue concentrations of
milnacipran were obtained in this study, and thus the relevance of this experi-
mental dosing condition to clinical dosing is open to question.

Consistent with its in vitro profile and its anatomical distribution, local ad-
ministration of milnacipran increased SE output in the rat frontal cortex and
the dorsal raphe by seven- and tenfold, respectively, via a calcium- and tetrodo-
toxin-dependent mechanism (Bel and Artigas 1999). A smaller magnitude in-
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crease was seen in these regions following systemic administration and was
modestly potentiated by coadministration of the 5-HT1A antagonist WAY
100635, consistent with the inhibition of the 5-HT1A autoreceptor regulating
synaptic SE concentration. Systemic administration of milnacipran for 2 days in
rats reduced the firing rate of both NE neurons in the locus coeruleus and SE
neurons in the dorsal raphe (Mongeau et al. 1998). The reduction in NE but not
SE neuronal firing persisted following 14 days of continuous milnacipran ad-
ministration. Chronic administration (14 days continuous administration) of
milnacipran substantially attenuated the ability of the a2-adrenergic agonist
clonidine to suppress both NE and SE neuronal firing but had no effect on the
ability of the 5-HT1A agonist to suppress SE neuronal firing (Mongeau et al.
1998). Finally, milnacipran was able to suppress SE neuronal firing in intact but
not in NE-denervated rats. Taken together, this set of studies confirms that mil-
nacipran has acute effects on both SE and NE uptake inhibition but differential
long-term effects on a2-adrenergic and 5-HT1A autoreceptors and suggests the
possibility that the mechanism by which 5-HT neurons regain their normal fir-
ing during chronic milnacipran treatment may be mediated through its effects
on the NE system, specifically the a2-adrenergic heteroreceptor. These results
were consistent with findings in several behavioral studies in rats, including its
effects on the forced swimming test, clonidine-induced aggression, and methox-
amine-induced exploratory hyperactivity (Maj et al. 2000; Reneric et al. 2002).

Despite these results, milnacipran differs from a number of (but not all) es-
tablished antidepressants in that chronic administration, including osmotic
mini-pump infusion for 27 days, did not downregulate b-adrenergic receptors
or b-adrenergic-stimulated adenylate cyclase activity (i.e., b-adrenergic
second messenger function) in rats (Assie et al. 1992; Neliat et al. 1996; Atmaca
et al. 2003). Such dosing also did not alter a1- or a2-adrenergic, or 5-HT1 or
5-HT2 receptors, and did not modify the uptake or accumulation of SE or NE.
In contrast to citalopram, chronic administration of milnacipran also did
not downregulate SE autoreceptors, which is the apparent mechanism permit-
ting an increase in SE neurotransmission with SSRIs (Moret and Briley 1990).
However, other work suggests that chronic administration of milnacipran de-
sensitizes somatodendritic but not postsynaptic 5-HT1A receptors in rats
(Mochizuki et al. 2002a). Like the results for duloxetine reviewed earlier,
chronic administration of milnacipran does affect DA neurotransmission in
the brain as witnessed by an increased density of DA D2 receptors in the stria-
tum (Rogoz et al. 2000).

Nevertheless, milnacipran is active in several animal models of depression in-
cluding the forced swim test in both mice and rats, learned helplessness in rats,
conditioned fear stress test, and the olfactory bulbectomized rat (Briley et al.
1996; Rogoz et al. 1999; Mochizuki et al. 2002b; Reneric et al. 2002). Milnacipran
also antagonized the depressant effect of tetrabenazine, yohimbine-induced
mortality, and p-chloroamphetamine-induced hyperthermia in mice and en-
hanced l-tryptophan-induced behavioral changes in rats, but produced no anti-
cholinergic, sedative, or stimulant effects (Stenger et al. 1987). These latter re-
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sults are consistent with its in vitro pharmacological profile: SE and NE uptake
inhibition without effects on neuroreceptors. Finally, milnacipran was able to
induce rapid and sustained translocation of the glucocorticoid receptor into the
nucleus of human lymphocytes (Okuyama-Tamura et al. 2003). The same was
true for a variety of mechanistically different antidepressants, including desipra-
mine, clomipramine, fluoxetine, and clorgyline but was not true for CNS active
medications from other therapeutic classes including antipsychotics, benzodi-
azepines, lithium, and verapamil.

In anesthetized guinea pigs, intravenous milnacipran caused ventricular ar-
rhythmias and cardiac arrests. However, milnacipran had a 22 times wider ther-
apeutic index compared with imipramine.

Some studies have extended these preclinical studies to man. A study in 12
healthy volunteers demonstrated that milnacipran at clinically used doses pro-
duced concentrations which are capable ex vivo of inhibiting SE and NE uptake
into human platelets and rat hypothalamic homogenates, respectively (Palmier
et al. 1989). These results support milnacipran�s ability to inhibit the uptake
pumps for both SE and NE with similar potency and under clinically used dos-
ing conditions. Also consistent with its in vitro and preclinical pharmacology,
milnacipran in comparison to placebo and amitriptyline had a benign effect
profile on cognitive function in both young and elderly (>65 years) volunteers
as measured by a psychometric test battery consisting of critical flicker fusion,
choice reaction time, compensatory tracking, short-term memory, and subjec-
tive sedation and sleep (Hindmarch et al. 2000). Intravenous infusion of mil-
nacipran to normal volunteers at doses up to 0.8 mg/kg produced an average
18% increase in heart rate, 22% increase in systolic blood pressure, decreases in
the functional refractory period of the atrium and atrioventricular node and in
the effective refractory period of the right ventricle, as well as transient nausea
in 50% of these volunteers (Caron et al. 1993).

Milnacipran demonstrates linear pharmacokinetics over a dose range of
25–200 mg/day, is rapidly and extensively absorbed (>85%), and has a half-life
of 12 h with steady-state being reached within 48 h when administered twice
a day (Delini-Stula 2000). Its metabolism does not require CYP enzyme-medi-
ated biotransformation. Milnacipran is principally eliminated by renal excre-
tion. Consistent with that fact, the clearance of milnacipran was significantly
prolonged in patients with renal failure (creatinine clearance=9–84.5 ml/min)
with its half-life being three times longer in renal failure vs normal volunteers
(Puozzo et al. 1998b). Conversely, its pharmacokinetics were essentially
unchanged in volunteers with even severe liver impairment (Puozzo et al.
1998a).
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8.2
Safety and Adverse Effects

8.2.1
Drug–Drug Interactions

Milnacipran would be predicted to be susceptible to the same pharmacodynam-
ic drug–drug interactions as other SE and NE uptake inhibitors. However, mil-
nacipran would not be expected to be either the victim or perpetrator of any
CYP enzyme-mediated drug–drug interactions.

8.2.2
Adverse Effects

Consistent with its absence of effects on muscarinic, adrenergic, and histamine
receptors, milnacipran at doses of 50–200 mg/day has a favorable adverse effect
profile when compared with tertiary amine TCAs such as amitriptyline and imi-
pramine, including a lower incidence of abnormal liver function tests based on
analysis of a database of over 3,300 patients (Montgomery et al. 1996; Puech et
al. 1997). Milnacipran at doses of 50 or 100 mg twice a day but not 100 mg once
a day caused a lower incidence of nausea and anxiety but a higher incidence of
headache, dry mouth, and dysuria than did fluoxetine, 20 mg/day, or fluvoxam-
ine, 100 mg twice a day, in 4- to 12-week trials (Lopez-Ibor et al. 1996). As with
other drugs in this class, dysuria is the most common troublesome and dose-
dependent adverse effect of milnacipran occurring in up to 7% of patients
(Spencer and Wilde 1998; Delini-Stula 2000). Consistent with its NE uptake inhi-
bition, high dose milnacipran has been reported to cause blood pressure eleva-
tion (Yoshida et al. 2002).

8.2.3
Overdose

There have been over 15 substantial overdoses of milnacipran with no fatalities
and each having a uneventful course and favorable outcome (Montgomery et al.
1996).

8.3
Clinical Use/Therapeutic Indications

8.3.1
Efficacy for Acute Treatment

Like reboxetine and tianeptine and consistent with its primarily European de-
velopment, most of the published trials of milnacipran have been active but not
placebo controlled and results were not published in full with rigorous peer re-
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view (Spencer and Wilde 1998). That limits the ability to make definitive state-
ments about the drug�s efficacy. Given this important caveat, a meta-analysis of
three multicenter, double-blind, short (4- to 8-week), acute efficacy trials in in-
patients and outpatients with moderate to severe depression found milnacipran
produced a superior antidepressant response compared with placebo at doses of
50 and 100 mg twice a day but not at a dose of 25 mg twice a day (Macher et al.
1989; Lecrubier et al. 1996). Another meta-analysis of seven randomized, dou-
ble-blind studies of milnacipran, 50 mg twice a day, found comparable antide-
pressant efficacy to imipramine, clomipramine, and amitriptyline, 150 mg/day
(Ansseau et al. 1989; Kasper et al. 1996; Van Ameringen et al. 2002). However,
one randomized, double-blind, parallel-group study found milnacipran at a
dose of 200 mg/day produced superior antidepressant response compared to
milnacipran 50 and 100 mg/day and a comparable antidepressant response in
reference to amitriptyline 150 mg/day (von Frenckell et al. 1990). In an 8-week,
double-blind, random assignment trial involving 219 depressed elderly patients,
milnacipran and imipramine at doses of 50 mg twice a day had comparable an-
tidepressant efficacy but imipramine produced a greater number of adverse ef-
fects, particularly those attributable to muscarinic acetylcholine receptor block-
ade (Tignol et al. 1998). In a 6-week, double-blind, random assignment study
involving treatment-refractory patients, milnacipran, 200 mg/day, and clomipra-
mine, 150 mg/day, produced comparable but low antidepressant response rates
(Steen and Den Boer 1997)

In 4- to 12-week acute efficacy trials, milnacipran at doses of 50 or 100 mg
twice a day but not 100 mg once a day was as effective as fluoxetine, 20 mg/day,
and possibly more effective than fluvoxamine, 100 mg twice a day, particularly
in patients with higher depressive rating scale scores (Ansseau et al.1994;
Lopez-Ibor et al. 1996; Clerc 2001; Fukuchi and Kanemoto 2002). A double-
blind, random assignment study of milnacipran vs fluvoxamine did not support
the usefulness of a loading dose strategy involving the administration of
300 mg/day for the first 2 weeks followed by a maintenance dose of 150 mg/day
(Ansseau et al. 1991).

In addition to these conventional acute efficacy trials, small studies have also
been done testing the effectiveness of milnacipran in patients with post-stroke
depression and interferon-a-induced depression (Higuchi et al. 2002; Yoshida et
al. 2003).

In a 4-month continuation study, relapse rates were 16% for patients treated
with milnacipran (50 mg twice a day) vs 24% for placebo (p<0.05) (Rouillon et
al. 2000). This finding was replicated in a 6-month continuation study in which
there was not only a lower relapse rate in patients treated with milnacipran
compared with those receiving placebo but also the patients treated with mil-
nacipran had higher quality of life scores at the end of the continuation phase
(Rouillon et al. 2000). However, clomipramine (75–150 mg/day) in a 6-month
continuation study produced a statistically significant lower relapse rate than
did milnacipran (100–200 mg/day): 63% vs 45%, respectively (Leinonen et al.
1997).
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8.3.2
Dosing Recommendations

As reviewed above, milnacipran has been tested at doses of 50–200 mg/day, giv-
en on a twice-a-day schedule. In general, doses greater than 50 mg/day have
been needed to demonstrate superior efficacy to placebo and comparable effica-
cy to TCAs and fluoxetine. There is some evidence that 200 mg/day may pro-
duce superior response compared to 100 mg/day. Based on one trial, divided
doses are needed to demonstrate efficacy.

8.3.3
Onset of Action

When doses were titrated (not a requirement) from 50 to 100 mg/day, mil-
nacipran had a slower onset of action than amitriptyline, 150 mg/day, in Euro-
pean but not Japanese patients and a comparable onset when European patients
were started on 200 mg/day (Spencer and Wilde 1998).

9
Tianeptine

9.1
Chemistry, Pharmacology, and Metabolism

Tianeptine is a 3-chlorodibenzothiazepine nucleus with an aminoheptanoic side
chain (Kroeze et al. 2002). It can also be chemically described as a substituted
dibenzothiazepine nucleus with a long lateral chain (Labrid et al. 1992). There
are highly specific structural requirements for molecules in the tianeptine series
to be active, including the requirement for an aminocarboxylic chain with an
optimal length of six methylene links, a tricyclic nucleus with an electron donor
heteroatom in position 5, and an aromatic substitution with a moderate elec-
tron-acceptor atom in position 3. These highly specific requirements for the
tianeptine series are in marked contrast with the lack of specific requirements
for the classical tricyclic series (Kroeze et al. 2002).

Tianeptine is chiral with (+) and (�) enantiomers (Oluyomi et al. 1997). The
drug is marketed as a racemic mixture. Both of the enantiomers are active but
the (�) enantiomer is more active than the (+) enantiomer.

Like milnacipran, tianeptine and amineptine are marketed in France but few
other countries and there is little knowledge of these drugs in the United States
and other English-speaking countries around the world (Mitchell 1995). There
has, however, been a surprising amount of research done with tianeptine, par-
ticularly preclinical research. That is in part because of its apparent novel mech-
anism of action: tianeptine, in contrast to most other antidepressants, increases
SE uptake into neurons rather than blocking it (Wagstaff et al. 2001). In man,
tianeptine increases platelet SE uptake, which is consistent with its in vitro
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pharmacology and opposite to that of the effect of SE reuptake inhibitors
(Kamoun et al. 1994).

While the acute putative antidepressant mechanism of action of tianeptine
differs radically from other antidepressants, its side-effect profile is similar to
that of other newer antidepressants, particularly in terms of having low abuse
potential and a low risk of adverse effects on the cardiovascular system, the
cholinergic systems, sleep/arousal, cognition, psychomotor functioning, and
weight (Loo and Deniker 1988; Wagstaff et al. 2001). Consistent with that fact,
tianeptine does not bind to a- or b-adrenergic, DA, SE, GABA, glutamate, ben-
zodiazepine, muscarinic, or histamine receptors nor did it affect calcium chan-
nels (Kato and Weitsh 1988). It also directly blocks the neuronal DA transport
(Vaugeois et al. 1993).

The major effect in rat platelets and synaptosomes is a small increase in SE
uptake after subchronic administration.

While its acute effects are quite different from that of most other antidepres-
sants, chronic tianeptine treatment (14 days) reduced the expression of the SE
transporter mRNA and the number of SE transporter binding sites (Watanabe
et al. 1993; Kuroda et al. 1994). This latter effect is more in line with the effect of
classical SE uptake pump inhibitors that are antidepressants and suggests a dif-
ference between the acute effects of tianeptine and the chronic adaptive chang-
es, which may be more relevant to its antidepressant properties in man. In addi-
tion, chronic administration of tianeptine did not alter the concentration or the
affinity of a2, b1, SE-1, SE-2, or GABA receptors or imipramine or benzodiaze-
pine binding sites (Kato and Weitsh 1988).

Tianeptine in vivo, after both acute and repeated treatment, enhances SE up-
take in the cortex and hippocampus but not in the mesencephalon and has no
direct effect on NE or DA uptake (Mennini et al. 1987). Short-term treatment
with tianeptine also increases NE levels in the preoptic area, the parietal sensory
cortex, and dorsal raphe and decreases NE turnover in the parietal sensory cor-
tex, dorsal raphe, and parietal motor cortex, indicating that tianeptine can also
alter the central NE system, perhaps indirectly through its action on the SE sys-
tem (Frankfurt et al. 1995). In addition, short-term tianeptine treatment in-
creased extracellular DA concentration in the nucleus accumbens and, at higher
doses, in the frontal cortex but not in the striatum, and the effect on DA was not
diminished by marked depletion of SE by intracerebroventricular administra-
tion of 5,7-dihyrdoxytryptamine (Invernizzi et al. 1992; Sacchetti et al. 1993).
Acute treatment with tianeptine also reduced acetylcholine release from the dor-
sal hippocampi by 40% and from the frontal cortices by 30% (Bertorelli et al.
1992). This effect of tianeptine on acetylcholine release is mediated by its SE ef-
fects, as witnessed by the fact that it is abolished by chemical lesion of the me-
dian raphe nucleus or by coadministration of metergoline, a SE receptor block-
er.

These findings were confirmed in a study in which tianeptine increased but
sertraline decreased the concentration of 5-HIAA, the major metabolite of SE
formed by oxidation mediated by monoamine oxidase (MAO)-A, particularly in
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the hippocampus and hypothalamus (De Simoni et al. 1992; Marinesco et al.
1996). Tianeptine also decreases corticotropin-releasing factor (CRF) and adre-
nocorticotropic hormone (ACTH) levels, abolishing the stress-induced reduc-
tion of hypothalamic CRF concentration and markedly reducing the stress-in-
duced increase in plasma ACTH and corticosterone levels (Delbende et al 1991,
1994).

Microiontophoretic application of tianeptine onto dorsal hippocampus CA3
pyramidal neurons increased their firing frequency. This effect was unchanged
by the coadministration of 5,7-dihydroxytryptamine, indicating that the SE
transporter is not involved in mediating this effect of tianeptine (Kamoun et al.
1989; Pineyro et al. 1995b).

Sustained treatment with tianeptine did not modify the firing of SE neurons
in the dorsal raphe or their responsiveness to intravenous injections of lysergic
acid diethylamide (LSD) or 8-OH-DPAT, which are agonists at the somatoden-
dritic SE autoreceptor (Pineyro et al. 1995a). The firing of hippocampal CA3 py-
ramidal neurons in response to microiontophoretic application of SE also re-
mained unchanged. Taken together, these findings indicate that sustained treat-
ment with tianeptine in contrast to a number of other antidepressants does not
modify the efficacy of SE synaptic transmission in the rat hippocampus.

In addition to studying the effect of tianeptine alone, there have been a num-
ber of preclinical drug–drug interaction studies with tianeptine alone and in
combination with another drug. In rats, both tianeptine and citalopram reduced
in a concentration-dependent manner the inhibitory effect of a 5HT1B receptor
agonist on stimulation-induced release of acetylcholine in the hippocampus
(Bolanos-Jimenez et al. 1993). 5HT1B presynaptic heteroreceptors are located on
cholinergic terminals in this and other brain structures. Conversely, tianeptine
did not antagonize the inhibitory effect of the muscarinic receptor agonist car-
bachol on K(+)-evoked release, indicating that the effect is most likely indirect
through the SE system.

As mentioned above, despite its unusual and counterintuitive acute mecha-
nism of action, tianeptine shares with the classical antidepressants the ability to
reduce the expression of the SE transporter mRNA and the number of SE trans-
porter binding sites. Like the classical antidepressants, tianeptine is also active
in several animal models of depression, including (1) stress-induced spatial
memory impairment in the rat (Conrad et al. 1996), (2) isolation-induced ag-
gression in mice and behavioral despair in rats (Kamoun et al. 1994), (3) hyper-
activity in the olfactory bulbectomized rat (Kelly and Leonard 1994), and (4)
the rat pup ultrasonic vocalization (USV) model, which may be even more a
model for anxiety disorders (Olivier et al. 1998). Tianeptine also:

� Reverses stress-induced deficits in exploratory activity (Borqua et al. 1992).
� Attenuates the behavioral signs of sickness behavior in rats induced by pe-

ripherally but centrally administered cytokine inducer lipopolysaccharide
(LPS) or the prototypical proinflammatory cytokine interleukin (IL)-1b
(Castanon et al. 2001).
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� Shares with several TCAs and fluoxetine the ability to inhibit corticoste-
rone-induced gene transcription (Budziszewska et al. 2000).

Additionally, tianeptine prevents atrophy of apical dendrites in the CA3 re-
gion of the hippocampus caused by chronic daily restraint stress or by daily ad-
ministration of corticosterone (Kuroda and McEwen 1998; Conrad et al. 1999;
Watanabe et al. 2003). This effect may not generalize to all antidepressants,
since tianeptine in several studies produced this effect, but desipramine, fluoxe-
tine, and fluvoxamine did not (McEwen et al. 1997; Magarinos et al. 1999). This
neuroprotective effect was not mediated through neurotropic factors such as
brain-derived neurotropic factor (BDNG), neurotrphin-3 (NT-3), or basic fibro-
blast growth factor (bFGF), nor through effects on neuronal developmental fac-
tors, GAP-43, or MAP2 (Kuroda and McEwen 1998). Perhaps this finding is rele-
vant to the ability of tianeptine to improve working and reference memories in
rodents (Bassant et al. 1991; Nowakowska et al. 2000). It has been postulated that
tianeptine has a beneficial effect on memory by counteracting the SE-induced
inhibition of medial septal neurons (Bassant et al. 1991). These findings suggest
a potential role for tianeptine in the treatment of cognitive impairment in the
elderly, particularly in those with dementing illness.

Taken together, the extensive preclinical pharmacology described above sug-
gests that tianeptine is a unique and interesting CNS medication which may
have many implications and uses beyond being just an antidepressant. Unfortu-
nately, as discussed later in this section, tianeptine has not been studied as rig-
orously in phase I–III as one would like so that the full human pharmacology of
the drug could be understood and potentially exploited.

Tianeptine is converted by hamster, mouse, and rat CYP enzymes into a reac-
tive metabolite (Letteron et al. 1998). That finding has been extended to human
liver microsomes and involves glucocorticoid inducible CYP enzymes, possibly
CYP 3A but not CYP 2D6 or CYP 1A2 (Larrey et al. 1990). Based on further stud-
ies in animals, high doses of tianeptine (360 times the human therapeutic dose)
produced covalent binding to liver, lung, and kidney proteins, depleted hepatic
glutathione by 60%, and increased SGPT levels fivefold (Letteron et al. 1989).
The significance of this finding to humans has not been determined including its
possible predictive value for the potential for idiosyncratic and immunoallergic
reactions. Tianeptine inhibits both b-oxidation and tricarboxylic acid cycle in
mice products. At even higher doses (600 times the human oral dose), tianeptine
administered to mice inhibits the oxidation of medium- and short-chain fatty ac-
ids and causes microvesicular steatosis in the liver (Fromenty et al. 1989). Again,
the implications for humans are uncertain; however, severe and prolonged im-
pairment of mitochondrial b-oxidation can cause microvesicular steatosis and
may in severe cases cause liver failure, coma, and death (Fromenty and Pessayre
1995). As discussed in the section on adverse affects below, there have been cases
of hepatotoxicity with microvesicular steatosis reported in patients treated with
tianeptine.
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Tianeptine does not undergo first pass metabolism during absorption from
the gastrointestinal (GI) tract, and has high bioavailability and a low volume
distribution (Royer et al. 1988). There is a modest food effect with increased
time to the maximum peak (by 0.5 h) and lower peak concentrations by 25%;
however, the magnitude of these effects are of doubtful clinical significance
(Dresse et al. 1988). Tianeptine is highly bound to plasma protein (approximate-
ly 95%), particularly to human serum albumin and has saturable binding to
a1-acid glycoprotein (Zini et al. 1990). High non-esterified fatty acids (NEFA)
which are seen in patients with chronic renal failure increased the unbound
fraction of tianeptine threefold (Zini et al. 1990).

Tianeptine is rapidly eliminated from the body and is primarily cleared via
the kidneys (Grislain et al. 1990; Wagstaff et al. 2001). It has a short half-life of
2.5 h (Royer et al. 1988). The major metabolites are analogs of tianeptine with a
C5 and C3 lateral chain and a N-demethylated derivative (Royer et al. 1988).

Given the importance of the kidneys in the clearance of tianeptine, a number
of studies have been done in volunteers with various degrees of impaired renal
function. There was a 1-h prolongation of the half-life in elderly subjects and in
patients with renal failure (Royer et al. 1988, 1989). However, the MC5 metabo-
lite terminal half-life was almost tripled in patients with chronic renal failure
[i.e., creatinine clearance less than 19 ml/min (Zini et al. 1991)]. Based on pre-
clinical evidence that the MC5 metabolite is pharmacologically active, the dose
of tianeptine should be reduced in such patients. In addition, tianeptine and its
MC5 metabolite show low dialyzability so that hemodialysis is unlikely to be an
effective method to speed the elimination of tianeptine after an overdose (Zini
et al. 1991).

Given that cirrhosis secondary to alcoholism is a significant health concern
in France as well as in the rest of the world, a number of studies have been done
examining the interactions between tianeptine and alcohol and between tianep-
tine and various hepatic conditions. Acute alcohol administration decreased the
absorption rate of tianeptine and lowered its plasma levels by approximately
30% but did not affect the pharmacokinetics of the MC5 metabolites (Salvadori
et al. 1990). There was only a modest effect of even significant alcohol-induced
hepatitis.

The pharmacokinetics of tianeptine are similar in elderly (72–81 years old)
vs young volunteers, but the MC5 metabolite levels were higher, suggesting the
need for a possible dose reduction (Demotes-Mainard et al. 1991). Women have
a modestly lower (31%) volume of distribution compared to males, but the mag-
nitude of this effect is of dubious clinical significance (Grasela et al. 1993).
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9.2
Safety and Adverse Effects

9.2.1
Drug–Drug Interactions

In contrast to antipsychotics, benzodiazepines, and diclofenac, salicylic acid at
high plasma concentrations can displace tianeptine from its plasma binding site
and thus may potentiate its effects (Zini et al. 1991). Only limited drug–drug in-
teraction studies have been published with tianeptine. One reports no interac-
tion either way between tianeptine and oxazepam (Toon et al. 1990).

Tianeptine significantly reduced the wet dog shakes induced by 5-hyroxytry-
tophan, which would reduce the likelihood of the SE syndrome in the event that
tianeptine is inadvertently used with other drugs capable of causing the SE syn-
drome (Datla and Curzon 1993).

9.2.2
Adverse Effects

The most common adverse effects include nausea, constipation, abdominal
pain, headache, dizziness, and altered dreaming (Wagstaff et al. 2001). The fol-
lowing adverse effects are more common with amitriptyline than tianeptine: dry
mouth (38% vs 20%), constipation (19% vs 15%), dizziness/syncope (23% vs
13%), drowsiness (17% vs 10%), and postural hypotension (8% vs 3%). Howev-
er, insomnia and nightmares were more common with tianeptine than amitrip-
tyline (20% vs 7%) (Wilde and Benfield 1995). Another report based on 1,458
outpatients on 37.5 mg/day of tianeptine who were followed for 3 months by
392 general practitioners in an open label study found that fewer than 5% of pa-
tients stopped prematurely due to adverse effects and that none of the adverse
effects were clinically severe and/or serious. No cardiovascular, hematological,
hepatic, or other biochemical abnormalities were found nor was there any evi-
dence of abuse, dependence, or withdrawal symptoms.

Hepatotoxicity has been reported but is rare. In one such patient, there were
hypersensitivity manifestations suggestive of an immuno-allergic mechanism
and histological evidence of microvesicular steatosis. Discontinuation of tianep-
tine was followed by complete recovery (Lebricquir et al. 1994). This case is pos-
sibly due to oxidation of tianeptine to reactive metabolites and the inhibition of
mitochondrial b-oxidation of fatty acids.

The cardiovascular effects of tianeptine have been assessed in specific place-
bo-controlled trials in healthy volunteers and by heart rate, blood pressure, and
ECG data analysis in 5 trials involving 3,300 depressed patients (Juvent et al.
1990; Kasahara et al. 1996). Based on these studies, tianeptine does not affect
heart rate, blood pressure, ventricular function (i.e., cardiac output), or intra-
cardiac conduction, including in elderly or alcoholic patients or in those with
pre-existing cardiac abnormalities. There were few instances of orthostatic hy-
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potension. Suicide attempts did not result in death due to cardiovascular com-
plications.

In a placebo-controlled and mianserin-controlled crossover study in healthy
volunteers, tianeptine, in contrast to mianserin, did not affect a brake-reaction
time “on-the-road” measure, choice reaction time, critical flicker fusion, or self
assessed ratings of sedation (Ridout and Hindmarch 2001).

9.2.3
Overdose

There are limited published data on the tianeptine overdose risk. In a long-term
maintenance study, seven patients attempted suicide by tianeptine overdose and
all had uneventful outcomes (Loo et al. 1992). In addition to this experience,
there is also the report of a patient who abused tianeptine for stimulant effect,
taking 150 tablets daily (i.e., 50 times the recommended dose) for an unspecified
period of time (Vandel et al. 1999). No severe toxicity, including hepatotoxicity,
was observed. This patient initially experienced nausea, vomiting, abdominal
pain, anorexia with weight loss, and constipation, but these adverse effects pro-
gressively disappeared despite continued and even escalating drug use. She was
abruptly discontinued off tianeptine and experienced a mild withdrawal syn-
drome consisting of myalgia and cold sensation.

9.3
Clinical Use/Therapeutic Indications

9.3.1
Efficacy for Acute Treatment

Like reboxetine and milnacipran and consistent with its primarily European de-
velopment, most of the published trials of tianeptine have been active rather
than placebo-controlled and results were not published in full with rigorous
peer review, compromising the ability to make an assessment of efficacy.

A summary report of three multicenter, randomized, double-blind, placebo-
controlled trials involving a total of 556 patients has been published (Ginstet
1997). One of these studies conducted in Brazil has also been published sepa-
rately (Costa e Silva et al. 1997). In the Brazilian study, which involved 126 de-
pressed outpatients meeting DSM-III-R for major depression or bipolar disor-
der, tianeptine, 25–50 mg/day, produced a 58% response rate compared with
41% for placebo and statistically significantly superior (p<0.01) reduction in the
final MADRS. In a second study in 186 patients with major depression or bipo-
lar disorder, depressed phase, there was a statistically significantly greater re-
duction (p< 0.05) in the final MADRS scores in both tianeptine (37.5 mg/day)
and imipramine (150 mg/day) treated patients in comparison to placebo. The
response rates were 56% for tianeptine, 48% for imipramine, and 32% for place-
bo. In the largest study involving 244 patients with major depression, tianeptine
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at doses of 37.5 and 75 mg/day did not produce superior response compared
with placebo due to a greater than 65% response rate on placebo. The other
published studies in major depression have been active- rather than placebo-
controlled with amitriptyline being the most common comparator used.

An overview report that briefly summarized five double-blind studies found
that tianeptine was comparable in efficacy and better tolerated than reference
antidepressants, mainly amitriptyline, in patients with either DSM-III major de-
pression, single or recurrent (without melancholia and psychotic features) or
dysthymic disorder with or without an additional diagnosis of alcohol abuse or
dependence (Guelfi 1992). One of these was a 6-week, multicenter trial conduct-
ed in Italy involving 300 inpatients or outpatients with DSM-III major depres-
sion. There was no difference in efficacy, but tianeptine produced fewer adverse
effects (Invernizzi et al. 1994). There was also a comparison study vs fluoxetine
in 387 patients with major depression, recurrent depressive disorder, or bipolar
affective disorder as diagnosed using ICD-10 criteria. There was no difference
on any efficacy parameter and the response rate was 58% and 56% for tianep-
tine and fluoxetine, respectively.

There have also been some trials of tianeptine in patient populations not typ-
ically studied in U.S. registration trials. A placebo-controlled trial reported
greater improvement with tianeptine in patients with psychasthenia (Grivois et
al. 1992). A maprotiline-controlled trial in 83 menopausal or premenopausal
women with anxiodepressive disorder reported statistically superior (p<0.01)
response and better tolerability in the tianeptine-treated patients (Chaby et al.
1993). In a 4- to 8-week, random assignment, double-blind study involving 129
chronic alcoholic patients with comorbid major depression or dysthymia,
tianeptine (37.5 mg/day) produced comparable efficacy but was better tolerated
in comparison to amitriptyline (75 mg/day), particularly in terms of better vigi-
lance as well as better overall adverse effect profile (Loo et al. 1988). In a 6-week,
double-blind, random assignment study in 265 outpatients with DSM-III dys-
thymic disorder with manifest anxiety, tianeptine (37.5 mg/day) produced com-
parable efficacy to amitriptyline (75 mg/day) with treatment response rates of
78% vs 83%, respectively (Guelfi et al. 1989).

There have also been some studies in elderly patients. In a 12-week, double-
blind, random assignment study in 237 elderly patients (>65 years of age) with
DSM-III-R major depression, fluoxetine (20 mg/day) produced a higher remis-
sion rate (MADRS<or=10) compared with tianeptine (37.5 mg/day) (p<0.01)
(Guelfi et al. 1999). There have been two other open-label trials in such patients,
with one trial having been published twice (Saiz-Ruiz et al. 1997, 1998;
Andrusenko et al. 1999). In these studies, tianeptine was well tolerated.

In addition to acute efficacy trials, there have also been relapse prevention
studies. While most were open label, a double-blind, placebo-controlled study
has been reported (Dalery et al. 1997). In this study, 286 patients meeting DSM-
III-R criteria for recurrent major depression (i.e., had to have at least one previ-
ous episode in the last 5 years) were initially treated open label with tianeptine,
37.5 mg/day for 6 weeks; 185 patients who responded were randomly assigned
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in a double-blind fashion to either continue of tianeptine or be switched to pla-
cebo and followed for 18 months. By 18 months, the relapse rate in the placebo-
treated patients was 36% vs 16% in the patients treated with tianeptine. In addi-
tion to this study, there have been several open-label studies of several patients
maintained on tianeptine for more than 1 year with maintenance of response in
over 80% and no late emergent unexpected adverse effects (Loo et al. 1991,
1992). Finally, there was an interesting, albeit open-label, study of 130 patients
treated with tianeptine for both major depression and comorbid alcoholism
(Malka et al. 1992). Only one patient dropped out because of late-emergent ad-
verse effects and 5% because of relapse of their alcoholism.

9.3.2
Dosing Recommendations

Doses of tianeptine used in most of the clinical trials have been between 25 and
50 mg/day with 37.5 mg/day appearing to be the most efficacious for most pa-
tients.

9.3.3
Onset of Action

There have been no published studies demonstrating a faster onset of action for
tianeptine.

10
Conclusion

One useful method of assessing for clinically meaningful differences in the phar-
macology of antidepressants is to examine their relative risk of causing specific
adverse effects. Tables 2 and 3 in the Appendix to this volume present compar-
isons of the placebo-subtracted incidence rate (percentage) of frequent adverse
effects for a number of commonly used antidepressants based on data from the
double-blind trials presented to the FDA for drug approval. The placebo-sub-
tracted incidence can assist with attributing adverse events to the specific effects
of a drug, as opposed to other factors such as the underlying illness (e.g., major
depressive disorder). The data in this table are a function of the average dose
used in the clinical trials program that led to the drug�s approval. Unlike the
SSRIs, the adverse effect profiles of the non-SSRI antidepressants differ substan-
tially from one another in a way that is consistent with the differences in their
in vitro binding affinities. In other words, whereas the relative adverse effect
profiles of the various SSRIs differ quantitatively (see the chapter by Preskorn et
al. on the SSRIs), the adverse effect profiles of the non-SSRIs differ qualitatively.

In examining the adverse effects of the non-SSRIs, from most frequent to
least frequent, their qualitative differences become apparent. Drowsiness, the
most common side effect of mirtazapine, is consistent with blockade of H-1 re-
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ceptors, its most potent action. Consistent with its SE uptake blockade, ven-
lafaxine�s most common side effect is nausea. The dizziness reported with nefa-
zodone is similar to that caused by buspirone, due to its 5-HT1A agonism. By
contrast, dizziness seen with imipramine is accompanied by an orthostatic drop
in blood pressure attributable to a1-adrenergic blockade (Preskorn 2000d).

Imipramine, mirtazapine, and venlafaxine all cause dry mouth; however, the
mechanism of action for this adverse event differs for each agent, as evidenced
by each drug�s in vitro binding data. While imipramine causes this effect due to
blockade of muscarinic acetylcholine receptor blockade, both mirtazapine and
venlafaxine are only weak blockers of this receptor. Instead, both of these drugs
likely cause this side effect by potentiation of NE. Venlafaxine does this by direct
inhibition of the NE uptake pump. Mirtazapine does this via a2-adrenergic re-
ceptor blockade which can increase NE release (Preskorn 2000d).

The point of these examples is that the adverse effects of antidepressants can
be understood, and even anticipated, through knowledge of the medication�s in
vitro pharmacology coupled with a knowledge of the concentration of the drug
achieved under clinically relevant dosing conditions.

In examining these data, keep in mind that the data come from product label-
ing as opposed to head-to-head trials. In other words, such data may not reflect
the actual rate of these adverse effects in clinical practice or the actual differ-
ences between drugs. The ideal comparison would be based on large prospective
double-blind studies in which every drug was compared at an equivalent antide-
pressant dose. Realistically, the concept of “equivalent antidepressant dose” has
remained elusive, given the nature of the drug registration process and the va-
garies of clinical trials in psychiatry. To truly compare the relative efficacy, and
incidence and severity of side effects, of all the available antidepressants in a
single study with adequate power to detect clinically meaningful differences
would be cost-prohibitive—hence such a study is unlikely.

In addition, compilations and meta-analyses of adverse event data can come
from a number of different types of databases that clearly lack methodological
homogeneity. For example, in the registration trials for bupropion, a standard-
ized checklist was used to elicit adverse event data, while data for other antide-
pressants came from other sources. These caveats should be factored into a crit-
ical examination of analyses of comparative adverse events across antidepres-
sants.

Given these limitations of the available critical analyses, it is helpful to be
knowledgeable about the binding affinities and different mechanisms of action
of the available antidepressants at clinically relevant dosing ranges. As discussed
in the chapter on therapeutic drug monitoring (TDM) by Burke and Preskorn
(this volume), TDM, although currently underutilized, can be helpful in the use
of some of the antidepressants discussed in this chapter.
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Abstract For many herbal remedies, precise information concerning composi-
tion, dose standardisation, clinical activity, interactions with other drugs and
side effects is lacking. One of the best-researched herbal agents is St John�s wort
(hypericum). It has been shown to be an effective and safe antidepressant in
more than 50 double-blind trials that involved comparisons with both placebo
and standard antidepressants including selective serotonin reuptake inhibitors
(SSRIs). Its mode of action, which involves reuptake inhibition of serotonin,
noradrenaline and dopamine, is comparable to those of chemical antidepres-
sants. Like the chemical antidepressants, it suffers from a “lag-period” of 3–
4 weeks before it becomes fully effective and must be taken for at least 6 months
to effect a lasting remission. It has been used in seasonal affective disorder
(SAD) with good effect. Rarely, photosensitivity may occur, but only in cases of
pathological sun allergy. Like chemical antidepressants, hypericum interacts in
the metabolism of a number of other drugs, notably anticoagulants, theophylline
preparations, oral contraceptives, antimigraine drugs, and HIV drugs. This may
result in reduced effectiveness of both drugs and such combinations are there-
fore best avoided. A number of clinical trials have shown kava kava to be an ef-
fective anxiolytic and sleep-inducer, particularly in patients under stress. How-
ever, following reports of liver toxicity, it has been withdrawn from sale pending
further investigation of these reports. On the other hand, valerian would appear
to be a safe hypnotic for long-term use, although not for an immediate effect.
Valerian increases deep (delta) sleep strikingly and beneficially and, by so do-
ing, may augment the immune system. Ginkgo biloba enhances memory and
the peripheral circulation. In double-blind trials, its efficacy has been demon-
strated even in Alzheimer�s disease, and it does not appear to have any appre-
ciable side effects. Herbal remedies have much to offer in the treatment of psy-
chiatric disorders and merit further scientific investigation.

Keywords St. John�s wort · Kava kava · Valerian · Ginkgo biloba · Major
depressive disorder · Anxiety · Sleep · Seasonal affective disorder · Stress ·
Immune system

1
Introduction

Not surprisingly, there exists a prejudice among physicians against herbal ex-
tracts because the preparations are often of dubious composition, the nature of
the active principle may be unknown and dose standardisation has not been ac-
curately determined. In consequence, clinical activity may vary widely from the
extremes of too little (inactivity) to too much (toxicity), both between brands
and between batches. The seeming lack of properly controlled clinical trials may
indeed make the clinician somewhat wary of using herbal extracts. In addition,
since most are sold “over the counter” (OTC), they are not subject to the usual
regulatory controls that apply to synthetic chemical drugs (Drew and Myers
1997). Yet there is a wealth of relevant information available, although it is un-
fortunately often archived in relatively obscure publications. The aim of this
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chapter is to bring some of this information to the attention of the readers of
this book, so that they can better form their own conclusions about the poten-
tial value of some of these preparations in the management of depression.

The main impetus for research on phytopharmaceuticals has come from Ger-
many, where such compounds enjoy great popularity and, in some cases, are
even prescribable under that country�s health service. In 1996, the 2nd Interna-
tional Congress on Phytomedicine was held in Munich, during which 268 pre-
sentations were given on a wide variety of these compounds (Farnsworth and
Wagner 1996/97), the most notable of which dealt with the use of paclitaxel,
which is still partially derived from plant cells, in the treatment of breast cancer
(DeFuria 1996).

Four plant products that may be of use in the management of depression are:
hypericum, derived from St. John�s wort (antidepressant), kava kava from Piper
methysticum (anxiolytic), valerian from the flower Valeriana officinalis (hypnot-
ic/anxiolytic), and ginkgo biloba from the tree of the same name (memory en-
hancer/aphrodisiac).

2
Hypericum in the Treatment of Depression

Hypericum perforatum is a member of the Hypericaceae family. Extracts of the
plant have been used in herbal medicine since ancient times. The Greek name
was hupereikon and plants were hung over religious images or pictures to pro-
tect against evil at the midsummer festival when the plant is in flower. St. John�s
wort was one of the herbs of St. John the Baptist and was collected and burned
on St. John�s Day (June 26th) to ward off “goblins, devils and witches” (Grigson
1958). In 1863, Porcher wrote that it was “greatly in vogue at one time, and was
thought to cure demoniacs” (Porcher 1863). It was renowned as a healer of
wounds and, among other appellations, was known as “balm-of-warrior�s-
wound”, “God�s-wonder-plant” and “touch-and-heal” (Coffey 1993).

Hypericum has been in use in Germany for the past 15 years, where it is li-
censed as a prescription drug and is also sold OTC. In 1993, over 2.7 million
prescriptions were analysed in Germany and it was found that hypericum
preparations were among the seven most popular antidepressant drugs (ADs)
being used to treat depression (Lohse and Muller-Oerlinghausen 1994). Subse-
quently, hypericum has achieved the distinction in Germany of outselling (by
volume) the world�s most widely used AD, fluoxetine (Prozac) (IMS monthly
marketing data 1994).

2.1
Chemical Constitution

Hypericum contains a number of compounds (Nahrstedt and Butterweck 1997),
including phenylpropanes, flavonol glycosides, biflavones, tannins and proan-
thocyanidins, xanthones, phloroglucinols, essential oils, amino acids, and naph-
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thodianthrones. The first four groups of compounds are biogenetically related
and together are the main constituents of dry crude H. perforatum. Tannins and
proanthocyanidins constitute 15% and flavonol glycosides (quercetin, iso-
quercetin, hyperoside, and rutin) 2%–4% of extracts of hypericum. Xanthones
are present in very low concentrations. Phloroglucinols are a main constituent
(4%) of the buds and flowers of the plant. The naphthodianthrones, hypericin
and pseudo-hypericin, are considered to be important compounds for standard-
isation.

A number of extracts of hypericum are available commercially, including LI
160 (Jarsin, Kira, USA; Kira and Kira one-a-day, UK), Hyperforat, Psychotonin,
Psychotonin M, Neuropas, and Esbericum. Most clinical trials have been per-
formed using LI 160 (Jarsin). With the exception of Kira (UK), these prepara-
tions contain 300 mg of dry extract, standardised to contain a total of 900 mg of
hypericin. Care is needed not to confuse hypericum with hypericin, as 300 mg
of hypericum equals 900 mg hypericin. For example: Kira (USA) and Kira-one-
a-day (UK) contain 300 mg hypericum (900 mg hypericin), whereas Kira (UK)
contains 100 mg hypericum. So, to treat depression, the daily doses would be
Kira (USA) and Kira one-a-day (UK) 3 tablets, but Kira (UK) 9 tablets. Confus-
ing? And since there are many unbranded products of herbal preparations avail-
able, this simply emphasises the care necessary when evaluating reports on their
use.

2.2
Mode of Action

A number of the compounds present in hypericum have putative psychotropic
effects; these have been reviewed by Nahrstedt and Butterweck (1997). Flavonols
and xanthones exert some inhibitory activity against monoamine oxidase
(MAO)-A, while pure hypericin does not inhibit MAO, and little is known about
the effects of procyanidines. Cott (1997) undertook studies on in vitro receptor
binding and enzyme inhibition by hypericum. In receptor binding assays, hy-
pericin had affinity only for N-methyl-d-aspartate receptors, whereas the crude
extract showed significant affinity for adenosine (non-specific to subtypes), se-
rotonin (5-HT1), g-aminobutyric acid (GABA)A and GABAB, and benzodiaze-
pine receptors, as well as for other neurotransmitters such as forskolin, inositol
triphosphate and MAO. Cott (1997) speculated on the putative importance of
GABA receptor binding and suggested that inhibition of MAO was not of signif-
icance in the pharmacology of hypericum. Experiments in rats have demonstra-
ted that serotonin (5-HT), dopamine (DA), and norepinephrine (NE) reuptake
are all inhibited by hypericum in vitro (Cott 1997; Muller et al. 1997) Further-
more, hypericum appears to have a similar potency for inhibiting the uptake of
each of these transmitters. Oral administration of hypericum 240 mg/kg to rats
for 14 days resulted in a significant reduction in B-adrenoceptor density in the
frontal cortex (Muller et al. 1997), an effect similar to that produced by imipra-
mine. Teufel-Mayer and Gleitz (1997) investigated the effects of long-term ad-
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ministration (26 weeks) of hypericum on serotonin 5-HT1A and 5-HT2A recep-
tors in rats. While there was no effect on receptor affinity, the densities of both
receptor subtypes were increased. The authors commented that such effects are
similar to those seen with other antidepressants, indicating upregulation of both
receptors. Ozturk et al. (1996/97) demonstrated that hypericum exerted effects
similar to other antidepressants in animal tests of antidepressant activity, in-
cluding antagonising the behavioural effects of reserpine and ketamine, potenti-
ating the behavioural effects of amphetamine and serotonin, and potentiating
yohimbine toxicity. They concluded that the antidepressant effects of hypericum
were not due to hypericin, and that other hypericum species that do not contain
this compound might be better suited to clinical use, since hypericin causes
photosensitivity. More recently, Chatterjee et al. (1998) postulated that the active
compound in hypericum extracts is, in fact, the phloroglucinol derivative, hy-
perforin, a potent re-uptake inhibitor of 5-HT, DA, NE, GABA, and l-glutamate.
Muller et al. (1998) go further, commenting: “It is also remarkable that hyper-
forin inhibits all neuro-uptake systems with similar potency, since a similar
phenomenon has not been reported yet for any other drug known.” On the other
hand, Bennett et al. (1998) comment that “hypericum extracts have only weak
activity in assays related to mechanisms of the synthetic antidepressants—the
clinical efficacy of St. John�s wort could be attributable to the combined contri-
bution of several mechanisms, each one too weak by itself to account for the
overall effect.”

Hypericum has been tested in a number of standard animal models that are
used to indicate antidepressant activity. Thus, it decreases swimming time of
mice in the forced swimming test, an effect that seems to be resistant to block-
ade with opioid antagonists (reviewed by Ozturk 1997) and decreases immobili-
ty time in the tail-suspension test in mice (Butterweck et al. 1997). Spontaneous
motor activity in rats is decreased (Winterhoff et al. 1995), as is exploratory be-
haviour expressed as head-dips in mice (reviewed by Ozturk 1997). Hypericum
causes a dose-dependent analgesia in “tail-clip” experiments in mice, an effect
that is inhibited by naloxone (reviewed by Ozturk 1997). Further animal experi-
ments were undertaken by Butterweck et al. (1997), who pointed out that neither
the mode of action nor the active constituent(s) of hypericum are known. They
noted that the dopaminergic, rather than the noradrenergic, system seems to be
involved in the mode of action, since the effect of apomorphine (a DA agonist)
on temperature is accentuated by hypericum, in contrast to other antidepres-
sants that antagonise this effect. Also, hypericum causes a decrease in ketamine-
induced sleep time, an effect that is similar to that of the dopaminergic antide-
pressant bupropion, which is abolished by haloperidol or sulpiride (DA antago-
nists).

These experimental data do not clarify the mode of action of hypericum, but
do indicate that it has significant effects on central biochemical systems that
may be involved in depression.
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2.3
Pharmacokinetics

Brockmollor et al. (1997) assessed the pharmacokinetics of hypericum in 13 vol-
unteers who were treated with single doses of 900, 1,800 or 3,600 mg hypericum
or placebo in a fourfold, double-blind, crossover design. Maximum total hyper-
icin concentrations were observed about 6 h after drug administration. The
elimination half-life of the dose regimens was an average of 28.1 h for hypericin
and 17.7 h for pseudohypericin. In an extension of the study, 50 volunteers were
treated with hypericum 600 mg 3 times daily for 15 days. The terminal half-life
during steady state was 41.7 h for hypericin and 22.8 h for pseudohypericin.
This suggests that once daily medication should suffice for effective treatment
of depression.

2.4
Major Depression

A considerable number of clinical trials of hypericum in major depression have
been undertaken. These studies, which included both uncontrolled and double-
blind studies comparing hypericum with placebo and a number of standard
ADs, have been masterfully reviewed by Linde et al. (1996), who concluded that:
“There is evidence that extracts of hypericum are more effective than placebo
for the treatment of mild to moderately severe depressive disorders.” This as-
sessment was based on 23 randomised or possibly randomised trials, published
between 1984 and 1994: 14 against placebo, 6 against other drugs, and 3 involv-
ing hypericum combinations. Trials that measured only physiological parame-
ters were excluded, as were those on human volunteers.

However, there were a number of methodological problems in these reports.
Different preparations of hypericum were used in different studies and the clas-
sification of depression was by no means consistent. Furthermore, the definition
of response to treatment varied from trial to trial. Excluding the studies which
examined combinations, most of the remainder involved 1–6 investigators treat-
ing 30–120 patients, although there were two “outriders” in which 20 investiga-
tors treated 135 patients and 50 investigators treated 112, respectively. Most of
the studies quoted in this review were of 4–8 weeks duration, adequate to
demonstrate some antidepressant effect but not to measure the full potential of
a drug. Most studies used being a “responder” as the main measure of effect,
with response defined as an improvement of 50% or more over baseline at the
end of the trial. This was measured either using rating scales [usually the Ham-
ilton Rating Scale for Depression (HAM-D)] (Hamilton 1960) or global changes,
with the measures used varying from trial to trial. Despite these pitfalls of meta-
analyses, this form of analysis provides the main evidence available to deter-
mine the role of hypericum as an antidepressant. This role has been reviewed
by the author (Wheatley 1998a).
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2.4.1
Placebo Comparisons in Major Depression

When the results from the 14 papers quoted in the review article were pooled,
using the definition of response given above, there were 225 responders (55.1%)
in the hypericum groups, as compared to 94 (22.3%) in the placebo groups, a
highly significant difference. For example, Sommer and Harrer (1994) treated
105 patients with mild depression of short duration with hypericum 900 mg or
placebo for 4 weeks and found a 50% or greater reduction in mean HAM-D
score in 67% of patients on hypericum as compared to 28% on placebo at the
end of the 4-week trial period (p<0.01). Furthermore, the difference was also
significant at 2 weeks (p<0.05). However, these results were presented as graphs
without exact figures for the mean HAM-D, which detracts from their useful-
ness in assessing the comparison.

In another study by Hansgen et al. (1994), 72 patients diagnosed as having
major depression by DSM-III-R criteria (American Psychiatric Association
1987) were randomly allocated to treatment with either hypericum (LI 160) or
placebo for a period of 4 weeks, followed by another 2 weeks when all patients
received hypericum as an ethical requirement. At the end of 4 weeks, the mean
HAM-D score fell from 21.8 to 9.3 in the hypericum group and from 20.4 to 14.7
in the placebo group (p< 0.001 between groups). At the end of 6 weeks, there
were further reductions to 6.3 in the hypericum group and, more strikingly, to
8.5 in the original placebo group who were now receiving hypericum (signifi-
cance not stated). The HAM-D responder rate at 4 weeks amounted to 81% in
the hypericum group and 26% in the placebo group. The incidence of adverse
events was trivial: one case of sleep disturbance in the hypericum group and
two of gastrointestinal upsets in the placebo group. Similar results were record-
ed by Schrader et al. (1998).

Despite the omission of precise information on a number of aspects of these
reports, they provide reasonable evidence that hypericum does exert an antide-
pressant effect over and above that of a placebo in mild to moderate depression.

2.4.2
Drug Comparisons in Major Depression

Double-blind comparative trials have been undertaken against the following
standard tricyclic antidepressants (TCAs): imipramine (Vorbach et al. 1994,
1997), maprotiline (Harrer et al. 1994) and amitriptyline (Wheatley 1997a). In
the first study against imipramine (Vorbach et al. 1994), 135 patients were treat-
ed for 6 weeks with either 900 mg hypericum or 75 mg imipramine. In the hy-
pericum group, the mean HAM-D score fell from 20.2 to 8.8 (p<0.001), com-
pared to a fall from 19.4 to 10.7 in the imipramine group (p<0.001), with no sig-
nificant between-group differences. In a subgroup of 51 patients with initial
HAM-D scores greater than 21, the response was actually significantly better
with hypericum than with imipramine (p<0.05). The second study with this
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control drug (Vorbach et al. 1997) was notable for the use of higher doses of
both drugs—hypericum 1800 mg and imipramine 150 mg—in 200 patients with
severe major depressive disorders. There were no significant differences between
the treatment groups, with both treatments found to be equally effective. Similar
effectiveness for hypericum and the respective control ADs was reported in the
other comparative trials listed above.

I was involved in a double-blind comparison of hypericum (LI 160) 900 mg
and amitriptyline 75 mg (Wheatley 1997a). Entry was limited to those with
HAM-D scores of 17–24 to ensure that only mild to moderate cases were includ-
ed; following 3–7 days on placebo, active treatment was given for 6 weeks. The
main measure of clinical effect was the HAM-D, which was administered at the
beginning and end of the control period and at 2, 4, and 6 weeks of treatment.
The Montgomery-Asberg depression scale (MADRS) (Montgomery and Asberg
1979) and the Clinical Global Impressions (CGI) Scale (Guy 1976) were also
completed. Routine haematology and biochemistry parameters were measured
before and after treatment. A total of 196 patients were screened and, when
drop-outs in the first week were excluded, 156 were suitable for analysis: 83 on
hypericum and 73 on amitriptyline. Females exceeded males by 4.2:1, with a
mean age of 40.1 years (range 20–65) and an initial mean HAM-D score of 20.7.
The mean number of previous attacks was two and the mean duration of the
present attack was 1 year. Distribution of cases according to patient data was
very similar, with no significant between-group differences. The mean changes
in the HAM-D scores (€SEM) are shown in Fig. 1.

There were no significant differences in either group from start to end of the
control period, during which patients were receiving placebo, with the initial
mean scores being virtually identical on both occasions. Subsequently there was

Fig. 1 Mean Hamilton Depression (HAM-D) scores during a 6-week, double-blind trial comparing 87
depressed patients treated with hypericum (LI 160) 900 mg/day with 78 patients treated with amitrip-
tyline 75 mg/day (Wheatley 1997a)
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a progressive reduction in the mean scores in both groups, which became highly
significant at week 2 and continued to be significant to the end of the 6-week
treatment period. There were no significant between-group differences until
week 6, at which point the mean change score on the HAM-D was significantly
better with amitriptyline (p<0.05). Similar results were recorded on the MADRS.
Patients were further classified into “responders” (final HAM-D score of <10 or
>50% reduction from baseline) and “non-responders.” In the hypericum group,
there were 60% responders, and 78% (NS) in the amitriptyline group. On the
CGI severity scale, there was a very marked and highly significant shift to the
right in favour of improvement in both groups (p<0.001), with no significant
between-group differences. Similarly, on the CGI improvement scale, there was
very marked improvement in both groups (p<0.001), with no significant be-
tween-group differences.

Satisfactory relief of depression was achieved with both hypericum and the
control drug amitriptyline, the only significant between-drug difference being
found in mean change scores on the HAM-D at the end of the trial in favour of
amitriptyline, although there were no such differences on final HAM-D im-
provement scores or on the CGI. This was not considered to be clinically signifi-
cant.

In view of the suggestion that hyperforin is the active constituent of hyper-
icum, a trial by Laakman et al. (1998) is particularly relevant. In a double-blind,
randomised trial in 147 depressed patients, they compared two preparations of
hypericum extract, one containing hyperforin 0.5% and one containing hyper-
forin 5.0%, with placebo. Reduction on the HAM-D score in the hyperforin
5.0% group was significantly greater than in either the 0.5% or placebo groups
(p<0.01). There were no significant differences between the 0.5% and placebo
groups.

2.5
Adverse Events

In their meta-analysis of 1,757 cases, Linde et al. (1996) found that there were
only 2 (0.8%) dropouts for adverse events with hypericum, as compared to 7
(3%) with the comparator ADs. Furthermore, side-effects occurred in 19.8% of
the patients on hypericum compared with 52.8% of the patients on the other
ADs, both differences being highly significant. Woelk et al. (1994) reported an
investigation by 663 private practitioners, who treated 3,250 patients with hy-
pericum for 4 weeks. Undesired drug effects were reported by 79 patients
(2.4%), and 48 (1.5%) discontinued treatment. The most frequently reported
events were gastrointestinal (0.6%), allergic (0.5%), tiredness (0.4%) and rest-
lessness (0.3%). Serious adverse events have only been very rarely reported,
such as two accounts of hypomania involving 3 patients (O�Breasail and
Arguarch 1998; Schneck 1998). This is a well-recognised occurrence with ADs
and may well represent a swing-over to the manic phase of a previously undiag-
nosed bipolar variant of the disorder. In my own study (Wheatley 1997a), ad-
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verse events were recorded in response to direct questioning; baseline records
of symptoms were also made and these were subtracted from those events oc-
curring during the trial. Table 1 shows the numbers of patients who did not re-
cord any adverse events as well as the numbers of adverse events (cases) that
occurred more than only once in either group. Early dropouts have been includ-
ed, giving 87 patients on hypericum and 78 on amitriptyline. Compared to base-
line, the overall occurrence of adverse events was considerably lower with hy-
pericum (32 cases, 37%) than with amitriptyline (50 cases, 64%) (p<0.05). Fur-
thermore, the incidence of all the individual adverse events was less with hyper-
icum, with the differences being highly significant in the case of dry mouth and
drowsiness (p<0.001 for each one).

2.6
Photosensitivity

Cows like to gorge themselves on St. John�s wort when it is in flower, and some
have developed photosensitivity as a result. According to Leuschner (1996/7),
there is no risk of photosensitivity until very high levels of hypericum have been
taken; however, in a review of the literature, Stevinson and Ernst (1999) quoted
four reported cases of sensitisation rashes that resolved when treatment was dis-
continued. Furthermore, Bove (1998) reported the case of a 35-year-old woman
who took hypericum 500 mg/day for 4 weeks and developed subacute polyneur-
opathy and a photosensitive rash, both of which also resolved on stopping the
treatment. Clearly, individuals who are known to be sensitive to sunlight should
not take hypericum, but it is reassuring that the incidence of this complication
is extremely low and that it is reversible.

Table 1 Number (%) of adverse events occurring more than once in a double-blind trial comparing 87
patients treated with hypericum (LI 160) 900 mg/day with 78 patients treated with amitriptyline
75 mg/day (Wheatley 1997a)

LI 160 (n=87) Amitriptyline (n=78)

Dry mouth 4 (5%) 32 (41%)
Drowsiness 1 (1%) 11 (14%)
Sleepiness 2 (2%) 8 (10%)
Dizziness 1 (1%) 6 (8%)
Lethargy 1 (1%) 3 (4%)
Nausea/vomiting 6 (7%) 6 (7%)
Headache 6 (7%) 2 (3%)
Constipation 4 (5%) 1 (1%)
Pruritus 2 (2%) 1 (1%)
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2.7
Toxicology

The dose of 900 mg that has mainly been used in man is equivalent to 13 mg in
animals; in the rat, no signs of toxicity have been seen at doses up to 9,000 mg/
kg (Leuschner 1996/7). When doses of 300, 900 and 2,700 mg/kg were adminis-
tered to rats and dogs for 26 weeks, the lowest “toxic” dose was found to be
900 mg/kg, at which dose “very non-specific” signs of toxicity developed. Fur-
thermore, all such changes reverted to normal when treatment was omitted for
4 weeks. There were no effects on reproduction and no mutagenic effects. A 2-
year study in mice and rats has now been concluded, and showed no evidence
of carcinogenic potential for hypericum (Leuschner 1996/7).

2.8
Drug Interactions

Because the metabolism of hypericum involves the cytochrome P450 enzyme
system, interactions could occur between hypericum and the many other drugs
metabolised via this pathway. The implicated compounds are diverse and in-
clude cyclosporin, warfarin, digoxin, theophylline, anticonvulsants, drugs used
to treat HIV, oral contraceptives, other antidepressants and anti-migraine drugs.
But, provided that such drugs are not indicated, there would seem to be little
reason to prohibit the use of hypericum, since most other synthetic antidepres-
sants, including many selective serotonin reuptake inhibitors (SSRIs) and tri-
cyclics, exert similar effects. The possibility of such interactions is no reason to
stop using these agents, but simply calls on the physician to be more discrimi-
nating in prescribing them. It would appear that the whole question of drug in-
volvement in the cytochrome P450 enzyme system is far more complex than
was originally supposed. At a recent meeting in the United States (Ereshelisky
2000), it emerged that the same drug can both antagonise or stimulate this sys-
tem, depending on such diverse factors as dose, mode of administration, ethnic-
ity of the individual and whether the person is a fast or slow drug metaboliser.
There are also other systems that may be relevant to the problem that have not
as yet been studied.

Perhaps the putative interaction of most concern is with oral contraceptives,
since this involves a group of patients who are very susceptible to depressive ill-
ness. Theoretically oestrogens might be involved, again because of the common
P450 metabolic pathway, although pharmacokinetic studies have not demon-
strated any effect of hypericum on blood oestrogen levels (Lichtwer Pharma,
personal communication). Also, it should be noted that intermenstrual bleed-
ing, of which there have been a few reports with hypericum, also not infrequent-
ly occurs with low-dose contraceptives anyway. So, it would not seem that this
interaction, even if confirmed, is of any clinical significance. However, patients
should be warned of possible “pill failure”, so that if they wish to take hyper-
icum, they can use additional barrier methods to avoid conception.
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The majority of drugs listed in pharmacopoeias carry drug-interaction warn-
ings, which are very necessary to avoid dangerous combinations. However, such
warnings do not constitute an embargo against any one drug, either used singly
or in combination with other drugs with which there are no such interactions.
Then too, the clinician must balance the benefits of pharmacological interven-
tions against any possible harm that they may cause, remote though such a like-
lihood may be. For example, in untreated resistant depression, there is a high
probability of a fatal outcome (suicide) and it is accepted practice to use combi-
nations of different antidepressants, though there is a risk of interactions be-
tween them.

2.9
Seasonal Affective Disorder

Seasonal affective disorder (SAD) is a well-established variant of major depres-
sion (Rosenthal et al. 1984), in which depressive episodes are confined to the
winter months, with resolution of symptoms in the summertime. Light therapy
is an effective treatment (Terman et al. 1989), but it is also time-consuming,
since it involves looking into a light-box for a minimum of 2 h daily. The SAD
Association, a patient support group in the United Kingdom, organised a postal
survey of its members before and after 8 weeks of treatment with hypericum
plus light therapy (n=133) or with hypericum alone (n=168) (Wheatley 1999a).
When response was evaluated using an 11-item rating scale (with maximum
score=44), the mean score fell from 20.6 to 11.8 (p<0.001) with combined thera-
py, and from 21.3 to 13.0 (p<0.001) with hypericum alone. There were no signif-
icant between-group differences except in sleep disturbance, which was signifi-
cantly better with combined therapy. Limitations are the non-blind nature of
the study and the use of a low dose of hypericum (equivalent to only 300 mg/
day of the extract). However, in view of these positive results, a more formal
study is undoubtedly warranted, since hypericum alone would seem to obviate
the need for light-box therapy.

2.10
Antidepressant Potential

Criticism of the reported studies on the use of hypericum in depression has been
based on the fact that, with four exceptions (Vorbach et al. 1997; Phillipp et al.
1999; Brenner et al. 2000; Schrader 2000), comparisons were made to the lowest
recommended doses of the control drugs. Doubtless this reflects the European
custom of generally employing such lower doses, as compared with the practice
in the United States. In my trial described earlier in the chapter (Wheatley
1997a), 6 weeks of treatment with 75 mg/day of amitriptyline resulted in a 54%
reduction in mean HAM-D score. Furthermore, a mean end score of 9.5 matches
anything that can be achieved with the SSRIs, as exemplified in three contempo-
rary studies (Dunbar et al. 1991; Mendells et al. 1993; Rosenberg et al. 1994). Ex-

336 D. Wheatley



tensive research on a number of the characteristics of depressed patients (Moller
1996) failed to find any factors that accounted for the differences in trans-
Atlantic prescribing practices, with one notable exception: patients in the United
States were significantly more overweight than their European counterparts.
Since the effective dose of any drug depends on the body weight of the patient,
one could speculate that this might provide the explanation.

So what of these four higher-dose trials? The first was a double-blind com-
parison in 209 patients who were randomly assigned to 6 weeks of treatment
with either hypericum, 1,800 mg/day, or imipramine, 150 mg/day (Vorbach et
al. 1994). Treatment was equally effective in both groups, with no problems with
side-effects in the patients treated with hypericum. The second trial (Phillipp et
al. 1999) was another randomised double-blind study which compared hyper-
icum, imipramine and placebo, with no differences between the two active
drugs, both being significantly better than placebo. Next came a randomised
double-blind study by Brenner et al. (2000), which used an SSRI, sertraline, at a
dose of 75 mg/day as the control agent. Once again, results were equally good
with both agents. Finally, Schrader et al. (2000) used another SSRI, fluoxetine,
as the control drug in 240 patients in a 6-week, double-blind, random allocation
study. They concluded that “hypericum and fluoxetine are equipotent with re-
spect to all parameters used to investigate antidepressants in this population”
and that “hypericum safety was substantially better than fluoxetine.”

Hypericum would appear to be a well-tolerated and effective alternative to
the synthetic ADs in the treatment of mild to moderate depression, particularly
when adverse events of the synthetic ADs become intolerable to the patient. This
might be of particular benefit to the elderly, many of whom do become de-
pressed and are usually more sensitive to adverse events than younger patients
(Smith 1997). Further research is clearly needed to better elucidate the mode of
action of hypericum and to define its optimal dose range and further indica-
tions for clinical usage. Additional studies comparing hypericum with the SSRIs
and other recently introduced ADs are needed, as well as studies examining
higher doses in severe depression. Investigation of other indications for hyper-
icum are also needed, such as for the treatment of dysthymia, general anxiety
disorder, panic disorder, social and other phobias, obsessive-compulsive disor-
der, premenstrual and peri-menopausal syndromes, and stress and posttraumat-
ic stress disorders. Most of these conditions are accompanied by depressive
symptoms of varying degree, but often of mild to moderate severity.

Such is the nature of depressive illness that patients often give up hope that
they can be cured and may stop treatment before a therapeutic effect becomes
apparent. This problem is considerably aggravated when adverse events occur,
since these symptoms may be perceived by patient and caregiver alike as indicat-
ing worsening of the illness caused by the treatment. It is hardly surprising then
that it is difficult to ensure compliance with that treatment. The difficulty is com-
pounded by the slow onset of effect that is characteristic of all AD drugs (includ-
ing hypericum), so that the patient experiences little benefit during the first
2–3 weeks of treatment until the therapeutic effect becomes established. The in-
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troduction of the SSRIs has undoubtedly reduced the incidence of side-effects,
but these agents are not without problems of their own, most notably gastric ir-
ritation, insomnia, anxiety and hypomania (Smith 1997). Furthermore, impair-
ment of libido and other sexual functions and problems with male erection
and ejaculation are integral components of the illness. Even when the depression
responds to treatment with ADs, sexual function often does not improve,
since sexual problems can be perpetuated by the majority of ADs themselves
(Wheatley 1998a). Thus, AD-induced sexual problems may occur in as many as
67% of patients (Segraves 1998). Therefore the advent of an AD that is virtually
free of adverse effects, even if not therapeutically superior to those ADs that are
already available, heralds a notable advance in the treatment of depression.

3
Kava and the Anxiety Element

Anxiety is an inescapable component of depression, and the symptoms of the
latter are often hidden by the overlay of those of the former, a condition aptly
termed “masked depression.” Nowhere is this more relevant than in the psychi-
atric response to stress (Wheatley 1993a). The most immediate reaction to a

Fig. 2 Mean Wheatley Stress Profiles (WSP), before and after 12 weeks of treatment with antidepres-
sant drugs in 21 patients suffering from stressful situations (Wheatley 1993a)
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stressful situation is embodied in the primitive “fight or flight” response involv-
ing the production of a number of anxiogenic symptoms, the importance of
which is emphasised in the original HAM-D rating scale (Hamilton 1960). With
the resolution of the acute stress situation, the anxiety that it has engendered
may also resolve. However, if there is a situation of continuing mental stress, as
is often the case in the social milieu of today, then depression may develop in-
sidiously under the cloak of the much more prominent anxiety symptoms. This
is illustrated by an analysis of the first 100 patients seen at the Maudsley stress
clinic in London, of whom no fewer than 49 (49%) were suffering from major
depression (Wheatley 1997b). After treatment with various ADs, these patients
achieved significant relief from anxiety as well as depressive symptoms, as illus-
trated in Fig. 2. However, modern antidepressant drugs, particularly the SSRIs,
may induce anxiety symptoms as an adverse effect, thus requiring concomitant
anxiolytic therapy until these anxiety symptoms resolve as the depression is re-
lieved. Since there is no acceptable non-habit-forming drug of this type, kava, if
effective, might have a secondary role to play in the treatment of depressive ill-
ness.

3.1
Background

Kava (or kava kava) is an extract of the roots of the Polynesian plant Piper
methysticum and is used in the South Pacific for its sedative, aphrodisiac and
stimulatory effects, both recreationally and in religious ceremonies (Singh
1992). It contains a number of active compounds, among which are the kava py-
rones, kawain, dihydrokavain, methysticin, dihydromethysticin, yangonin and
desmethoxyyangonin, although it is not known which of these may be responsi-
ble for any anxiolytic actions it may have (Hansel and Haas 1984; Walden et al.
1997). These authors also showed evidence for serotonergic and calcium antago-
nistic potencies of the kava pyrone kawain, but later Grunze and Walden (1999),
discussing effects on GABAergic transmission, concluded that “the cellular ac-
tions of the kawain appear heterogeneous, but all of them counter excitation.”
This led them to suggest that it might prove to be a useful treatment for epilep-
sies, bipolar disorder, depression and anxiety, all conditions characterised by in-
creased cellular excitability.

3.2
Anxiolytic Properties

There have been relatively fewer clinical trials of kava than of hypericum. Thus,
in the book Rational Phytotherapy by Schulz et al. (1998), six such trials of the
extract are described, two in the climacteric (Warnecke et al. 1995), one in peri-
operative (surgical) mood (Bhate et al. 1989) and three in anxiety (Kinzler et al.
1991; Woelk et al. 1993; Volz 1995). The dose in four of the extract trials was
210 mg/day, using a standardised preparation containing 70% kavapyrones, and
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all were double-blind comparisons, three against placebo and one against stan-
dard benzodiazepines. There were significant differences from placebo in each
of the relevant studies and no significant differences between kava, bromazepam
and oxazepam in the study that used benzodiazepines (Woelk et al. 1993). The
results on the Hamilton Anxiety Rating Scale (HAM-A) (Hamilton 1959) in the
study by Warnecke et al. (1995) are shown in Fig. 3.

There have also been nine studies using isolated dl-kawain. Two of the stud-
ies compared dl-kawain with placebo, while the others compared it with refer-
ence anxiolytics. All nine studies showed results similar to those of the extract
studies (Volz and Hansel 1994).

These results have been confirmed in two more recent double-blind, placebo-
controlled studies, both of which used a daily dose of 300 mg of the extract
WS1490; in these studies, the HAM-A was used to assess results. Lehmann et al.
(1996) treated 58 patients; with kava, the HAM-A fell from 25.6 initially to 12.6
at endpoint, while with placebo scores went from 24.5 to 21.0. The results were
significantly in favour of kava from week 1 onwards (p<0.02). The second study
by Volz and Kieser (1997) is notable for a longer duration of treatment, namely
25 weeks, but similar results were recorded. Thus, with kava, the HAM-A fell
from 30.7 to 9.7, while with placebo, HAM-A scores went from 31.4 to 15.2. The
between-group difference was significantly in favor of kava from week 8
(p=0.02) onwards to week 24 ( p=0.001).

Two very recent studies have been undertaken in patients with a formal diag-
nosis of Generalized Anxiety Disorder (GAD) by DSM-IV criteria (American
Psychiatric Association 1994).

Fig. 3 Mean Hamilton Anxiety (HAM-A) scores during an 8-week trial in 40 anxious patients comparing
kava (verum) 210 mg/day with placebo. Reprinted with permission from Warnecke et al. (1995)
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The first study was my uncontrolled pilot trial in 24 patients treated for
4 weeks (Wheatley 2001a). Two dosage schedules were compared: 120 mg qid
and 45 mg t.i.d. in a randomised-order crossover open trial. There were highly
significant reductions in mean scores on the HAM-A (p<0.001), irrespective of
dosage schedule, treatment order or sex of the patients. The impact of side-ef-
fects was relatively low and only 1 patient on t.i.d. dosing had to omit treatment
because of nausea. No side-effects were experienced by 9 patients (37%) on t.i.d.
dosing or 5 (22%) on qid dosing; daytime drowsiness occurred in 8 (33%) pa-
tients in the t.i.d. dosing group and in 2 (9%) in the qid group. Thirteen patients
preferred qid dosing and 8 preferred t.i.d. doses, with no preferences in the re-
maining 3 cases. The author considered that the trial had shown kava at both
schedules to be highly effective in relieving anxiety symptoms in these patients
suffering from GAD.

A double-blind comparative trial was required to verify these results and this
has been provided by Connor et al. (2000), who treated 35 patients with kava
280 mg/day for 4 weeks in a double-blind, placebo-controlled trial. Results were
significantly better with the active drug, which was “well-tolerated and not asso-
ciated with withdrawal at the doses administered”.

However, there has been a case report from Switzerland of hepatitis associat-
ed with kava kava (Escher and Desmeules 2001) and additional cases have been
reported in Germany (data not yet published). Should this reported finding be
confirmed then it may be necessary to reconsider the role of kava kava in thera-
peutics. Indeed in the UK kava has been withdrawn from the market.

Otherwise, the reported incidence of adverse events has been low, overall
varying between 1.5% in 4,049 patients to 2.3% in 3,029 patients (Hoffmann and
Winter 1993; Hansel et al. 1994). The adverse events that occurred were de-
scribed as “mild and reversible”, but did include 31 cases of gastrointestinal dis-
turbance and 31 cases of allergic reactions.

3.3
Anxiolytics in Depression

The degree and nature of the anxiety symptoms accompanying the depression
and the choice of AD will determine whether concomitant anxiolytic therapy is
required. The most relevant stage of treatment is during the first 3–4 weeks, be-
fore the antidepressant effect begins to be established, but when adverse events
exert their greatest impact and may weaken the patient�s resolve to persevere
with treatment. Were it not for the reported hepatotoxicity, kava might be useful
in an ancillary role under these circumstances, since it does not appear to cause
any other notable adverse events or drug interactions per se. However, its de-
pendence potential remains unknown, although Hansel et al. (1994) concluded
that there was no evidence of any potential for physical or psychological depen-
dency. Further rigorously controlled trials are required to confirm kava�s poten-
tial as a safe anxiolytic. In the context of this chapter, which is concerned only
with the treatment of depression, if an anxiolytic is required, then this is best
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confined to the first 3–4 weeks of treatment. When the patient is receiving hy-
pericum or a sedative AD, such use is unlikely to be needed (Wheatley 1999a).

4
Valerian and Sleep Disturbance

Although a small proportion of depressed patients oversleep, sleep disturbance
is an integral component of the illness in most (Wheatley 1993b). Not only are
the duration and quality of sleep reduced, but there is selective reduction in
deep sleep (short-wave or delta sleep, SWS) as measured by stages 3 and 4 on
the sleep electroencephalogram (EEG), with resultant adverse effects on many
body mechanisms, notably the immune system (Wheatley 1992). The problem
of depression-induced insomnia is aggravated if stimulant ADs are used in treat-
ment; this applies particularly to the SSRIs, which also selectively interfere with
SWS. Additional hypnotic drugs may therefore be required to counteract these
effects; benzodiazepine hypnotics are often used for this purpose. Unfortunate-
ly, although effective in prolonging the light stages of sleep, this is accomplished
at the expense of further reduction in SWS and there is a potent hazard that the
patient may develop dependence. Therefore, there is a need for a safer hypnotic
drug for use with antidepressants. Can valerian fulfill this function?

4.1
Rationale

This time-honoured remedy is noted as: “a soother of troubled nerves and an
inducer of untroubled sleep, mild in effect but safe in use” (Schulz et al. 1998).
There are a multitude of valerian species worldwide, but medicinal valerian is
derived from Valeriana officinalis (Schulz et al. 1998), either as aqueous or etha-
nol extracts, which do not necessarily yield equivalent doses. A number of clini-
cal and polysomnographic trials have been undertaken. Lindahl and Lindwall
(1989) undertook a double-blind crossover trial of valerian versus placebo for 2
nights only in 27 patients, using a simple subjective sleep assessment scale. The
results showed significantly better sleep on the valerian nights and the dose used
was equivalent to 400 mg of the root of the plant. Schulz et al. (1998) reviewed a
number of other studies and concluded that: “valerian is not a suitable agent for
the acute treatment of insomnia”. The essential value of valerian may lie in its
ability to promote natural sleep after several weeks of use, with no risk of de-
pendence or adverse health effects. The polysomnographic studies are of more
interest.

4.2
Polysomnography

When Leathwood and Chauffard (1983) administered single doses of valerian to
29 normal volunteers, EEG recordings in a sleep laboratory showed no signifi-
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cant differences from placebo (quoted by Schulz et al. 1998). On the other hand,
Donath et al. (1996/97) undertook a double-blind comparison of 800 mg valeri-
an extract (LI 156) and placebo, in a crossover design involving two 2-week pe-
riods of treatment with an intervening 2-week washout period, in 16 patients
with insomnia. There were significant differences in favour of valerian in the fol-
lowing areas: shorter sleep latency and SWS onset, increase in duration of SWS
and reduction in rapid eye-movement sleep (REM). However, a further report
from the same authors (Donath et al. 2000), although confirming the SWS
changes, found an increase in REM sleep with both valerian and placebo.

4.3
Stress-Induced Insomnia

I have undertaken an unblinded pilot study to compare kava, valerian and the
combination of both in 24 patients with stress-induced insomnia, with patients
acting as their own controls (Wheatley 2001b). Patients were first treated for
6 weeks with kava 120 mg/day, followed by 2 weeks off treatment. Then, 5 hav-
ing dropped out, 19 patients received valerian, 600 mg/day for another 6 weeks.
Then there was a further 2-week period off treatment, and a final 6 weeks of
treatment with both drugs combined. Stress was measured in three areas: social,
personal and life-events. Insomnia was also measured in three areas: time to fall
asleep, hours slept and waking mood. Total severity of stress as well as insomnia
was significantly relieved by both compounds (p<0.01) with no significant dif-
ferences between them; and there was also further improvement with the combi-
nation, which was significant in the case of insomnia (p<0.05). On direct ques-
tioning, 16 patients (67%) did not report any side-effects from kava, 10 (53%)
did not report any side-effects from valerian and 10 (53%) did not report any
side-effects from the combination. The commonest effect was vivid dreams
[kava+valerian, 4 cases (21%); and valerian alone, 3 cases (16%)], followed by
gastric discomfort and dizziness with kava [3 cases of each (12% each)]. These
results were considered to be very promising, but further studies may be re-
quired to determine the relative roles of valerian in the long-term.

4.4
Sleep in Depression

Personal experience with valerian would seem to confirm that it has a mild hyp-
notic action of slow onset. Of considerable theoretical interest (if confirmed) are
the EEG findings showing an increase in SWS, with all the accompanying physi-
ological advantages involved. These effects on sleep might be particularly ad-
vantageous for a role as adjuvant therapy in depression, in which illness similar
sleep impairments are present. On the other hand, hypericum, although not a
notable hypnotic per se, also selectively increases SWS.

Thus, Schulz and Jobert (1994) undertook a 2-week � 2-week, double-blind
crossover study of hypericum (LI 160) versus placebo, in 12 female volunteers.
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The mean duration of SWS on the sleep EEG increased from 1.5% to 6.0% in the
subjects receiving hypericum, while it fell from 4.1% to 2.5% in those receiving
placebo. However, there were no improvements in either onset or total duration
of sleep, nor in awakenings during the night. As far as I am aware, no studies
have been undertaken on the use of valerian in insomnia accompanying depres-
sion, and so it is difficult to assess any role that it may have to play. Certainly, if
continuing sleep disturbance is a persistent problem, adjuvant use of valerian
might be considered, but the extract would not appear to offer any help in the
critical first few weeks of treatment.

5
Ginkgo Biloba, Memory and Sexual Dysfunction

Two prominent symptoms of major depression are impairment of memory and
loss of libido and other sexual functions. Although these are likely to improve
as the depression is relieved by AD treatment, such improvement is often de-
layed. Therefore, these problems may persist until and even beyond completion
of the appropriate course of treatment. Ginkgo biloba is extracted from the
leaves of the ginkgo tree that grows in far eastern countries and the United
States and is cultivated in Europe (Cott 1995). Some 50 original papers are avail-
able on the pharmacologic actions of ginkgo, mostly using the extract EGb761.
The main effects of the extract seem to be related to its anti-oxidant properties,
which result in increased tolerance to hypoxia, especially in brain tissue (Oyama
et al. 1994). A number of studies measuring pain-free walking distances, in pa-
tients with peripheral vascular disorders provide evidence for the beneficial
circulatory effects of the extract. Thus, in a meta-analysis of such studies,
Schneider (1992) recorded improvements of between 30 and 161 metres with
gingko compared with placebo. Such is the putative rationale for the reputation
of ginkgo biloba as a memory enhancer, since these effects are not confined to
the corporal circulation but also embrace the cerebral component (Oyama et al.
1994).

5.1
Memory Enhancement

Currently, the most notable clinical evidence for the efficacy of ginkgo is the
placebo-controlled double-blind clinical trial undertaken by Le Bars et al.
(1997), in mild to severe cases of Alzheimer�s disease. The product used was
EGb 761 at a dose of 120 mg/day; 202 patients were treated for 52 weeks, at the
end of which time, ginkgo demonstrated significant advantages over placebo.
The results were significantly better for the active compound on the following
measures: Alzheimer�s Disease Assessment Scale (ADAS-Cog) (Mohs et al. 1983)
(p=0.04) and the Geriatric by Relatives Rating Instrument (GERRI) (Schwartz
and Loew 1983) (p=0.005), although this was not so in the case of the Clinical
Global Impression of Change (CGIC). There were no significant differences from
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placebo in relation to either incidence or severity of adverse events. The authors
concluded: “Although modest, the changes induced by EGb were objectively
measured by the ADAS-Cog and were of sufficient magnitude to be recognised
by the caregivers in the GERRI.”

Might ginkgo therefore be useful for depressed patients with memory impair-
ment? As far as I know, no such trials have been undertaken. However, in view
of the social distress that this symptom may engender, there might be a limited
role for the extract when the problem fails to resolve despite AD treatment.

5.2
Ginkgo and Sexual Dysfunction

As previously outlined, reduced or absent libido is a common effect of depres-
sive illness, with significant adverse consequences for patient and partner alike.
Inevitably, the stress that this generates constitutes an adverse prognostic influ-
ence on the response to treatment. Also, as already noted, many of the ADs, far
from alleviating the problem, actually contribute to it through the sexual ad-
verse effects that most of them can cause. A study by Baldwin et al. (1997) has
drawn attention to these problems. The well-established TCAs, as well as the
monoamine oxidase inhibitors (MAOIs), are all implicated. Thus, sexual dys-
function has been reported by 80% of men on phenelzine (Baldwin et al. 1997),
and clomipramine has been associated with anorgasmia in 42%–96% of patients
(Stein and Hollander 1994). The more recently introduced SSRIs can have just
as detrimental an effect on sexual functioning; for example, fluoxetine has been
reported to induce sexual dysfunction in as many as 75% of patients (Segraves
1998). In addition to effects on libido, these antidepressant drugs can also inhib-
it orgasm in both sexes, sometimes to the extent of complete inhibition. This
catalogue of adverse effects does not end there, however, since in males there
may be inability to obtain or maintain an erection and lack of ejaculation, while
in females vaginal lubrication may be inhibited. Sedative ADs, such as nefa-
zodone and mirtazapine, are far less likely to cause such problems (Wheatley
1998b,c,d).

There have been isolated anecdotal reports of correction of AD-induced sex-
ual dysfunction by ginkgo biloba. These reports prompted Cohen and Bartlik
(1998) to undertake an open trial of ginkgo in 63 patients with this problem; the
average dosage was 207 mg/day for 4 weeks. These researchers reported im-
provement in desire, excitement, orgasm and afterglow, but there was no statis-
tical analysis of these results.

In order to investigate any potential ginkgo may have in such cases, I under-
took a small pilot study in 12 patients (Wheatley 1999b) who were suffering
from recent sexual dysfunction as a direct consequence of treatment with ADs
for either depression or social phobia. The trial period was 6 weeks and the dose
of ginkgo 240 mg. The sexual stress questionnaire from the Wheatley Stress Pro-
file (WSP) (Wheatley 1993a) was used to measure loss of libido, resultant stress,
effects on sexual relationship, physical problems, guilt, masturbation and, in fe-
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males, dyspareunia and fear of pregnancy. Sleep impairment was also recorded
using the WSP sleep questionnaire, which measures sleep onset, times waking,
early morning waking, duration of sleep and waking mood. The results for the
HAM-A, HAM-D, Sex (max=24) and Sleep (max=10) are shown in Fig. 4.

There was improvement on all items, and this was significant in the case of
anxiety (p<0.05) and the sex total (p<0.01). The incidence of gastric irritation
was 14% but no other adverse events were recorded. However, a subsequent
double-blind placebo-controlled 12-week study (not yet published) has shown
similar beneficial effects with both active and placebo medications. Again, fur-
ther work is needed to confirm or refute these findings.

6
Comment

It would be an irrational sceptic indeed who could ignore the abundance of evi-
dence confirming that hypericum is a safe and effective antidepressant, at least
in mild to moderate cases of major depression. The psychiatrist�s dream of an
instant antidepressant it is not, but for cases such as these, hypericum has a
number of intrinsic advantages over current synthetic antidepressant drugs.
These include infinitesimal incidence of true adverse events, resultant good pa-
tient compliance, psychological appeal as a herbal preparation, no dependence
potential, and foreseeable and preventable drug interactions. Should hyperforin
be confirmed as the active principle, subsequent isolation, purification and
standardisation may result in an even more potent therapeutic tool with which
to combat the illness. On the other hand, it has been postulated that the efficacy

Fig. 4 Mean severity scores before and after 6 weeks concomitant treatment with ginkgo biloba
240 mg/day in 12 depressed patients suffering from sexual dysfunction induced by antidepressant
drugs (Wheatley 1999b)
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of hypericum may be due to a summation of the actions of a number of its con-
stituents, each individually of too low a potency to exert an appreciable clinical
effect (Bennett et al. 1998). Either way it is difficult to escape the conclusion that
hypericum might well become the premier treatment of choice for mild to mod-
erate depression; its role in severe depression still remains to be determined.

Not nearly so much research has been undertaken on the other herbal reme-
dies discussed, but it would certainly appear that kava kava is an effective anxi-
olytic and also may be useful in the induction and maintenance of sleep. How-
ever, should the reports of hepatotoxicity be confirmed, this will considerably
reduce its therapeutic potential, particularly for self-medication. On the other
hand, valerian would appear to be perfectly safe, although with a slow onset of
effect, so unsuitable for treating acute insomnia. Because of its effects in im-
proving the quality of sleep, as evidenced by sleep EEG studies, it may well have
a role to play in management of chronic insomnia, particularly in the elderly
and as adjuvant treatment for insomnia caused by other ailments, notably de-
pression. Thus, the stimulation of the immune system that occurs during the
sleep phase of SWS can only be beneficial in many illnesses, and a compound
that promotes this phase of the sleep cycle is to be welcomed.

Ginkgo biloba would also appear to be a very safe and relatively inexpensive
alternative to the undoubtedly effective but expensive chemical memory en-
hancers that have recently been introduced for the treatment of Alzheimer�s dis-
ease and allied conditions. This may well be due to its effects on the circulation
generally and on the cerebral circulation specifically. Whether or not these may
embrace other systems, such as sexual functioning, must await the results of fur-
ther studies. Again, improvement in these parameters would be beneficial in the
management of depression, thus suggesting an ancillary role for ginkgo biloba
in selected cases of the illness.

These other psychoactive herbal preparations constitute important sources
for ancillary management of depression, with its multi-faceted spectrum of
symptoms. All-in-all, herbal medicine represents a relatively untapped treat-
ment source for the potentially fatal illness of depression.
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Abstract Special considerations arise in treating children and adolescents with
antidepressants. Empirical data on antidepressants (and other pharmacological
agents) in young patients are quite limited. Psychiatrists, faced with depriving
children of potentially effective medication or prescribing medications “off
label,” need information on which to base treatment decisions, and efforts are
underway (e.g., by the National Institutes of Health, the American Academy of



Pediatrics, and the Food and Drug Administration) to promote research in this
area. Clinically significant differences in pharmacokinetics and possibly phar-
macodynamics between adults and younger patients can also complicate treat-
ment (e.g., younger patients may need higher doses on a milligram-per-kilo-
gram basis to achieve the same drug concentration as an adult on a usually ef-
fective adult dose). Younger patients may also be more sensitive to adverse ef-
fects of medications.

The selective serotonin reuptake inhibitors (SSRIs) have superceded tricy-
clic antidepressants (TCAs) as first-choice pharmacotherapy based on studies
demonstrating their superior safety and efficacy in children with major de-
pressive disorder (MDD). TCAs are now usually reserved for children or ado-
lescents with at least moderate depression who have not responded to at least
one newer antidepressant; it is recommended that therapeutic drug monitoring
(TDM) of the TCA be done at least once to ensure that the patient does not
develop toxic plasma levels. The safety, pharmacokinetics, and tolerability of
venlafaxine and nefazodone have been tested in children, but data on efficacy
are not yet available. The adverse effect profiles of the SSRIs, the TCAs, ven-
lafaxine, and nefazodone are similar to those in adults.

The TCA clomipramine and the SSRIs fluvoxamine and sertraline have indi-
cations for obsessive-compulsive disorder in pediatric patients. A number of
TCAs and SSRIs have been studied in the treatment of other anxiety disorders
(e.g., separation anxiety disorder, school phobia, elective mutism, generalized
anxiety disorder) but none has received labeling for those indications. Antide-
pressants have been studied in the treatment of attention-deficit/hyperactivity
disorder (ADHD). The TCA desipramine and bupropion have been found effi-
cacious in ADHD, although desipramine causes higher rates of adverse effects
than stimulant medications. Current treatment algorithms generally recom-
mend trying an antidepressant after failed trials of several different stimulant
medications. Atomoxetine, a nonstimulant medication, was recently approved
for the treatment of ADHD in children, adolescents, and adults. Although be-
havioral management is preferred for treatment of enuresis, the TCA imipra-
mine has also been found effective, although the relapse rate is as high as 50%
upon discontinuation.

Given the paucity of data on antidepressants in pediatric patients and the
clinically significant pharmacokinetic differences between younger patients
and adults, clinicians should carefully consider and cautiously monitor any
treatment plan involving antidepressant medications in order to maintain the
risk to benefit ratio in favor of the child or adolescent patient.

Keywords Children · Adolescents · Selective serotonin reuptake inhibitors ·
Tricyclic antidepressants · Venlafaxine · Nefazodone · Clomipramine ·
Bupropion · Major depressive disorder · Obsessive-compulsive disorder ·
Anxiety disorders · Attention-deficit/hyperactivity disorder · Enuresis
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1
Introduction

Special issues arise in treating children and adolescents with antidepressants.
First, clinical data concerning the use of these agents in young patients are quite
limited. In addition, there are clinically significant pharmacokinetic (and per-
haps) pharmacodynamic differences between adults and younger patients that
can complicate treatment management. This chapter first reviews some general
issues related to pediatric psychopharmacology and then reviews the use of an-
tidepressants in the treatment of children and adolescents with the following
types of disorders:

� Major depressive disorder (MDD)
� Mania
� Anxiety disorders (obsessive-compulsive disorder and other anxiety disor-

ders)
� Attention-deficit/hyperactivity disorder (ADHD)
� Enuresis

2
Pediatric Psychopharmacology

The benefits of effectively treating children and adolescents are potentially
greater than those that can be achieved in the rest of general psychiatry. Yet the
evidence from clinical studies upon which treatment decisions can be based
is quite limited in virtually all areas of pediatric clinical pharmacology. Of the
prescription drugs currently marketed in the United States, 80% have not been
approved by the Food and Drug Administration (FDA) for use in children
(Kauffman 1998). The situation has changed little over the past 20 years. In
1973, the labeling of 78% of the 2,000 prescription medications listed in the Phy-
sician�s Desk Reference included a proscription against their use in children;
the same was true in 1992. Of 53 new drugs approved in 1996, 37 were approved
for the treatment of conditions that occur in children as well as adults—yet 30
of these drugs were approved only for adults.

Psychiatrists who are prescribing psychiatric medications for children and
adolescents will likely take little comfort from the fact that they are no worse off
than their colleagues in other areas of pediatric medicine. These psychiatrists
are faced with the conundrum of either depriving children of potentially effec-
tive medication treatment or prescribing such medication “off label” and with-
out optimal information on dosing, efficacy, and safety in children and adoles-
cents.

Pediatric psychiatric disorders may lead to the following negative outcomes:

� Persistent poor self-image
� Poor interpersonal relationships
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� Chronic underachievement
� Poor psychosocial development
� Dropping out of school
� Poor work performance
� Substance abuse
� Legal problems
� Frequent psychiatric and medical hospitalizations
� Death through suicide or accidents

Such negative consequences are likely to persist even after the resolution of
the acute episode and can profoundly affect further psychosocial adjustment
(Tosyali and Greenhill 1998). The irony is that early and effective treatment in-
tervention in a disease process may often lessen its long-term sequelae.

Over the last decade, there has been a growing awareness on the part of the
government, the medical profession, the pharmaceutical industry, and the pub-
lic concerning the importance of having empirical data upon which to base
medication treatment decisions for children and adolescents. Both the National
Institute of Mental Health (NIMH) and the FDA have taken steps to increase the
amount of information available on the optimal treatment of children and ado-
lescents with medications. At the request of the Director of NIMH, the Institute
of Medicine (IOM) formed a committee to assess the status of research in men-
tal disorders affecting children and adolescents. The resulting report, Research
on Children and Adolescents with Mental, Behavioral, and Developmental Disor-
ders, led to a 5-year plan to stimulate a wide range of clinical research, including
clinical psychopharmacology studies, and to develop young investigators in this
area (NIMH 1991, 1993). During the same timeframe, the American Academy of
Pediatrics issued its Guidelines for the Ethical Conduct of Studies to Evaluate
Drugs in Pediatric Populations (Kauffman et al. 1995). To encourage research, in
the late 1990s, the FDA offered 6 months of patent extension to manufacturers
of selected approved drugs if they conducted appropriate studies in children
and adolescents. This approach meant that a company could more than recoup
the cost of the study by the additional revenue generated during the extended
period of patent protection. To put this matter in perspective, 6 months of addi-
tional patent protection is worth 100 million dollars if the drug has annual sales
of 200 million dollars.

As a result of these efforts, more research is underway in child and adoles-
cent clinical psychopharmacology than ever before. The full impact of this in-
creased research activity will take several years to be realized due to the lag time
between initiating and completing a research program in clinical psychophar-
macology. The first information will be on the pharmacokinetics of newly ap-
proved drugs in children and adolescents, simply because such studies take less
time to complete than clinical trials evaluating efficacy, safety, and tolerability.
Such pharmacokinetic data can aid researchers in determining the optimal dose
and dosing schedule for use in efficacy/safety trials (Preskorn et al. 1983, 1989;
Derivan et al. 1995; Findling et al. 2000).
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3
Treatment Issues

There are some potentially important differences in the physician–patient rela-
tionship when the patient is a child or unemancipated adolescent: First, the
child psychiatric patient often does not present for treatment, but instead is
brought to the clinician because someone else (e.g., a parent or teacher) is con-
cerned or annoyed by the child�s behavior. Thus, the patient may be a passive, if
not reluctant, participant in treatment. Second, there is a greater possibility with
children than with adults that a beneficial medication may have deleterious ef-
fects on growth and development. Therefore, clinicians need to consider the fol-
lowing questions carefully prior to initiating treatment:

� Does the child or adolescent have a disorder or syndrome of a type and of
sufficient severity to warrant medication?

� Do the needs and the desires of the child or adolescent and the parent con-
flict or are they in synchrony?

� What is the patient�s social and family situation and how will it influence
treatment outcome?

� Will the parent or guardian be able to assist with the administration and
monitoring of the medication?

� What other forms of treatment may be needed (e.g., education about the
condition and about better behavioral management techniques, family ther-
apy, and/or individual psychotherapy)?

� What does the patient think about his or her condition, the need for treat-
ment, and the specific treatment that is being recommended?

� How will the treatment affect the patient�s self-concept and relations with
others?

� How is the patient doing in school and why? (If there have been any signifi-
cant changes in level of functioning, then the time course and magnitude of
the changes should be carefully assessed.)

� Have all the options been reasonably discussed and their relative merits and
liabilities weighed?

� What outcome parameters will be used to document the potential beneficial
and adverse effects of the medication?

� Is the addition of a second or third medication necessary (e.g., if the first
treatment fails, should it be discontinued rather than resorting to polyphar-
macy)?

4
Pharmacokinetic Issues

Ideally, drug doses in children and adolescents should be based on systematic
studies in this age group. As outlined above, more work is now underway in this
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area than ever before. While the pharmacokinetic data will be an important step
forward, optimal dosing should also be based on efficacy and safety studies in
these populations. In addition to differences in pharmacokinetics, children may
also be more sensitive to the beneficial and/or adverse effects of specific medi-
cations. Until such data are available, determining optimal dosing in children
and adolescents will be difficult, especially when extrapolating from adult data.
Hence, the guiding principle remains to start low and go slow and to aim for the
lowest effective dose.

Although the concentration-response curves for efficacy and safety may be
different in children and/or adolescents than in adults, the prescriber can use
therapeutic drug monitoring (TDM) with at least some of the newer medica-
tions to determine whether the patient is achieving a concentration that has
proven to be both effective and safe in adults. TDM can be used to assess the
ability of a patient to clear a drug. Using these results, the prescriber can adjust
the dose to achieve adult concentrations. Still, this approach is only an approxi-
mation of what might be optimal for the child and adolescent patient. These pa-
tients may be either more or less sensitive to the beneficial or adverse effects of
the drug and thus might need a concentration that is either higher or lower than
that needed in adults to achieve an optimal response. Nevertheless, TDM results
can serve as a reasonable reference point in the absence of any more definitive
efficacy and safety data in children and adolescents. Using TDM as a frame of
reference, the prescriber should carefully titrate the dose based on clinical as-
sessment of safety and efficacy. TDM can also be used to assess treatment adher-
ence. (See the chapter by Burke and Preskorn in this volume for a more detailed
discussion of the use of TDM.)

With regard to specific antidepressants, the AACAP Practice Parameter for
Major Depressive Disorder (American Academy of Child and Adolescent Psychi-
atry 1998) has advocated monitoring specific blood levels of the tricyclic antide-
pressants (TCAs). There are no clear data on the use of TDM with selective sero-
tonin reuptake inhibitors (SSRIs) in children and adolescents. In a recent pre-
sentation, Emslie indicated that the practice at the University of Texas Southwest
Medical Center, if the patient�s depression is not responding to 20 mg/day of flu-
oxetine, is to check the combined fluoxetine and norfluoxetine level. If the level
is less than 250 ng/ml, the dose is raised to 40 mg/day (Emslie 2001).

There are a number of pharmacokinetic differences between children and
adolescents compared with adults. These differences frequently lead to the need
for higher doses on a milligram-per-kilogram basis to achieve the same drug
concentrations as are achieved in adults on the usually effective adult doses.
These differences are summarized below.

Most psychotropic medications are highly lipophilic. The percentage of total
body fat, which is a reservoir for these lipid-soluble compounds, increases dur-
ing the first year of life and then decreases until the prepubertal increase (Briant
1978; Tosyali and Greenhill 1998). Thus, children at different ages have different
volumes of deep storage, which can affect the overall residual time a drug re-
mains in the body after its discontinuation.
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The acquisition of adult levels of both cytochrome P450 (CYP) and phase II
drug-metabolizing enzymes is enzyme-specific and isoform-specific (Leeder
and Kearns 1997). Although recent research has shown that the traditional view
of a locked step progression of drug-metabolizing capacity is overly simplistic,
some generalizations can still be made. The activity of most drug-metabolizing
enzymes is absent in the fetus but rapidly increases over the first years of life,
so that toddlers and older children have levels of several, but not all, drug-me-
tabolizing enzymes that exceed those of adults. These levels decline from that
point until “usual” adult levels are achieved by the conclusion of puberty. Devel-
opmental changes over the first two decades of life in the activity of specific
CYP enzymes is reflected in the increase and then fall in theophylline clearance
(1A2), the decline in the clearance of phenytoin (2C9/10, 2C19), and the fall in
the ratio of carbamazepine-10, 11 epoxide to carbamazepine (3A3/4) (Milavetz
et al. 1986; Korinthenberg et al. 1994). Further details are provided in Table 1.

The rate of drug metabolism is also partly dependent on liver mass. Relative
to body weight, the mass of the liver of a toddler is 40%–50% greater, and that
of a 6-year-old is 30% greater than that of an adult (Briant 1978; Tosyali and
Greenhill 1998). That is another reason why children tend to clear drugs more
rapidly than adults and frequently need higher doses on a milligram-per-kilo-
gram basis to achieve the same plasma levels and clinical effect.

By 1 year of age, glomerular filtration rate and renal tubular mechanisms for
secretion have reached adult levels; however, fluid intake may be greater in chil-
dren. Thus, lithium has a shorter half-life and more rapid renal clearance in
children than in adults (Carlson 1990).

Nevertheless, the interindividual differences in the clearance of psychiatric
medications are as great in children and adolescents as in adults. This should

Table 1 Developmental patterns for specific drug-metabolizing enzymes

Cytochrome
P450

Development pattern

Phase I enzymes

1A2 Adult level reached by 4 months but exceeded by age 1–2 years. Declines to adult
levels by the conclusion of puberty. Gender differences are possible during puberty

2C9, 2C19 Adult activity reached by 6 months but exceeded by 1.5–1.8 times by age 3–4.
Declines to adult levels by conclusion of puberty

2D6 Adult levels obtained by 3–5 years of age
3A4 Adult levels by 6–12 months but then exceeded by 1–4 years of age.

Declines to adult levels by the conclusion of puberty

Phase II enzymes

NAT2 Adult activity present by 1–3 years of age
TPMT Adult activity achieved by 7–9 years of age
UGT Adult activity by 6–18 months of age
ST May exceed adult levels during early childhood

NAT2, N-acetyltransferase-2; ST, sulfotransferase; TPMT, thiopurine methyltransferase; UGT, glucuronosyl-
transferase.
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not be surprising, since the same interindividual differences exist in children
and adolescents as in adults. For example, genetically determined differences in
CYP 2D6 function are expressed at birth. Hence, 5%–10% of children and ado-
lescents of northern European origin are deficient in CYP 2D6 activity and will
develop 4–6 times higher levels of drugs that are predominantly metabolized by
CYP 2D6 than individuals with a functional copy of this enzyme.

Among the psychiatric medications, the pharmacokinetics of the psychostim-
ulants have been the best studied in children and adolescents. The next best
pharmacokinetic studies in children and adolescents have been done with an-
tidepressants, while few studies have been done on the pharmacokinetics of an-
tipsychotics and anxiolytics in this age range.

It may be prudent to divide the daily doses more frequently than is done in
adults to avoid excessively high peak plasma drug concentrations that may be
associated with increased tolerability and safety problems.

5
Major Depressive Disorder in Children and Adolescents

MDD can occur in children as young as 6 years of age. The diagnosis is based
on the same criteria as in adults, with the exception that irritable mood can be
substituted for depressed mood. Children and adolescents with MDD typically
have high familial loading for psychiatric disorders (Hughes et al. 1989). Over
70% of mothers of children and adolescents with MDD also have MDD, either
pure or complicated by the presence of other psychiatric syndromes. However,
the fathers are more likely to have alcohol abuse or dependence, as opposed to
MDD. Given this familial pattern, it is not surprising that many children and
adolescents with MDD frequently also meet criteria for other psychiatric syn-
dromes, in particular conduct disorder and oppositional defiant disorder
(Hughes et al. 1989).

Despite the diagnostic challenges that remain in trying to understand the na-
ture of MDD in children and adolescents, considerable progress has been made
in its treatment in recent years. SSRIs have superceded the TCAs as the treat-
ment of first choice based on considerations of both efficacy and safety. As in
adults, specific psychotherapies (cognitive therapy, cognitive-behavioral thera-
py, and interpersonal therapy) may be as effective as antidepressant medication,
at least in mild to moderate depression in children and adolescents (Brent et al.
1997). There is also evidence that depression in children and adolescents may
be more influenced by psychosocial variables, such as peers and family, as well
as other environmental factors than is depression in adults (Hammen et al.
1999).

This finding may partly account for the higher placebo response rate seen in
children and adolescents, particularly in many of the earlier antidepressant tri-
als. Puig-Antich et al. (1979) reported a placebo response rate of over 68%, and
others have found similar rates (Hughes et al. 1990). One reason for the high
“placebo” response rate in these earlier studies was the degree of psychosocial
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treatment that these patients received. Most of these studies involved several
weeks of hospitalization, which was more feasible in the 1980s than now. These
hospitalizations removed the patient from what was often a chaotic home life.
The patients also received intensive individual, group, and milieu psychothera-
py. Generally, such intensive psychotherapy services were not available in more
recent trials of the newer antidepressants—which is consistent with the fact that
these studies have generally had lower placebo response rates. Thus, the newer
antidepressants may not actually be more effective than the TCAs. Instead, the
difference may be that the “placebo” treatment in the more recent studies was
less effective than the earlier “placebo” treatment in the older studies, and that
difference in placebo effect alone could permit the study to detect a drug–place-
bo difference in efficacy.

The high placebo response rate found in children and adolescents with MDD
may also be due to the heterogeneous nature of the disorder mentioned above.
Hughes et al. (1990) found that children and adolescents with major depression
plus concomitant conduct or oppositional defiant disorder had a higher re-
sponse rate to placebo than to imipramine. Nevertheless, an empirical trial of
an antidepressant, particularly the safer newer antidepressants, may still be war-
ranted in such patients.

5.1
Selective Serotonin Reuptake Inhibitors

From 1996 to 1997, 792,000 prescriptions for SSRIs were written to treat depres-
sion in children and adolescents between 6 and 18 years of age (Hoar 1998).
This increase was due to the safety of these medications compared with the
TCAs and to growing evidence of their efficacy. However, the first double-blind
study of fluoxetine failed to show a difference in response rates, although it suf-
fered from a high “placebo” or nonspecific treatment response rate (Simeon et
al. 1990).

Emslie et al. (1997b) were the first to demonstrate the superiority of an SSRI
over placebo in both children and adolescents aged 7–17 years old. In their
study, 48 outpatients were randomized to drug and 48 to placebo at a single aca-
demic medical center. Patients with bipolar disorder (or a family history of bi-
polar disorder), previous psychosis, or substance abuse were excluded. Using
the “intent to treat” sample, 27 (56%) of those receiving 20 mg/day of fluoxetine
for 8 weeks responded versus 16 (33%) who received placebo, with response de-
fined as a Clinical Global Improvement (CGI) rating (Guy 1976) of “much” or
“very much” improved (p<0.05). There was also significant improvement on the
Children�s Depression Rating Scale-Revised (CDRS-R) (Poznanski et al. 1985).
However, there were no significant differences in terms of complete symptom
remission defined as a score of 28 or less on the CDRS-R. Remission occurred
in 31% of patients treated with fluoxetine versus 23% of patients treated with
placebo. There was also no difference in scores on the Children�s Global Assess-
ment Scale (CGAS) (Shaffer et al. 1983) between the two groups at completion,
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with both groups showing improvement in functioning. There was no difference
in response and remission rates between subjects 12 years of age and younger
(n=48) and subjects who were 13 years of age or older (n=48). Interestingly, of
the patients who responded, only 20% remained on the medication after
6 months.

A multisite trial of fluoxetine in depressed children and adolescents has now
been completed (Emslie 2001). In this study, 219 outpatients ages 8–17 were en-
rolled, with 109 randomized to fluoxetine (10 mg for 1 week and then 20 mg for
8 weeks) and 110 to placebo; 52% of those receiving fluoxetine responded versus
37% of those on placebo, with response defined as a CGI rating of “much” or
“very much” improved (p=0.028). There was also significant improvement
(�50% reduction) on the CDRS-R (58% versus 41%, p=0.014). There was a sig-
nificant difference in complete symptom remission, defined as a score of less
than or equal to 28 on the CDRS-R. Remission occurred in 41% of patients treat-
ed with fluoxetine versus 20% of those receiving placebo (p<0.01).

Keller et al. (2001) were the first to demonstrate the superiority of paroxetine
over imipramine and placebo in adolescents aged 12–18 years. In their study,
275 outpatient subjects with MDD of at least 8 weeks duration were randomized
to paroxetine (20–40 mg, average 28 mg), while 95 were randomized to imipra-
mine (200–300 mg, average 206 mg), and 87 to placebo at 10 centers in the Unit-
ed States and 2 in Canada. Patients with bipolar disorder, posttraumatic stress
disorder (PTSD), current suicidal ideation or suicide attempt by overdose, pre-
vious psychosis, or substance abuse were excluded. Of those receiving paroxe-
tine for 8 weeks, 59 (66%) responded versus 49 (52%) on imipramine and 42
(48%) on placebo, with response defined as a CGI rating of “much” or “very
much” improved (p<0.05). There was also significant improvement on the
HAM-D depressed mood item and on the Schedule for Affective Disorders and
Schizophrenia for School-Age Children: Lifetime Version (K-SADS-L) (Kaufman
et al. 1997) depressed mood item. There was a significant difference in complete
symptom remission defined as a score of 8 or less on the 17-item Hamilton Rat-
ing Scale for Depression (HAM-D) (Hamilton 1967). Remission occurred in
63% of patients treated with paroxetine compared with 50% of those treated
with imipramine and 46% of those receiving placebo. There was no difference
in parent- or self-rating measures between the three groups at completion.
CGAS scores were improved from baseline (average 43) in all groups, but differ-
ences between the groups were not significant. Patients on paroxetine withdrew
from the study due to adverse effects at a rate similar to that of patients in the
placebo group (10% versus 7%), while there was a much higher rate of with-
drawals (32%) due to adverse effects in the group receiving imipramine.

Sertraline has also shown promising effects in an open-label trial in adoles-
cents with major depression (Ambrosini et al. 1999). Industry-sponsored, ran-
domized controlled trials have been completed with sertraline, citalopram, and
venlafaxine. The data are currently being analyzed and no results are yet avail-
able yet. Two identical multisite randomized controlled trials have been com-
pleted using mirtazapine (15–45 mg), involving a total of 250 outpatients
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(7–17 years old, average age 12 years), with 165 assigned to medication and 85
to placebo. The study failed to show efficacy, perhaps due to a high placebo re-
sponse rate (Emslie 2001).

NIMH is currently supporting a six-site nationwide study called the Treat-
ment of Resistant Depression in Adolescents (TORDIA). Data from this study,
which will be available in a few years, should answer questions about the role of
the SSRIs as a treatment option for adolescents who have not fully responded to
a previous adequate trial of an SSRI.

5.2
Tricyclic Antidepressants

As mentioned above, the clinical trials with TCAs in children and adolescent
with MDD have generally been disappointing (Birmaher et al. 1996a,b; Keller et
al. 2001). A meta-analysis by Hazell et al. (1995) looked at 12 studies from
1981–1992. These studies were generally hindered by small treatment groups
and small sample sizes. They found a small treatment effect but it was not clini-
cally significant when compared to the placebo group. In addition, the TCAs
have a less favorable adverse effect profile and thus higher patient attrition rates
during the acute treatment phase compared to the newer antidepressants. They
also have a lower therapeutic index (i.e., difference between therapeutic and tox-
ic dose, see the chapter by Lader, this volume).

Despite these challenges, there have been two positive, double-blind, place-
bo-controlled studies showing TCAs to be superior to placebo in children suf-
fering from major depression (Kashani et al. 1984; Preskorn et al. 1987). The
number of subjects in each study was small. In the study by Kashani et al., there
were only nine subjects in each treatment group, the maximum dose of amitrip-
tyline used was low (1.5 mg/kg/day), and the statistical results were modest
(p<0.05, based on a one-tail t-test, presuming drug would be superior to place-
bo). In the double-blind, placebo-controlled study by Preskorn et al., the group
sample sizes were somewhat larger (n=15 per cell). The imipramine dose was
adjusted based on TDM to ensure that the patient achieved plasma levels that
had previously been found to be safe and effective (Preskorn et al. 1982, 1983).
Imipramine was superior to placebo through the first 3 weeks of treatment
(p<0.05, based on a two-tail t-test); however, the response rates in the imipra-
mine and placebo groups were not different by the end of the 6-week study.

Kramer and Feiguine (1981) conducted the first double-blind study of ami-
triptyline in adolescents with major depression. At the end of 6 weeks, all sub-
jects had improved and the only difference was a lower score on the Depression
Adjective Checklist (Lubin and Himelstein 1976; Lubin and Levitt 1979) in the
group receiving the TCA versus the controls. Geller et al. (1992) were unable to
find a difference in efficacy between nortriptyline and placebo. Kutcher et al.
(1994) randomly assigned 60 adolescent subjects to either desipramine (up to
200 mg/day) or placebo and found a 48% response rate in patients on drug ver-
sus 35% in those on placebo.

Children and Adolescents 365



5.3
Other Antidepressants

The first studies of venlafaxine and nefazodone in both children and adolescents
examined their pharmacokinetics, safety, and tolerability (Derivan et al. 1995;
Findling et al. 2000). As expected, the clearance of both of these medications
was modestly more rapid in children and adolescents than in adults, but the dif-
ference was not sufficient to warrant a significant change in the mg/kg daily
dose. These studies now need to be followed by appropriately designed efficacy
studies.

5.4
Continuation Treatment

There are no studies that provide guidance concerning how long antidepres-
sants should be continued in children and adolescents once a response has been
achieved. Emslie et al. (1997a) performed a naturalistic study of 70 children and
adolescents with MDD and found that 98% recovered from their index episodes
of MDD within 1 year of their initial evaluation. Over 80% received antidepres-
sants but the nature of the treatment was determined by the individual clinician
rather than being dictated by a treatment protocol. Over 60% of these patients
had at least one recurrence during a 1- to 5-year follow-up period. Of those who
experienced a recurrence, 47% had one within 1 year of their recovery and 70%
within 2 years. These results are consistent with earlier studies indicating that
54%–72% of children and adolescents with MDD have a recurrent episode when
followed for 3–8 years (McCauley et al. 1993; Rao et al. 1995). Until further stud-
ies are done, it would seem prudent to follow the same continuation and main-
tenance treatment guidelines for children and adolescents with MDD as for
adults with MDD.

5.5
Adverse Effects of Antidepressants

The adverse effects of the SSRIs, venlafaxine, and nefazodone in children and
adolescents are comparable to those in adults (see the two chapters by Preskorn
et al., this volume) and have been documented in both clinical trials and clinical
practice (Derivan et al. 1995; Tierney et al. 1995; Emslie et al. 1997b; Ambrosini
et al. 1999; Findling et al. 2000; Keller et al. 2001). As in adults, there have been
isolated case reports of behavioral activation in children and adolescents treated
with SSRIs (Guiles 1996; Go et al. 1998). The significance of such reports in
terms of a causal link to the drug is difficult to determine due to their rare and
anecdotal nature and the fact that the patients are at increased risk for such be-
havioral disturbances relative to the general population as a result of their un-
derlying psychiatric disorder.
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The adverse effects of TCAs are also similar to those reported in adults (see
chapter by Lader, this volume). The secondary amine TCAs (e.g., desipramine,
nortriptyline) are generally as well tolerated as newer antidepressants. Increased
blood pressure may be more likely to occur in children than adults but hyper-
tension per se is rare (Lake et al. 1979; Preskorn et al. 1983). The most common
cardiovascular effect is mild tachycardia. Despite their generally favorable ad-
verse effect profile, secondary amine TCAs can cause serious toxicity in children
and adolescent just as in adults when taken in an overdose or when high TCA
plasma levels occur due to slow metabolism (Preskorn 1998). For that reason,
most clinicians will reserve TCAs for the child or adolescent who has at least a
moderate depressive disorder that has not responded to a trial of at least one
newer antidepressant. In such instances, TDM should be done at least once to
assure that the patient does not develop plasma concentrations above 450 ng/ml
(Preskorn and Fast 1991). Such levels are associated with an increased risk of:

� Delirium
� Seizures
� Slowing of intracardiac conduction, which can lead to heart blocks, arrhyth-

mias, and sudden death (Preskorn et al. 1983, 1988)

There have been several cases of sudden death in children and adolescents
taking desipramine for a variety of indications (Biederman 1991; Riddle et al.
1991). These cases have raised significant concern among child psychiatrists,
even though the drug was barely detectable at autopsy, indicating that it was un-
likely to have been a contributor to the sudden death. These cases have led some
clinicians to recommend frequent electrocardiogram (ECG) monitoring (base-
line and at every dose increase) without evidence that such monitoring will
achieve early detection of a problem and avoid an untoward outcome. In fact,
this recommendation may lead some clinicians not to use TCAs at all in children
and adolescents and thus may deprive them of a potentially therapeutic option.

6
Mania

It can be quite difficult to differentiate between the emotional vicissitudes of ad-
olescence and mild episodes of bipolar disorder. Nonetheless, a sizable minority
(30%) of adult patients with bipolar disorder report having their first episode
during adolescence. Further, manic (type I) episodes have been observed during
adolescence, and the earlier the onset, the more likely it is that the patient will
have a psychotic form of the illness (Carlson 1990).

A child diagnosed with bipolar I disorder, depressed episode, or MDD may
do well treated with an antidepressant. However, if clear symptoms of mania de-
velop, the antidepressant should be quickly stopped and the manic symptoms
aggressively treated. Over the years, psychiatrists have worried about precipitat-
ing a manic episode by the use of an antidepressant (the phenomenon of
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switching). In past antidepressant trials with children and adolescents, 6% of
patients developed mania; however in recent large trials of SSRIs, no patient de-
veloped mania (Emslie 2001). Rates of “activation,” the development of apparent
hypomanic symptoms precipitated by a medication, were no different in the
SSRI and placebo groups in recent large trials (Emslie 2001).

7
Anxiety Disorders in Children and Adolescents

Only a few studies on pediatric clinical psychopharmacology for anxiety disor-
ders have been done (Ambrosini et al. 1993; Klein and Slomkowski 1993; Allen
et al. 1995; Campbell and Cueva 1995). Most studies have been open-label and
have involved only a small number of patients. Among the anxiety disorders,
obsessive-compulsive disorder (OCD) is the condition that has been the best
studied in children and adolescents; five double-blind studies have led to the
formal labeling of several medications with indications for use in such patients.
There have also been four double-blind studies of school phobia/refusal and five
of generalized anxiety disorder or mixed diagnostic groups, but none of these
studies have produced sufficient data to lead to formal labeling of any medica-
tion by the FDA with an indication for the treatment of these conditions in chil-
dren or adolescents.

7.1
Obsessive-Compulsive Disorder

In the past, patients with OCD were treated with a series of medications, as well
as psychotherapy, frequently without substantial improvement. That situation
changed with the development of clomipramine and the SSRIs, which appear to
have unique efficacy in treating OCD when compared with other types of psy-
chotropics. In addition, increasingly effective behavioral approaches have been
developed, which, in combination with medication, can substantially ameliorate
this condition.

7.1.1
Clomipramine

The first agent proven to be effective in OCD was clomipramine, a TCA rather
than an SSRI. Clomipramine�s efficacy in pediatric patients with OCD was dem-
onstrated in two double-blind, placebo-controlled studies (Flament et al. 1985;
De-Veaugh-Geiss et al. 1992). These findings were further supported by a dou-
ble-blind, crossover study with desipramine (Leonard et al. 1989). This latter
study provided support for serotonin uptake inhibition being the mechanism of
action responsible for the efficacy of clomipramine in OCD. The FDA approved
an indication for clomipramine in the treatment of OCD in pediatric patients.
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Despite this evidence of efficacy, there are several limitations with clomipramine
due to its multiple mechanisms of action, including:

� blockade of a1-adrenergic receptors, which can cause orthostatic hypoten-
sion,

� blockade of histamine receptors, which can produce sedation and possibly
weight gain,

� blockade of cholinergic receptors, which can result in a variety of peripheral
anticholinergic adverse effects and memory impairment, and

� inhibition of Na+ fast channels, which can inhibit electrically excitable mem-
branes and can produce intracardiac conduction delays (Preskorn and Fast
1991).

The last action is responsible for the serious central nervous system (CNS)
and cardiac toxicity (e.g., delirium, seizures, cardiac arrhythmias, cardiac ar-
rest) that can occur at high plasma drug concentrations of clomipramine just as
with any TCA (Preskorn and Fast 1991). These effects are problematic with
adults and may be of even greater concern with children and adolescents.

There are other concerns of particular relevance to children and adolescents
due to pharmacokinetic differences between these younger patients and adults.
While clomipramine is the most potent TCA in terms of inhibiting the neuronal
serotonin uptake pump, its major metabolite, desmethylclomipramine, is a po-
tent inhibitor of the neuronal uptake of norepinephrine (Rudorfer and Potter
1987). Depending on the patient�s hepatic metabolism profile, either desmethyl-
clomipramine or clomipramine may be the predominant form of the circulating
drug. Children tend to be extensive demethylators of TCAs. For this reason,
desmethylclomipramine can account for 70% of the circulating drug in children
receiving clomipramine. If serotonin uptake inhibition is critical to clomipra-
mine�s efficacy in treating OCD, then clomipramine may fail to work as a result
of extensive conversion to desmethylclomipramine.

For these reasons, TDM can serve several roles when using clomipramine.
First, it can be used to determine whether clomipramine or its demethylated
metabolite constitutes the majority of the circulating drug. Second, TDM can be
used to guide dose adjustment to ensure equivalent plasma concentrations to
those seen in adults whose OCD was successfully treated with clomipramine.
This approach also ensures that the patient is not reaching concentrations (i.e.,
>450 ng/ml) that are above the toxic threshold for TCAs (Preskorn and Fast
1991). Like adults, children and adolescents demonstrate a wide variability in
their capacity to metabolize TCAs. As mentioned earlier, children are usually
faster metabolizers of these drugs than adults, so that they typically need doses
of approximately 2.5–3.5 mg/kg. Once puberty has been reached, the required
doses can be reduced by as much as 50%.
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7.1.2
Selective Serotonin Reuptake Inhibitors

Both fluvoxamine and sertraline are approved for the treatment of OCD in
children and adolescents. Fluvoxamine was proven effective in a 10-week, dou-
ble-blind, placebo-controlled trial in patients with OCD 8–17 years of age
(McConville et al. 1996). Patients in this study were titrated to a total daily dose
of fluvoxamine of approximately 100 mg over the first 2 weeks, using a bal-
anced, twice-daily dosing schedule. After that, the dose was adjusted within a
range of 50 to 200 mg/day based on clinical assessment of efficacy and tolerabil-
ity. Fluvoxamine was found to be superior to placebo on the Children�s Yale-
Brown Obsessive-Compulsive Scale (CY-BOCS) (Riddle et al. 1992) at weeks 1
through 6 and week 10. Response was seen in an average reduction of 10–12
points on the CY-BOCS, but the outcome was not defined as remission. This ef-
fect was mainly seen in the 8- to 11-year-old rather than the 12- to 17-year-old
age group, although the significance of this age-related difference is not known.
A recent study of fluvoxamine in the treatment of OCD by Riddle et al. (2001)
demonstrated a 25% reduction in the CY-BOCS but not remission.

The efficacy of sertraline in the treatment of OCD in pediatric patients
(6–17 years old) was demonstrated in a 12-week, multicenter, double-blind, pla-
cebo controlled study (March et al. 1998). Treatment was initiated at a dose of
either 25 mg/day (ages 6–12) or 50 mg/day (ages 13–17) and then titrated over
the next 4 weeks to a maximum dose of 200 mg/day as tolerated. The mean dose
of completers was 178 mg/day. Dosing was once a day either morning or eve-
ning. Patients treated with sertraline showed significantly greater improvement
that those on placebo on the CY-BOCS and several other scales. Significant dif-
ferences in efficacy between sertraline and placebo appeared at week 3 and per-
sisted for the duration of the study.

As expected, children and adolescents were found to metabolize sertraline
slightly more efficiently than adults. Relative to adults, the area under the plas-
ma concentration-time curve and the peak plasma concentration of sertraline
was on average 22% lower in children and adolescents compared with adults
when the dose was adjusted based on body weight. The half-life did not differ
between the three groups: 26.2 h for the 6- to 12-year-old age group, 27.8 h for
the 13- to 17-year-old age group, and 27.2 h for the 18- to 45-year-old age group
(based on results from a separate study involving the same dose).

A small, double-blind, placebo-controlled, crossover trial of fluoxetine in 14
children and adolescents with OCD found a significant decrease in CY-BOCS to-
tal scores (Riddle et al. 1992). A recent randomized controlled trial (Geller et al.
2001) using fluoxetine (20–25 mg/day) produced a mean reduction in the CY-
BOCS of 9 points compared with a mean reduction of 5 points in the placebo
group, and there was a low rate of activation.

A study of sertraline in pediatric OCD demonstrated a further symptom re-
duction of 20–25% even after 10 weeks of active treatment (McCracken 2001).
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7.2
Other Anxiety Disorders

The efficacy of the TCAs, principally imipramine, has also been tested in the
treatment of separation anxiety disorder and school phobia. Four placebo-con-
trolled studies involving 140 children have been done (Gittelman-Klein and
Klein 1980; Berney et al. 1981; Bernstein et al. 1990; Klein et al. 1992). The first
studies were positive but subsequent reports were not. Initially Gittleman-Klein
and Klein (1973) demonstrated a significant benefit of imipramine (mean
dose=159 mg/day) over placebo with 6 weeks of treatment in 45 children with
school phobia. A replication study, however, did not find any significant benefit,
due to a high placebo response rate (McCracken 2001). A subsequent study us-
ing lower doses of clomipramine (40–75 mg/day) was also negative, but the dos-
es employed make interpretation difficult. Because of its tolerability and safety
profile, clomipramine is generally not used as an anxiolytic agent in children or
adolescents.

There have been few trials of the potential efficacy of the SSRIs in the treat-
ment of anxiety disorders other than OCD in children and adolescents. Black et
al. (1992) found a significant difference between fluoxetine and placebo in 4 out
of 6 children with selective mutism (believed to be a variant of social phobia)
but only on the global rating of change and parent�s rating of mutism change. In
another small, open trial, fluoxetine (10–60 mg/day) reduced anxiety and in-
creased speech in 76% of children (ages 5–14 years) with selective mutism
(Dummit et al. 1996). The recent Research Unit on Pediatric Psychopharmacolo-
gy Anxiety Study Group (RUPP) Anxiety Study (Research Unit on Pediatric Psy-
chopharmacology Anxiety Study Group 2001) studied 128 children 6–17 years
of age who met criteria for social phobia, separation anxiety disorder, or gener-
alized anxiety disorder. The study included a 3-week open phase of psychosocial
intervention to exclude early responders not treated with medication. The par-
ticipants were then randomly assigned to receive fluvoxamine (maximum dose
of 250 mg/day for 6- to 12-year-olds and 300 mg/day for 13- to 18-year-olds) or
placebo for 8 weeks. The fluvoxamine group had a mean reduction of 9.7-points
in symptoms of anxiety on the Pediatric Anxiety Rating Scale (PARS) (Greenhill
et al. 1998; Walkup and Davies 1999) compared with a mean decrease of 3.1
points in the placebo group; 76.2% of the fluvoxamine group had a CGI-I score
of less than 4 (at least mild improvement) compared with 29.2% in the placebo
group.

8
Attention Deficit Disorder in Children and Adolescents

Attention-deficit/hyperactivity disorder (ADHD) is both one of the best studied
and most effectively treated of all disorders in medicine. The evidence of its va-
lidity is more compelling than that for many nonpsychiatric medical conditions
(Goldman et al. 1998). A quarter century of published treatment studies and
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clinical experience have documented the short-term effectiveness of pharmaco-
logical management using psychostimulants (Greenhill et al. 1996).

Research has also been done on the use of antidepressants in ADHD, and there
are a number of studies indicating that some but not all antidepressants are ef-
fective in ADHD. Spencer et al. (1996) found 29 studies (involving 1,016 patients)
that supported the efficacy of TCAs in the treatment of ADHD. Desipramine is
the TCA for which there are the most efficacy data. Based on a meta-analysis of 5
randomized trials involving 170 ADHD patients, desipramine showed efficacy
(i.e., effect size) comparable to that of methylphenidate (Biederman et al. 1989;
Jadad and Atkins 1998). However, desipramine produced a higher rate of adverse
effects compared to psychostimulants. Moreover, there have been several sudden,
unexpected deaths reported in children taking desipramine (Biederman et al.
1995; Popper and Ziminitzky 1995). While there are reasons to question whether
desipramine had a role in these deaths, these reports have raised considerable
concern among child and adolescent psychiatrists and the use of this medication
has almost stopped in this population. There is some evidence, although more
limited, supporting the efficacy of either imipramine or nortriptyline for ADHD
(Spencer et al. 1993; Wilens et al. 1993, 1995; Daly and Wilens 1998).

There are three randomized clinical trials that support the efficacy of bupro-
pion in ADHD. The first used doses up to 6 mg/kg (Casat et al. 1987). The other
two used dosages of 100–300 mg/day in equally divided daily doses spaced at
least 6 h apart (Barrickman et al. 1995; Conners et al. 1996). The concern with
bupropion is the seizure risk associated with it, which requires that the daily
dose stay under 450 mg/day in adults (i.e., approximately 6.5 mg/kg). Virtually
no work has been done to determine plasma concentrations of bupropion and
its three active metabolites in children and adolescents. Hence, it is unknown
whether a limit of 6.5 mg/kg is also appropriate for children. There are no data
about whether children are more or less sensitive to bupropion in terms of sei-
zure risk at the same drug concentration. Little is also known about pharmaco-
kinetic drug–drug interactions that could reduce the clearance of bupropion.
For these reasons, cautious dosing is advised when prescribing bupropion for
children on other medications that can reduce oxidative drug metabolism (see
chapters entitled “General Principles of Pharmacokinetics” and “Other Antide-
pressants”, this volume, for more details).

The current Texas Children�s Medication Algorithm Project calls for the use
of an antidepressant (bupropion, imipramine, or nortriptyline) at stages 4 and 5
of the treatment algorithm for uncomplicated ADHD (i.e., after several different
stimulant medications have been tried) (Pliszka et al. 2000).

Atomoxetine (a pre-synaptic norepinephrine transporter blocker) has recent-
ly been approved by the FDA for the treatment of ADHD in children, adoles-
cents, and adults (www.fda.gov/cder/consumerinfo/druginfo/strattera.htm).
Clinical trials to date have included over 1,800 children and 250 adults. Three
randomized placebo-controlled trials suggest atomoxetine, a nonstimulant, is ef-
ficacious, safe, and well tolerated (Heiligenstein et al. 2001; Leonard 2002).
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9
Enuresis

For enuresis, behavioral management is preferable. The use of a modern, porta-
ble, battery-operated alarm along with close supervision and contingent rein-
forcement is the most helpful strategy (Glazener and Evans 2002). Desmopressin
acetate (DDAVP) taken at bedtime decreases urine production. It is available as
a nasal spray (dose: 10–40 mg) and a tablet (dose: 0.2–0.6 mg). Response rates
range from 10%–65% in studies, but the relapse rate upon discontinuation is as
high as 80%. A TCA, imipramine, is also used to treat enuresis. Typically, the
initial dose is 25 mg/day administered 1 h before bedtime. The dosage may be
increased to 50 mg/day in children under 12 years and to 75 mg/day for those
over 12 years old, but should not exceed 2.5 mg/kg/day. After a 7-day trial with
an adequate dose of imipramine, 40%-60% of the patients will have experienced
relief from bed-wetting (Glazener and Evans 2002). However, the relapse rate is
as high as 50% upon discontinuation. The mechanism of action of imipramine
in enuresis is unknown and is not related to blood level. The adverse effects are
the same as those seen in children and adolescents treated with imipramine for
MDD.

10
Conclusion

While various childhood disorders have been reported to benefit from drug
therapies, including antidepressant medications, systematic data supporting the
use of these agents in children and adolescents are usually minimal or lacking.
An additional complication is the clinically significant pharmacokinetic (and
perhaps pharmacodynamic) differences between adults and younger age groups.
Thus, the use of medications, including antidepressants, in any treatment plan
must be carefully considered and cautiously monitored to maintain the risk to
benefit ratio in favor of the child or adolescent patient.

Acknowledgements. Portions of this chapter are adapted with permission from Janicak
PG, Davis JM, Preskorn SH, Ayd FJ, Jr (2001) Principles and Practice of Psychopharma-
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Abstract Studies have found (e.g., the Epidemiological Catchment Area study,
the National Comorbidity Survey) higher rates of major depressive disorder in
women than men. Clinicians need to be knowledgeable about potential sex dif-
ferences in metabolism of antidepressants and treatment response. Data con-
cerning such differences are limited, since Phase I and early Phase II clinical tri-
als have historically excluded women of child bearing potential. However, the
Food and Drug Administration is now encouraging inclusion of women at earli-
er stages of pharmaceutical research. A number of different factors may lead to
sex-related differences in antidepressant response. Differences in brain structure
and functioning (e.g., in the responsivity of the serotonin system) may lead to
differences in antidepressant response. Sex differences in the pathophysiology
of depression may also affect treatment response (e.g., women may be more
likely to experience “atypical” depression). Research on mood disorders related
to the female reproductive cycle, such as peripartum and perimenopausal de-
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pression, also suggests that unique gender-related pathophysiological processes
may play a role in some depressive disorders in women and raises the question
of the role of estrogen in treating these types of depression. Sex-related differ-
ences in the metabolism of antidepressants may also affect treatment response.
Although pharmacokinetic data are still limited in this area, it appears that there
are some sex-related differences in the activity of various CYP 450 enzymes, es-
pecially CYP 1A2, CYP 3A, possibly CYP 2D6, that may affect the metabolism of
certain antidepressants and result in different blood levels and hence possible
differences in response and side effects. Differences between women and men in
the metabolism of the selective serotonin reuptake inhibitors (SSRIs) have been
reported (e.g., plasma levels of sertraline have been round to be 27% lower in
young men than in women of all ages; older women have been found to have
higher plasma levels of nefazodone than younger patients of both sexes). Phar-
macodynamic differences between men and women may also lead to differences
in antidepressant treatment response. Studies have suggested that women may
be more likely to respond to an SSRI than a tricyclic antidepressant (TCA),
while men may be more likely to respond to a TCA. Studies have found that
such differences in response did not occur in postmenopausal women who were
not receiving estrogen replacement therapy, suggesting that estrogen may
change blood levels, metabolism, or receptor characteristics in a way that im-
proves the efficacy of the SSRIs in women. The increasing inclusion of women
at earlier stages of clinical drug trials will hopefully provide answers to the
many questions that remain to be answered regarding sex differences in antide-
pressant treatment response. Researchers need to consider adequate subgroup
sizes and incorporate physiological factors unique to women (reproductive sta-
tus, phase of menstrual cycle) into the parameters being studied. Such efforts
will promote optimal treatment for depression in both women and men.

Keywords Women · Gender · Major depressive disorder · Sex-related
differences · Selective serotonin reuptake inhibitors · Tricyclic antidepressants ·
Monoamine oxidase inhibitors · Estrogen · CYP 450 enzymes · Nefazodone ·
Peripartum depression · Perimenopausal depression · Pharmacokinetics ·
Pharmacodynamics

1
Introduction

One of the most replicated statistics in medical epidemiology is the preponder-
ance of depressive disorders among women. In the Epidemiological Catchment
Area study, the lifetime prevalence of major depressive disorder (MDD) was 7%
in women and 2.6% in men (Weissman et al. 1991). A disproportionate preva-
lence ratio of approximately 2:1 was found in the National Comorbidity Survey,
although this study found that 21% of women and 13% of men will experience
MDD at some point in their lives (Kessler et al. 1994). Patient populations in
clinical practice settings reflect this preponderance of women with depression,
underscoring the need to be knowledgeable about how to treat women as well
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as men with depression. Part of this knowledge includes an understanding of
potential sex differences in the metabolism of antidepressants and in treatment
outcome after therapy with these agents.

While the focus of this chapter is a review of sex differences in the metabo-
lism and efficacy of antidepressant therapy, we acknowledge that the data are
limited. Historically, the prevailing attitude among efficacy studies of antide-
pressant agents is that if a medication works for a man, then it is efficacious for
a woman. If anything, barriers to testing medications in young women have fos-
tered a lack of sex-specific investigation. The recent history of thalidomide, an
agent developed and used to treat women at risk for pregnancy miscarriage that
was found to cause severe limb and other deformities in offspring, speaks to the
concern of exposing young, potentially fecund women to new medications. Af-
ter thalidomide, great care was taken not expose women who could become
pregnant to new agents that had not yet shown efficacy. Even oral contraceptive
agents, medications that are only targeted for use in women, were tested in men
during the early stages of development. The approach to limiting phase I and
early phase II clinical studies to men and non-fertile women was supported by
U.S. Food and Drug Administration (FDA) guidelines (Merkatz et al. 1993). The
recognition that this stance resulted in the exclusion of many women from early
trials, and hence to a lack of data about drug safety, efficacy, and dosing in
women, led the FDA to revise their guidelines in the early 1990s. In revised
guidelines, the FDA reversed its position and encouraged the inclusion of wom-
en in earlier pharmacokinetic studies (Merkatz et al. 1993).

Encouraging the inclusion of women, as well as individuals of different age,
ethnicity, and race was only the first step in understanding more about the rela-
tionship between a drug�s efficacy and its utility in various subpopulations. In
order for potential differences to be identified, data had to be analyzed in a way
that response among subgroups, including women, could be identified and con-
trasted. An important component of the new guidelines was the request that ap-
plicants filing new drug applications conduct subset analyses by sex and age, a
practice that had previously been uncommon (Merkatz et al. 1993). This initia-
tive strengthened Congressional mandates instructing the National Institutes of
Health to include women and minorities and to conduct similar subset analyses
in government-sponsored studies (National Institute of Health 1992). While we
are only beginning to see results from these initiatives, new data on sex differ-
ences in treatment are emerging. The following review summarizes these find-
ings.

If sex differences in treatment response to antidepressants exist, they may be
attributable to a number of factors including: (1) unique sex-specific biological
processes that underlie the depressive disorder and influence treatment re-
sponse, such as an abundance of certain target receptor(s) in either sex; (2) the
susceptibility to medication treatment of a set of depressive symptoms that are
more likely to occur in one sex; (3) sex-specific variations in absorption, distri-
bution, or metabolism that could contribute to differences in the amount of
drug that reaches the site of action; (4) pharmacodynamic effects produced by
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the activity of the drug in a sex-specific environment (e.g., the properties of a
neurotransmitter receptor being influenced by endogenous hormones).

2
Sex Differences in Brain Structure and Function

Just as the body of research on sex differences in response to psychotropic treat-
ment is increasing, data regarding sex differences in brain structure are also ac-
cumulating at an accelerated pace. Notable findings include differences in the
sizes of various hypothalamic nuclei and the corpus callosum (Allen et al. 1991).
Results that may relate to antidepressant treatment response include sex differ-
ences in the asymmetry of serotonergic receptors in various brain regions, in-
cluding the orbital cortex (Arato et al. 1991b). This finding coincides with sex
differences in the amplitude of P300 evoked potentials (Arato et al. 1991a).
There may also be biological differences in the responsivity of the serotonin sys-
tem (McBride et al. 1990). In all likelihood, such a difference is related to the
sexual dimorphism in the endocrine factors that measure serotonergic response,
such as prolactin. However, this may also be meaningful in terms of the biology
of response to antidepressant treatment.

3
Sex Difference in the Pathophysiology of Depression

With the possible exception of mood disorders related to the reproductive cycle
(e.g., peripartum depression), sex differences in the pathophysiology of depres-
sive disorders have not been definitely established. Moreover, in community
populations, the symptoms found in women and men do not vary (Kessler et al.
1993). Some note sex differences in various clusters of symptoms. For example,
women may be more likely to experience depression characterized by high anx-
iety and somatic symptoms (Silverstein 1999). Similarly, higher rates of reverse
neurovegetative symptoms, sometimes referred to as “atypical depression” have
been observed in clinical cohorts (Frank et al. 1988). Such symptoms have been
found by some to preferentially respond to monoamine oxidase inhibitors
(MAOIs) over tricyclic antidepressants (TCAs) (Quitkin et al. 1993; Thase et al.
2000). As suggested by clinical and community data, if women are more likely
to have atypical depression, then they would be more likely to respond to an
MAOI than to a TCA. A database re-analysis supports this hypothesis; findings
indicate a possible interaction between subtype of depression and gender
(Davidson and Pelton 1986).

An early study explored whether age or sex were pertinent variables in pa-
tients� response to an MAOI or a TCA (Raskin 1974). Data from several studies
in which patients were treated with imipramine, chlorpromazine, phenelzine,
diazepam, or placebo were pooled and reanalyzed. Results showed that imipra-
mine was no better than placebo for young women, while imipramine was effi-
cacious for men and older women. On the other hand, the MAOI, phenelzine,
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was more effective in young women than placebo. The authors did not evaluate
the type of depression experienced by the men and women in the studies.

It is also possible that women are more likely to respond to MAOIs whether
or not they suffer from the atypical form of depression. In a subsequent data-
base reanalysis of a large clinical trial cohort of patients with depression, includ-
ing those with the “atypical” subtype (n=263), a second group found that young
women had a superior response to MAOIs compared to men (Quitkin et al.
2002). The difference in treatment response between men and women was larger
than the treatment difference between active treatment and placebo. This effect
was not attributable to the subtype of depression, suggesting that the phenome-
non is not simply a diagnosis by drug-type interaction. While these results are
intriguing, they may be more relevant to our theoretic understanding of the un-
derlying sex differences in the pathophysiology of depression than to clinical
practice. The reason is that MAOIs, due to their potentially serious side effects,
are now rarely used in patients unless they are treatment-resistant although this
may change with new MAO delivery systems under development. Nonetheless,
the consistency among these studies in their finding that MAOIs are superior to
TCAs for young women, especially in light of the fact that the studies were not
necessarily designed nor powered to test this hypothesis, is notable whether it is
due to characteristics of the depression experienced or another sex-associated
difference.

The possibility that depressive subtype may lend unique attributes to re-
sponse is suggested by depressive disorders that only occur in women. Prelimi-
nary work with mood disorders related to the female reproductive cycle, such
as MDD with a peripartum onset and major and minor depression occurring
during the perimenopause, suggest that unique gender-related pathophysiologi-
cal processes may play a role in some depressive disorders experienced by wom-
en. Theoretically, these reproductive-related depressive disorders are linked to a
withdrawal of gonadal steroids, in particular, b-estradiol, although this has not
been definitively established. This hypothesis was tested in a study by Gregoire
et al. (1996), in which 64 women who were depressed during the puerperium
were treated either with high dose b-estradiol or placebo. As early as the first
month of treatment, b-estradiol was found to be superior to placebo. One half
of the women in this study were also receiving antidepressant treatment so that
it is not known whether the intervention that was superior to placebo involved
augmentation or monotherapy with b-estradiol. Similarly, it is not clear how
b-estradiol would compare to standard antidepressant therapy.

Mood symptoms occurring during the perimenopause are sex specific be-
cause only women go through the menopause. As noted, a decrement in gonadal
steroids is thought to be responsible for perimenopausal mood symptoms, a hy-
pothesis bolstered by the fact that mood symptoms occurring during the peri-
menopause respond to estrogen replacement therapy (Zweifel and O�Brien 1997;
Yonkers and Bradshaw 1999). Although estrogen is useful for the treatment of
depressive symptoms, the benefit of estrogen for the syndromes of minor and
major depression occurring during the perimenopause remained unclear until
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of late. Recently, this issue was addressed by two studies in which b-estradiol or
placebo was used to treat small cohorts of women with minor or major depres-
sion occurring during the perimenopause (Schmidt 2000; Soares 2001). In both
investigations, b-estradiol proved to be more effective than placebo. It is not
known whether the treatment effect of estrogen would be as enduring as that of
antidepressant therapy. Given the unanswered questions about this intervention,
it is likely that the value of this work on estrogen may be its illustration of sex-
specific processes in the evolution and termination of episodes of MDD.

4
Sex Differences in the Metabolism of Antidepressants

4.1
Drug Metabolism and the CYP Enzyme System

Differences in response to antidepressant treatment may be related to the way
in which men and women metabolize medications. However, data on this topic
are very limited, as noted by the authors of several recent reviews of sex-related
differences in the pharmacokinetics of psychotropic agents (Hamilton et al.
1988; Dawkins and Potter 1991; Yonkers et al. 1992; Hamilton and Grant 1993;
Harris et al. 1995; Pollock 1997; Brawman-Mintzer and Book 2002). Fortunately,
increasing interest in this area has led to a growing number of publications con-
cerning possible sex-related differences in the pharmacokinetics of antidepres-
sant agents, the findings of which are briefly summarized below.

First, however, a brief review of how medications are metabolized is provided
(for a more detailed discussion of these issues, readers are referred to the chap-
ter in this volume by Preskorn and Catterson, “General Principles of Pharmaco-
kinetics”). When a patient ingests an antidepressant, a number of factors influ-
ence the degree of drug absorption, including the acid-base properties of the
compound and its environment, the amount of food in the gut, and the com-
pound�s vulnerability to metabolism at the villous brush border of the gut. Most
antidepressants are metabolized in the liver (the mood stabilizer lithium is an
exception), and the residua are then distributed to various compartments in the
body. Medications undergo oxidative, reductive, and conjugative reactions in
the gastrointestinal tract, liver, and other compartments. Oxidative and reduc-
tive reactions are mediated largely through the cytochrome P450 (CYP) enzyme
system, with enzymes labeled according to their amino acid structure (Arabic
numerals are used to identify a family, which has 36% homology; a capital letter
is used to identify compounds in the same family, which share 70% homology;
and an Arabic numeral is used to identify the gene associated with the enzyme)
(Nebert et al. 1991).

Research into potential sex differences in the activities of the various CYP en-
zymes has been facilitated by the increasing identification of these enzymes
(Harris et al. 1995; Pollock 1997; Yonkers and Hamilton 1995; Brawman-Mintzer
and Book 2002). Studies have found that women have higher plasma levels of
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drugs that are metabolized by CYP 1A2 (Ford et al. 1993; Harrter et al. 1998).
Other studies (Hunt et al. 1992; Watkins 1992; Harris et al. 1995; Pollock 1997)
have found higher levels of CYP 3A activity in women than in men, although
not all studies agree (May et al. 1994). There is less support for sex-specific dif-
ferences in the activity of CYP 2D6; however, since the activity of this enzyme is
largely dependent on genetic polymorphisms, any effect related to gender may
have been masked. This is supported by a recent investigation that attributed
variability in plasma levels of nortriptyline to enzyme genotype and gender
(Dahl et al. 1996). Although the findings are preliminary, it appears that sex-spe-
cific factors may influence several hepatic enzymes that play a role in metaboliz-
ing antidepressant medications and result in different blood levels in men and
women. These variations in blood levels could then lead to differing response to
treatment and differences in side effects.

4.2
Plasma Levels and Clearance

4.2.1
TCAs

Higher plasma levels of the tertiary amines imipramine, amitriptyline, and clo-
mipramine have been found in women in some studies (Moody et al. 1967;
Preskorn and Mac 1985; Gex-Fabry et al. 1990), but not in others (Ziegler and
Biggs 1977). The finding by Dahl et al. (1996) referred to above that both genetic
polymorphisms and gender play a role in the clearance of drugs metabolized by
CYP 2D6 may explain some of the inconsistencies reported in earlier studies.

Two studies (Gex-Fabry et al. 1990; Mundo et al., in press) have found evi-
dence for sex-related differences in the metabolism of clomipramine, providing
more support for sex differences in the metabolism of this compound compared
with the other TCAs. The metabolism of clomipramine is complicated and in-
volves demethylation and hydroxylation, although it appears that hydroxylation
is less active in women than in men based on dissection of metabolites. This il-
lustrates how difficult it can be to establish sex differences in the metabolism of
a compound if there are multiple metabolic pathways (Nielsen et al. 1994). The
fact that both CYP 2C19 and CYP 2D6 are involved in the metabolism of clomip-
ramine must also be taken into account, since the activity of CYP 2C19 may be
higher in men than women (for example, men clear methyl phenobarbital, a
compound metabolized by CYP 2C19, approximately 1.3 times faster than wom-
en) (Hooper and Qing 1990).

Findings concerning CYP 1A2, which is also involved in the metabolism of
tertiary amines, may also shed light on sex differences in enzymatic activity. Go-
nadal steroids inhibit the activity of CYP 1A2 (Abernathy et al. 1982; Lane et al.
1992; Pollock et al. 1999), which has the potential to lower concentrations of cer-
tain metabolites in women. Similarly, women who use oral contraceptives may
show a lower apparent clearance of medications metabolized by CPY 1A2 com-
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pared with men. Pollock et al. 1999 have reported that even small “replacement
level” dosages of estrogen can influence plasma levels of compounds in this
class.

Studies (Abernathy et al. 1985; Dahl et al. 1996) have found that the clearance
of secondary amines desipramine and nortriptyline is lower in women than in
men; however, these studies did not correct for body weight, which could neu-
tralize sex differences.

4.2.2
SSRIs

Sexual dimorphism has been reported in the metabolism of the selective seroto-
nin reuptake inhibitor (SSRI) sertraline (Warrington 1991; Ronfeld et al. 1997),
with plasma levels of sertraline found to be 27% lower in young men than in
women of all ages and in older men. This finding may be clinically meaningful,
since there appear to be sex differences in treatment response in a number of
trials (see below). However, the failure to find a dose–response relationship be-
tween sertraline levels and therapeutic response suggests that a more complex
mechanism may be involved in sex differences in treatment response. The me-
tabolism of sertraline is not entirely clear, although one computer model sug-
gested that the predominant metabolic path to the formation of desmethylser-
traline is dependent on 2C9 (~23%) with smaller contributions from 3A4 and
2C19 (15% each) (Greenblatt et al. 1999).

4.2.3
Nefazodone

The antidepressant nefazodone, which is putatively metabolized by CYP 3A
(Barbhaiya et al. 1996), blocks the reuptake of serotonin and binds to postsyn-
aptic 5-HT2 receptors. Just as reported for sertraline, elderly women have been
found to have the highest single-dose and steady-state levels of nefazodone and
hydroxynefazodone (Barbhaiya et al. 1996), but there are no significant differ-
ences in plasma levels in young men or women. It is possible that an age-related
decline in CYP 3A activity may be contributing to these age-related differences
in plasma levels of both nefazodone and sertraline.

5
Sex Differences in Antidepressant Treatment Response

5.1
Pharmacodynamics

As discussed earlier in this chapter, revisions to the FDA guidelines recom-
mended that new drug applicants conduct subgroup analyses to identify possi-
ble sex-related differences in drug response. Such analyses led to the finding
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that the 5-HT3 antagonist, alosetron, a compound that had been approved
for the treatment of irritable bowel syndrome, is effective in women but not
in men (Camilleri et al. 1999). (Note that this medication has since been with-
drawn from the market in the United States because of ischemic colitis.) Alos-
etron produces plasma levels in women that are 30%–50% higher than in men
(GlaxoWellcome, product labeling information, September 2000), so that it
seemed that pharmacokinetics alone might account for this difference in treat-
ment response; this is not the case, however, since higher doses were found to
be no more effective in men than lower doses (Camilleri et al. 1999). Rather, a
pharmacodynamic difference may underlie the sex differences in response. One
hypothesis suggests that sex differences in endogenous central nervous system
levels of serotonin are involved (Nishizawa et al. 1997). Such a hypothesis may
be invoked to explain some of the sex-related variability seen with other psycho-
tropic agents. For example, one meta-analysis of all published imipramine trials
(35 studies including 342 men and 711 women) (Hamilton et al. 1995) found a
relatively weaker response to TCAs among women, with 62% of men but only
51% of women (p<0.001) considered imipramine responders.

Other studies suggest that the patient�s sex may modify the likelihood of re-
sponse to a TCA or to an SSRI. A reanalysis of a large pharmaceutical database
of trials comparing paroxetine with imipramine found that paroxetine was more
effective than imipramine in women with MDD (Steiner et al. 1993). A sex-by-
treatment interaction was found in a large study comparing sertraline with
imipramine in the treatment of chronic MDD (n=236 males and 399 females)
(Kornstein et al. 2000); the direction of the effect was the same as reported in
other studies, with women in this study 10% more likely to respond to sertraline
than to the TCA while the men were 12% more likely to respond to the TCA.

We also found a sex-related differential response in a study comparing sertra-
line and imipramine in 266 women and 144 men with dysthymia: 64% of the
women and 42% of the men (p=0.02) treated with the SSRI were responders
(K.A. Yonkers, unpublished data). Fluoxetine is the only SSRI for which the
findings are not consistent with this picture, since studies have found that it
produces a response in men and women at the same rate (Lewis-Hall et al. 1997;
Quitkin et al. 2002).

5.2
Possible Influence of Exogenous Estrogen and Hypoestrogenic States

An intriguing component of the study by Kornstein et al. (2000), mentioned ear-
lier, is the finding that sex differences in imipramine and sertraline disappeared
in the 74 women who were postmenopausal, again raising questions concerning
the unknown role of gonadal steroids in mood disorders (Kornstein et al. 2000).
In a recent mega-analysis (“pooled analysis”) of placebo-controlled antidepres-
sant trials, the efficacy of the newer antidepressant venlafaxine, which putatively
blocks the reuptake of norepinephrine and dopamine in addition to serotonin at
higher dosages, was compared with the SSRIs fluoxetine, paroxetine, and fluvox-
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amine (Entsuah et al. 2001). Outcome was investigated by patient sex and, for
women, menopausal status. Women treated with an SSRI who were postmeno-
pausal and were not undergoing estrogen replacement therapy had a lower re-
sponse rate than women treated with an SSRI who were concurrently taking
hormone replacement. The rate of response for postmenopausal women treated
with venlafaxine was the same whether or not hormone replacement therapy
was used, suggesting a specific interaction between SSRIs and the estrogenic mi-
lieu. Post-hoc analyses of other study databases have found similar findings of
enhanced response to SSRIs among postmenopausal women undergoing estro-
gen replacement therapy (Schneider et al. 1997, 2001). It may be that, when
present, estrogen changes blood levels, metabolism, or receptor characteristics
in a way that improves the efficacy of selective antidepressant agents in these
women.

There is some support for the preceding pharmacodynamic explanation and
the possibility that the bioactivity at neurotransmitter receptors is altered by
the hormonal milieu. One group has found greater cognitive impairment in
women administered triazolam in conjunction with progesterone than in wom-
en are administered triazolam alone, despite the fact that the addition of proges-
terone does not change plasma levels of triazolam appreciably (Kroboth et al.
1985; McAuley et al. 1995; Kroboth and McAuley 1997). The sex differences in
treatment response to alosetron mentioned above may also fit into such a para-
digm: endogenous gonadal steroids may alter the biochemical factors necessary
for response.

6
Influence of Gender on the Adverse-Event Profile of Antidepressants

We have suggested the need for further investigation into the relationship be-
tween plasma levels of medication and sex differences in response. Sex differ-
ences in plasma levels may also lead to variability in the likelihood of side ef-
fects in men and women. For example, in one study that compared the efficacy
of sertraline and imipramine in the treatment of chronic MDD, women were
found to discontinue treatment at a significantly higher rate; unfortunately, data
on plasma levels were not obtained in this study, so that correlations with plas-
ma levels could not be investigated (Kornstein et al. 2000). In another study
women had higher plasma levels than men of the cholinesterase inhibitor, ta-
crine, and the incidence of adverse events was strongly correlated with plasma
levels (Ford et al. 1993). Other investigations have found that adverse events oc-
cur more often in women in association with a wider range of prescribed medi-
cations. Female inpatients may be more likely than male inpatients to have ad-
verse drug reactions, especially reactions that are dose related (Domencq et al.
1980; Simpson et al. 1987).
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7
Summary

It is clear from the provocative findings presented in this chapter that many
questions remain to be answered regarding sex differences in response to anti-
depressant treatment. To address these questions, researchers need to give in-
creased attention to the effects of sex, reproductive status, and the menstrual cy-
cle in the treatment of depression. It is important that both men and women be
included in early pharmacokinetic trials; as part of this effort, larger samples
and new study designs will be needed. Researchers will need to consider ade-
quate subgroup sizes and will need to incorporate physiological factors unique
to women (e.g., reproductive status, phase of the menstrual cycle) into the pa-
rameters being studied. It is also essential that the information obtained from
such trials be made widely available, rather than being buried in new drug ap-
plication files. Such efforts will promote optimal treatment for depression in
both women and men.
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Abstract Depression in the elderly is a major public health problem associated
with increased morbidity, mortality, functional impairment, and a diminished
quality of life. Unfortunately, late-life depression often goes unrecognized and
untreated. Healthy, ambulatory elderly patients can often be treated in the same
way as younger patients, whereas frail elderly patients (usually the “old” old) of-
ten need to be approached more conservatively, with special attention to physi-
cal status and concomitant illnesses. Clinicians should also consider the pa-
tient�s environment (e.g., whether living at home or in a nursing home). Elderly
patients may underreport psychological symptoms and overreport somatic
symptoms (e.g., pain); collateral histories from families, friends, or professional
caregivers are invaluable aids in diagnosis. Secondary depressions are also com-
mon in the elderly, since numerous medical disorders, medications, and life
stresses can lead to depressive syndromes. Before initiating antidepressant treat-
ment, clinicians should screen for and treat any concurrent medical condi-
tion(s), provide psychological support for the patient, identify and provide as-
sistance with social or economic difficulties, and involve the patient�s family or
support network. Social and psychological supportive approaches should
preferably precede pharmacologic management in mild or stable cases. Some el-
derly patients respond well to traditional or time-limited psychotherapies, cog-
nitive-behavioral interventions, or spiritual support in individual or group set-
tings. The ideal antidepressant agent for elderly patients should not cause or-
thostasis or cardiotoxicity and should cause little sedation or impairment of
physical and cognitive abilities. Although data are inconsistent as to whether el-
derly patients are more likely to develop side effects than younger patients, the
aged often do not tolerate side effects as well. Clinicians should take into ac-
count the heterogeneity of the elderly population in pharmacokinetic and phar-
macodynamic parameters and practice individualized titration of all medica-
tions coupled with therapeutic drug monitoring. In general, the rule of “start
low, go slow” applies, except when rapid symptom relief is of paramount impor-
tance. The SSRIs are important agents for the treatment of depression in the el-
derly, given their tolerability, wide therapeutic index and efficacy. The tricyclic
antidepressants are efficacious in treating depression in the elderly. The second-
ary amines (e.g., desipramine, nortriptyline) are preferred over the tertiary
amines (e.g., amitriptyline and imipramine) because they cause fewer serious
side effects. Therapeutic drug monitoring is recommended in using TCAs in
older patients, and clinicians should be alert for the risk of drug–drug interac-
tions since many older patients are taking multiple medications. A number of
other antidepressants have been shown to be effective and well tolerated in el-
derly depressed patients, including reboxetine, venlafaxine, and bupropion. In
treating more severe depressive illness consideration should be given to ECT or
prescribing a TCA or venlafaxine because of possibly increased response rates
with these agents. Elderly patients who do not respond adequately to antide-
pressant monotherapy should be considered for antidepressant combinations
or augmentation with lithium, thyroid, or hormone replacement (in peri-
menopausal depression). The appropriate duration of maintenance antidepres-
sant medication will depend on the patient�s history of depressive episodes.
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1
Introduction

The number of aging and aged individuals is rapidly increasing in many parts
of the world. In the United States alone, the number of persons 65 years of age
and older will likely double in the next 35 years. They will then comprise more
than 20% of the U.S. population (Blazer 1989a; Drevets 1994). As the number of
elderly grows, issues related to their health care will assume increasing impor-
tance. An area of primary concern in this population will be the prompt identi-
fication and treatment of psychiatric disorders, which many studies have shown
are relatively common in old age (Blazer et al. 1987; Blazer 1989b; Cohen 1990;
Skoog 1993).

Depression in the elderly is a major public health problem. It is associated
with increased morbidity, mortality, and functional impairment, as well as a di-
minished quality of life (Evans 1993; Katy et al. 1994). An estimated 1%–2% of
community-dwelling elderly experience major depression and 9%–15% have
subsyndromal depression (Blazer 1989b; NIH Consensus Development Panel
1992; Reynolds 1994). In contrast, the prevalence of major depression is as high
as 20% among those confined to long-term or acute care facilities (Blazer
1989b). Unfortunately, this late-life depression often goes unrecognized and un-
treated.

The epidemiologic data outlined above point to the diversity of the elderly
population, which is an issue that complicates treatment recommendations. El-
derly individuals dwelling in the community appear to be substantially different
from those who are institutionalized. Furthermore, the aging population dis-
plays great heterogeneity in terms of both pharmacokinetic and pharmacody-
namic parameters (Ahronheim 1993). Thus, an individualized approach to both
diagnosis and treatment is necessary, particularly in the “old” old (age >85) or
in those with concurrent physical illness.

2
Diagnostic Considerations

According to the Diagnostic and Statistical Manual of Mental Disorders, 4th edi-
tion (DSM-IV) (American Psychiatric Association 1994), the diagnostic criteria
for major depressive disorder includes depressed mood, anhedonia, weight loss
or gain, insomnia or hypersomnia, psychomotor agitation or retardation, fa-
tigue, feelings of worthlessness or guilt, impaired concentration, and recurrent
thoughts of death or suicide. Five of these symptoms, one of which must be
either depressed mood or anhedonia, are required to make the diagnosis. How-
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ever, many depressed persons among the elderly exhibit symptoms that are in-
congruent with current diagnostic categories or coexist with physical illness
(Kennedy 1995). Because both patients and clinicians are often more concerned
about medical problems, depressive symptoms may be overlooked. As a group,
elderly patients may underreport psychological symptoms and focus instead on
somatic concerns such as pain. The tendency to underreport psychological
symptoms may be further aggravated by age and cognitive decline.

It is important for the clinician to consider other information in addition to
patient-reported symptoms when evaluating older persons for depression. Col-
lateral histories from families, friends, or professional caregivers are invaluable.
Other people may notice social withdrawal, lack of interest in normal activities,
and changes in neurovegetative functioning before they are reported by the pa-
tient. Decrements in functional capacity and increasing dependence on others
for help with routine activities of daily life should also be investigated, since
these problems may be associated with depressive illness. The affect elicited in
the interview is also important, particularly when working with patients who
exhibit impaired verbal communication.

The diagnosis of depression in the elderly must sometimes be made nearly
exclusively on the basis of reports from significant others. This is especially true
for patients with concomitant dementia or other conditions that impair commu-
nication. Such patients may not respond intelligibly or appropriately to ques-
tions concerning their mood. Nevertheless, those familiar with the patient may
be able to attest to crying spells, decreased interest in food, difficulty sleeping,
and excessive complaints of pain. In severe cases of dementia, the main symp-
toms may be spells of crying out accompanied by an anguished expression. It
can be very helpful in such cases to ask available historians to describe how the
patient�s behavior may have changed over time.

One may occasionally encounter a situation in which the patient�s depression
is misinterpreted as an understandable reaction to aging or loss. In such a cir-
cumstance, the biggest impediment to treatment may be such a misunderstanding
on the part of family, caretakers, or even the consulting physician. In this situa-
tion, it can be helpful to first acknowledge the reality of the patient�s stresses, but
then to draw a parallel with other medical conditions. For example, postoperative
pain is “understandable” but this does not imply that it should not be treated; in
the same way, even though the clinical syndrome of depression may be an “under-
standable” complication of loss or stress, it should nevertheless be treated to pre-
vent unnecessary suffering, impairment of functioning, and even suicide.

Secondary depressions are common in the aging population, since numerous
medical disorders and medications can lead to depressive syndromes. Common
medical etiologies include endocrinopathies (e.g., thyroid disorders, Cushing�s
disease, diabetes mellitus), cardiovascular disease, collagen-vascular diseases
(e.g., rheumatoid arthritis, systemic lupus erythematosus), malignancies, nutri-
tional disorders, hepatic and renal failure, and a plethora of neurological disor-
ders, including Parkinson�s disease and cerebrovascular accidents (Koenig 1991;
Mendels 1993; Raskind 1993).
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Medication causes depressive signs and symptoms more frequently than a
full depressive syndrome (Raskind 1993; Dhondt 1995). Antihypertensive drugs
(e.g., reserpine, b-blockers, clonidine), steroids, diuretics, and digitalis have all
been reported to cause depression (Mendels 1993; Raskind 1993). Among psy-
chotropic drugs, the benzodiazepine sedative-hypnotics may cause lethargy and
loss of interest as well as other depressive symptoms. Alcohol and other nonpre-
scription drugs may also be a precipitant for depressive symptoms; unfortunate-
ly, the use of multiple prescription and nonprescription drugs is common
among elderly individuals in the community and is even higher in acute- and
long-term care facilities (Koenig 1991; Turner et al. 1992).

A reasonable first step in the treatment of secondary depressive syndromes is
to correct the underlying medical problem(s) or discontinue the medication(s)
responsible for the symptoms. However, if the problem is not correctable or if
depressive symptoms continue despite these interventions, treatment for the de-
pression should be initiated.

3
Management of Geriatric Depression

It is helpful at this point to distinguish at least two subgroups of the elderly: the
“young” old and the “old” old. The latter group is often defined as those over
age 85. The important distinction, however, is not so much age as functional ca-
pacity and general health. Healthy, ambulatory elderly patients may often be
treated in the same fashion as their younger counterparts. The frail, usually
“old” old, often need to be approached more conservatively, with special atten-
tion to their physical status and concomitant illnesses.

It is also helpful to consider the patient�s setting. Patients who live at home
with a reliable spouse or other companion are more likely to be able to comply
with a complicated medication regimen, if required, and to watch for and report
side effects. Nursing homes can vary considerably in the quality of their staff
and in ability to monitor patients. The clinician should try to become familiar
with local nursing homes in order to tailor the patient�s treatment to his or her
surroundings. This may mean choosing medication that requires fewer doses
per day or that minimizes the risk of side effects, the management of which
(e.g., urinary retention) may be especially problematic for the staff. Disruptive
patients in a nursing home sometimes face transfer to a more restrictive facility
if their symptoms cannot be rapidly treated. With such a patient, the induction
of regular sleep patterns may be a high initial priority.

Koenig suggested a five-pronged approach to the management of depressive
disorders in the medically ill elderly (Koenig 1991). These steps provide a useful
guide for any aging patient.

1. Diagnosis and treatment of any concurrent medical condition(s)
2. Psychological support of the patient
3. Identification and assistance with social or economic difficulties
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4. Involvement of the patient�s family or support network
5. Consideration of biological therapies, particularly drug therapy, for depres-

sion

Ideally, the first four factors will be addressed prior to antidepressant treat-
ment. Failure to do so may directly affect compliance, treatment efficacy, and
ultimately outcome.

In addition to treating known medical conditions, one should screen for oth-
er conditions that may be present but unrecognized. The typical work-up
should include a full history and physical examination, serum chemistries, com-
plete blood count, urinalysis, urine drug screen, thyroid function tests, syphilis
serology, serum B-12 and RBC folate levels, chest X-ray, and electrocardiogram.
HIV testing should be obtained if there are any risk factors. Neuroimaging,
EEG, and/or lumbar puncture may be necessary to rule out some medical eti-
ologies for depression. A complete list of all prescription and nonprescription
medications should be obtained from the patient and a collateral historian. Any
change in prescription or over-the-counter medicines, especially narcotic anal-
gesics, sedatives, or cardiovascular agents, that coincided with the onset of de-
pression should be suspect.

Often the patient is referred to the psychiatrist by his or her primary physi-
cian after a physical evaluation has taken place. Which examinations to request
and/or repeat may then pose a problem. In general, if the patient has no person-
al or family history of affective illness, and if the patient�s change in mental sta-
tus has been relatively acute, the clinician should be especially concerned with
ruling out a treatable medical illness. If the patient has a condition that predis-
poses him or her to certain illnesses, these should be at the top of the list. Ex-
amples would be chronic obstructive pulmonary disease complicated by pneu-
monia and hypertension leading to stroke or renal failure. Occasionally an or-
ganic cause for the depression is found, such as a stroke, but antidepressant
medication will still be part of the treatment. It is important to realize that an-
tidepressants, in general, may help depressive symptoms regardless of etiology.

Social and psychological supportive approaches should preferably precede
pharmacologic management in mild or stable cases. Some elderly patients will
respond quite well to traditional or time-limited psychotherapies, cognitive-be-
havioral interventions, or spiritual support in either individual or group set-
tings. If these interventions are inappropriate or ineffective and an antidepres-
sant trial is indicated, involvement of the family or other caregivers prior to
pharmacological treatment is extremely helpful. The patient and family should
be educated about depression and about the proposed treatment, including its
potential duration, risks versus benefits, and common side effects, as well as
economic considerations. In most situations, discussing potential problems be-
fore they occur is preferable to taking a “wait and see” attitude.
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4
Antidepressants

It is generally accepted that all of the medications approved for the treatment of
depression are approximately equally effective in adults (Reynolds 1992; Evans
1993; Mendels 1993). Geriatric patients have been less thoroughly studied, but
the principle of equivalence seems to apply. Therefore, the choice of an antide-
pressant agent is typically based on its pharmacologic profile, including onset of
action, ease of administration, safety, and common side effects (Alexopoulos et
al. 2001).

Although the data are inconsistent as to whether elderly patients are more
likely to develop side effects than their younger counterparts, the aged often do
not tolerate side effects as well (Reynolds 1994). The ideal agent should not
cause orthostasis or cardiotoxicity and should cause little sedation or impair-
ment of physical and cognitive abilities. There is little information about patient
factors that predict response to certain drugs. Previous response to an agent or
a biologic relative�s response is a consideration. Evidence suggests that response
depends on adequate dosage, length of treatment, and blood levels of medica-
tion (NIH Consensus Development Panel 1992; Perrel 1994; Reynolds et al.
1994). However, clinicians should be acutely aware of the heterogeneity of the
elderly population and practice individual titration of all medications coupled
with therapeutic drug monitoring (see Burke and Preskorn, this volume). Stan-
dardized dosing guidelines merely that—guidelines. In general, the rule of
“start low, go slow” applies. This may be tempered, however, by situations in
which rapid symptom relief is of paramount importance.

4.1
Tricyclic Antidepressants

The tricyclic antidepressant agents (TCAs) were the cornerstone of the pharma-
cologic management of depression for decades beginning in the 1960s. Their ef-
ficacy has been well established in treating depressive episodes in the elderly.
For example, a literature review of double-blind, controlled TCA trials in pa-
tients 55 years of age and older published between 1964 and 1986 showed that,
in all but one case, the TCA was superior to placebo (Gerson et al. 1988).

Overall, the bioavailability of all the TCAs is low to moderate. They are highly
lipophilic and thus have a large apparent volume of distribution. They are also
highly bound to plasma proteins and metabolized via several steps in the liver
to facilitate renal elimination. Obviously, the increased body fat, decreased total
body water, and decreased glomerular filtration rate which commonly occur
with aging may affect the pharmacokinetics of these drugs (Benetello et al.
1990; Furlanut and Benetello 1990; Turner et al. 1992). Although the TCAs them-
selves have little effect on the pharmacokinetics of other drugs, the action of
many other medications may affect the metabolism of TCAs. Drugs that induce
certain P450 hepatic isoenzymes (carbamazepine, phenobarbital) may speed the
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clearance of TCAs, thereby reducing plasma levels (see Preskorn and Catterson,
this volume). On the other hand, enzyme-inhibiting medications (e.g., cimeti-
dine, chlorpromazine, fluoxetine, paroxetine) slow TCA metabolism and may
increase plasma concentrations, occasionally to seriously toxic levels (Preskorn
1993). This is an important consideration because many elderly individuals are
taking numerous medications. Monitoring serum drug levels may be particular-
ly useful in the elderly given the number of variables affecting the pharmacoki-
netics of these drugs and their narrow therapeutic index. A potential caveat is
the paucity of reliable information on optimal effective serum concentrations in
the elderly (Maletta et al. 1991). Determination of drug levels may be best ap-
plied to rule out unusually low levels (suggesting poor compliance or unusual
metabolism) or high levels.

What strategies can clinicians use to minimize the side effects of these drugs
and maximize their effectiveness in the older individual?

4.1.1
Utilize Secondary Amines (e.g., Desipramine, Nortriptyline) When Possible

The antidepressant effects of the TCAs are thought to result from their ability to
block the reuptake of norepinephrine and/or serotonin by presynaptic terminals
(Bressler and Katz 1993). However, they exhibit a number of other pharmacody-
namic actions, including inhibition of the a-1 adrenergic receptors, which can
cause orthostatic hypotension and reflex tachycardia; inhibition of the musca-
rinic (M)-1 cholinergic receptor, which can cause dry mouth, constipation, uri-
nary retention, blurred vision, and cognitive dysfunction including delirium
(Katz et al. 1988); and inhibition of the H1 histamine receptor, which can cause
sedation and weight gain (Nemeroff 1994; Stein et al. 1985). Furthermore, the
quinidine-like effects of the TCAs, particularly the hydroxy metabolites, on the
heart may result in dangerous or even fatal intraventricular conduction delays.
These pharmacodynamic actions are all particularly problematic in the elderly,
because their sensitivity to side effects may be exaggerated (Reynolds 1994). In
general, the tertiary amines (including amitriptyline, clomipramine, doxepin,
and imipramine) cause more of these side effects than the secondary amines
(including desipramine, nortriptyline), so that the secondary amines are often a
better choice in older patients.

Nortriptyline has proven efficacy in this population and may cause less or-
thostatic hypotension than the others (Roose and Glassman 1989; Katz et al.
1990). Nortriptyline may also be better tolerated than desipramine (Lazarus et
al. 1991). This is beneficial considering that the consequences of a fall due to
lowered blood pressure may be devastating (e.g., hip fracture, subdural hemato-
ma). Starting doses of nortriptyline or desipramine should be 10–25 mg/day,
given either at night or in divided doses to minimize side effects. Doses should
be increased gradually, with routine checking for changes in heart rate and
blood pressure as well as other side effects, keeping in mind the need for indi-
vidual titration
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4.1.2
Monitor Plasma Drug Levels

Monitoring plasma levels is especially important in individuals taking medica-
tions that may accelerate or slow TCA metabolism. Trough levels should be ob-
tained 10–14 h after the last dose and clinicians should also include an assay for
any active metabolites.

4.1.3
Minimize the Use of Other Medications

Clinicians should especially avoid agents with anticholinergic, antihistaminic,
or sedative properties. They should also minimize the use of drugs that may
themselves induce depression or affect TCA metabolism.

4.1.4
Educate and Monitor for Side Effects

Clinicians should teach the patient and family the means of coping with or min-
imizing side effects, such as monitoring food intake and increasing exercise to
avoid weight gain, sitting up for a few moments before arising from a reclining
position to decrease the risk of orthostatic-induced falls, and using sugarless
gum or hard candy to relieve dry mouth. It is essential to monitor heart rate
and blood pressure during therapy. ECGs are essential in patients with pre-exist-
ing cardiac disease or those who become symptomatic while being treated with
a TCA.

4.1.5
Start Medications for Side Effects If Other Measures Fail

Medications for side effects may include stool softeners or laxatives for consti-
pation or cholinergic agonists (such as bethanechol 10–25 mg two to four
times/day) to decrease anticholinergic side effects.

4.2
Selective Serotonin Reuptake Inhibitors

The selective serotonin reuptake inhibitors (SSRIs) include citalopram, fluoxe-
tine, fluvoxamine, paroxetine, and sertraline. They have achieved considerable
importance in the treatment of depression in the elderly in recent years due to
their efficacy, tolerability, and wide therapeutic index. All of these agents inhibit
the uptake of serotonin into presynaptic terminals, thus enhancing serotonergic
neurotransmission. Unlike the TCAs, the SSRIs have highly focused pharmaco-
dynamic effects. They exhibit low or no affinity for adrenergic, histaminergic,
and cholinergic receptors and have not been associated with significant alter-
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ations in cardiac conduction (Preskorn 1993). All five of these agents have dem-
onstrated efficacy in the elderly (Cohn et al. 1990; Kellett 1991; Dunner et al.
1992; Nyth et al. 1992; Geretsegger et al. 1994). Most studies suggest that the
SSRIs have similar or better efficacy and tolerability in the treatment of depres-
sion compared with the TCAs (Cohn et al. 1990; Hutchinson et al. 1991; Dunner
et al. 1992). However, one study suggests that fluoxetine may be less effective
than nortriptyline (Roose et al. 1994) in treating hospitalized elderly patients
with unipolar major affective disorder, especially the melancholic subtype.

The side effects typically encountered with the SSRIs are the result of seroto-
nin agonism. They include insomnia, anxiety, restlessness, tremor, and gastroin-
testinal disturbances, especially nausea, vomiting, and diarrhea. The main late-
emergent adverse effects of SSRIs involve sexual dysfunction, including de-
creased libido, impotence, delayed ejaculation, and anorgasmia (Preskorn
1994). Unfortunately, many practitioners fail to assess for sexual dysfunction,
particularly in the elderly. Doing so is important since sexual side effects in-
crease the risk of noncompliance with these generally well-tolerated agents.
Management of these side effects is discussed in “Selective Serotonin Reuptake
Inhibitors” (Preskorn et al., this volume).

In general, the efficacy and side effect profiles of the SSRIs are similar. All
have a wide therapeutic index, generally flat dose–response curves, safety in
overdose, and no requirements for routine plasma level monitoring.

4.2.1
Fluoxetine

The extent of gastrointestinal (GI) absorption of fluoxetine has been estimated
at 80%. Absorption is slowed with food, but the extent of absorption does not
appear to be affected (Finley 1994). Protein binding is quite high (>95% ;van
Harten 1993), and concomitant use of other highly protein-bound drugs may
cause shifts in plasma concentrations of both medications. Like the other SSRIs,
fluoxetine is highly lipophilic. It has a significantly longer elimination half-life
(1–4 days) than the other drugs in this class, and its active metabolite norfluox-
etine has a half-life of 7–15 days (Preskorn 1994). These features have allowed
the development of a once-weekly preparation of fluoxetine. Fluoxetine�s long
half-life may be of great benefit in noncompliant patients. The maximum plas-
ma concentration of fluoxetine is on average higher in the elderly, supporting
reduced dosages (Preskorn and Jerkovich 1990).

All the SSRIs are eliminated via hepatic metabolism and all competitively in-
hibit the cytochrome P450 2D6 hepatic isoenzyme. Paroxetine, norfluoxetine,
and fluoxetine are the most potent inhibitors (Flint 1994). This is relevant be-
cause of potential interactions with other drugs metabolized via this system, in-
cluding the TCAs, phenothiazines, and type IC antiarrhythmics. Fluoxetine may
a cause two- to tenfold increase in plasma TCA levels (Preskorn and Burke
1992). Other drugs that induce the P450 enzymes (e.g., phenobarbital, phenyto-
in) shorten the half-lives of the SSRIs. Drugs that inhibit these enzymes (e.g.,
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cimetidine) increase plasma concentrations of the SSRIs. Once again, drug in-
teractions like these are of major concern in the elderly due to their increased
rates of medication usage.

The side-effect profile of fluoxetine is similar to that of the other SSRls. In
addition, it may have a greater propensity to cause anorexia and weight loss. A
higher incidence of gastrointestinal side effects, agitation, and insomnia but less
somnolence have been reported with fluoxetine and sertraline compared with
the other SSRIs (Grimsley and Jann 1992). Initial reports of increased suicidality
related to fluoxetine have been discounted (Fava and Rosenbaum 1991).

In older patients, dosing should be at 5–10 mg/day or 20 mg every other day.
Although most studies have used doses of 20 mg/day, equal effects on average
have been found at daily doses of 5, 20, and 40 mg (Wernicke et al. 1988). It is
advisable to treat with the lowest effective dose in order to minimize side effects.
Liquid preparations are also available for fluoxetine, paroxetine, and citalopram.
Use of a liquid preparation allows even lower starting doses, which can be im-
portant in a frail elderly person, or when there is concomitant panic anxiety,
which is sometimes aggravated initially if therapy is started with an average
dose of an SSRI.

4.2.2
Fluvoxamine

Fluvoxamine is well absorbed from the gastrointestinal tract and has a relatively
low percentage of protein binding (77%; van Harten 1993). However, it has been
shown to increase plasma levels of warfarin by 65%. Its pharmacokinetic dispo-
sition does not appear to be affected by the aging process (Devries et al. 1992;
Finley 1994). Fluvoxamine has a relatively short half-life (16 h) and has no ac-
tive metabolites (Bressler and Katz 1993). It is the only SSRI that causes substan-
tial inhibition of the P450 1A2 isoenzyme (Preskorn 1994). Fluvoxamine com-
monly causes nausea (Grimsley and Jann 1992) and may cause more sedation
than other SSRIs. Triazolam should be used with caution with fluvoxamine since
they share the P450 3A4 metabolic isoenzyme.

Fluvoxamine has been found to be as effective as the TCAs desipramine and
dothiepin in elderly patients with depression (Mullin et al. 1988; Rahman et al.
1991). Fluvoxamine is as well tolerated as dothiepin and better tolerated than
desipramine (Rahman et al. 1991; Tourigny-Rivard 1997). Dosing of fluvoxam-
ine in the elderly should begin at 25–50 mg/day. This is usually given at bedtime
to take advantage of the drug�s sedating side effects.

4.2.3
Paroxetine

Paroxetine, like fluoxetine and sertraline, is highly protein bound. It is also
highly lipophilic. Like fluvoxamine, it has been reported to cause shifts in plas-
ma concentrations of other highly protein-bound drugs, like warfarin. It has a
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short elimination half-life of around 24 h (Finley 1994) and no active metabo-
lites. It is metabolized by the P450 2D6 isoenzyme and has the highest isoen-
zyme affinity in this class (Finley 1994). Compared with the other SSRIs, parox-
etine�s pharmacokinetics are apparently the most dramatically affected by the
aging process, with clearance values around 70% lower compared with younger
controls (Bayer et al. 1989). Somnolence is a more common side effect with
paroxetine than with fluoxetine or sertraline (Grimsley and Jann 1992), but the
lower incidence of diarrhea is lower (Finley 1994).

Paroxetine has been tested extensively in the elderly. One study found it su-
perior to fluoxetine beginning in the third week of treatment, indicating possi-
ble early effects (Geretsegger et al. 1994). Paroxetine was compared to fluoxetine
in another controlled trial of elderly patients (n=106). Both drugs produced
equivalent improvement in depression, but there was a significantly higher pro-
portion of responders to paroxetine (Schone and Ludwig 1993). Initial dosing of
paroxetine in the elderly should be 10 mg/day. The maximum recommended
dose is 40 mg/day, although most patients will respond at a lower dose.

4.2.4
Sertraline

Sertraline is also highly protein bound (>95%) and lipophilic (Finley 1994). It
has an elimination half-life of approximately 26 h and has a weakly active me-
tabolite with a half-life of 66 h. Advantages of sertraline in the elderly include
its lower inhibition of the P450 2D6 isoenzyme and its linear pharmacokinetics
in both young and elderly individuals (Preskorn 1994), reducing the potential
for drug interactions.

Arranz and colleagues studied a large sample (n=1,437) of depressed elderly
(mean age 68 years) patients treated with sertraline in routine clinical practice.
Seventy percent of these patients responded to treatment, which was defined as
a Montgomery-Asberg depression scale score less than or equal to 50% of base-
line. The presence of concurrent medications and/or concomitant pathologic
conditions did not affect this outcome (Arranz and Ros 1997)

Sertraline should be started at a dose of 25–50 mg/day in the elderly patient.
The dose may be increased gradually to 200 mg/day if necessary. Increasing the
dose too rapidly may increase side effects without hastening response (Preskorn
and Lane 1995).

4.2.5
Citalopram

Citalopram has a half-life of about 36 h and undergoes minimal first-pass me-
tabolism in man. It undergoes metabolism through the cytochrome P450 2C
family of isoenzymes (Nemeroff et al. 1996). The metabolites of citalopram have
the same specificity for serotonin as citalopram, but are significantly less potent,
enter the brain less readily, and are present in lower concentrations. Therefore

404 S. Glover · W. F. Boyer



the therapeutic effect of citalopram is essentially due to the parent compound
itself. A prolonged half-life and reduced metabolism have been noted in elderly
patients receiving citalopram, and a lower dose is therefore recommended in
this population (Fredericson-Overo et al. 1985; Leinonen et al. 1996).

A total of 149 patients in seven Scandinavian centers entered a 6-week dou-
ble-blind trial intended to assess the antidepressant effect and safety of citalo-
pram versus placebo in depressed elderly patients (65 years of age or older)
who might also suffer from somatic disorders and/or senile dementia. Citalo-
pram was associated with significantly more improvement than placebo on both
depression and dementia ratings (Nyth et al. 1992).

A randomized, double-blind study compared the efficacy and tolerability of
citalopram and mianserin in 336 elderly, depressed patients with or without
dementia. Patients received either citalopram 20–40 mg/day or mianserin 30–
60 mg/day for 12 weeks. Patients in both treatment groups responded equally
well and had a relatively low incidence of adverse events (Karlsson et al. 2000).

4.3
Selective Norepinephrine Uptake Inhibitors

Reboxetine is the first non-tricyclic selective norepinephrine reuptake inhibitor
(SNRI). Reboxetine has been studied in large acute and long-term studies of
elderly depressed patients. It was compared to imipramine in a double-blind
8-week study of 347 depressed patients over the age of 65. The reduction in the
Hamilton Rating Scale for Depression (HAM-D) (Hamilton 1960) score was
comparable between the treatment groups. There were significantly fewer seri-
ous adverse events in the group treated with reboxetine (Katona et al. 1999).

The long-term study was a 52-week open-label investigation of reboxetine in
160 patients age 65 or older with major depression or dysthymic disorder. Of
the patients, 139 completed the 6-week run-in period and entered the long-term
phase. The mean HAM-D total score showed a reduction from 24.0 at baseline
to 10.4 at week 6. The study was completed by 104 patients. Of the original co-
hort, 25 discontinued treatment due to adverse events. The proportion of pa-
tients with clinicians� global impression (CGI)–global improvement ratings of
“much” and “very much” improved increased from 15.1% at week 2 to 88.7% at
week 6 and to 95.2% at week 52 (Aguglia 2000).

4.4
Monoamine Oxidase Inhibitors

Since monoamine oxidase (MAO) levels increase with age (Robinson et al.
1971), medications that inhibit MAO might theoretically be particularly helpful
in treating older, depressed individuals (Georgotas et al. 1981). However, this
class of medications has been infrequently used in the elderly because of clini-
cians� concerns about safety and the troublesome dietary and drug restrictions
required with the older, irreversible agents (e.g., isocarboxazid, phenelzine, and
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tranylcypromine). The advent of reversible MAOIs (e.g., moclobemide, bro-
faromine, toloxatone, and cimoxatone) may make safe, effective treatment in
the elderly less problematic.

The MAOls presumably exert their antidepressant effects as a result of in-
creasing effective synaptic concentrations of dopamine, norepinephrine, and se-
rotonin by blocking the oxidative enzymes that degrade these monoamines. The
irreversible agents mentioned above have all been proven effective in the treat-
ment of depression—particularly “atypical” depression associated with in-
creased appetite, weight gain, hypersomnia, arid anxiety. Several studies have
shown that the MAOls are effective agents in treating depression in the elderly
(Robinson 1979; Georgotas et al. 1983; Lazarus et al. 1986). Georgotas and col-
leagues maintained elderly depressed patients on either phenelzine (n=13) or
nortriptyline (n=15) following successful initial treatment. Patients on phenel-
zine were significantly less likely to have a recurrence (13.3%) than those on
nortriptyline (6.3%; Georgotas and McCue 1989).

These drugs, however, have a number of side effects that may make them un-
suitable as first-line treatment in older patients. These include hypotension, se-
dation, agitation, insomnia, weight gain, peripheral neuropathy, exacerbation of
cognitive dysfunction, sexual dysfunction, and hypertensive crisis (Salzman
1992). Hypertensive crises occur when MAOIs interact with stimulant drugs or
foods containing pressor amines, primarily tyramine. This necessitates dietary
restrictions and limiting the use of certain other drugs, including many over-
the-counter cold preparations. Furthermore, use of an irreversible MAOI within
2 weeks of another antidepressant (or 5 weeks for fluoxetine) may precipitate
the serotonin syndrome.

Moclobemide and other reversible inhibitors of MAO-A (RIMAs) may pro-
vide a safe, effective alternative to the use of irreversible MAOIs in the elderly.
Moclobemide has been proven as effective as other antidepressants in older pa-
tients and is better tolerated than some TCAs (Nair et al. 1995). There is little
tyramine pressor effect with diets containing less than 100 mg of tyramine daily,
thus necessitating few dietary restrictions (Norman et al. 1992). Its side-effect
profile also compares favorably with the older MAOls, as it reportedly does not
cause orthostatic hypotension, weight gain, or sexual dysfunction. Moclobemide
may, however, cause insomnia, headache, nausea, and constipation (Flint 1994;
Nair et al. 1995). Usual maintenance doses in the elderly are 300–600 mg/day.

Selegiline is a selective inhibitor of MAO-B at doses less than or equal to
10–20 mg/day (Simpson and De Leon 1989; Sunderland et al. 1994). At these
lower doses, it is used to treat Parkinson�s disease. At higher doses, it appears to
lack MAO-B specificity (i.e., it inhibits both MAO-A and MAO-B) and at 60 mg/
day has been found to be effective in treatment-resistant depression in elderly
patients (Sunderland et al. 1994). However, as it requires dietary and drug re-
strictions in this dosing range, it appears to offer few benefits compared to the
irreversible, nonselective agents.
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4.5
Venlafaxine

Venlafaxine is an antidepressant with a unique chemical structure that inhibits
the reuptake of both serotonin and norepinephrine. It has no clinically signifi-
cant anticholinergic, b-adrenergic, or histaminergic effects. Both venlafaxine
and its active metabolite have short half-lives (5 h and 11 h, respectively) and
low protein binding (Feighner 1994). Furthermore, venlafaxine has low toxicity
compared with the older TCAs and MAOIs as well as a low potential for interac-
tion with other drugs. All these features make venlafaxine a particularly good
antidepressant choice for elderly individuals.

Venlafaxine has proven efficacy in treating older patients (Feighner 1994). It
has also produced a more rapid resolution of symptoms than some other an-
tidepressants (Guelfi et al. 1992). This may be particularly useful given the lon-
ger antidepressant response latency often observed in the elderly. It may also
be useful in treatment-resistant depression (Nierenberg et al. 1994; Tsolaki et
al. 2000). No dosage adjustment has been recommended based on age alone
(Magni 1993). However, when the patient has a concurrent physical illness or
when used with other medications, venlafaxine should be started at a lower dose
of 12.5–25 mg twice daily. Increasing the dose gradually helps minimize side ef-
fects, which may be particularly problematic in older persons. The recently
marketed sustained release preparation is generally better tolerated and may be
dosed once daily.

4.6
Bupropion

Bupropion is a unique antidepressant that has dopaminergic properties. It has
no appreciable effect on serotonin, norepinephrine, or MAO activity. It has been
found efficacious in the treatment of elderly, depressed patients (Kirsky and
Stern 1984) and has several properties that make it an attractive agent for use in
this population. It has no sedative, anticholinergic, or orthostatic hypotensive
side effects. It has no known effects on the metabolism of other drugs (Preskorn
1994).

Bupropion has been associated with side effects due to both increased and
decreased dopaminergic activity in different individuals. These have included
worsening psychosis and parkinsonian symptoms (Koenig 1991; Ames et al.
1992; Strouse et al. 1993). This should be considered before administration to
patients with Parkinson�s disease, striatal disease, or psychotic symptoms. The
concern about bupropion and seizures stems from a study of 55 female patients
with bulimia (Horne et al. 1988). Four of these patients (7.3%) experienced a
grand mal seizure. This was, as the authors note, “a frequency of seizures much
higher than observed in previous studies.” The issue of seizures was subsequent-
ly re-examined in a 102-center study of 3,341 depressed patients. History of sei-
zures, CNS trauma, and current or past eating disorders were exclusion criteria.
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In this study, there was a 0.4% rate of seizures, which was similar to that found
in previous studies (Johnston et al. 1991). The sustained-release bupropion
preparation, which was introduced later, allows once-daily dosing and may carry
a lower risk of seizures because it avoids the sudden absorption of a large bolus
of drug. Initial dosing should begin at 50–75 mg twice daily of immediate-re-
lease bupropion or 100 mg/day of the sustained-release formulation. The dose
may be increased to no more than 450 mg/day administered in divided doses,
not to exceed 150 mg per dose (Davidson 1989).

4.7
Trazodone

Trazodone is an antidepressant that blocks the reuptake of serotonin and is an
antagonist of the 5-HT2 and other 5-HT receptor subtypes (Preskorn 1993). In
general, its side effects are more benign than those of the TCAs, since it has
minimal anticholinergic and cardiac effects. It has also been reported to be bet-
ter tolerated (Altamura et al. 1989) and to cause less cognitive impairment
(Moskowitz and Burns 1986) than some TCAs. It is relatively safe in overdose
and its pharmacokinetic profile is not substantially altered by either age or in-
tercurrent illness (Preskorn 1993). Superficially it would appear an excellent an-
tidepressant choice for the older patient.

However, some of the pharmacodynamic properties of trazodone limit its
utility in this population. It may cause orthostatic hypotension; it has been re-
ported to induce or exacerbate ventricular arrhythmias (Rudorfer and Potter
1989); and it may cause priapism. Furthermore, it has strong sedative effects
that may prevent elderly patients from tolerating an effective antidepressant
dose. The efficacy of this medication has also been questioned, with response
rates as low as 10%–20% reported in some studies (Shopsin et al. 1981).

When administered to depressed, elderly patients, dosing should be started
at 25–50 mg at bedtime and titrated upward as tolerated to at least 150–300 mg/
day for antidepressant efficacy. Despite its short half-life (3–9 h), once daily
dosing appears comparable in efficacy to multiple daily doses (Fabre 1990).
Daytime doses may be useful for decreasing anxiety or symptoms of agitation.
Trazodone may be useful in lower doses at bedtime for sedation as well as in
controlling agitated behavior associated with dementia.

4.8
Nefazodone

Nefazodone, like trazodone, is a triazolopyridine derivative. It also inhibits re-
uptake of serotonin and norepinephrine. It has no clinically significant effect on
cholinergic, dopaminergic, or benzodiazepine receptors. However, it does antag-
onize b-adrenergic receptors, which may cause orthostatic hypotension. Nefa-
zodone drug is highly protein bound. It inhibits the P450 3A4 isoenzyme, which

408 S. Glover · W. F. Boyer



may increase plasma concentrations of triazolam and alprazolam if these are
coadministered. Nefazodone does not significantly inhibit P450 2D6.

Typical side effects include nausea, dizziness, insomnia, asthenia, and agita-
tion, with side effects more common at higher doses. No unusual adverse events
have been reported in elderly patients treated with nefazodone. Nefazodone has
not been shown to impair cognition, even at doses above 300 mg/day (Van-Laar
et al. 1995). Dosing in the elderly should be begun at 25–50 mg twice daily, ap-
proximately half the dose for younger healthy adults. Since few studies have ex-
amined the use of nefazodone in the elderly, upward dose titration should pro-
ceed slowly to a target dose of 300–600 mg/day.

4.9
Psychostimulants

The psychostimulants, including dextroamphetamine and methylphenidate,
are used therapeutically in depressed elderly patients, particularly among
those with concurrent physical illness (Satel and Nelson 1989; Warneke 1990;
Reynolds 1992; Salzman 1992; Flint 1995). However, there are no prospective
controlled trials of these drugs in elderly depressed patients. Subjective side ef-
fects are minimal but may include insomnia, nausea, appetite changes, blurred
vision, dry mouth, constipation, and dizziness. Objective side effects may in-
clude changes in blood pressure, dysrhythmias, and tremor (Satel and Nelson
1989). Of note, in one series, nearly 19% of elderly patents experienced confu-
sion or delusions when treated with dextroamphetamine (Woods et al. 1986).
The potential for tolerance and abuse appears to be minimal (Satel and Nelson
1989).

In general, psychostimulants should not be used as a first-line therapy in el-
derly individuals who clearly have a clinical depressive syndrome, since they
have shown no significant advantage over placebo in other age groups in the
treatment of primary depression (Satel and Nelson 1989). It appears that re-
sponse to stimulants is very heterogeneous, with some patients improving, some
feeling worse (often due to overactivation), and others experiencing no effect.
Therefore, the average response of a group of patients will be minimal.

Psychostimulants may be appropriate for short-term, symptomatic treatment
of demoralized, withdrawn, apathetic elderly individuals with concurrent medi-
cal illness who do not meet criteria for a true depressive syndrome and for pa-
tients who cannot tolerate regular antidepressants or for whom regular antide-
pressants are contraindicated. One of us (WB) has also found that psychostimu-
lants are often helpful as adjunctive treatment for elderly patients who have sig-
nificant fatigue or lethargy following otherwise successful SSRI treatment.

Where stimulants are effective, results are generally seen within the first day
or two of treatment. The usual starting dose of methylphenidate or dextroam-
phetamine is 5 mg q a.m. and noon. Dextroamphetamine is generally more po-
tent. If a patient fails to respond to a 1- to 2-day trial of one agent, it is often
worthwhile to try the other.
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Methylphenidate has a relatively brief duration of action (approximately 3 h),
so frequent individualized dosing is often required. Sustained release forms of
both methylphenidate and dextroamphetamine are available. However, these
preparations sometimes seem to be less potent on a milligram-per-milligram
basis and extend the drug�s duration of action only minimally. Common main-
tenance doses of methylphenidate or dextroamphetamine in the elderly are
5–10 mg two to three times per day.

5
Combination and Augmentation Strategies

Some patients clearly require the use of more than one psychotropic drug. For
instance, a mood stabilizer is almost always required when starting an antide-
pressant in an elderly person with a clear history of bipolar disorder. Likewise,
depression with psychotic symptoms necessitates an antidepressant/antipsy-
chotic combination for optimal treatment if electroconvulsive therapy is not
chosen. Anxiolytic/antidepressant combinations may be needed, at least initial-
ly, when treating the depressed, anxious individual. Changing from one class to
another (e.g., from an SSRI to a TCA) is often successful (Weintraub 2001) and
should be considered prior to a trial of combination or augmentation treatment.
However, combination and augmentation strategies may be necessary in the el-
derly patient who is not responsive to one or more adequate trials of a single
antidepressant.

5.1
Antidepressant Augmentation

5.1.1
Lithium

A number of studies have examined lithium�s role in augmenting antidepressant
response in the elderly. Studies of lithium augmentation in the elderly have re-
ported varying response rates, as high as 60%, but also frequent clinically signif-
icant side effects (Lafferman et al. 1988; Finch and Katona 1989; van Marwijk et
al. 1990; Zimmer et al. 1991; Flint and Rifat 1994). The side effects of lithium in
the elderly may be more pronounced or more poorly tolerated and may occur
at lower serum levels than in younger patients.

It is also unclear what serum levels of lithium should be considered therapeu-
tic in the elderly, particularly in augmentation strategies (Flint 1995). In general,
serum lithium levels much above 1.0 mEq/l should be avoided and levels as low
as 0.3 mEq/l may be helpful. Other mood stabilizers have also been used to aug-
ment antidepressant response, including carbamazepine (Cullen et al. 1991) and
valproic acid (valproate) (Corrigan 1992). Valproic acid is usually better tolerat-
ed than lithium in older patients due to its lower incidence of side effects and
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wider therapeutic index. The success rates of augmentation with other mood
stabilizers seems to be lower than with lithium.

5.1.2
Thyroid

Thyroid hormone has been reported to successfully augment antidepressant re-
sponse in the elderly (Joffe 1992), but there is little information on the basis of
which one can predict who might best respond in the absence of hypothyroid-
ism. Other drugs, including buspirone (Flint 1995) and B vitamins (Bell et al.
1992) may be useful in augmenting antidepressant effects. These are particularly
interesting options, since both are well-tolerated with minimal side effects in
most older patients.

5.1.3
Hormone Replacement Therapy

There is increasing evidence of the important role of hormone replacement
therapy (HRT) in the treatment of depression. Hormone replacement therapy
appears to be effective in reducing depressed mood in many menopausal wom-
en. It has been shown that estrogen can augment serotonergic activity in post-
menopausal women and that HRT may augment SSRI response in elderly wom-
en. Therefore, strong consideration should be given to hormone replacement
therapy in postmenopausal women if there are no medical contraindications
(Palinkas and Barrett 1992; Schneider et al. 1997, 1998).

5.2
Antidepressant Combinations

The use of antidepressant combinations has become increasingly commonplace
in younger patients, particularly in patients with treatment-refractory depres-
sion. However, there is a lack of systematic studies of antidepressant combina-
tions in the elderly. Using an MAOI with a TCA (starting the two together or
adding an MAOI to a TCA) has generally proven to be safe in younger individu-
als (Flint 1994). However, this strategy is not recommended in the elderly due to
the increased potential for orthostatic hypotension and other side effects.

A number of case reports and case series have described the successful use of
non-MAOI antidepressants in combination with SSRIs. A review quoted im-
provement rates of 65%–100% with SSRI/non-MAOl combination therapy (Flint
1994). In addition, most series reported good tolerance rates. Some studies sug-
gest accelerated antidepressant response with TCA/SSRI combinations (McCue
and Aronowitz 1994). Caution should be used with TCA/SSRI combination ther-
apy, however, since paroxetine, fluoxetine, norfluoxetine, and to a lesser extent
sertraline may elevate plasma TCA levels resulting in potentially life-threatening
TCA toxicity. Starting with low doses of TCAs and monitoring plasma drug lev-
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els is recommended. However, response may occur independently of therapeutic
TCA levels (McCue and Aronowitz 1994).

There have been several reports of younger patients with refractory depres-
sion responding to the combination of a psychostimulant and a TCA, MAOI, or
SSRI. However, there have been no systematic studies in geriatric patients. Aug-
mentation with a psychostimulant may be more useful in certain subtypes of el-
derly depression, such as the medically ill and/or female patients (Flint 1995).
In general, the combination of irreversible MAOls and psychostimulants should
be avoided due to the risk of hypertensive crisis.

5.3
Psychotherapy and Antidepressants

Reviews of antidepressant treatment plus interpersonal psychotherapy (IPT) or
cognitive-behavioral therapy (CBT) have quoted success or improvement rates
ranging from 50%–90% (Reynolds 1992; Schneider 1993). Elderly patients with
less severe depression may be especially good candidates for maintenance IPT
after stopping antidepressant therapy (Taylor et al. 1999). Some suggest that
these combination therapies are superior to pharmacologic treatment alone;
however, more long-term studies are needed. A recent study reported that com-
bination psychotherapy and pharmacotherapy was also 80% effective in treating
recurrent episodes of depression (Reynolds et al. 1994). The combination of
some type of psychotherapy with pharmacotherapy is considered the standard
of care by most clinicians.

6
Other Treatment Considerations

6.1
Compliance

The efficacy and safety of antidepressants are of little consequence if the elderly
patient is noncompliant with pharmacotherapy. It has been estimated that 70%
of the elderly fail to take 25%–59% of their medication. Furthermore, lack of
compliance and the resultant wide fluctuations in plasma drug levels has been a
predictor of poor outcome (NIH Consensus Development Panel 1992). Overuse
of medications may result from cognitive impairment or the mistaken belief that
more drug will speed recovery (Salzman 1995). Underuse may occur if a patient
forgets to take medication due to cognitive impairment or if he or she equates
pill-taking with drug dependence. Compliance problems may be multiplied in
the elderly person taking several drugs. Underuse due to cost and side effects
are also common causes of noncompliance (Salzman 1995).

How may compliance be enhanced? One of the most important factors ap-
pears to be optimizing good communication between the physician and patient
(Reynolds 1994; Salzman 1995). Labeling of medication should be simple and
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readable, which may include using a larger print style. Timing of medication
should be simplified; medication should optimally be administered only 1–2
times daily if possible. Pill storage systems are also available in which a full
week�s supply of medication may he loaded and then easily dispensed. Educa-
tion and counseling of the patient and his or her family or caregivers is essen-
tial. This should include education on depression itself and medication issues,
including side effects and the need for compliance. Enlisting others to facilitate
compliance is recommended. This may include not only the family but other
healthcare providers (such as a primary care physician), home health services,
volunteers, and friends. In summary, compliance is a major issue in the treat-
ment of elderly, depressed persons.

6.2
Duration of Treatment

Latency of antidepressant effects may be prolonged in the elderly (Kennedy
1995), requiring two or more months for full response (Georgotas et al. 1988;
McCue 1992) There is currently no unequivocal evidence that one antidepres-
sant acts more rapidly than another. In treating more severe depressive illness-
es, consideration should be given to starting a TCA or venlafaxine because of
possibly increased response rates with these agents. In educating the patient,
family, and/or other caregivers, it is important for the physician to point out the
expected latency of response. Sleep disturbances may improve as early as the
first week of therapy, followed by improvement of other neurovegetative symp-
toms and social withdrawal. Others may then begin to notice improvement but
it may take up to 2 months for subjective improvement in the patient�s mood
(Bressler and Katz 1993).

Amelioration of symptoms in the index episode is not the only objective of
antidepressant therapy in the elderly. Prevention of recurrence should also be a
goal. In younger patients, a number of studies have shown that continuing anti-
depressant therapy after a full remission of symptoms is beneficial in decreasing
relapse rates (Hirschfeld 1994). This appears to be the case in the elderly as well,
with lower relapse rates seen in patients on medication continuation therapy
(Georgotas et al. 1988).

Some authors have suggested that any patient who has an index episode of
depression after the age of 60 years requires long-term maintenance therapy
(Old Age Depression Interest Group 1993; Hirschfeld 1994). Since there is still
limited knowledge concerning the natural history and long-term treatment risks
of depressive episodes in the elderly, it seems reasonable to follow a more cau-
tious approach, as recommended by Reynolds (1992). This entails:

a. At least 6 months of continuation therapy after the first episode of unipolar
depression in patients 60 years of age or older.
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b. Consideration of longer term maintenance therapy if the index episode is
the second of the patients� lifetime, particularly if the previous episode oc-
curred less than 2–3 years before the index episode.

c. Long-term maintenance therapy should be recommended if the index epi-
sode is the third or more lifetime episode.

The dosage should remain equal to that used in treating the acute episode. If/
when a decision is made to discontinue medication, withdrawal should be done
gradually over several weeks or months. This should be accompanied by educa-
tion of the patient and family regarding what symptoms might herald a relapse,
so that the medication taper may be stopped and more intensive therapy initiat-
ed if early depressive symptoms are detected.

7
Conclusions

It is clear that the benefits of rational antidepressant therapy in the elderly out-
weigh the risks. Unrecognized and untreated depressive disorders result not
only in subjective discomfort and suffering for the patient but in increased utili-
zation of health care resources, extended hospitalizations, functional decre-
ments, poor compliance, as well as increased morbidity and mortality due to
both suicide and medical illness. It is imperative that clinicians be adept at both
recognizing and treating late-life depression. Antidepressants are the corner-
stone for the treatment of these syndromes. Safe and effective agents with mini-
mal side effects are available, and their number will increase in the years to
come. Further research focusing specifically on different subtypes of the aging
population will assist in identifying variables that may predict response to a
particular antidepressant or other treatment intervention. Depressive disorders
in the elderly present a therapeutic challenge that will intensify in the future
with the growth of this segment of the population. Clinicians have the tools to
meet that challenge.
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Abstract The emotional and socioeconomic impact of bipolar disorders may be
comparable to or greater than that of unipolar depression. This chapter exam-
ines the clinical features of bipolar depression, reviews the biological bases of
the disorder, and discusses its pharmacological management with emphasis on
clinical varieties, degrees of severity, phases of treatment, and the use of specific
antidepressant agents and mood stabilizers. Bipolar depression is characterized
by prominent melancholic features, and carries the risk of quickly evolving into
hypomanic or manic symptoms as a result of pharmacological interventions or
internal neurophysiological and neurohormonal mechanisms. Its management



may also be complicated by rapid cycling or mixed bipolar presentations. The
treatment of bipolar depression therefore requires some variations in the con-
ventional use of antidepressants. The choice of initial treatment may be either
lithium (whose antidepressant effects appear to be more evident in this patient
population) or one of the selective serotonin reuptake inhibitors (SSRIs). At the
same time, monoamine oxidase inhibitors (MAOIs) seem to be more effective
than the traditional tricyclic antidepressants (TCAs), and some of the second-
generation antidepressants such as bupropion are promising. The newer non-
SSRI antidepressants have not yet been extensively tested in bipolar depression.
The antidepressant effects of anticonvulsants appear to be less marked in bipo-
lar depression than in unipolar or other kinds of depression, but, used in com-
bination with lithium, they reduce the likelihood of relapse or recurrence. Final-
ly, there appears to be some justification for the use of adjuvant agents, such as
thyroid replacement, stimulants, or calcium channel blockers. Antipsychotics to
treat psychotic symptoms and electroconvulsive therapy (ECT) in the case of se-
vere, refractory depression are also indicated. Comprehensive treatment should
generally involve combining pharmacological management with appropriate
psychotherapeutic and psychosocial approaches.

Most patients with bipolar disorder require long-term maintenance treat-
ment due to high chances of recurrence. Lithium is the medication of choice
for the maintenance phase. There is a great deal of controversy concerning the
value of antidepressants as maintenance or prophylactic agents. Close clinical
surveillance is needed so that the antidepressant can be quickly discontinued
if manic symptoms start to develop. Special concerns arise in the treatment of
rapid cycling bipolar disorder, late-onset bipolar disorder, and bipolar disor-
ders in the elderly.

Keywords Bipolar disorder · Bipolar depression · Antidepressants · Mood
stabilizers · Lithium · Selective serotonin reuptake inhibitors · Monoamine
oxidase inhibitors · Bupropion · Valproate · Lamotrigine

1
Introduction

The impact of depression—including its bipolar variant—on individual lives
and on society�s functioning makes it a significant public health problem. The
Epidemiological Catchment Area (ECA) survey (Robins et al. 1991) found a life-
time prevalence of major depressive episodes of 7.2%–13.1% in both sexes. The
most recent National Comorbidity Study (NCS) (Kessler et al. 1994) found a life-
time prevalence of 17.1% and a 1-year prevalence of 10.3% for all kinds of de-
pression among individuals between the ages of 15 and 54. Between 40% and
70% of all suicide victims in the United States suffer from major depression
(Brent et al. 1988). Comorbid problems such as alcoholism and drug abuse and
socioenvironmental problems such as poverty, unemployment, violence, and
ethnic or religious polarizations also contribute to depression. In spite of a
greater level of public and professional awareness of depression, only one-third
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of all cases are detected (Klerman and Weissman 1989; AHCPR 1993). It is also
well known that 40%–60% of patients with depressive symptoms are seen ini-
tially, and sometimes exclusively, by general practitioners, nonmedical profes-
sionals, or providers of alternative treatments (McFarland 1994).

The American economy loses about $44 billion per year due to undiagnosed
and untreated depression. Of the 11 million Americans diagnosed with depres-
sion, 8 million belong to the country�s workforce, so that depression produces
an average reduction in income of 26%, with a corresponding loss of productiv-
ity (Broadhead et al. 1990; Hall and Wise 1995). Depressed persons make an av-
erage of 14.7 visits to professionals per year (Narrow et al. 1993). Of those treat-
ed in an inpatient setting, one-third go to general hospital psychiatric units. De-
pression causes physical and mental disability comparable to or even higher
than that caused by severe chronic diseases such as diabetes mellitus, hyperten-
sion, rheumatoid arthritis, GI disorders, and orthopedic problems (Stokes
1993). The co-occurrence of depression with anxiety disorders, somatoform dis-
orders, substance abuse, and a significant number of physical illnesses aggra-
vates the overall impact of this disorder.

The prevalence of bipolar mood disorders is considerably lower than that of
unipolar depression, but the emotional and socio-economic impact of bipolar
disorders is perhaps comparable to if not higher than that of unipolar depres-
sion. The ECA survey found a lifetime prevalence of 0.8% for bipolar I disorders
and 0.5% for bipolar II disorders, with higher figures (1.3 and 0.7, respectively)
among individuals between the ages of 18 and 44 years. Other studies have
shown a prevalence range of 0.5% to 4.6% (Tohen and Goodwin 1995). The ECA
did not find differences in gender or ethnicity for bipolar disorders. The mean
age of onset was 21 years. Although studies have focused more on the preva-
lence of manic episodes, the consensus is that bipolar depressive episodes are
more frequent and pervasive (Weissman and Myers 1978; Regier et al. 1993),
and that the depressive component of bipolar mood disorders appears to be
clinically and epidemiologically more prominent than its manic counterpart. Bi-
polar patients with a purely depressive index episode have been found to recov-
er more slowly than those with pure manic index episodes, but faster than pa-
tients with mixed or rapid cycling presentations (Keller 1988); their risk of sui-
cide has been reported to be approximately 15%.

The genetic bases of bipolar disorders have been indirectly confirmed by sev-
eral studies (Blehar et al. 1988), although the mode of transmission remains un-
clear. There are also pervasive problems concerning the diagnostic validity of
this disorder in spite of recent advances (American Psychiatric Association
1994a).

This chapter first examines the clinical features of bipolar depression and
then briefly reviews the biological bases of the disorder. This is followed by a
discussion of the pharmacological management of bipolar depression, with em-
phasis on clinical varieties, degrees of severity, phases of treatment, and the use
of specific antidepressant agents and mood stabilizers.
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2
Clinical Features of Bipolar Disorders

Bipolar disorders take their name from the characteristic clinical course of their
symptomatic picture, in which depressive and manic episodes occur in unpre-
dictable sequence. The depressive manifestations include a sense of despair and
suffering, anhedonia, and apprehensiveness and tension that are unrelieved by
comfort or reassurance. In other cases, depressive complaints include mostly
hostility, irritability, self-deprecation, self-blame, severe guilt, anxious self-
doubting, concern with unavoidable catastrophes, and pain and other physical
symptoms. To make a diagnosis of bipolar disorder, the criteria in the Diagnos-
tic and Statistical Manual of Mental Disorders (DSM-IV, American Psychiatric
Association 1994a) require that five or more of nine symptoms be present dur-
ing a 2-week period. Significant weight loss, insomnia, psychomotor agitation,
fatigue, feelings of worthlessness, diminished ability to think or concentrate, or
recurrent thoughts of death may also be present. Contrary to the traditional
view of depression, the biophysiological variations of the depressive picture
may also include hyperorexia or increased appetite and hypersomnia.

Bipolar disorders are generally classified as bipolar I or bipolar II. Bipolar I
disorder is characterized by full-blown affective episodes (at least one manic or
mixed episode, and often one or more major depressive episodes). Bipolar II is
characterized by one or more major depressive episodes and at least one hypo-
manic episode, but no full manic episodes. In order to make the diagnosis of
“bipolar I disorder, most recent episode depressed,” the patient must have previ-
ously had at least one manic episode or a mixed episode (combination of manic
and depressive symptoms), and the mood symptoms should not be better ac-
counted for by other Axis I disorders, bereavement, substance abuse, or a gener-
al medical condition. A mixed mood episode [also called dysphoric mania by
some authors (McElroy et al. 1989)] includes symptoms that meet criteria for a
major depressive episode and for a manic episode (except for duration) occur-
ring nearly every day for at least 1 week, and the mood disturbance is sufficient-
ly severe to cause impairment in occupational functioning, social activities, or
interpersonal relationships. Mixed episodes should be distinguished from agi-
tated depression in which there is negligible manic symptomatology (Bowden
1993).

Bipolar depression is strongly associated with melancholic features, such as
loss of pleasure, lack of reactivity, worsening of symptoms in the mornings, ear-
ly morning awakening, or excessive or inappropriate guilt, and atypical features,
such as excessive mood reactivity, hypersomnia, leaden paralysis, or interper-
sonal rejection sensitivity. When evaluating a patient with bipolar I disorder, the
clinician should also specify a number of other clinical parameters:

1. Level of severity (mild, moderate, or severe), the presence or absence of psy-
chotic features, and the remission status (full or partial).
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2. Whether the depressive episode is associated with catatonic features. These
include marked psychomotor disturbance, extreme negativism, mutism,
movement peculiarities, echolalia, or echopraxia, as well as features such as
waxy flexibility, automatic obedience, stupor, stereotypes, mannerisms,
mimicry, and risks of malnutrition, exhaustion, or self-inflicted injury.

3. Any temporal relationship between the depressive symptoms and the post-
partum period.

4. Course specifiers: longitudinal course (with or without full interepisode re-
covery), seasonal patterns (e.g., occurring in fall or winter and remitting in
the spring), and the presence of rapid cycling (at least four episodes of a
mood disturbance in the previous 12 months) (Suppes et al. 2000).

The old notion of “endogeneity” (i.e., originated inside the human body, as
opposed to “reactive,” a response to external pathogenic factors) applies to the
classical description of the depressive phase of manic–depressive illness. The
depressions in bipolar affective disorder tend to last longer (median of about
6 months) than the manic episodes. However, they rarely last more than a year,
except in elderly patients (World Health Organization 1992). Although the pres-
ence of external stressors is not essential for this diagnosis, there are reports
that such events may be associated with the occurrence of clinical depression in
bipolar disorder. Some authors contend that bipolar disorders are underdiag-
nosed overall (Ghaemi et al. 1999). It is also well known that remissions tend to
be of shorter duration as the individual gets older, so that depressive episodes
tend to last longer and occur more frequently after middle age. Furthermore, bi-
polar patients have significantly shorter cycle lengths when treated with antide-
pressants alone or in combination with mood stabilizers than with lithium alone
(Wehr and Goodwin 1987). Millon (1969) considers active-ambivalent (nega-
tivistic), passive-ambivalent (conforming), passive-dependent (submissive), and
active-dependent (gregarious) the most frequently seen premorbid personality
types in patients with bipolar depression. There are no conclusive findings re-
garding concomitant DSM-IVAxis II categories. (Clayton 1986).

Leonhard�s (1979) views about manic-depressive illness are worth mention-
ing. This German psychiatrist began to champion the distinction between uni-
polar and bipolar depression in the mid 1950s. He insisted that the depression
in these two “separable” conditions presents with different clinical pictures. Uni-
polar forms return within a periodic course with the same symptomatology and
without transitional stages. On the other hand, in bipolar cases, no clear syn-
dromes can be described since there are many transitions and the picture may
even be distorted during one phase. Leonhard consequently called the bipolar
form of depression “polymorphic” and the unipolar form “pure.” The multiplic-
ity of symptoms coexisting for hours or even days “may not be valued as the
expression of separate phases, but it does show the disease potential toward the
other pole.” In other words, both manic and depressive symptoms only rarely
appear in a pure form in bipolar cases. Leonhard also associates some of the
manic–depressive symptoms with what he calls “cycloid psychosis,” which may
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include stuporous depression, mutism, “confusion psychosis,” and akinesis. It
goes without saying that when some depressive symptoms, particularly those of
a cognitive nature, are very severe, the clinical picture may reach psychotic di-
mensions, with an overwhelming sense of guilt, delusions of self-worthlessness
and imminent death, self-denial, a sense of doom, and a great variety of physical
symptoms.

Leonhard�s concept of pure melancholy entails both severity and psychotic-
like features. In addition to significant depressed mood and psychomotor inhi-
bition, the concept includes thought inhibition involving slowness of the cogni-
tive process, coupled with indecisiveness, anancastic (obsessive-compulsive)
tendencies, and feelings of personal inadequacy.

3
Biological Bases of Bipolar Disorders

The concept that there are biological bases for depression, particularly for bipo-
lar disorder, has existed for centuries. Persistent observations of the familial in-
cidence of the condition, comparative review of data from the pre- and post-
pharmacological eras, and analysis of biographic, ethnographic, and even anec-
dotal accounts have only confirmed this view. The current consensus favors the
notion of a significant genetic basis for the predisposition and/or transmission
of the disorder, either by inherited genes or potential vulnerabilities expressed
into biochemical and neurophysiological abnormalities (Blackwood et al. 1994).
Pharmacological, neuroanatomical, and clinical studies underline the notion
that, by localizing sites in the central nervous system where biochemical interac-
tions take place and pharmacological agents can act, the diagnosis and treat-
ment of bipolar disorders will change dramatically within the next several dec-
ades (Freeman et al. 1993). On the other hand, sleep and chronobiological stud-
ies have ascertained that some pathophysiological routes could explain not only
the etiological factors but also the pathogenic process that leads to the develop-
ment of symptoms or syndromes. Among the biochemical studies, animal mod-
els of depression are quite promising, although not, of course, completely free
from objections. The study of biological rhythms in animals may reflect coupled
circadian oscillators related to seasonal mechanisms (Schulz and Lund 1985).
Needless to say, the implications for management are extremely relevant.

In their authoritative book on manic–depressive illness, Goodwin and
Jamison (1990) subscribe to the notion of a genetic vulnerability “expressed as
altered membrane proteins (or lipids) localized in a widely distributed system
that subserves the selective integration of cognitive, emotional and motoric
functions, particularly in response to stress” (p 593). They also maintain that
known neurotransmitter systems (the prime example in current research being
serotonin) may present transport abnormalities through membrane uptake
mechanisms that also affect second-messenger systems in the postsynaptic re-
gion, thus amplifying either inhibitory or stimulatory signals. From a physiolog-
ical perspective, oscillations of normal compensatory processes may result in
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“sudden phasic shifts” that increase vulnerability (i.e., a general instability of
multiple biological systems that carries both therapeutic and preventive impli-
cations).

Clinically, twin studies offer the major support for the genetic transmission
of bipolar disorder to date (Gershon 1990). Concordance relates to both trans-
mission and severity of illness. Adoption studies appear to be slightly less con-
clusive, mostly due to methodological differences. Family studies confirm, how-
ever, the familial incidence of bipolar disorders and their excess occurrence in
relatives of bipolar patients. Some authors suggest that bipolar II illness is ge-
netically somewhere between bipolar I and unipolar illness. Early onset bipolar
disorder appears to have stronger genetic implications than later onset illness,
because relatives of patients with early onset bipolar disorder tend to have an
increased risk of developing bipolar illness. The presence of a spectrum of other
disorders and conditions, which include schizoaffective disorder, substance
abuse, anorexia nervosa, and cyclothymia, among those relatives also reinforces
this notion.

In spite of some setbacks, the technological progress that has been made in
genetic studies holds the promise for solving the methodological difficulties and
finally confirming the genetic nature of manic–depressive illness, particularly
through linkage research. These linkages could then be applied to clinical risk
prediction, genetic counseling, prevention, and management. Research on risk
factors includes studies on platelet imipramine binding, lymphocyte b-adrener-
gic receptors, cholinergic functional measurements, and melatonin suppression
by nighttime light exposure. The human genome project is expected to reinforce
rather than reject the genetic theories of bipolar depression.

A variety of biochemical hypotheses have been presented, debated, and stud-
ied during the last three decades. The first hypothesis (Bunney and Davis 1965;
Schildkraut 1965) proposed that depression is based on a functional deficiency
of catecholamines (norepinephrine and dopamine). This proposal and its subse-
quent partial confirmation by the effects of recently discovered pharmacological
agents led to the more precise characterization of neurotransmitter and drug re-
ceptors in the brain and various peripheral tissues (Jimerson 1984). Neurotrans-
mitters bind themselves selectively to receptors or recognition sites that then al-
low them to progress through the postsynaptic neurons by becoming their lig-
ands; concomitantly, a number of changes take place that activate a receptor-
mediated system through the work of a variety of agonist or antagonist neuro-
chemical compounds (Kilts 1994). Similarly, nonspecific binding has been stud-
ied, as have phase alterations in receptor sensitivity; all these processes form
the basis for the occurrence of the “switch phenomenon” from mania to depres-
sion and vice versa (Bunney et al. 1972).

Another area of research deals with neuroendocrine systems and neuropep-
tides as their primary components. The study of hormones may offer a “win-
dow” into the neurotransmitter system and other systems in the brain. Particu-
lar attention has been paid to the thyroid and adrenal glands because of the
presence of clinical depression in hypothyroidism and Cushing�s disease. The
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axes of functional and hormonal connections between the hypothalamus and pi-
tuitary glands and the target glands (thyroid and adrenal) allow the study of
sensitive measures of functions that vary with different mood states. Thus, the
most sensitive measure of hypothalamic–pituitary–thyroid (HPT) function, the
thyroid-stimulating hormone (TSH) response to intravenous thyrotropin-releas-
ing hormone (TRH), is blunted in patients with major depression. Chronic hy-
persecretion of TRH from the median eminence of the hypothalamus results in
downregulation of anterior pituitary TRH receptors. However, 15% of depressed
patients exhibit an exaggerated TSH response to TRH. Patients with this type of
response show detectable levels of antimicrosomal thyroid and/or antithyro-
globulin antibodies; this symptomless autoimmune thyroiditis occurs at a great-
er than expected prevalence rate in depressed individuals. Finally, many de-
pressed patients show adrenal axis hyperactivity. Elevated plasma cortisol con-
centrations in depressed patients are not proportional to increases in ACTH
concentration. This can be explained by hypersecretion of corticotropin-releas-
ing factor (CRF) during and/or immediately preceding a depressive episode,
with secondary pituitary and adrenal gland hypertrophy. However, this increase
is reversed when these individuals recover following electroconvulsive therapy
(ECT) or treatment with antidepressants. Thus, elevated CSF CRF concentra-
tions as well as changes in the HPT may very well be associated with changes in
putative neurotransmitters; all are state-dependent findings of mood disorders
(Nemeroff 1991).

A number of characteristics of bipolar affective illness, including its recur-
ring pattern, the rapid cycling phenomenon, and late onset depressions, are cru-
cial in understanding the concepts of conditioning, sensitization, and kindling
as further proof of the biological variations or changes that take place in affec-
tive disorders (Post et al. 1984). These mechanisms may underlie biochemical,
phenomenological, and clinical changes in the course of the affective illness.
Measures of electrical and pharmacological kindling reflect a progressive in-
crease in neuroexcitability that ultimately results in seizures or other clinical
phenomena. The proponents of this theory suggest a model of behavioral sensi-
tization to repeated applications of psychomotor stimulants. It is hypothesized
that kindling can also be triggered by pharmacological agents and that hormon-
al changes may form part of a broader learning process in this regard. The hy-
pothesis goes so far as to suggest that depressive ideation could serve as a trig-
ger for the onset of affective episodes, this bidirectional interplay between bio-
logical and psychological fields emphasizing the importance of environmental
context and conditioning (i.e., psychosocial) variables. Sensitization of specific
central nervous system sites to psychosocial or biological events may give way
to a gradual presentation of affective symptoms in a relatively short period of
time; once these phenomena exhaust themselves as well as their underlying bio-
logical factors, the individual may either show clear, specific clinical symptoms
or begin moving towards recovery (Goldberg and Harrow 1994).

One of the newest lines of research involve susceptibility studies such as that
by Zill et al. (2000), which found polymorphism of the G protein beta 3 subunit
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(C825T). Neuroimaging studies also offer evidence of the biological basis of bi-
polar disorder (Kilts 1994). Physiological stimulation and changes in the “left
brain” under conditions such as excessive euphoria or significant depression
have been detected through photon emission tomography (PET), single photon
emission computed tomography (SPECT), and brain mapping techniques
(George et al. 1993). As tools which behavioral scientists and mental health clin-
icians can use to measure progress and response to treatment, these resources
hold great promise.

4
Pharmacological Management of Depression in Bipolar Disorder

4.1
General Principles

The American Psychiatric Association (1994b) has issued a set of practice
guidelines for the treatment of patients with bipolar disorder. In addition to per-
forming a careful and thorough psychiatric and general medical evaluation, clin-
icians should assess for and treat any substance use disorder that may be pres-
ent, since this is a predictor of noncompliance (Weiss et al. 1998). Comprehen-
sive psychiatric management includes choosing a mood stabilizing medication.
When a depressive episode occurs, the use of antidepressant medications is rec-
ommended after an assessment of benefits and burdens. The choice of antide-
pressants “is governed by the prior response of the patient to antidepressants,
the side effect profile, the presence of atypical features, the risk of inducing a
manic episode, and patient preference” (American Psychiatric Association
1994b, p 28). Antipsychotics to treat psychotic symptoms and ECT in the case
of severe, refractory depression are also indicated.

One of the key concepts in the overall management of bipolar affective disor-
der is what Goodwin and Jamison (1990) call “the pharmacological bridge.” This
concept is based on the idea that the contributions of the neurosciences to our
understanding of the etiopathogenic processes and symptoms of bipolar depres-
sion help provide the rationale for the management of the different variations,
clinical presentations, and other nuances of this complex condition. It is impor-
tant to remember that many clinical psychopharmacological findings were ei-
ther serendipitous or, more important, were the result of clinical research in ac-
tual patients before they could be formulated as laboratory experiments. For ex-
ample, the well-known observation that antidepressants take several weeks to
produce clinical effects led to the hypothesis that factors other than the avail-
ability of neurotransmitters were involved in response. This empirical assump-
tion led to the conceptualization and discovery of receptors, second messengers,
and other related mechanisms. Even the formulation of the catecholamine hy-
pothesis of depression was preceded by the clinical observation that hyperten-
sive patients taking reserpine experienced severe bouts of depression without
any previous history of depression. Modern clinical research focuses on integra-
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tive studies of the action of a given drug on neurotransmitter systems and their
attendant circuits. On the other hand, areas such as the distinctions between an-
imal and human studies, phase of drug administration, genetic vulnerability, cy-
cle length, and recurrence patterns still cause conflict and uncertainty.

Treatment of the depressive phase of a bipolar mood disorder entails a careful
clinical assessment, personal and family history, history of previous treatments,
and assessment of suicide risk. The clinician needs to very carefully delineate
the diagnosis and its variations, the degree of severity including course speci-
fiers, syndromal forms (e.g., mixed bipolar disorder, rapid cycling), and the
presence of clinical complications such as psychotic symptoms, comorbid sub-
stance abuse, or co-occurring physical conditions (Frances et al. 1998; Compton
and Nermeroff 2000; Sachs et al. 2000).

The following sections cover (1) management of acute bipolar depression, (2)
maintenance treatment and relapse prevention, and (3) management of clinical
variants such as rapid cycling and late-onset/geriatric bipolar illness. The fol-
lowing classes of antidepressants are discussed: monoamine oxidase inhibitors
(MAOIs), first- and second-generation tricyclic antidepressants (TCAs), and se-
lective serotonin reuptake inhibitors (SSRIs) and other newer antidepressants.
The use of lithium and the newer anticonvulsants is also reviewed.

After making a careful diagnostic assessment, clinicians should follow these
general management principles in deciding to use a given antidepressant or
combination of medications:

� Ascertain the target symptoms within the depressive constellation on the ba-
sis of prominence, severity, pervasiveness, and sensitivity to pharmacother-
apeutic agents, and then initiate treatment as early as possible (Post 1993).

� Choose pharmacological agent(s) based on the patient�s previous history,
clinical course, history of side effects, and concurrent physical symptoms or
conditions (American Psychiatric Association 1994b) as well as age group
and ethnicity (Biederman et al. 2000; Davanzo and McCracken 2000; Soares
2000).

� Educate the patient concerning the kind of medication being administered,
with appropriate explanations of its structure, possible mechanisms of ac-
tion, clinical effects, side effects, time of onset, length of action, and doses
(Cole and Bodkin 1990; Danjou et al. 1994).

� Alert both patient and family to the need for continuous monitoring of
symptoms and side effects. If possible, educate them in the use of simple
symptom tables or clinical assessment instruments to be used on a routine
basis for comparative and follow-up purposes. Patient and family should
also be educated concerning the key concepts of relapse, recurrence, and re-
covery (Kupfer 1991). Clinicians should keep in mind the increasing use of
antidepressants by primary care practitioners.

� If there is a lack of response or poor response to the initial treatment,
consider alternative pharmacological approaches and discuss them fully
with the patient and, if necessary, with your treatment team or colleagues
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(Solomon and Bauer 1993). Be sure to take into account any factors that
may complicate management, such as compliance problems, comorbid sub-
stance abuse, metabolic variations, intercurrent psychosocial stressors, cul-
tural considerations, and physical or medical illnesses (Paykel 1995).

� Comprehensive treatment should generally involve combining treatment
with antidepressants or other pharmacological management with appropri-
ate psychotherapeutic and psychosocial approaches. The use of antidepres-
sants should not preclude using an interdisciplinary approach to this condi-
tion (American Psychiatric Association 1994b).

4.2
Management of the Acute Depressive Phase

Most clinicians concur in the need to initiate pharmacotherapy as soon as pos-
sible (Post and Weiss 1996). The agent as well as the dose will depend on the
clinician�s experience, the level of severity detected, and the current stage of the
natural history of the illness. Breakthrough depression can be particularly resis-
tant to treatment in bipolar patients (Hartman 1996). Although some authors
suggest starting with lithium in moderate cases of bipolar I or II depression, cit-
ing improvement within 7–10 days (Goodwin and Jamison 1990), the general
tendency among practitioners is first to use the newer antidepressants, particu-
larly the SSRIs.

4.2.1
SSRIs

This category of drugs has heralded a new era in the management of depression
reflected in the use of steady doses without broad variations, a general good re-
sponse, mildness of side effects, safety in cases with suicidal risk (Feighner and
Boyer 1991), and better cost-effectiveness than the traditional antidepressants
(McFarland 1994). Currently in the United States, there are four SSRIs approved
for the treatment of major depression (fluoxetine, paroxetine, sertraline, and
citalopram), plus a fifth (fluvoxamine), approved only for the treatment of ob-
sessive compulsive disorder, but which is primarily an antidepressant and is
used extensively as such in Europe. Refer to the dosing table in the Appendix
(Table 1) for U.S. package insert dosing recommendations for the management
of acute depression with these compounds. It is important to realize that parox-
etine and sertraline have elimination half-lives of 24 h and no metabolites.
Therefore, they seem to reach steady state serum levels within a week. Fluoxe-
tine has a half-life of 8–12 days and reaches a steady state in 3–4 weeks.

The main side effects of the SSRIs as a group include nausea, diarrhea, trem-
or, somnolence, dry mouth, and reduction of libido. Additionally, headaches
and minor gastrointestinal difficulties have been reported. All SSRIs inhibit the
cytochrome isoenzyme B4 52 D6, with paroxetine the most potent and sertra-
line the least potent. As this enzyme system inhibits other drugs (including neu-
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roleptics, b-blockers, anti-arrhythmics, opiates, antihypertensives, benzodi-
azepines, and anticonvulsants), the addition of SSRIs may create problems with
potential drug toxicity, particularly in sensitive and vulnerable patients. Due to
its dopamine-reducing effect, fluoxetine may cause akathisia as a significant side
effect; due to an increase in the granular storage of serotonin in platelets, it can
increase bleeding times in some patients (Nemeroff 1994).

Generally speaking, SSRI doses are maintained within a relatively narrow
range. In most cases, just one dose a day may suffice; nevertheless, after
1–2 weeks, the dose may be adjusted as clinically indicated.

4.2.2
Lithium

It has been suggested that lithium may be more effective in the management of
depression in bipolar patients. Most clinicians, however, agree that it could be
either a second choice after the SSRIs or a coadjuvant/augmenter in the case of
less than optimal response to those medications (Keck and McElroy 1993). In-
terestingly enough, there are a few studies comparing lithium with more con-
ventional antidepressants in the management of bipolar depression (Janicak and
Davis 1992; Soares and Gershon 2000). This agent may be preferred in the man-
agement of bipolar II, since the risk of causing pharmacologically induced ma-
nia is less evident. Nevertheless, the length of time before onset of action may
be similar to or perhaps a little longer for lithium in comparison to convention-
al antidepressants.

In spite of the more than three decades since it was first introduced, the
mechanism of action of lithium still largely remains a mystery. Its effect on cir-
cadian rhythms (Wehr et al. 1987) is postulated as the correction of a putative
phase advance and/or internal desynchronization in bipolar patients; others
(Price et al. 1990) consider that lithium�s antidepressant effects are related to its
augmenting serotonin function at different levels in the central nervous system.
Similarly, lithium may reduce both pre- and postsynaptic dopamine transmis-
sion, facilitate the release of norepinephrine through possible effects on presyn-
aptic autoreceptors, change cholinergic-mediated physiological events, and have
an impact on g-aminobutyric acid (GABA)ergic neurotransmission/neuropep-
tide functions.

The evidence for the antidepressant efficacy of lithium monotherapy is grow-
ing, with close to 70% of patients with moderately severe bipolar disorder re-
sponding to this compound. In children and adolescents, it may require more
frequent dosing to maintain steady plasma levels, due to a more rapid elimina-
tion (Fetner and Geller 1992). General side effects include excessive thirst, poly-
uria, tremor, weight gain, drowsiness, tiredness, diarrhea, and memory prob-
lems. Interestingly, patients seem to pay more attention to memory problems
and feel less bothered by polyuria or drowsiness (Lenox and Manji 1995).

A factor to be taken into account is the interaction of lithium with a variety
of other compounds such as diuretics (some of which increase plasma lithium
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levels with subsequent risk of lithium toxicity), nonsteroidal antiinflammatory
drugs, neuroleptics, and anti-arrhythmics.

4.2.3
Monoamine Oxidase Inhibitors

Himmelhoch et al. (1991) suggest that patients with bipolar depression may be
more responsive to MAOIs such as phenelzine and tranylcypromine (the only
two currently available on the American market) than to traditional TCAs. Kalin
(1996–1997) considers them antidepressants of choice for atypical bipolar de-
pression. In general, however, these agents are used as third-line antidepres-
sants, mostly due to the need for dietary restrictions to prevent hypertensive en-
cephalopathy. It is clear that this risk has been exaggerated in the literature en-
ough to make practitioners overcautious about using MAOIs. Other side effects
include dryness of mouth, sexual dysfunction, and physical tiredness. Refer to
the dosing table in the Appendix (Table 1) for U.S. package insert dosing recom-
mendations for the management of acute depression with these compounds.
Dose increases should be ordered cautiously, and the conventional ceiling for
each medication should not be violated, except under special circumstances and
by experienced clinicians. Some authors consider that bipolar depression char-
acterized by inertia, hypersomnia, and excessive appetite may be more respon-
sive to MAOIs. In some unresponsive cases, the combination of lithium and an
MAOI may be effective. Joffe and Bakish (1994) combined a SSRI with moclobe-
mide, (a reversible MAOI that is not available in the U.S.) in 10 depressed pa-
tients, 8 of whom achieved marked to complete remission. Nevertheless, even
with this compound, there is the potential for the serotonin syndrome, an occa-
sionally lethal side effect, to occur.

4.2.4
Tricyclic Antidepressants

Conventional TCAs remain useful agents in the treatment of depression. Some
“die-hard” practitioners still use them as initial, first-line antidepressants for
the management of bipolar patients. Nevertheless, some evidence has accumu-
lated that places them after the SSRIs and even the MAOIs. It is generally recom-
mended that less sedating and more activating TCAs, such as desipramine, nor-
triptyline, and imipramine, should preferably be used. Refer to the dosing table
in the Appendix (Table 1) for U.S. package insert dosing recommendations
for the management of acute depression with these compounds. Information
on general side effects is presented in the side effects tables in the Appendix
(Tables 2 and 3). Sedation, anticholinergic symptoms, hypotension, loss of libi-
do, and weight gain are important undesirable consequences of the use of these
compounds.

Onset of action takes the traditional 3–4 weeks; in some severe cases, particu-
larly when the patient needs to be hospitalized, the highest dose may be 3–6
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times the initial dose. In patients with treatment-refractory illness, combina-
tions of a TCA and an MAOI or of a TCA, an MAOI, and a mood stabilizer such
as lithium have been recommended. Baldessarini (1977) suggests starting the
TCA and the MAOI simultaneously or else adding the MAOI after the patient
has been started on the TCA, but not adding a TCA to an MAOI. The doses of
each medication may be smaller when given in combination.

4.2.5
Other Antidepressants

Dosing recommendations for the management of clinical depression with the
so-called “second generation” antidepressants (agents introduced during the
1980s) as well as the most recently introduced antidepressants are presented in
the dosing table in the Appendix (Table 1). In general, of the newer agents, bu-
propion has been the most frequently used in bipolar depression, with maproti-
line a distant second. The most recently introduced antidepressants, venlafax-
ine, nefazodone, and mirtazapine, have not been extensively used in the depres-
sive phase of bipolar mood disorder. Venlafaxine has a three times greater po-
tency for serotonin than for norepinephrine reuptake inhibition. Nefazodone
blocks serotonin-2 receptors, and inhibits norepinephrine reuptake. It also
inhibits cytochrome P450 (CYP) A34 but not 2D6 (Feighner and Boyer 1991).
Wilens et al. (1997) used nefazodone in four adolescents with bipolar depres-
sion. Two responded well and two had mild manic activation. Still, reports on
the systematic use of these new agents are eagerly awaited. Extrapyramidal
symptoms have developed shortly after the addition of nortriptyline to a combi-
nation of venlafaxine and valproic acid that had been administered for several
months (Conforti et al. 1999).

4.2.6
Anticonvulsants

Until recently, anticonvulsants such as carbamazepine and valproic acid ap-
peared to have only modest antidepressant effects (much less in the acute
phase), in spite of their well-accepted role as antimanic agents and mood stabi-
lizers. Their antimanic effects are also quite slow to appear and have found to
be closely related to an increase in dose, starting at 200 mg and increasing every
2–4 days by 100 mg as clinically tolerated. Some patients may require doses up
to or even exceeding 1,500 mg/day. However, Post et al. (1996) suggest that these
drugs are effective alone or in combination with lithium in patients who are less
responsive to lithium alone, including those with a greater numbers of prior
episodes, rapid cycling, dysphoric mania, comorbid substance abuse or medical
problems, and patients without a family history of bipolar illness in first-degree
relatives. Swann et al. (1997) reported that depressive symptoms emerging dur-
ing manic episodes respond better to valproic acid than to lithium. Therapeutic
blood levels can be obtained to assist in dosage selection.
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Three new anticonvulsants—lamotrigine, gabapentin, and topiramate—have
shown early promise as mood-stabilizing agents and seem to be well tolerated
by most patients. Clinical experience (Walden et al. 1998; Mitchell 1999) indi-
cates that lamotrigine is more successful at controlling the depressive compo-
nent of bipolar disorder, and gabapentin is more effective at controlling the
manic episodes. Lamotrigine produced considerable improvement in a patient
with refractory bipolar disorder after several days of co-administration with val-
proate (Walden et al. 1996). Daily doses for lamotrigine may range from as little
as 25 mg up to 200 or even 300 mg. Doses for gabapentin may vary from
300 mg to as much as 1,800 mg or greater as clinically tolerated.

4.3
Maintenance Treatment

Although the acute treatment of depression in bipolar disorders is a rather dra-
matic and emergency-like situation, maintenance treatment is crucial for the
long-term well-being of patients (American Psychiatric Association 1994b). Its
purposes are to maintain a level of clinical stability, optimize the possibilities of
personal and social functioning, prevent clinical relapses (including the risk of
suicide), regulate doses and control possible side effects, facilitate a continuing
educational process of patients and relatives on the nature and characteristics of
the illness, substantiate the growing body of knowledge about research issues in
the clinical arena, maintain a high level of cooperation with patients and advo-
cacy organizations, and continue the study of the social and economic impact of
the disease in the general population.

The basic reason to insist on the need for maintenance treatment is the
chronic nature of bipolar disorder. The old axiom that, as the patient gets older,
the cyclic episodes become more frequent and severe, has neither been con-
firmed nor refuted. The familial nature of this disorder makes it imperative to
continue the treatment in order to avoid the undermining, deleterious effects of
the illness on the family unit. For instance, there is evidence that the discontinu-
ation of lithium can make the condition more severe in terms of frequency of
attacks and a poorer response to new cycles of medication (Strober et al. 1990;
Post et al. 1992).

There is consensus on the need for maintenance treatment after any episode,
be it manic or depressive. It is accepted that, after a first episode, a regular and
intensive treatment of about 6–8 months duration may suffice, followed by a pe-
riod of further observation by the clinician and the patient for the next few
years. Unfortunately, the chances of recurrence are high and, therefore, a per-
manent maintenance treatment becomes almost mandatory for most bipolar pa-
tients. The clinician should pay attention to other characteristics of the illness,
namely the type of onset (sudden onset necessitates maintenance treatment
more than insidious onset), severity (the more severe, the more obvious the
need for maintenance), the sex of the patient (males seem to need more prophy-
lactic treatment than females), and psychosocial considerations such as environ-
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mental stresses, degree of compliance, family support, intensity of patient�s oc-
cupation, and personality characteristics.

4.3.1
Lithium

Lithium is the medication of choice for the maintenance phase of treatment. It
has been demonstrated that it not only prevents new attacks but also has an an-
tidepressant effect per se. Nevertheless, almost 30% of patients on lithium pro-
phylaxis do not respond adequately (Keck and McElroy 1993).

Once the acute depressive episode has been controlled, lithium should either
be initiated or continued at a sufficient dosage to maintain a plasma level be-
tween 0.5 and 1.0 mEq/l. The practice of administering lithium in a single daily
dose has gained credibility in recent years. Blood levels should be monitored
weekly for the first 6 weeks, then twice a month, then once a month, and finally
twice a year, once full clinical stability has been reached (i.e., after about 8–
12 months of treatment). Monitoring should be more frequent among patients
who have a history of frequent relapses or rapid cycling. Monitoring of lithium
levels in saliva or sweat has been tried but the results are not convincing enough
to do it on a routine basis. Monitoring of lithium plasma levels also has an im-
portant psychological component as the patient realizes the seriousness of the
maintenance phase and the need to keep track of any physiological variations.

Other laboratory tests that should be done at least once or twice a year while
using lithium are thyroid function tests (T4, T3, TSH), urinalysis, and creatinine
to monitor kidney function. The role of lithium in causing chronic glomerular
toxicity and interstitial nephritis has been found to be less of a problem than
was formerly believed (Gitlin 1993; Walker 1993). Nonetheless, even though
these problems are quite infrequent, most clinicians feel kidney function should
be closely monitored. Additionally, complete blood count (CBC), urine osmolal-
ity, creatinine clearance, 24-h urine volume, and electrocardiogram (particularly
for people over 50) are recommended (Schou 1989). It should also be kept in
mind that some medical illnesses cause significant degrees of dehydration and,
like surgical procedures, strict dieting, strenuous exercise, hot weather, old age,
and pregnancy, may increase lithium plasma levels.

Although infrequent, perhaps the most serious side effects of lithium treat-
ment are hypothyroidism and diabetes insipidus. The former should be treated
with supplemental thyroid, whereas nephrogenic diabetes insipidus requires ei-
ther a reduction in dosage or the addition of a diuretic such as furosemide. Ulti-
mately, lithium can be replaced by another prophylactic agent (see below).
Weight gain, hair loss, and acne are other undesirable effects. Impaired short-
term memory, poor muscular coordination, and fatigue (Jamison et al. 1979)
are also noteworthy.

Signs of moderate lithium intoxication are drowsiness, disorientation,
blurred vision, hand tremor, restlessness, muscle twitches, slurred speech, vom-
iting, and confusion. Severe intoxication is characterized by intensification of
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these symptoms evolving into ataxia, severe movement disorders, and general-
ized muscle spasms. In addition to discontinuation of lithium, management in-
cludes renal profile, saline infusion, monitoring of fluid and electrolyte balance,
plasma levels every 12 h, and renal or peritoneal dialysis if the patient is coma-
tose, severely dehydrated, the plasma lithium level is higher than 3 mol/l, or if
there is a significant clinical deterioration (Johnson 1987).

4.3.2
Antidepressants

There is a great deal of controversy concerning the value of antidepressants as
maintenance or prophylactic agents (Frank et al. 1990; Peselow et al. 1991). Ini-
tially, the concept of maintenance treatment of bipolar depression with antide-
pressants was rejected outright, and for decades antidepressants were used only
to control acute depressive symptoms, with discontinuation after 6–8 months.
In recent years, however, some authors maintain that the use of antidepressants
together with lithium, for instance, can enhance the patient�s chances to remain
asymptomatic for long periods of time. In this sense, the SSRIs have more pro-
mise than the TCAs due to their relatively moderate side effects. It has also been
suggested that bupropion may be useful in maintenance treatment (Haykal and
Akiskal 1990). MAOIs are not highly recommended as maintenance treatment
agents (West 1992). Many practitioners use a combination of lithium and an an-
tidepressant in the maintenance phase for pragmatic reasons. It would be fair to
say that the issue is not resolved. If a clinician decides to use this combination,
close clinical surveillance is needed so that the antidepressant can be quickly
discontinued if the patient starts showing manic symptoms. Another criterion
could be the frequency and ratio of depressive versus manic attacks in a given
patient: if there is a predominance of depressive episodes, the prophylactic use
of antidepressants may be more justified. Finally, there appears to be a high risk
of switching into mania with TCAs (Calabrese et al. 1999a), while rapid cycling
may possibly be aggravated by SSRIs (Laporta et al. 1987; Hon and Preskorn
1989; Howland 1996). Japanese researchers have suggested that serotonin-in-
duced intraplatelet Ca response may be a good predictor of response to antide-
pressants in bipolar but not in unipolar patients (Kusumi et al. 2000).

4.3.3
Anticonvulsants

Anticonvulsants such as carbamazepine and valproic acid have been introduced
in recent years as effective prophylactic antimanic agents, substituting for lithi-
um in cases of lithium toxicity, lack of response, or resistance to lithium effects
after a period of time. However, these anticonvulsants are much more contro-
versial and less effective than lithium as antidepressant agents.

Some authors suggest the use of a combination of lithium and carbamaze-
pine, since carbamazepine has shown a somewhat better antidepressant effect
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than valproate. The initial dose of carbamazepine (100 mg) can be increased by
100 mg every 4–5 days until a blood level of 8–10 mg/ml is reached. Hepatic en-
zyme induction secondary to carbamazepine may require dose increases. It is
important to monitor blood levels as well as CBC, particularly white blood cells
and platelets, every 2–3 months, due to the rare but serious risk of aplastic ane-
mia. Hyponatremia has been reported, particularly in elderly patients. A variety
of clinically significant pharmacokinetic drug interactions can occur with car-
bamazepine (Spina et al. 1996). Phenytoin, phenobarbital, and primidone accel-
erate the elimination of carbamazepine, probably by stimulating CYP 3A4. Inhi-
bition of carbamazepine metabolism and elevation of plasma levels to potential-
ly toxic concentrations can be caused by a variety of analgesics, antibiotics, cal-
cium-channel blockers, and other drugs. Some studies show more frequent re-
lapses after 3–4 years of treatment with carbamazepine (Frankemburg et al.
1988).

Valproic acid appears to have clearer results with manic crises, but it is also
said to have antidepressant effects. The initial dose of 300–400 mg/day can be
increased until the patient reaches a blood level of 50–100 mg/ml. Side effects
are mild to moderate but some of them, such as hair loss, may occur rather
quickly during the treatment. Both lamotrigine and gabapentin may also have
value as prophylactic agents. In fact, there have been impressive results with
lamotrigine (in doses up to 200 mg/day) including findings in large mainte-
nance follow-up studies: the anticonvulsant significantly delayed time to inter-
vention for a depressive episode, suggesting that it has a distinct profile of
efficacy, potentially complementary to other mood stabilizers (Dubovsky and
Buzan 1997; Calabrese et al. 1999b).

4.3.4
Other Agents

Other agents used to either enhance the effects of antidepressant treatment or
contribute to the prophylactic management of bipolar disorder include thyroid
hormone (particularly l-triodothyronine, T3), antipsychotics (particularly
when depressive symptoms reach psychotic levels or violent behavior occurs;
these include the atypical antipsychotics clozapine, risperidone, and olanzap-
ine), benzodiazepines such as clonazepam, and calcium-channel blockers such
as verapamil (Dubovsky and Franks 1985; Horst 1990; Prange 1996)

4.4
Management of Clinical Variants

Rapid cycling, late-onset bipolar disorder, and bipolar disorders in the elderly
offer unique challenges to the clinician in both diagnosis and management.
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4.4.1
Rapid Cycling

Dunner and Fieve (1974) define rapid cyclers as those patients who present with
at least four affective episodes (depressive, manic, or hypomanic) per year.
DSM-IV (American Psychiatric Association 1994a) has officially sanctioned this
clinical subtype whose frequency seems to be increasing. The length of an affec-
tive cycle can be as short as 48 h or as long as 12 weeks. The age of onset of
rapid cycling generally varies from 30 to 42 years. Rapid cycling occurs more
frequently in women, particularly in the postpartum or menopausal periods
(Liebenluft 2000). Patients who develop signs and symptoms of lithium-induced
hypothyroidism are apparently more prone to develop rapid cycling than other
patients. Rapid cyclers may present with mixed affective crises during lithium
therapy rather than attacks of mania and depression (Alarcon 1985; Kilzieh and
Akiskal 1999). Authors agree on the observation that rapid cycling occurs more
frequently in bipolar than in unipolar patients.

The actual clinical symptoms of the rapid cycling phases do not differ from
symptoms that occur in regular or “slow” cyclers. There are “spontaneous” ra-
pid cyclers, and those in whom episodes are clearly induced by a pharmacologi-
cal or nonpharmacological agent. Examples of pharmacological agents that can
induce rapid cycling are antidepressants of different kinds, l-dopa, dopamine
receptor stimulants such as piribedil, serotonin receptor antagonists such as
cyproheptadine, conjugated estrogens, and lithium. Among nonpharmacologi-
cal inducers of rapid cycling, ECT, pregnancy, physical illnesses such as multiple
sclerosis, and withdrawal from TCAs are most frequent. A familial association
with rapid cycling has not been demonstrated so far.

No firm conclusions have been reached yet regarding the pathogenesis of ra-
pid cycling. Biological factors such as neurotransmitter abnormalities, circadian
desynchronization, cholinergic-monoaminergic interaction, hypothalamic–pitu-
itary–thyroid axis dysfunction (“subclinical hypothyroidism”), neurohormonal
connections, membrane phenomena, or neurophysiological vulnerability, as
well as features such as age, sex, length of illness, and medications interact to
provoke either a clear predisposition toward or an actual appearance of rapid
cycling (Bauer and Whybrow 1993). Elevation in phenylethylamine excretion oc-
curs in bipolar patients who show a rapid mood cycling on a daily basis (Semba
et al. 1988).

There have been contradictory reports about the efficacy of lithium in the
management of rapid cycling (Janicak and O�Connor 1991). Some authors advo-
cate a prolonged lithium treatment in order to ameliorate the intensity of the
crises, while others rule it out completely as ineffective or even deleterious to
the clinical course of the condition. Dunner (1979) advocates the use of antipsy-
chotic agents or symptomatic antidepressants if deemed necessary; although
others suggest avoiding them if possible (American Psychiatric Association
1994b). By far, the most acceptable consensus favors the use of fairly high doses
of thyroxine (up to 0.1 mg/day) or, alternatively, anticonvulsants such as car-
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bamazepine (Bauer and Whybrow 1990), valproate (Calabrese et al. 1993), or
lamotrigine (Calabrese et al. 1999b; Frye 2002). Other authors have used clorgy-
line, a selective MAO inhibitor, in the treatment of patients with refractory rapid
cycling. Similarly, bupropion, verapamil, magnesium aspartate, ascorbic acid,
and low vanadium diets have been tried in rapid cycling with some measure of
success. (Kukopulos et al. 1983). Stoll et al. (1996) saw a marked reduction in all
mood symptoms in four patients with rapid cycling bipolar disorder with cho-
line augmentation of lithium therapy. Bipolar II patients, who are particularly
susceptible to the development of rapid cycling, benefit from bupropion,
MAOIs, and low-dose SSRIs, preferably used in conjunction with lithium or
mood-stabilizing anticonvulsants (Akiskal 1994).

4.4.2
Late-Onset/Geriatric Bipolar Disorder

The occurrence of late-onset/geriatric bipolar disorder should strongly dictate a
work-up for the detection of specific organic problems, such as cerebrovascular
accidents, brain tumors, neurological illness, incipient dementia, or systemic
conditions. Once such conditions are ruled out, the diagnostician must consider
some clinical peculiarities such as greater irritability in the depressive constella-
tion, a slightly more prominent presence of cognitive impairment, more pro-
nounced sleep irregularities, and a higher frequency and longer duration of
mood cycles. The risk of suicide is also greater among elderly patients with bi-
polar disorder and appears to be on the rise (Mitterauer et al. 1988; Roy-Byrne
et al. 1988). The lack of consistent social support makes treatment more difficult
and prognosis more somber for this type of depression.

As a general rule, the use of antidepressants in this population should be
more restricted in doses, length of treatment, and use of combinations; clini-
cians may not see as great a degree of clinical response, and should also monitor
carefully for the occurrence of side effects and the need for interventions to con-
trol them. Due to a slower metabolism and age-related deficiencies in cognition,
alertness, and habits such as mealtimes and nutrition patterns, the initial and
maintenance doses of medications should be about half of those for the younger
adult population (see Table 1 in the Appendix). While the onset of action may
take a little longer, side effects may appear earlier and lead to a shortening of
the overall period of treatment. In some cases, side effects may be so significant
that ECT should be considered. The use of antidepressants alone rather than in
combination is strongly recommended. The addition of medications such as an-
tihypertensives, diuretics, antiarrhythmics, analgesics, and sedatives should be
closely monitored.

SSRIs are still the first choice among antidepressants. Lithium seems to have
fewer antidepressant effects among elderly patients with bipolar disorder, but
may still be valuable. Bupropion is useful due to its stimulating effects but the
risk of seizures is a deterrent, even though the slow-release form of this medica-
tion has significantly reduced their incidence. MAOIs and TCAs pose several
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problems, such as dietary restrictions, oversedation, anticholinergic effects,
constipation, tremors, and cognitive deficits. Stimulants such as methylpheni-
date and amphetamine-like compounds in very low doses have been used but
their effect is time-limited. (Feighner et al. 1985; Elkin et al. 1989)

5
Conclusion

Although sharing in most of the main features of a major depressive episode,
depression in a bipolar mood disorder has some clinical characteristics that are
important to recognize. In addition to the more prominent presence of melan-
cholic features, this depressive syndrome runs the risk of quickly evolving into
hypomanic or manic symptoms as a result of pharmacological interventions or
internal neurophysiological and neurohormonal mechanisms. Its management
may be complicated by rapid cycling or mixed bipolar presentations. Late-onset
bipolar disorder and the apparent increase in frequency and severity of affective
episodes with old age may also present clinical complications. The clinician,
therefore, must be aware that treatment of bipolar depression requires some
variations in the conventional use of antidepressants (Reid 1992). For instance,
the choice of initial treatment may be either lithium (whose antidepressant ef-
fects appear to be more evident in this patient population) or one of the SSRIs.
At the same time, MAOIs seem to be more effective than the traditional TCAs,
and some of the second-generation antidepressants such as bupropion are
promising. The newer non-SSRI antidepressants have not yet been extensively
tested in bipolar depression. The antidepressant effects of anticonvulsants ap-
pear to be less marked in bipolar depression than in unipolar or other kinds of
depression, but, used in combination with lithium, they reduce the likelihood of
relapse or recurrence (Solomon et al. 1997). Finally, there appears to be some
justification for the use of adjuvant agents, such as thyroid replacement, stimu-
lants, or calcium channel blockers.

The physical manifestations, including somatic symptoms, of depression ap-
pear to be more prominent in bipolar affective disorders. Late onset bipolarity
requires a full work-up for evidence of macro-organicity. Even as more research
provides us with better pharmacological agents for bipolar depression (Horst
1990; Andrews and Nemeroff 1994), the thorough clinician should not forget
that these patients also need an adequate, rational, and humane psychothera-
peutic treatment.
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Abstract Despite the availability of many newer antidepressant medications, a
significant percentage of patients are partial responders or have treatment-resis-
tant depression (TRD). In such cases, there are very few data to indicate what
step (combination, augmentation, or switching) should be taken next. The first
step in optimizing treatment is to provide an antidepressant trial of adequate
duration at a dosage that ensures therapeutic plasma levels. Some patients, in-
cluding previous nonresponders, may benefit from higher doses. Although a
medication trial of 4–8 weeks is often adequate to see some treatment response,
patients with TRD may require a longer trial (e.g., 12–16 weeks) to achieve a full
response. A framework of time-driven prompts called “critical decision points”
can be helpful in determining the appropriate “next step” in treatment of TRD.
At each decision point, the clinician assesses a patient�s overall improvement
and side effect burden and may choose to continue the prescribed dose, increase
or decrease the dose, augment treatment with another agent, switch or combine
medications. Switching medications is advantageous when there is a need to
keep treatment simple or patient compliance is an issue. When a patient partial-
ly responds to a given treatment, the clinician should consider augmentation be-
fore switching. Potential advantages of augmentation include attaining full re-
sponse without starting a new medication trial, using lower doses of both agents
to minimize side effects, treatment of comorbid disorders such as subclinical
hypothyroidism, and quicker treatment response. Combination therapy allows
the clinician to treat depression with antidepressant medications that have dif-
fering mechanisms of action, thus affecting different neurotransmitter systems.
The chapter provides a thorough description of medication use in each of these
treatment strategies, including appropriate dosing, switching guidelines, aug-
mentation strategies, and possible drug interactions. Clinical evidence in the lit-
erature (or the lack thereof) that support these therapies are reviewed. Alterna-
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tive treatments to medication are discussed, including psychotherapy (e.g., cog-
nitive behavioral therapy), electroconvulsive therapy (ECT), vagus nerve stimu-
lation, and repetitive transcranial magnetic stimulation (rTMS).

Keywords Treatment-refractory depression · Treatment-resistant depression ·
Antidepressants · Partial response · Augmentation · Combination treatment

1
Introduction

Depression occurs in up to 1 in 8 individuals during their lifetime, making it
one of the most prevalent of all medical illnesses. The prevalence rates of major
depressive disorder (MDD) are approximately 2%–3% in men and 5%–9% in
women, with a lifetime risk for developing an episode of 5%–12% and 10%–
25%, respectively (American Psychiatric Association 2000). Despite the avail-
ability of many newer antidepressant medications, approximately 50% of pa-
tients will not respond to initial treatment, requiring trials of more than one
agent to attain remission of symptoms (Fava and Davidson 1996). As many as
20% of patients with MDD are resistant to treatment and another 30% may
achieve only a partial response (Keller et al. 1984).

The implications of unremitted, and possibly prolonged, depression are
significant. Over 50% of completed suicides involve an episode of depression
(Janicak and Martis 1998). The annual cost of depression in the United States is
approximately $44 billion (1990 dollars). Of that figure, 72% reflects indirect
costs related to functional impairment, such as unemployment, underemploy-
ment, and total disability (Greenberg et al. 1993). Continued illness may have a
negative impact on social supports. Repeated treatment failures may also influ-
ence patients� willingness to continue treatment.

There is no clear consensus among researchers on the definition of treat-
ment-resistant depression. In the literature, the patient populations described as
“treatment-resistant” vary from study to study. At times, the term refers to pa-
tients who have failed to achieve remission in a single short trial of medication,
whereas other studies define treatment-resistant patients as those who have
failed to respond to multiple lengthy trials of different classes of antidepres-
sants.

Often, the terms treatment-refractory and treatment-resistant are used inter-
changeably. In general, patients with treatment-refractory depression (TRD) are
viewed as those who have failed to respond to adequate trials of two antidepres-
sants of different classes (Thase et al. 1995; Ananth 1998; Janicak and Martis
1998; Nelson 1998). Patients are considered treatment-resistant if multiple treat-
ments have failed. During an initial assessment, it is difficult to determine treat-
ment status without a thorough medication history that includes information
on tolerability or whether medication doses were maximized by previous clini-
cians. However, it is inappropriate to ascribe treatment resistance until multiple
treatment options have been pursued. Often patients are not totally resistant to
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treatment, but require a more complicated course of treatment with a longer du-
ration. It is therefore important to strive for an adequate sequence of treatment
trials prior to diagnosing a patient as having treatment-resistant depression. Al-
though the prevalence of treating depression in primary care clinics has in-
creased over the last decade, studies have not shown clear evidence of improve-
ments in quality or continuity of care, and treatment of depression is often not
in accordance with current evidence-based research findings (Simon 2002). In
fact, it has been estimated that as many as 40% of patients in treatment do not
receive at least a moderate dose of medication for an adequate period of time
(Katon et al. 1992). Additionally, these patients often have inadequate follow-up
(Ford 2000), particularly during the critical initial stages of treatment (Lin et al.
1995). The result is that desired outcomes (full symptomatic remission and re-
turn of premorbid levels of functioning) are often not achieved. Multiple algo-
rithmic approaches are being evaluated to determine the best sequences to uti-
lize for patients with difficult to treat MDD. The recently completed Texas Medi-
cation Algorithm Project (TMAP website, accessed 2002) and the currently on-
going Sequenced Treatment Alternatives to Relieve Depression (STAR*D web-
site, accessed 2002) project will provide evidence for the most efficacious algo-
rithms for TRD.

2
Factors Contributing to Treatment Refractory Depression

Despite recent advances in the development of pharmacological treatments for
MDD, many patients receiving medication for depression do not experience
substantial relief from their symptoms. Approximately 10%–20% of patients
cannot tolerate the side effects of antidepressant treatment. Another 25%–35%
of patients who complete an adequate trial of an antidepressant do not respond
or do not show an acceptable response to treatment, usually defined as a 50%
decline in symptom severity as measured by the Hamilton Depression Rating
Scale (HAM-D) (Hamilton 1967). In addition, up to 50% of patients who show
an “acceptable” response continue to have residual symptoms that interfere with
work, family, and social activities (Rush and Trivedi 1995; Thase and Rush 1997;
Nierenberg et al. 1999).

Although inadequate treatment (i.e., inadequate doses for inadequate periods
of time) of depression is often blamed for poor patient outcomes, patient non-
adherence with pharmacotherapy is a substantial contributing factor. Drug tri-
als for the treatment of depression report a 10%–30% rate of nonadherence, and
it is thought that nonadherence is much greater in a naturalistic setting (Depres-
sion Guideline Panel 1993). Naturalistic studies show that patients often decide
independently to discontinue treatment sooner than practice guidelines recom-
mend (Paykel and Priest 1992; American Psychiatric Association 1993, 2001;
World Health Organization 1996). A study conducted by Lin et al. (1995) found
that 28% of patients discontinued taking antidepressants in the first month of
therapy, and that 44% discontinued antidepressants by the third month. Katon
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et al. (1992) reported that up to 60% of patients in primary care had discontin-
ued their antidepressant medications prior to completion of the recommended
6 months of pharmacotherapy. These studies emphasize the importance of as-
sessing medication adherence prior to classifying a patient as treatment refrac-
tory.

In addition to inadequate treatment and patient nonadherence, unsuccessful
antidepressant treatment may be a result of misdiagnosis or the presence of
an unrecognized comorbid psychiatric disorder or general medical condition
(Kornstein and Schneider 2001). Comorbid psychiatric disorders are common
in patients with MDD and may increase the likelihood of treatment resistance.
If these disorders are missed or inadequately treated, the evaluation and treat-
ment of depression may be complicated. For example, depressed patients with
comorbid anxiety disorders tend to be more severely depressed and slower to
respond to treatment. They are more likely to have residual symptoms and have
increased rates of relapse and recurrence (Fawcett 1997; Kornstein and Schnei-
der 2001). Up to 40% of patients with bipolar disorder are initially diagnosed
with major depression (Ghaemi et al. 1999). The acute and chronic effects of
substance abuse may worsen symptoms of depression and increase the likeli-
hood of noncompliance (Thase and Rush 1997).

General medical conditions or their treatments may cause or worsen symp-
toms of depression. Diabetes, coronary artery disease, HIV infection, cancer,
and chronic pain may contribute to TRD (Catz et al. 2002; Riedinger et al. 2002;
Nichols and Brown 2003). Fibromyalgia, chronic fatigue syndrome, and irritable
bowel syndrome also are associated with symptoms of depression (Dwight et al.
1998; Hickie 1999). Endocrine disorders, such as Cushing�s disease, Addison�s
disease, and hypothyroidism in particular also may cause depression (Kornstein
and Schneider 2001).

3
Optimizing Treatment

Given the prevalence of depression in our society, there remains a great concern
that many patients remain untreated or undertreated. As safer medications have
become available, there has been pressure by managed care organizations to
treat depression in a primary care setting. However, many patients, both in the
primary and specialty care setting, receive less than an adequate treatment trial
(Nelson 1997).

Treatment should be addressed on several fronts, including dosage, length of
trial, and overall treatment duration. In addition, response should be evaluated
objectively at specific intervals. A methodical approach is a critical tool in the
effective treatment of TRD. Thase and Howland (1994) suggest that each failed
trial reinforces patient demoralization and pessimism, creating a vicious cycle
in which pessimism alienates others and increases interpersonal sensitivity, re-
sulting in significant others distancing themselves from the patient. The combi-
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nation of persistent stressors, eroding social support, and increased demoraliza-
tion may increase the potential for suicidality (Thase and Howland 1994).

3.1
Maximizing Dose

Undertreatment of MDD patients, particularly in the primary care setting, is a
persistent concern of clinicians (Berman et al. 1997; Nelson 1997; Trivedi and
Kleiber 2001). It is estimated that fewer than 50% of patients in treatment re-
ceive at least a moderate dose of medication (Keller et al. 1986). Patients either
may be left at a lower dose due to intolerance of higher doses and/or in an effort
to minimize side effects, or inadequately evaluated to optimize outcomes.

In order to ensure an adequate trial, it is essential to attain a therapeutic plas-
ma level for the prescribed medication. Not all patients respond similarly to a
medication at a given dose, and the recommended dosage may be inadequate. If
possible, plasma levels should be drawn to determine if the patient is at a thera-
peutic level. The clinician can titrate medication aggressively, in an attempt to
reach a therapeutic level more rapidly, as tolerated (Janicak and Martis 1998).
Patients may benefit from higher doses, and nonresponders may also improve
with an extension of the treatment trial. Among patients who have exhibited
some improvement to antidepressant treatment but are still experiencing resid-
ual symptoms, titration to the maximum tolerated dose (as opposed to a mini-
mally effective dose) may enable them to achieve a full response, or possibly at-
tain the desired goal of full remission. This initial strategy is especially useful
with agents that have a known dose–response relationship. As tolerated, patients
should be brought to the maximum therapeutic dose of a medication, and main-
tained on that dose for an adequate period of time to determine the effective-
ness of a given treatment. The Appendix to this volume (Table 1) presents a rep-
resentative example of appropriate medication doses for various antidepres-
sants.

3.2
Critical Decision Points in Treatment Planning

Due to the increased risk of failed trials in TRD, it is essential to take an orga-
nized approach to treatment. A framework of time-driven prompts called “criti-
cal decision points” (CDPs) (Trivedi and Kleiber 2001) can be helpful in deter-
mining the appropriate “next step” in the treatment of TRD (Fig. 1). This system
is designed to assist clinicians in assessing symptom response by establishing a
timetable for re-evaluation and suggesting treatment strategies or tactics.

When using such a system, CDPs are set at predetermined intervals of time,
for example, at weeks 0, 4, 6, 8, 10, and 12. Week 0, or CDP 1, marks the initia-
tion of a new medication trial. At each decision point, a clinician assesses a pa-
tient�s overall improvement and side effect burden. Based on that assessment,
treatment options are evaluated. The clinician may choose to continue the pre-
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scribed dose, increase or decrease the dose, augment treatment with another
agent, or switch or combine medications. By evaluating patient outcome and
proceeding in a stepwise manner, many of the concerns that are often raised
about the management of TRD may be addressed.

Fig. 1 The Texas Medication Algorithm Project (TMAP) algorithm for nonpsychotic major depressive
disorder
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3.3
Length of Trial

The average length of a medication trial is 4–8 weeks. For most patients, this is
adequate time to see some treatment response. However, there is evidence that
additional time may be needed for some patients to show significant improve-
ment of symptoms. A study by Quitkin et al. (1984) challenged the then accept-
ed trial length of 4 weeks. Their results showed that approximately 20% of pa-
tients exhibiting minimal response at 4 weeks did have a satisfactory response
after 8 weeks of treatment. An analysis of the response profiles of nearly 600 pa-
tients treated with mianserin, monoamine oxidase inhibitors (MAOIs), or tricy-
clic antidepressants (TCAs) revealed that 44% of patients who were showing
mild improvement after 5 weeks achieved symptom remission by the end of the
6th week (Quitkin et al. 1996).

A significant study of chronic depression showed that, while about 40% of pa-
tients had complete symptom remission following a 12-week trial of either imi-
pramine or sertraline, an additional 47% of partial responders achieved full re-
sponse to treatment during the extended continuation phase (Keller et al. 1998).
This finding suggests that an average trial of 4–6 weeks may not be adequate to
produce complete symptom remission in some patients. A retrospective data
analysis of patients treated with nefazodone found that 63.6% of those who
remitted did so after 6 weeks or more of treatment (Trivedi et al. 2001). Like
patients with chronic depression (Koran et al. 2001; Trivedi and Kleiber 2001),
patients classified as treatment refractory may need a medication trial of
12–16 weeks to achieve a full response.

3.4
Long-Term Management of Depression

There are three phases of treatment: acute, continuation, and maintenance. The
acute phase is generally 12 weeks. Once a patient is progressing satisfactorily, a
continuation phase follows during which the therapeutic medication dose is
continued for 6–9 months. A major study conducted by Kocsis et al. (1996)
found that those patients with chronic depression who were maintained on desi-
pramine throughout the 2-year maintenance phase were significantly less likely
to relapse than patients receiving placebo. These results suggest that recurrent
or chronic depressions (which may often prove treatment refractory), may re-
quire maintenance treatment lasting 2 years or longer to deter relapse or recur-
rence of significant depressive symptoms. Severe or chronic depressions such as
TRD are particularly vulnerable to relapse or recurrences. Premature medica-
tion discontinuation may exacerbate symptoms. Conversely, maintenance treat-
ment may enhance remission potential.
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3.5
Measuring Improvement: Defining Full Response, Partial Response,
and Minimal Response

Another component of thorough treatment is the objective measurement of de-
pressive symptoms. It is important to identify the patient�s symptom profile
and severity at baseline, and monitor physical and behavioral changes through-
out the trial. In this way, the clinician may assess patient progress objectively
and avoid pressure from the patient to change treatment prematurely (Janicak
and Martis 1998).

After 4 weeks of treatment, patients fall into one of four categories of treat-
ment response: full, partial, minimal, or nonresponse. Full response, or remis-
sion, is defined as greater than or equal to 75% reduction in depressive symp-
toms and a score less than 7 on the 17-item Hamilton Rating Scale for Depres-
sion (HRSD-17), partial response as 50%–70% improvement, minimal response
as 25%–50% improvement, and nonresponse as less than 25% symptom reduc-
tion. Although most clinical trials define adequate treatment response as a
greater than 50% reduction in symptoms, the goal of treatment should always
be remission of symptoms and restoration of functioning. Many times, patients
with MDD face the possibility of relapse (where some symptoms return) or
recurrence of significant symptoms after a period of remission (Janicak and
Martis 1998). It is suggested that complete symptom remission may help pre-
vent relapse or recurrence for many patients (Rush and Trivedi 1995).

4
Selecting the Next Step

A number of considerations should be taken into account in determining the
next step following a failed treatment trial. Switching to another antidepressant
is the simplest strategy and may help promote patient adherence (Nelson 1998).
This may be the best option if a patient has failed one monotherapy trial. If the
patient�s depression has partially responded to monotherapy, the clinician may
consider augmentation before switching so as to not lose the progress made
during the trial (Nelson 1998). The advantages of augmentation include possibly
rapid response, no time lost in titration, and the possibility of boosting a partial
response. An augmenting agent may have other benefits, such as anxiolytic ef-
fects, and can serve as a bridge to another medication (Nelson 1998).

The rationale for both augmentation and combination strategies is to increase
the effects of one medication by adding a second medication. Therapeutic phar-
macokinetic and pharmacodynamic interactions between the two agents explain,
at least in theory, the “boost” in effect. Combination therapy allows the clinician
to treat depression with antidepressant medications that have differing mecha-
nisms of action, thus affecting different neurotransmitter systems (i.e., norepi-
nephrine, serotonin, dopamine) thought to be altered in depressed patients. Data
to support combination therapy are very limited and most data supporting it
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come from anecdotal reports, case series, and small open trials. Whether combi-
nation treatment is better than switching to a broader spectrum antidepressant,
such as venlafaxine or clomipramine, remains to be seen (Thase et al. 1998).

4.1
Switching Medication

When a patient fails to respond to a given medication following a trial of ade-
quate dose and duration, one treatment option is to switch to a different antide-

Table 1 Suggested guidelines for switching between antidepressants

From To Plan

SSRI SSRI Direct switch from SSRI No. 1 to SSRI No. 2
SSRI TCA Discontinue SSRI by taper and then initiate noradrenergic TCA;

or direct switch from SSRI to serotonergic/noradrenergic TCA; or taper
SSRI and initiate TCA gradually, as tolerated, to therapeutic dose range

SSRI Nefazodone Discontinue SSRI by taper and then initiate nefazodone
SSRI Venlafaxine Direct switch from SSRI to venlafaxine; or cross-taper venlafaxine with

SSRI if patient experiences SSRI withdrawal symptoms
SSRI Mirtazapine Cross-taper from SSRI to mirtazapine
SSRI Bupropion Cross-taper from SSRI to bupropion
SSRI MAOI Discontinue SSRI. After a 5-week washout period for fluoxetine

or a 2-week washout period for all others, MAOI therapy can safely
be initiated

TCA TCA Discontinue venlafaxine, nefazodone, mirtazapine or bupropion
by taper and then initiate TCA; or cross-taper venlafaxine, nefazodone,
mirtazapine, or bupropion with TCA

Venlafaxine
Nefazodone
Bupropion
Mirtazapine
TCA SSRI Discontinue TCA (or venlafaxine, nefazodone, bupropion, mirtazapine)

by taper and then initiate SSRI; or taper TCA or bupropion while
initiating SSRI at a low dose

Venlafaxine
Nefazodone
Bupropion
Mirtazapine
Venlafaxine
Nefazodone
Bupropion
Mirtazapine

Venlafaxine
Nefazodone
Bupropion
Mirtazapine

Cross-taper venlafaxine, nefazodone, mirtazapine, or bupropion with
nefazodone, venlafaxine, mirtazapine, or bupropion; or discontinue
venlafaxine, nefazodone, mirtazapine, or bupropion by taper and
initiate nefazodone, venlafaxine, mirtazapine, or bupropion gradually
as tolerated to therapeutic dose range

TCA MAOI Discontinue TCA (or nefazodone, venlafaxine, bupropion, mirtazapine).
After a 2-week washout, MAOI therapy can be safely initiatedNefazodone

Venlafaxine
Bupropion
Mirtazapine
MAOI MAOI Discontinue MAOI No. 1. After a 2-week washout, therapy with MAOI

No. 2 (or TCA, venlafaxine, nefazodone, mirtazapine, or bupropion)
can be safely initiated

Nefazodone
Venlafaxine
Bupropion
Mirtazapine
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pressant. The clinician may choose to switch within a class or move to another
class of antidepressant. The selection may depend on the patient�s and family
members� response history, health concerns, concomitant medications, and ac-
ceptability of known side effect risks.

When the decision is made to switch antidepressants, it is important to con-
sider the mechanism of action of each medication. New generation antidepres-
sants are not as plagued with anticholinergic, antihistaminic, and a-adrenergic
receptor blocking effects as the older TCAs, because of the selectivity in their
mechanism of action (Ananth 1998). Switching may involve a brief wash-out be-
fore starting a new medication, directly switching from one medication to the
other, or cross-tapering (gradually decreasing one medication while increasing
another).

Some medications appear to be more effective with a specific subtype of de-
pression (Nelson 1997). Venlafaxine or a TCA is indicated for patients with se-
vere depression (Klenk and Rosenbaum 2000). MAOIs have been proven effec-
tive in atypical depression (Thase et al. 1995), while venlafaxine and SSRIs are
thought to be effective in anxious depression (Davidson et al. 2002). Suggested
guidelines for switching between antidepressants are presented in Table 1.

4.1.1
SSRI to SSRI

Some question the advisability of switching from one selective serotonin reup-
take inhibitor (SSRI) to another, suggesting that switching to another class is
more effective (Nelson 1998). However, there are subtle differences in the neuro-
pharmacology of SSRIs that produce different effects (Janicak and Martis 1998;
Nelson 1998). Switching from one SSRI to another has been shown to be effica-
cious, with response rates of 42%–71% (Brown and Harrison 1995; Joffe et al.
1996; Zarate et al. 1996; Thase and Rush 1997). It should be noted that the pa-
tients who were switched had similar side effect profiles with both SSRIs, sug-
gesting that if side effects are problematic on one SSRI, there is little advantage
in switching to another.

A direct switch from one SSRI to another will not produce discontinuation
effects, with the exception being the switch from paroxetine to fluoxetine
(Marangell 2001), because of the short half-life of paroxetine and the long half-
life of fluoxetine. While there is no advantage in cross-tapering, a direct switch
is better tolerated than washing out the first medication before starting a sec-
ond. When switching from fluoxetine to any other SSRI, there is a potential for
greater serotonin uptake inhibition due to the rapid achievement of steady state
of the new SSRI and the slow clearance of fluoxetine. This issue is particularly
true in the healthy elderly in whom it can take up to 4 months to clear the active
metabolite, norfluoxetine, from the body (Harvey and Preskorn 2000). Both
medications will be present for a period of time equal to 5 times the half-life of
the first medication, but generally this does not create a problem. Higher levels
of either medication will be present if one or both inhibit cytochrome enzymes
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(such as paroxetine or fluoxetine), and although it is not a safety issue, it may
result in a tolerability issue (Marangell 2001).

4.1.2
SSRI to or from TCA

TCAs are clearly efficacious, particularly in severe depression. However, this
must be weighed against an increased rate of side effects, possible adverse cardi-
ac effects, and the potential for fatal overdose. It has been suggested that the cli-
nician consider switching to one of the noradrenergic TCAs, such as desipra-
mine or nortriptyline, if a patient does not respond to an SSRI (Nelson 1998).
One open-label study conducted by Beasley et al. (1990) found 51%–62% of pa-
tients who switched to fluoxetine following a failed trial of a TCA (either intoler-
ance or nonresponse) showed improvement. However, switching from one TCA
to another has generally not proven to be advantageous (Nelson 1998).

When switching between an SSRI and a TCA, possible drug interactions
should be considered. Abrupt discontinuation of a TCA may cause cholinergic
rebound, so that cross-tapering is recommended (Marangell 2001). Fluvoxamine
inhibits cytochrome P450 (CYP) 1A2 and CYP 3A3/4, so that concurrent use
with imipramine or amitriptyline may lead to decreased clearance of the TCA.
SSRIs, particularly paroxetine and fluoxetine, may cause increased TCA levels
through CYP 2D6 inhibition, increasing the risk of side effects or toxicity. As a
result, it is recommended that the dosage of the TCA be lowered prior to initiat-
ing an SSRI.

4.1.3
SSRI to or from Venlafaxine

Venlafaxine acts on both norepinephrine (NE) and serotonin (5-HT) receptors
(Ananth 1998). At low doses, it acts similarly to the SSRIs. At high doses, ven-
lafaxine produces both serotonergic and noradrenergic uptake inhibition (a dif-
ferent mechanism of action from that of the SSRIs). However, it is unclear at
what exact dose venlafaxine has a dual mechanism of action. There is some evi-
dence that venlafaxine may be more effective in TRD than the SSRIs (Thase et
al. 2000). It has been suggested that increasing the dose of venlafaxine may pro-
duce a better response than switching to an SSRI (Nelson 1997).

A direct switch between venlafaxine and a SSRI is preferred. There is little
benefit in cross-tapering, and washout may cause discomfort for the patient.
Caution is warranted when a patient is switched from an SSRI to venlafaxine be-
cause CYP 2D6 inhibition by the SSRIs (particularly fluoxetine and paroxetine)
can cause decreased metabolism of venlafaxine to O-desmethylvenlafaxine
(ODV), increasing the risk for cardiovascular and serotonergic side effects
(Marangell 2001).
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4.1.4
SSRI to or from Nefazodone

Nefazodone may be a good medication choice because it is less likely than the
SSRIs to cause sexual dysfunction and can be beneficial for sleep due to its se-
lective blockage of the 5-HT2 receptors. However, it may be difficult to switch
from a SSRI to nefazodone because of the enzyme-inhibiting effects of fluoxe-
tine and paroxetine on the metachlorophenylpiperazine (mCPP) metabolite of
nefazodone, resulting in increased anxiety or restlessness (Nelson 1998).

There have also been reports of nonlethal serotonin syndrome when a SSRI
and nefazodone are administered concurrently (Marangell 2001). Because of the
differing mechanisms of action, a direct switch will not prevent withdrawal
symptoms of the other medication, so it is suggested that the clinician taper the
first drug and allow a brief washout period before starting the second medica-
tion (Marangell 2001).

4.1.5
SSRI to or from Bupropion

Bupropion blocks the reuptake of both norepinephrine and to a lesser degree,
dopamine, but not serotonin. It is generally thought to have fewer adverse ef-
fects than the TCAs and theoretically may work particularly well in patients with
anergic depression (Nelson 1998). When faced with SSRI-induced sexual dys-
function and partial response, bupropion may be an attractive alternative. How-
ever, if anxiety symptoms do not improve with bupropion, an SSRI may be con-
sidered (Marangell 2001).

Due to different receptor effects, a direct switch is not advised. Cross-taper-
ing medications is suggested because of possible SSRI discontinuation symp-
toms (Marangell 2001). SSRI withdrawal symptoms (anxiety, irritability, and
flu-like symptoms) are generally transient, but can be quite bothersome to the
patient.

4.1.6
SSRI to or from Mirtazapine

Mirtazapine is similar to venlafaxine in that it is a combined-action serotoner-
gic–noradrenergic agent. However, the mechanisms of action differ, with mir-
tazapine�s principal action being that of an a2-antagonist, increasing the release
of serotonin and norepinephrine (Nelson 1998). Its 5-HT3 antagonistic effects
help block nausea, and it does not produce anorexia, sexual dysfunction, or in-
somnia. Common side effects include sedation and weight gain.

Two open-label trials have shown mirtazapine to be an efficacious option af-
ter SSRI treatment failure secondary to nonresponse or sexual side effects
(Koutouvidis et al. 1999; Fava et al. 2001). Due to differing mechanisms of ac-
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tion and low potential for drug interactions, cross-tapering is recommended
(Fava et al. 2001).

4.1.7
Venlafaxine to or from Nefazodone or Mirtazapine

Venlafaxine is not a significant inhibitor of CYP 450 enzymes. When switching,
these medications should be cross-tapered due to differing mechanisms of ac-
tion (Marangell 2001).

4.1.8
Bupropion to or from Nefazodone, Venlafaxine, or Mirtazapine

Due to differing mechanisms of action, cross-tapering is recommended (Marangell
2001). Bupropion is a substantial inhibitor of CYP 2D6 and has been reported to
produce the same magnitude of inhibition as paroxetine and fluoxetine. While that
is not an issue when switching to mirtazapine, it may be when switching to nefa-
zodone because the metabolite, mCPP, is dependent on CYP 2D6 for its metabo-
lism (Kennedy et al. 2002). Currently, it is not thought that this influences the safe-
ty profile of nefazodone, but caution should still be used, especially in the elderly
population with known heart problems (Owen and Nemeroff 1998). Although ven-
lafaxine is metabolized through CYP 2D6 to ODV, the clinical consequences are
not known, since venlafaxine and ODVare pharmacologically similar.

4.1.9
Switching to or from an MAOI

MAOIs have been shown to be effective in 50%–75% of patients who have failed
to respond to treatment with a TCA (Nelson 1998). However, a note of caution is
warranted when switching from an MAOI to another antidepressant. If a patient
does not respond to an adequate MAOI trial, the clinician must wait 14 days af-
ter discontinuation to start any new medication. The same is true when switch-
ing to another MAOI. The clinician can, with caution, add an MAOI while con-
tinuing treatment with a TCA (Marangell 2001). After discontinuing fluoxetine,
clinicians need to wait 5 weeks before administering an MAOI, unless the pa-
tient is over the age of 65; for older patients, waiting at least 2 months is recom-
mended to achieve comparable washout (Nelson 1998). When considering a trial
of an MAOI, the special diet required should also be taken into account. A se-
legiline transdermal patch is under investigation and may soon be approved for
use in the United States; this formulation will likely obviate the need to follow
an MAOI diet (see Kennedy et al., this volume, for a discussion of this new for-
mulation) (Amsterdam and Bodkin 2000).
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4.2
Augmentation Strategies

Switching medications is advantageous when there is a need to keep treatment
simple or patient compliance is an issue (Nelson 1998). An alternative treatment
option is augmentation. There is evidence that addition of an augmenting agent
may enhance the effectiveness of an antidepressant or improve response time. It
is recommended that augmentation strategies be considered when the antide-
pressant alone produces a partial response following an adequate trial. This is
especially true if the patient has significant functional impairment due to de-
pression and few if any adverse effects from the current treatment.

There are potential advantages to augmentation, including attaining full re-
sponse without starting a new medication trial, using lower doses of both agents
to minimize side effects, treatment of comorbid disorders such as subclinical
hypothyroidism, and quicker response to treatment (Janicak and Martis 1998).
There may be increases in side effect burden and medication costs, but whether
those issues are of concern depends on the medication selected for augmenta-
tion (Nelson 1998). A wide range of medications has been suggested as effective
augmentation agents. Some have minimal side effects (e.g., buspirone), while
others such as lithium increase the risk of adverse events. Suggested augmenta-
tion dosing is shown in Table 2.

4.2.1
Lithium

Over the past two decades, case reports, open studies, and controlled studies
have shown that lithium is an effective augmenting agent for TRD. To date, 11
double-blind, placebo-controlled trials investigating lithium as an augmenting
agent have been published or presented (de Montigny et al. 1983; Heninger et al.
1983; Cournoyer et al. 1984; Kantor et al. 1986; Zusky et al. 1988; Schopf et al.

Table 2 Suggested augmentation dosing

Augmentation agent Suggested daily dose/level

Lithium 0.4–1.0 mEq/l
T3 25–50 mg
Buspirone 20–60 mg (10 mg b.i.d.–20 mg t.i.d.)
Pindolol 7.5–15 mg (2.5–5 mg t.i.d.)
Atypical Antipsychotics
Olanzapine 5–20 mg
Risperidone 0.5–2 mg
Stimulants
Methylphenidate 30 mg (10 mg t.i.d.)
Dextroamphetamine 15 mg (5 mg t.i.d.)
Modafinil 100–200 mg
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1989; Browne et al. 1990; Joffe et al. 1993; Stein and Bernadt 1993; Katona et al.
1995; Baumann et al. 1996). Although some of the earlier studies showed nega-
tive results (Kantor et al. 1986; Zusky et al. 1988; Browne et al. 1990), later stud-
ies that used more sound methodologic measures resulted in more favorable
outcomes (Schopf et al. 1989; Joffe et al. 1993; Stein and Bernadt 1993; Baumann
et al. 1996; Katona et al. 1995).

Based on a meta-analysis of nine double-blind, placebo-controlled trials,
Bauer and Dopfmer (1999) concluded that lithium augmentation has a statisti-
cally significant effect on response rate compared with placebo. With dosing of
greater than 800 mg/day of lithium carbonate or a dose sufficient to produce a
plasma level of greater than 0.5 meq/l, and a minimum of 2 weeks on lithium
therapy, the pooled odds ratio was 3.31 for a response to lithium augmentation
compared with a response to placebo. Because there is much more evidence
supporting the use of lithium than any other augmenting agent, its use should
be considered first.

Several mechanisms have been proposed to explain the action of lithium aug-
mentation. In vitro studies have shown that low levels of lithium (0.1 meq/l) en-
hance serotonin turnover and induce a short-term effect (Rouillon and Gor-
wood 1998). De Montigny et al. (1981) hypothesized that lithium�s ability to in-
crease presynaptic transmission of serotonin would potentiate TCA-induced
post-synaptic serotonin supersensitivity, which would result in enhanced sero-
tonin transmission . There is also the possibility that lithium potentiates or has
a synergistic effect that involves other monoamines, such as norepinephrine or
acetylcholine.

Some studies have shown a positive correlation between higher lithium plas-
ma levels and response, while others have not been able to find this association.
As a general rule, lithium is dosed at a minimum of 600–900 mg/day, with a rec-
ommended plasma level above 0.4 meq/l (Nelson 1998; Rouillon and Gorwood
1998). Reports in the literature are also mixed concerning time to treatment re-
sponse. Some cases have shown a rapid response in less than 48 h (de Montigny
et al. 1983; Heninger et al. 1983), while others responded after a period of more
than 2 weeks (Stein and Bernadt 1993). Patients should use lithium augmenta-
tion for a minimum period of 2 weeks; it is generally unnecessary for trials to
extend beyond 6 weeks. However, some patients who are classified as “slow re-
sponders” by history may need a longer trial before lithium is determined to be
ineffective.

There is even more debate about how long to continue lithium treatment
once a response is seen. Although several case reports have addressed this issue,
only one double-blind, placebo-controlled study has looked at continuation
treatment (Bauer et al. 2000). None of the 14 patients who received lithium aug-
mentation suffered a relapse in the 4 months after remission of their symptoms,
while 5 of the 7 patients who were previous responders to lithium and were
placed on placebo in the continuation phase of the study experienced a depres-
sive relapse. The authors suggest that lithium augmentation be continued for a
minimum of 6 months after remission of depressive symptoms.
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Overall, approximately 50% of patients with TRD will respond to lithium aug-
mentation. Currently, no sociodemographic factors have been identified that
will predict response. Patients with nonpsychotic melancholic depression or bi-
polar depression are the most likely to be responders (Rouillon and Gorwood
1998). Thase et al. (1989b) suggested that patients who had a shorter duration
of prior treatment would have a more rapid response. In an open label, retro-
spective study of 71 patients with TCA-resistant depression, it was found that
lithium response was associated with more severe depression, a shorter depres-
sive episode, and lower levels of triiodothyronine. Lithium responders were less
likely to be diagnosed with a personality disorder or to receive co-administra-
tion of antipsychotics and antidepressants (Bschor et al. 2001). Currently, there
are no data indicating that any specific antidepressant medication is more likely
than another to benefit from lithium augmentation.

Although much of the literature supports the use of lithium as an effective
option for TRD, its use has declined. One reason for this may be that it has been
best studied with MAOIs and TCAs, which are not considered first-line antide-
pressant agents by most practitioners. Literature supporting its use with SSRIs
is expanding, but information on lithium augmentation of other newer antide-
pressant agents is limited. Another explanation for its declining use may be the
risk of toxicity with lithium and the need to monitor plasma levels as well as
thyroid and renal functioning. Lithium is also plagued with many adverse effects
(e.g., weight gain, tremor, nausea) and is often not well tolerated by patients.
There is also a theoretical risk of developing serotonin syndrome when lithium
is combined with other serotonergic agents. Because of these factors, lithium is
often not perceived by patients and practitioners as the augmenting agent of
choice despite the plethora of data supporting its use.

4.2.2
Thyroid Hormone

Both hyper- and hypothyroidism are associated with psychiatric symptomatolo-
gy. In particular, hypothyroidism is associated with depression-like symptoms
that will commonly resolve after normalization of the thyroid function. This led
researchers to investigate the use of thyroid supplementation in depression, al-
though most depressed patients are euthyroid. Triiodothyronine (T3 ) was first
tested empirically as a treatment for psychiatric illnesses in 1958 (Aronson et al.
1996). This work led to the use of low doses of T3 to accelerate the antidepres-
sant effects of TCAs. One of the first and most common explanations used to
explain the mechanism of action is that thyroid hormone interacts with various
neurotransmitters, norepinephrine in particular (Joffe 1998). It also has been
suggested that it may directly affect the thyroid axis or reduce thyroxin levels.
To date, the exact mechanism has yet to be determined.

Eleven studies (Earle 1970; Ogura et al. 1974; Banki 1975, 1977; Tsutsui et al.
1979; Goodwin et al. 1982; Schwarcz et al. 1984; Gitlin et al. 1987; Thase et al.
1989a; Joffe and Singer 1990; Joffe et al. 1993) have looked at the use of T3 to
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augment TCA non-responders; however, only four are double-blind studies
(Goodwin et al. 1982; Gitlin et al. 1987; Joffe and Singer 1990; Joffe et al. 1993).
Aronson et al. (1996) conducted a meta-analysis of T3 augmentation in treat-
ment refractory depression. Eight studies totaling 292 patients were included in
the analysis, and results showed that patients treated with T3 were twice as likely
to respond as controls. However, among the four double-blind, placebo-con-
trolled trials, pooled effects were not found to be significant. The authors at-
tributed this to the one negative study (Gitlin et al. 1987), which had the most
statistical variability. The authors concluded that more controlled studies with
larger sample sizes would be necessary before T3 could be definitively recom-
mended.

T3 is the preferred agent over T4 because a controlled study conducted by
Joffe and Singer (1990) found T3 to be more effective. Joffe and Marriott (2000)
also found that recurrence of depression was inversely related to T3 but not T4.

levels. The usual T3 dose is 25–50 mcg/day or an average of 37.5 mcg/day. Al-
though the duration needed to consider treatment a success or failure has not
been definitively determined, a trial of 2–3 weeks is generally perceived as an
adequate time period (Olver et al. 2000). As with lithium, it is unclear how long
T3 augmentation should be continued, but it is common practice to continue for
the duration of the antidepressant therapy. However, there is no literature avail-
able that provides empirical support for this practice. Also, as with lithium, thy-
roid supplementation is not commonly used in real world clinical practice. This
may be due to limited data supporting its use with the newer antidepressants.

4.2.3
Buspirone

Buspirone is an azaspirone that is currently marketed and used as an anxiolytic
agent for generalized anxiety disorder (Schweitzer et al. 1986). It is believed
to exert its anxiolytic effect through activity as a postsynaptic serotonin-1A
(5-HT1A) receptor partial agonist. Some early evidence suggested that buspirone
also exerts mild antidepressant effects through potentiation of serotonin trans-
mission (Schweitzer et al. 1986; Rickels et al. 1990). In these studies, buspirone
monotherapy was superior to placebo in the treatment of depression. This led
to several studies looking at buspirone as an augmenting agent.

Four open label studies of buspirone augmentation have reported positive re-
sults (Bakish 1991; Jacobson 1991; Joffe and Schuler 1993; Dimitriou and Dim-
itriou 1998). All four studies involved the addition of buspirone to current SSRI
therapy. Sample sizes ranged from 3 to 30 patients and rates of response were
usually greater than 50% by week 3, with most patients sustaining that response
after 3 months. In a randomized, placebo-controlled study, Landen et al. (1998)
were not able to detect a difference between the buspirone plus SSRI group and
the placebo plus SSRI group in patients with TRD. Approximately 50% of pa-
tients in both groups showed a treatment response at week 4. In the open-label
portion of the study, those patients who had initially responded, despite their
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grouping, continued to show a response. Appelberg et al. (2001) also conducted
a randomized, double-blind, placebo-controlled trial of buspirone augmentation
of SSRIs in patients with SSRI-resistant depression. After the first week, the
SSRI plus buspirone group showed significant improvement compared with the
SSRI plus placebo group, but at the end of the 6-week trial, there was no differ-
ence between the groups. It is noteworthy that those patients who had an initial-
ly high score (>30) on the Montgomery-Asberg Depression Rating Scale
(MADRS) (Montgomery and Asberg 1979) showed a significantly greater reduc-
tion in symptoms in the buspirone group than the placebo group (p=0.026).

When using buspirone as an augmenting agent in TRD, doses may range
from 20–50 mg/day, with the most common dose being 10 mg t.i.d. (Nelson
1998). If a response is to occur, it is reasonable to expect it within 3 weeks. Bus-
pirone has a distinct advantage in that it causes very mild side effects and has
minimal drug interactions. It also has independent effects on anxiety and may
therefore be the treatment of choice in those patients with a comorbid anxiety
disorder. Currently, buspirone augmentation has been studied only with seroto-
nergic agents and it is unclear if using it as an augmenting agent with noradren-
ergic and/or dopaminergic antidepressants would produce similar results. Be-
cause of this, and inconsistent findings in studies with SSRIs, additional con-
trolled studies should be conducted before its efficacy and potential clinical util-
ity as an augmenting agent can be fully evaluated.

4.2.4
Pindolol

Pindolol is a b-blocker with 5-HT1A receptor antagonistic properties. Currently,
it is thought that the delay in antidepressant effects (specifically with SSRIs) is
due to the inhibitory function of the presynaptic 5-HT1A receptors (Martinez et
al. 2000). SSRIs cause an initial rise in extracellular serotonin, which feeds back
to the 5-HT1A receptors. This action results in an initial decrease of 5-HT firing,
synthesis, and release, which may explain the 2–3 week delay in SSRI action
(Artigas et al. 1994; Martinez et al. 2000). Over time, there is a downregulation
of the 5-HT1A receptors, a decrease in negative feedback autoinhibition, and in-
creased firing and synthesis of 5-HT. This, in conjunction with the inhibition of
serotonin reuptake, facilitates 5-HT neurotransmission. The rationale for using
pindolol is to block the initial autoinhibitory process and theoretically cause an
earlier response to antidepressant therapy and augment antidepressant effects.

Although open-label studies (Blier and Bergeron 1995; Maes et al. 1996; Vinar
et al. 1996) suggest that pindolol may enhance or accelerate SSRI response, dou-
ble-blind, placebo-controlled trials have produced mixed results (Moreno et al.
1997; Perez et al. 1997, 1999; Blier and Bergeron 1998). Investigation of pindolol
augmentation of other antidepressants (MAOIs, nefazodone, TCAs) has also
shown mixed findings (Blier and Bergeron 1998).

The dose of pindolol that generally has been studied has been 7.5 mg/day
(2.5 mg t.i.d.). This dose was chosen in hopes of avoiding cardiovascular effects.
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Positron emission tomography (PET) imaging studies conducted by Martinez et
al. (2000) showed that 7.5 mg/day was most likely a suboptimal dose when using
pindolol to enhance serotonin transmission. They hypothesized that doses of
15–25 mg/day would be necessary to block 50% of the 5-HT1A receptors. Pindo-
lol then becomes less appealing, given the cardiac effects that can occur at these
doses. More controlled trials need to be conducted before pindolol can be con-
clusively ruled in or out as an augmentation agent for TRD.

At doses of 7.5 mg/day, pindolol is generally well tolerated. However, Blier
and Bergeron (1995) reported increased irritability, insomnia, and anxiety when
using it in TRD patients. Pindolol should be used with caution in patients with
severe allergies, asthma, cardiac conduction problems, and diabetes due to its
blockade of beta-1 and beta-2 adrenoreceptors. If there is no response after
2 weeks, Blier and Bergeron (1995) recommend that pindolol augmentation
should be discontinued, as response is unlikely to occur with continued treat-
ment. Treatment should be continued until remission of symptoms has been
achieved, although, with severely resistant cases, continuation of pindolol with
the antidepressant should be considered. Because cases of rapid deterioration
have been reported when pindolol was suddenly stopped due to adverse effects,
pindolol can be tapered off over a period of 2–4 weeks, decreasing by 2.5 mg ev-
ery 1–2 weeks (Vinar et al. 1996; Blier and Bergeron 1998).

4.2.5
Atypical Antipsychotics

Atypical antipsychotics have been studied primarily for use in psychotic depres-
sion, schizoaffective disorder, and depressive symptoms in patients with schizo-
phrenia (Rothschild 1996). Affective symptom improvement in these disorders
has prompted some investigators to look at atypical antipsychotics as adjunctive
agents in major depression. Risperidone (Osteroff and Nelson 1999; Hirose and
Ashby 2002) and olanzapine (Shelton et al. 2001) have both shown positive re-
sults in treatment of major depression when augmenting SSRIs in non-respon-
ders. The olanzapine study was a double-blind, placebo-controlled trial that
showed olanzapine plus fluoxetine was a superior combination to either agent
alone. However, it should be noted that while there were significant differences
between combination treatment and fluoxetine monotherapy in patient scores
on the MADRS scale, no differences were found in the HAM-D scores between
the groups. There is one case report of augmentation of venlafaxine with olanza-
pine 5 mg/day in which the patient with TRD experienced improvement in
symptoms within 2–3 days (Pichot and Ansseau 2001). Doses that have been
used to augment antidepressants are 0.5–2 mg/day of risperidone and 5–20 mg/
day of olanzapine. Results were generally seen within 1 week; therefore,
2–3 weeks should be a sufficient trial period. It appears that these two atypical
antipsychotics, risperidone and olanzapine, work effectively to treat insomnia,
anxiety, and agitation associated with depression (O�Connor and Silver 1998;
Osteroff and Nelson 1999; Kaplan 2000; Pichot and Ansseau 2001; Shelton et al.
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2001). Little or no data exist concerning the use of quetiapine or ziprasidone as
adjunctive agents in major depression. Drawbacks to the use of atypical antipsy-
chotic medication include increased sedation, potential for weight gain, and
higher cost. When treating with atypical antipsychotic medications, particularly
risperidone, there is also concern about acute and chronic extrapyramidal
symptoms, even though this risk is thought to be less than with the older an-
tipsychotics agents.

4.2.6
Psychostimulants

Psychostimulants have a long history of use in depression. Clinically, dextroam-
phetamine, methylphenidate, modafinil, and pemoline have all been used as
augmenting agents. In a frequently cited study, Wharton et al. (1971) reported
successful treatment of seven imipramine-refractory patients with the addition
of methylphenidate. Fawcett et al. (1991) looked at the addition of either pemo-
line or dextroamphetamine to an MAOI and found that 25 of the 32 patients re-
sponded and 10 were able to sustain that response for at least 6 months. Al-
though the addition of stimulants to MAOIs, TCAs, SSRIs, and even venlafaxine
(Stoll et al. 1996; Bader et al. 1998; Masand et al. 1998; Menza et al. 2000) has
been examined, there are no controlled trials evaluating its effectiveness as an
augmenting agent.

Modafinil is a stimulant used mostly for narcolepsy. Its exact mechanism of
action is unclear. Unlike the amphetamines, it is highly selective for the CNS,
has little effect on dopamine activity in the striatum, and appears to have a low-
er potential for abuse. In a retrospective case series (Menza et al. 2000), seven
patients with unipolar or bipolar depression, who were unresponsive or partially
responsive to antidepressant monotherapy, were treated with 100–200 mg/day
of modafinil. All seven patients achieved full or partial remission within
1–2 weeks.

The usual dosages for methylphenidate and dextroamphetamine are 10 mg
three times daily and 5 mg three times daily, respectively (Nelson 1998). Initial
doses of the stimulant should be lower when using in conjunction with MAOIs
and titrated up to therapeutic response. Common side effects are increased irri-
tability, increased anxiety or agitation, paranoid thinking, and mania (Nelson
1998). Psychostimulants may best be used in anergic patients. They may not be
the best augmenting choice in those patients suffering from insomnia or anxiety
or in patients with substance abuse problems.

4.2.7
Estrogen

Although it is well established that estrogen affects mood, it is unclear what role
it may have in the treatment of MDD. Most research looking at mood fluctua-
tions has dealt with either the normal female life cycle or premenstrual dyspho-
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ric disorder versus MDD (Stahl 2001). There is one double-blind, placebo-con-
trolled study comparing the use of 100 mcg transdermal 17b-estradiol versus
placebo for treatment of depression in perimenopausal women. Results revealed
remission of symptoms in 68% of the estrogen group compared to 20% in the
placebo group (Soares et al. 2001). Some critics argue that estrogen is simply al-
leviating menopausal symptoms, but a study conducted by Schmidt et al. (2000)
showed estrogen to be effective even in patients without vasomotor symptoms.
Although we are unaware of any studies looking specifically at estrogen as an
augmenting agent, it may be a viable augmentation option in this specific pa-
tient population.

4.2.8
Miscellaneous Augmenting Agents

Anticonvulsants. It is common in clinical practice to see anticonvulsants (i.e.,
carbamazepine, oxcarbazepine, valproic acid, lamotrigine, gabapentin, and topi-
ramate) used as augmenting agents in TRD. There are, however, limited data
supporting their use in TRD. Several studies have looked at the use of carbam-
azepine in acute treatment of depression (Shelton 1999), but only one known
double-blind trial assessing its use in TRD. Rybakowski et al. (1999) compared
carbamazepine to lithium as add-ons to antidepressant therapy and found no
difference in therapeutic response between the two groups.

Davis et al. (1996) conducted an open-label study looking at the efficacy of
valproate as an antidepressant in MDD. At Week 8, 19 of the 22 completers
(86%) showed a significant response, with 66% showing response with an in-
tent-to-treat analysis. These data suggest that valproate may be an effective
treatment option for MDD, but double-blind, placebo-controlled trials are nec-
essary to further document its efficacy in the treatment of MDD. It is unclear
what its role would be in TRD. There are only two case reports of successful tri-
als of lamotrigine as an augmenting agent for TRD (Maltese 1999); its use in bi-
polar depression has been much better studied. Because topiramate has been as-
sociated with worsening of depressive symptoms, it is most likely a poor choice
for augmentation in TRD (Martin et al. 1999; Klufas and Thompson 2001). More
studies showing efficacy of the anticonvulsants as augmenting agents are neces-
sary before this group of medications can be recommended.

Inositol. Inositol monotherapy has been shown to be effective in reducing de-
pressive symptoms (Levine et al. 1995). However, in a study conducted by
Nemets et al. (1999), inositol was not effective in treating SSRI treatment fail-
ures.

Naltrexone. Naltrexone is an opioid antagonist that is mainly used in the treat-
ment of alcohol and opioid dependence. Amiaz et al. (1999) reported a success-
ful case of a woman who responded to naltrexone augmentation (50 mg/day) of
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paroxetine. Controlled studies are needed in order to establish both efficacy and
optimal dosage.

S-Adenosyl-Methionine. A widely available “nutritional supplement” sold in
many nutritional/health stores, S-adenosyl-methionine (SAM-e) is produced
naturally in the CNS from l-methionine and adenosine triphosphate, and low
levels have been correlated with depression (Echols et al. 2000). It has been
studied extensively for use in depression, with mixed findings (Echols et al.
2000). In depression trials, the doses generally given are 200–800 mg twice daily.
Currently, there are no studies available that have looked at the use of SAMe as
an augmenting agent in TRD.

Dehydroepiandrosterone. Its exact physiologic role is currently unknown, but
dehydroepiandrosterone (DHEA) is a naturally circulating adrenocorticoid in
humans. As well as being a precursor for testosterone and estrogen, it is thought
that it may be involved in regulating mood and sense of well-being (Wolkowitz
et al. 1999). Studies have shown that DHEA and its sulfated metabolite DHEA-S,
decrease over the lifespan and also in times of chronic stress and severe illness
(Wolkowitz et al. 1997). Two studies have reported positive results in treating
depression in doses up to 90 mg/day (Wolkowitz et al. 1997, 1999). While both
these studies showed positive results, long-term effects of DHEA are not known.
Theoretically, because it is a precursor for estrogen and testosterone, it could
potentially activate hormone-sensitive tumors, such as tumors of the breast, cer-
vix, uterus, or prostate (Wolkowitz et al. 1997). Its use as an augmenting agent
in TRD is not recommended at this time.

4.3
Combination Treatment

Current literature often uses the terms combination therapy and augmentation
agents interchangeably; there is, however, a clear distinction between the two.
Augmentation enhances the effectiveness of an ongoing antidepressant trial,
while combined treatment involves the use of separate antidepressant agents to
address depressive symptom etiology (Nelson 1998). Another distinction is that,
while an augmenting agent is added to the current trial, two antidepressant
medications are prescribed at full therapeutic doses/levels in combination treat-
ments. Generally, combination therapy involves using two or more drugs from
different groups or classes of antidepressant medications to produce an additive
effect (Janicak and Martis 1998).

Disadvantages to combined treatment include the potential for significant
drug interactions, increased risk of adverse effects, possible nonadherence, and
increased cost (Janicak and Martis 1998). Few double-blind studies of combina-
tion therapy have been completed. Most of the combination strategies used by
practitioners are supported by very little evidence and are based on theory or
case reports. Most reports of combination treatments in the literature involve an
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SSRI plus another antidepressant medication. Often the second antidepressant
is initiated to help alleviate adverse effects (e.g., sexual dysfunction) and to en-
hance mood. More research is needed on the use of combination therapy.

Current data suggest that a clinician should not expect improvement in a few
days or weeks when starting a combination trial (Fava 2001); improvement may
not be seen for 4–6 weeks. It is unclear what would be considered the minimum
duration of combined use in treatment responders. In general, maintenance
medication should be continued for 6–9 months following symptom remission
before gradually discontinuing one of the medications (Fava 2001).

4.3.1
SSRI/SSRI Combinations

SSRI/SSRI combinations are theoretically feasible because of potency variations
and differences in SRI specificity. There is, however, little support for this com-
bination. There are only two reports (n=13) of SSRI combination showing posi-
tive results (Bondolfi et al. 1996; Hunchak 1997) Although recent data suggest
that paroxetine and fluoxetine are more potent norepinephrine uptake in-
hibitors, and sertraline is a more potent dopamine uptake inhibitor than the
other SSRIs, the clinical significance of these findings is likely to be of little rele-
vance (Fava 2001). One of the primary disadvantages of combining SSRIs is the
risk of patients developing serotonin syndrome or having serotonergic side ef-
fects due to the pharmacodynamic drug interaction that would occur when us-
ing two of these agents simultaneously. Because there is little clinical support,
this type of combination is not recommended.

4.3.2
SSRI/TCA Combinations

There is evidence for improvement in response following combination treat-
ment with an SSRI and TCA. In a study of patients who were unresponsive at
the end of an 8-week trial of fluoxetine, some response was seen when patients
were treated with a combination of desipramine and fluoxetine (Fava et al.
1994). However, TCA levels will build up as the action of the SSRI interferes with
its clearance, and there is risk of cardiac toxicity. In order to manage treatment,
it is suggested that clinicians use low doses of the TCA (25–75 mg/day) and
monitor TCA plasma levels (Fava 2001). The biggest concern for a pharmacoki-
netic interaction between TCAs and SSRIs is with CYP 1A2 (fluvoxamine) and
CYP 2D6 (paroxetine and fluoxetine) inhibitors and those TCAs that are metab-
olized through those enzyme systems (imipramine, clomipramine, and amitrip-
tyline). Although sertraline and citalopram are considered less potent inhibitors
of the CYP 2D6 enzyme system than paroxetine and fluoxetine, higher doses of
these medications increase the potential for a drug–drug interaction. Lower dos-
es of an antidepressant such as trazodone (50–100 mg) may be combined with
the usual dose of the primary antidepressant for sleep disturbance (Janicak and

470 M. Trivedi et al.



Martis 1998). Again, it is important to evaluate for possible drug interactions as
well as a possible increase in side effects when combining medications. Trazo-
done is cleared by CYP 3A, producing mCPP, which is an active metabolite with
a pharmacologic profile virtually the opposite of trazodone. That metabolite is
cleared by CYP 2D6. Coadministration with fluvoxamine can slow the clearance
of trazodone leading to daytime drowsiness, whereas coadministration with flu-
oxetine or paroxetine can lead to a build-up in the levels of mCPP, which can
lead to anxiety and agitation. (For a more detailed discussion of pharmacokinet-
ic issues and therapeutic drug monitoring, see chapters “General Principles of
Pharmacokinetics” and “Therapeutic Drug Monitoring of Antidepressants.”)

4.3.3
Bupropion Combinations

Although bupropion is frequently combined with SSRIs in clinical practice be-
cause of the different pharmacologic effects of the two agents, there are only a
few open-label trials examining this combination (Marshall and Liebowitz 1996;
Bodkin et al. 1997; Kennedy 2002). Sustained-release bupropion 100–150 mg/
day is often used to help treat SSRI-induced sexual dysfunction (Fava 2001).
Clinical lore suggests bupropion may be helpful as an add-on in patients whose
anergic symptoms do not respond adequately to treatment with an SSRI. A dis-
advantage in using bupropion is its potential for inducing seizures. The risk for
seizures increases as the bupropion dose (level) increases. Currently, the metab-
olism of bupropion through the CYP enzymes is not clearly understood. Be-
cause of uncertainty about its metabolism and the seizure potential, it is proba-
bly best to avoid using bupropion in combination with antidepressants known
to be potent CYP enzyme inhibitors. If the agents are used together, it is recom-
mended that one use bupropion doses at the lower end of the therapeutic range.
These issues are discussed further in chapters “General Principles of Pharmaco-
kinetics” and “Therapeutic Drug Monitoring of Antidepressants.”

4.3.4
Mirtazapine Combinations

Mirtazapine is a dual action antidepressant that increases both serotonergic and
noradrenergic activity by blocking a2-adrenergic autoreceptors and heterore-
ceptors and serotonergic 5-HT2 and 5-HT3 receptors. Combining mirtazapine
(15–30 mg/day) with a SSRI has been reported to help nonresponders (Fava
2001). There is also evidence of a significantly higher response rate with combi-
nation therapy than monotherapy with either mirtazapine or a SSRI (Fava
2001). In an open-label study conducted by Carpenter et al. (1999), there was a
55% response rate at week 4 when mirtazapine (15–30 mg/day) was combined
with another antidepressant following a failed trial of monotherapy. Unfortu-
nately, at these doses in particular, mirtazapine has the potential to cause weight
gain and sedation. Mirtazapine does have a lower potential to cause sexual dys-
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function than the SSRIs, so practitioners will often switch to mirtazapine if pa-
tients experience this adverse effect from a SSRI. There is, however, little to no
evidence to support the combined use of these two agents to relieve SSRI-in-
duced sexual dysfunction. Few data exist concerning the combination of mir-
tazapine and other antidepressant medications at this time.

4.3.5
Nefazodone Combinations

There is no strong evidence in the literature for combining nefazodone and an
SSRI, but nefazodone does have a lower propensity to cause sexual dysfunction.
However, as for mirtazapine, there is no evidence indicating that this combina-
tion would alleviate SSRI-induced sexual dysfunction. With this combination
(specifically nefazodone plus paroxetine or fluoxetine), patients may experience
increased irritability and anxiety because of an accumulation of mCPP (active
metabolite of nefazodone). This situation is created because paroxetine and flu-
oxetine inhibit the metabolism of mCPP through the CYP 2D6 enzyme (Fava
2001).

4.3.6
Venlafaxine Combinations

There are anecdotal reports of using 75–300 mg/day venlafaxine with SSRI non-
responders, but no clear evidence that combination treatment with venlafaxine
and an SSRI is efficacious (Fava 2001). There are concerns regarding combined
use of these medications since venlafaxine is a substrate of the CYP 3A (minor
pathway) and is broken down into O-desmethylvenlafaxine (ODV), which is a
substrate of CYP 2D6 (major pathway) (Ereshesky and Dugan 2000). When ven-
lafaxine is combined with an agent that inhibits the CYP2D6, venlafaxine will
accumulate. Initially this was not thought to be of great concern because ODV
and venlafaxine are considered to be equal in terms of their mechanisms of ac-
tion; however, some evidence exists that venlafaxine may be a more potent in-
hibitor of the ion channels than ODV, causing a theoretical increase in the risk
of torsades de pointes. Although the clinical significance of this discovery has
not yet been determined, the combination of venlafaxine and 2D6 inhibitors
should be used cautiously. For more detailed discussion of these issues, see
chapters “General Principles of Pharmacokinetics” and “Therapeutic Drug
Monitoring of Antidepressants.” Combined use of venlafaxine and other antide-
pressant agents may also lead to serotonin syndrome (Bhatara et al. 1998) or
marked elevation of blood pressure and severe anticholinergic effects (Benazzi
1999).
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4.3.7
MAOI Combinations

Clinicians should avoid combining an SSRI and an MAOI, because this combi-
nation may produce potentially fatal serotonin syndrome (Janicak and Martis
1998). TCAs and MAOIs are no longer combined due to the risk of a lethal hy-
pertensive crisis, particularly since newer, safer antidepressants are available
(Fava 2001). Combining venlafaxine with an MAOI should also be avoided be-
cause of the risk of both serotonin syndrome (due to serotonin uptake inhibi-
tion) and hypertensive crisis (due to norepinephrine uptake inhibition).

5
Alternative Treatments

Advances in neuroscience and improved psychotropic medications provide
strong support for pharmacotherapeutic treatment of depression. However, a
number of factors, such as poor social support, marital difficulties, or a distort-
ed worldview or attitude may have a negative impact on treatment (Thase et al.
2001). Patients with TRD often present with problem behaviors such as reduced
social activity and increased time spent alone, diminished ability to experience
enjoyment or pleasure, and negative thinking (Thase et al. 2001). Consequently,
a number of studies have investigated the efficacy of psychotherapy in TRD pa-
tients. The development of a strong therapeutic alliance may also promote treat-
ment adherence, thereby improving chances for remission.

5.1
Cognitive–Behavioral Therapy

In one long-term study by Fava et al. (1997), 20 patients with TRD were assigned
to a minimum of ten 40-min cognitive–behavioral therapy (CBT) sessions con-
ducted every other week. In the course of treatment, patients were tapered off
medication until symptom exacerbation occurred. The patients were tracked
quarterly for up to 24 months, and the rate of full response was 63%. Half of
those who responded had no residual symptoms. Eight of the 12 responders dis-
continued medication and, at the 24-month follow-up, only 1 patient had re-
lapsed. However, when medication was discontinued, 4 of the 12 responders had
increased symptoms, suggesting a need to maintain pharmacotherapy (Fava et
al. 1997).

A recurrent depression study found CBT to be helpful in reducing residual
symptoms and frequency of relapse (Fava et al. 1998). Study patients had been
successfully treated with antidepressants prior to enrollment, but had residual
symptoms such as anxiety and irritability. Comparing pharmacotherapy and
CBT to pharmacotherapy alone, there was significant improvement in residual
symptoms in the group receiving CBT. After 2 years, 80% of the pharmacothera-
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py group had relapsed compared to 25% of those receiving combination treat-
ment (Fava et al. 1998).

Recently, a large, multi-site study was conducted comparing the use of
nefazodone, psychotherapy, and combination treatment in chronic depression
(Keller et al. 2000). The form of cognitive therapy used was Cognitive Behavioral
Analysis System for Psychotherapy (CBASP). This therapy was designed for use
with chronic depression and takes a structured, directive approach to interper-
sonal interactions. Results revealed that for the first 4 weeks, response to com-
bined treatment was not significantly different from pharmacotherapy. In fact,
nefazodone produced a quicker response than CBASP. However, the overall re-
sponse rate for combined treatment was significantly higher than that of either
nefazodone or CBASP alone (Keller et al. 2000). After 12 weeks, the response
rates for CBASP and nefazodone were 52% and 55%, respectively, while the re-
sponse rate for combined treatment was 85%. These results indicate a clear
treatment advantage for combined pharmacotherapy and psychotherapy. The
authors argue that the similar efficacy of combined treatment and psychothera-
py alone in the first 4 weeks suggests independent action of those treatments
rather than synergic interaction (Keller et al. 2000).

There is little evidence to support the use of one form of psychotherapy over
another (Thase et al. 2001). However, cognitive therapies seem to have a more
lasting effect (Thase et al. 2001), because they often address behaviors that are
problematic for the patient and interfere with social functioning. As the treat-
ment goals for depression are full remission of symptoms and a return to pre-
morbid levels of functioning, psychotherapy provides a useful tool to address
patient needs. Evidence is coming to light that each treatment has its individual
place, but that, in moderate to severe depression, a combination of pharmaco-
therapy and psychotherapy may be the best treatment option (Keller et al.
2000).

5.2
Electroconvulsive Therapy

Long considered the preferred treatment for severe, treatment-resistant depres-
sion, electroconvulsive therapy (ECT) involves inducing modified seizures
(passing a direct brief-pulse current through the scalp via electrodes while un-
der general anesthesia) (Nelson 1997; Janicak and Martis 1998). Effective and
relatively safe, ECT should be considered when there is high suicide risk, a rapid
physical decline, medication nonresponse or intolerability, or a history of re-
sponse to ECT (Janicak and Martis 1998). ECT has been shown effective in
treating severe depression, psychosis, catatonia, neuroleptic malignant syn-
drome, and parkinsonism (Fink 2001). There are no restrictions in the use of
ECT due to age or systemic conditions. The major limitations to the use of ECT
include a high relapse rate and possible effects on memory (Sylvester et al. 2000;
Fink 2001).
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ECT was introduced in the mid-1930s and used extensively through the 1950s
(Sylvester et al. 2000; Fink 2001). At that time, ECT was the primary treatment
available to hospitalized patients. As pharmacotherapies were developed, the
use of ECT declined. While it continued to be used to treat refractory depression
in the 1960s, there was a social and political movement to discourage ECT treat-
ment due to perceived misuse or abuse. The use of ECT declined, so that,
by 1980, only 0.3% of patients hospitalized for mood disorders received ECT
(Sylvester et al. 2000). Today, ECT is primarily used in private facilities, although
it has been suggested that state facilities reconsider its use in treating patients
with TRD (Sylvester et al. 2000).

ECT may impair neurocognitive functioning. Neuropsychological testing has
shown that declarative memory may be impaired, while immediate memory is
generally preserved (Rami-Gonzalez et al. 2001). Due to disruption of specific
brain regions, patients may experience impairment of selective memory as well.
Another concern in the use of ECT is comorbidity. TRD frequently involves
more than one psychiatric diagnosis. For example, patients with TRD who are
also diagnosed with borderline personality disorder may not respond well to
ECT, since the available data suggest that ECT is effective for only a portion of
depressed patients with borderline personality disorder (de Battista and Mueller
2001).

A number of recent studies have evaluated the effectiveness of ECT. Case
studies were completed on three patients with lengthy, refractory major depres-
sive episodes (Fox 2001) in which all three patients were treated with ECT, and
there were no medical complications. Memory difficulty was a common com-
plaint, but Mini-Mental Status Examinations done 6 weeks post-treatment re-
vealed no impairment in any of the patients. The patients did have relapses over
the study period, but the frequency, severity, and duration of relapses dimin-
ished with continued treatment. In addition, the frequency of relapse dimin-
ished over the course of individual episodes and were typically reversed by 3–4
closely spaced ECT sessions (Fox 2001).

Another study evaluated the use of ECT in a Pennsylvania state hospital over
a 10-year period (Sylvester et al. 2000). Researchers reviewed records of 17 pa-
tients who were treated with ECT during that time. ECT was used only in 0.4%
of cases at this facility. Findings indicated that ECT was safe overall, with no sig-
nificant or lasting complications in any of the study patients. All but one patient
was switched from unilateral to bilateral treatments due to TRD status. ECT was
shown to be an effective treatment in this population, with more than half of the
study patients discharged within 10 days of completing treatment. Within
6 months, two-thirds of them had been discharged. Even if the patients re-
mained hospitalized, they showed significant improvement based on a reduction
in the frequency of seclusion and restraint episodes. Those patients with shorter
hospitalizations prior to treatment showed the most improvement. The authors
suggest ECT should be considered earlier in the treatment of depression, avoid-
ing a lengthy series of failed medication trials (Sylvester et al. 2000).
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An examination of changes in regional cerebral blood flow (rCBF) in de-
pressed patients prior to treatment showed hypoperfusion of the frontal region
and multiple areas of altered perfusion throughout the brain compared to nor-
mal controls (Milo et al. 2001). Another scan was done following ECT, in which
changes toward normal rCBF were seen in those patients who had a good re-
sponse, while those patients who had a minimal to moderate clinical response
to ECT showed no significant changes in rCBF (Milo et al. 2001).

While the presence of antidepressant medication may not affect the duration
of seizures (Dursun et al. 2001), the response rate appears to be influenced by
the quality of prior medication trials (Nelson 1997). An 86% response rate to
ECT has been seen in patients who have not received an adequate drug trial.
However, if a patient has received adequate prior antidepressant drug treatment,
response to ECT is about 50%. This response rate is similar to the rate that is
expected when a patient switches from one class of drug to another. Conse-
quently, ECT is most effective when used as first-line treatment (Nelson 1997).

A high relapse rate has been noted with ECT. This rate is particularly high in
the first month after treatment. In one continuation study, the use of pharmaco-
therapy following ECT produced marked reduction in relapse in patients who
received nortriptyline plus lithium compared to those who received nortripty-
line alone or placebo (Sackeim et al. 2001a). Without continuation treatment,
almost all remitted patients relapsed within 6 months. Over a 24-week trial, the
relapse rate for placebo was 84%, for nortriptyline was 60%, and for combina-
tion treatment with nortriptyline and lithium was 39%.

5.3
Vagus Nerve Stimulation

Vagus nerve stimulation (VNS) refers to stimulation of the left cervical vagus
nerve using a device called the NCP (NeuroCybernetic Prosthesis) (George et al.
2000; Rush et al. 2000). VNS has been available in Europe since 1994 and in the
United States since 1997 for use with treatment-resistant partial-onset epileptic
seizures (Rush et al. 2000).

The procedures surrounding the use of VNS make it similar to a cardiac
pacemaker. Both use a subcutaneous generator that transmits an electrical sig-
nal to the affected organ via an implanted electrode (George et al. 2000). VNS is
delivered by way of a multi-programmable bipolar pulse generator that is im-
planted in the left chest wall. The generator sends electrical signals to the left
vagus nerve through a bipolar lead. An electrode is wrapped around the vagus
nerve near the carotid artery by means of a separate incision and then connect-
ed to the generator subcutaneously. Once done only by neurosurgeons, now
VNS implantation is also being done by vascular and ENT surgeons in an outpa-
tient setting using local anesthesia (George et al. 2000).

As a supplement to medication, VNS has been shown to be effective in treat-
ment-resistant epilepsy (George et al. 2000). Some adverse events reported in
epilepsy trials include voice alteration/hoarseness, cough, throat pain, nonspe-
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cific pain, dyspnea, paresthesia, dyspepsia, vomiting, and infection. Generally,
these side effects diminish over time. There have been no reports of significant
cardiac changes as a result of stimulation. VNS has been shown to be well toler-
ated over time, and some patients have had active implants for up to 10 years
(George et al. 2000).

In recent years, VNS has been considered as an alternative treatment for de-
pression. Epilepsy patients have displayed improved cognition and mood fol-
lowing VNS, even if there has not been significant seizure reduction (Rush et al.
2000). In addition, anticonvulsants such as carbamazepine and gabapentin are
commonly used to treat mood disorders. PET scans reveal limbic system effects
as a result of VNS, and it is thought VNS alters monoamine concentrations in
the central nervous system (George et al. 2000).

The basic mechanism of action for VNS is unknown. It is suspected that the
stimulation produces changes in serotonin, norepinephrine, g-aminobutyric
acid (GABA), and glutamate (George et al. 2000). Due to its inconvenience and
the surgery required, VNS is most often used with patients who have not re-
sponded to other therapies.

There has been one multisite study that examined the efficacy and safety of
VNS in treatment-resistant, chronic, or recurrent nonpsychotic MDD and type I
or II bipolar disorder (Rush et al. 2000). This study utilized the same techniques
as prior epilepsy VNS studies. The NCP system was used, which involves an im-
plantable and multiprogrammable pulse generator delivering electrical signals
to the left vagus nerve via a bipolar lead. After implantation, a programming
wand attached to a computer was used to program the generator and to set or
adjust stimulation parameters.

Patients enrolled in the study were required to have had more than four ma-
jor depressive episodes in their lifetime, with the current episode persisting lon-
ger than 2 years. They also had to have failed multiple pharmacotherapy trials.
Hamilton Depression Rating Scale (HDRS)-28 (Hamilton 1967) scores greater
than 20 were required at both baseline visits. Patients continued on medication
for 4 weeks prior to implantation. Following a 2-week recovery period, patients
were re-assessed and those with HDRS scores exceeding 18 continued in the
study. At that point, the NCP system was activated and the output current (mA
setting) was progressively increased over a 2-week period to the maximum level
that was comfortably tolerated. At 4 weeks, stimulation parameters were set and
remained constant for 8 weeks. The total duration of treatment was 10 weeks.
Patients were allowed to continue VNS following the acute phase and were mon-
itored for 9–12 months post-implantation.

Thirty-eight patients were enrolled in the study, with 30 patients receiving
implants. Results showed a 40%–50% response rate (based on HDRS or MADRS
scores), with 17% of patients achieving full remission. According to final Clini-
cal Global Impression (CGI) scores, 30% of patients were rated as minimally im-
proved, 20% were as much improved, and 20% as very much improved. There
was some early response, but the majority of symptom reduction was seen dur-
ing the first 6 weeks of the 8-week trial.
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Mild side effects were seen. All 10 responders sustained their response
throughout the 4- to 9-month follow-up period. The results of this study should
be interpreted with caution, because there was no control group included in the
study. However, the response rate was significantly higher than would be expect-
ed in patients with TRD (Rush et al. 2000), suggesting a promising treatment
option for this population.

Another study evaluated cognitive performance in VNS patients (Sackeim et
al. 2001b). Neuropsychological batteries were completed pre- and post-implan-
tation, and no evidence of cognitive deterioration was seen. When compared to
baseline performance, improvement was found in motor speed, psychomotor
function, language, and executive function. The researchers suggest that the use
of VNS in treatment-resistant depression may enhance neurocognitive function,
particularly when patients show clinical improvement (Sackeim et al. 2001b).

5.4
Repetitive Transcranial Magnetic Stimulation

Similar to ECT in neurophysiological, neurochemical, and behavioral effects,
repetitive transcranial magnetic stimulation (rTMS) is another treatment option
for treatment-resistant depression (Janicak and Martis 1998). First introduced
in 1985, rTMS is a noninvasive procedure for stimulation of the central nervous
system. A small, figure-eight-shaped insulated coil is placed on the scalp, and a
rapidly alternating electrical current is transmitted through the wire (Grunhaus
et al. 2000). The resultant magnetic pulse depolarizes neurons in a localized area
of the brain, inducing ionic flow (Janicak and Martis 1998; Grunhaus et al.
2000). Multiple trains of magnetic pulses at various frequencies (1–20 Hz) are
applied for several seconds (Janicak and Martis 1998). The use of rTMS has sev-
eral advantages compared with ECT. The patient may receive treatment as an
outpatient and continue normal activities, since there is no need to induce sei-
zure, no use of anesthesia, and no significant cognitive disruption (Janicak and
Martis 1998).

The clinical applicability of rTMS has been greatly enhanced by the develop-
ment of stimulators capable of delivering frequencies up to 60 Hz (Grunhaus et
al. 2000). Several studies have shown significant antidepressant effects for rTMS.
One study found a 42% response rate to rTMS in patients with TRD (Figiel et al.
1998).

In a randomized trial, 40 patients referred for ECT were assigned to either
ECT or rTMS treatment (Grunhaus et al. 2000). rTMS was performed at 90%
motor threshold (MT), and 20 trains were administered at 10 Hz for either 2 or
6 s for 20 treatment days. Study results indicated that patients with psychotic
MDD responded significantly better to ECT, while patients with MDD without
psychosis responded equally well to both treatments. Comparing across groups,
ECTwas determined to be a better treatment for depression. Also, research find-
ings indicate that continuation of rTMS for 4 weeks increased its efficacy, but if
the patient had minimal response at 2 weeks, an additional 2 weeks generally
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produced little improvement. The primary advantage to rTMS over ECT is its
less invasive nature.

In another randomized clinical trial, the efficacy of rTMS was evaluated in 20
unmedicated patients with treatment-resistant MDD (Berman et al. 2000). Pa-
tients were randomly assigned to active or sham rTMS treatment, in which they
received 20 2-s, 20-Hz trains delivered at 80% MT with 58-s inter-train intervals
for 10 consecutive days. Results showed a significant reduction in depressive
symptoms following active treatment, compared to the sham rTMS group.
When the response was modest, the effect was short-lived. However, one patient
had a robust, enduring treatment response. Assessments of side effects and EEG
tracings showed rTMS to be safe, with no persistent adverse events. The overall
study findings are consistent with other studies, revealing a small, but statisti-
cally significant symptom improvement with rTMS. The authors suggest more
work is needed to determine optimal treatment parameters for a more effective
and lasting response (Berman et al. 2000).

Additional work has been done to assess the neurocognitive effects of rTMS.
In a recent study, 46 normal volunteers were given one session of either right or
left prefrontal active rTMS or sham rTMS (Koren et al. 2001). Neuropsychologi-
cal testing results indicated that all three groups showed improvement over time
in processing speed (reaction time) and efficiency. The authors concluded that
rTMS, unlike ECT, does not interfere with neuropsychological function, since
no adverse cognitive effects were seen. However, it should be noted that this
finding is based on a single rTMS session, not the usual treatment course of 10
or more daily sessions.

6
Texas Medication Algorithm Project

The Texas Medication Algorithm Project (TMAP website, accessed 2002) was a
multi-site research project that was completed in April 2000. The algorithms
that were used were developed by an expert consensus panel, which was made
up of national experts, Texas public mental health sector practitioners who were
to implement the algorithms, patients, and family members. TMAP was de-
signed to determine the clinical and economic value of the treatment algorithms
for schizophrenia, bipolar disorder, and MDD as compared with treatment as
usual. An example of the depression algorithm may be seen in Fig. 1. In addi-
tion to the medication algorithms, an extensive patient/family education piece
and additional clinic support staff were also utilized as interventions.

Over 1,400 patients in 17 public mental health sectors were enrolled in the
third phase of the study and followed for a year. Analysis of the results of the
project is ongoing. The patient/family education materials, physician manuals,
and publications related to this project can be found on the website: http://
www.mhmr.state.tx.us/centraloffice/medicaldirector/tmaptoc.html.
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7
Sequenced Treatment Alternatives to Relieve Depression

Sequenced Treatment Alternatives to Relieve Depression (Star*D website, ac-
cessed 2002) is an ongoing project using an algorithmic approach for the treat-
ment of non-psychotic MDD. Star*D differs from the TMAP algorithm in that
its aim is to examine the next “next-step” treatments. All patients enter into
treatment at level 1 with the SSRI citalopram. Based on patient response and ac-
ceptability, those patients whose symptoms do not remit may progress through
three additional levels. Patients are randomly assigned to a “switch therapy” or
augmentation therapy. When a patient has a satisfactory response at any given
level, they are then entered into the 12-month naturalistic follow-up portion of
the study. Included in the treatment protocol is extensive patient and family ed-
ucation.

The researchers in the Star*D project hope to enroll over 4,000 patients in 14
different regional centers over a 5-year period. Independent assessors, blinded
to treatment, will administer clinician ratings of patients� depressive symptoms
at the entrance and exit from each treatment level. Outcome measures to be
evaluated include symptom severity, level of functioning, side effect burden, pa-
tient satisfaction/quality of life, as well as health care utilization and cost. The
timing of relapse will be assessed during the naturalistic portion of the study.
More information on the study can be accessed through the Star*D website:
http://www.edc.gsph.pitt.edu/stard.

8
Future Directions

With the availability of newer antidepressant medications, clinicians are better
able to treat depression than ever before. Even with these new medications,
however, a significant portion of patients remain symptomatic (partial respon-
ders) or are classified as having TRD. There are very few data available concern-
ing what step (combination, augmentation, or switching) should be taken next.
Research continues to attempt to answer the question of what is “best practice.”
For example, the Star*D project is attempting to answer questions concerning
best “next step” treatment. Data from TMAP and Star*D are likely to form the
groundwork for future research examining the use of medications and/or cogni-
tive therapy to treat TRD. A computerized version of the TMAP algorithms, with
a decision support portion to the program, will soon be available for clinicians
to use (Trivedi et al. 2000). This program is driven by patient response, side ef-
fect burden, and length of treatment and will provide prompts to the clinician
to promote faster and fuller treatment response. The practice of using an algo-
rithmic approach in treating depression is likely to continue as more economic
and efficacy data supporting the use of such algorithms become available in the
literature.
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Abstract Recent years have witnessed an important growth in the understand-
ing and treatment of persons with Axis II disorders. Research into the biological
bases of Axis II disorders increasingly suggests that these disorders ought to be
regarded less as a discrete category and more as existing on a spectrum with
their Axis I cohorts. This chapter summarizes these studies as well as the stud-
ies into what pharmacological agents can contribute to the amelioration of
symptoms. Each section of the chapter takes up a different “dimension,” or
grouping, of behavioral traits exhibited by persons with Axis II disorders. Each
section first summarizes the studies to date into the psychobiology underlying
these traits and then discusses the various psychopharmacological approaches
to target these traits. The chapter�s primary focus, however, is on the use of an-
tidepressants to treat many of the common symptoms underlying personality



disorders. Studies evaluating the use of selective serotonin reuptake inhibitors
(SSRIs), tricyclic antidepressants (TCAs), and monoamine oxidase inhibitors
(MAOIs) in treating impulsivity, affective instability, and anxiety are described.
Although the emphasis is on antidepressants, studies that have looked into the
treatment of these traits with other medications, such as anticonvulsants, beta-
blockers, and benzodiazepines, are also discussed. Many agents have shown
promise in curbing the traits that often accompany personality disorders, al-
though the results have often been mixed. The findings reported on in this chap-
ter suggest potential interventions and point the way toward future avenues of
research into the clinical psychopharmacological management of patients with
personality disorders.

Keywords Personality disorders · Axis II · Antidepressants ·
Psychopharmacology · Psychobiology · Cognitive disorganization · Impulsivity ·
Affective instability · Anxiety

1
Introduction

Pharmacotherapy for the treatment of Axis I disorders is considered an essential
part of standard treatment. Personality disorders have been explained mostly in
terms of psychodynamic and developmental models, implying a treatment that
does not include psychopharmacological agents. However, an important body of
research now suggests that biological factors are implicated in the pathogenesis
of personality disorders, and that pharmacological agents can contribute to the
amelioration of symptoms, constituting a suitable therapeutic intervention.

The pharmacological treatment of personality disorders is a difficult task,
due in part to the heterogeneity of patients meeting DSM-IV criteria (American
Psychiatric Association 1994) for a particular personality disorder. Successful
pharmacological approaches have been obtained in treating symptom clusters,
targeting, for example, patients� depression or psychotic-like symptoms that re-
semble those of their Axis I cohorts. Research into the neuropsychopharmacolo-
gy of personality disorders has suggested that the enduring traits found in these
disorders actually reflect an underlying biology—similar to that of the Axis I
disorders—and that they are treatable with psychopharmacological interven-
tions. Siever and Davis (1991) suggested a dimensional model, conceptualizing
Axis II personality disorders on a continuum with Axis I disorders. The person-
ality clusters, such as the “odd,” the “dramatic,” and the “anxious” clusters, can
be translated into dimensions of “cognitive disorganization,” “impulsivity and
affective instability,” and “anxiety” respectively. These dimensions can then pro-
vide a framework for investigating the psychopharmacological treatment of
Axis II disorders, taking into consideration psychological traits and neurobiol-
ogy (Table 1).

The dimension of cognitive disorganization—referring primarily to the
schizophrenia spectrum disorders—is characterized by impairment in the ca-
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pacity to attend and select relevant information from the environment. Serious
distortion of this capacity is observed in patients with chronic schizophrenia,
yet is also manifested in the psychotic-like symptoms of patients with schizoty-
pal personality disorder. Impulsivity, a low threshold for psychomotor action or
aggressive behavior in reaction to environmental stimuli, is present in border-
line, histrionic, and antisocial personality disorders. Similarly, borderline, nar-
cissistic, and histrionic personality disorders are characterized by affective in-
stability, with dramatic shifts in affect over short periods of time and hypersen-
sitivity to changes in the environment. In anxiety spectrum disorders, such as
generalized anxiety disorder, obsessive–compulsive disorder, and phobias, an-
ticipation of the feared consequences of actions and thoughts results in anxiety
with concomitant inhibition of the behaviors and/or associated autonomic
arousal, which is also prominent in avoidant, dependent, and obsessive–com-
pulsive personality disorder. Biological research on these phenomenological
clinical dimensions may offer a basis for pharmacological interventions target-
ing the specific symptoms defined in each dimension.

This review concentrates on evidence regarding the biology of personality
disorders and symptom-targeted psychopharmacotherapy for these dimensions,
and focuses specifically on presentations for which the appropriate pharmaco-
logical intervention may be the use of an antidepressant. Few placebo-controlled
pharmacological trials in personality disorders have been done. This chapter ad-
dresses the possible use of antidepressants in patients with personality disor-
ders; it describes trends in the data, offers recommendations for interventions,
and discusses possible future directions for research on the use of antidepres-
sants in the clinical psychopharmacological management of patients with per-
sonality disorders. While this chapter addresses the use of antidepressants in
the treatment of personality disorders, an extensive range of psychotherapies,
which are beyond the scope of this chapter, are suitable for use in combined
psychotherapy and psychopharmacology treatment.

Table 1 Dimensional model of Axis II personality disorders

Mood
regulation

Impulse
control

Cognitive
organization

Anxiety
threshold

Schizotypal *
Schizoid *
Paranoid *
Borderline * * *
Histrionic * *
Antisocial *
Narcissistic *
Avoidant * *
Dependent * *
Obsessive–Compulsive *
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2
Cognitive Disorganization

The DSM-IV personality disorders within the schizophrenia spectrum include
schizotypal, paranoid, and schizoid personality disorders. Schizotypal personal-
ity disorder is the best studied, since it is the most severe and most closely re-
sembles schizophrenia in biology, phenomenology, and genetics (Siever et al.
1992). A core finding in schizotypal personality disorder is a dysfunction in per-
ceptual and/or cognitive organization with consequent impairment in attention-
al processes. Both psychotic-like symptoms and deficit-related symptoms/social
detachment are clinical characteristics of schizotypal personality disorder
(Kendler 1985). Initial studies, which focused on defining the similarities be-
tween schizophrenia and schizotypal personality disorder, have been superseded
by studies which center on correlates of psychotic-like and deficit-like symp-
toms of the schizophrenia-related disorders (Siever et al. 1993a).

Plasma homovanillic acid (HVA), a major dopamine metabolite, has been
found to be significantly higher and to be associated with psychotic-like symp-
toms in patients with schizotypal personality disorder compared with patients
with other personality disorders and normal controls (Siever et al. 1991, 1993a).

Since the psychopharmacological trials investigating the treatment of promi-
nent psychotic-like symptoms in moderately to severely impaired patients with
schizotypal personality disorder have mainly used low-dose antipsychotics
targeting the dopamine system (Goldberg et al. 1986; Soloff et al. 1986b, 1989;
Coccaro 1993), they will not be discussed in this review. It is worth mentioning
that psychostimulants such as amphetamines can worsen pre-existing psychot-
ic-like symptoms in patients with schizotypal personality disorder (Schulz et al.
1988) and clinical experience suggests that antidepressants may, in some in-
stances, also have this deleterious effect.

2.1
Deficit-Like Symptoms: Psychobiological Studies

The interpersonal deficits that are found in the schizophrenia-related personali-
ty disorders may be due to impaired cortical processing of complex stimuli re-
quired for the synchronized reciprocal interaction and selection of information
from others, as well as deficits in attachment behavior. Familial/genetic studies
suggest an increased prevalence of schizophrenia-related disorders in the rela-
tives of those with schizophrenia compared with control groups (Kety et al.
1975; Kendler et al. 1981, 1991; Gottesman and Shields 1982; Gunderson et al.
1983; Kendler and Gruenberg 1984; Baron et al. 1985; Kety 1988; Onstad et al.
1991), as well as increased morbid risk for schizophrenia-related disorders
(Siever et al. 1990) and schizophrenia (Schulz et al. 1986; Battaglia et al. 1991) in
relatives of patients with schizotypal personality disorder, compared with pa-
tients with non-schizophrenia-related personality disorders. The interactional
patterns might be inappropriately set in infancy in a neurologically immature
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child impairing the development of appropriate patterns of attachment and in-
teraction (Fish 1987; Siever and Davis 1991).

Multiple studies have reported an association between the deficit-like symp-
toms in schizophrenia and the schizophrenia spectrum personality disorders
and deficiencies in information processing and performance on tests of prefron-
tal and frontal functioning (Wainberg et al. 1993). Patients with schizotypal
personality disorder perform worse on the Wisconsin Card Sort Test (WCST)
(Berg 1948; Siegel et al. 1996) and the California Verbal Learning Test (Bergman
et al. 1998) than normal subjects and patients with other non-odd cluster per-
sonality disorders (Biederman et al. 1991). An alteration in brain structure as
found in imaging studies (Siever et al. 1993a; Kiranne and Siever 2000), and a
decrease in the dopaminergic activity required for a functioning working mem-
ory (Sawaguchi and Goldman-Rakic 1991) have been proposed as possible hy-
potheses.

The increased ventricular/brain ratio (frontal horn and lateral ventricle)
found in patients with schizotypal personality disorder with deficit-like schizo-
typal traits (Cazzulo et al. 1991; Rotter et al. 1991; Raine et al. 1992; Silverman et
al. 1992) has been found to be associated with poor performance on the WCST
(Siever et al. 1993b), a test of prefrontal function, similar to what is seen in pa-
tients with schizophrenia (Lyons et al. 1991; Raine et al. 1992; Siever et al.
1993a). In contrast, non-specific frontal tasks such as verbal fluency, Wechsler
Adult Intelligence Scale (WAIS)-R Vocabulary, and Block Design, (Wechsler
1984) do not distinguish patients with schizotypal personality disorder from
normal controls (Trestman et al. 1995; Bergman et al. 1998). A positive correla-
tion between deficit-like symptoms and impairment on tests of prefrontal
and frontal function has been found in patients with schizotypal personality dis-
order (Wainberg et al. 1993). Impaired performance on several tasks that de-
pend on attentional capacities and working memory, such as impaired eye-
movement tracking of a smoothly moving target (Siever et al. 1993b) and poor
performance on the Continuous Performance Task (CPT) (Nuechterlein 1991;
Cornblatt et al. 1992; Siever et al. 1993b) and on the Backward Masking Task
(BMT) (Braff 1986; Merritt and Baloh 1989), have been consistent findings in
schizophrenia spectrum personality disorders and have been found to be specif-
ically associated with deficit-like symptoms.

In parallel with theories of schizophrenia, it has been hypothesized that defi-
cit-like symptoms in patients with schizotypal personality disorder may be re-
lated to impairment in frontal cortical cognitive processing associated with hy-
podopaminergia, as measured by concentrations of cerebrospinal fluid and plas-
ma homovanillic acid (pHVA) (Siever et al. 1991, 1993a). Both increased ventric-
ular size (Siever et al. 1993a,b) and poor performance on the WCST (Siever et
al. 1993a; Wainberg et al. 1993) have been associated with reduced concentra-
tions of pHVA.

Therefore, patients with schizotypal personality disorder with deficit-like
symptoms can be characterized as having increased ventricular size, impair-
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ment on several pre-frontal and frontal cortical processing tasks, and hy-
podopaminergia.

2.2
Deficit-Like Symptoms: Psychopharmacological Studies

Patients with schizophrenia with predominant deficit-like symptoms have com-
monly been treated with combinations of antipsychotics and antidepressants.
However, no formal research studies have looked at the use of antidepressants
in the schizophrenia spectrum personality disorders. Some studies (Wainberg et
al. 1993; Siegel et al. 1996; Kirrane et al. 2000) suggest that amphetamine may
improve cognitive performance on tests sensitive to prefrontal function, such as
WCST, and visuospatial working memory performance in patients with schizo-
typal personality disorder (Table 2), yet further research is necessary to estab-
lish this. The use of catecholaminergic agents and atypical antipsychotics, such
as risperidone (Koenigsberg et al. 2003), to improve deficit-like symptoms and
cognitive performance in schizotypal personality disorder also warrants further
investigation.

3
Impulsivity and Affective Instability

Impulsivity, a prominent feature both in borderline and antisocial personality
disorders, which is also present in histrionic and narcissistic personality disor-
ders, is defined as action without reflection, particularly as an expression of an-
ger. Consequently, individuals with these disorders are more prone to assaultive
behavior, substance abuse, self-damaging acts, and promiscuity. Affective insta-
bility is a common feature of several of the personality disorders in the dramatic
and anxious cluster. It is one of the DSM-IV criteria for borderline personality
disorder, while exaggerated displays of emotion and rapidly shifting emotions

Table 2 Deficit-like symptoms: treatment data studies

Study Disorder Pharmacological
Agent

Effect

Wainberg
et al. 1993

Deficit-like symptoms/schizotypal
personality disorder

d-Amphetamine May improve cognitive
performance (preliminary
results)

Siegel
et al. 1996

Deficit-like symptoms/schizotypal
personality disorder

d-Amphetamine Improved cognitive
performance

Kirrane
et al. 2000

Deficit-like symptoms/schizophrenia
spectrum personality disorder

d-Amphetamine Improved visuospatial
working memory

Koenigsberg
et al. 2003

Deficit-like symptoms/schizotypal
personality disorder

Risperidone Improved deficit-like
symptoms
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characterize histrionic personality disorder, and depressive symptoms associat-
ed with rejection sensitivity are present in dependent and avoidant personality
disorders. Impulsivity and affective instability may or may not be coupled. The
former is the case in the borderline patient whose impulsive behaviors (e.g.,
self-injurious behavior) are often preceded by strong negative emotions, while
the latter is the case in the antisocial patient, whose impulsive acts are not trig-
gered or accompanied by an affective shift.

3.1
Impulsivity/Aggressive Behavior: Psychobiological Studies

Some studies have suggested that previous findings regarding the familial rela-
tionship between major mood disorder and some personality disorders, specifi-
cally borderline personality disorder, seem to be secondary to the presence
of mood disorder in probands with personality traits and personality disorder
(Zanarini et al. 1988; Silverman et al. 1991). Family members of patients with
borderline personality disorder without a history of depression had the same
morbid risk for depression as did family members of individuals with other per-
sonality disorders without a history of depression. However, family members of
patients with borderline personality disorder had an increased morbidity risk of
impulsive personality disorder traits and affective personality disorder traits
(Silverman et al. 1991) than family members of individuals with other personal-
ity disorders. Individuals with impulsive personality disorder traits were charac-
terized as having at least three of the following chronic symptoms: physical
fighting with others (not associated with alcohol), non-premeditated stealing
(e.g., shoplifting), problems with drinking or drugs, binge eating, problems with
gambling, sexual promiscuity, self-damaging acts (e.g., wrist slashing), and irra-
tional angry outbursts or overreaction to minor events (not associated with al-
cohol). Individuals with affective personality disorder traits were characterized
as having chronic dysphoria (e.g., depression, anxiety) or fluctuations in mood
not associated with very severe mood disturbances, psychomotor agitation or
retardation, psychotic features, or extreme guilt, with at least one of the follow-
ing chronic symptoms: easily disappointed or self-pitying attitude, low self-es-
teem, a pessimistic outlook, and the absence of satisfactory intimate relation-
ships (Silverman et al. 1991). The presence of these characteristics in family
members of individuals with borderline personality disorder suggests a familial
relationship between borderline personality disorder and personality disorder
traits consistent with the core features of borderline personality disorder rather
than with major mood disorder.

Research with twins who were reared apart suggests that impulsivity may be
an independent heritable trait in healthy, non-psychiatric populations (Tellegen
et al. 1988; Coccaro and Bergeman 1993), as well as in twins in whom one twin
had borderline personality disorder (Torgerson 1984). Even though there ap-
pears to be a familial aggregation of borderline personality disorder (Zanarini
et al. 1988), impulsivity and affective instability seem to aggregate independent-
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ly in relatives of those with borderline personality disorder (Silverman et al.
1991), thus raising the possibility of specific biological correlates. Evidence for
different biological models may determine a more specific pharmacological ap-
proach for these two core features.

Impairment in the serotonergic system, which is known for its behavioral in-
hibition properties, as well as attentional disorders, epileptiform disorders, and
elevated circulating levels of testosterone and/or endorphins have been associat-
ed with impulsivity/aggression in personality disorders. Concentrations of cere-
brospinal fluid (CSF) 5-hydroxyindoleacetic acid (5-HIAA) concentrations, a se-
rotonin (5-HT) metabolite, seem to be heritable and associated with aggressive,
dominant behavior in primates (Higley et al. 1992a,b). Lesions in serotonergic
neurons of rodents disinhibit aggression (Coccaro et al. 1989), which is reversed
by serotonergic agents (Stark et al. 1985). In humans, decreased serotonin, its
metabolites, and its receptors have been associated with aggression against oth-
ers (Brown et al. 1982; Linnoila et al. 1983; Coccaro et al. 1990b), or towards the
self, as occurs in completed suicide, suicide attempts, or parasuicidal behavior
(Arango et al. 1990; Coccaro et al. 1990a; Mann and Arango 1992). Other associ-
ated findings have been decreases in serotonin at the pre-synaptic transport
site, as measured by platelet imipramine binding capacity (Meltzer and Arora
1986; Marazziti et al. 1989) and 5-HT2 post-synaptic receptors (Pandey et al.
1990).

Neuroendocrine studies also imply the association of impulsivity in patients
with personality disorders with a decreased central serotonergic system. Sero-
tonergic functioning may be measured by the prolactin (PRL) response to fen-
fluramine, a 5-HT-releasing/uptake inhibiting agent assessing net serotonergic
activity. A decreased PRL response to fenfluramine suggests a diminished sero-
tonergic function, which has been associated with suicide, irritability, and ag-
gression in personality disorders (Coccaro 1989). Metabolic activity in frontal
brain regions believed to play a role in the inhibition of impulsive behavior can
now be measured with positron emission tomography (PET) and it appears
that, in response to fenfluramine, there is decreased activation of the orbital
and ventromedial frontal cortices in impulsive–aggressive patients with person-
ality disorders (Siever et al. 1999). This observation suggests that impulsive–ag-
gressive patients demonstrate diminished serotonergic activity in relevant
brain regions.

The noradrenergic system, with nerve cell bodies in the locus coeruleus in
charge of regulating arousal and responsiveness to the environment (Aston-
Jones and Bloom 1981; Levine et al. 1990), appears to play a role in impulsivity
and aggression. Increased activity may be associated with increased irritability
and aggression (Lamprecht et al. 1972; Stolk et al. 1974), while decreased activi-
ty has been associated with withdrawal from the environment (McKinney et al.
1984). Noradrenergic activity can be documented with the neuroendocrine chal-
lenge with clonidine, a central alpha2 agonist which, through its action in the
hypothalamus, causes release of plasma growth hormone in normal subjects. Ir-
ritability, impulsivity, and verbal hostility have been positively correlated with
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the augmented release of growth hormone in neuroendocrine challenges with
clonidine in patients with personality disorders (Coccaro et al. 1991; Trestman
et al. 1992). A hyperadrenergic state may be associated with impulsive behav-
iors; it may be hypothesized that agents that stabilize or reduce noradrenergic
activity might be expected to improve the irritability and reactivity of these pa-
tients.

Although one study questions the specificity of findings of electroencephalo-
graphic (EEG) abnormalities in patients with borderline personality disorder
(Cornelius et al. 1986), preliminary data suggest epileptiform activity in the lim-
bic system of patients with borderline personality disorder (Snyder and Pitts
1984; Cowdry et al. 1985–86) and improvement in their dyscontrol behavior
with the use of anticonvulsants (Cowdry and Gardner 1988).

3.2
Impulsivity/Aggressive Behavior: Psychopharmacological Studies

The hypothesis of diminished central serotonin activity led to treatment trials
with selective serotonin reuptake inhibitors (SSRIs), which may enhance seroto-
nin availability in the central nervous system. Open-label trials of fluoxetine
(Prozac) in patients with borderline personality disorder with dosages ranging
from 5–80 mg/day (Norden 1989; Coccaro et al. 1990a; Cornelius et al. 1990,
1991; Markowitz et al. 1991) suggest that SSRIs may be helpful in diminishing
impulsivity and aggression in patients with borderline personality disorders.
Treatment response was observed as early as 1 week (Norden 1989) to 4 weeks
(Coccaro et al. 1990a; Cornelius et al. 1990, 1991; Markowitz et al. 1991). A dou-
ble-blind, placebo-controlled study with fluoxetine demonstrated a significant
decrease in impulsivity and aggression in patients with personality disorders
who were treated for up to 12 weeks (Coccaro and Kavoussi 1995). From a prac-
tical point of view, SSRIs have clear advantages when used to treat impulsivity:
they are well tolerated, have low lethality potential in overdose, and do not re-
quire management of blood levels.

Lithium has been reported to clinically reduce impulsivity in antisocial per-
sonality disorder. In a double-blind, placebo-controlled trial, lithium signifi-
cantly reduced impulsive aggressive behavior in a prison population at doses
producing levels of 0.6–1.0 mEq/l, with a return to the baseline frequency of
these behaviors with the blind cross-over to placebo after 3 months (Sheard et
al. 1976). Only impulsive aggressive behavior was affected by lithium treatment;
no changes were observed in such areas as “conning” or “disregard for the
rights of others.” Lithium�s effect on impulsivity has been hypothesized to be
due either to an increase in serotonergic activity (Schiff et al. 1982; Price et al.
1989) or to a dampening of catecholaminergic activity (Bunney and Bunney-
Garland 1987). Lithium�s disadvantages are that it is less well tolerated than the
SSRIs and has a greater risk of toxicity in overdose, so that periodic blood level
assessment is required.
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Carbamazepine was initially reported to decrease the frequency and severity
of episodes of behavioral dyscontrol in patients with DSM-III borderline per-
sonality disorder (Cowdry and Gardner 1988). However, this finding was not
replicated in a later study, which found that carbamazepine might actually wors-
en impulsive and aggressive behavior in some patients with borderline person-
ality disorder (de la Fuente and Lotstra 1994). Other anticonvulsants, such as
valproic acid and lamotrigine, have shown modest benefits in reducing impul-
sivity in borderline patients in small open-label trials (Stein et al. 1995; Pinto
and Akiskal 1998). Diphenylhydantoin has been reported to decrease “anger, ir-
ritability, impatience and anxiety” in patients with DSM-II neurosis with promi-
nent histories of hostility (Stephens and Schaffer 1970). It has been suggested
that carbamazepine may enhance serotonin activity in humans, as measured by
prolactin response to tryptophan during carbamazepine challenge (Elphick et
al. 1990).

Beta-blockers, especially propranolol (Volavka 1988), have been reported to
diminish aggressive behavior. Yet many of these studies have been done in pa-
tients with schizophrenia who were taking antipsychotics, with the possibility of
the beta-blocker treating the akathisia more than the aggressive behavior. Nado-
lol, which minimally penetrates the blood–brain barrier, has also been reported
to diminish the frequency of aggressive behaviors in a chronic psychiatric popu-
lation (Yudofsky et al. 1987; Ratey et al. 1992). It is unclear if the mechanism of
action is central or peripheral, if it is through noradrenergic blockade or seroto-
nergic agonism at higher doses, or what the effect would be in subjects with per-
sonality disorders.

Exacerbation of impulsive aggressive behavior can be an unwanted side effect
of tricyclic antidepressants (TCAs). Patients with borderline personality disor-
der with significant pre-treatment ratings for hostility who were treated with
amitriptyline demonstrated increased ratings for impulsivity not correlated with
their depression or psychoticism (Soloff et al. 1986a). Increases in impulsivity/
aggression have also been reported in healthy volunteers (Gottschalk et al. 1965)
and depressive patients (Rampling 1978). TCAs may enhance serotonergic activ-
ity, yet they can also enhance noradrenergic activity.

Benzodiazepines have been found to disinhibit some individuals (Rickles and
Downing 1974; Hall and Zisook 1981). More specifically, alprazolam has been
reported to significantly worsen behavioral dyscontrol by increasing impulsive–
aggressive behaviors in patients with borderline personality disorder compared
with controls (Gardner and Cowdry 1986; Cowdry and Gardner 1988). Taking
into consideration the risk of drug dependency and abuse, and the reported
possibility of behavioral dyscontrol, benzodiazepines should not be adminis-
tered to patients with impulsive–aggressive behavior.

Studies on the treatment of impulsivity/aggression are summarized in Tables 3
and 4.
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Table 4 Impulsivity/aggression studies: treatment choices

Impulsivity/aggression (studied in borderline and antisocial personality disorders)

Decreased Increased

Fluoxetine and SSRIs Coccaro and Kavoussi 1995;
Salzman et al. 1992:
Coccaro et al. 1990a;
Cornelius et al. 1990;
Cornelius et al. 1991;
Markowitz et al. 1991

Alprazolam
and other
benzodiazepines

Cowdry and Gardner
1988;
Gardner and Cowdry
1986

Lithium (but lithium levels
needed and risk of overdose)

Sheard et al. 1976 Amitriptyline
and noradrenergic
agents

Soloff et al. 1986a

Valproic acid Stein et al. 1995

Lamotrigine Pinto and Akiskal 1998

Carbamazepine (but
carbamazepine levels needed
and risk of overdose)

Cowdry and Gardner 1988

Tranylcypromine
(but risk of overdose
and tyramine crisis)

Cowdry and Gardner 1988

Trifluoperazine Cowdry and Gardner 1988

Table 3 Impulsivity/aggression: treatment data studies

Study Disorder Pharmacological agent Effect

Coccaro and Kavoussi 1995;
Salzman et al. 1992

Borderline PD Fluoxetine (double-blind,
placebo-controlled)

Decreased impulsivity

Coccaro et al. 1990;
Cornelius et al. 1990;
Cornelius et al. 1991;
Markowitz et al. 1991

Borderline PD Fluoxetine (open-label) Decreased impulsivity

Sheard et al. 1976 Antisocial PD Lithium (double-blind,
controlled)

Decreased impulsivity

Stein et al. 1995 Borderline PD Valproic Acid (open-label) Decreased impulsivity

Pinto and Akiskal 1998 Borderline PD Lamotrigine (open-label) Decreased impulsivity

Cowdry and Gardner 1988 Borderline PD Carbamazepine
>tranylcypromine=
trifluoperazine>placebo

Decreased behavioral
dyscontrol

Soloff et al. 1986 Borderline PD Amitriptyline Increased impulsivity

Cowdry and Gardner 1988;
Gardner and Cowdry 1986

Borderline PD Alprazolam Increased impulsivity
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3.3
Affective Instability: Psychobiological Studies

Depressive symptoms can present in patients with personality disorders either
as a part of their usual personality profile or as a more sustained and discrete
depressive syndrome indistinguishable from major depression. Even though de-
pressive symptoms can occur in any personality disorder, affective-related traits
are particularly characteristic of personality disorders of the dramatic and anx-
ious dimensions. The affective instability characteristic of borderline personali-
ty disorder as well as the exaggerated displays of emotions and rapidly shifting
emotions that characterize histrionic personality disorder and the rejection sen-
sitivity often associated with depressive symptoms in dependent and avoidant
personality disorders are some of these affective-related traits. In some patients,
particularly in patients with histrionic and borderline personality disorders,
these episodes of abrupt dysphoria predispose them to self-damaging behavior.

The discordant findings from dexamethasone non-suppression in patients
with borderline personality disorder, which range from 9% to 73% (Soloff et al.
1982; Sternbach et al. 1983; Baxter et al. 1984; Beeber et al. 1984; Krishnan et al.
1984; Siever et al. 1985; Lahmeyer et al. 1988; Korzekwa et al. 1991), seem to be
related to the comorbidity of major depression in most of these studies (Soloff
et al. 1982; Sternbach et al. 1983; Baxter et al. 1984; Beeber et al. 1984; Krishnan
et al. 1984; Korzekwa et al. 1991). Low comorbidity of major depression corre-
sponded to low rates of dexamethasone non-suppression (Siever et al. 1985;
Lahmeyer et al. 1988). Similarly, studies suggesting abnormalities in the thyro-
tropin-stimulating hormone (TSH) with thyrotropin-releasing hormone (TRH)
stimulation testing in patients with borderline and other personality disorders
were done in cohorts with 80%–100% comorbidity of major depression or alco-
holism (Loosen and Prange 1982; Garbutt et al. 1983; Sternbach et al. 1983).
These findings suggest that abnormalities in dexamethasone non-suppression
and in TSH responses to TRH stimulation in patients with personality disorders
are attributable to the comorbidity of major depression or alcoholism rather
than to the personality disorder itself.

Whereas heightened noradrenergic activity may be associated with increased
irritable aggression (Lamprecht et al. 1972; Stolk et al. 1974), decreased norad-
renergic activity seems to be associated with relative withdrawal, such as is ob-
served in separation of a primate infant from its mother (McKinney et al. 1984).
This finding is consistent with the noradrenergic abnormalities of major depres-
sion, particularly endogenous depression, where reductions of the responsive-
ness of the noradrenergic system are suggested by responses to noradrenergic
challenges such as clonidine (Siever 1987). Yet the growth hormone response to
clonidine challenge, an index of alpha2-noradrenergic receptor sensitivity, tends
to be similar or increased in patients with personality disorders compared with
normal controls and to be correlated with irritability rather than with depres-
sive symptoms (Coccaro et al. 1991). Similarly, assessment of the serotonergic
system, for example, by measuring the prolactin response to d,l-fenfluramine
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challenge, does not seem to differentiate between patients with personality dis-
orders with or without current depression or a history of depression, whereas
correlations were found between this response and assaultiveness and irritabili-
ty (Coccaro 1989; Coccaro et al. 1989). This may explain the often unsuccessful
response observed in patients with personality disorders when treated for mood
dysregulation with TCAs, which tend to increase the availability of both norepi-
nephrine and serotonin in the synaptic cleft. However, improvement of global
function, including mood, has been reported with amphetamine challenges in a
subgroup of patients with borderline personality disorder (Schulz et al. 1988),
which may correlate with trait indices of affective lability (Kavoussi and Coccaro
1993). It seems possible that mood instability or dysregulation may be related to
more than one neurotransmitter system, including both norepinephrine and se-
rotonin (Siever and Davis 1991). The response to amphetamine, which triggers
the release of different monoaminergic substances, may be modulated both
through noradrenergic and serotonergic activity, reflecting a more complex bio-
logical substrate associated with affective lability and dysregulation. However,
noradrenergic enhancement may not be advisable when impulsivity is promi-
nent.

Increased cholinergic receptor responsiveness seems to be associated with
major depressive disorders (Janowsky and Risch 1987). Increasing the postsyn-
aptic cholinergic receptor stimulation with physostigmine, an acetylcholinester-
ase inhibitor, and arecoline, a muscarinic agonist, induces a behavioral syn-
drome resembling depression in animals (Janowsky et al. 1972; Janowsky and
Risch 1987) and depressive symptoms in acute and remitted depressed patients
and normal controls (Janowsky et al. 1974; Risch et al. 1981; Janowsky and Risch
1987) and appears to have antimanic properties (Davis et al. 1978). In normal
males, dysphoric responses to physostigmine correlate with traits of irritability
and emotional lability (Fritze et al. 1990). Physostigmine has also been shown
to produce greater depressive responses in patients with borderline personality
disorder than in controls (Steinberg et al. 1995). Similarly, the cholinergic activ-
ity in rapid eye movement (REM) latency studies suggests that patients with
borderline personality disorder share disturbances in REM regulation with pa-
tients with major depressive disorder, showing both decreased and more vari-
able REM latency than normal controls and possibly exaggerated reduction in
REM latency in response to a cholinomimetic agent (Lahmeyer et al. 1988). Pre-
liminary studies suggest that patients with personality disorders with prominent
affective instability, particularly patients with borderline personality disorder,
have a significantly greater dysphoric response to physostigmine than patients
with other personality disorders (Steinberg et al. 1994). Thus, enhanced cholin-
ergic receptor sensitivity may be associated with dysphoric symptoms and the
susceptibility to affective shifts observed in the dramatic cluster (e.g., borderline
or histrionic personality disorder).
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3.4
Affective Instability: Psychopharmacological Studies

Clinical trials investigating the use of psychotropic medication targeting depres-
sive symptoms have mostly been done in patients with borderline and/or
schizotypal personality disorder, with minimal to modest improvements found
with antipsychotics [chlorpromazine (Leone 1982), thiothixene (Goldberg et al.
1986), haloperidol (Soloff et al. 1986b, 1989, 1993)], and TCAs [amitriptyline
(Soloff et al. 1986a), imipramine (Links et al. 1990)] and more significant im-
provements found in some studies utilizing monoamine oxidase inhibitors
(MAOIs) [phenelzine (Hedberg et al. 1971; Liebowitz and Klein 1981; Parsons et
al. 1989), tranylcypromine (Cowdry and Gardner 1988)].

Few placebo-controlled trials have been designed to target affective lability.
The first study in 1968 compared chlorpromazine with imipramine in a group
of patients with “emotionally unstable character disorders,” described as rapid
autonomous affective lability, with chronic personality traits such as difficulty
with authority, job instability, and problems in interpersonal relationships
(Klein 1968). Chlorpromazine was significantly superior to imipramine and
both chlorpromazine and imipramine were significantly superior to placebo,
with a subset of patients who exhibited increased anger with the use of imipra-
mine. The modest efficacy shown by the TCAs, with the increased agitation and
irritability that some patients with borderline personality disorder may experi-
ence (Soloff et al. 1986b), together with the disadvantage of significant anticho-
linergic side effects and very high lethality potential in overdose, does not make
these agents a first-line option in the treatment of depressive symptoms in a
population prone to impulsivity, such as those with personality disorders in the
dramatic cluster.

MAOIs, especially phenelzine, have been more extensively studied in patients
with personality disorders in the dramatic and/or anxious cluster. An early
open-label study of patients with “hysteroid dysphoria,” a syndrome involving
rejection sensitivity and affective lability similar to some of the traits of border-
line personality disorder, found phenelzine efficacious in treating this syndrome
(Liebowitz and Klein 1981). A retrospective study suggested that phenelzine was
three times more effective than imipramine in treating atypical depression that
was comorbid with borderline personality disorder, whereas phenelzine and im-
ipramine were equally effective in treating atypical depression when borderline
personality disorder was not present (Parsons et al. 1989). In a placebo-con-
trolled study, phenelzine was reported to be ineffective in treating both the typi-
cal and atypical signs of depression in hospitalized subjects with borderline
and/or schizotypal personality disorder (Soloff et al. 1993). The lack of efficacy
can be attributed to lower phenelzine dosages secondary to adverse side effects
(average dose of 60 mg/day in the inpatient study versus 90 mg/day in the previ-
ous study) and the shorter duration of the trial. Yet the lack of efficacy for phe-
nelzine in a well-defined hospitalized sample suggests that phenelzine may not
be efficacious in the treatment of depressive symptoms in moderately to severe-
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ly impaired patients with personality disorders. On the other hand, tranylcypro-
mine has been associated with significant antidepressant/mood enhancing effect
in a small group of females with treatment-resistant borderline personality dis-
order (Cowdry and Gardner 1988). It is possible that the efficacy of tranylcypro-
mine can be attributed to its amphetamine-like structure, which is consistent
with preliminary data showing mood enhancement with amphetamine challenge
in some patients with borderline personality disorder (Schulz et al. 1988).
MAOIs have a number of side effects and risks, such as agitation, orthostatic hy-
potension, and hypertensive crisis after non-compliance with low tyramine diet,
making their use difficult in the impulsive population. Deprenyl, a MAO-B in-
hibitor with milder side effects and a lower risk of hypertensive crisis, has been
reported to be an effective antidepressant (Faltus and Janeckova 1985; Mann et
al. 1989), yet no studies have been done in patients with personality disorders.

5-HT uptake inhibitors may treat depressive symptoms in patients with per-
sonality disorders. Although no placebo-controlled studies have been reported
on the efficacy of SSRIs in treating depression in the dramatic cluster, open-label
trials of fluoxetine in borderline personality disorder suggest that it may be ef-
fective (Norden 1989; Cornelius et al. 1990; Markowitz et al. 1991). Trials with
paroxetine and sertraline have not been reported, but these drugs may be as ef-
fective as fluoxetine. Advantages of the SSRIs include fewer side effects and low
lethality in overdose.

Mood stabilizers used for bipolar disorder, such as lithium and anticonvul-
sants, may be effective in treating mood lability in other disorders (Van der

Table 5 Affective instability: treatment data studies

Study Disorder Pharmacological agent Effect

Klein 1968 Emotionally unstable
character disorder

Chlorpromazine
imipramine

Decreased lability
Chlorpromazine>Imipramine=
placebo (imipramine subset
with increased anger)

Soloff et al. 1986a Borderline PD Amitriptyline Slightly decreased depression,
increased anger

Liebowitz and
Klein 1981

Hysteroid dysphoria Phenelzine Decreased depression

Parsons et al. 1989 Borderline PD+Atypical
depression

Phenelzine; imipramine
(retrospective outpatients)

Decreased depression
Phenelzine>imipramine

Soloff et al. 1993 Borderline PD+Depression
(atypical and typical)

Phenelzine
(placebo-controlled,
inpatient)

Ineffective

Cowdry and
Gardner 1988

Borderline PD Tranylcypromine Decreased depression

Norden 1989;
Cornelius
et al. 1990, 1991;
Markowitz et al. 1991

Borderline PD Fluoxetine open-label trial Decreased depression

Rifkin et al. 1972 Emotionally unstable PD Lithium open-label Decreased depression
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Kolk 1986). Lithium has been shown to stabilize mood in “emotionally unstable
personality disorder” (Rifkin et al. 1972). A placebo-controlled trial of lithium
in patients with borderline personality disorder found a trend for lithium to be
superior to desipramine in terms of decreasing anger, but did not examine its
potential use for affective lability. A small uncontrolled study with patients with
emotionally unstable character disorders showed no efficacy with the use of di-
phenylhydantoin (Klein and Greenberg 1967).

Since enhanced cholinergic receptor sensitivity has been associated with dys-
phoric symptoms and the susceptibility to affective shifts in patients with dra-
matic cluster personality disorders, such as borderline or histrionic personality
disorder, future trials for the treatment of affective instability in patients with
personality disorders might include the testing of anticholinergic agents, al-
though these have not generally been successful for patients with affective disor-
ders.

Studies concerning the treatment of affective instability are summarized in
Table 5.

4
Anxiety Threshold

The DSM-IV anxiety-related personality disorders include avoidant, dependent,
and obsessive–compulsive. Individuals with these personality disorders are hy-
persensitive to anxiety and eschew potential anxiety-provoking situations. Thus,
individuals with avoidant personality disorder directly avoid situations due to
excessive anticipatory anxiety regarding the prospect of future rejection. Indi-
viduals with dependent personality disorder maintain themselves attached to
their protective caretakers, avoiding conflict with them, and acquiescing to their
wishes for fear of rejection. Patients with obsessive–compulsive personality dis-
order occupy themselves with a rigid structure of thoughts or behaviors, thus
blinding themselves from anxious thoughts or situations.

Although no systematic research has focused on these personality disorders,
several studies suggest a 90% comorbidity of avoidant personality disorder and
social phobia (Schneier et al. 1991; Widiger 1992). Research studies on social
phobia may be useful in understanding the biology and treatment of avoidant
personality disorder.

4.1
Anxiety Threshold: Psychobiological Studies

Familial transmission of “anxious personality traits and disorders” has been im-
plied by family studies (Reich 1989, 1991), while the heritability of social anxiety
has been reported in twin studies (Torgerson and Kringlen 1978). First-degree
blood relatives of patients with social phobia have a significantly greater preva-
lence of social phobia (Schneier et al. 1991). Longitudinal studies suggest stable
measurements of fearfulness and inhibition in children (Kagan et al. 1988) with
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an increased prevalence of childhood anxiety phenomena at age 8 in toddlers
who exhibited behavioral inhibition as early as 21 months old, whose parents
also had increased prevalence of social phobia and anxiety disorders (Rosen-
baum et al. 1991), suggesting a familial association for anxiety disorders
(Biederman et al. 1991).

Besides these data for the probable genetic basis for social anxiety and its
longitudinal stability, there are limited biological studies concerning the anxious
dimension of personality disorders, except for those studies in social phobia
with comorbid avoidant personality disorder. Hypothalamo-pituitary function
studies have not found a difference between patients with social phobia and
normal controls either in the hypothalamo-thyroid (Tancer et al. 1990) or the
hypothalamo-adrenal axis (Uhde et al. 1991). Unlike patients with panic disor-
der in whom sodium lactate infusion, caffeine, and norepinephrine have been
used as probes, inconsistent responses have been observed in patients with so-
cial phobia (Liebowitz et al. 1985; Tancer 1993). However, like patients with pan-
ic disorder, patients with social phobia have shown a blunted growth hormone
response to challenges with clonidine (Amies et al. 1983; Steinberg et al. 1994;
Uhde 1994). Social phobia patients also exhibit an increased cortisol response
to fenfluramine when compared with controls (Uhde 1994), suggesting that the
serotonergic system may play a role in anxiety and the avoidance response. The
response in patients with social phobia when challenged with clonidine and fen-
fluramine suggests that patients with avoidant personality disorder, in contrast
to impulsive patients with borderline personality disorder, have decreased nor-
adrenergic activity and increased serotonergic activity.

4.2
Anxiety Threshold: Psychopharmacological Studies

Few pharmacological studies have targeted anxiety in personality disorders. A
report of four cases suggests similar efficacy using phenelzine, tranylcypromine,
or fluoxetine in avoidant personality disorder (Deltito and Stam 1989). Placebo-
controlled, double-blind studies have reported the efficacy of MAOIs in the
treatment of social phobia (Liebowitz 1989, 1992; Liebowitz et al. 1990a,b, 1991,
1992). More specifically, phenelzine was associated with a significant decrease
in avoidant personality features in patients with social phobia, whereas atenolol
and placebo were not (Liebowitz et al. 1992). In a double-blind, controlled study
of social phobia, moclobemide (200–600 mg/day), a reversible MAOI with a low-
er incidence of side effects, was found to be statistically comparable to phenel-
zine (30–90 mg/day) after 16 weeks of treatment, with both agents demonstrat-
ing efficacy by week 8 (Versiani et al. 1992). Relapse after discontinuation of ei-
ther agent was also noted (Versiani et al. 1992). Other trials with moclobemide
in patients with social phobia suggest weak efficacy (Marshall 1994).

Double-blind placebo-controlled studies have demonstrated that SSRIs are ef-
fective in the treatment of social phobia. Paroxetine was compared with placebo
in a 12-week multi-site study of 93 patients with social phobia (Stein et al. 1999)
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and found to produce a significant decrease in anxiety symptoms as measured
by the Liebowitz Social Anxiety Scale (LSAS) (Liebowitz 1987) and the Clinical
Global Impression Scale (Guy 1976). Patients with social phobia treated with
paroxetine in an 11-week open-label trial also demonstrated significant im-
provements as measured by LSAS scores and the Duke Social Phobia Scale
(Davidson et al. 1991; Stein et al. 1996); 16 responders were then followed up in
a placebo-controlled, double-blind discontinuation study in which only one re-
lapse occurred among 8 patients continued on paroxetine compared with five
relapses in the group of 8 patients randomized to receive placebo.

Treatment studies concerning anxiety symptoms are summarized in Table 6.

5
Practical Issues in the Treatment of Personality Disorders

The pharmacotherapy of the different personality disorders can be complicated
by the various medication regimens and the interpersonal (transferential) issues
which develop within the treatment. Therapeutic techniques selected based on
specific personality dimensions will be required to develop a therapeutic alli-
ance and ensure successful treatment, especially when more than one provider
is present (split treatment).

A complicating element is the presence of substance abuse in many patients
with personality disorders, which could result in sporadic treatment compliance
and may confuse the clinical presentation as well as psychobiological assess-
ment. Proper assessment should be part of the initial evaluation and follow-up
of patients, and prompt intervention is required if substance abuse is suspected.

There are specific therapeutic techniques for the treatment of the different
personality disorders, which are beyond the scope of this chapter. Yet the thera-

Table 6 Anxiety threshold: treatment data studies

Study Disorder Pharmacological agent Effect

Stein et al. 1999 Social phobia Paroxetine (placebo-controlled,
double-blind)

Decreased anxiety

Liebowitz 1989, 1992;
Liebowitz
et al. 1990a,b, 1991

Social phobia Phenelzine, tranylcypromine
(placebo-controlled,
double-blind)

Decreased anxiety

Versiani et al. 1992 Social phobia Moclobemide=phenelzine Decreased anxiety

Marshall 1994 Social phobia Moclobemide Decreased anxiety
(modest efficacy)

Liebowitz et al. 1992 Social phobia Phenelzine; atenolol Phenelzine>atenolol=placebo
(decreased avoidant traits)

Tancer
and Golden 1993

Social
phobia/avoidant
personality
disorder

SSRIs>TCAs (open-label,
preliminary result)

Decreased anxiety
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peutic alliance in all of these cases is enhanced if the treatment goals and limita-
tions are explicit from the beginning, including the clarification of contact be-
tween therapist and psychopharmacologist. It is helpful for the patient to as-
sume responsibility for the treatment, giving the patient an active role in select-
ing among treatment options. The expected side-effect profile should be ex-
plained prior to starting treatment, as well as the expected time course of action,
target symptoms, and limitations of the treatment.

It is particularly important to be aware of safety issues in medicating an im-
pulsive individual, especially if the patient has a history of self-damaging acts.
Low toxicity in overdose is an essential precaution to be taken in such cases. As
mentioned above, SSRIs, with their low toxicity in overdose, together with the
fact that they do not require periodic blood levels, make them safer for use
when impulsivity and a history of self-damaging acts are present.

6
Conclusions

Research into the biological and neuropsychopharmacological correlates of the
dimensions in personality traits has provided important knowledge which can
aid in the pharmacological treatment of patients with personality disorders. The
understanding of the heritability and biological characteristics of the personali-
ty disorders may provide a rational basis for future treatment interventions for
patients with personality disorders.

Despite the important advances in this area, specific definitive recommenda-
tions for the pharmacological treatment of personality disorders are still prema-
ture. Placebo-controlled, double-blind clinical trials in well-defined populations
within the personality disorder clusters are required before such recommenda-
tions can be made.
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Abstract The emergence of molecular neurobiology is rapidly changing the tra-
ditional focus of antidepressant drug research with emphasis on effector sites
beyond the receptors. This switch in emphasis is leading to new conceptual and
methodological approaches to understanding the mode of action of antidepres-
sants. Events beyond the receptors—intracellular signal transduction pathways
and regulation of programs of gene expression—are promising new and excit-
ing targets for antidepressants. A short historical review of the evolution of hy-



potheses (e.g., monoamine, b-adrenoceptor down-regulation, and the 5-HT/NE/
glucocorticoid link) concerning the mode of action of antidepressants is first
presented. The chapter then presents an overview of new hypotheses concerning
the mode of action of antidepressants and discusses the role of N-methyl-d-as-
partate (NMDA) receptors in antidepressant action and the possible role of cor-
ticotropin releasing factor (CRF) antagonists and substance P receptor antago-
nists as antidepressants. Neurotransmitter-induced intracellular processes and
the importance of crosstalk at the level of protein kinases are described. The
chapter than discusses protein kinase C-related processes, G proteins, and tran-
scription factors as potential targets for antidepressants and considers the con-
vergence of neurotransmitter signals beyond the receptors at the level of protein
kinase-mediated phosphorylation. To discover the next generation of antide-
pressants, two avenues of interrelated investigations seem promising: (1) a more
rigorous elucidation of the molecular psychopathology of affective disorders
and the development of animal models of depression with greater disease validi-
ty and (2) the development of new methodology to explore mechanisms beyond
the receptors and second messengers in animal models of depression and in pa-
tients with affective disorders. Possible models of depression that may have in-
creased disease validity are described. The chapter concludes with a discussion
of how programs of gene expression are likely to affect antidepressant drug de-
velopment. Differentially expressed genes and their protein products can be
used as novel drug targets for the development of the next generation of antide-
pressants, which hopefully will meet the yet unmet criteria of greater efficacy,
shorter onset of therapeutic action, and efficacy in therapy-resistant depression.

Keywords Antidepressants · Drug development · Mode of action ·
N-methyl-d-aspartate (NMDA) · Corticotropin releasing factor (CRF)
antagonists · Substance P receptor antagonists · G proteins · Transcription
factors · Animal models of depression · Gene expression

Since affective disorders are predominantly human disorders, it is not sur-
prising that the prototypes of clinically effective antidepressant drugs—mono-
amine oxidase inhibitors (MAOIs) and tricyclic antidepressants (TCAs)—were
discovered by astute clinical observation. Only after their clinical efficacy had
been established did research on the possible mechanism(s) of action of these
drugs begin. Comprehensive and authoritative monographs on the discovery of
antidepressants and on their behavioral and biochemical pharmacology have
appeared (Costa and Racagni 1982a,b; Lehmann and Kline 1983; Sulser and Mis-
hra 1983; Zeller 1983; Porter et al. 1986; Briley and Fillion 1988; Leonard and
Spencer 1990; Wong et al. 1995; Blakely et al. 1997; Briley and Montgomery
1998).

The emergence of molecular neurobiology is now rapidly changing the tradi-
tional focus of antidepressant drug research with emphasis on effector sites be-
yond the receptors. This switch in emphasis leading to new conceptual and
methodological approaches to understanding the mode of action of antidepres-
sants is the main focus of this chapter.
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1
The Evolution of Hypotheses on the Mode of Action of Antidepressants

1.1
Monoamine Hypotheses of Depression

The future development of antidepressants and new approaches to their possible
mode of action are based to a large extent on previously generated knowledge
and hypotheses. A short historical review of the evolution of hypotheses on the
mode of action of antidepressants is thus justified as a prelude to the main topic
of this chapter.

Two observations provided the scientific basis for the development of biolog-
ical hypotheses of depression: MAO inhibitors, which increased the levels of
monoamines in the brain, alleviated the symptoms of depression, while reser-
pine, a drug used for the treatment of hypertension, could precipitate a depres-
sive syndrome (Quetsch et al. 1959) and decreased the levels of norepinephrine
(NE) and serotonin (5-HT) in the brain (Pletscher et al. 1955; Holzbauer and
Vogt 1956). These observations led to the monoamine hypothesis of depression,
which stated that deficits of monoaminergic transmission in brain play an im-
portant role in the etiology of endogenous depression (Bunney and Davis 1965;
Schildkraut 1965; Coppen 1967; Schildkraut and Kety 1967). This view was ex-
panded into a cholinergic-noradrenergic hypothesis of mania and depression,
which suggested that depression was the consequence of reduced noradrenergic
transmission coupled with cholinergic predominance, while mania was due to
the reverse events (Janowsky et al. 1972).

These observations were followed by the discovery of imipramine as an effec-
tive antidepressant (Kuhn 1958), even though neither imipramine nor other
TCAs increased the levels of NE and/or 5-HT in the brain. This led to the discov-
ery of the role of uptake blockade of NE and/or 5-HT, leading to an enhanced
synaptic availability of the amines, in the pharmacological action of the TCAs
(Axelrod et al. 1961; Carlsson et al. 1968). However, these acute effects of antide-
pressants did not explain the delay in the therapeutic action of antidepressant
treatments (Oswald et al. 1973) and prompted the search for delayed adaptive
changes caused by antidepressants.

1.2
The b-Adrenoceptor Down-Regulation Hypothesis
and Other Adaptive Changes in Aminergic Receptor Systems

In the mid-1970s, it was demonstrated that chronic but not acute administration
of different types of antidepressants and also electroconvulsive therapy (ECT)
reduced the sensitivity of the b-adrenoceptor-coupled adenylate cyclase system
to NE (Vetulani and Sulser 1975; Vetulani et al. 1976b). This reduced sensitivity
was generally accompanied by a decrease in the density of b-adrenoceptors
(Banerjee et al. 1977). Thus, the “b-adrenoceptor down-regulation” hypothesis
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was born. Subsequent papers stressed the adaptive character of these changes
(Vetulani et al. 1976a,b). These findings concerning b-adrenoceptor subsensitiv-
ity (desensitization of the b-adrenoceptor-coupled adenylate cyclase) and
down-regulation (reduction in the density of b-adrenoceptors) were quickly
confirmed (Schultz 1976; Wolfe et al. 1978; Bergstrom and Kellar 1979a,b;
Pandey et al. 1979; Kellar et al. 1981a,b; Kellar and Bergstrom 1983). In due
course, new biochemical hypotheses on the pathophysiology of affective disor-
ders have been proposed. These hypotheses are by and large an extension of ex-
isting hypotheses at the level of second messenger function. For example, Wach-
tel (1989) suggested that affective disorders arise from the imbalance of the two
major intraneuronal signal amplification systems, the adenylate cyclase and the
phospholipase C systems, with depression resulting from underfunctioning of
cyclic AMP effector cell responses associated with an absolute or relative domi-
nance of inositol triphosphate/diacylglycerol-mediated responses and mania re-
sulting from the converse effects.

It has also been proposed that the dopaminergic system is involved in depres-
sion and in the mode of action of antidepressants (Randrup et al. 1975; Willner
1983; Maj 1984). Studies demonstrated that chronic treatment with ECT
(Wielosz 1981) and with antidepressant drugs increased the behavioral respons-
es to dopaminergic stimulation (e.g., Spyraki and Fibiger 1981; Maj 1984; Maj et
al. 1984, 1987; Willner 1983). Consequently, it was postulated that D2 dopamine
receptors were involved in antidepressant action (Maj et al. 1989a,b). However,
no correlation between the enhancement of dopaminergic responses and dopa-
mine receptor binding could be found when dopaminergic antagonists were
used as ligands (Willner 1983; Klimek et al. 1985). Five subtypes of dopamine
receptors have since been cloned and characterized (for a review, see Kapur and
Mann 1992). In addition to the initially known and pharmacologically well-de-
fined D1 and D2 dopamine receptors, D3, D4, and D5 subtypes were also charac-
terized. In turn, new and more specific compounds for dopamine receptors have
been developed. Recent studies, employing agonists as ligands, suggest that an-
tidepressant treatments may increase the density of D2 and D3 receptors (Maj et
al. 1996, 1998; Ainsworth et al. 1998) as well as the steady-state level of D2 recep-
tor mRNA (Dziedzicka-Wasylewska et al. 1997; Ainsworth et al. 1998). In addi-
tion, D2/D3 receptor agonists were shown to evoke antidepressant-like effects in
some animal models of depression and to exert potential antidepressant activity
in man (for reviews, see Willner 1997a; Willner and Papp 1997). Thus, the devel-
opment of more selective compounds directed towards subtypes of dopamine
receptors will help define the role of dopamine in depression and the action of
antidepressant drugs.

Avissar and Schreiber (1992a,b) have pointed out the role of G proteins in the
etiology of affective disorders and in the mechanism of antidepressant drug ac-
tion. The role of G proteins and G protein function as possible targets of antide-
pressants is discussed later in the chapter.
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1.3
The “5-HT/NE/Glucocorticoid Link” Hypothesis of Affective Disorders
and the Action of Antidepressants

All currently available and clinically effective antidepressant drugs affect central
noradrenergic and/or serotonergic neuronal systems at various levels of the
aminergic signal transduction cascades (Fig. 1) or are converted in vivo to
metabolites which, in concert with the parent drug, affect the synaptic availabil-
ity of NE and/or 5-HT. Since stressful life events and the vulnerability to stress
are believed to be predisposing factors in the precipitation of affective disorders
and chronic mild stress is often used to construct animal models of depression
with disease validity (Willner et al. 1987), it is of interest that alterations in
circulating glucocorticoids alter noradrenergic receptor sensitivity in brain
(Mobley et al. 1983; Roberts et al. 1984; Harrelson et al. 1987). Moreover, gluco-
corticoid receptors have been identified in the nuclei of NE- and 5-HT-contain-
ing cell bodies in the brain (Harfstrand et al. 1986) and in limbic structures such
as the amygdala (Honkaniemi et al. 1992). An important finding is that gluco-
corticoid receptor immunoreactivity (Kitayama et al. 1988), density (Przegalins-
ki and Budziszewska 1993; Budziszewska et al. 1994), and expression (Pepin et
al. 1989; Peiffer et al. 1991; Seckl and Fink 1992; Rossby et al. 1995) have been
shown to be increased after chronic treatment with some antidepressants. The
regulation of glucocorticoid receptors in the brain by antidepressants is of con-
siderable neurobiological interest as these cytoplasmic steroid receptors are
hormone-activated transcription factors which can act as positive or negative
regulators of gene expression (Burnstein and Cidlowsky 1989). It thus became
imperative to integrate the glucocorticoid receptor system into any modern
amine hypothesis of affective disorders (Pryor and Sulser 1991). It is tempting
to speculate that glucocorticoids may affect the diffusely projecting stress-re-
sponsive monoamine systems in the brain via changes in the transcription of
pivotal proteins.

In view of the effects of the pituitary–adrenal axis on central nervous system
function and mood, the finding that chronic foot shock stress can desensitize
the NE sensitive adenylate cyclase system in rat cortex (Stone 1979a) is of par-
ticular interest. Stone has proposed that this decrease in sensitivity may play a
role in the adaptation to emotional and physiological stress and that various an-
tidepressant treatments mimic the desensitizing action of stress on central NE
receptor systems (Stone 1979b). The findings that psychotropic drugs that pre-
cipitate depressive reactions increase the sensitivity of the system, while drugs
that alleviate depressive mood decrease its sensitivity raise new questions about
the psychobiology of depressive illness. One is tempted to speculate that people
who are prone to affective disorders may suffer from an inability to down-regu-
late the central noradrenergic receptor cascade in response to enhanced neuro-
nal input (lack of proper adaptation) and, therefore, successful treatment with
antidepressant drugs and/or ECT would depend on the successful induction of
subsensitivity of this system (Sulser 1978).
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Fig. 1 Neurotransmitter signal transduction cascades as a target for antidepressant drugs. Antidepres-
sant drugs can influence the information flow at various levels of the signal transduction cascade:
1. Change in the synaptic availability of the primary signals NE and/or 5HT (MAO inhibitors; blockade of
reuptake; autoreceptor subsensitivity). 2. Change in receptor number or sensitivity. 3. Change in the
function of G proteins. 4. Change in the formation of second messengers. 5. Change in the activity of
protein kinases (amplifier function). 6. Modification of nuclear events (e.g., gene transcription). From
Rossby and Sulser (1993)
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It has been suggested that the desipramine (DMI)-induced increase in gluco-
corticoid receptor mRNA and glucocorticoid receptor density could be respon-
sible—via feedback inhibition—for the normalization of the hypothalamic–pi-
tuitary–adrenocortical (HPA) axis hyperactivity that is often seen in depression
(Pepin et al. 1992; Barden et al. 1995). While such an antidepressant-induced in-
crease in feedback inhibition might normalize the endocrine abnormality often
seen in depression, this apparent correction of the endocrine abnormality is,
however, not a prerequisite for the therapeutic efficacy of antidepressants, since
non-tricyclic antidepressants, particularly selective serotonin reuptake in-
hibitors (SSRIs) such as citalopram and fluoxetine do not increase either the
density or the expression of glucocorticoid receptors in brain in vivo (Brady et
al. 1992; Seckl and Fink 1992; Budziszwska et al. 1994; Rossby et al. 1995). The
suggestion that antidepressants stabilize mood through actions on the HPA sys-
tem—although attractive at first glance—is thus too general and is not support-
ed by the available experimental evidence. The findings that some currently
available and clinically effective antidepressants can influence the expression of
genes are, however, of considerable heuristic value (see the discussion of antide-
pressants and the program of gene expression at the end of this chapter).

1.4
Some Puzzles Resolved and a Reinterpretation
of the b-Adrenoceptor Desensitization Hypothesis

For some time, the antidepressant bupropion appeared to be an exception to the
rule described above because this drug did not alter either serotonergic or nor-
adrenergic transduction cascades. However, recent studies have revealed a strik-
ing difference in the metabolic disposition of bupropion between rat and man.
Unlike in the rat, in man, bupropion is metabolized mainly to hydroxybupropi-
on, which is a potent uptake inhibitor of NE (Ferris and Cooper 1993), thus
placing bupropion in the category of noradrenergic antidepressants. Nefazodone
has been demonstrated to inhibit both the NE and 5-HT transporters with mod-
erate potency (Owens et al. 1995), thus providing a rationale for its antidepres-
sant action. Among the newly developed drugs is reboxetine, a selective NE re-
uptake inhibitor. Unlike the non-selective TCAs, it acts specifically at noradren-
ergic sites (Leonard 1997; Montgomery 1997) and exerts antidepressant activity
in man, with low affinity for b-adrenergic and muscarinic receptors and low
toxicity in animals (Riva et al. 1989; Szabadi et al. 1998; Wong et al. 2000).

Mirtazapine is an antagonist of somatodendritic as well as terminal a2- ad-
renergic auto- and heteroreceptors (Haddjeri et al. 1996). The antagonism of a2-
autoreceptors enhances the release of NE. Also, mirtazapine enhances the re-
lease of NE in the raphe nuclei so that a1-adrenoceptors on serotonergic soma
or dendrites are activated to increase the firing rate of serotonergic neurons and
the release of 5-HT. The mirtazapine-induced blockade of a2-adrenergic recep-
tors located on serotonergic terminals can also contribute to the facilitation of
5-HT release (Frazer 1997).
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Studies with the dual uptake inhibitor venlafaxine have provided strong evi-
dence for a link in the brain between the two aminergic signal transduction path-
ways beyond the b-adrenoceptors. Venlafaxine does not desensitize the b-adre-
noceptor-coupled adenylate cyclase system in the brain after chronic administra-
tion, except in the absence of 5-HT (Nalepa et al. 1998). It has been suggested
that a crosstalk between 5-HTand NE receptor-mediated activation of protein ki-
nases and their counter regulation at the level of agonist-induced desensitization
of b-adrenoceptors may explain the unexpected pharmacology of this drug. It is
hypothesized that this crosstalk is the consequence of stimulation by venlafaxine
of the inositol pathway by increased synaptic 5-HT leading to increased diacyl-
glycerol (DAG) production and thus, increased protein kinase C activation. It has
been shown that activation of protein kinase C in a fibroblast cell line down-reg-
ulates the activity of protein kinase A (D	bbeling and Berchtold 1996). However,
extrapolation to other cell lines and to action in the brain in vivo is difficult. It is
of interest that milnacipran, a 5-HT and NE dual reuptake inhibitor, has also
been reported not to down-regulate b-adrenoceptors or to desensitize the b-ad-
renoceptor-coupled adenylate cyclase system (Assie et al. 1988; Neliat et al.
1996). The results with venlafaxine and milnacipran indicate that the desensitiza-
tion of the b-adrenoceptor-coupled adenylate cyclase system is not a prerequisite
for the therapeutic action of antidepressant drugs and mandate a reinterpreta-
tion of the b-adrenoceptor desensitization hypothesis. b-Adrenoceptor desensiti-
zation which occurs after chronic administration of noradrenergic antidepres-
sants is now viewed as being the consequence of receptor phosphorylation by
protein kinase A and perhaps the cyclic AMP independent b-adrenoceptor ki-
nase 1 (BARK), caused by persistent signaling via the NE b-adrenoceptor inter-
action. The new data with venlafaxine have mandated a shift in the emphasis on
the mode of action of antidepressants from changes in b-adrenoceptor sensitivi-
ty to the convergence of aminergic signals beyond the receptors and have lent
support to the “5-HT/NE link” hypothesis of affective disorders and mode of ac-
tion of antidepressants. Theoretically, the dual signaling by drugs such as ven-
lafaxine and milnacipran should lead to a potentiation of signal transduction
downstream from the receptors. It remains a challenge to demonstrate experi-
mentally how dual signaling (NE and 5-HT) as opposed to single signaling (NE
or 5-HT) is translated into differential expression of programs of genes believed
to be ultimately responsible for the therapeutic action in man.

2
New Vistas on the Mode of Action of Antidepressants

2.1
A Role for NMDA Receptors in Antidepressant Action

N-methyl-d-aspartate (NMDA) antagonists have repeatedly been demonstrated
to be active in many preclinical tests thought to be predictive of antidepressant
action (Maj et al. 1992a,b; Panconi et al. 1993; Papp and Moryl 1994). Both com-
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petitive and noncompetitive antagonists at NMDA receptors have also been
shown to significantly down-regulate b-adrenoceptors (Paul et al. 1992; Klimek
and Papp 1994; Layer et al. 1995; Wedzony et al. 1995) and to be effective in the
Willner model of depression (Papp and Moryl 1994), suggesting that the behav-
ioral results may not be “false” positives.

Interestingly, eliprodil, an NMDA antagonist acting at polyamine sites, has
also been reported to exert antidepressant activity, both behaviorally and neuro-
chemically (Layer et al. 1995). These findings prompted Skolnick and colleagues
to examine the effects on NMDA receptors of chronic treatment with a large va-
riety of antidepressants. They found that chronic but not acute antidepressant
treatments of mice and rats altered the ligand-binding profile of NMDA recep-
tors, producing a reduction in the potency of glycine to inhibit [3H]-CGP 39653
binding to strychnine-insensitive glycine receptors and a reduction in the pro-
portion of high affinity glycine sites inhibiting [3H]-CGP 39653 binding to
NMDA receptors (Nowak et al. 1993; Paul et al. 1993). In addition to glycine and
glutamatergic stimulation, the ion channel of the NMDA receptor complex is
subject to a voltage-dependent regulation by Mg2+ cations. Under physiological
conditions, this channel is supposed to be blocked by a high concentration of
magnesium in extracellular fluids. Recently, it has been demonstrated that oral
administration of magnesium to normal animals can antagonize NMDA-mediat-
ed responses and lead to antidepressant-like effects that are comparable to those
of MK-801 (Decollogne et al. 1997). The ability of a structurally diverse group of
antidepressants as well as ECT to produce adaptive changes in NMDA receptors
(Paul et al. 1994) suggests that this family of ligand-gated ion channels may be
an attractive novel target for antidepressant action—i.e., substances capable of
reducing neurotransmission at NMDA receptors with their individually encoded
subunits (Monyer et al. 1992) may represent a new class of antidepressants. To
date, studies from several laboratories have indeed demonstrated that NMDA
antagonists are potential antidepressants (for reviews, see Skolnick et al. 1996;
Huang et al. 1997).

Recently, Skolnick (1999) proposed a hypothesis that links, at the molecular
level, the action of most conventional antidepressants to reductions in NMDA
receptor function. According to Skolnick�s hypothesis, two different treatment
strategies—conventional antidepressants and compounds that reduce transmis-
sion at NMDA receptors—converge at an identical endpoint target to produce a
region-specific dampening of NMDA receptor function. Moreover, he suggests a
role for brain-derived neurotrophic factor (BDNF) as one of the putative molec-
ular links between conventional antidepressants and NMDA receptors. The hy-
pothesis is based on evidence showing that (1) BDNF reduces mRNA and pro-
tein levels of NMDAR-2A and -2C (Brandoli et al. 1998), and (2) repeated ad-
ministration of antidepressants to mice alters the regional expression of mRNA
that encode multiple NMDA receptor subunits (Boyer et al. 1998), and (3) data
indicate that antidepressants increase the expression of BDNF (Nibuya et al.
1995, 1996; reviewed in Duman et al. 1997). The hypothesis that glutamatergic
dysfunction may be involved in the pathophysiology of major depression in
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man has been supported by studies using autopsy material from suicide victims
(Nowak et al. 1995) and by data from in vivo proton magnetic resonance spec-
troscopy (3H-MRS) (Auer et al. 2000). The latter study provided evidence of a
reduced glutamate concentration within the anterior cingulate of depressed pa-
tients. More recently, Berman et al. (2000) have reported that the infusion of a
low-dose of ketamine (a potent NMDA receptor antagonist) was associated with
decreases in depressive symptoms. These results are compatible with the hy-
pothesis of NMDA receptor dysfunction in depression. Attractive as this hypoth-
esis is, it remains to be seen whether or not NMDA antagonists will indeed be
viable, clinically effective antidepressants and whether or not possible psychoto-
mimetic effects, which have been reported with some NMDA antagonists (e.g.,
MK-801) after long-term administration, will make treatment of depressed pa-
tients with such drugs feasible.

2.2
CRF Antagonists as Antidepressants

Increased concentrations of the corticotropin releasing factor (CRF) in cerebrospi-
nal fluid (CSF) have been reported in patients with major depression (Nemeroff
et al. 1984) and in those with posttraumatic stress disorders (Bremner et al. 1997).
In experimental animals, centrally administered CRF produces a wide spectrum
of behavioral changes reminiscent of depression and/or anxiety disorders (Dunn
and Berridge 1990a,b). The observation of a decrease in CRF-binding sites in the
frontal cortex of suicide victims compared to controls is consistent with the hy-
pothesis that CRF is hypersecreted in major depression (Nemeroff et al. 1988).
These results have led to the suggestion that CRF hypersecretion may underlie
not only certain endocrine abnormalities observed in some patients with major
depression but might also perhaps be involved in the pathophysiology of mood
disorders (Holsboer et al. 1992), although an unequivocal link between CRF hyper-
drive and human depression has not yet been established.

It has been reported that the central administration of a competitive CRF an-
tagonist, a -helical CRF9–41 (Rivier et al. 1984) reverses or attenuates the sup-
pression of ingestive, exploratory, and operant behaviors produced by adminis-
tration of CRF or by exposure to various stressors (see Dunn and Berridge
1990a,b). A major biological question is the specificity of the role of CRF in rela-
tionship to the type or severity of the stressor (Heinrichs et al. 1994). CRF plays
a major role in stress physiology and in the pathophysiology of disorders of the
HPA axis. It stimulates the release of adrenocorticotropin (ACTH) and proopio-
melanocortin-derived peptides from the corticotrophic anterior pituitary cells
(Rivier and Plotsky 1986). The major co-releaser of ACTH, which potentiates or
synergizes the effect of CRF, is vasopressin (sometimes oxytocin).

The arginine–vasopressin receptor antagonists have been found to prevent
arginine–vasopressin-stimulated CRF secretion (Bernardini et al. 1994). It has
been suggested that there is a separate mechanism or cell type for vasopressin-
stimulated ACTH release distinct from that responsible for CRF-induced ACTH
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release. It should be pointed out that, in this way, two different second messen-
ger systems are involved in the control of CRF release. CRF receptors are posi-
tively coupled via Gs to adenylate cyclase, cyclic AMP production, and protein
kinase A (PKA) stimulation whereas vasopressin through V1 receptors activates
phospholipase C and via IP3/diacylglycerol (DG) stimulates protein kinase C
(PKC) (Birnbaumer et al. 1990). Among adrenal steroids, corticosterone is the
major negative feedback signal in the regulation of ACTH, affecting hippocam-
pus, hypothalamus, and pituitary at a genomic and nongenomic level. Hyperse-
cretion of cortisol and its resistance to dexamethasone suppression are biologi-
cal markers of major depression.

CRF release is controlled by neurotransmitters and neuropeptides. g-Amino-
butyric acid (GABA) (Calogero et al. 1988a) and b-endorphin are inhibitory,
while acetylcholine, 5-HT (in low doses), and NE stimulate CRF release (Antoni
et al. 1983; Calogero et al. 1988b). However, NE has a biphasic effect; at low dos-
es it acts through a1-adrenergic receptors, stimulating CRF release, while at
higher doses, it causes inhibition mediated by a2- and b-adrenergic receptors
(Plotsky 1987). Considerable evidence suggests a functional interaction between
CRF and NE in the locus coeruleus (LC).

Taken together, it is not surprising that drugs which affect the synaptic avail-
ability of NE and/or 5-HT, GABA, or steroids can influence the HPA axis. Thus,
long-term antidepressant drug treatment decreases the activity of the HPA axis
(Brady et al. 1991, 1992). Moreover, antidepressants may also block the activa-
tion of the hypothalamic CRF system that is induced by chronic stress (Brady
1994). It has been found, using electrophysiological and morphological meth-
ods, that stress-induced depression (long-term forced walking stress) causes de-
generative changes in LC neurons, and this effect is reversed by repeated treat-
ment with imipramine (Kitayama et al. 1994). It should be pointed out that anti-
depressant drugs seem to interfere with CRF neurotransmission in the LC only
under abnormal conditions. None of the antidepressant drugs, given chronical-
ly, altered the LC activation by intracerebroventricularly administered CRF.
However, chronic administration of desmethylimipramine (DMI) and mianserin
decreased CRF release in the LC, thereby inhibiting LC activation by a hypoten-
sive stress that requires endogenous CRF release (Curtis and Valentino 1994).
Moreover, chronic treatment with sertraline (an SSRI) and phenelzine (a nonse-
lective MAOI) antagonized CRF in the LC, changing LC responses to repeated
sciatic nerve stimulation in a manner opposite to CRF effects (Curtis and
Valentino 1994). Tianeptine, a novel tricyclic drug that has been reported to in-
crease 5-HT uptake, has been found to reduce stress-evoked stimulation of the
HPA axis (Delbende et al. 1991). Recently, Skutella et al. (1994) reported that so-
cially defeated rats treated with CRF antisense oligodeoxynucleotides (injected
into the lateral ventricle) displayed markedly reduced anxiety-related behavior.
They suggest that pharmacological interventions directed against activation of
CRF neurons might be valuable strategies for treating disorders associated with
CRF hyperactivity. Assuming that we are dealing with a causal relationship be-
tween CRF and mood disorders rather than just an endocrine abnormality in
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the pleiotropic spectrum of depression, the development of selective CRF-1 and
CRF-2 receptor antagonists and their careful clinical testing in major depression
will provide some answers to many yet unresolved questions.

Results obtained by Mansbach et al. (1997) implicate stress systems in the
pathophysiology of depression and suggest the potential efficacy of CRF recep-
tor antagonists in the treatment of affective disorders. Thus, CP-154,526, a selec-
tive corticotropin releasing factor (CRF)-1 receptor antagonist, exerted an anti-
depressant-like effect in the learned helplessness procedure, a putative model of
depression.

Moreover, Okuyama et al. (1999) found that CRA1000 and CRA1001, novel
and selective CRF-1 receptor antagonists, showed anxiolytic- and antidepres-
sant-like properties in various experimental animal models. Thus, both
CRA1000 and CRA1001, when administered orally, reversed the effects of CRF
infusion on time spent in the open arms in the elevated plus-maze in rats and
inhibited the hyperemotionality induced by lesioning of olfactory bulbs. Recent-
ly, Arborelius et al. (1999) reviewed findings concerning the hyperactivity of
CRF neuronal systems in depression, which indicated that CRF receptor antago-
nists may represent a novel class of antidepressants.

2.3
Substance P Receptor Antagonists as Putative Antidepressants

The demonstration that some cell bodies in the brain that contain norepineph-
rine and serotonin express substance P (H	kfelt et al. 1987) and that the admin-
istration of some antidepressants reduces substance P biosynthesis (Shirayama
et al. 1996) triggered the development of nonpeptide substance P receptor an-
tagonists as putative antidepressants. MK-869 [bis (trifluoromethyl) morpho-
line], a long-acting substance P antagonist, and a number of structurally related
agents have shown a pharmacological profile in preclinical behavioral tests that
resembles that of clinically effective antidepressants, although, biochemically,
these substance P antagonists did not share the action of established antidepres-
sants on either noradrenergic or serotonergic neuronal systems. Although early
clinical trials reported clinical efficacy of MK-869 in moderate to severe major
depression (Kramer et al. 1998), this therapeutic action of the substance P re-
ceptor antagonist turned out to be rather disappointing in follow-up studies.

2.4
Neurotransmitter-Induced Intracellular Processes:
The Importance of the Crosstalk at the Level of Protein Kinases

Extracellular signals—neurotransmitters as first messengers—are selectively
recognized at the receptor level and translated into intracellular second messen-
gers. The signals become less specific at the cytoplasmic level, only to retrieve
their specificity in the nucleus (nuclear receptors at the promoter level). All
presently known neurotransmitters acting through their specific metabotropic
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receptors (coupled with G proteins) utilize at least two intracellular messenger
systems: the adenylate cyclase/cyclic AMP/PKA system and the phospholipase
C/inositol trisphosphate (IP3)/diacylglycerol (DG)/PKC system (Fig. 2). In addi-
tion, they may affect the cytoplasmic calcium level operating through G pro-
tein-linked ion channels. The intracellular increase of calcium ions activates the
calcium/calmodulin-dependent protein kinase. The strength of the neurotrans-
mitter transduction signal reaching the nucleus is modulated by PKA- and
PKC-induced changes in the sensitivity of the respective receptors (covalent
modification by phosphorylation).

Catecholamines activate both PKA (via b-adrenergic receptors) and PKC (via
a1-adrenergic receptors), and a- and b-adrenoceptors can be directly phosphor-
ylated in vitro by both PKA and PKC. However, agonist occupancy of the recep-

Fig. 2 The mode of coupling among neurotransmitter receptors and their intracellular effector systems.
Neurotransmitters can operate through two classes of receptors: metabotropic and ionotropic (channel)
receptors. The same neurotransmitter can stimulate different second messenger systems depending on
the type of receptor it occupies. Receptors for norepinephrine, acetylcholine, dopamine, and serotonin
are indicated as examples. Metabotropic receptors are coupled with second messenger systems through
G proteins activating phospholipase C (PLC) and activating (AC+) or inhibiting (AC�) adenylate cyclase.
Stimulation of a2-adrenergic (a2 AR), acetylcholine muscarinic (M2 and M4), dopaminergic (D2, D3, D4),
and serotonergic (5HT1A, 1B, 1D, 1E, 1F) receptors inhibit AC and cyclic AMP generation, while dopaminergic
(D1, D5), b1 and b2 adrenergic (b1 AR, b2 AR), and serotonergic (5HT4,6,7) receptors activate AC and cyclic
AMP generation. Two additional serotonergic receptors 5HT5A, 5HT5B (not indicated in the figure) have
been cloned. Although, their physiological roles are not clear, at least one of the two, 5HT5A, is negatively
coupled to the cyclic AMP pathway. PLC is positively linked with a1B adrenergic (a1B AR), muscarinic
(M1,3,5) and serotonergic (5HT2A, 2B, 2C) receptors, stimulating the generation of the second messengers
diacylglycerol and inositol trisphosphate (IP3). The a1A- adrenergic receptor (a1A AR) and the a1D-adreno-
ceptor (not shown) operating through G proteins may modulate a voltage and dihydropyridine-depen-
dent calcium channel. Recent data indicate that they are able to stimulate PLC-coupled second messen-
ger systems, as well. Acetylcholine and serotonin can act through channel receptors as well
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tor facilitates the phosphorylation only by the kinase directly coupled to its own
signaling transduction pathway (Leeb-Lundberg et al. 1985, 1987; Bouvier et al.
1987). In addition, b2- and b1 -adrenoceptors are phosphorylated by the cyclic
AMP-independent b-adrenergic receptor kinase (BARK) in a totally agonist-de-
pendent fashion (Benovic et al. 1986; Sibley et al. 1986; Freedman et al. 1995;
Premont et al. 1995). Thus, b-adrenoceptors can be phosphorylated by at least
three kinases: PKC in an agonist-independent fashion, PKA in a partially ago-
nist-dependent fashion, and BARK in a predominantly agonist-dependent fash-
ion. It has been suggested that the agonist-independent phosphorylation of the
b-adrenoceptor by PKC and the a1- adrenoceptor by PKA occurs in vivo and
contributes to the crosstalk between the different adrenoceptor transduction
pathways (Bouvier et al. 1987).

Recently, the PKC contribution in b-adrenergic agonist-induced desensitization
has been demonstrated in A-431 and DDT1MF-2 cell lines (Shih and Malbon
1994). The knockout of PKC by antisense oligodeoxynucleotides to the mRNA en-
coding PKC was found to significantly enhance the desensitization by isoprotere-
nol, indicating that PKC counter-regulates rather than promotes agonist induced
b-adrenoceptor desensitization via PKA-mediated receptor phosphorylation.

2.5
Protein Kinase C-Related Processes as a Target for Antidepressants

Contrary to the down-regulation of the density of b-adrenoceptors and the de-
sensitization of the cyclic AMP responses to NE, chronic treatment with ECT
and imipramine has been reported to increase the density of a1-adrenoceptors
(Vetulani et al. 1983, 1984a,b). Moreover, after chronic administration, antide-
pressants reduce the density of 5-HT2 receptors (Bergstrom and Kellar 1979a;
Blackshear and Sanders-Bush 1982; Kendall and Nahorski 1985), while ECT in-
creases it (Kellar et al. 1981b; Vetulani et al. 1981; Kellar and Stockmeier 1986;
Pandey et al. 1992). Both the a1-adrenergic and 5-HT2 serotonergic receptor
families, although activated by different neurotransmitters, operate through
IP3/DAG-PKC signaling pathways. However, changes in receptor density induced
by antidepressants are not consistently correlated with changes in the inositol
phosphate (IP) response. Thus, chronic ECT or imipramine treatment has been
found either not to affect the IP response to NE (Li et al. 1985; Nalepa and Vetu-
lani 1993a; Nalepa et al. 1993) or to increase it (Newman and Lerer 1989). Mian-
serin, an atypical antidepressant, and citalopram, a selective 5-HT reuptake in-
hibitor, augmented the IP response after chronic treatment (Nalepa and Vetulani
1993b, 1994). In addition, chronic ECT, imipramine, and mianserin treatment
attenuate the negative feedback between PKC and the a1-adrenergic receptor
(Nalepa et al. 1993, 1996). In summary, chronic treatment with antidepressants
enhances a1-adrenoceptor-related transmission affecting at least three levels of
signal transduction cascades. In addition to the increase in receptor density
and/or IP generation, antidepressants may counteract the PKC-dependent re-
duction in the a1 -adrenoceptor response.
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Szmigielski and Gorska (1997) found that chronic treatment with imipramine
augmented the a1-adrenoceptor-mediated redistribution of PKC from the cyto-
solic to the membrane fraction in the rat frontal cortex and hippocampus. In
animals treated with imipramine, much lower doses of a1 -adrenergic agonists
were effective for PKC redistribution. Moreover, prolonged treatment with imi-
pramine markedly increased the basal activity of PKC in the membrane fraction
of both cortex and hippocampus.

Recent research has focused on the regulatory role of a-adrenoceptors in the
responsiveness of the cyclic AMP generating system to stimulation of b-adreno-
ceptors. Such a regulatory role was initially suggested by the discovery of an
a-adrenergic potentiation of the b-adrenergic response (Daly et al. 1980). Recent
studies suggest that PKC is responsible for the crosstalk between a1- and
b-adrenoceptors (Nalepa and Vetulani 1991a,b, 1993a,b, 1994; Nalepa et al.
1993). Also, the shift of the balance between a1- and b-adrenoceptors towards
a1-adrenoceptors seems to be a characteristic effect of chronic antidepressant
treatment (Vetulani et al. 1984a) and it has been suggested that PKC-related pro-
cesses play the main role in this phenomenon (Nalepa 1994).

It seems that the action of antidepressants is to a large extent related to the
adrenergic system, even when their action on this system is not direct and is ac-
complished by influencing another neurotransmitter system (e.g., the serotoner-
gic system).

An important finding was that ACTH, like restraint stress, was found to re-
duce only the a-induced potentiation of the b-response (Stone et al. 1986).
Moreover, in chronic, mild, stress-induced depression, only the cyclic AMP re-
sponse to NE was changed (Papp et al. 1994a), while the response to the b-ago-
nist isoproterenol was unaffected (I. Nalepa, unpublished data). Thus, it is sug-
gested that PKC and/or PKC-related processes might be targets for both antide-
pressant drugs and stress.

PKC can affect neurotransmitter release. Two major substrates for PKC are
GAP-43 and MARCKS, proteins that are associated with neurotransmitter release
and cellular plasticity (Manji and Lenox 1994). However, it is unlikely that chang-
es in GAP-43 phosphorylation are involved in antidepressant-induced modulation
of 5-HT release, as the extent of phosphorylation of GAP-43 by native PKC in syn-
aptosomes of rats treated with either fluoxetine or DMI was not significantly dif-
ferent from that observed in control animals (Li and Hrdina 1997). A significant
relationship exists between the release of NE and 5-HT. These two neurotransmit-
ters can affect each other�s levels in a reciprocal way. There is a central noradren-
ergic facilitatory influence, mediated by a1-adrenoceptors, on serotonergic neu-
rons projecting to the hippocampus (Rouquier et al. 1994). Evidence also exists
that 5-HT2 receptor activation decreases NE release in the rat hippocampus in
vivo (Done and Sharp 1992). One can hypothesize that, since adrenergic neurons
are under the inhibitory control of 5-HT (Newman and Lerer 1989; Plaznik et al.
1989), an increase in the level of 5-HT should lead to an attenuation of the NE in-
teraction with the a1-adrenergic receptor and consequently a decrease of 5-HT re-
lease. Recently, the atypical antipsychotic drug clozapine has been shown to in-
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hibit serotonergic transmission by its action at a1-adrenoceptors (Lejeune et al.
1994). On the other hand, the blockade of cortical a1-adrenergic receptors ap-
pears to facilitate cortical D1 receptor-mediated transmission (Tassin et al. 1986).
The blockade of cortical a1-adrenergic receptors by prazosin prevented the ap-
pearance of the EEDQ (1-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline)-in-
duced supersensitivity of dopamine-sensitive adenylate cyclase (Trovero et al.
1992). This suggests that the stimulation of a1-prazosin-sensitive receptors by NE
plays an inhibitory role on signals linked to cortical dopamine D1 transmission.

Taken together, PKC and/or the activation pathway for PKC could be one of
the targets for future antidepressant drugs. It is noteworthy that lithium is used
as the drug of choice in the therapy of mania. Lithium is a potent inhibitor of
inositol monophosphatase that results in an accumulation of IP as well as a re-
duction in free inositol (Hallcher and Sherman 1980). It might be expected that
PKC activation is reduced as a consequence of selective suppression of phospho-
inositide hydrolysis and DAG availability. For instance, chronic administration
of lithium reduces the expression of PKC a and PKC e, as well as a major PKC
substrate, MARCKS, which has been implicated in long-term neuroplastic
events in the developing and adult brain (Manji and Lenox 1999).

However, recent evidence suggests that agonist-induced activation of phos-
pholipases D (PLD) and A2 (PLA2) may contribute significantly to the potentia-
tion of endogenous DG stimulation of PKC (Nishizuka 1992). The activation has
been shown to enhance phosphatidylcholine (PC) hydrolysis mediated by PLA2

and PLD. Several reports indicate that PKC plays a role in the modulation of
neurotransmitter transport from the synapse into presynaptic terminals. Huff et
al. (1997) demonstrated that the PKC-dependent phosphorylation of the rat do-
pamine transporter (stably expressed in LLC-PK1 cells) induced a decrease in
transporter functioning. Moreover, they suggested that PKC-induced phosphor-
ylation of the dopamine transporter could be involved in rapid neuroadaptive
processes in dopaminergic neurons. Qian et al. (1997) showed that the stimula-
tion of PKC caused a time-dependent reduction in 5-HT uptake. However, they
indicated that altered surface abundance, rather than reduced catalytic trans-
port efficiency, mediates acute PKC-dependent modulation of 5-HT uptake.
Also, the activity of the rat GABA transporter 1 and mouse glycine transporter 1
(expressed in human embryonic kidney 293 cells) was down-regulated by PKC
activation (Sato et al. 1995a,b). An initial transient increase in the level of DG
arising from phosphatidylinositol-4,5-biphosphate (PIP2) breakdown may act
as a trigger for hydrolysis of PC through activation of PKC. Consequently, the
DG generated from PC hydrolysis results in a more prolonged activation of PKC
and PKC-mediated events (Manji and Lenox 1994).

2.6
G Proteins as a Target for Antidepressants

Receptors for neurotransmitters such as NE and 5-HT are coupled via het-
erotrimeric G proteins consisting of a, b, and g sub-units, in a stimulatory (Gs,
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Gq) or inhibitory (Gi) fashion with effector systems such as adenylate cyclase,
phospholipase C, phospholipase A2, or ion channels (Gilman 1987; Birnbaumer
1990), generating second messengers (e.g., cyclic AMP, diacylglycerol, IP3, and
arachidonic acid), which in turn activate various protein kinases. Protein phos-
phorylation by protein kinases and dephosphorylation by protein phosphatases
represent one of the major mechanisms of signal integration of eukaryotic cells.
Protein kinases activated by second messengers are “pleiotropic” enzymes that
regulate via phosphorylation a large number of neuronal proteins [e.g., enzymes
involved in neurotransmitter synthesis and degradation, ion channels, G pro-
teins, receptors and the regulation of their number and sensitivity, transcription
factors such as the cyclic AMP response element-binding protein (CREB), the
cyclic AMP response element-modulating protein (CREM), steroid receptors,
and immediate early genes] (Nestler and Greengard 1984). For these reasons,
the development of novel antidepressant drugs by targeting G proteins and their
function remains an exciting possibility (Target No. 3 in Fig. 1). Antidepressant
drugs could change (1) the levels and expression of G proteins and their sub-
units, (2) the coupling between receptors and G proteins, (3) the coupling be-
tween G proteins and their effectors, and (4) the intrinsic properties of G pro-
teins [e.g., affinity of guanosine 50-triphosphate (GTP) to a-subunits, rate of GT-
Pase activity of the a-subunit that determines the length of effector activation].

Alterations in the levels of G proteins and their mRNAs and in G protein
function after treatment with currently available antidepressants have been re-
ported, but the results so far have been rather equivocal. For example, chronic
administration of imipramine has been reported to decrease the levels of Gas

immunolabelling, choleratoxin ADP ribosylation, and Gas mRNA in rat brain
(Duman et al. 1989; Lesch and Manji 1992). Lesch et al. (1991) also reported a
decrease in Gs and Gi proteins but an overall increase in Go proteins in cerebral
cortex following chronic treatment with TCAs. However, other investigators did
not find changes in Gas or Gai mRNAs or the levels of G proteins following
chronic treatment with antidepressants (Li et al. 1994; Rasenick 1994; Dwivedi
et al. 1995). Emanghoreishi et al. (1996) have concluded that, after chronic treat-
ment with TCAs and MAOIs, the adaptive changes of the b-adrenoceptor–ade-
nylate cyclase system, often seen after chronic antidepressant treatments, are
not accompanied by changes in the abundance and gene expression of Gas, Gai,
or Gb proteins. When G protein function was assayed, Rasenick�s group report-
ed that chronic treatment with antidepressants increased the stimulation of ade-
nylate cyclase by a non-hydrolyzable GTP analog without changing the content
of G proteins (Menkes et al. 1983; Rasenick 1994; Chen and Rasenick 1995).
Since direct activation of adenylate cyclase by Mn++ was not altered after chron-
ic treatment with antidepressants, a modification of G protein function, rather
than of adenylate cyclase, seems to be responsible for the enhanced activation
of adenylate cyclase (Menkes et al. 1983). The mechanism of this enhanced Gas-
adenylate cyclase interaction is not known with certainty, although it has been
suggested that changes in the nature of the cytoskeleton-membrane interface
are responsible. Using agonist–receptor-induced increased guanine nucleotide
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binding by G proteins, b-adrenergic coupled Gs protein function has been re-
ported to be attenuated by chronic treatment with antidepressants (Avissar and
Schreiber 1992a). Avissar et al. (1997b) postulate that the measurement of G
protein function and quantity in non-neuronal tissue of patients with mood dis-
orders may serve as biochemical markers for the affective state of these patients.
They found a significant reduction in the levels of alpha subunits of Gas and
Gai proteins in mononuclear leukocytes of depressed patients, and an elevation
in Gas and Gai in manic patients (Avissar et al. 1997a). The low levels of G pro-
tein function and immunoreactivity in depressed patients were normalized by
ECT (Avissar et al. 1998) and light therapy (Avissar et al. 1999).

The discrepancy in data on G protein function and cyclic AMP accumulation
after chronic administration of antidepressants may be explained by the two
fundamentally different experimental conditions: b-adrenoceptor-mediated G
protein function and cyclic AMP formation versus GTP-mediated adenylate cy-
clase activity. Under the former conditions, the b-adrenoceptor-coupled adenyl-
ate cyclase system is deamplified following chronic administration of antide-
pressants due to b-adrenoceptor desensitization and uncoupling of the b-
adrenoceptors from the G protein (reduced cyclic AMP formation). In the later
case, G protein-adenylate cyclase coupling seems to be enhanced (increased cy-
clic AMP formation). Since the stimulation of adenylate cyclase by Gas in vivo
depends on agonist–receptor-mediated exchange of GTP for guanosine 50-di-
phosphate (GDP), the antidepressant-induced desensitization of the b-adreno-
ceptor coupled adenylate cyclase system (down-regulation of beta adrenocep-
tors and uncoupling of receptors from G proteins) seems to be the pharmaco-
logically more relevant action. Recent crystallographic studies of G proteins and
their a, b, and g subunits should lead to a better understanding of how G pro-
teins actually function (Coleman and Sprang 1996). Such understanding may
then catalyze the development of pharmaceutical agents tailored selectively to G
protein subunits and their function, which in turn can modify overall trans-
membrane signaling mediated by heterotrimeric GTP binding proteins.

2.7
The Convergence of Neurotransmitter Signals Beyond the Receptors
at the Level of Protein Kinase-Mediated Phosphorylation

Considering the activation of the aminergic signal transduction cascades by an-
tidepressant drugs (Fig. 1) and the evidence that transcriptional activities of
DNA-binding proteins are regulated by the convergent activities of various pro-
tein kinases (Hoeffler et al. 1989), the demonstration that antidepressant drug
mechanisms involve changes in gene expression (Brady et al. 1991; Peiffer et al.
1991; Hosoda and Duman 1993; Toth and Schenk 1994; Rossby et al. 1995, 1996;
Schwaninger et al. 1995; Nibuya et al. 1996) is not surprising. Table 1 illustrates
some of the reported antidepressant-induced changes in mRNA steady-state lev-
els. The recent findings by Nibuya et al. (1995) on the effect of various proto-
types of antidepressants—after their chronic but not acute administration—on

536 I. Nalepa · F. Sulser



the expression of brain-derived neurotrophic factor (BDNF) and its receptor,
trk B, in brain are provocative and suggest that this neurotrophin system (and
perhaps other growth factors) could be a novel target of antidepressant treat-
ments. Based on these and other studies, a heuristic neurotrophic hypothesis of
depression has been proposed (Duman 2001).

However, the up-regulation of CREB mRNA is not a common finding after
chronic treatment with antidepressants. For example, studies from our laborato-
ry have shown that venlafaxine, one of the more efficacious antidepressants,
does not up-regulate CREB mRNA, and that nuclear CREB-P is actually down-
regulated, at least in the frontal cortex (Rossby et al. 1999). Since it is the phos-
phorylation state of CREB rather than its total amount or its mRNA steady-state
level that regulates CREB–CRE-directed transcription (Meyer and Habener
1993), the down-regulation by antidepressants of nuclear CREB-P (Manier et al.
2002) may be the pharmacologically and perhaps therapeutically more relevant
action after chronic administration of antidepressants. The findings that some
CRE-containing genes are down-regulated—and not up-regulated—following
chronic treatment with antidepressants (e.g., b-adrenoceptor, tyrosine hydroxyl-
ase, CRF) would be more consistent with a down-regulation of nuclear CREB-P
(Nestler et al. 1990; Brady et al. 1991, 1992; Hosoda and Duman 1993). More-
over, utilizing the b-adrenoceptor cyclic AMP-mediated formation of melatonin
in the pineal, Heydorn et al. (1982) have shown that chronic but not acute treat-
ment with TCAs and MAOIs results in a reduced dark-induced norepinephrine-
mediated formation of melatonin, thus providing evidence of a net deamplifica-
tion of the norepinephrine signal. These studies and those of Friedman et al.
(1984), using the pineal as a model system, clearly indicate that the down-regu-

Table 1 Changes in steady-state levels of mRNAs by chronic administration of some antidepressants
(modified from Rossby and Sulser 1997)

Tyrosine Hydroxylase Rat brain ## Nestler et al. 1990
Rat brain ## Brady et al. 1991

CRH Rat hippocampus ## Brady et al. 1991
b1-Adrenoceptor Rat cortex ""## Hosoda and Duman 1993
Preproenkephalin Rat amygdala "" Rossby et al. 1996
Glucocorticoid Receptors Primary neuronal cultures "" Pepin et al. 1989

Rat hippocampus "" Peiffer et al. 1991
Rat hippocampus "" Seckl and Fink 1992
Rat hippocampus "" Rossby et al. 1995

Mineralocorticoid Receptor Rat hippocampus "" Brady et al. 1991
c-fos induction by restraint stress Rat cortex ## Morinobu et al. 1995
NGFI-A induction by restraint stress Rat cortex ## Morinobu et al. 1995
CREB rat hippocampus ""0 Nibuya et al. 1996;

Rossby et al. 1999
BDNF and trk B Rat hippocampus

and frontal cortex
""0 Nibuya et al 1995;

Russo-Neustadt et al. 1999

0, no significant change.
The data have been compiled from the recent literature (years 1989 to 1999).
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lation of the norepinephrine receptor-coupled adenylate cyclase system by an-
tidepressants does not merely reflect a compensatory mechanism to offset the
increased availability of synaptic norepinephrine with the overall rate of signal
transduction being unchanged. Thus, the neurotrophic hypothesis of depression
(Duman 2001) linked to an increase in CREB mRNA and also BDNF mRNA
(Russo-Neustadt et al. 1999) after chronic administration of antidepressants re-
mains equivocal. Moreover, GABA B receptor antagonists cause a very robust
increase in the steady-state level of BDNF mRNA and protein in neocortex and
hippocampus after a single administration (Heese et al. 2000), indicating that
this effect is pharmacologically not selective for antidepressants.

Since some of the changes in gene expression appear to be orchestrated—at
least in part—by 5-HT, NE, and glucocorticoids (Yoshikawa and Sabol 1986;
Eiring et al. 1992; Rossby et al. 1996), it is tempting to suggest that the antide-
pressant-sensitive, 5-HT-linked, and glucocorticoid-responsive b-adrenoceptor
signal transduction system in the brain is involved in a much more general way
as an amplification–adaptation system of stimulus-transcription coupling and
the regulation of brain-specific gene expression. The demonstration that DMI
can increase promoter activity of a GRII reporter construct transfected into var-
ious cell lines (Pepin et al. 1992) and that DMI increases GRII mRNA in brain in
vivo by a NE-independent mechanism (Rossby et al. 1995; Eiring and Sulser
1997; Fig. 3) raises important questions about the possibility of developing nov-
el antidepressants by targeting cytoplasmic (other than G proteins) and/or nu-
clear components. A drug such as DMI (and possibly other lipid-soluble phar-
maceuticals) is taken up into cells in a dose- and time-dependent manner

Fig. 3 Steady-state levels of glucocorticoid type II receptor (GRII) mRNA. Rats were treated with DSP4/
saline (n=10), DSP4/DMI (n=14), and saline/DMI (n=10). The hippocampal GRII mRNA levels are ex-
pressed as a percentage of controls treated with saline/saline. Significance was determined by ordinary
ANOVA followed by a Newman-Keuls test: *p<0.05 (DSP4/saline vs. saline/saline); **p<0.001 (DSP4/
DMI vs. DSP4/saline); ***p<0.01 (saline/DMI vs. saline/saline). From Rossby et al. (1995)
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(Honegger et al. 1983), which, after chronic administration, leads to intracellular
drug concentrations high enough to exert biological actions beyond the recep-
tors. Hypothetical targets beyond the receptors for future antidepressants are
listed in Tables 2 and 3.

Putative actions of antidepressants on G proteins were discussed earlier in
the chapter. Steps in the transduction cascade beyond G proteins include recep-
tors for second messengers. For example, the regulatory subunits of PKA func-
tion as cyclic AMP receptors which, upon occupancy by cyclic AMP, promote
the dissociation of the tetrameric PKA complex and the release of the active cat-
alytic subunits (Taylor 1989). Chronic treatment with various prototypes of an-
tidepressant drugs has been reported to enhance the covalent binding of [32P]-
cyclic AMP to the regulatory subunits of PKA in the soluble fraction of the rat
cerebral cortex (Perez et al. 1989, 1994). Although the mechanism of this in-
creased cyclic AMP binding to regulatory subunits of PKA remains to be eluci-
dated, the results suggest that PKA could be an intracellular target for the action
of antidepressants. Indeed, such a covalent binding of cyclic AMP to the regula-
tory subunit of PKA could promote the release of the catalytic subunits and
hence an increase in the phosphorylation of specific phosphoproteins and, in

Table 2 Putative targets for antidepressants beyond the receptors

G proteins: Gs, Gi, Go

Second Messengers:
Cyclic AMP, cyclic GMP, diacylglycerol, inositol trisphosphate (IP3) arachidonic acid
Second messenger-dependent protein kinases:
Cyclic AMP-dependent protein kinase (PKA)
Cyclic GMP-dependent protein kinase (PKG)
Ca++/calmodulin-dependent protein kinase
Protein kinase C (PKC)
Second messenger independent protein kinase:
Family of G protein receptor-coupled kinases (GRKs) e.g., b-adrenergic receptor kinase (BARK)
Isoforms of protein kinase inhibitor proteins
Protein phosphatases (2A, 2B, 2C)
Transcription factors (see Table 3)

Table 3 Transcription factors in brain as putative targets of antidepressants (adapted from Hyman and
Nestler 1993)

Leucine zipper proteins
CREB/ATF family
Fos/Jun family
Fos-related antigens (FRAs) Jun B, Jun D
Zinc finger proteins
E.g., Zif 268
Steroid hormone receptors
E.g., glucocorticoid receptors, 1,25(OH)2 D3 receptors
Thyroid hormone receptors
Retinoic acid receptor family
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doing so, it could conceivably compensate for the blunted b-adrenoceptor
linked PKA activity observed in fibroblasts from patients with major depression
(Manier et al. 1996; Shelton et al. 1996, 1999). The reported reduced [3H]-cyclic
AMP binding in postmortem brain from subjects with bipolar affective disorder
(Rahman et al. 1997) is of interest in this regard, particularly since the blunted
b-adrenoceptor-linked PKA activity in fibroblasts from patients with major de-
pression is also associated with a significant reduction in the Bmax value of
[3H]-cyclic AMP binding to the regulatory subunit of PKA (Manier et al. 2000).
Recently, Dwivedi et al. (2000) reported decreased PKA activity associated with
a reduction in the Bmax value of [3H]-cyclic AMP binding in the brains of sui-
cide victims with a history of major depression. Since protein kinase inhibitor
(PKI) isoforms are widely distributed in brain, it has been suggested that PKI
may serve an important modulatory role for the cyclic AMP second messenger
system in the nervous system (Seasholtz et al. 1995). Although speculative at
this time, isoforms of endogenous PKI could be another target for novel antide-
pressant drugs to modulate PKA-mediated signal transduction. Repeated ad-
ministration of DMI and fluoxetine has been reported to significantly decrease
the basal activity of PKC in rat brain cortex and hippocampus (Mann et al.
1995), although the reason for this decrease is not immediately apparent. Since
the state of phosphorylation of a substrate protein is determined by the relative
activities of a protein kinase (phosphorylation) and a protein phosphatase (de-
phosphorylation), an altered regulation of the activity and expression of protein
phosphatases is a provocative target for future antidepressants. Antidepressants
could also enhance the biological response of phosphorylated effector proteins
(e.g., transcription factors) indirectly by decreasing the dephosphorylation of
the substrate protein through protein kinase-mediated phosphorylation and ac-
tivation of a phosphatase inhibitor. The complexity and paramount importance
of protein phosphorylation as a final regulatory mechanism of cell function in
the nervous system has been authoritatively reviewed by Nestler and Greengard
(1984).

2.8
Transcription Factors as Targets for Antidepressants

Because gene-specific transcription factors are composed of functionally
distinct domains, predisposing them to the effects of pharmaceutical agents
(Petersen and Tupy 1994), it is conceivable that drugs could alter gene expres-
sion by modifying the activity of gene-specific transcription factors by (1)
changing the formation of homo- and/or heterodimers between CREB, CREM,
fos, jun, junB, and other leucine zipper proteins, (2) altering their nuclear im-
port from the cytoplasm, or (3) changing their affinity to specific response pro-
moter elements. A modulation of the function of gene-specific transcription fac-
tors, as opposed to that of general transcription factors, would be advantageous
because of their specificity for regulatory elements in the promoter region of a
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subset of genes. Some eukaryotic transcription factors that are putative targets
for antidepressants are listed in Table 3.

During the next decade, drugs that suppress or enhance the action of tran-
scription factors associated with specific gene expression can be developed (i.e.,
transcription factors can be targeted for the development of pharmaceuticals in-
cluding antidepressants). In this regard, the reported translocation of PKA from
the cytoplasmic to the particulate and particularly to the nuclear fraction
(Fig. 4) in frontal cortex after chronic treatment with various prototypes of an-
tidepressants (Nestler et al. 1989) is of considerable interest. CREB is a member
of the ATF1 family of transcription factors (Lee and Masson 1993) and is located
in the nucleus prior to its phosphorylation by PKA (Gonzales and Montminy
1989). Translocation of PKA to the nucleus by antidepressants could lead to the
activation of a vast array of promoters via phosphorylation of CREB and, be-
cause many of the primary target genes are transcription factors (e.g. immediate
early gene products Fos, Jun), the potential for CREB to amplify the effects of
cyclic AMP is further increased. Moreover, since CREB is targeted by other sig-
naling pathways (protein kinase C; calcium/calmodulin dependent kinase), it
may serve to integrate distinct cellular pathways in the nucleus (Sheng et al.
1991; Lee and Masson 1993). Evidence has been presented that distinct cellular
signal transduction pathways involving PKA and PKC modulate gene transcrip-
tion through common as well as distinct cis-acting elements and DNA-binding
proteins (Hoeffler et al. 1989). A hypothetical model for the convergence of PKA
and PKC pathways at the level of transcriptional activation is depicted in Fig. 5.

Fig. 4 Regulation by antidepressant treatments of cyclic AMP-dependent protein kinase activity in rat
frontal cortex. Rats were treated chronically with imipramine (IMI; 18 days), tranylcypromine (TCP;
18 days), or ECT (10 days). Cyclic AMP-dependent protein kinase activity was assayed in soluble and
particulate fractions of frontal cortex isolated from control and treated animals. Data are shown as
mean€SEM (bars) percentage changes from control and represent the results from 6 to 9 animals in
each treatment group. Cyclic AMP-dependent protein kinase activity (in pmol/min/mg of protein;
mean€SEM) in particulate and soluble fractions of control brain samples was 199€6 and 227€11, re-
spectively. All of the changes shown were statistically significant (p<0.05) by X2 test. From Nestler et al.
(1989)
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Using the nuclear transcription factor CREB in human fibroblasts as a target,
both PKA and PKC cause phosphorylation of CREB in an additive manner
(Manier et al. 2001). These results have considerable pharmacotherapeutic im-
plications, providing a rationale for the apparently superior efficacy of dual-up-
take inhibitor antidepressants. When each individual neurotransmitter signal
(norepinephrine or serotonin) is relatively weak, convergence of the signals be-
yond the receptors at the level of protein kinase-mediated phosphorylation
maybe a critical mechanism in gene regulation as the ultimate mode of action of
antidepressant drugs.

Since most, if not all, transcription factors are phosphoproteins, phosphory-
lation and dephosphorylation processes play a major role in altering transcrip-
tion factor protein conformation into an active/inactive DNA-binding structure
(Hunter and Karin 1992). Thus, antidepressants could directly or indirectly
modify transcription factor and DNA-binding activities by phosphorylation via
PKA, PKC, or calcium/calmodulin-dependent protein kinase (target No. 5 in
Fig. 1). A direct correlation between the DMI-induced modification of CREB
phosphorylation and the activation of CREB/CRE-directed gene transcription
has recently been demonstrated in HIT and PC-12 cells (Schwaninger et al.
1995). Rossby et al. (1996) have suggested that the fluoxetine-induced serotoner-
gic regulation of the preproenkephalin gene expression in the rat amygdala
could be mediated via phosphorylation of CREB by the calcium/calmodulin-de-

Fig. 5 Hypothetical model for the convergence of protein kinase A and C pathways at the level of
transcriptional activation. The two distinct protein kinase signaling pathways converge at the site of
transcriptional activation by the phosphorylation of hypothetical individual (A and D) or separate (B
and C) trans-acting DNA-binding proteins. From Hoefler et al. (1989)
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pendent protein kinase, stimulated via 5-HT2A and/or 5-HT2C receptor cascades.
In fact, some evidence exists that the activity of calcium/calmodulin-dependent
protein kinase II (CaM-II kinase) is regulated by antidepressants. Thus, Popoli
et al. (1995) have found that long-term treatment with paroxetine, fluvoxamine,
and venlafaxine induced a large increase of CaM-II kinase autophosphorylation
in synaptic vesicles and synaptic cytosol in the hippocampus, but not in synap-
tosomal membranes. Imipramine and ECT have been reported to induce a sig-
nificant increase in CaM-II activity in the particulate fraction of the hippocam-
pus (Pilc et al. 1999). These findings suggest that various classes of currently
available antidepressants may affect pre- and postsynaptic CaM-II kinase activi-
ty differently. Recently, Nibuya et al. (1996) have demonstrated that chronic ad-
ministration of several classes of antidepressants, including 5-HT- and NE-reup-
take inhibitors, increase the expression of CREB mRNA in the rat hippocampus,
suggesting that CREB could be an intracellular target of antidepressants. The
replication of these data has been rather difficult, however, due to the small
changes in the CREB messages. Transcriptional effects of CREB are modulated
by CREM (Foulkes et al. 1991). The CREB:CREM dimer can act either as a posi-
tive or negative regulator of transcription through the b-adrenoceptor–cyclic
AMP–PKA system. It has become increasingly evident that antidepressant-in-
duced modifications of gene expression may ultimately be mediated by indirect-
ly or directly altering transcription factor activity. While the pharmacology of
these gene-modulating proteins has long been recognized in the fields of immu-
nology and chemotherapy of neoplastic diseases, neuropsychopharmacology is
just beginning to appreciate their role. Although the target genes regulated by
transcription factors in the CNS remain largely unknown, it is conceivable that
the antidepressant-induced changes in transcription factors and their activity
(Tables 2 and 3) play a role in the regulation of other target proteins involved in
long-term adaptive responses to antidepressant treatment (Morinobu et al.
1995). Recently, it has been suggested that the transcription factor CREB is a
mediator of long-term memory from molluscs to mammals by controlling the
activation of genes that encode proteins critical for the generation of memory
(Frank and Greenberg 1994).

Recently, Yuan et al. (1998) reported that lithium modulates activator protein
(AP)-1 DNA binding activity in human neuroblastoma SH-SY5Y cells and the
expression of genes regulated by the AP-1 transcription factor pathway. The
lithium-induced increases in AP-1 DNA binding were accompanied by increases
in p-c-Jun and c-Jun levels and in the expression of cJun-mediated reporter
genes (Yuan et al. 1999). The latter effect was more pronounced in the absence
of myo-inositol and was blocked by PKC inhibitors. In addition, chronic lithium
administration in vivo increased AP-1 DNA binding activity in frontal cortex
and hippocampus, and also increased the levels of the phosphorylated, active
forms of c-Jun NH2-terminal kinases (JNKs) in both brain regions. [JNKs be-
long to the subgroup of the mitogen-activated protein (MAP) kinases and phos-
phorylate specific sites on the amino-terminal transactivation domain of the
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transcription factor c-Jun. JNKs are known to be major regulators of AP-1 DNA
binding.]

Recent studies by Frechilla et al. (1998) suggest that antidepressant treat-
ments differentially modify the transcription factor binding activity of DNA re-
sponse elements and that these effects are region-specific. Thus, chronic treat-
ment with fluoxetine and DMI produced a similar effect on DNA response ele-
ments in the frontal cortex [i.e., increasing the binding activity of nuclear pro-
teins to the cyclic AMP response element (CRE) and decreasing SP1 consensus
binding]. (SP1 belongs to the SP family of transcription factors, which recognize
the GC-rich box present in a wide variety of promoters.) In the hippocampus,
only fluoxetine enhanced CRE and SP1 consensus binding. In contrast, only
DMI caused an increase in hippocampal binding activity of the glucocorticoid
receptor response element (GRE). It is known that chronic treatment with DMI
but not fluoxetine increases the expression of GR mRNA in the hippocampus
(Rossby et al. 1995). Thus, Frechilla et al. (1998) suggest that the increased GR
level followed by interactions between transcription factors (i.e., GR-CREB and
GR-SP1) may cause the lack of changes in binding activity of CREB and SP1 af-
ter treatment with DMI.

3
Towards the Discovery of the Next Generation of Antidepressants

Since the serendipitous discovery of the MAOIs and the TCAs 40 years ago,
three goals are still unmet and remain a challenge for the future:

1. The discovery of antidepressants that are therapeutically more efficacious
and effective in a larger percentage of the patient population

2. The discovery of antidepressants with a shorter latency in the onset of their
therapeutic action

3. The discovery of antidepressants that are efficacious in therapy-resistant de-
pression

The current antidepressant discovery process is still based chiefly on modifi-
cations of steps 1 to 4 of the neurotransmitter transduction cascades (Fig. 1). It
seems unlikely that screening procedures based solely on the modification of
any of these steps will lead to the discovery of novel types of antidepressants but
rather to the proliferation of more “me-too” drugs, with none of them display-
ing more efficacy than the original prototypes. To discover the next generation
of antidepressants, which will hopefully meet the challenges listed above, two
avenues of interrelated investigations seem promising:

� A more rigorous elucidation of the molecular psychopathology of affective
disorders and the development of animal models of depression with greater
disease validity
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� The development of new methodology to explore steps 5 and 6 of the signal
transduction cascade (Fig. 1) (i.e., the exploration of mechanisms beyond
the receptors and second messengers in animal models of depression with
increased disease validity and, importantly, in patients with affective disor-
ders)

3.1
Models of Depression with Increased Disease Validity

Depression is a syndrome—a collection of symptoms that occur together with
sufficient frequency to constitute a recognizable clinical condition (Deakin
1991). The diagnostic system in the Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV) (American Psychiatric Association 1994) defines two core
symptoms for the diagnosis of major depression: loss of interest or inability to
experience pleasure (anhedonia) and depressed mood. Among animal models
of depression (Porsolt et al. 1991; Willner 1991; see Porsolt and Lenergre 1992),
chronic mild stress (CMS)-induced anhedonia seems to be a promising model
of depression with disease validity. According to this model, chronic sequential
administration of a variety of mild stressors causes a decrease in responsiveness
to rewards (sucrose consumption; intracranial self-stimulation) in rats, which is
reversed by chronic administration of antidepressant drugs (Willner et al. 1992;
Moreau et al. 1996). Antidepressants apparently have no effect on sucrose con-
sumption in nonstressed animals (antidepressants have no mood-elevating ef-
fects in normal human subjects), but following the reduction of sucrose intake
by stress, normal behavior is restored by chronic treatment with TCAs, fluoxe-
tine, maprotiline, and mianserin, while chlordiazepoxide has been shown to be
ineffective (Willner et al. 1987; Muscat et al. 1992; Sampson et al. 1991). Stress-
induced anhedonia has also been reversed by the MAOIs moclobemide (Moreau
et al. 1993) and brofaromine (Papp et al. 1996), ECT (Moreau 1997), lithium
(Sluzewska and Nowakowska 1994), and buspirone (Przegalinski et al. 1995).
Recently, Papp and Moryl (1994) reported that chronic administration of non-
competitive and competitive antagonists of NMDA receptors reverse stress-in-
duced anhedonia. In addition, they have found that chronic treatment with
l-amino cyclopropanecarboxylic acid (ACPC) also caused a gradual reversal of
CMS-induced anhedonia. (ACPC is a partial agonist at strychnine-insensitive
glycine sites of the NMDA receptor complex and acts as a functional NMDA an-
tagonist.) Moreover, the animals treated with ACPC recovered from the stress-
induced anhedonia much faster than those treated with imipramine and NMDA
antagonists [i.e., MK-801 (non-competitive); CGP 37849 and CGP 40116 (com-
petitive)] (Papp 1996; Papp and Moryl 1996; see also the earlier section of this
chapter, “A Role for NMDA Receptors in Antidepressant Action”).

The CMS procedures produce not only behavioral but biochemical changes
as well. Thus, CMS-induced anhedonia increases dopamine release in the nucle-
us accumbens (Stamford et al. 1991; Willner et al. 1991), accompanied by a de-
crease in the sensitivity of post-synaptic D2 receptors (Papp et al. 1994b). Re-
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cently, an increase in the density of b-adrenoceptors with no changes in affinity
and an increase in the cyclic AMP response to NE in cortical slices have been
found in rats treated with CMS (Papp et al. 1994c). Imipramine, which in non-
stressed rats reduced b-adrenoceptor density and the cyclic AMP response but
did not affect sucrose intake, reversed the effect of stress (Papp et al. 1994c).
CMS increased not only the Bmax values of b-adrenoceptors, but also those of 5-
HT2 and 5-HT1A receptors. Imipramine reversed the effect of CMS on the densi-
ty of b-adrenoceptors and 5-HT2 receptors while having no effect on 5-HT1A re-
ceptors (Papp et al. 1994a). Recently, Cheeta et al. (1997) provided further sup-
port for the validity of the CMS paradigm as an animal model for the study of
mechanisms underlying endogenous depression. Their studies of the effects of
CMS on sleep architecture indicated that the stressed animals demonstrated de-
creases in active waking and deep sleep, as well as disruptions of REM sleep.
The changes in REM sleep included increases in the duration of and transitions
into REM sleep over the sleep part of the sleep–wake cycle and a reduced laten-
cy to the onset of the first REM period. These sleep abnormalities, and in par-
ticular the decrease in REM latency, are consistent with those reported in en-
dogenous depression (Benca et al. 1992; Berger and Rieman 1993). The avail-
ability of an animal model of depression with predictive validity (correspon-
dence between drug actions in the model and in the clinic), face validity (phe-
nomenological similarities between the model and the disorder in man), and
construct validity (sound theoretical rationale) should greatly “enhance drug
discovery and increase insight into the nature of the disorder modeled” (Willner
1997b).

Interestingly, a similar increase in b-adrenoceptor density and the cyclic
AMP response to NE have been found in the hippocampus in a learned helpless-
ness animal model of depression (Henn 1989; Martin et al. 1990). The develop-
ment of learned helplessness is influenced by a strong genetic component. It has
been reported that a selective breeding strategy generated a strain of rats that is
highly vulnerable and another that is resistant to the development of learned
helplessness (Edwards et al. 1990, 1991a,b). The highly vulnerable rats showed
an up-regulation of 5-HT1B receptors in the cortex, hippocampus, and septum
(Edwards et al. 1991b), an increase in the Bmax value of b-adrenoceptors not re-
sponsive to antidepressants (F. Henn, personal communication), and an increase
in hippocampal opioid receptors (Edwards et al. 1990). The increased vulnera-
bility was correlated with an alteration in glucocorticoid-mediated gene expres-
sion in limbic structures (Lachman et al. 1993). Moreover, Lachman et al. (1992)
reported a decrease in basal hippocampal neuropeptide Y mRNA in rats resis-
tant to the development of learned helplessness compared with control and
highly vulnerable rats. They suggest that the regulation of neuropeptide Y gene
expression may be involved in the reduced vulnerability of those rats which de-
velop learned helplessness. The neuropeptide Y gene expression is influenced by
glucocorticoids and by dopamine (Salin et al. 1990; White et al. 1990) and mod-
ulated in vitro by phorbol esters and cyclic AMP inducers (Angel et al. 1987;
Higuchi et al. 1988). The brain neuropeptide Y is involved in the regulation of a
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number of behaviors known to be altered in clinical depression (Widerlov et al.
1988; Wahlestedt et al. 1989). Recently, the antidepressant-like effect of neuro-
peptide Y has been demonstrated in the forced swim test in rats (Stogner and
Holmes 2000).

3.2
Antidepressants and the Program of Gene Expression

Nerve cells integrate signals and regulate them to maintain a state of homeosta-
sis. Thus, the state of homeostasis depends on the efficacy of intracellular mod-
ulation processes that involve positive or negative feedback, which ensure cor-
rect functioning of the organism. Nalepa (1994) has made the following sugges-
tions:

� If the amplitude of received stimuli is too high and surpasses the proper
modulation capability, the organism, struggling to maintain homeostasis,
will undergo adaptive changes that increase certain intracellular biochemi-
cal processes at the expense of others

� This process ensures survival but causes a number of pathologies.
� The development of these pathologies may lead to affective disorders,

whose symptoms develop slowly and whose treatment is a long-term pro-
cess.

Based on the information provided in previous sections of this chapter, it is
evident that events beyond the receptors—intracellular signal transduction
pathways and regulation of programs of gene expression—are promising new
and exciting targets for antidepressants. Rossby and Sulser (1997) have suggest-
ed (1) that the loss of plasticity at the level of gene expression accounts for the
persistence of major depression (melancholia), and (2) that the ultimate mecha-
nisms of antidepressant drug effects involve restoration of this lost plasticity.
The initial actions of currently available antidepressants on reuptake transporter
systems (i.e., the availability of 5-HT and/or NE at various receptors and/or sub-
types of receptors) occur rapidly within minutes or hours and are obviously not
directly responsible for the delayed therapeutic effects of these agents. Rather,
the clinically relevant therapeutic actions of antidepressants can be viewed as
being the consequence of slowly developing adaptive changes in neuronal plas-
ticity involving “changes in programs of gene expression that determine the in-
tensities of incoming signals, the sensitivities of neuronal systems to those sig-
nals and the nature, amplitude and duration of CNS responses” (Rossby and
Sulser 1997). The successful development of the next generation of antidepres-
sants—more efficacious, truly faster acting, effective for therapy-resistant de-
pression—cannot ignore this new conceptual framework, which demands that
novel sophisticated molecular biological technology be applied within a func-
tional context.
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The differential display and cDNA microarray technologies represent major
advanced techniques for studying the role of altered programs of gene expres-
sion in affective disorders (Rossby et al. 2001; Pi�tu et al. 2001). Differentially
expressed genes and their protein products can then be used as novel drug tar-
gets for the development of the next generation of antidepressants, which will
hopefully meet the yet unmet criteria of greater efficacy, shorter onset of thera-
peutic action, and efficacy in therapy-resistant depression.
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Abstract This chapter extends the discussion of novel mechanisms of action
that may mediate antidepressant efficacy presented in the previous chapter and
reviews findings concerning investigational antidepressants that are currently
either in phase II or III clinical testing and for which data are available in the
public domain. Six neuropeptides that are currently of interest in antidepressant
drug development are discussed: corticotropin releasing hormone (CRH), sub-



stance P [also known as neurokinin 1 (NK1)], neuropeptide Y (NPY), galanin,
vasopressin (VPN), and oxytocin. These six were chosen because there are ani-
mal and/or human data that support a potential role for each of them in the
pathophysiology of clinical depression. The role of each of the six neuropeptides
in the pathophysiology of depression is reviewed. Results in the public domain
concerning investigational antidepressants affecting one of these mechanisms of
action are available only for the first two neuropeptides—CRH and substance P.
Data are described for R121919, a CRH-1 receptor antagonist, and for the sub-
stance P antagonist, MK-869. Note that there are other investigational antide-
pressants in phase I or early phase II testing for which efficacy data are either
not available or not yet in the public domain which are not discussed in this
chapter. The naturally occurring neuropeptides described in the first part of the
chapter have multiple functions throughout the body and thus drugs acting on
these peptides could produce multiple unwanted effects. For that reason, it
might be desirable to design novel peptides that have therapeutic potential with
minimal side effects. Findings concerning one such novel peptide are presented:
INN 00835 (nemifitide) is a synthetic pentapeptide that has shown promise in
preclinical and clinical trials as a future antidepressant.

Keywords Antidepressants · Drug development · Neuropeptides ·
Corticotropin-releasing hormone (CRH) · Substance P · Neuropeptide Y (NPY) ·
Galanin · Vasopressin (VPN) · Oxytocin · Nemifitide

1
Introduction

Earlier chapters (Part 3) reviewed the history of modern antidepressant phar-
macotherapy from the chance discovery antidepressants [i.e., tricyclic antide-
pressants (TCAs) and monoamine oxidase inhibitors (MAOIs)] to the rationally
developed selective serotonin reuptake inhibitors (SSRIs) and other newer an-
tidepressants. This chapter will extend the previous chapter�s discussion of nov-
el mechanisms of action that may mediate antidepressant efficacy and review
findings concerning investigational antidepressants that are currently in clinical
testing and for which there are published data. Although the authors are aware
of other investigational antidepressants, no efficacy data have been presented in
the public domain on these agents to allow for scientific review at this time.

As explained in Part 3, the chance discovery of the TCAs and the MAOIs not
only produced effective treatments for patients with clinical depression but also
provided tools that enabled researchers to begin to understand mechanisms that
might underlie antidepressant efficacy. The study of the pharmacology of these
antidepressants formed the basis for the biogenic amine theories of depression,
which in turn were the basis for the development of the newer antidepressants
described in the chapters entitled “Selective Serotonin Reuptake Inhibitors” and
“Other Antidepressants”.
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While SSRIs and other newer antidepressants were rationally developed, they
represent a refinement of the pharmacology of the TCAs and MAOIs rather than
a new direction in terms of mechanism of action. They were a refinement prin-
cipally in terms of designing out the unnecessary effects of the TCAs and
MAOIs. Nevertheless, the mechanisms of action believed to mediate their anti-
depressant efficacy remained the same as those of the earlier antidepressants
(i.e., promotion of the activity of one or more than one of the biogenic amine
neurotransmitter systems). For this reason, the newer agents have better safety
and tolerability profiles compared with the TCAs and MAOIs but not necessarily
better efficacy. The drug-specific response to the newer antidepressants that are
available, as determined by formal clinical response (i.e., overall drug response
minus the parallel placebo response), is only 15%–30%.

In the chapter on treatment-refractory depression, Trivedi et al. reviewed the
problems posed by the limited efficacy of existing antidepressants. As he points
out in that chapter, a sizable percentage of patients with clinical depression do
not respond to any available antidepressant. In fact, approximately one third of
patients treated in published clinical trials of newer antidepressants do not
achieve a meaningful, clinical response in terms of relief of their depressive syn-
drome. Therefore, there is considerable need for improved antidepressants with
greater overall efficacy in terms of both the percentage of the population who
responds and the completeness of the response (i.e., full remission), more rapid
onset of antidepressant action (days versus weeks), and better tolerability, par-
ticularly with regard to reduced adverse effects on sexual function, which is a
problem with serotonin reuptake inhibitors such as the SSRIs and venlafaxine.
One way to achieve one or more than one of these goals is to develop antide-
pressants with new mechanism(s) of antidepressant action that go beyond ef-
fects on biogenic amine neurotransmission.

Trivedi et al. reviewed a number of different strategies that are currently used
when faced with patients who do not respond to the first antidepressant tried.
Despite all of these efforts, too many patients are still not helped. In part, that is
likely to reflect the fact that many of these options are still limited to direct ef-
fects on biogenic amine neurotransmission. For this reason, there is a need for
antidepressants that have novel mechanisms of action directed at different neu-
rotransmitter systems and that are perhaps more fundamentally involved in the
pathophysiology of specific biochemically defined forms of clinical depression.

The previous chapter by Nalepa and Sulser reviewed the amazing recent ex-
pansion in our knowledge of new mechanisms and systems in the brain of po-
tential relevance to the syndrome of clinical depression. A number of hypothe-
ses involving novel mechanisms have been advanced to explain the pathophysi-
ology of depression (for more detailed discussions of these hypotheses, see
Horst, Connor and Leonard, and Nalepa and Sulser, this volume). Many of these
hypotheses are based on the well-established abnormalities in hypothalamic–pi-
tuitary axis (HPA) function found in a sizable percentage of patients with clini-
cal depression. A number of pharmaceutical companies have ongoing programs
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aimed at discovering antidepressants capable of correcting these abnormalities
through neuropeptide rather than biogenic amine mechanisms of action.

This chapter will review how antidepressant drug discovery is likely to
change the options available to clinicians and their patients over the next 5–
10 years. Six neuropeptides that are currently of interest in antidepressant drug
development are discussed in this chapter:

� Corticotropin releasing hormone (CRH)
� Substance P [also known as Neurokinin 1 (NK1)]
� Neuropeptide Y (NPY)
� Galanin
� Vasopressin (VPN)
� Oxytocin

These six were chosen because there are animal and/or human data that sup-
port a potential role for each of them in the pathophysiology of clinical depres-
sion; these data are presented in the sections that follow. Results in the public
domain concerning investigational antidepressants affecting one of these specif-
ic mechanisms of action are available only for the first two neuropeptides—
CRH and Substance P—and these findings are reviewed in the following section
after the data on their role in the pathophysiology of depression are presented.
Note that the discussion in this chapter is limited to those agents that are either
in phase II or III and for which data are available in the public domain. Howev-
er, there are other investigational antidepressants in phase I or early phase II for
which efficacy data are either not available or not yet in the public domain.

2
Neuropeptide Neurotransmitters of Potential Relevance
to the Pathophysiology of Clinical Depression for Which Data
on Investigational Agents Are Available

2.1
Corticotropin-Releasing Hormone

2.1.1
Role in the Pathophysiology of Depression

As noted above, the dysfunction of the HPA axis has been widely studied with
regard to its possible relevance to the pathophysiology of clinical depression.
Numerous studies have documented abnormalities in one or more components
of the HPA axis in patients with clinical depression. This work began with the
clinical observation that Cushing�s syndrome and clinical depression shared
many symptoms and that an adverse effect of exogenous corticosteroids was the
development of clinical depression. Subsequent research found a high incidence
of abnormal dexamethasone suppression in patients with clinical depression.
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Corticotropin releasing hormone (CRH) is an important component of the
HPA axis. CRH is synthesized in the hypothalamus and a portal system carries
it to the anterior pituitary. There, CRH facilitates secretion of adrenocorticotro-
pic hormone (ACTH) into the systemic circulation. ACTH, in turn, stimulates
adrenal secretion of cortisol. The plasma concentration of cortisol through a
feedback loop regulates CRH synthesis/secretion from the hypothalamus.

When CRH is administered centrally to animals, it produces changes in the
rate of firing of locus coeruleus (LC) neurons similar to those seen in both de-
pression and anxiety (Mitchell 1998; Weiss et al. 1994). Based on animal studies,
a number of currently marketed antidepressants enhance the sensitivity of
corticosteroid receptors (Holsboer 1999). Animal and human cerebrospinal flu-
id (CSF) studies have documented decreased CRH secretion following electro-
convulsive therapy (ECT) or antidepressant treatment (Nemeroff et al. 1991; De
Bellis et al. 1993; Kling et al. 1994; Heuser et al. 1998). Stressful early life experi-
ences in nonhuman primates have been found to produce persistently elevated
CRH in CSF compared with that in peers raised under predictable circum-
stances (Coplan et al. 1996). CRH may therefore be an important link between
“nature” and “nurture” in this area.

In terms of clinical studies, suppression of cortisol production is associated
with amelioration of depression in a significant portion of depressed individuals
(Murphy et al. 1991; Thakore and Dinan 1995; Iizuka et al. 1996). In postmortem
brain samples, the total number of CRH-expressing neurons in depressed pa-
tients was found to be four times higher than that of the controls (Hoogendijk
et al. 2000). This finding raises the question of why CRH levels are increased in
individuals with affective disorders. One possibility is an impairment in the
negative feedback loop that normally prevents hypercortisolemia.

Consistent with this hypothesis, there is evidence that corticosteroid receptor
function is impaired in many patients with depression and in many healthy per-
sons who are at genetic risk for a depressive disorder (Pariante et al. 1995). This
decreased glucocorticoid receptor sensitivity may be the primary pathology un-
derlying some forms of clinical depression or may be a secondary phenomenon
resulting from prolonged production of steroid hormones in the face of pro-
longed stress. CRH may also influence the activity of tyrosine hydroxylase, the
rate-limiting step in the synthesis of catecholamines, which in turn has been hy-
pothesized to be associated with the neurobiology of depression (Redmond and
Leonard 1997).

2.1.2
Investigational Antidepressants

Various tissue samples, including human samples, have shown subtypes of CRH
receptors as identified by radio-ligand binding and cloning techniques (Grigoriadis
et al. 1996). The CRH-1 receptor appears to mediate the anxiogenic effects of CRH.
Patients with clinical conditions that are causally related to HPA hyperactivity may
therefore benefit from treatment with a CRH-1 receptor antagonist.
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R121919, an CRH-1 receptor antagonist, was administered to 24 patients with
a major depressive episode. The patients were enrolled in two dose-escalation
panels: in one group (n=10), the dose was increased from 5–40 mg, while in the
other group (n=10), the dose was increased from 40–80 mg within 30 days. Both
groups showed significant reductions in depression and anxiety scores on pa-
tient and clinician ratings, with greater reductions seen in the second group. De-
pressive symptoms worsened in both groups after drug discontinuation (Zobel
et al. 2000).

2.2
Substance P (NK1)

2.2.1
Role in the Pathophysiology of Depression

Substance P, also called neurokinin 1 (NK1), is found throughout the body. In
the central nervous system (CNS), it is usually co-localized with classical neuro-
transmitters such as serotonin and norepinephrine (Sergeyev et al. 1999). Given
this fact and its widespread distribution in the brain, substance P may have a
role in a wide range of psychiatric conditions, including schizophrenia, depres-
sion, and anxiety (Argyropoulos and Nutt 2000).

Substance P stimulates the HPA axis and produces anxiety-like responses in
the rat (Gavioli et al. 1999). Substance P antagonists suppress isolation-induced
vocalizations in guinea pigs, an animal model of depression (Kramer et al.
1998). The blood concentration of substance P in the peripheral blood correlates
with anxiety scores in humans (Fehder et al. 1997; Hasenohrl et al. 1998; Gavioli
et al. 1999).

2.2.2
Investigational Antidepressants

The substance P antagonist, MK-869, has been studied in clinical trials that
compared its potential antidepressant activity with that of paroxetine and place-
bo in outpatients with moderate to severe major depression with anxiety. In this
study, MK-869 was well tolerated and as effective as paroxetine (Kramer et
al.1998). Other NK-1 antagonists are under development and this technology
appears promising.

3
Neuropeptide Neurotransmitters of Potential Relevance
to the Pathophysiology of Clinical Depression for Which Data
on Investigational Agents Are Not Available

Findings concerning the following endogenous neurotransmitters in most ani-
mal and some human studies suggest that they are relevant either to the causali-
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ty or treatment of depression. There are no data available in the public domain
concerning investigational agents in phase II or III testing related to any of the
neurotransmitters discussed in this section.

3.1
Neuropeptide Y: Role in the Pathophysiology of Depression

Neuropeptide Y (NPY) is relatively abundant in the mammalian brain. It affects
a wide variety of functions, including emotions, eating, memory, response to
stress, arterial blood pressure, cardiac contractility, and intestinal secretions
(Munglani et al. 1996). Several types of NPY receptors have been identified
(Sanglard and Tavares 1998).

NPY promotes sleep and inhibits the HPA axis in humans (Antonijevic et al.
2000). These effects may involve NPY-mediated inhibition of CRH (Antonijevic
et al. 2000). NPY immunoreactivity is decreased in the CSF of patients with clin-
ical depression compared with controls (Widerlov et al. 1988).

A variety of animal studies have suggested that NPY may have significant an-
tidepressant and anxiolytic activity (Ehlers et al. 1997). First, fluoxetine treat-
ment normalizes NPY-related gene expression in a rat model of depression
(Caberlotto et al. 1998; Mathe et al. 1998; Mathe 1999). Second, chronic treat-
ment with lithium, ECT, or citalopram increases NPY neurotransmission in the
hippocampus of rat brains (Husum et al. 2000). Third, NPY produces an antide-
pressant-like effect in the forced swim test (Stogner and Holmes 2000).

There are also significant links between NPY and central serotonin activity.
NPY also interacts with other neurotransmitters, including noradrenaline, so-
matostatin, nitric oxide, and glutamate. In the samples of rat brains, long-term
treatment with 5-hydroxytryptamine, a serotonin precursor, reduces NPYactivity
in the hypothalamus. Conversely, treatment with serotonin-specific neurotoxins
or inhibitors elevates NPYactivity in the hypothalamus (Kakigi and Maeda 1992).
Thus, this neuropeptide system appears to be interacting with serotonin and pos-
sibly the noradrenaline biogenic amine system, although the precise nature of the
relationship has not been fully elucidated and additional work is needed.

Work with ECT treatment in both animals and humans also suggests that en-
hanced NPYactivity may play a role as a potential mechanism mediating antide-
pressant efficacy. In rats, ECT treatment reproducibly elevated concentrations of
NPY-like immunoreactivity (NPY-LI) in hippocampus, frontal, and occipital
cortex. In comparable studies in humans, ECT treatment increased CSF concen-
trations of NPY-like immunoreactivity in parallel with recovery from clinical
depression.

3.2
Galanin: Role in the Pathophysiology of Depression

Galanin is produced in the tuberomammillary nucleus of the hypothalamus
(Swaab et al. 1993). Galanin can have anxiolytic-like action in animal models
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(Bing et al. 1993). Galanin inhibits CRH release (Cimini 1996) and may inhibit
norepinephrine and serotonin activity (Kask et al. 1997; Fuxe et al. 1998). Weiss
and colleagues have postulated that galanin may also inhibit the activity of do-
pamine cell bodies in the ventral tegmentum. These neurons send axons to the
forebrain and their down-regulation may therefore cause at least two of the
principal symptoms seen in depression: decreased motor activity and decreased
appreciation of pleasurable stimuli (anhedonia). These data suggest that galanin
antagonists could be of therapeutic benefit in the treatment of depression
(Weiss et al. 1998).

3.3
Vasopressin: Role in the Pathophysiology of Depression

Vasopressin (VPN) is released from two sites in the hypothalamus: from the
paraventricular nucleus, where CRH is formed, and from the supraoptic nucleus
(Scott and Dinan 1998). As shown in human volunteers, VPN stimulates CRH
release and acts synergistically with CRH (Gaillard et al. 1988; Hauger and
Aguilera 1993; Perraudin et al. 1993; Scott and Dinan 1998). In animal studies,
VPN secretion has been found to be inhibited by central serotonin activity
(Ferris and Delville 1994) and fluoxetine treatment has been found to be associ-
ated with a decrease in VPN levels in plasma and hypophysial portal (Gibbs and
Vale 1983; Nemeroff et al. 1991; Altemus et al. 1992).

VPN levels and the number of VPN-expressing neurons are elevated in post-
mortem brain samples of patients with major depression (Purba et al. 1996). In
patients with clinical depression, increased plasma concentrations of arginine
vasopressin (AVP) were noted and the elevation was correlated with greater de-
grees of psychomotor retardation (Van Londen et al. 1997, 1998).

3.4
Oxytocin: Role in the Pathophysiology of Depression

Oxytocin production, like VPN, is influenced by central serotonin activity
(Saydoff et al. 1993). Oxytocin administration lowers CRH and cortisol levels
and has anxiolytic and antidepressant action in animal models (Arletti and
Bertolini 1987; Uvnas-Moburg et al. 1994; Windle et al. 1997; Mitchell 1998;
Uvnas-Moburg 1998). Oxytocin inhibits stress-induced elevations of ACTH in
laboratory animals as well as inhibiting the increases in ACTH which normally
follow angiotensin II challenge (intravenous administration of endothelin I and/
or exercise in humans) (Coiro et al. 1988; Bianconi et al. 1990; Volpi et al. 1995;
Windle et al. 1997). Oxytocin levels in humans are decreased in clinical depres-
sion and in individuals experiencing “normal” sad emotion (Frasch et al. 1996;
Turner et al. 1999).
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4
Novel Peptides

The discussion so far has shown that a number of naturally occurring peptides
or their antagonists may have a role in the treatment of clinical depression.
However, these peptides have multiple functions throughout the body and thus
drugs acting on these peptides could produce multiple unwanted effects. For
that reason, it might be desirable to design novel peptides that have therapeutic
potential with minimal side effects. One such novel peptide, R121919, was dis-
cussed above (“Investigational Antidepressants”). INN 00835 (Nemifitide) is an-
other novel peptide that has promise as a future antidepressant compound.

4.1
Historical Review

Melanocyte-stimulating hormone inhibiting factor (MIF)-1 is a naturally occur-
ring hypothalamic tripeptide that inhibits release of melanocyte stimulating
hormone (MSH) in certain assays (Nair et al. 1971).

Earlier studies with MIF-1 in hypophysectomized animals have demonstrated
its ability to exert a direct effect on the CNS (Plotnikoff et al. 1974). MIF-1 was
found to be more effective than the TCAs in the dopa-response-potentiation
test (a standard depression screening test in animals) and was found to antago-
nize the tremor induced by oxotremorine (animal model of parkinsonism)
(Plotnikoff et al. 1971, 1972). MIF-1 has also been found to reverse the sedative
effects of deserpidine in animal studies (Plotnikoff et al. 1973).

With the background of these animal studies, MIF-1 was tested in patients
with Parkinson�s disease, where it showed some efficacy (Kastin et al. 1972).
However, administration of MIF-1 in patients with Parkinson�s disease was
also correlated with improvement in mood (Fischer et al. 1974; Barbeau 1975).
Another hypothalamic tripeptide, protirelin[thyrotropin-releasing hormone
(TRH)], was tried in clinically depressed patients due to the limited availability
of MIF-1, with somewhat encouraging results (Kastin and Barbeau 1972; Prange
and Wilson 1972; Prange et al. 1972).

Antidepressant drugs are known to increase water-wheel turning in animals
and MIF-1 and another structurally related compound, Tyr-MIF-1, were effec-
tive in producing similar results (Kastin et al. 1984). Environmental stress, par-
ticularly chronic low-grade stressors, appear to be more significant than single
occurrences in depressive illness (Leff et al. 1970; Thomson and Hendric 1972;
Lloyd 1980); consequently, the chronic stress model of depression used in ani-
mal studies was thought to be highly valid. MIF-1 was found to produce im-
provement comparable to the TCAs in a chronic stress model of depression in
animals (Pignatiello et al. 1989). The response of animals with nonclinical
stress-induced depression to an experimental compound to some extent pre-
dicts depressed individuals� clinical response to that compound (Willner 1984,
1990).
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Based on the encouraging findings in patients with Parkinson�s disease and
in experimental models in animals described above, a double-blind clinical trail
of MIF-1 was done in depressed patients. In that study, low doses of MIF-1
showed efficacy compared with high doses of MIF-1 and placebo. It is interest-
ing to note the curvilinear dose–response curve seen with MIF-1. Effects were
observed within the first 48 h after administration of MIF-1 (Ehrensing et al.
1974). The difference between response to the low dose compared with response
to higher doses (with lower doses more efficacious) was found to be significant
in a second study (Ehrensing et al. 1978). In another double-blind study, which
compared the antidepressant efficacy of MIF-1 and imipramine, MIF-1 was
found to be comparable to imipramine, with a rapid onset of action shown by
significant differences in rating scales being evident as early as day 8 (Van der
Velde 1983).

MIF-1 offers a great advantage, since it is rapid, safe, and effective. However,
certain factors limit its use for clinical purposes. Since it is a natural compound,
it cannot be patented. Although it crosses the blood–brain barrier, MIF-1 has a
brief half-life and there is reason to suspect it has low bioavailability orally
(Redding et al. 1973, 1976; Kastin et al 1975). Because of these limitations, re-
search has been undertaken to develop similar synthetic antidepressant com-
pounds that would offer rapid onset of action, higher potency, and greater bio-
availability. This quest has produced a series of newer synthetic peptides. Nemi-
fitide is one of the first of these that has shown promise in several clinical trials.

4.2
Nemifitide

Nemifitide (INN 00835) is a synthetic pentapeptide and the lead compound in a
series of related, novel, highly potent small-chain peptides synthesized at In-
napharma (Hlavka et al. 1997). These peptides appear to have antidepressant ac-
tivity based on both animal and human studies and may have a rapid onset of
antidepressant action. Nemifitide has been shown to be effective in a variety
of tests and animal models of clinical depression and indicated an inverted
U-shape dose response curve in rats (Hlavka et al. 2002).

Nemifitide was metabolized in vitro by liver and intestinal enzymes. Three
major metabolites (hydrolysis and oxidation product of the parent drug) were
identified by liquid chromatography/mass spectrometry/mass spectrometry
(LC/MS/MS) and were also found in animal and human plasma, following its in
vivo administration (Nicolau et al. 2001). One of the metabolites (5-Tryp OH ne-
mifitide) was pharmacologically active in the rat. Nemifitide did not show sig-
nificant in vitro induction or inhibition for the following cytochrome P450
(CYP) isoforms investigated: 1A2, 2A6, 2C9, 2C19, 2D6, 2E1, and 3E4. The effect
of these CYP isoforms on the metabolism of nemifitide indicated that CYP 1A2,
2C19, and 2D6 were mainly responsible for its metabolism. The metabolism of
nemifitide by multiple pathways and the lack of significant inhibition or induc-
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tion of CYP isoforms indicate that it is not likely to have significant in vivo in-
teractions with known CYP inhibitory drugs (Nicolau et al. 2002).

Several studies were conducted in an effort to elucidate the mechanism of ac-
tion of nemifitide. Following subcutaneous administration nemifitide rapidly
crosses the blood–brain barrier in rats, and was measured at nanomolar con-
centrations in the hippocampus, amygdala, striatum, and frontal cortex, sites
that express high concentrations of receptors involved with the pathophysiology
of depression (Feighner 2003a). In vitro binding assays indicate that nemifitide
binds at micromolar concentrations to several receptors, including 5-HT2A,
NPY1, bombesin, and melanocortin MC4 and 5. In vivo studies in rats evaluat-
ing the interactions of nemifitide with several psychoprobes indicated the par-
ticipation of the serotonergic pathway in the mode of action of nemifitide in a
different way than seen with SSRI antidepressants. Significant interaction was
found between nemifitide and the serotonin-releaser d-fenfluramine (Kelly et al.
2002). Nemifitide showed 5-HT2A antagonist properties by blocking the hyper-
thermic effect of the 5-HT2A agonist DOI (Overstreet 2003; University of NC;
data on file).

In both preclinical and clinical studies, nemifitide showed linear pharmaco-
kinetics and an excellent safety profile over a wide range of doses administered
subcutaneously (SC). Single and multiple doses of nemifitide ranging from 9 to
320 mg were administered SC to healthy volunteers in five phase I studies and
to depressed patients in four phase II studies. Pharmacokinetic parameters were
calculated from plasma concentrations of unchanged nemifitide measured by
LC/MS. Nemifitide was rapidly absorbed (Cmax at 10–15 min) and eliminated
from plasma (t1/2 15–30 min) in most subjects. PK parameters were close to
dose proportional in the dosage range investigated. There was no systemic accu-
mulation of drug following five daily doses (Feighner et al. 2002a).

The efficacy of nemifitide has been investigated in two pilot studies in which
over 100 unipolar depressed patients diagnosed with major depression received
either nemifitide or placebo (Feighner et al. 2000a, 2001a,b). In one study, the
drug was administered subcutaneously at a dose of 0.2 mg/kg for five consecu-
tive days. In the second study, the dose was fixed at 18 mg/patient/day. The sub-
jects were evaluated during treatment and weekly for four consecutive weeks af-
ter completion of treatment. Efficacy was evaluated using the Hamilton Rating
Scale for Depression (HAM-D) (Hamilton 1960), Montgomery-Asberg Depres-
sion Rating Scale (MADRS) (Montgomery and Asberg 1979), Carroll Self-Rating
Scale (CSRS) (Carroll et al. 1981), Clinical Global Impression (Guy 1976), and a
total Visual Analog Scale (VAS). The effect of treatment with nemifitide was also
evaluated using a biochemical marker, changes in blood platelet serotonin
(5-HT) uptake rates in patients treated with nemifitide compared with those in
the placebo group (Kelly et al. 1999).

In addition to these measures, plasma concentrations of nemifitide were mea-
sured by LC/MS and were found to be statistically correlated with reduction in
the severity of depression as measured by the psychiatric rating scales. Based on
this analysis, the minimum effective plasma concentration (MEC) of nemifitide
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appeared to be around 46 ng/ml (Cmax) about 15 min after dosing. That conclu-
sion was based on a post hoc analysis that found statistically significant differ-
ences in antidepressant response in patients treated with nemifitide who had
plasma concentrations above this value compared with patients treated with ne-
mifitide who had plasma concentrations below this value and patients treated
with placebo. In addition to traditional statistical analysis, the separation effect
was confirmed with multivariate cluster (Feighner et al. 2000b) and discrimi-
nant (Feighner and Sverdlov 2002b) analysis. The difference in response was
seen as early as day 3 of treatment. The peak clinical antidepressant effect of ne-
mifitide was observed approximately 1 week after treatment and the response to
treatment persisted during the 4-week follow-up period.

The long-term open-label extension study (Feighner et al. 2003b) enrolled
both responders and non-responders from the initial short-term study and fol-
lowed them for up to 36 months. Among 27 enrolled patients, 13 were from the
placebo group in the initial study and 14 from the drug group in the initial
study. Mean duration between re-treatment of responders in the extension study
was 3.3 months, which was similar to the length of response in the initial study.
Of the 27 patients, 18 (66.7%) responded in the extension study and 9 patients
(33.3%) were terminated for lack of efficacy. Of the 14 patients from the drug-
treated group in the initial study, 12 patients (85.7%) experienced the same re-
sponse or non-response to treatment in the extension study as they had in the
initial study with nemifitide.

The results from another double-blind study without placebo group showed
greater effect at 160 mg and 40 mg versus 80 mg, suggesting a non-statistically
significant trend toward a potential U-shape curve of dose response (Feighner
2002; Innapharma, data on file).

In addition to these conventional studies, preliminary results from an open-
label pilot study in 22 patients with severely refractory depression are encourag-
ing (45.5% responders after 10–20 doses of nemifitide) and warrant further
study (Feighner 2003; Innapharma, data on file).

Based on these preclinical and clinical studies, nemifitide appears to be a
promising drug for the treatment of major depression.

5
Conclusion

There have been a significant number of animal and human studies that identi-
fied the involvement of the neuropeptide system in the pathogenesis of depres-
sion. This finding will certainly influence the development of treatment for de-
pression during the next decade. Phase II studies have provided encouraging ev-
idence for possible new avenues of psychopharmacotherapy, and we anticipate
more exciting data coming out in this area. Completion of the human genome
project will open up a whole new era of research and will hopefully reveal new
potential avenues of treatment. The next chapter discusses the promise of genet-
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ics, pharmacogenomics, and the human genome project for the future of antide-
pressant drug development.
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Abstract The three chapters in this last section of the book are devoted to
where the future of antidepressants may lie. Nalepa and Sulser discussed emerg-
ing new theories about the mechanisms that may underlie antidepressant effica-
cy. Such theories are guiding current drug development. Garlapati and col-
leagues discussed drugs currently in development for which information is in
the public domain. This chapter is focused the furthest in the future and de-
scribes processes that will define new targets and mechanisms that might medi-
ate antidepressant efficacy. These processes are the result of advances being
made in molecular biology and neuroscience, which are leading to an improved
understanding of the biological processes that subserve the regulation of higher
brain function, including cognition, emotion, and sensory processing. Distur-
bances in these functions constitute psychiatric signs and symptoms. Given its
focus on process, this chapter is as relevant to the development of drugs for psy-
chotic, anxiety, and dementing illnesses as for affective illnesses, even though
the focus of this book is antidepressants. This chapter describes how new find-
ings from the human genome project will change the field of psychiatric drug
discovery. The author first reviews the status of the human genome project and



considers how findings from that project will (1) increase the number of poten-
tial targets for drug discovery, (2) help researchers understand the mechanisms
that determine the drug concentration that is achieved on a given dose of a
drug, and (3) help researchers determine the causes of variability in patients� re-
sponses to a given dose of a drug. New findings concerning neuropeptides and
other neurotransmitters that appear to be promising future targets for drug dis-
covery are reviewed. The chapter describes the use of molecular biological ap-
proaches (e.g., transfecting sequences into cell lines or single cell organisms that
do not normally contain them and studying their expression) to identify new
receptors and neurotransmitters. The chapter also describes how the human ge-
nome is being searched for orphan receptors that can be used as “bait” to troll
for and identify natural ligands (neurotransmitters), enabling researchers to
discover biological processes that were either previously unknown or poorly un-
derstood and to map the distribution of neurotransmitters and receptors in the
brain and identify their functions. Such knowledge will help pinpoint potential
new targets (i.e., regulatory proteins) for drug discovery. The chapter concludes
with a consideration of the challenges these new developments pose for re-
searchers and clinicians. With the ever-expanding pool of potential targets for
drug discovery, researchers need to conserve resources by carefully identifying
targets that appear likely to have the greatest potential clinical utility. With the
development of increasingly focused and targeted drugs that are likely to affect
only the brain rather than peripheral systems, prescribers of antidepressants
and other psychotropic drugs will need to be increasingly aware of the behav-
ioral effects of the medications they prescribe as well as of the potential interac-
tions that may occur with the increasing use of multiple, narrowly targeted
medications.

Keywords Human genome project · Rational drug development · Drug
discovery · Orphan receptors · High-throughput screening · Structure–activity
relationships · Molecular targeting · Stages of drug development · Reverse
pharmacology · Bridging studies

1
Introduction

As discussed in earlier chapters on the selective serotonin reuptake inhibitors
and other newer antidepressants (see the chapters by Preskorn et al. and by
Preskorn and Ross), the field of psychotropic drug development has moved
from chance discovery to drug development based on targeted rational explora-
tion (Preskorn 2001b). As far back as antiquity, the health-enhancing properties
of certain herbs and other natural products had been observed. Such observa-
tions included the mind-altering properties of substances such as alcohol, opi-
um, and other plant products (Preskorn 2001c). The first organized period of
drug development dates to the last half of the nineteenth century and was built
on a series of chance observations. The process of drug development accelerated
significantly with Fleming�s chance discovery of penicillin. During the first half

584 S. H. Preskorn



of the twentieth century, scientists focused on altering the structure of drugs
that had been discovered by chance. The next phase of drug development, which
began in the late 1950s, continues today. It involved the use of receptor binding
studies and other in vitro techniques to refine structure–activity relationships
in order to synthesize compounds that had a specific desired neural mecha-
nism(s) while avoiding other, undesirable mechanisms of action. The third
phase of drug development began in the early 1990s and has involved the use of
techniques derived from molecular biology to discover completely new sites of
action (targets) for drug development in psychiatry. This process is receiving an
enormous impetus from ongoing work made possible by the human genome
project. This final chapter of this handbook reviews how exciting new develop-
ments in our understanding of human genetics are likely to revolutionize the
development of medications to treat depression and other mental disorders.

2
The Human Genome Project

Although the number has not yet been determined with certainty, there are an
estimated 40,000–50,000 genes in the human genome (Preskorn 2001c). Each
gene codes for a protein, and these proteins may be structural (e.g., collagen) or
functional (i.e., regulatory), such as enzymes and receptors. Although the hu-
man genome project has now sequenced the entire human genome in several in-
dividuals, only perhaps 10% of the genes that code for human proteins have so
far been identified. One goal of the next phase of the human genome project is
to identify the approximately 40,000 remaining genes and the structural or reg-
ulatory proteins they produce (Preskorn 2000a,b). Another goal will be to iden-
tify mutations in these genes that are biologically meaningful—i.e., that may re-
present disease mechanisms or may pharmacodynamically or pharmacokineti-
cally influence drug action (Preskorn 2000b).

After a new human gene has been identified, researchers can then deduce the
amino acid sequence of the protein from the nucleotide sequence. The three-di-
mensional configuration of the protein can then be deduced, which in turn will
define the structure–activity relationship needed to affect that target.

The targets of drug development are primarily regulatory proteins, in partic-
ular receptors. Three different types of drugs can potentially be developed for a
regulatory protein such as a receptor. The drug can be (1) an agonist, (2) an an-
tagonist, or (3) an inverse agonists. Agonists have the same effect on the recep-
tor as the endogenous neurotransmitter (i.e., they turn the receptor on); antago-
nists occupy but do not activate the receptor and thus block the action of the
endogenous neurotransmitter (i.e., put the receptor in neutral); and inverse ag-
onists have an effect on the receptor opposite to that of the endogenous neuro-
transmitter.
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3
The Stages of Drug Development

A brief review of the stages of drug development may help readers follow the
subsequent discussion of the implications of the human genome project for the
future of drug development. There are six major phases of drug development:

1. Drug discovery: identifying compounds that appear promising for preclini-
cal testing

2. Preclinical testing: in vitro testing, testing in isolated organs, animal studies
3. Phase I studies: testing in normal volunteers and mildly symptomatic vol-

unteers (often referred to as “bridging studies”)
4. Phase II studies: establishing the efficacy of the agent for the condition be-

ing studied and determining the optimal dose to be used in later studies
(may be open-label or double-blind, uncontrolled or placebo-controlled,
generally involving fairly small samples, short-term)

5. Phase III studies: accumulating sufficient evidence for FDA approval, ob-
taining supportive data on efficacy in long-term maintenance treatment,
and increasing the database on human exposure

6. Phase IV studies: postmarketing studies of varied designs

4
The SSRIs as an Example of the Changing Landscape of Drug Discovery

When the selective serotonin reuptake inhibitors (SSRIs) were developed, the
genes coding for the cytochrome P450 (CYP) enzymes had not yet been identi-
fied and the drugs could therefore not be screened against such targets. For this
reason, three of the SSRIs (fluoxetine, fluvoxamine, and paroxetine) that cause
substantial inhibitory effects on CYP enzymes would probably not have been
developed today. If these drugs were in development today, the medicinal che-
mists in the drug discovery departments would be advised to modify the struc-
ture of these drugs to affect the desired target (the serotonin receptor) without
affecting these CYP enzymes.

That these three highly successful agents would likely not make it into clinical
testing today—much less be marketed—is illustrative of the continued refine-
ment in the ability to test and develop structure–activity relationships in an it-
erative fashion, which can produce truly selective, new chemical entities. The
term “structure” refers to the molecular configuration needed to affect a specific
regulatory protein in a specific way (e.g., as an agonist, antagonist, or inverse
agonist). With the completion of the human genome project and the resultant
increased knowledge of brain-specific enzymes, this process will doubtless ac-
celerate still further. In other words, the human genome project will yield both
more targets to hit and more targets to avoid (Preskorn 2000a).
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5
A New Era of Drug Discovery

The development of the SSRIs and other newer antidepressants was the result of
a process of refining existing treatments (i.e., of finding antidepressant agents
that would share the desired effects of the tricyclic antidepressants and mono-
amine oxidase inhibitors without their undesirable side effects). In other words,
the newly developed agents to date share the same mechanisms of action as the
older treatments, although in a refined form. With the elucidation of the re-
maining 90% of genes that code for biologically relevant proteins in humans,
the process of drug discovery will undergo radical changes.

As discussed in earlier chapters of this volume, the effect of a drug is deter-
mined by the following equation:

Effect¼potency at site of action�drug concentration�biological variance
Variable 1ð Þ Variable 2ð Þ Variable 3ð Þ

The findings from the human genome project are relevant to all three vari-
ables in this equation.

First, the findings from the human genome project have the potential to en-
able researchers to define truly novel mechanisms of action (Kuhlmann 1999;
McCarthy and Hilfiker 2000) based on newly discovered regulatory proteins
(e.g., enzymes, receptors) coded for by human genes. Each regulatory protein
could represent a potentially useful target for drug action and a novel mecha-
nism of action (Landro et al. 2000). Thus, the project will yield a multitude of
new targets for drug development (Variable 1). Based on findings to date, per-
haps as many as 5,000 human genes code for brain-specific proteins. If half of
those code for regulatory proteins, that represents 2,500 targets for which up to
three different types of drugs could be developed: agonist, antagonist, and in-
verse agonist. That translates into thousands of potential brain-specific, mecha-
nism-based classes of drugs (Preskorn 2000a).

Second, the findings from the human genome project will help researchers
understand the mechanisms that determine the drug concentration that is
achieved on a given dose of a drug (Variable 2).

Third, the findings from the project will help researchers determine why
some patients respond to a given dose of a drug while others do not and why
still others have toxic side effects at that same dose (Preskorn 1998) (Variable
3). Up to now, the third variable in the equation has primarily been the focus of
the later phases of drug development. For example, phase III studies may exam-
ine the pharmacodynamics and pharmacokinetics of the agent in special popu-
lations, such as patients with liver or renal impairment, or young or old pa-
tients. However, the knowledge being gained from the human genome project
will lead to earlier, more extensive, and more specific investigation of how hu-
man biological variance is likely to modify the expression of a drug�s effect
(Preskorn 2000b).
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The goal of drug development is to reduce uncertainty about both the good
and bad effects of a drug. The findings that are becoming available from the hu-
man genome project will improve researchers� ability to detect potential liability
problems early in the drug development process, which will allow companies to
discontinue development on a problematic agent and design a structural analog
with a safer profile. That is important because it costs approximately $500 mil-
lion to successfully bring a new drug to market in the United States. This ability
to identify potential problems early in the drug development process should
lead to significant reductions in costs (Bierrum 2000; Reichert 2000).

Once the gene that codes for a regulatory protein has been identified, it can
be isolated and transfected into a single-cell organism or a cell line. These trans-
fected cells will express the regulatory protein of interest and can thus be used
to refine the structure–activity relationship to produce an agent that selectively
affects that target. Today, an automated assay process known as high-through-
put screening enables pharmaceutical developers to screen very large libraries
of molecules against a large number of clinically important human proteins in a
relatively short time (e.g., 500,000–1,000,000 compounds in approximately
2 months) (Bu et al. 2000; Preskorn 2000a). The results of this screening enable
medicinal chemists to refine structure–activity relationships in order to synthe-
size compounds for preclinical testing that have a high affinity for the desired
target and low affinity for undesired targets (Kuhlmann 1999; Johnson and
Wolfgang 2000; Panchagnula and Thomas 2000; Preskorn 2000a). Such drug de-
sign can be done concurrently with work to elucidate the specific function of a
newly discovered regulatory protein (e.g., a receptor).

6
Drug Discovery in Psychiatry and Neurotransmitters

Three types of regulatory proteins are the most common sites of action for psy-
chiatric drugs:

� Enzymes involved in the synthesis or degradation of specific neurotrans-
mitters

� Receptors that are the targets of specific neurotransmitters
� Uptake pumps that conserve specific neurotransmitters

Since these mechanisms of neurotransmission are crucial to the organization
and function of the brain, drugs that alter these sites of action can influence
specific areas of brain functioning. As noted above, the human genome project
will enable researchers to identify new neurotransmitters and the regulatory
proteins associated with them. Although slightly more than 70 neurotransmit-
ters have been identified in mammalian brain to date (Table 1), most research
on clinical psychopharmacology today focuses on only six of these neurotrans-
mitters.
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Table 1 Transmitters in the mammalian brain (copyright Preskorn 2003)

Amines
Acetylcholine
Dopamine
Epinephrine
Histamine
Norepinephrine
Serotonin

Amino Acids
g-Aminobutyric acid
Glycine
l-glutamate

Neuropeptides
Adrenocorticotrophic hormone (ACTH)
Adrenomedullin
Amylin
Angiotensin II
Apelin
Bradykinin
Calcitonin
Calcitonin gene-related peptide (CGRP)
Cholecystokinin (CCK)
Corticotropin releasing factor (CRF) (urocortin)
Dynorphins, neoendorphins
Endorphins, [lipotropic hormones (LPHs)]
Endothelins
Enkephalins
Follicle stimulating hormone (FSH)
Galanin
Gastric inhibitory peptide (GIP)
Gastrin
Gastrin releasing peptide
Glucagon-like peptides (GLPs)
Gonadotropin releasing hormone (GnRH)
Growth hormone-releasing factor (GHRF)
Lipotropin hormone (LPH)
Luteinizing hormone (LH)
Melanin concentrating hormone (MCH)
Melanin stimulating hormone (MSH)
Motilin
Neurokinins
Neuromedins
Neurotensin (NT)
Neuropeptide FF (NPFF)
Neuropeptide Y (NPY)
Orexins/hypocretins
Orphanin
Oxytocin
FQ/nociceptin
Pituitary adenylate cyclase activating polypeptide (PACAP)
Pancreatic polypeptide (PP)
Peptide histidine isoleucine (PHI)
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6.1
Neuropeptides

Among the neurotransmitters, there is great interest in the neuropeptides as
potential targets for drug discovery. These short sequences of amino acids
exert trophic actions and appear to serve developmental and adaptive functions
(Fontaine et al. 1987; Hokfelt 1991; Strand et al. 1991; Gressens et al. 1993).
Based on these findings, neuropeptides may play an important role in the patho-
physiology of a number of psychiatric disorders, including bipolar disorder and
schizophrenia.

Increased knowledge of the trophic function of neuropeptides suggests the
potential for somatic therapies that can influence biological processes that are
far more complex than simply synaptic transmission, including the plasticity of
the brain itself. The brain, after all, is designed to adapt to its environment. (i.e.,
“learn”). New targets defined by the human genome project are likely to include
mechanisms that mediate such plasticity, which represents the ability to re-
shape the brain in response to environmental input (i.e., the basic mechanisms
underlying learning).

The neurobiology underlying some specific psychiatric disorders may turn
out to be due more to fundamental deficits in plasticity than to deficits in classic
transmitter–receptor interactions, even though the latter has been the dominant
concept/model guiding psychiatric drug development during the last half of the
twentieth century. While that approach has been fruitful and has yielded many
effective medications, it may not truly be addressing the fundamental nature of
illnesses such as major depression, but instead simply ameliorating the signs
and symptoms of the illness. If deficiency in plasticity is the primary problem,
then the identification of these mechanisms has the potential to change the ap-

Parathyroid hormone (PTH)
Peptide YY (PYY)
Prolactin releasing peptide (PrRP)
Secretin/PHI
Somatostatin (SS) (cortistatin)
Tachykinins
Thyroid stimulating hormone (TSH)
Thyroid releasing hormone (TRH)
Urotensin II
Vasopressin
Vasoactive intestinal peptide (VIP)

Others
Adenosine
Adenosine triphosphate
Anandamide (arachidonylethanolamide)
Arachidonic acid
Nitric oxide

Table 1 (continued)
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proach to psychiatric treatment as radically as did the chance discovery of the
monoamine oxidase inhibitors and tricyclic antidepressants (see the chapters by
Lader and Kennedy et al., this volume).

If this happens, then it is probable that such treatments will make psy-
chotherapeutic approaches both more effective and more necessary (Preskorn
2001a). While psychopharmacology and psychotherapy have frequently been
viewed as an either/or phenomenon in the last half of the twenthieth century,
that may well change as drugs are developed which enhance the ability of the
brain to re-shape itself in response to environmental input such as various spe-
cific forms of psychotherapy. In this model, the psychiatric medications will ad-
dress hardware problems underlying specific psychiatric disorders. However,
these approaches will be of limited value without concomitant software pro-
gramming (psychotherapy) to take advantage of the enhanced brain plasticity
made possible by the medication (hardware) intervention.

Neuropeptides are just one group of neuronal trophic and differentiation fac-
tors that are involved in the maturation and reshaping of the brain. Other pro-
teins (i.e., gene products) that have been identified in the human brain are listed
in Table 2. These proteins also exert potent and specific effects on neurotrans-
mitter systems in the brain and thus have the potential to modify behavior, so
that they are also potential targets for drug discovery.

Table 2 Neuronal differentiation and growth factors in mammalian brain (copyright Preskorn 2003)

Neurotrophins
Brain-derived neurotrophic factor (BDNF)
Nerve growth factor (NGF)
Neurotrophins 3 and 4/5 (NT-3, NT-4/5)

Neuropoietic factors
Cholinergic differentiation factor/leukemia inhibitory factor (CDF/LIF)
Ciliary neurotrophic factor (CNTF)
Growth-promoting activity (GPA)
Interleukins 6 and 11 (IL-6, IL-11)
Oncostatin M (OSM)
Sweat gland factor (SGF)

Transforming Growth Factors (TGF) family
Activin A
Epidermal growth factor (EGF)
Glial-cell-line-derived neurotrophic factor (GDNF)
Transforming growth factors a and b (TGF-a, TGF-b)

Fibroblast Growth Factors (FGF) family
Acidic fibroblast growth factor (aFGF)
Basic fibroblast growth factor (bFGF)
Fibroblast growth factor-5 (FGF-5)

Insulin-like growth factors
Insulin
Insulin-like growth factor (IGF)

Others
Platelet-derived growth factors (PDGF)
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6.2
Genetic Approaches to the Identification of Transmitters and Receptors

Genetic studies have the potential to accelerate the pace of neuropeptide discov-
ery and clarify the structure of these compounds. Based on studies by Masu et
al. (1987) and subsequent researchers in the late 1980s and early 1990s (Yokota
et al. 1989; Hershey and Krause 1990; Tanaka et al. 1990; Meyerhof et al. 1993),
it was found that many neuropeptide receptors share a common structure (be-
ing coupled to a G protein and having seven transmembrane spanning seg-
ments), suggesting that such receptors for different neuropeptides may belong
to a supergene family of receptors (i.e., may be a genetic variation on a theme
analogous to the case of the CYP enzymes). This superfamily of G-coupled re-
ceptors could thus be subdivided into smaller families based on the degree of
shared sequence homology and function in the same way as are the CYP en-
zymes. These findings have raised the possibility of scanning the genome for
DNA sequences that have a high probability of coding for previously unidenti-
fied neuropeptide receptors; such sequences could then be tested using molecu-
lar biological approaches (e.g., transfecting these sequences into cell lines or
single cell organisms that do not normally contain them and studying their ex-
pression) to determine whether the expressed product is incorporated into the
cell membrane in a fashion consistent with being a receptor and whether it is
linked to a G protein. The investigation of the family of G-protein coupled re-
ceptors is producing a fruitful array of targets for drug discovery (Ballesteros et
al. 2001; Brauner-Osborne et al. 2001; Dahl et al. 2001, 2002; Foord 2002; Gough
2001; Howard et al. 2001; Kenakin 2002; Kroeze et al. 2002; Lee et al. 2001;
Sadee et al. 2001).

6.3
Orphan Receptors and Reverse Pharmacology

Proteins that are identified by these methods are referred to as “orphan” recep-
tors, since they have no identified natural ligand (i.e., neurotransmitter) or
function; however, such orphan receptors can be used to fill gaps in our knowl-
edge using a technique that is sometime referred to as “reverse pharmacology”
(Civelli et al. 1999; Preskorn 2001a). Traditionally, pharmacology has gone from
first observing the function of an agent to identifying the neurotransmitter and
receptor involved. However, this process can now be reversed with structure
used to determine physiology (Civelli et al. 1998; Lembo et al. 1999; Sautel and
Milligan 2000).

Orphan receptors can be used as “bait” to troll for and identify natural lig-
ands (neurotransmitters) (Preskorn 2001a). This process may enable re-
searchers to discover biological processes that were either previously unknown
or poorly understood and to map the distribution of neurotransmitters and re-
ceptors in the brain and identify their functions. Such knowledge will help pin-
point potential new targets (i.e., regulatory proteins) for drug discovery. This is
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why researchers are currently searching the human genome for additional “or-
phan” G protein-coupled receptors (see preceding section).

The human genome project is making great progress in identifying genes that
code for previously unknown receptors, so that the number of identified recep-
tors (see Table 1) may double over the next 10 years. Hopefully, these develop-
ments will enable researchers to use the process of reverse pharmacology de-
scribed above to gain a much greater understanding of normal physiological
mechanisms in the brain as well as of the abnormal mechanisms that may un-
derlie psychiatric disease.

6.4
Selecting the Best Targets

As discussed above, several superfamilies of brain receptors have been identi-
fied (e.g., the G protein-coupled receptors). These superfamilies of receptors
demonstrate considerable homology in the sequence of their gene-encoded nu-
cleotides and it is this homology that determines how they are classified and
grouped within each family (Nelson et al. 1993; Hoyer et al. 1994). The more ho-
mologous the sequences of any two regulatory proteins, the more closely related
they are likely to be, both genetically and evolutionarily (Wittenberger et al.
2001). That is because the genes that code for these proteins differ in the nucle-
otides that code for the different amino acids. These differences, which are the
result of mutations in the common ancestral gene that evolved into the current
genes in the genome for a species, affect the function of the regulatory protein,
including what neurotransmitter will affect it. Since different receptor subtypes
for a single neurotransmitter share considerable sequence homology and struc-
ture, a drug may affect several different members of the same receptor family
even though the desired effect of the drug is related to (mediated by) its action
on only one of these receptors.

In terms of the drug discovery process, knowing the specific amino acid se-
quence of a regulatory protein (e.g., a specific serotonin receptor) is analogous
to knowing the tumbler system of a lock one wants to pick. The sequence deter-
mines the conformation of the receptor and where and how the drug can alter
that conformation. Therefore, the increasing knowledge of the structures of re-
ceptor proteins that will be gained through the human genome project will en-
able researchers to refine structure–activity relationships to rationally develop
new chemical entities that are selective for only one receptor subtype within a
family (Preskorn 2001a,b).

Researchers also now have the ability to exchange a given amino acid in the
sequence of a regulatory protein or a nucleotide in a gene and see how that al-
ters the function or conformation of the regulatory protein—the resulting infor-
mation can then be used to test and further refine structure–activity relation-
ships for drug discovery.
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6.5
Challenges Associated with These New Developments

As noted above, the advances brought by the human genome project are greatly
expanding the pool of potential targets for drug discovery. Given limited re-
sources, scientists in drug discovery must carefully select the targets that are
most likely to be clinically useful, based on the presumed function the target
subsumes in the brain.

In addition, as the pharmacology of psychiatric medications becomes more
focused on and limited to neural mechanisms of action, the adverse effects asso-
ciated with psychotropic medications are likely to primarily affect the brain
(e.g., to present as behavioral problems such as confusion rather than as periph-
eral symptoms such as dry mouth or cardiac arrhythmias). That means that
those who prescribe psychiatric medications will need to be accomplished be-
havioral pharmacologists who are sensitive to all the possible effects of a drug
and able to take into account the effects and interactions of the multiple func-
tion-specific drugs that may need to be used to treat a single patient.

Finally, because the adverse effects of newly developed psychotropic agents
are more likely to affect the human brain than other somatic systems, it will be
important that researchers place more emphasis on testing the behavioral phar-
macology of new drugs in volunteers and mildly symptomatic human subjects
(that is, make increased use of “bridging studies”) to identify potential effects
in humans.
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Table 1 Summary of package insert dosing guidelines

Generic/trade drug name Recommended dose
start/max (mg/day)

Dosage guidelines for specific patients

Chil-
dren

Adoles-
cents

Elderly He-
patic*

Renal*

Mixed reuptake inhibitors and neuroreceptor blockersa,b

Amitriptyline/Elavil 75/300c # NA # # #
Amoxapine/Ascendin 100/600c,d NR NA # # #
Clomipramine/Anafranile 25/250c,f NA NA # # #
Doxepin/Sinequan 75/300c NA NA NA # #
Imipramine/Tofranil 75/300c NA # # # #
Norepinephrine selective reuptake inhibitorsa,b

Desipramine/Norpramin 100/300c # NA # # #
Maprotiline/Ludiomil 75/225c,f NA NA # # #
Nortriptyline/Pamelor 50/150c NA NA # # #
Serotonin selective reuptake inhibitors

Citalopram/Celexa 20/60 NA NA # # #
Fluoxetine/Prozac 20/80 NA NA # # #
Fluvoxamine/Luvoxe 50/300g NR NA # # #
Paroxetine/Paxil 20/50 NA NA # # #
Sertraline/Zoloft 50/200 # Same Same # #
Serotonin and norepinephrine reuptake inhibitors

Venlafaxine-IR/Effexor IR 75g,h/375g NA NA NA # #
Venlafaxine-XR/Effexor XR 75h/375 NA NA NA # #
Serotonin (5-HT2A) receptor blockers and weak serotonin uptake inhibitors

Nefazodone/Serzone 200g/600g NA NA # # #
Trazodone/Dyserel 150g/600g NA NA # # #
Serotonin (5-HT2A and 5-HT2C) and norepinephrine receptor blockers

Mirtazapine/Remeron 15/45 NA NA # # #
Dopamine and norepinephrine reuptake inhibitors

Bupropion-IR/Wellbutrin IR 200g/450c,f,i NA NA # # #
Bupropion-SR/Wellbutrin SR 150/400c,f,i NA NA # # #
Monoamine oxidase inhibitors

Moclobemide (Manerix)j 300/600 NA NA # # #
Phenelzine/Nardil 45g/90g NA NA # # #
Selegiline or l-deprenyl

(Eldepryl)
10/30 NA NA # # #

Tranylcypromine/Parnate 30g/60g NA NA # # #



This table was adapted with permission from Preskorn SH (1999) Outpatient Management of Depression.
Professional Communications, Caddo, p 130.
IR, immediate release; NA, not available; NR, not recommended; SR, sustained release; XR, extended
release.
* Impairment.
a Starting dose may be given either as a once-a-day dose or on a divided schedule. Once an effective
and tolerated dose has been established, it may be given on a once-a-day basis, but a divided dose
may still be more prudent with a higher total dose and in patients who are elderly or debilitated. The
maximum once-a-day dose of doxepin is 150 mg.
b Usual dose may be given either as a once-a-day dose or on a divided schedule.
c Therapeutic drug monitoring has been either demonstrated to increase the safe and efficacious use of
this drug or theoretically should; demonstrated for amitriptyline, clomipramine, desipramine, imipra-
mine, and nortriptyline. Theoretical for the rest, but has not been adequately studied.
d Doses should exceed 400 mg/day only in hospitalized patients who do not have a history of seizures
and who have not benefited from an adequate trial of 400 mg/day.
e Not formally labeled by the FDA for the treatment of clinical depression but rather for obsessive-com-
pulsive disorder; labeled for use as an antidepressant in other countries.
f Maximum daily dose should not be exceeded due to an increased risk of seizures.
g Dose should be given on a divided schedule (b.i.d. or t.i.d.).
h For some patients, it may be desirable to start at half the dose for 4–7 days to improve tolerance,
particularly in terms of nausea.
i It is particularly important to administer in a manner most likely to minimize the risk of seizures. Dose
increases should not exceed 100 mg/day in a 3-day period. Cautious dose titration can also minimize
agitation, motor restlessness, and insomnia. Time between doses should be at least 4 h for 100 mg IR
doses, 6 h for 150 mg IR doses, and 8 h for SR doses. Increases above 300 mg/day should only be done
in patients with no clinical effects after several weeks of treatment at 300 mg/day. Bupropion should
be discontinued in patients who do not experience an adequate response after an adequate period on
maximum recommended daily dose. Dosing in the elderly, the debilitated, and patients with hepatic
and/or renal impairment has not been adequately studied so increased caution may be prudent.
j Not available by prescription in the United States.
Additional comments on dose titration: The package inserts for the following drugs indicate that they
can be started at a dose which is usually effective to treat clinical depression: fluoxetine, mirtazapine,
paroxetine, tranylcypromine, sertraline, venlafaxine. The following comments apply regarding the use of
higher doses with these antidepressants. For fluoxetine, paroxetine, and sertraline: although fixed-dose
studies in patients with clinical depression found no advantage on average to higher doses, an increase
may be considered after several weeks on the starting dose if no clinical improvement has been ob-
served. For mirtazapine, dose escalation should not be made at intervals of less than 1–2 weeks to ade-
quately evaluate therapeutic response to a given dose. For tranylcypromine, improvement can be seen
between 48 h and 2 weeks of starting therapy; if not, dose increases in 10 mg/day increments may be
made at intervals of 1–3 weeks.
The package inserts for the following drugs recommend starting at a lower than usually effective dose
and titrating up to a dose which is usually effective to treat clinical depression in order to minimize
tolerability or safety problems: amitriptyline, amoxapine, bupropion, citalopram, clomipramine, fluvox-
amine, doxepin, imipramine, nefazodone, phenelzine, trazodone, and trimipramine. The following are
additional comments about dose titration with these antidepressants: For the tricyclic antidepressants,
the dose should be gradually increased during the first 2 weeks based on therapeutic drug monitoring
and clinical assessment of efficacy and tolerability. For fluvoxamine, a lower than usually effective start-
ing dose is recommended to improve tolerability. The dose should be increased every 4–7 days as tol-
erated until maximum therapeutic benefit is achieved. For citalopram, the starting dose is 20 mg/day

Table 1 (continued)
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with the recommendation to generally increase to 40 mg/day. While doses above 40 mg/day are not
ordinarily recommended, some patients may require a dose of 60 mg/day. For nefazodone, a lower than
usually effective starting dose is recommended to improve tolerability. Dose titration should occur in
increments of 100–200 mg/day as determined by tolerability and the need for further clinical improve-
ment. These incremental advances should be done using divided doses and at intervals of at least
1 week. It may be advisable to titrate up more slowly in elderly and debilitated patients. For phenelzine,
a lower than usually effective starting dose is recommended to improve tolerability. Its dose should be
increased to at least 60 mg/day at a fairly rapid pace consistent with good tolerability. For trazodone,
the same comments apply as for nefazodone when trazodone is used as an antidepressant; however, it
is now mainly used as a nonhabit-forming sedative given as a single bedtime dose of 50–200 mg as
needed for sleep.

Table 1 (continued)
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Table 2 Comparison of the placebo-subtracted incidence rate (%) of frequent adverse effects for citalo-
pram, fluoxetine, fluvoxamine, paroxetine, and sertraline*†

Adverse effect Citalopram
(n=1063,
n=446)a

Fluoxetine
(n=1730,
n=799)a

Fluvoxamine
(n=222,
n=192)a

Paroxetine
(n=421,
n=421)a

Sertraline
(n=861,
n=853)a

Anorexia 2 7.2 8.6 4.5 1.2
Confusionb NA 1.5 NA 1 0.8
Constipation <Placebo 1.2 11.2 5.2 2.1
Diarrheac 3 5.3 �0.4 4 8.4
Dizzinessd <Placebo 4 1.3 7.8 5
Drowsinesse 8 5.9 17.2 14.3 7.5
Dry mouth 6 3.5 1.8 6 7
Dyspepsia 1 2.1 3.2 0.9 3.2
Fatiguef 2 5.6 6.2 10.3 2.5
Flatulence NA 0.5 NA 2.3 0.8
Frequent micturition NA 1.6 0.6 2.4 0.8
Headache <Placebo 4.8 2.9 0.3 1.3
Increased appetite NA NA NA NA NA
Insomnia 1 6.7 4 7.1 7.6
Nauseag 8 11 25.6 16.4 14.3
Nervousnessh 3 10.3 7.6 4.9 4.4
Palpitationsi <Placebo -0.1 NA 1.5 1.9
Paresthesiaj NA -0.3 NA 2.1 1.3
Rashk NA 0.9 NA 1 0.6
Respiratoryl 8 5.8 �1.3 0.8 0.8
Sweating 2 4.6 �1.3 8.8 5.5
Tremors 2 5.5 6.1 6.4 8
Urinary retentionm <Placebo NA NA 2.7 0.9
Vision disturbances <Placebo 1 0 2.2 2.1
Weight gain NA NA NA NA NA

This table was adapted with permission from Preskorn SH (1999) Outpatient Management of Depression.
Professional Communications, Caddo, p 68.
NA, not available.
* Data for fluoxetine, paroxetine, and sertraline are from Preskorn SH (1995) J Clin Psychiatry 56 [Suppl
6]:12–21; data for fluvoxamine are from Compendium of Pharmaceuticals and Specialties. 33rd ed (1998)
pp. 922–924; data for citalopram are from Forest Pharmaceuticals prescribing information, 1998. Inci-
dence of each respective adverse effect for patients taking each drug minus the incidence for each
drug�s parallel placebo control in double-blind, placebo-controlled studies.
† The above adverse effect data come from product labeling as opposed to head-to-head trials. Such
data may not necessarily reflect the actual rate of these adverse effects in clinical practice or the actual
differences between these various drugs.

600 S. H. Preskorn



Table 2 (continued)
a The first value is the number of patients on that medication, while the second represents those treat-
ed in the parallel, placebo group.
b Includes decreased concentration, memory impairment, abandoned thinking concentration.
c Includes gastroenteritis.
d Includes lightheadedness, postural hypotension, and hypotension.
e Includes somnolence, sedation, and drugged feeling.
f Includes asthenia, myasthenia, and psychomotor retardation.
g Includes vomiting.
h Includes anxiety, agitation, hostility, akathisia, and central nervous system stimulation.
i Includes tachycardia and arrhythmias.
j Includes sensation disturbances and hypesthesia.
k Includes pruritus.
l Includes respiratory disorder, upper respiratory infection, flu, dyspnea, pharyngitis, sinus congestion,
oropharynx disorder, fever, and chill.
m Includes micturition disorder, difficulty with micturition, and urinary hesitancy.
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Table 3 Comparison of the placebo-subtracted incidence rate (%) of frequent adverse effects
for bupropion, imipramine, mirtazapine, nefazodone, and venlafaxine*†

Adverse Effect Bupropion
(n=323,
n=185)a

Imipramine
(n=367,
n=672)a

Mirtazapine
(n=453,
n=361)a

Nefazodone
(n=393,
n=394)a

Venla-
faxine-IR
(n=1033,
n=609)a

Venla-
faxine-XR
(n=357,
n=285)a

Anorexia �0.1 NA NA NA 9 4
Confusionb 2.8 NA 2 9 1 2
Constipation 8.7 17.4 6 6 8 3
Diarrheac �1.8 �2.7 <Placebo 1 1 <Placebo
Dizzinessd 6.8 22.7 4 23 12 11
Drowsinesse 0.3 12 36 11 14 9
Dry mouth 9.2 47.1 10 12 11 6
Dyspepsia 0.9 NA <Placebo 2 1 <Placebo
Fatiguef �3.6 7.6 3 7 6 1
Flatulence NA NA <Placebo NA 1 1
Frequent micturition 0.3 NA 1 1 1 NA
Headache 3.5 �8.7 <Placebo 3 1 <Placebo
Increased appetite NA NA 15 NA 1 2
Insomnia 5.3 0.4 <Placebo 2 8 6
Nauseag 4 1.3 <Placebo 11 26 21
Nervousnessh 13.9 3.6 <Placebo NA 12 7
Palpitationsi 4.7 NA <Placebo NA 2 <Placebo
Paresthesiaj 0.8 NA NA 2 1 NA
Rashk 3.7 NA NA 2 1 NA
Respiratoryl �2.5 �2.3 3 9 NA 1
Sweating 7.7 11.2 <Placebo NA 9 11
Tremors 13.5 10 1 1 4 3
Urinary retentionm �0.3 4 NA 1 2 NA
Vision disturbances 4.3 5.4 <Placebo 12 4 4
Weight gain NA NA 10 NA NA NA

This table was adapted with permission from Preskorn SH (1999) Outpatient Management of Depression.
Professional Communications, Caddo, p. 72.
IR, immediate release; NA, not available; XR, extended release.
* Data from Preskorn SH (1995) J Clin Psychiatry 56 [Suppl 6]:12–21; Remeron (mirtazapine). Physicians�
Desk Reference (1999) pp 2147–2149; and Effexor (venlafaxine hydrochloride). Physicians� Desk Reference
(1999) pp 3298–3302.
† The above adverse effect data come from product labeling as opposed to head-to-head trials. Such
data may not necessarily reflect the actual rate of these adverse effects in clinical practice or the actual
differences between these various drugs.
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Table 3 (continued)
a The first value is the number of patients on that medication, while the second represents those treat-
ed in the parallel, placebo group.
b Includes decreased concentration, memory impairment, abandoned thinking concentration.
c Includes gastroenteritis.
d Includes lightheadedness, postural hypotension, and hypotension.
e Includes somnolence, sedation, and drugged feeling.
f Includes asthenia, myasthenia, and psychomotor retardation.
g Includes vomiting.
h Includes anxiety, agitation, hostility, akathisia, and central nervous system stimulation.
i Includes tachycardia and arrhythmias.
j Includes sensation disturbances and hypesthesia.
k Includes pruritus.
l Includes respiratory disorder, upper respiratory infection, flu, dyspnea, pharyngitis, sinus congestion,
oropharynx disorder, fever, and chill.
m Includes micturition disorder, difficulty with micturition, and urinary hesitancy.
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Table 5 Optimum plasma drug levels for commonly prescribed antidepressantsa

Drug or metabolite Optimum therapeutic range Minimum necessary to
produce a clinical effect

Tricyclicsb

Amitriptylinec 75–175 ng/ml
Desipraminec 100–160 ng/ml
Imipramined 265–300 ng/ml
Nortriptylinec 50–150 ng/ml
Clomipramine and

desmethylclomipramine
175–400 ng/ml

SSRIse

Citalopram 85 ng/ml (40 mg/day)
Fluoxetine and norfluoxetine 120-300 ng/ml (20 mg/day)
Fluvoxamine 100 ng/ml
Paroxetine 70–120 ng/ml (20 mg/day)
Sertraline 10–50 ng/ml (50 mg/day)
Other antidepressants
Bupropionf 10–50 ng/ml (parent drug only)
Venlafaxine 195–400 ng/ml
Nefazodone Not established
Trazodone Not established
Maprotiline Not established
Mirtazapine Not established
Monoamine oxidase

inhibitors (MAOIs)
TDM measuring plasma drug
concentration not applicable to MAOIs.
Optimal efficacy associated with
approximately 80% inhibition
of platelet MAOg

a The data given in this table are based on:
Literature cited in the chapter “Therapeutic Drug Monitoring of Antidepressants” by Burke and Preskorn
in this volume.
Preskorn SH (1991) Should bupropion dosage be adjusted based on therapeutic drug monitoring? Psy-
chopharmacol Bull 27:637–643.
Goodnick PJ (1992) Blood levels and acute response to bupropion. Am J Psychiatry 149:399–400.
Preskorn SH (1993) Pharmacokinetics of antidepressants: why and how they are relevant to treatment.
J Clin Psychiatry 54 [Suppl 9]:14–34.
Preskorn SH (1999) Two in one: the vanlafaxine story. J Psychiatr Pract 5:346–350
Preskorn SH (2000) Bupropion: what mechanism of action? J Psychiatr Pract 6:39–44
Table 3.7 in Sheldon SH (1996) Clinical Pharmacology of Selective Serotonin Reuptake Inhibitors. Profes-
sional Communications, Caddo, p 50.
Preskorn S, Othmer S (1984) Evaluation of bupropion hydrochloride: the first of a new class of atypical
antidepressants. Pharmacotherapy 4:20–34.
Preskorn SH, Mac DS (1985) Plasma levels of amitriptyline: effect of age and sex. J Clin Psychiatry
46:276–277.
Preskorn SH, Katz SE (1989) Bupropion plasma levels: intraindividual and interindividual variability. Ann
Clin Psychiatry 1:59–61.
Preskorn SH, Jerkovich GS (1990) Central nervous system toxicity of tricyclic antidepressants: phenome-
nology, course, risk factors, and role of therapeutic drug monitoring. J Clin Psychopharmacol 10:88–95.
Davidson J, McLeod MN, White HL (1978) Inhibition of platelet monoamine oxidase in depressed sub-
jects treated with phenelzine. Am J Psychiatry 135:470–472.
Preskorn SH, Silkey B, Beber JH, Dorey C (1991) Antidepressant response and plasma concentration of
fluoxetine. Ann Clin Psychiatry 3:147–151.
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b For these TCA plasma levels, daily dose should fall between 0.5 ng/ml/mg and 1.5 ng/ml/mg. Values
less than 0.5 indicate noncompliance or rapid metabolizers. Values greater than 1.5 indicate poor me-
tabolizers due to lack of 2D6 capacity from genetic deficiency or coprescribed drugs that inhibit 2D6
such as fluoxetine or paroxetine (Preskorn and Mac 1985; Preskorn and Jerkovich 1990; Preskorn 1993).
c Data for amitriptyline, desipramine, and nortriptyline consistently demonstrate curvilinear concentra-
tion-antidepressant response relationships, with reduced efficacy occurring below the concentration at
which toxicity begins to be an issue.
d Imipramine demonstrates a linear rather than curvilinear relationship between concentration and an-
tidepressant response. Because there is an increased risk of TCA-induced delirium at imipramine levels
above 300 ng/ml and an increased risk of first-degree atrioventricular block at levels above 350 ng/ml,
this drug has a very narrow therapeutic range and a relatively poor response rate compared with the
other TCAs.
e The concentrations listed for the SSRIs given are an estimate of the minimum concentration necessary
to produce an antidepressant effect (e.g., 70–120 ng/ml of paroxetine on 20 mg/day). TDM can be used
to check compliance for all except fluoxetine. TDM can be used to determine whether fluoxetine and
paroxetine have cleared sufficiently so that they will not interfere with the metabolism of other drugs
dependent upon 2D6 (Preskorn et al 1991).
f Note that the average levels of bupropion, hydroxybupropion, erythrohydrobupropion, and threohy-
drobupropion achieved on 450 mg/day are 33, 1452, 138, and 671, respectively. Thus, the total for par-
ent drug plus metabolites is over 2,000 ng/ml (2 ug/ml) (Preskorn and Katz 1989; Preskorn 2000). Rec-
ommended dosing guidelines must be followed pending more TDM data regarding safety and efficacy
as it correlates with metabolites (Preskorn and Othmer 1984; Preskorn and Katz 1989; Preskorn 1991;
Goodnick 1992).
g The platelet assay for MAOI activity is cumbersome (involving two samples), expensive, and not al-
ways readily available. The main applications are for research, to check compliance, or support need for
unusually high doses (Davidson et al 1978).

Table 5 (continued)
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Subject Index

absorption 37,38,47,49,52, 62,65
- rapid absorption 39
additive effect 469
adolescents 355-378
- psychop harmacology 357
J3-adrenergic receptor kinase 532
a, -adrenoceptor 532
a z-ad renoceptor 121
J3-adre noce ptor 120
- kinase I (BARK) 526
- down-regulation 521
affective ins tability 490, 494, 500,

502
agmatine 228
alcohol abuse (see also substance

abuse) 125, 133, 161, 186, 195,214,
305,308,362,422,468, 500

algor ithm 479
allergy, severe 466
y-aminobutyric acid (GABA) 214
amitryptiline (AT) 99, 191,365
amoxa pine 193
amphetamines (see also substance

abuse) 46,467, 492
anhedonia 123
a z-antagonist 459
anticholinergic effect 188, 199,472
antidepres sant
- class ification 38, 173
- developm ent 177
- efficacy 52, 58
- mechan isms of act ion 174
ant ihistaminic agent 187
antiparkinsonian agent 187
antipsychotic 186

anxiety 337,338, 490,491,495,498,504
anxiolytic agent 464
anxious depression 457
arginine vasop ressin (AVP) 126
asthma 466
atomoxetine 372
atypical depression 406,457
augmentation strategies 394,410
axis II disorders 489-491

Beck Depression Inventory (BD!) 156
befloxatone 212
benzylamine oxidase enzyme 226
biogenic amine theory 187
biological markers of depression

117-148
-lymphocyte 127, 131
- neuroendocrine marker 133
- trace amine 214
bipolar depression 126,224,421,423,

424,441
- genetic theories 427
- maintenance treatment 437
- management 432
bipolar disorders 421-446
- biological bases 426
- clinical features 424
- pharmacological management

of depression 429
BNDF mRNA 538
borderline personality disorder 475
brain-derived neurotrophic factor

(BDNF) 527,537
bridging study 586, 594
bro faromine 215, 219



610

bulimia nervosa 187,224
bupropion 61, 103,225,265,267,269,

310,372,407,422,437,440,441,525

calcium/calmodulin-dependent protein
kinase II (CaM-II kinase) 543

cardiac arrhythmia 198
cardiac toxicity 470
cardiovascular effect 465
catecholamine 120
cheese reaction 210
children 355-378
- psychopharmacology 357
cholinergic rebound 458
chronic depression 474
chronic mild stress (CMS) 545
citalopram 102,243, 246-248, 250, 252,

254,256-258,404
clinical judgment 138
clomipramine 135, 192,368,371
clonidine 195
- pH]-clonidine 128
CNS 130
cocaine (see also substance abuse) 188
Cognitive Behavioral Analysis System

for Psychotherapy (CBASP) 474
cognitive
- disorganization 490, 492
- performance 478
combination therapy 225, 411
comorbid
- anxiety disorder 465
- psychiatric disorder 451
compliance 96, 159
concordance 159
conduction defect 198
coping skills 159
corticotropin releasing factor (CRF)

125,528
- receptor 529
- receptor antagonist 530
corticotropin releasing hormone 568
CREB 542
- mRNA 537,538
- P 537
CYP
- 2D6 194,460,470
- 450 enzymes 380
- isoenzyme s 219
cytokine 130

Subject Index

decisi on support 480
delay in the onset 190
delirium 197
dementia 225
depression 118, 202, 203, 332, 379, 380
- atypical dep ression 223, 406
- bipolar depression 224,421,423,424,

463
- clinical syndromes 396
- endogenous dep ression 189
- in adolescents 355- 378
- in children 355-378
- in the elderl y 393-420
- in the community 204
- in women 379-392
- major dep ress ion (also major

depressive disorder, MDD) 121, 129,
136,151, 202,203,223, 253-257,266,
272,294,307,331-337,343,362-365,
395,405,431,451,453,466,500,
527-530,540,547,572,575,590

- melancholic depression, nonpsychotic
463

- models 545
- monoamine hypothesis 521
- neuroendocrine marker 133
- nonpsychotic melancholic depression

463
- perimenopausal depression 379, 394
- peripartum depression 379,382
- psychotic MDD 478
- reactive depression 189
- severe depression 457
- subsyndromal depression 395
- treatment-refractory depression 219,

223,447-488
- unipolar depression 126,413
desipramine (DMI) 99, 188, 192,365,

372,525
desmopressin acetate (DDAVP) 373
dexamethasone suppression 133
diabetes 466
disability 150
discontinuation syndrome 222, 457
distribution 37-39,49,52,62,65
dop amine 123
- receptor D1-D3 522
dothiepin 193
downregulation 465
doxepin 193



Subject Index

drowsiness 196
drug development 568, 576, 584, 588, 590
- rat ional 179, 242, 244
- stages 586
drug discovery 586,587,590,594
- in psychiatry 588
drug-drug interaction 38,51,221 ,458
- ph arm acok inet ically-mediated 60, 63
DSM III/I V 151
duloxetine 64, 265, 267,274,291,296,

297

edu cational background 191
elderly 393- 420
- bipolar disorder 440
- compliance 412
- depression (late-life depression) 395,

397, 414
- - treatment 401
- pharmacodynamic actions 400
- subgroups 397
elimination 37,38, 43, 44, 46, 47, 50, 62
- aging and disease 46
- anticonvulsants 438
- bupropion 61
- fluoxetin e 402
- gender 47
- mirtazap ine 73, 274
- monoamine oxidase inhibitors 71
- of psychotropi c medications 46
- paroxetine 58, 404
- phenelzine 217
- phenylpipe raz ine agents 68
- selective sero tonin reuptake

inhibitors 53, 431
- serotonin norepinephrine specific

reuptake inhibitors 66
- sertraline 58, 404
- tri cyclic antidepressants 50, 399
endogenous depression 189
epilepsy 188,476
escitalopram 243, 246-248, 250, 252,

256
estrogen 380, 383, 384, 386, 388
excitatory amino acid 124
extrapyram idal symptoms 467

Feighner cri teria 151
D-fenfluram ine 135
flavoprotein 212

611

fluoxetine 70, 101,243,246-250,
252-25 8,360,363,364,370,371 ,403

fluvoxam ine 102,243, 246,248-252,
254-258, 370,371, 403

func tional impairm ent 449

G protein 4,5,11 ,17-1 9,21, 23,27,534
- signal coupling 22
gabapen tin 435
GABA- transaminase (GABA-T) 214
galanin 568,571
gast ric emptying 201
GDNF (glial cell line-derived neu rotroph ic

factor) 3,8
gender, see women
gene expression 536, 547
General Health Quest ionnaire

(GHQ) 160, 162
general
- medical condition 451
- practitioner 204
generic quality oflife scale 159
gene-specific transcription factor 540
genitourinary 198
geriatric patient, see elderly
ginkgo biloba 326,327,344, 346,347
glial cell 3,4,6,17
glial cell line-derived neurotrophic

factor (GDNF) 3,8
glucocorticoid 538
- receptor 523
GRII mRNA 538
growth hormone 135

half-life 38,43,51,58,63,72
HAM-DI7 154
Hamilton Depression Rating Scale

(HAM-D) 152,405
harmane 228
health-related quality oflife 159
herbal preparation 325-351
5-HIAA (5-hydroxyindole acetic

acid) 121, 122
homovanillic acid (HVA) 124
Hopkins Symptom Checklist

(I-ISCL) 157,158
hormone replacement 394, 411
5-1-IT[ 217
human genome project 585, 586, 590,

593, 594



612

HVA (homovanillic acid) 124
hydrazine 212
5-hydroxyind ole acetic acid (5-HIAA)

121
5-hydroxy tryptophan 135
hypercorticosolemia 135
hypertensive
- crisis 221, 473
- patient 195
hypomani a 197
hypoman ic swing 191
hypothalami c-pituitary-ad ren al

(B PA) 131
hypothyroidism 463

ICD-1O 151
imidazoline 128, 228
imipramine (1M!) 99, 187,365,371-3 73,

521
- pHI -imipr amine 130
immune system 326, 342, 347
impulsivity 490, 491, 494, 507
International Quality of Life Assessment

(IQOLA) 160
inter-rater reliability 152
Inventory of Depressive Symptomatology

(IDS) ISS
- C 155
- Self-Rating Version (IDS-SR) 155, 157
investigational antidepressant 179, 566,

569,570,573
[I25II-p-iodoclonidine 129
iproniazid 210
isocarb oxazid (ISO) 211

kava kava 326,327,339,341, 347
Kielholz classification system 154

lamotrigine 435, 438, 440
late-life depression , see elderly
learned helplessness 546
limb ic system 477
lithium 361, 394, 410, 422, 425, 430-432,

436,439,440
- augmentation 220
lofepramine 193
loxap ine 193

maintenance therapy 202,203, 225,413,
414

Subject Index

Major Depression Inventory (MOl) 157,
161

major depressive disorder (MDD), see
depress ion

managed care 204
Mania Scale (MAS) 154
maprot iline 193
mCPP 471
mechanism of action 16, 17, 27, 48, 50,

61,72,101, 171, 174, 175, 178-180,187,
242, 250,254,255,266,267,270, 273,
276,290,302,310,368,373,432, 457,
458,463, 467, 477, 498, 567, 606

medicat ion
- adherence 451
- trial 454
Melancholia Scale (MES) 154
melaton in 136
memory difficulty 475
metabolic-endocrine 199
metabolism 7,37-39,41-47,50,53,62,

66,68,71,73,76,88,92,103,108,191,
193,215,217,221,226,247,256,269,
273,277,280,286, 291,296,301,335,
361,384,385,399,438,458,471,472,
574,607

- 3A4 70
- bupropion 64
- first-pass metabolism 39,49, 65
- oxidative drug metabolism 60
- phase IIII 41
- TCA 43,51
3-methoxy-4-hydroxy phenyl glycol

(MHPG) 120
MHPG (3-methoxy-4-hydroxy phenyl

glycol) 120
mianserin 265, 273, 307
milnacipran 265, 267,291, 296,301,307,

526
mirtazapine 72, 106,265, 269,273,309,

310,364,525
moclobemide 212, 215,219,257
monoamine hypothesis of depression

521
monoamine oxidas e inhibitor

(MAO!) 71,72,106,172, 186,209-239,
382,383, 405, 422, 430,433, 437, 440,
441,521

- A 213
- B 213,214
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- diet 460
- side-effects 222
Montgomery-Asberg Depression

Scale 404
mo od stabilizer 421,423,425,434, 438
MRI 136
mult iple sclerosis 225

NCP system 477
nefazodone 67, 105,265,266,269-271 ,

277, 366,380,386,408,525
nem ifitide 573,574
neurocogn itive/neurop sychological

funct ioning 475,479
neuron 3, 4, 16, 23
- electrical nature 8
neuron-to-neuron communication 10
neuropeptide 568, 576
- neurotransmitters 570
- Y 546, 568, 571
neurotransmitter 3, 4, 7, 9, 10, 120
- inacti vation 13
- receptors 17
- storage and release 12
- synthesis 11
neutrophil phagocytosis 131
nifedipine 222
nitric oxide (NO) 216
NMDA receptor 125
N-methyl-D-aspartate (NMDA) 526
nocturnal enuresis 187
noradrenaline 120
norfluoxetine 252,257, 457
Norrie disease 213
nortryptiline (NT) 99, 191,365,372

obsessive-compulsive disorder
(OCD) 187

O-desmethylvenlafaxine 458
olde r adults, see elderly
orphan receptor 592
overdose 200
oxytocin 568, 572

panic disorder 224
paroxetine 101,243,246,248-250, 252,

254-25 8, 364,403
- [3H)-paroxetine 130
pati ent/family education 479
perimenopausal depression 379,394
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pers onality disorders 489-515
PET 136
pharmacodynamics 381,386,388
pharmacogenetics 583-596
ph armacogenomics 583-596
ph arm acokinetics 47, 88, 89, 104- 107,

174,1 90,191,194,242, 246,252,269,
282, 293,305,330,356, 360,362,366,
380,384,387,389,399,404,587,605,
606

- clinical relevance 48
- gene ral pri nciples 35-86
- interactions 49
-linear 38, 44, 51, 58, 59,63, 298
- monoamine oxidase inhibitors 71
- mul tiple-dose stud y 53
- nonlinear 38, 44, 45,51, 58,59,63
- of psychot ropic agents 384
- of SSRI 61
- volume of distribution 47
phenelzine (PLZ) 211,217
phentolamine 222
phenylacetic acid (PAA) 218
phenylethylamine (PEA) 213,215
- 2-phenylethylamine 215,218
phenylpiperazine agent 67
PKA 531,539
- translocation 541
PKC 531,533
placebo response 96, 102,362,363,371,

567
plasma amine oxidase (PAO) 226
platelet 127
- 5-HT uptake 129
postmortem brain tissue 120
postsynaptic neuron 9, 11
postural hypotension 222
premenstrual dysphoric disorder 467
presynaptic neuron 9,10,13,17
primary care 204, 450
prolactin 135
protein
- kinase 532, 535
- - inhibitor (PKI) 540
- phosphatase 535
protriptyline 193
psychobiology 489
Psychological General Well-Being Scale

(PGWB) 160, 161
psychometric tri angle 151
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psychostimulants 409
psychoth erapy 412
publi c mental health 479

qualit y of life 149-1 67
Quality of Life in Depression Scale

(QLDS) 160, 162

rating scales for dep ression 149-1 67
reboxetine 265-267,280,299,307
regional cerebra l blood flow (rCBF)

476
relapse 152,202, 455
- pred ictors 202
REM sleep 188, 222
residual symptoms 452,473
reverse pharm acology 592, 593
reversibility 212
risperid one 225

scales
- Alzheim er' s Disease Assessment

Scale 344
- Beck Depression Inventor y 156, 162
- Carroll Self-Rating Scale 575
- Clark Personal and Social Adjustment

Scale 159
- Child ren's Depression Rating Scale

Revised 363
- Child ren's Global Assessment

Scale 363
- Child ren's Yale-Brown Obsessive

Compulsive Scale 370
- Clinica l Global Impressions Scale 332,

506,575
- Duke Social Phobia Scale 506
- General Health Questionnai re 160,

162
- Hamilton Anxie ty Rating Scale 340
- Hamilton Depression Rating Scale 99,

132,152, 289, 330, 364, 405,450,455,
477, 575

- Hopkins Symptom Checklist 157
- Intern ational Quality of Life

Assessment 160
- Liebowitz Social Anxiety Scale 506
- Locus of Control Scale 159
- Major Depression Scale 154, 155, 161
- Mania Scale 154
- Melancholia Scale 154
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- Montgomery-Asberg Scale 152, 290,
332, 404,465,575

- Pediatr ic Anxiety Rating Scale 371
- Psychological General Well-Being

Scale 160, 162
- Quality ofLife in Depression Scale 160,

162
- Sho rt Form (SF-36) 157, 159
- Visual Analog Scale 575
- Wechsler Adult Intelligence Scale 493
- Zung Self-Report Depression

Scale 157, 162
seasonal affective disorder 326, 336
second messenger 4, 7, n , 17, 19, 21, 23,

27, 535
sedation 187, 195,471
seizure 471
- freq uency 196
selective sero tonin reuptake inhibitor

(SSRI) 241-262,380, 386, 387,422,
430,431,433,437,440,575

- withdrawal symptoms 459
selectivity 212
selegiline (SEL) 2Il, 216, 218
semicarbazide-sensitive amine oxidase

(SSAO) 226,227
sensitivity 152
serotonin 121
- syndrome 219,459,470,473
sertraline 101,243,246,248, 250, 252,

254-256,258,364,370,404
sex-related differences (see also women)

379,380,384-386
sexual dysfun ction 459,471
sexual effect 199
SF-36 Health Survey 157
side effect 244,246,250,394,397,398,

463
- burden 452
site of action (SOA) 174,176
sleep 326, 329, 347
- disturbance 331,336,342
- impairment 346
- in depression 343
- rap id eye movement (REM) 343
social phobia 224
SPECr 136
51. John's wort 327, 329, 334
standardization 160
Star*D 480
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state and trait marker 119
stimulant effect 195, 196
stress 125, 326, 337-339, 345
- insomnia 343
str ucture-activity relationship 585, 586,

588,593
substance abuse 102, 358, 363,423,427,

434,451 ,466,467,494,506,
substance P 530, 568, 570
- receptor antagonist 530
suicide 42, 98, 120-126, 226,284, 307,

336,395, 414, 422, 430,440, 452, 474,
496,528

- suicidal ideation 200, 364
superoxid e dismutase (SOD) 215
synapse 5, 9, 13, 16, 17, 27
synergistic effect 462

teratogenicity 201
test-retest reliabilit y 152
therapeutic alliance 473
therapeutic
- dose 452
- drug monitoring (TDM) 87-114
thyroid 394, 411
- disorders 396
- function test 398
tianeptine 265,267,299, 301
TMAP 480
tolerabilit y 242, 249, 250, 254
topiramate 435
tor sades de pointes 472
transcription factor 540
translation pro cedure 160
tranylcypromine (TCP) 210, 217, 218
traumatic brain injury 225

trazodone 67, 105,265, 266,277,278,
408

tremor 196
tricyclic antidepressant (TeA ) 48, 98,

172, 185-208, 380,382,385,387, 422,
433,498

- combinations 202
- dosages 204
- withd rawal 197
triiodothyronine 463
trypt amine 228
tryptophan 122
- L-tryptophan 135
tuberculosis 210
tyramine (TA) 188,213
tyrosi ne hydroxylase (TH) 121

valerian 326,327,342,347
validity 152
valproate 438, 440
vasopressin 468,572
venlafaxine 64, 105,265-267,274,

277-279,286,291,296,310,366,497,
526

weight gain 199,471
well-being
- negative 160
- positive 159
worthlessness 190
women 379-392

[3H]-yohimbine 128

Zung Self-Report Depression Scale
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