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Put today's best approaches to work for your patients with this practical guide to cutting-edge
psychopharmacologic and somatic treatments for psychiatric and neurologic conditions. Edited
by Drs. Theodore A. Stern, Maurizio Fava, Timothy E. Wilens, and Jerrold F. Rosenbaum, and
comprised of key chapters from the second edition of Stern et al.’s Massachusetts General
Hospital Comprehensive Clinical Psychiatry, this user-friendly resource focuses on current
psychotropic treatments, electroconvulsive therapy, and neurotherapeutics, making it an ideal
quick reference for psychiatrists, psychologists, internists, and nurse practitioners.Stay current
with hot topics in the field, including the use of antiepileptic drugs in psychiatry, ADHD
medications, and often-overlooked areas such as treatment of pain.Benefit from the authoritative
content of the parent text, MGH Comprehensive Clinical Psychiatry, 2nd Edition, now featuring
new art, new tables, and key points, and updated to DSM-5 where relevant.Get detailed
coverage of antidepressants, antipsychotics, and antianxiety medications, as well as drug
interactions, side effects, and treatment adherence.Quickly find the information you need with a
user-friendly, highly templated format that features abundant boxed summaries, bulleted points,
case histories, algorithms, references, and suggested readings.Test your knowledge of
psychopharmacology and neurotherapeutics with interactive, downloadable multiple-choice
questions with detailed answers for each chapter.

"Whenever I have been asked to recommend a fundamental text for graduate students and
young professionals, or even for those expressing an initial interest in psychotherapy, Stephen A.
Mitchell and Margaret J. Black's Freud and Beyond has been my go to text. The new edition,
including an excellent preface highlighting recent developments in the field, remains the best
survey of the history and development of psychoanalysis and the essential guide to its many
schools, approaches and innovations. Brilliantly explaining theory and elucidating clinical
practice with elegant and compelling case illustrations, this comprehensive introduction remains
the best place to start in understanding Freud and his legacy."―Lewis Aron, Ph.D., former
director, New York University Postdoctoral Program in Psychotherapy &
Psychoanalysis"Psychoanalysis is only valuable as uncommon common sense. Freud and
Beyond is such an impressive and useful book because it makes psychoanalysis even more
interesting by making it accessible."―Adam Phillips, author of Missing Out"The best treatment of
psychoanalytic theories, classical and current."―Choice"A fascinating, lucid, and surprisingly
comprehensive overview of the development of psychoanalytic theory and practice since
Freud."―Readings"[Freud and Beyond] is remarkably coherent in a field notorious for the
density of its technical prose. Authors such as Otto Kernberg and Jacques Lacan... are
presented with great clarity."―Boston Book Review"This is a marvelous book which gives an



overview of the work of just about all Freud's important disciples and dissenters. It is well
recommended."―Psychoanalytic Psychotherapy Review"Mitchell and Black offer a compelling
vision of a profession 'struggling to expand and redefine itself.'"―Boston Phoenix Literary
Section"The advantage of this book lies in its relative simplicity. Writing for the reader with little
psychoanalytic training, the authors share the myths, developments, and inadequacies in
psychoanalytic thought over time."―Clinical Social Work Journal"Inclusive, integrated, and lively,
this book sets a new high standard as an introduction to contemporary
psychoanalysis."―Library JournalAbout the AuthorStephen A. Mitchell (1946-2000) was a
leader in the field of modern psychoanalysis. An adjunct professor and clinical supervisor at
New York University's postdoctoral program in psychotherapy and psychoanalysis, Mitchell's
emphasis on the relational perspective shaped the way that American psychoanalysts practice
their profession. He was the founding editor of the journal Psychoanalytic Dialogues and the
author of several influential books, including Object Relations in Psychoanalytic Theory and
Hope and Dread in Psychoanalysis.Margaret J. Black, LCSW, is founding board member of the
Stephen Mitchell Center for Relational Studies. She is also a board director of the National
Institute for the Psychotherapies, a founding board member and vice president of International
Association for Relational Psychoanalysis and Psychotherapy, an associate editor of
Psychoanalytic Dialogues, and a member of the editorial board for Studies in Gender and
Sexuality. She holds a BA from the University of Michigan and an MS from Columbia University,
and is a graduate of the Analytic Institute, Postgraduate Center.
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USA1Psychiatric NeuroscienceIncorporating Pathophysiology into Clinical Case
FormulationJoan A. Camprodon MD, MPH, PhD, Joshua L. Roffman MD, MMScKey Points• One
can approach the study of the brain and its pathophysiology from various perspectives with
different levels of resolution: molecular, genetic, cellular, synaptic, systems, and behavioral.•
Pathological processes and therapeutic interventions can target one or more of these levels,
leading to a cascade of events that changes each of them.• Affect, behavior, and cognition are
processed in specific brain circuits, and their altered function leads to the signs, symptoms, and
syndromes that clinicians identify.• Neurobiological knowledge often provides mechanistic
insight, explanation for behavior, and rationale for treatment, which are important to patients and
families, as well as to providers.• Clinical presentation reflects an interaction of static and
dynamic factors, including genetic and environmental ones, often mediated by adaptive or
maladaptive plastic changes.OverviewPeople with major mental illness suffer as a result of
abnormal brain function. This is the fundamental premise of psychiatric neuroscience, which
seeks to identify biological mechanisms underlying mental illness and the effects of psychiatric
treatments. An essential goal is to characterize these mechanisms at the different levels of
biological resolution that exist in the brain (from ions, to proteins, to DNA, to genes and
chromosomes [that encode the structure and function of cells], to synapses, and finally to brain
circuits that process affect, behavior, and cognition). This approach does not negate the critical
role of psychological, social, and environmental factors; to the contrary, it provides a framework
for understanding how these higher levels of resolution affect, and are affected by, neural
function. A deeper understanding of brain mechanisms will provide better explanations for
patients and families and lead to improvements in diagnosis, treatment, and
prognosis.Psychiatric neuroscience is one of the most interesting and challenging endeavors in
all of medicine.1–5 While a great deal is already known, a wide gap remains between the clinical
phenomena of affect, behavior, and cognition and neuroscientific explanations. The brain is
extraordinarily complex and less physically accessible than other organ systems, posing great
challenges to researchers. However, recent advances, particularly in neuroimaging and
genetics, have provided important tools for tackling these problems. Although progress is
difficult, the high prevalence, morbidity, and mortality rates of mental illness make progress
essential. Mental health practitioners will need to incorporate the lessons learned from



psychiatric neuroscience into everyday practice, and communicate them to patients, families,
and members of the general public.One might ask if the term “psychiatric neuroscience” is still
valid. While it has traditionally related to neuroscience research with clinical relevance to
disorders embedded within the limits of psychiatry, as opposed to neurology, these boundaries
are becoming more porous as knowledge progresses and clinical practice adapts. The unclear
limits between the two subspecialties have been defined historically by amorphous criteria, such
as differences in clinical attitude (diagnostic vs. therapeutic) or brain function of interest (motor
and sensory vs. affective and behavioral, with cognition always occupying an unclear frontier).
Neurology once focused mainly on pathologies that resulted in major structural changes that
one could observe in an autopsy or under a microscope. Though the label “functional” is at times
still casually and inappropriately attached to neurological deficits of presumed “psychological”
etiology, a neurobiological re-acquaintance with the original medical meaning of the word
emphasizes physiological (functional) over anatomical (structural) pathophysiological
mechanisms. This shift led to two very distinct clinical paradigms, one focused on finding the
focal lesion and the other on identifying signs and symptoms that present in established
syndromal patterns that can then be physiologically investigated.As new generations of clinician
scientists emerge who did not train in psychiatric or neurological neuroscience, but in systems
neuroscience, translational efforts are highlighting the common principles of structure, function,
pathology, and therapeutics. From this effort, new models are emerging with a clinical focus on
brain circuits, as opposed to focal lesions or clinical syndromes. For scientists and clinicians
alike it is, and will become increasingly, important to have an understanding of the different
levels of biological resolution and how they influence each other in health, in disease, and in
therapy.6 For clinicians treating disorders of affect, behavior, and cognition, it will be particularly
important to understand the circuit level, as this is where mental states, including the
pathological affective, behavioral, and cognitive states that we treat, are computed.An important
goal of this chapter will therefore be to explain the different levels of biological resolution that
determine brain structure and function. A second goal will be to offer a framework with which the
biological components of clinical cases may be formulated. This chapter provides an approach
to conceptually organizing the biological component of our work with patients, from the dual
vantage points of pathophysiology and mechanisms of treatment.History of Psychiatric
NeurosciencePsychiatry has a strong neuroscientific tradition. Describing all of the important
contributions to brain science made by psychiatric researchers could fill many chapters; here we
will cite only a few illustrative examples. Early in the last century, the German psychiatrist and
neuropathologist Alois Alzheimer discovered plaques and tangles in the brain of his amnestic
patient Mrs. Auguste D. and provided the first description of the clinical syndrome that now bears
his name.7 Together with his colleague and renowned psychiatrist Emil Kraepelin, Alzheimer
also described abnormalities in the cortical neurons of patients with dementia praecox, likely
representing the first neuropathological studies of schizophrenia.8 Their discoveries have been
extended to the molecular level in modern studies identifying abnormalities in γ-aminobutyric



acid (GABA)–ergic neurons of the prefrontal cortex.9,10 While Alzheimer's passion was
neuropathology, he also spent many years caring for patients with mental illness. Reflecting on
his life's work, he reportedly said that he “wanted to help psychiatry with the
microscope.”11Another historical landmark in psychiatric neuroscience was the demonstration
of genetic predispositions to major mental illness.12 Danish adoption studies in the 1960s
reported a much greater incidence of schizophrenia in biological as opposed to adoptive
relatives of people with schizophrenia, providing key evidence for a significant etiological role of
genetics in a psychiatric illness. Other landmark contributions include the work of Julius Axelrod,
Ulf von Euler, and Bernard Katz on neurotransmitters and their mechanisms of release,
reuptake, and metabolism; their discoveries, recognized with a Nobel Prize in 1970, provide a
foundation for much of the content of this chapter.13 In the 1970s, the discovery that
antipsychotic medications targeted brain dopamine receptors led to the influential dopamine
hypothesis of schizophrenia.14,15 Later, converging work characterizing information processing
in the brain at a molecular level earned Arvid Carlsson, Paul Greengard, and Eric Kandel the
2000 Nobel Prize at the end of the decade of the brain.16 These brief highlights emphasize the
great progress already attributable to psychiatric neuroscience, and illustrate the great potential
for important discoveries in the future.Psychiatric Diagnosis: Biomarkers and Biological ValidityIn
the context of psychiatric neuroscience, the recent diagnostic system (DSM-IV-TR)17 has both
strengths and weaknesses. A major advance of the post-1980s DSM was the development of
diagnostic categories of psychiatric illness with good inter-rater reliability, largely based on
observation and data collection. This provided a firm starting point for scientific investigation, in
contrast to previous diagnostic systems based on unproven etiological theories and associated
ill-defined terminology. However, the intentional avoidance of etiological theories in generating
DSM diagnoses also makes their biological validity uncertain; the extent to which specific DSM
diagnoses correspond to specific pathological neural processes is unknown. Unlike most
medical illnesses, the vast majority of psychiatric illnesses have so far not been tightly linked to
specific biological markers. The descriptive criteria demarcating current diagnoses are likely
several steps removed from core pathological processes.These diagnostic difficulties can be
illustrated by com-paring the diagnosis of schizophrenia to that of methicillin-resistant
streptococcal pneumonia, a medical diagnosis with obvious biological validity. While pneumonia
has a collection of clinical signs and symptoms that may be non-specific and variable (e.g.,
fever, productive cough, and shortness of breath), it implies a distinct pathophysiology (infection
of lung tissue leading to an inflammatory reaction). Subdividing the diagnosis by the infectious
agent links it to a specific biological etiology, with tremendous value in guiding prognosis and
treatment. In contrast, the diagnosis of schizophrenia, while it has a high level of inter-rater
reliability, is not based at present on known biomarkers or pathophysiological mechanisms. It is
therefore confined to the syndromic level, comprising a cluster of variable and non-specific
clinical features. It can be further divided into more specific clinical subtypes, but these suffer
from the same shortcomings. Just as pneumonia may have various specific etiologies,



schizophrenia may also have diverse causes; most likely it does not reflect a single “disease.”
Recent advances in genetics reinforce this conclusion. While schizophrenia is highly heritable,
linkage and association studies indicate in the majority of cases that it is a disorder of complex
genetics, in which multiple genes of modest effect interact with environmental risk factors to
cause the phenotype. In light of these issues, one of the major goals of psychiatric neuroscience
is to identify specific biomarkers and pathophysiological mechanisms for each disorder.Methods
in Psychiatric NeuroscienceResearchers have adopted a variety of methods for studying the
neural mechanisms of mental illness and behavior (Box 1-1). Each of these methods has
particular strengths and weakness.Box 1-1Methods in Psychiatric NeuroscienceAnimal
modelsBrain lesion casesBrain stimulation and neuromodulationGenetics and molecular
biologyNeuroimagingNeuropathologyNeurophysiologyNeuropsychology/
endophenotypesPsychopharmacologyBrain Lesions and BehaviorThere is a strong tradition
within classical neuropsychology and behavioral neurology of understanding neuroanatomical
circuitry by studying the emergent or lost behaviors in patients with focal brain lesions.18 These
studies have provided us with a rich view of various brain regions and their relationship to
behavior. Perhaps the most famous case is that of Phineas Gage, the Vermont railway worker
who suffered a traumatic lesion bilaterally to the medial frontal lobes and developed personality
changes.19 Another famous patient (known by his initials) is H. M., who underwent bilateral
medial temporal lobe resection for intractable epilepsy and as a result lost the ability to form new
declarative memories.20 While striking and informative, findings from these rare cases may be
difficult to extrapolate to the pathophysiology of common psychiatric illnesses, which generally
do not involve focal lesions. Traditionally, biological psychiatry has relied more on biometrics and
quantitative methods; these population-based approaches risk losing insights available from
rare cases but are more likely to produce broadly generalizable findings.Neuropsychology and
EndophenotypesAn increasingly important approach in psychiatric neuroscience is to identify
and study intermediate phenotypes. These are quantitative phenotypes that are closely
associated with the clinical syndrome of interest, but which are less complex and easier to link to
the function of specific neural circuits. They can also be used to identify biologically relevant
subtypes within a diagnostic category, reducing heterogeneity that may limit the power of
scientific investigations. Endophenotypes are intermediate phenotypes that are present both in
affected individuals and in their unaffected relatives, therefore reflecting genetic risk
independent of actual disease. Neuropsychological tests of cognitive function are commonly
used to identify endophenotypes. For example, impairment of working memory, which is closely
related to the function of dorsolateral prefrontal cortex, is found within a subgroup of patients
with schizophrenia.21 Endophenotypes thus help bridge the gap between brain circuits, which
are amenable to study at the molecular and cellular level, and clinical syndromes, which are less
tractable. This approach becomes especially powerful when combined with other methods, such
as neuroimaging or genetics.22NeuroimagingNeuroimaging has provided one of the best
modern tools for examining the pathophysiology of mental illness in the living brain.



Neuroimaging can provide many different quantitative measures (including morphometry,
metabolism, and functional activity). Neuroimaging research using groups of subjects can
determine whether mental illness is associated with changes in the size or shape of specific
brain regions, the functional activity within these regions, or their concentration of particular
neurotransmitters, receptors, or key metabolites.23 Although neuroimaging methods can be
used to measure cellular and molecular phenomena, the currently achievable spatial resolution
still represents an important limitation in examining the microscopic pathological changes
implicated in psychiatric illness.NeurophysiologyThere is a strong tradition within psychiatric
neuroscience of studying the electrical activity of the brain and its relation to function. These
methods include electroencephalography (EEG), event-related potentials (ERPs), and, most
recently, magnetoencephalography (MEG), and transcranial magnetic stimulation (TMS). Like
functional neuroimaging, these modalities provide information about the living, functioning brain.
At present, electrophysiological techniques cannot provide anatomical resolution at the level of
neurochemistry or synaptic physiology, and are limited to the study of cortical phenomena;
however, they can provide excellent temporal and spatial resolution and are invaluable in
studying the coordinated function of widely distributed neural circuits. Abnormalities in the timing
of oscillations in neural circuit activity have been associated with psychiatric illnesses, and this is
an area of intense research activity. For example, the reduction of gamma frequency (30 to
80 Hz) oscillations in schizophrenia has been ascribed to impaired N-methyl-D-aspartate
(NMDA) receptor activity on GABA-ergic interneurons.24 These non-invasive methods are
particularly heavily used in studies of brain development and function in children.25Brain
Stimulation and NeuromodulationBrain stimulation and neuromodulation techniques encompass
a variety of device-based methodologies able to generate focal electrical currents in pre-
selected brain regions. These currents are able to increase or decrease the excitability of the
target neurons, and modulate the networks they belong to by acting as a neural
pacemaker.26Brain stimulation can be divided among invasive and non-invasive approaches.
Invasive techniques require the surgical implantation of stimulating electrodes in the brain, and
are therefore exclusively used in therapeutic settings where the risk/benefit analysis is favorable.
They include deep brain stimulation (DBS) and vagus nerve stimulation (VNS). Non-invasive
methods do not require surgery or anesthesia, are very safe, and alter brain function in ways that
are transient and reversible. The better-known and most commonly used methods are
transcranial magnetic stimulation (TMS) and transcranial direct current stimulation (tDCS).27
Chapter 18 describes these methods and their therapeutic applications in detail.TMS has been
used since the mid 1980s as a tool to study brain structure and function. Event-related
paradigms using single pulses time-locked to a given stimulus or task have been used to
determine the chronometry of the computations in a given brain region with great temporal
resolution (in the order of milliseconds).28 Repetitive TMS (rTMS) can increase or decrease the
excitability of a given area beyond the time of stimulation, creating a “virtual lesion” that lasts 15–
60 minutes after the stimulation. This virtual lesion approach has been used, following the



tradition of classical lesion studies, to understand the functional role of discrete brain
regions.29Although neuroimaging and electrophysiological techniques are defined by their
spatial and temporal resolution, what sets brain stimulation methods apart is their causal
resolution. Neuroimaging and electrophysiological methods are observational; they measure
patterns of brain activity (the dependent variable) in the context of a given task or disease state
(independent variable). Such a design is able to establish correlations among these measures,
but can never determine that a given pattern of brain activity is causing a mental state (or vice
versa). On the other hand, brain stimulation techniques are interventional. They modify the
system by changing brain activity (now the independent variable) and measure the behavioral,
cognitive or affective changes that follow. This design offers causal explanatory power, which
makes it a useful tool to answer a number of questions.30NeuropathologyMany researchers
examine post-mortem neural tissue from those who suffered from psychiatric illness during their
life-time. Post-mortem analysis reaches a level of molecular and cellular resolution currently
unachievable in vivo; however, it is commonly limited by confounds (such as age, effects of
chronic medication, and non-specific effects of chronic psychiatric illness).Neuropathology was
clearly in fashion in the late 1800s and early 1900s, when Alzheimer first described plaques in
the brain of his patient with dementia,7 and identified frontal cortex abnormalities in
schizophrenia.8 While some skeptics have described schizophrenia as the “graveyard of
neuropathologists,”31 recent studies have actually provided reproducible descriptions of deficits
(such as those in parvalbumin-expressing GABA-ergic interneurons in deep layers 3 and 4, akin
to Alzheimer's findings) in the cortex. These neuropathological findings have provided one of the
strongest etiological hypotheses for schizophrenia.9,10PsychopharmacologyMore than any
other methodology in psychiatric neuroscience, pharmacology has been used to understand the
neurochemical basis of behavior and to develop hypotheses regarding psychopathological
mechanisms. Famous examples include the dopamine32 and glutamate hypotheses of
schizophrenia,33 the catecholamine depletion hypothesis of depression,34 and the
dopaminergic models of attention-deficit/hyperactivity disorder (ADHD) and substance abuse. In
relating pharmacological effects to potential disease mechanisms, it is important to note that the
effects of drugs on clinical symptoms may reflect mechanisms that are downstream of the core
pathophysiology, or even unrelated to core disease mechanisms. By analogy, diuretics can
improve the symptoms of congestive heart failure while providing less direct insight into its core
pathophysiology. Nonetheless, by clearly connecting cellular and synaptic mechanisms with
clinical symptoms, pharmacology provides mechanistic tools and information with enormous
clinical and scientific utility.Animal ExperimentsIn the authors' opinion, the value of animal
experiments has received too little emphasis in psychiatric neuroscience. Clearly, complex
psychiatric symptoms (such as delusions) cannot be modeled well in animals, and
anthropomorphic interpretations of animal behavior should be taken with due skepticism.
Despite these caveats, animal behaviors with known neuroanatomical correlates have been
critical in elucidating the neurocircuitry and neurochemistry underlying many psychiatric



phenomena. For example, anxiety- and fear-related behaviors have been very productively
modeled in animals, leading to a detailed understanding of the role of the amygdala in these
behaviors.35 Of course, animal studies also permit a wider range of experimental perturbations
than possible with human investigations. Independent of their value as behavioral models,
animal models therefore offer the opportunity to explore cellular and molecular pathophysiology
in ways that are ethically or technically impossible in human subjects. For example, the fragile X
knock-out mouse is an excellent model for fragile X syndrome, the most common form of
inherited cognitive impairment. Studying these mice has led to a deep understanding of relevant
defects in dendrite formation and neurophysiology.36Human Genetics and Molecular
BiologyAdoption, twin, and familial segregation studies have proven that many psychiatric
conditions are highly heritable (i.e., caused in large part by the additive effect of genes).37
Genetic endeavors in psychiatric neuroscience may be broken up into two broad categories:
“forward genetics,” or genome-wide attempts to identify genetic loci (genes or their regulatory
elements) that underlie susceptibility or contribute to pathophysiology; and “genotype-
phenotype” studies, whereby candidate genes are chosen based on a priori biological
hypotheses and the degree to which a gene plays a role in a given phenotype is assessed. Such
phenotypes may be clinical diagnoses, or endophenotypes from neuropsychology or
neuroimaging. The promise for human genetics in psychiatry is tremendous,37 especially for
forward genetics, wherein researchers may be led to the core pathophysiology without requiring
any a priori hypotheses. Yet human genetics research is exceedingly challenging for various
reasons that are beyond the scope of the current discussion. In brief, the genetic architecture of
neuropsychiatric conditions is heterogeneous and complex. That is, the majority of psychiatric
illnesses likely reflect complex interactions of multiple genes, as well as their interaction with
environmental factors that are difficult to assess. Despite these difficulties, there have already
been a few notable examples of success.Analysis of rare, large families with early-onset
dementia led to the discovery of mutations in amyloid precursor protein (APP) and presenilins in
Alzheimer's disease (AD).38 In these rare families, these mutations are statistically “linked” to
disease and considered “highly penetrant.” However, the vast majority of AD patients do not
have mutations in these genes. Indeed, in psychiatry examples of highly penetrant, simple
dominant or recessive gene mutations are rare. That is, examples in neuropsychiatry of a
particular gene mutation “causing” a specific condition are exceedingly rare and somewhat
controversial, and the generalizability of these findings to the common conditions with more
complex inheritance is usually unclear. Nonetheless, the APP pathway has provided an
important target for drug development, which may lead to a medicine that stalls the progress of
disease.Genetic association studies through population genetics represent another approach to
identifying susceptibility genes in “forward genetics.” In this approach, a common variation in the
genome, such as single nucleotide polymorphisms (SNPs), is assessed for a statistically
significant association with illness. This approach is based on the so-called common disease–
common variant hypothesis. That is, psychiatric disorders may be in part due to a



disadvantageous combination of a number of common forms of genetic variation as opposed to
frank deleterious mutations. Again, a successful example of a gene association in
neuropsychiatry comes from the field of AD wherein there is a fairly robust association at the
level of population genetics or epidemiology between a common polymorphism in ApoE4 and
susceptibility to AD. However, sometimes even when genetic associations are robust, the
amount of the phenotype (i.e., the variance) that is explained by the given gene may be small
and therefore the role in causation may be indirect or unclear. In addition, association studies
have often used small sample sizes and thereby risked false-positive findings or problems of
reproducibility. Now, appropriately-powered association studies (involving thousands of
subjects) are underway; many of these use new and more powerful high-density genotype
methods, namely “SNP chips” or microarrays. Even still, critical insights into the causative roles
of genes in some psychiatric illness may only come from studies of gene–gene or gene–
environmental interaction, or by using endophenotypes (such as neuroimaging) that may be
closer to the action of the gene.Methodologies in molecular genetics and molecular
neuroscience also promise improved understanding of gene function in the brain. These
methods include the following: comparison of gene sequences in human to non-human primate
and other animals39; a deeper understanding of how non-coding elements within the genome
may regulate important brain genes40 and thereby play a role in psychiatry; the study of gene
expression using microarrays41; the study of gene function in mice in which specific genes have
been modified by recombinant methods (e.g., “knock-out” or “knock-in” studies)42; and studies
examining how experience and the environment alter gene expression.43 In summary,
genomics and molecular genetics hold great promise for identifying genes and thus biological
mechanisms at the core of psychiatric pathophysiology.Biological Case Formulation:
Neuroscientific Content and ProcessClinical case formulation in psychiatry is structured around
the bio-psycho-social model. In this chapter, we offer a framework for formulating the biological
aspects of this model. Specifically, neuroscientific explanations may be organized in two broad
conceptual areas: process and content. Process refers to dynamic brain mechanisms that lead
to illness, while content refers to the brain properties including neural circuits, brain regions,
synapses, cells, and molecules that form the substrate for these changes.ProcessA key concept
in basic neuroscience and its clinical specialties is neuroplasticity. Although it is defined in
different ways and can be studied at various levels of resolution (e.g., circuits, synapses), this
term generally refers to the capacity of the neural system to change in response to external or
internal stimuli following predetermined rules. Neuroplasticity provides a great deal of flexibility
and adaptive capacity to the brain, permitting variable computational strategies and patterns of
connectivity in a changing environment.44 Despite the significant potential for reactive (and
adaptive) change, this happens around an exquisitely regulated homeostatic equilibrium point.
Nevertheless, when the plastic changes are restricted, excessive, or occur around an altered
equilibrium state, pathology develops. Luckily, the brain remains plastic, and any intervention
(e.g., medications, psychotherapy or brain stimulation) that is effective in changing pathological



cognition, behavior or affect induces adaptive plasticity. That is, a pathological mental state is
sustained by a given pattern of brain activity, and changing this mental state will require
changing its associated neural computational algorithm.45 Therefore, neuroplasticity is a key
dynamic property of the brain that allows adaptive change (including learning and memory), but
it is also an important source of pathology, and a necessary mechanism of action of effective
neuropsychiatric treatments.Although the specific pathophysiological mechanisms that lead to
neuropsychiatric disease are many, we will consider two relevant examples: neurodevelopment,
and neurodegeneration. Under neurodevelopment we include related processes that continue
into adulthood (such as neurogenesis). Previously underestimated, adult neurogenesis is now
known to continue in select regions of the human brain, most notably the olfactory bulb and the
hippocampus. Although the role of adult neurogenesis in humans remains largely unknown,
some evidence has connected altered hippocampal neurogenesis to mood
disorders.46Neurodevelopmental processes shaping brain circuits have life-long effects on
patterns of affect, behavior, and cognition with direct relevance to mental health. The effects of
childhood experience have always been central to psychiatric understanding; psychiatric
neuroscience has also attempted to provide a biological grounding for this understanding.43,47
Thus, neurodevelopmental processes include the interacting effects of genes and environment
on brain and behavior. Figure 1-1 shows the processes of brain development, including
intrauterine neuronal patterning, neurogenesis, cortical migration, gliogenesis, myelination, and
experience-dependent synapse modification.48,49 In the first years and decade of life, the brain
undergoes a process of synapse formation and pruning.50 Initially, neurons form an over-
abundance of synapses that are then strengthened and pruned possibly based on experience,
learning, or aging (Figure 1-2).Figure 1-1 A depiction of the processes of brain development,
including intrauterine neuronal patterning, neurogenesis, cortical migration, gliogenesis,
myelination, and experience-dependent synapse modification. (From Thompson RA, Nelson
CA. Developmental science and the media. Early brain development, Am Psychol 56[1]:5–15,
2001.)Figure 1-2 (A) A depiction of the number of synapse counts in layer 3 of the middle frontal
gyrus as a function of age. (B) A graph of the volume, in cubic centimeters, of frontal gray matter
with respect to age in years. Males represented by solid lines and females by dashed lines with
95% confidence intervals, respectively. Arrows indicate peak volume. (A, Data from Huttenlocher
PR. Synaptic density in human frontal cortex: developmental changes and effects of aging, Brain
Res 163[2]:195–205, 1979. B, Data from Lenroot RK, Giedd JN. Brain development in children
and adolescents: insights from anatomical magnetic resonance imaging, Neurosci Biobehav
Rev 30[6]:718–729, 2006.)Specific psychiatric disorders may be framed in terms of one or more
of these three mechanisms. Autism or attention deficit hyperactivity disorder are examples in
which a process of brain development goes awry. At the other end of life, neurodegenerative
processes dominate, and can lead to dementias (e.g., Alzheimer's or frontotemporal lobar
degeneration) or movement disorders (such as Parkinson's disease). Substance use disorders
may reflect a combination of both processes modulated by maladaptive plasticity. Patients with



substance dependence may have a susceptibility based on neurodevelopment, including a
predisposition to risk-taking behaviors.51 Substance abuse also causes neuroplastic changes
at the level of the synapse.52 Finally, chronic use of substances can cause neurodegeneration
and dementia.53ContentThe “content” of a psychiatric illness comprises the different structural
and functional levels of biological resolution that form the nervous system: ions, proteins, genes,
cells, synapses, circuits, behaviors, and mental states. These can all be the target of
pathological changes leading to diseases and clinical syndromes. This is the subject of the
remaining sections of this chapter. For most conditions, our knowledge of content is incomplete,
but this should not lead us to ignore the large amount of information that is available for many
conditions. Characterizing neuropsychiatric conditions in terms of both biological processes and
substrates (content) can provide a framework to facilitate understanding of etiology, loci of
intervention, and potential treatments.Overview of the Structure of the Central Nervous
SystemThe structural organization of the central nervous system (CNS) is shown in Figure 1-3A.
The human brain is organized into the cerebral cortex, brainstem, subcortical structures (e.g.,
basal ganglia, brainstem, thalamus, hypothalamus, pituitary), and cerebellum.3,54,55 These
anatomical structures are made of inter-connected elements that create distributed and highly
inter-connected circuits. It is in these circuits where cognition, behavior, and affect are
processed. This section will provide an overview of neuroanatomy with a structural focus.Figure
1-3 (A) Schematic of the human brain organized into the cerebral cortex, brainstem, subcortical
structures (e.g., basal ganglia, brain-stem, thalamus, hypothalamus, and pituitary), and
cerebellum. (B) Depiction of cortical anatomy divided into anatomical regions (such as the
occipital, parietal, temporal, insular, limbic, and frontal lobes). (C) Brain cut demonstrating the
limbic “lobe” as a ring (limbus) of phylogenetically older cortex surrounding the upper brainstem.
(D) Brain cut highlighting the hippocampus, amygdala, hypothalamus, parahippocampal gyrus,
and cingulate cortex. (C, From . D, From Dickerson BC, Salat DH, Bates JF, et al. Medial
temporal lobe function and structure in mild cognitive impairment, Ann Neurol 56[1]:27–35,
2004.)The cerebral cortex is the outermost layer of the cerebrum. The cerebral cortex consists of
a foliated structure, encompassing gyri and sulci. Within the most highly evolved cortical regions
(isocortex), a six-cell layered structure orchestrates complex brain functions (including
perceptual awareness, thought, language, planning, memory, attention, and consciousness).
Cortical anatomy can be subdivided in myriad ways, including into anatomical regions (such as
the occipital, parietal, temporal, insular, limbic, and frontal lobes) (Figure 1-3B, C, and D). The
limbic “lobe” is a ring (limbus) of phylogenetically older cortex surrounding the upper brainstem
and includes the hippocampus, amygdala, hypothalamus, parahippocampal gyrus, and
cingulate cortex (see Figure 1-3D). Structures within the medial temporal lobe are especially
important in psychiatry; the hippocampus plays a critical role in memory, and the amygdala is an
important element of fear circuitry and for assigning emotional valence to stimuli.Functionally,
the cortex may be divided into primary sensory or motor (unimodal) regions, and association
(multi-modal) regions that receive inputs from multiple areas.54 Association cortex may be



subdivided into three areas: frontal (involved in a wide variety of higher functions, such as
planning, attention, abstract thought, problem-solving, judgment, initiative, and inhibition of
impulses); limbic (involved in emotion and memory); and sensory (e.g., parietal, occipital,
temporal), involved in integrating sensory information.The cortical systems can also be
represented in a hierarchical fashion.54 For example, within sensorimotor sequencing, we see
reception of somatosensory, visual, or auditory stimuli in primary sensory cortex; interpretation
or representation of the combined sensory modalities in the heteromodal association cortex;
integration of this information with the other association cortices (i.e., limbic and frontal); and
output via the motor or language system.In addition to the cerebral cortex, many other brain
regions are of critical importance to psychiatry. The cerebellum (see Figure 1-3A and B),
traditionally known for its role in motor coordination and learning, has more recently been
implicated in cognitive and affective processes as well.56 The thalamus is a major relay station
for incoming sensory information and other critical circuitry, including connections between
association cortices (via the mediodorsal nucleus) and outputs regulating motor activity.
Interestingly, the mediodorsal nucleus, a critical relay station between association cortices, is a
region of the thalamus found to be smaller in some neuropathological studies of patients with
schizophrenia.57,58 Figure 1-3C shows the parts of the basal ganglia, which comprise the
striatum (i.e., caudate, putamen, and nucleus accumbens) and globus pallidus rostrally, and the
subthalamic nucleus and substantia nigra caudally. The basal ganglia orchestrate multiple
functions59; the dorsal striatum plays an important role in motor control, and the ventral striatum
(in particular, the nucleus accumbens) plays key roles in emotion and learning via connections
with the hippocampus, amygdala, and prefrontal cortex. The hypothalamus plays a critical role in
neuroendocrine regulation of the internal milieu.60 Via its effects on pituitary hormone release
and connections to other regions of the brain, the hypothalamus exerts homeostatic effects on
numerous psychiatrically-relevant factors, including mood, motivation, sexual drive, hunger,
temperature, and sleep. Finally, a number of discrete nuclei in the brainstem synthesize key
modulatory neurotransmitters, exerting major effects on brain function via their widespread
projections to striatal and corticolimbic regions of the brain.5 These neuromodulatory nuclei
include the dopaminergic ventral tegmental area (VTA) in the midbrain, serotonergic raphe
nuclei in the brainstem, noradrenergic locus coeruleus neurons in the pons, and cholinergic
neurons of the basal forebrain and brainstem.Cellular Diversity in the Brain: Neurons and
GliaThe cellular diversity of the primate nervous system is truly fantastic. There are two broad
classes of cells in the brain: neurons and glia. The Spanish neuroanatomist Santiago Ramon y
Cajal prolifically and painstakingly documented the cellular diversity of the nervous system
(Figure 1-4).61 Images made with modern fluorescent staining techniques also convey the
exquisite beauty of the cells of the CNS (Figure 1-5). Based on his observations, Ramon y Cajal
proposed that neurons act as physically discrete functional units within the brain,
communicating with each other through specialized junctions. This theory became known as the
“neuron doctrine,” and Ramon y Cajal's enormous contributions were recognized with a Nobel



Prize in 1906.62Figure 1-4 Ramon y Cajal's drawing from his classic “Histologie du Système
Nerveux de l'Homme et des Vertébrés” showing the cellular diversity of the nervous
system. (From Ramon y Cajal S. Histologie du système nerveux de l'homme et des vertébrés,
Paris, 1909, A Maloine.)Figure 1-5 Images made with modern fluorescent staining techniques
also convey the exquisite beauty of the cells of the CNS. (From Morrow, et al,
unpublished.)NeuronsThere are approximately 100 billion neurons in the human brain, and each
neuron makes up to 10,000 synaptic connections. At the peak of synapse formation in the third
year of life, the total number of brain synapses is estimated at 10,000 trillion, thereafter declining
and stabilizing in adulthood to between 1,000 trillion and 5,000 trillion synapses.Consistent with
their functional diversity, neurons come in a wide variety of shapes and sizes. Nonetheless, all
neurons share several characteristic features (Figure 1-6), including the cell soma (housing the
nucleus with its genomic DNA), the axon, the pre-synaptic axon terminal, and the dendritic field
(the receptive component of the neuron containing post-synaptic dendritic structures). Axon
length is highly variable; short axons are found on inhibitory inter-neurons, which make only local
connections, while axons many inches long are found on cortical projection neurons, which must
reach to the contralateral hemisphere or down to the spinal cord. Motor and sensory neurons
have axons that may be several feet long.Figure 1-6 Depiction of the neuron with its
components.There are many ways to classify neurons: by structure (i.e., projection neuron or
local inter-neuron); by histology (i.e., bipolar, multipolar, or unipolar); by function (i.e., excitatory,
inhibitory, or modulatory); by electrophysiology (i.e., tonic, phasic, or fast-spiking); or by
neurotransmitter type.3 For the purposes of this chapter, classifications using a combination of
structural, functional, and neurotransmitter type provide the most useful descriptions. For
example, it is useful to appreciate that the major excitatory neurotransmitter is glutamate
(commonly used by projection neurons), while the major inhibitory neurotransmitter in the brain
is GABA (commonly used by local inter-neurons).GliaAlthough neurons have captured the lion's
share of attention since the time of Ramon y Cajal, there are up to 10-fold more glial cells in the
brain than neurons. The word “glia” means “glue,” aptly summarizing the structural and
supportive role traditionally attributed to them. Indeed, glia do support neuronal function in many
ways, by supplying nutrition, maintaining homeostasis, stabilizing synapses, and myelinating
axons. They also play important roles in synaptic transmission. In the CNS there are two large
categories of glia: microglia and macroglia. Microglia are small, phagocytic cells related to
peripheral macrophages. Macroglia can be further classified into two types: astrocytes maintain
the synaptic milieu, and oligodendrocytes myelinate axons. Astrocytes play an active and critical
role in glutamatergic neurotransmission, releasing co-agonists required for glutamate receptor
function and transporting glutamate to terminate its synaptic action. New functions of glia
continue to be discovered, and belated appreciation of their importance to psychiatric
neuroscience continues to grow. Mood disorders are associated with a reduction in the number
of glia in select brain regions.63 In adult-onset metachromatic leukodystrophy, a genetic enzyme
deficiency produces diffuse myelin destruction; the illness may manifest in mid-adolescence



with neuropsychiatric symptoms resembling schizophrenia.64 Furthermore, studies looking for
genes whose expression is altered in schizophrenia have identified prominent changes in myelin-
related genes.65The Structure of the SynapseThe previous section described how inter-cellular
communication serves as an organizing feature of neuroanatomy. Neurons and glia are elegantly
situated within the brain to facilitate signaling between adjacent cells, and between cells in
distinct brain regions. Depending on the specific neurotransmitters released pre-synaptically,
and the specific receptors located post-synaptically, the transmitted signal may have excitatory,
inhibitory, or other modulatory effects on the post-synaptic neuron. Detailed knowledge of the
neurochemical anatomy of the brain is therefore a prerequisite to the optimal use of psychotropic
medicines in psychiatry. Important aspects of neurochemical anatomy include how
neurotransmitters are distributed within brain circuits; how these neurotransmitter systems
function; and how these systems are altered either by disease or by our
treatments.NeurotransmittersNeurotransmitters are defined by four essential characteristics
(Figure 1-7 and Box 1-2): they are synthesized within the pre-synaptic neuron; they are released
with depolarization from the pre-synaptic neuron to exert a discrete action on the post-synaptic
neuron; their action on the post-synaptic neuron can be replicated by administering the
transmitter exogenously (as a drug); and their action in the synaptic cleft is terminated by a
specific mechanism.3 However, they otherwise differ considerably in structure, distribution, and
function. Their chemical make-up (including small molecules [such as amino acids, biogenic
amines, and nitrous oxide] as well as larger peptides [such as opioids and substance P]) varies
substantially. Certain neurotransmitters are found ubiquitously throughout the cortex, whereas
others act in more select locations. Moreover, while certain neurotransmitters are always
excitatory (e.g., glutamate) or inhibitory (e.g., GABA in the adult brain), others can exert variable
downstream effects based on where they are located and to which receptors they bind.Figure
1-7 Essential characteristics of neurotransmitters.Box 1-2Schema of Neurochemical
SystemsNeurotransmitter biosynthesisNeurotransmitter storage and synaptic vesicle
releaseNeurotransmitter receptors:• Post-synaptic• Pre-synaptic autoreceptorsPost-synaptic ion
channelsPost-synaptic second messenger systemsActivity-dependent gene
regulationNeurotransmitter degradationNeurotransmitter reuptakeFunctional neurochemical
anatomyNearly 100 neurotransmitters have been identified within the mammalian brain.
However, we will focus on several well-characterized neurotransmitter systems with major
relevance to neuropsychiatric phenomena (Box 1-3). Each of these neurotransmitters plays an
important role in normal brain function; thus, abnormal activity in any of these neurotransmitter
systems may contribute to neuropsychiatric dysfunction. We will consider the normal “life cycle”
for each neurotransmitter system—including synthesis, synaptic release, receptor binding,
neurotransmitter degradation, post-synaptic signaling through ion channels or second
messengers, and activity-dependent changes in gene expression and subsequent neuronal
activity (see Box 1-2). We will focus particularly on the various points in this cycle that are
amenable to pharmacological intervention.Box 1-3Major Neurotransmitter Systems in the



BrainAmino AcidsGlutamateγ-Aminobutyric acid (GABA)MonoaminesDopamineNorepinephrine
(noradrenaline)Epinephrine (adrenaline)SerotoninHistamineSmall Molecule
NeurotransmitterAcetylcholinePeptidesOpioids (enkephalins, endorphin,
dynorphin)Hypothalamic factors (CRH, orexins/hypocretins, and others)Pituitary hormones
(ACTH, TSH, oxytocin, vasopressin, and others)Neuroactive CNS peptides also expressed in
the GI system (substance P, VIP, and others)Others (leptin and others)ACTH,
Adrenocorticotropic hormone; CNS, central nervous system; CRH, corticotropin-releasing
hormone; GI, gastrointestinal; TSH, thyroid-stimulating hormone; VIP, vasoactive intestinal
polypeptide.For example, consider the hypothetical synapse in Figure 1-8. Suppose a particular
psychiatric symptom was related to abnormally high synaptic concentrations of a specific
neurotransmitter. The diversity of biochemical steps involved in the neurotransmitter cycle
provides many targets for pharmacological intervention5: one could inhibit neurotransmitter
synthesis; interfere with neurotransmitter transport, vesicle formation, or release; block post-
synaptic receptor effects; or increase the clearance rate from the synapse by degradation or
transport. We will re-visit this model as we consider each of the neurotransmitter systems and
their relation to normal and abnormal brain function below.Figure 1-8 Psychopharmacology and
the synapse.Synaptic Transmission, Second Messenger Systems, and Activity-Dependent
Gene ExpressionNeurotransmitter signals alter post-synaptic neuron function via a complex
collection of receptors and second messenger systems.66 These signals ultimately result in
changes in neuronal activity, often associated with changes in gene expression. While
neurotransmitter receptors are the classic targets of pharmacological intervention, it has
become apparent that second messenger systems may also provide important targets for
existing and novel therapies.67,68In general, neurotransmitter receptors trigger either rapid or
slow effector systems. Rapid-effect neurotransmitter receptors are either themselves ion
channels (e.g., NMDA glutamate receptors), or are coupled to ion channels. Ion flux through
these transmitter-activated channels rapidly alters membrane potential and neuronal activity.
Other neurotransmitter receptors, including the large family of G-protein–coupled receptors
(GPCRs), work via slower second messenger systems.69,70 Such second messenger systems
usually involve sequential multi-enzyme cascades. Post-translational modifications, such as
protein phosphorylation (introduced by kinase proteins and removed by phosphatase proteins),
can act as on–off switches to propagate or terminate the signal at specific branch points.
Second messenger systems convert receptor signals into a coordinated set of cellular effects by
altering the function of multiple target proteins. These targets include ion channels that control
neuronal firing, synaptic proteins that regulate synaptic efficacy, and cytoskeletal elements that
determine cellular morphology. While there are over 500 different kinases in the human genome,
several that have been heavily studied in psychiatry are worthy of special mention, such as the
cyclic AMP (cAMP)–dependent kinase (also known as protein kinase A [PKA]) and calcium/
calmodulin-dependent protein kinase (CAMK), which both play critical roles in memory
formation.71 Another second messenger pathway, involving glycogen synthase kinase (GSK),



has been proposed to mediate at least some of the therapeutic efficacy of lithium salts in bipolar
disorder.72Transcription factors are also critical downstream targets of neurotransmitter signals
and second messenger systems. By modifying gene expression in the nucleus, transcription
factors can produce persistent changes in neural function. The most widely studied neuronal
transcription factors include immediate early genes c-Jun, c-Fos, and cAMP response element
binding protein (CREB), whose activity is quickly regulated by neurotransmitter signals.73 CREB
has been shown to be up-regulated and phosphorylated in neurons in response to antipsychotic
medication, as well as drugs of abuse,74–76 and in response to neurotrophic factors, such as
brain-derived neurotrophic factor (BDNF).77 BDNF and related neurotrophic factors are of
particular interest to psychiatric neuroscience, as they exert effects both as growth factors during
embryonic neu-rodevelopment and synaptic signaling in adults. BDNF signaling modulates
CREB activity and gene expression; both factors play important roles in neural plasticity, and
have been heavily studied in genetic association studies in psychiatric disorders.78–81A Review
of Clinically Relevant Neurotransmitter SystemsIn this section we review the major
neurotransmitter systems, all of which have clinical importance in psychiatry. In each subsection,
emphasis will be placed on the “content” of neuropsychiatric explanation.GlutamateAs the major
excitatory neurotransmitter in the CNS, glutamate is found ubiquitously throughout the brain. A
non-essential amino acid, glutamate does not cross the blood–brain barrier; thus, synthesis of
the glutamate neurotransmitter pool relies entirely on conversion from its precursors (glutamine
or aspartate) within nerve terminals (Figure 1-9). Aspartate is converted to glutamine via
transamination, while glutamine is converted to glutamate within mitochondria via glutaminase.
Glutamate is packaged within synaptic vesicles, and, when released into the synapse, binds
post-synaptic glutamate receptors. Unable to diffuse across cell membranes, glutamate is
cleared from the synapse primarily by sodium (Na+)–dependent uptake into astrocytic
processes that ensheath the glutamatergic synapse (“tripartite synapse”), where it is converted
back to glutamine (which is then transported back to the pre-synaptic glutamatergic
terminal).Figure 1-9 The glutamate life cycle.Glutamate receptors are varied in structure and
function, capable of imparting either rapid or gradual change in the function of the post-synaptic
neuron. The ionotropic family of glutamate receptors, which includes NMDA, α-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA), and kainate (KA) receptors, act rapidly by
opening channels for Na+ and (to a variable degree) calcium (Ca2+) influx. This influx causes
post-synaptic depolarization, which, if present in sufficient force, causes the neuron to fire. The
metabotropic glutamate receptors (mGluRs) effect gradual change in neuronal function. These
seven membrane-spanning G-protein–coupled receptors (GPCRs) are linked to cytoplasmic
enzymes via G proteins embedded within the cell membrane. Once activated, these enzymes
can induce second messenger cascades that can influence intra-cellular processes, including
gene transcription.The N-methyl-D-aspartate Receptor and the Role of Glutamate in
Neuropsychiatric IllnessThe NMDA receptor deserves special attention due to its role in normal
and abnormal cognitive processes. When activated, the NMDA receptor serves as a channel for



the influx of Ca2+ into the neuron (Figure 1-10). This process relies on both the binding of
ligands (such as glutamate and a co-agonist, glycine) to the receptor and on recent
depolarization of the post-synaptic cell membrane, which displaces a magnesium (Mg2+) ion
that normally blocks the channel. NMDA receptor signaling thus requires near-simultaneous
activity of the pre-synaptic and post-synaptic neurons; this provides a molecular mechanism for
associating two temporally linked inputs, a key ingredient in basic forms of learning. Indeed,
NMDA receptors, along with AMPA receptors, mediate long-term potentiation in the
hippocampus, a process critical for hippocampal-dependent memory formation.Figure 1-10 N-
methyl-D-aspartate receptors and excitotoxicity. (A) Normal. (B) Excitotoxic.When NMDA
receptors are activated in sufficient number, however, the resulting large calcium influx can
result in cell death, a process known as excitotoxicity (see Figure 1-10). Excitotoxicity is thought
to contribute to neurodegenera-tive disorders (such as Alzheimer's disease, Huntington's
disease, and amyotrophic lateral sclerosis).82 Memantine, an NMDA antagonist, is used for the
treatment of Alzheimer’s Dementia Memantine is hypothesized to slow disease progression by
dampening excitotoxic injury.83While overactive NMDA receptors may contribute to
neurodegeneration and attendant memory loss in dementia, blockade of these receptors can
also cause profound cognitive disruption. NMDA antagonists (such as ketamine and
phencyclidine [PCP]) produce psychotic symptoms (e.g., disorganization, dissociation,
hallucinations, delusions) in healthy people, and exacerbate psychosis in patients with
schizophrenia. This pattern, in concert with observed alterations in glutamate-related proteins,
has spurred the “glutamate hypothesis” of schizophrenia.33 The glutamate system thus
represents a promising target for the development of new antipsychotic medications. The NMDA
receptor, in addition to its binding site for glutamate, also has a co-regulatory site for the amino
acids glycine or D-serine, which must be occupied for glutamate to open the channel. Based on
the hypothesis of a hypoactive glutamatergic system in schizophrenia, these amino acids, and
the related D-cycloserine, are being actively studied as potential augmentation strategies for
antipsychotic treatment.GABAAnother amino acid, γ-aminobutyric acid (GABA), serves as the
major inhibitory transmitter in the CNS. When bound to membrane receptors, GABA causes
hyperpolarization either directly, by causing chloride channels to open, or indirectly, through
second messenger systems. Although found throughout the CNS, GABA is concentrated
specifically in both cortical and spinal interneurons, and plays a major role in dampening
excitatory signals. As such, GABA receptors have been of considerable interest to researchers
concerned about the normal and abnormal function of neural networks.GABA is synthesized
primarily from glucose, which is converted via the Krebs cycle into α-ketoglutarate and then to
glutamate (Figure 1-11). Conversion from glutamate to GABA occurs through the action of
glutamic acid decarboxylase (GAD). Because GAD is found only in GABA-producing neurons,
antibodies to the enzyme have been used to identify GABA-ergic neurons with high specificity.
Following depolarization of the pre-synaptic neuron, vesicles containing GABA discharge it into
the synapse, where binding to post-synaptic receptors occurs. GABA is then cleared from the



synapse and transported into pre-synaptic terminals and surrounding glia. It is then broken down
by GABA α-oxoglutarate transaminase (GABA-T), and downstream products are returned to the
Krebs cycle. GABA synthesis and metabolism are thus referred to as the GABA shunt
reaction.Figure 1-11 The GABA life cycle.GABA ReceptorsThere are two major classes of
GABA receptors: GABAA and GABAB receptors. Binding of GABA to the GABAA receptor
causes a chloride channel to open, which, under most circumstances, renders the post-synaptic
membrane potential more negative (Figure 1-12). Of note, several other agents bind
allosterically to the GABAA receptor, including alcohol, barbiturates, and benzodiazepines, and
render it more sensitive to GABA. The anticonvulsant activity of benzodiazepines and
barbiturates is thought to reflect neural inhibition mediated through the GABAA
receptor.84Figure 1-12 GABA receptors. (A) GABAA receptor. (B) GABAB receptor.GABAB
receptors, akin to the metabotropic glutamate receptors, are G-protein–coupled receptors rather
than ion channels. Activation of GABAB causes downstream changes in potassium (K+) and
Ca2+ channels, largely via G-protein–mediated inhibition of cAMP. Specific interactions between
GABAB receptors and Ca2+ channel activity may be linked to absence seizures.85GABA in
Neuropsychiatric IllnessAltered GABA activity may contribute significantly to psychiatric
disorders. In schizophrenia, reduced GABA synthesis in a select population of inter-neurons
within the dorsolateral prefrontal cortex is thought to affect inhibition of pyramidal neurons in this
region. Reduced inter-neuron input may thus disrupt synchronized neuronal activity, which, in
turn, may underlie working memory deficits in schizophrenia.9 Further, although the exact
mechanism remains uncertain, the chronic action of alcohol, benzodiazepines, and barbiturates
on specific GABAA receptor subunits is hypothesized to underlie such clinical phenomena as
tolerance and withdrawal. GABA-ergic dysfunction has also been posited to contribute to panic
disorder.DopamineWhile glutamate and GABA are found throughout the brain, other
neurotransmitter systems are localized to specific neural pathways. The monoamines (e.g.,
norepinephrine, serotonin, dopamine) and acetylcholine are synthesized in several discrete
brainstem nuclei, yet project widely, affecting a majority of brain systems. Dopamine, a
catecholamine neurotransmitter, affects many brain regions that are consistently implicated in
psychiatric disorders. It is hardly surprising, then, that a host of psychopharmacological
interventions target the dopamine system.Dopamine Pathways and Relevance to
NeuropsychiatryThere are four major dopamine projections (Figure 1-13), each with great
relevance to neuropsychiatric phenomena. The name of each projection indicates the location of
the dopaminergic cell bodies, as well as the region targeted by their axons; for example, the
nigrostriatal system consists of dopamine cell bodies in the substantia nigra, with axons
projecting to the striatum. Degeneration of the nigrostriatal pathway leads to extrapyramidal
motor symptoms (such as tremor, bradykinesia, and rigidity), as seen in Parkinson's disease. An
analogous mechanism underlies extrapyramidal symptoms (EPS) associated with antipsychotic
medications, which block dopamine receptors in the striatum.Figure 1-13 Dopaminergic
projections. (Adapted from NIAAA at .)Dopamine neurons in the mesolimbic pathway project



from the ventral tegmental area (VTA), also in the mid-brain, to limbic and paralimbic structures,
including the nucleus accumbens, amygdala, hippocampus, septum, anterior cingulate cortex,
and orbitofrontal cortex. Given the importance of these downstream structures to emotion,
sensory perception, and memory, it has been speculated that altered activity in the mesolimbic
pathway may underlie the perceptual disturbances common to positive symptoms of
schizophrenia, hallucinogen use, and even temporal lobe seizures. The mesolimbic pathway is
also implicated in the addictive actions of drugs of abuse, which share the common feature of
enhancing dopamine release in the nucleus accumbens. In addition, loss of mid-brain
nigrostriatal dopaminergic neurons in Parkinson's disease may spread to VTA neurons, and this
may underlie the depressive symptoms commonly seen in Parkinson's disease.Mesocortical
dopamine neurons also have their cell bodies in the VTA, but project to the neocortex, primarily
prefrontal cortex. Release of dopamine in the prefrontal cortex is believed to affect the efficiency
of information processing, attention, and wakefulness. The relationship between prefrontal
dopamine and frontal lobe function does not appear to be linear, but rather reflects an “inverted-
U” shape (Figure 1-14).86 For example, brain activation during working memory tasks, largely
mediated by prefrontal activation, is inefficient under conditions of either low or high prefrontal
dopamine release. Altered availability of prefrontal dopamine may underlie cognitive impairment
in schizophrenia, ADHD, Parkinson's disease, and other neuropsychiatric conditions.Figure
1-14 (A and B) Dopamine and prefrontal function. PFC, prefrontal cortex; DA,
dopamine. (Adapted from Mattay VS, Goldberg TE, Fera F, et al. Catechol O-methyltransferase
val158-met genotype and individual variation in the brain response to amphetamine, Proc Natl
Acad Sci U S A 100:6186–6191, 2003.)The tuberoinfundibular dopamine system projects from
the arcuate nucleus of the hypothalamus to the stalk of the pituitary gland. When released in the
pituitary, dopamine inhibits the secretion of prolactin. Individuals who take dopamine-blocking
medications (including some antipsychotics) are therefore at risk for hyperprolactinemia, which
can in turn cause menstrual cycle abnormalities, galactorrhea, gynecomastia, and sexual
dysfunction.Dopamine Synthesis, Binding, and Inactivation and More Clinical CorrelatesThe
catecholamines (dopamine, norepinephrine, and epinephrine) are synthesized sequentially in
the same biosynthetic pathway. First, dopamine is synthesized from tyrosine through the actions
of tyrosine hydroxylase (TH, the rate-limiting enzyme for catecholamine synthesis) and 3,4-
dihydroxy-L-phenylalanine (Dopa) decarboxylase (Figure 1-15). The dopamine precursor, L-
Dopa, crosses the blood–brain barrier and is given systemically to ameliorate symptoms of
Parkinson's disease. Dopamine is packaged and stored in synaptic vesicles by the vesicular
monoamine transporter (VMAT), and when released binds to post-synaptic dopamine
receptors.Figure 1-15 The dopamine life cycle.Although numerous classes of dopamine
receptors have been described, they each affect intra-cellular signaling through second
messenger systems. Dopamine receptors fall into one of two families: D1-like or D2-like
receptors. D1-like receptors (which include D1 and D5) activate adenylyl cyclase, while D2-like
receptors (including D2, D3, and D4) inhibit cAMP production. D1 and D2 receptors significantly



outnumber other dopamine receptor types. Most typical antipsychotics were developed as D2
antagonists, while atypical antipsychotics usually have less activity at D2 receptors (clozapine,
for example, has a high affinity for the D4 receptor).There are several mechanisms for
inactivating dopamine. Within the neuron, extra-vesicular dopamine may be catabolized by the
mitochondrial enzymes monoamine oxidase-A or -B (MAO-A or MAO-B). MAO-A metabolizes
norepinephrine, serotonin, and dopamine; inhibitors of this enzyme, such as clorgyline and
tranylcypromine, are used to treat depression and anxiety. MAO is also present in the liver and
gastrointestinal tract, where it degrades dietary amines (such as tyramine and
phenylethylamine), thereby preventing their access to the general circulation. Phenylethylamine
can cause hypertension when systemically absorbed; thus, patients receiving MAO inhibitors
are at risk of hypertensive crisis if they ingest food products containing these amines. MAO-B
targets dopamine most specifically, and therefore agents that inhibit this enzyme are used in
Parkinson's disease.Two other molecules, catechol-O-methyltransferase (COMT) and the
dopamine transporter (DAT), have the ability to clear dopamine from the synaptic cleft. In the
mid-brain and striatum, DAT plays a more substantial role than COMT, while in the prefrontal
cortex, COMT predominates. A common, functional polymorphism in the COMT gene, Val
108/158 Met, has been identified: individuals with one or more copies of the Met allele have
significantly reduced COMT activity. Thus, these individuals presumably have greater
concentrations of prefrontal dopamine (see Figure 1-14). In humans, in the setting of a
challenging working memory task, healthy individuals homozygous for the Met allele (Met/Met)
may exhibit more efficient brain activation than Val/Val or Val/Met subjects. However, if given
amphetamine, which blocks dopamine reuptake and increases synaptic dopamine, Val/Val
individuals are shifted to a more optimal position in the curve, while those with Met/Met are
shifted to the less efficient downward slope of the curve.87 Among individuals with altered
prefrontal dopamine levels, such as patients with schizophrenia and Parkinson's disease,
variation in COMT genotype may play a significant role in determining prefrontal efficiency, and
hence performance on tasks involving planning, sequencing, and working memory. Similarly,
patients with velo-cardio-facial syndrome (VCFS) often have psychotic symptoms that may
relate to altered COMT function. VCFS is caused by a 3 Mb (million base pairs) deletion of the
genome on chromosome 22q11.2, which results in the complete loss of one parental copy of
approximately 30 genes, one of which is COMT. These patients, who exhibit a somewhat
variable phenotype (which may also include abnormalities of the heart, thymus, parathyroid, and
palate), also have an increased risk for psychotic disorders. Almost 30% of VCFS patients have
a psychiatric condition akin to bipolar disorder or schizophrenia.88NorepinephrineLike
dopamine, norepinephrine (noradrenaline [NE]) is a catecholamine neurotransmitter that is
present in discrete neural projections. NE cell bodies are concentrated in the locus coeruleus,
which is located in the pons near the fourth ventricle (Figure 1-16). This dorsal collection of
noradrenergic neurons innervates the cerebral cortex, hippocampus, cerebellum, and spinal
cord, while a ventral collection projects to the hypothalamus and other CNS sites.Figure



1-16 Noradrenergic projections. (Adapted from NIAAA at ; and from Siegel GJ, Agranoff BW,
Albers RW, et al. Basic neurochemistry, ed 6, Philadelphia, 1999, Lippincott-Raven, p. 252.)NE
overlaps substantially with dopamine with regard to synthesis and degradation pathways; in fact,
dopamine is the immediate precursor to NE, which is produced within synaptic vesicles by
dopamine β-hydroxylase (see Figure 1-15). Like dopamine, NE is also degraded by COMT and
MAO.There are three families of noradrenergic receptors: α1, α2, and β. Like the dopamine
receptors, NE receptors are all coupled to G proteins and thus modify intra-cellular signaling
pathways. The α1 receptors augment protein kinase C activity through the release of inositol
1,4,5-triphosphate and diacylglycerol. While activated α2 receptors decrease cAMP through
inhibition of adenylyl cyclase, β receptors do the opposite, stimulating cAMP production. In this
sense, α2 receptors are somewhat akin to D2, and β receptors to D1. In the CNS, α2 receptors
frequently act as “autoreceptors” present pre-synaptically on noradrenergic neurons themselves,
providing negative-feedback regulation of noradrenergic output.Norepinephrine in Opiate
WithdrawalClonidine, a drug commonly used to treat hypertension, activates CNS α2
autoreceptors and thereby dampens noradrenergic tone. Use of clonidine in the treatment of
opiate withdrawal provides a wonderful example of a case where psychiatric neuroscience has
successfully characterized the links between a clinical disorder, therapeutic drug effects, and
mechanisms at the molecular, cellular, and neural circuit levels. Acutely, opiates act through G-
protein–coupled receptors to inhibit the cAMP system and reduce the activity of locus coeruleus
neurons; this partly mediates their calming and sedating effects. With chronic opiate
administration, tolerance develops, in part due to homeostatic up-regulation in the activity of
cAMP pathway elements (such as PKA and CREB). In opiate withdrawal, this adaptive up-
regulation is no longer balanced by the opiate inhibition. Rebound hyperactivity of the locus
coeruleus then occurs, with a great increase in NE release from its widespread projections. This
in turn leads to the autonomic and psychological hyperarousal seen during withdrawal; these
symptoms are greatly dampened by clonidine.89SerotoninThe serotonin system is involved in
many processes in psychiatry, including most prominently mood, sleep, and psychosis.60,90,91
Serotonin (5-hydroxytryptamine [5-HT]), a monoamine and indolamine, is synthesized from the
amino acid tryptophan by tryptophan hydroxylase (TPH) (Figure 1-17). Serotonin is synthesized
in mid-line neurons of the brainstem, known as the raphe nuclei.92 Serotonergic neurons project
diffusely to numerous targets (including cerebral cortex, thalamus, basal ganglia, mid-brain
dopaminergic nuclei, hippocampus, and amygdala) (Figure 1-18).Figure 1-17 The serotonin life
cycle.Figure 1-18 Serotonergic projections. (Adapted from NIAAA at .)Like the catecholamines,
serotonin is transported into vesicles by VMAT. Serotonin is subsequently released into the
synaptic cleft, and after receptor binding, is inactivated either by pre-synaptic reuptake via the
serotonin transporter or degradation via MAO. The serotonin transporter is a critical molecule in
neuropsychopharmacology. Drugs that block the serotonin transporter (SERT) prolong
serotonin's action; these agents include the selective serotonin reuptake inhibitors (SSRIs)
commonly used in treating depression and anxiety disorders. Like the norepinephrine



transporter (NET) and dopamine transporter (DAT), SERT is also a common target of drugs of
abuse. For example, both cocaine and amphetamine prolong the action of serotonin by inhibiting
SERT. Similarly, the club drug ecstasy (MDMA) is a fast-acting SERT inhibitor; MDMA may also
be neurotoxic to serotonergic neurons in the dorsal raphe.93The discovery of a common genetic
variant in the promoter of the SERT gene has had a major impact on psychiatric neuroscience.
The “long” form or L-variant (which contains an additional 44-bp sequence) generates more
mRNA, and thereby protein, than the “short” or S-variant (which lacks this 44-bp sequence). The
L-variant thus enhances transporter activity in the synaptic cleft, reducing the duration and
intensity of serotonin neurotransmission, while the S-variant leads to lower transporter activity
and prolonged serotonin signaling. The S-variant has been implicated in the etiology of
depression and anxiety disorders.94,95Seven classes of serotonin receptors exhibit distinct
patterns of expression in CNS and peripheral tissues and activate distinct second messenger
systems. For example, 5-HT1A receptors are GPCRs that are inhibitory and thereby decrease
cAMP; agonists at this receptor (e.g., buspirone) have anxiolytic properties. 5-HT2 receptors
(which have three subtypes, A to C) act through a different G protein to activate inositol
triphosphate (IP3) and diacylglycerol (DAG) second messenger systems.96 5-HT2 signaling is
particularly relevant to psychosis: the hallucinogen LSD activates 5-HT2receptors, while many
atypical antipsychotics inhibit them.91AcetylcholineThe first neurotransmitter to be discovered,
acetylcholine (ACh) was initially characterized by Otto Loewi as Vagusstoff, the mediator of
vagal parasympathetic outflow to the heart. As we now know, of course, ACh plays important
roles in central as well as peripheral neurophysiology, and cholinergic transmission underlies a
host of normal cognitive functions. In recent years, the cholinergic system has become an
important target in the psychopharmacology of dementia and movement disorders.In the
periphery, ACh is the neurotransmitter for the neuromuscular junction, for pre-ganglionic
neurons in the autonomic nervous system, and for parasympathetic post-ganglionic neurons. In
the CNS, cholinergic neurons are concentrated in the nucleus basalis of Meynert in the basal
forebrain, and project diffusely to the neocortex (Figure 1-19). There are also cholinergic
projections from the septum and diagonal band of Broca to the hippocampus. Cholinergic inter-
neurons are found in the basal ganglia.Figure 1-19 Cholinergic projections. (Adapted from
NIAAA at .)ACh is formed in nerve terminals through the action of choline acetyltransferase
(ChAT; Figure 1-20). Its precursor, choline, is supplied through both breakdown of dietary
phosphatidylcholine, and recycling of synaptic ACh (which is catabolized by
acetylcholinesterase to choline and actively transported back into the pre-synaptic
terminal).Figure 1-20 The acetylcholine life cycle.There are two classes of ACh receptors:
muscarinic and nicotinic. While muscarinic receptors are G-protein–coupled, nicotinic receptors
are ion channels, which allows for rapid influx of Na+ and Ca2+ into the post-synaptic neuron.
Both receptor types are abundant in brain tissue.Acetylcholine and CognitionAnticholinergic
medications affect the balance of dopamine and ACh in the basal ganglia, which can improve
EPS in patients with movement disorders (either primary or secondary to antipsychotic use).



However, alterations in cholinergic transmission, due to medications or to underlying disease,
can profoundly affect cognition. Anticholinergic medications, such as diphenhydramine, are a
common source of delirium in elderly or medically ill patients. Many antipsychotic and tricyclic
antidepressant drugs have some anticholinergic activity, which can affect cognition (and also
produce significant peripheral side effects, including dry mouth, urinary retention, constipation,
and tachycardia). The degeneration of cholinergic neurons in Alzheimer's disease contributes
strongly to cognitive decline; acetylcholinesterase inhibitors may slow this effect somewhat, but
do not reverse the degeneration process.97 Nicotine, acting through nicotinic ACh receptors,
may produce significant cognitive effects (as well as addictive rewarding effects).HistamineLike
ACh and NE, histamine serves important functions both in the CNS and peripherally. Histamine
is best known for its roles outside the brain in activating immune and inflammatory responses
and in stimulating gastric acid secretion. Within the brain, it acts both as a classical
neurotransmitter and as a neuromodulator, potentiating the excitability of other neurotransmitter
systems.Histaminergic neurons are concentrated within the hypo-thalamus, in the
tuberomammillary nucleus. They project diffusely to cortical and subcortical targets, as well as to
the brainstem and spinal cord. Histamine is derived from its precursor, L-histidine, through the
action of L-histidine decarboxylase. Histamine can be broken down either through oxidation (via
diamine oxidase) or methylation (via histamine N-methyltransferase and, subsequently,
MAO).Three classes of histamine receptors, H1, H2, and H3, have been found both within brain
tissue and in the periphery. Each affects second messenger systems through coupling to G
proteins. H3 may also function as an inhibitory autoreceptor. More recently, a fourth class of
histamine receptor (H4) has also been described, but apparently is not expressed in human
brain.Histamine stimulates wakefulness, suppresses appetite, and may enhance cognition
through its excitatory effects on brainstem, hypothalamic, and cortical neurons. Drugs with
antihistaminic properties can cause significant disruptions of these processes, producing the
therapeutic effects of sleep medications, as well as side effects (sedation and weight gain) of
some atypical antipsychotics and, in particular, the antidepressant mirtazapine.98 Animal
research shows that histamine depletion adversely affects short-term memory, while H3
autoreceptor antagonists may have the opposite effect; these findings have fueled the
development of H3 antagonists as a potential treatment for memory disorders.Other
Neurotransmitters, and Interactions among NeurotransmittersMany additional neurotransmitters
mediate important effects in the brain; some with particular relevance to psychiatry include
neuropeptides (e.g., endogenous opioids), neurohormones (e.g., corticotropin-releasing
hormone), and steroids, cannabinoids, and short-acting gases (such as nitric oxide). And while
we have focused on one neurotransmitter at a time, numerous and complex interactions occur
among neurotransmitter systems. Although discussion of these other neurotransmitters and
neurotransmitter interactions is beyond the scope of this chapter, they are of great importance to
psychiatric neuroscience and the subject of intensive research.Genes, Environment, and
EpigeneticsAt the outset of this chapter, we stated that major mental illness reflects abnormal



brain function, and we have described many genes that could contribute to such dysfunction.
However, while neuropsychiatric conditions are frequently highly heritable, the emergence of
psychopathology likely requires a complex interaction of a genetic susceptibility and exposure to
environmental risk factors. Note that the “environment” must be understood broadly, and
includes the pre-natal uterine environment as well as peri-natal and post-natal events into
childhood, adolescence, and adulthood. Epidemiological studies relating gene–environment
interactions to the development of psychiatric conditions have already contributed significantly
to psychiatric neuroscience.99 For example, in a prospective longitudinal study, Caspi and
colleagues100 discovered that genetic variations in the serotonin transporter (SERT) promoter
interacted with stressful life events to influence depression risk. Individuals with one or two
copies of the short S-variant allele (the hypoactive form of the gene) exhibited more depression
and suicidality in relation to stressful life events than those carrying two copies of the long L-
variant allele. This remarkable study demonstrated that even when genetic susceptibility and
environmental exposure do not independently produce a strong increase in risk for
psychopathology, in combination they may impressively increase this risk.100Finally, the
mechanisms by which experience may interact with genes are various, but one recent study in
the field of “epigenetics” merits attention. Epigenetics has various definitions, but includes the
idea that a gene function may be changed without a specific alteration in the code, and that this
change in gene function also may be heritable.101 Frequently, this may occur by a change in the
structure of the DNA molecule: for example, chromatin, around a gene, which alters gene
expression. An important animal model may have shed light on the biological effects of child
abuse.43,102 While it has been widely noted in psychiatry that child abuse or mistreatment can
have long-term effects on cognition and behavior, a model system of rodent maternal care has
also demonstrated that rodent pups mistreated during development will have long-standing
dysfunctional programming of their hypothalamic–pituitary–adrenal axis, and thereby response
to stress. Investigators have further demonstrated that these occur due to specific changes in
chromatin structure and subsequent gene expression, and have also shown that these changes
and downstream effects may be heritable. These effects may be treatable or even reversible with
novel medicines that affect chromatic structure,103 and, indeed, some of our older medicines,
most notably valproic acid,104 may act in part through such mechanisms. This is an important
example of how a detailed mechanistic understanding of gene–environment interactions may
truly make vast contributions to the understanding and treatment of major mental
illness.ConclusionWe are fortunate in psychiatry to have multiple treatment choices for most
conditions. However, existing treatments are frequently only partially effective. Side effects may
interfere with compliance and produce their own morbidity, and even after successful treatment
relapse is common. Despite 50 years of progress in psychopharmacology, we still need better
treatments for mental illness. Greater understanding of the biological mechanisms underlying
brain function and dysfunction will be essential in the development of new and better remedies.
Important insights will also come from clarifying the specific therapeutic mechanisms of existing



treatments.Over the past century psychiatric neuroscience has made great strides in linking
neural mechanisms to conditions of abnormal affect, behavior, and cognition. However, because
of challenges inherent to the study of psychiatric phenomena and brain function, the gap
between mechanistic understanding and clinical practice remains wide for most conditions.
Genetics and neuroimaging have dramatically enhanced our ability to bridge these gaps, and
the accelerating development of these fields provides great hope.While our biological
knowledge is incomplete, there is already a great deal of information that may be incorporated
into our clinical problem-solving. This will be facilitated by applying a systematic framework
when evaluating the neuroscientific aspects of clinical cases. Biological formulations should
involve consideration of two broad domains: process (the dynamic mechanisms of
neurodevelopment, neurotransmission, and neurodegeneration) and content (key regional,
cellular, and molecular neural substrates). These biological components of major mental illness,
identified through decades of research, are extremely valuable in our explanations to patients
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1):S91–S92.Multiple Choice QuestionsSelect the appropriate answer.Q1 Which of the following
was awarded a Nobel Prize in 2000 for work characterizing information processing in the brain at
the molecular level?○ Julius Axelrod○ Ulf von Euler○ Eric Kandel○ Bernard Katz○ Emil
KraeplinQ2 Which of the following was the first to describe plaques in the brains of patients with



dementia?○ Alois Alzheimer○ Paul Broca○ Ulf von Euler○ Phineas Gage○ Emil KraeplinQ3
Which of the following brain territories is the MOST likely to be considered as the major relay
station for incoming sensory information and other critical circuitry?○ Amygdala○ Cerebellum○
Hippocampus○ Nucleus accumbens○ ThalamusQ4 Which of the following won a Nobel Prize in
1906 for demonstrating that neurons act as physically discrete functional units within the brain,
communicating with each other through specialized junctions?○ Julius Axelrod○ Santiago
Ramon y Cajal○ Ulf von Euler○ Eric Kandel○ Bernard KatzQ5 Which of the following is the
major excitatory neurotransmitter in the brain?○ Acetylcholine○ Dopamine○ Endorphin○
Gamma-aminobutyric acid○ GlutamateQ6 Which of the following are MOST likely to be thought
of as capable of imparting either rapid or gradual change in the function of the postsynaptic
neuron?○ Acetylcholine receptors○ Dopamine receptors○ Endorphin receptors○ Gamma-
aminobutyric acid receptors○ Glutamate receptorsQ7 Which of the following substances are
MOST closely linked with the nigrostriatal system, the mesolimbic system, the mesocortical
system, and the tuberoinfundibular system?○ Acetylcholine○ Dopamine○ Endorphin○ Gamma-
aminobutyric acid○ GlutamateQ8 In which of the following structures is serotonin primarily
synthesized?○ Amygdala○ Basal ganglia○ Hippocampus○ Raphe nuclei○ ThalamusMultiple
Choice AnswersQ1 The answer is: Eric Kandel.The work of Julius Axelrod, Ulf von Euler, and
Bernard Katz on neurotransmitters, and their mechanisms of release, reuptake, and metabolism,
was recognized with a Nobel Prize in 1970. Later, converging work characterizing information
processing in the brain at a molecular level earned Arvid Carlsson, Paul Greengard, and Eric
Kandel the 2000 Nobel Prize at the end of the decade of the brain.Q2 The answer is: Alois
Alzheimer.Neuropathology was clearly in fashion in the late 1800s and early 1900s, when Alois
Alzheimer first described plaques in the brain of his patient with dementia, and identified frontal
cortex abnormalities in schizophrenia.Q3 The answer is: Thalamus.The thalamus is a major
relay station for incoming sensory information and other critical circuitry, including connections
between association cortices (via the mediodorsal nucleus) and outputs regulating motor
activity. The mediodorsal nucleus, a critical relay station between association cortices, is a
region of the thalamus found to be smaller in some neuropathological studies of patients with
schizophrenia. The basal ganglia orchestrate multiple functions; the dorsal striatum plays an
important role in motor control while the ventral striatum (in particular, the nucleus accumbens)
plays key roles in emotion and learning via connections with the hippocampus, amygdala, and
prefrontal cortex. The hypothalamus plays a critical role in neuroendocrine regulation of the
internal milieu. Via its effects on pituitary hormone release and connections to other regions of
the brain, the hypothalamus exerts homeostatic effects on numerous psychiatrically-relevant
factors, including mood, motivation, sexual drive, hunger, temperature, and sleep. Finally, a
number of discrete nuclei in the brainstem synthesize key modulatory neurotransmitters,
exerting major effects on brain function via their widespread projections to striatal and
corticolimbic regions of the brain. These neuromodulatory nuclei include the dopaminergic
ventral tegmental area (VTA) in the midbrain, serotonergic raphe nuclei in the brainstem,



noradrenergic locus ceruleus neurons in the pons, and cholinergic neurons of the basal
forebrain and brainstem.While the cerebellum has traditionally been known for its role in motor
coordination and learning, it has more recently been implicated in cognitive and affective
processes as well.Q4 The answer is: Santiago Ramon y Cajal.The Spanish neuroanatomist
Santiago Ramon y Cajal prolifically and painstakingly documented the cellular diversity of the
nervous system. Based on his observations, Ramon y Cajal proposed that neurons act as
physically-discrete functional units within the brain, communicating with each other through
specialized junctions. This theory became known as the “neuron doctrine;” Ramon y Cajal's
enormous contributions were recognized with a Nobel Prize in 1906.Q5 The answer is:
Glutamate.The major excitatory neurotransmitter in the brain is glutamate (commonly used by
projection neurons), while the major inhibitory neurotransmitter in the brain is gamma-
aminobutyric acid (GABA), which is commonly used by local interneurons.Q6 The answer is:
Glutamate receptors.Glutamate receptors are varied in structure and function, capable of
imparting either rapid or gradual change in the function of the postsynaptic neuron. The
ionotropic family of glutamate receptors, which includes N-methyl-D-aspartate (NMDA), alpha-
amino-3-hydroxy-5-methyl-4-isoxazolde proprionic acid (AMPA), and kainate (KA) receptors, act
rapidly by opening channels for Na+ and (to a variable degree) calcium (Ca2+) influx. This influx
causes postsynaptic depolarization, which, if present in sufficient force, causes the neuron to
fire. The metabotropic glutamate receptors (mGluRs) effect gradual change in neuronal function.
These seven membrane-spanning G protein–coupled receptors (GPCRs) are linked to
cytoplasmic enzymes via G proteins embedded within the cell membrane. Once activated, these
enzymes can induce second messenger cascades that can influence intracellular processes,
including gene transcription.Q7 The answer is: Dopamine.While glutamate and GABA are found
throughout the brain, other neurotransmitter systems are localized to specific neural pathways.
The monoamines (e.g., norepinephrine, serotonin, and dopamine), as well as acetylcholine, are
synthesized in several discrete brainstem nuclei, yet project widely, affecting a majority of brain
systems. Dopamine, a catecholamine neurotransmitter, affects many brain regions that are
consistently implicated in psychiatric disorders.There are four major dopamine projections, each
with great relevance to neuropsychiatric phenomena. The name of each projection indicates the
location of the dopaminergic cell bodies, as well the region targeted by their axons; for example,
the nigrostriatal system consists of dopamine cell bodies in the substantia nigra, with axons
projecting to the striatum. Degeneration of the nigrostriatal pathway leads to extrapyramidal
motor symptoms (such as tremor, bradykinesia, and rigidity), as seen in Parkinson's disease. An
analogous mechanism underlies extrapyramidal symptoms (EPS) associated with antipsychotic
medications, which block dopamine receptors in the striatum.Dopamine neurons in the
mesolimbic pathway project from the ventral tegmental area (VTA), also in the midbrain, to limbic
and paralimbic structures including the nucleus accumbens, amygdala, hippocampus, septum,
anterior cingulate cortex, and orbitofrontal cortex. Given the importance of these downstream
structures to emotion, sensory perception, and memory, it has been speculated that altered



activity in the mesolimbic pathway may underlie the perceptual disturbances common to positive
symptoms of schizophrenia, hallucinogen use, and even temporal lobe seizures. The
mesolimbic pathway is also implicated in the addictive actions of drugs of abuse, which share
the common feature of enhancing dopamine release in the nucleus accumbens. In addition, loss
of midbrain nigrostriatal dopaminergic neurons in Parkinson's disease may spread to VTA
neurons, and this may underlie the depressive symptoms commonly seen in Parkinson's
disease.Mesocortical dopamine neurons also have their cell bodies in the VTA, but project to the
neocortex, primarily prefrontal cortex. Release of dopamine in the prefrontal cortex is believed to
affect the efficiency of information processing, attention, and wakefulness. Altered availability of
prefrontal dopamine may underlie cognitive impairment in schizophrenia, ADHD, Parkinson's
disease, and other neuropsychiatric conditions.The tuberoinfundibular dopamine system
projects from the arcuate nucleus of the hypothalamus to the stalk of the pituitary gland. When
released in the pituitary, dopamine inhibits the secretion of prolactin. Individuals who take
dopamine-blocking medications (including some antipsychotics) are therefore at risk for
hyperprolactinemia, which can in turn cause menstrual cycle abnormalities, galactorrhea,
gynecomastia, and sexual dysfunction.Q8 The answer is: Raphe nuclei.The serotonin system is
involved in many processes in psychiatry, including, most prominently, mood, sleep, and
psychosis. Serotonin (5-hydroxytryptamine [5-HT]), a monoamine and indolamine, is
synthesized from the amino acid tryptophan by tryptophan hydroxylase (TPH). Serotonin is
synthesized in mid-line neurons of the brainstem, known as the raphe nuclei. Serotonergic
neurons project diffusely to numerous targets (including cerebral cortex, thalamus, basal
ganglia, midbrain dopaminergic nuclei, hippocampus, and amygdala).Like the catecholamines,
serotonin is transported into vesicles by vesicular monoamine transporter (VMAT). Serotonin is
subsequently released into the synaptic cleft, and after receptor binding, is inactivated either by
presynaptic reuptake via the serotonin transporter or degradation via monoamine oxidase
(MAO). The serotonin transporter is a critical molecule in neuropsychopharmacology. Drugs that
block the serotonin transporter (SERT) prolong serotonin's action; these agents include the
selective serotonin reuptake inhibitors (SSRIs) commonly used in treating depression and
anxiety disorders. Like the norepinephrine transporter (NET) and dopamine transporter (DAT),
SERT is also a common target of drugs of abuse. For example, both cocaine and amphetamine
prolong the action of serotonin by inhibiting SERT. Similarly, the club drug ecstasy (MDMA) is a
fast-acting SERT inhibitor; MDMA may also be neurotoxic to serotonergic neurons in the dorsal
raphe.2Treatment AdherenceLara Traeger PhD, Megan Moore Brennan MD, John B. Herman
MDKey PointsBackground• Among patients with a psychiatric illness, treatment adherence is
associated with better treatment outcomes, a lower risk of relapse and hospitalization, and
better adherence to treatments for co-morbid medical illnesses. However, barriers to adherence
are common and rates of suboptimal adherence remain critically high.History• Over the past
several decades, approaches have evolved to help patients continue treatment for chronic
health problems. The term “adherence,” promoted by the World Health Organization, reflects that



optimal health outcomes require multi-level efforts to reduce treatment barriers encountered by
patients.Clinical and Research Challenges• Patient adherence is a necessary component of
treatment response and remission. Standardized definitions and measures of adherence are
needed to support comparisons of risk factors and intervention outcomes across studies and
translation to clinical work. More research also is needed to establish effective, cost-efficient
ways to improve adherence in clinical settings. Adherence curricula should be included in mental
health professional training and continuing education programs.Practical Pointers• Practitioners
are encouraged to collaborate actively with patients to select and monitor psychiatric treatment
regimens. Optimal patient adherence requires a complex series of behaviors. Routine
assessment of both modifiable and non-modifiable barriers to adherence throughout the course
of treatment will enable practitioners to tailor treatment approaches and adherence interventions
for individual patients. Patient education can enhance adherence by incorporating cognitive and
behavioral strategies into care plans.OverviewPoor adherence to psychiatric treatments is a
widespread clinical problem that negatively impacts rates of treatment response and
remission.1,2 While empirically-supported treatments are available for many psychiatric
disorders,3 these treatments are not universally effective. Patients commonly face diffi-culties in
taking prescribed psychotropic medications or attending psychotherapy sessions as
recommended, and therefore may not achieve optimal outcomes.1,4 Moreover, some patients
who adhere to treatment recommendations may not experience a clinically significant response,
and this often leads them to remain in care and to tolerate treatment plan modifications.5The
World Health Organization has defined adherence as the extent to which patients' health
behaviors are consistent with recommendations that they have agreed to with their
practitioners.6 This definition emphasizes that practitioners must collaborate with their patients
in making decisions throughout treatment. However, researchers frequently evaluate patient
adherence to psychiatric regimens in ways which do not capture the dynamics among patients,
practitioners, and health care systems.7 Common measures include the extent to which patients
take their medications at the prescribed dose and timing, attend scheduled clinic appointments,
and remain in care. These broad measures are discussed in this chapter (summarizing findings
on the prevalence of, and the barriers to, psychiatric treatment adherence). This chapter also
highlights the fact that optimal adherence is a moving target that involves complex patient
behaviors and multi-factorial challenges, and may be enhanced by targeted strategies for
patients, practitioners, and systems.Epidemiology of AdherenceThe estimated prevalence of
patient adherence to the use of psychotropic medications has varied widely, due to differences
in study populations, diagnoses, medication classes, and the definition of adherence. However,
evidence strongly supports the notion that poor adherence is common across groups.
Substantial proportions of community-dwelling patients take less than their prescribed daily
doses of antipsychotics (34.6%), sedative-hypnotics (34.7%), anxiolytics (38.1%), mood
stabilizers (44.9%) and antidepressants (45.9%).8 In a retrospective study of managed care
patients, approximately 57% of patients who had started a selective serotonin re-uptake inhibitor



(SSRI) for depression and/or anxiety were not adherent to the medication.7 In fact, many
patients with depression (19%–28%) also do not show for scheduled clinic
appointments.9Reports of adherence to taking psychotropic medications further reflect
problems with premature treatment discontinuation. Moreover, many patients do not inform their
physician about having stopped their medication. Across studies of treatment trials for anxiety
disorders (generally lasting 10–12 weeks), 18%–30% of patients discontinued their treatment
prematurely.4 Among patients with depression who were taking an SSRI, almost half (47%) had
stopped filling their prescription within 2 months of treatment initiation.10 Similarly, a pooled
analysis of 1,627 patients with psychosis treated with atypical antipsychotics revealed that about
half (53%) of the patients discontinued their medication soon after treatment began.11
Researchers in the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) reported
that almost three-fourths (74%) of patients with chronic schizophrenia discontinued treatment
within 4 months of its initiation.12Some studies have shown that adults with depression prefer
psychotherapy over antidepressants.13 Yet, in a sample of primary care patients with
depression, 74% endorsed that barriers to care made it very difficult or impossible to attend
regular psychotherapy sessions.14 Meta-analyses of cognitive-behavioral therapy (CBT) trials
for anxiety disorders indicated that for patients who started CBT, between 9% and 21%
discontinued the treatment early.4Clinical and Economic Impact of Non-AdherencePoor
adherence to psychiatric treatments leads to worse clinical outcomes and to excess health care
utilization; these factors contribute, in turn, to the economic burden of mental illness.1,15,16
Among patients with depression, non-adherence to antidepressants is associated with higher
medical costs7 and accounts for 5%–40% of hospital readmissions.9 Medication non-
adherence also is the most powerful predictor of relapse after a first episode of schizophrenia,
independent of gender, age of onset, premorbid function, patient insight, or other key
factors.2,17 Moreover, non-adherent patients with schizophrenia are at greater risk for
substance use, violence, and victimization, as well as worse overall quality of life.18 Although
little studied, patient non-adherence also may increase the risk of burnout and fatigue among
psychiatric practitioners. Findings emphasize that intervening at multiple levels to enhance
adherence has the potential to improve population health and well-being and to reduce excess
health care utilization, beyond individual improvements in specific treatments.6Risk Factors for
Non-AdherenceRisk factors for non-adherence are complex and varied, and remain
incompletely understood. Findings are typically drawn from secondary analyses or exit
interviews from randomized controlled trials (RCTs), which employ strict eligibility criteria and
rigorous patient monitoring.4 In clinical settings, practitioners must consider and address multi-
factorial challenges to optimal patient adherence (Table 2-1). Key risk factors are summarized
below.TABLE 2-1Multi-factorial Influences on Treatment AdherenceClinical FactorsMoodMood
symptoms can increase patients' perceptions of barriers to psychiatric care and can adversely
affect treatment adherence.14 Dysphoria and hopelessness may reduce intrinsic motivation for
treatment. Patients who experience psychomotor slowing, decreased energy, and poor



concentration also may have difficulty engaging in self-care, attending appointments, completing
cognitive-behavioral therapy (CBT) assignments, and/or taking their medications appropriately.
In comparison, when patients enter a manic episode, they may experience elevated mood and
energy as positive and may not want to take their medications that slow them down. Moreover,
when insight and judgment are impaired, patients may not believe that they have an illness that
requires treatment.AnxietyAnxiety disorders are associated with hyper-vigilance to internal and/
or external stimuli, which may affect a patient's adherence to treatment recommendations in
several ways. Some patients become too anxious to leave their home and to attend scheduled
clinic appointments. Anxiety also may interfere with the optimal upward titration or tapering of
medications, as patients may attribute transient physical symptoms to changes in medication
dose. Among patients with obsessive-compulsive disorder (OCD), counting rituals and fears of
contamination may preclude adherence to both medication and psychotherapy
regimens.PsychosisMost reports on adherence to psychiatric treatment regimens have focused
on psychotic disorders, including schizophrenia. Problems related to both the disorders and their
treatments present significant barriers to adherence. Factors (such as positive symptoms,
emotional distress, and treatment side effects [e.g., akathisia]) have predicted poor
adherence.19–23 Among patients treated with atypical antipsychotics, early discontinuation of
treatment has been attributed to perceptions of poor response, to worsening of symptoms, and
to an inability to tolerate the medications.11 Notably, patients who need to change or augment
their current treatment are at higher risk for its discontinuation.24Substance MisuseMisuse of
substances is an important risk factor for non-adherence in patients with a variety of psychiatric
disorders.25,26 Patients who believe that mixing alcohol or illicit drugs with prescribed
medications can be dangerous may eschew use of their medication in favor of alcohol or drugs.
Drug intoxication and withdrawal also affect a patient's attention, memory, and mood state,
which in turn, can interfere with adherence. The financial burden of substances may also
negatively affect a patients' ability to make co-payments for medications and clinic
appointments.Patient Factors: Knowledge, Attitudes, and BeliefsAcross different psychiatric
diagnoses, patients' perceptions of their disorder and its treatment consistently predict
adherence or the lack thereof. Patients are more likely to adhere to their medication regimen if
they believe that their need for the medication is high and that risk of adverse effects related to
the medication is low.4,27,28 On the other hand, mental health stigma, denial of one's
diagnosis, and lack of insight all increase the risk for treatment non-adherence.19,20,22,23,29
Patients also may stop treatment if they believe it is unhelpful once an acute illness phase has
resolved.30 In a study of patients with bipolar I disorder, more than half were non-adherent to
their medications 4 months after an episode of acute mania.31 With regard to psychotherapy,
trials of CBT for anxiety have shown that patients with a low motivation for treatment, little
readiness for change, and/or low confidence in CBT in comparison to other treatments have an
elevated risk for early treatment discontinuation.Economic and Racial/Ethnic
DisparitiesStructural and financial barriers to taking medications and attending appointments



(e.g., a lack of resources for child care, transportation, or co-payments) are important risk
factors for non-adherence.4,14 U.S. health insurance providers historically have restricted
mental health services more than other medical services. Some patients may be more likely to
forego psychiatric medications if they are balancing medication costs for multiple health
conditions.Racial/ethnic disparities in access to quality psychiatric care are well-
documented.32,33 However, among patients who do initiate medication or psychotherapy,
evidence for differences in treatment adequacy or retention in care is more equivocal.34 Some
studies of schizophrenia and mood disorders suggests that black and Latino patients have
poorer adherence to psychiatric medications, relative to white patients.24,26,31,35 A
combination of factors, such as access to psychiatric care; differences in medication
metabolism, response, and side effects; and patients' beliefs and concerns about treatment,
may underlie these disparities.31 Practitioners should con-sider these factors during treatment
selection, titration, and management.Clinical EncountersPoor practitioner–patient therapeutic
alliances and a lack of follow-up increase the risk for treatment non-response and attrition.4,36
Adherence and medication effects need to be monitored on an ongoing basis. Practitioners can
help patients manage expectations by discussing with patients that certain treatments may
cause side effects or require adjustments before they confer benefits on psychiatric symptoms
and quality of life. The following sections summarize suggestions for assessing adherence and
integrating adherence into all phases of treatment.Assessing AdherenceCurrently, there is no
“gold standard” measure of treatment adherence or a consensus on the adequate or optimal
level of adherence among patients. Available tools for assessing patient adherence to
psychotropic medications include self-report measures, daily diaries, electronic pill containers,
prescription refill records, pill counts, laboratory assays, directly-observed therapy, and collateral
information.37 Practitioners should consider strengths and limitations of each method in the
context of available resources and the intended purpose of assessment. Self-report measures38
and daily diaries are inexpensive to administer, yet may be subject to the impact of social
desirability or forgetting. Electronic pill containers yield detailed adherence data but may be
impractical when tracking multiple medications. Having free samples and left-over pills from
other prescriptions reduces the accuracy of pill-counts. Laboratory assays may identify the
presence of medication classes or individual agents but cannot confirm daily administration.
When appropriate, multiple measures can be used to support a more complete view of
adherence.Integrating Adherence Into the Treatment CourseInitial ConsultationPractitioners
commonly underestimate patient barriers to treatment adherence.39 Adherence must be an
explicit, core element of treatment, starting with the initial consultation (Table 2-2). The
practitioner begins to facilitate a therapeutic alliance early-on by transmitting a warm, non-
judgmental stance and by demonstrating support and commitment to the patient's well-
being.40,41 Key tasks include exploring a patient's values and perspectives about symptoms
and their acceptable treatment. By evaluating modifiable barriers (e.g., misinformation about
medications), the practitioner may identify opportunities for intervention. The practitioner should



also assess non-modifiable barriers to adherence (e.g., the patient lives far from the clinic) in
order to recommend feasible treatment options.TABLE 2-2Incorporation of Adherence-related
Inquiries into Initial ConsultationTreatment PlanningActive collaboration will help the practitioner
and the patient develop an appropriate, acceptable, and feasible treatment plan. The practitioner
may present pros and cons of available treatment options to arrive at treatment
recommendations. Following treatment selection, the practitioner may express belief in the
treatment and thereby promote optimism that the treatment will result in positive change. As
mentioned earlier, however, practitioners also should manage patients' expectations by stating
that medications may require adjustments before they confer benefits. Patients are told that
treatments can be discontinued if they are ineffective, cause intolerable side effects, or create
other issues that are personally important. Notably, the best way for some patients to commit to
a particular plan is to enhance their sense of agency to otherwise say “no”.Introduction to
AdherenceAs early as possible, the practitioner should explicate the role of adherence in
facilitating treatment goals. This includes normalizing adherence challenges, preparing the
patient for regular adherence assessments, and adopting a non-judgmental attitude toward risk
of adherence lapses. Depending on a patient's barriers to adherence, practitioners may
integrate specific strategies into the treatment plan, such as increasing the frequency of clinic
visits,42 using a depot injection of an anti-psychotic medication,43,44 limiting the number of
daily doses,45 and selecting medications based on tolerable side effects.46 Authors of the 2009
Expert Consensus Guideline Series on adherence among patients with serious mental illness
also emphasized the importance of services, when available, to reduce logistical barriers to
care.47Ongoing AssessmentAdherence can change over time, with drug over-utilization being
more common during the early stages of treatment and under-utilization during its later
stages.48 The patient's initial evaluation, evolving symptom profile, and barriers to adherence
will guide the nature and extent of follow-up adherence assessments (Table 2-3). Regular
discussions will help the practitioner foster a treatment relationship in which a patient feels
comfortable discussing adherence challenges.TABLE 2-3Patterns of Poor Medication
Adherence and Corresponding Concerns to ExploreThe practitioner should also ask about
adherence in an empathic, non-judgmental manner, using a tone of genuine curiosity (How is it
going with taking your medications?). After introducing the topic, the practitioner may ask
patients which medications they are taking and how they are taking them. Open-ended
questions will identify when patients are taking medications incorrectly (with or without realizing
it). Disarming inquiries are less likely to appear shaming or punitive (Many people find it difficult
to take medication—have you ever forgotten to take yours?).Problem-Solving Barriers to
AdherenceMost patients will face barriers to optimal adherence during the course of treatment.
The practitioner should invest time during clinic appointments to explore non-adherence and
tailor adherence strategies accordingly. A foundational approach focuses on developing and
maintaining a strong therapeutic alliance with the patient. The following sections and Table 2-4
provide examples of more targeted strategies.TABLE 2-4Components of Patient-focused



Interventions to Enhance AdherenceEducationPatients will benefit from building knowledge and
insight about their condition and its treatment. Education should be provided in multiple formats
(e.g., oral, written, graphic), to illustrate the rationale for the treatment dose and timing and the
reason for the expected treatment duration. However, patients commonly face multiple complex
challenges to managing their medication regimens. Interventions that combine patient education
with cognitive and behavioral strategies are more effective than the use of education strategies
alone. Across diverse health conditions, multi-component approaches have led to moderate
improvements in both adherence and clinical outcomes.49–51 When available, some patients
also may benefit from CBT or other problem-focused therapies for more intensive adherence
intervention.MotivationBased on the transtheoretical model, readiness-to-change may fluctuate
across five stages, from pre-contemplation (not yet committed to the need for psychiatric
treatment) to maintenance (already adhering to treatment).52 The practitioner should explore
patients' motivations for treatment on an ongoing basis. Motivational interviewing (MI)
techniques can be used as-needed to elicit intrinsic motivation and resolve ambivalence toward
treatment.53 Patients who are mandated or urged by others to start treatment are at higher risk
for non-adherence relative to patients who are ready for change.4SkillsEven with knowledge and
motivation for treatment, many patients need to enhance their problem-solving skills to improve
adherence to their prescribed regimen.51 Adherence comprises a complex series of tasks.
Practitioners may use Box 2-1 as a starting point to help a patient break adherence into practical
steps and to identify potential barriers at each step—such as obtaining medication (e.g.,
difficulty with co-payments), storing medication (e.g., unstable housing or desire to conceal
one's psychiatric diagnosis from a housemate), taking medications on time (e.g., problems with
forgetting or a co-morbid attention deficit disorder), or raising concerns with the practitioner
(e.g., desire to avoid being a “bad” patient). Socratic questioning may help a patient further
uncover problematic thought or behavior patterns that interfere with adherence.Box
2-1Adherence-related Tasks for Patients on Psychiatric Medications• Describe psychiatric
symptoms (frequency, severity, characteristics)• Comprehend information about recommended
medications• Collaborate with the practitioner to make treatment decisions• Obtain prescribed
medications• Safely store medications• Follow the regimen's dose and timing (and/or make
decisions about taking PRN medications)• Identify, manage, and cope with side effects• Obtain
informal caregiver support as needed• Attend regular follow-up clinic appointments• Identify and
raise concerns about medications• Continue collaborating to titrate and modify the regimen as
neededOnce barriers are identified, the practitioner may work with the patient to generate and
test solutions for reducing them. Forgetting is one of the most common reasons that patients cite
for missing or delaying use of psychiatric medications.8 Based on an adherence intervention for
patients with co-morbid depression and medical conditions,54 patients are encouraged to
identify both a plan (e.g., set up a daily alarm) and a back-up plan (e.g., stick a written reminder
on one's bathroom mirror) to address each specific barrier. Moreover, the practitioner may help
review the patient's daily schedule and revise medication times to match specific activities that



the patient never forgets (e.g., brushing one's teeth or filling a coffee pot in the morning). Finally,
patients may benefit from learning adaptive thinking strategies, such as cognitive re-structuring,
to reduce severe interfering thoughts (e.g., My need for medication is a sign that I am a weak
person). The practitioner and patient will review the success of the patient's strategies at each
visit, revising them as needed and setting incremental goals for achieving optimal
adherence.Patients also may benefit from communication skills to increase social support for
adherence within their family or community. Occasionally, a patient's loved ones may have
concerns about the treatment or may have high expressed-emotion at home, which in turn may
impede adherence. The practitioner and patient may plan to initiate an open discussion of these
issues directly with loved ones, to engage them in the collaborative relationship and invite them
to “walk the treatment path” with the patient. Family inter-ventions may be needed to address
problems with high expressed-emotion.4LogisticsAs mentioned earlier, many non-modifiable
barriers, such as limitations in mental health insurance coverage and limited resources or
mobility to attend clinic appointments, reduce a patient's access to care. Moreover, problems
such as depression exacerbate hopelessness in navigating these types of barriers.55 Patients
with limited resources need specific, practical support to problem-solve ideas and gain access
to available services. Practitioners may consider lower-cost alternatives, explore how patients
pay for other medications, and refer patients to resource specialists when available.Future
DirectionsResearchStandardized terminology and measures for treatment adherence are
needed to compare study outcomes and translate this information into clinical practice.
Prospective studies of non-adherence, including a priori measures of potential risk factors,
multiple adherence measures, and longer follow-up periods, will increase our understanding of
adherence and our ability to identify patients at risk for non-adherence or treatment attrition over
time. These findings, in turn, will help researchers and clinicians to target modifiable risk factors
in patients who need more intensive adherence interventions.More research is also needed to
establish effective, cost-efficient ways to improve adherence—particularly among patients who
are medically complex and/or lower functioning. In stepped or collaborative care models, care
managers provide patients with support in consultation with a supervising psychiatrist and each
patient's primary medical provider.56 Telephone-based care represents another model for
maintaining patient engagement in care and monitoring treatment response.57,58 Quantitative
economic studies will provide leverage with privatized managed care and government agencies,
by allowing researchers to demonstrate that interventions to improve adherence result in cost
benefits—such as decreasing emergency department visits and
hospitalizations.EducationThere are critical gaps in training for psychiatric practitioners on the
assessment and management of treatment adherence. Residency training programs can
provide opportunities to teach about the integration of adherence into routine clinical care. The
following curricular components have been recommended: defining adherence; identifying the
relationship between adherence and treatment efficacy; assessing adherence; intervening to
enhance adherence; and maintaining the therapeutic alliance.59 National conferences and



continuing medical education (CME) programs provide further opportunities to disseminate
state-of-the-art interventions and outcomes research.ConclusionThe importance of treatment
adherence among patients with psychiatric disorders cannot be over-stated. Adherence
increases the likelihood that patients will experience treatment response and remission, thereby
reducing the burden of mental illness for patients and health care systems. Improving adherence
requires strategies that target multi-factorial barriers. In the clinic setting, practitioners should
utilize a collaborative approach with patients and integrate adherence assessment and
interventions into all phases of treatment. Brief strategies can be tailored to help patients
increase knowledge, motivation, skills, and support for treatment adherence. Practitioner training
and CME programs need to increase attention to adherence as an integral part of clinical care
and an opportunity to improve patient quality-of-life and optimize health care
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2013;22:694–695.Multiple Choice QuestionsSelect the appropriate answer.Q1 Which of the
following statements about treatment adherence is MOST accurate?○ Non-adherence with
medical recommendations accounts for less than 2% of hospital readmissions.○ Non-
adherence with psychiatric treatments is remarkably low (i.e., less than 10%).○ Treatment
adherence is remarkably stable with regard to the population being studied, their diagnosis, and
the pharmacological treatment employed.○ Treatment compliance is defined as the degree to
which a patient carries out the recommendations of the treating practitioner.○ Treatment non-
adherence is essentially the same for patients with psychotic disorders and anxiety
disorders.Q2 Which of the following statements related to treatment adherence is MOST
accurate?○ Adherence with psychiatric treatments has little impact on improvement of
adherence with treatment regimens for non-psychiatric illness.○ Clinical outcomes are directly
related to treatment adherence, which in turn is related to resource utilization and to the
economic burden of mental illness.○ Non-adherence has little impact on the risk of psychiatric
hospitalization, the use of emergency services, arrests, violence, victimizations, lower mental
function, lower life satisfaction, and the use of substances.○ Non-adherence with treatment
recommendations has little effect on the doctor-patient relationship.○ Rates of suicidal ideation
are unaffected by non-adherence in patients who have recently been hospitalized.Q3 Which of
the following is LEAST commonly accepted as a factor that affects treatment adherence?○ Co-
morbid illnesses○ Cultural and religious factors○ The patient-clinician relationship○ The phase
of the moon○ Socioeconomic statusQ4 Which of the following statements regarding treatment
adherence is MOST accurate?○ Among patients with bipolar disorder, adherence at the time of
remission fails to predict adherence at 1 year.○ Having obsessive-compulsive disorder
dramatically increases adherence with pharmacological recommendations.○ In patients with
bipolar I disorder, less than one-third of patients are either fully or partially non-adherent with
medications, 4 months after an episode of mania.○ Symptoms of both mania and depression
directly affect treatment adherence.○ With hypomania and mania comes a renewed vigor to
take medications and control symptoms.Q5 Which of the following questions would be LEAST



likely to help a clinician determine if a patient is adhering with treatment recommendations?○
“Have you ever noticed that you occasionally forget to take your pills?”○ “How often do you think
about selling your medication to other people?”○ “How is it going with your medication?”○ “Is it
time to get another refill of your medication?”○ “What medications are you taking?”Multiple
Choice AnswersQ1 The answer is: Treatment compliance is defined as the degree to which a
patient carries out the recommendations of the treating practitioner.Treatment compliance is
defined as the degree to which a patient carries out the recommendations of the treating
practitioner; the term connotes a disappearing paternalistic model (in which the doctor
determines what treatment the patient should have, and the patient faithfully and
unquestioningly accepts it) and it implies that a non-compliant patient is unruly or bad. The term
adherence has increasingly gained favor over compliance, and represents a shift toward
collaboration between the health care professional and patient.Studies suggest that rates of non-
adherence with psychiatric treatment are alarmingly high (e.g., 24% to 90%). In a large meta-
analysis the mean rate of non-adherence was 26%.Rates of treatment adherence vary
depending on the population, the diagnosis, and the pharmacological intervention. Particularly
high rates of treatment non-adherence occur among those with psychotic disorders. This was
made clear in the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) investigation
that reported high rates of treatment discontinuation (74%) among the intent-to-treat group
within 4 months. Reasons for non-adherence are multiple, complex, and varied.Data on non-
adherence include the following: only 45% of patients referred for psychotherapy from a general
hospital psychiatry outpatient department showed up for one or more appointments; non-
attendance rates for patients with scheduled medical appointments are high (19% to 28%); non-
adherence with medical recommendations accounts for 5% to 40% of hospital readmissions;
medication doses are delayed or omitted by 30% to 50% of patients; patients with chronic
diseases take their medications as prescribed only half of the time; 20% of patients stop filling
their prescriptions within 1 month of their issue; and approximately one-fourth of patients do not
inform their physician about having stopped their antidepressant medications.Q2 The answer is:
Clinical outcomes are directly related to treatment adherence, which in turn is related to
resource utilization and to the economic burden of mental illness.Clinical outcomes are directly
related to treatment adherence, which in turn is related to resource utilization and to the
economic burden of mental illness. Adherence with psychiatric treatments is associated with
better outcomes, a lower relapse rate, improved adherence with treatment regimens for non-
psychiatric illness, and lower rates of hospitalization. Non-adherence has been associated with
a greater risk of psychiatric hospitalization, use of emergency services, arrests, violence,
victimizations, lower mental function, lower life satisfaction, and more prevalent use of
substances. Rates of suicidal ideation are significantly greater among patients who are
treatment non-adherent following hospitalization.Given the clinical impact of treatment non-
adherence, the economic burden incurred through non-adherence is significant. Data derived
from the Global Burden of Disease study conducted by the World Health Organization, the



World Bank, and Harvard University revealed that mental illness, including suicide, accounts for
over 15% of the burden of disease in countries such as the United States. Additionally, since
major depression is the leading cause of disability worldwide among persons age 5 or older,
adherence to treatment can reduce the economic burden of mental illness.While little studied,
the negative impact (including feeling frustrated, under-appreciated, helpless, ineffectual, and
“burned-out”) of treatment non-adherence on clinicians should also be considered. Treating-
clinicians are affected when their patients are non-adherent with treatment. Future studies will
undoubtedly measure the dispiriting impact when clinicians feel under-appreciated and
disaffected.Q3 The answer is: The phase of the moon.However, the patient's maturity, resilience,
and experiences affect adherence. For example, an adolescent may find his or her illness a
source of embarrassment, or a middle-aged person may have concerns about how disclosure of
an illness might affect their work and health insurance premiums. Negative experiences with the
health care system can create mental barriers to seeking necessary treatment.Substance
abuse, medical illnesses, and dementia also adversely affect adherence.A lack of trust in a
clinician or the medical system negatively affects adherence.Many patients are impoverished
and lack health insurance; therefore, they are unable to access timely and adequate care. Even
small co-payments can result in medication non-adherence.Cultural beliefs affect all aspects of
illness, from the patient's interpretation of symptoms to his or her beliefs about treatment. For
example, some religions recommend prayer as the sole means of healing.The structure or
content of treatment itself may contribute to poor adherence. For example, a patient with
paranoid schizophrenia is unlikely to continue in an unstructured psychodynamic therapy group,
or a patient who does not have a car and who lives 45 miles away from a health center is unlikely
to attend weekly appointments. Medication may directly cause non-adherence if it lacks efficacy
or causes intolerable side effects.Q4 The answer is: Symptoms of both mania and depression
directly affect treatment adherence.Symptoms of both mania and depression directly affect
treatment adherence. In depression, persistent dysphoria and hopelessness may make a patient
feel that his or her condition is irreparable and that treatment is futile. Psychomotor retardation,
decreased energy, poor concentration, and diminished self-care lead to missed medications
and appointments. With hypomania and mania come an elevated mood and an invigorated
energy level that most patients experience as positive; this makes many unmotivated to take
medications that slow them down. When insight and judgment are impaired, some patients do
not believe that they have an illness that requires treatment.Studies of treatment adherence in
those with depression demonstrate that adherence is highest when the perceived need for
medication is greatest and the harmfulness of medication is low. In addition, a patient's
skepticism about the efficacy of antidepressant medications predicts early discontinuation of
them. Reasons for non-adherence include discomfort about psychiatric diagnoses, denial of the
illness, problematic side effects, fears around dependency, and the belief that medications were
unhelpful following resolution of the acute phase of illness.In a study of African American and
Caucasian patients with bipolar I disorder, more than half of all patients were either fully or



partially non-adherent with medications, 4 months after an episode of acute mania. More than
20% denied having bipolar disorder, and they cited side effects of medications as contributing to
their non-adherence. African Americans (more often than Caucasians) cited the fear of addiction
and medication as a symbol of illness as reasons for non-adherence, which suggests that
different cultures or ethnic groups may differ in their reasons for non-adherence.Among patients
with bipolar disorder, insight into treatment has been positively correlated with medication
adherence, and adherence at the time of remission predicted adherence at 1 year.Anxiety
disorders are associated with hyper-vigilance regarding both the psychological and physical
environment; this affects adherence in a number of ways. Illness may be so severe that a patient
may feel unable to leave his or her home to keep appointments. Or it may be difficult to titrate
and to taper medications, as a patient with an anxiety disorder may attribute any physical
symptom to a medication side effect. With obsessive-compulsive disorder (OCD), counting
rituals and fears of contamination may make it impossible for a patient to take medications, or to
comply with pharmacological or other therapeutic recommendations.Q5 The answer is: “How
often do you think about selling your medication to other people?”Once adherence has been
assessed in the initial consultation with the patient, adherence should be assessed routinely at
subsequent visits. These follow-up assessments will be guided by the initial evaluation, with
more or less attention paid depending on the patient's profile. For example, if a patient has few
risk factors and has a demonstrated history of being conscientious and adherent with treatment,
less time will be spent on the issue.In general, questions should be asked in an empathic, non-
threatening way with a tone of genuine curiosity. For example, starting with open-ended
questions (such as “How is it going with the medication?”) is more likely to be received positively
than starting with closed-ended ones (e.g., “Do you take your medications as prescribed?”).
After beginning with an open-ended question, asking specifically about which medications the
patient is taking and how the patient is taking them allows the clinician to assess the patient's
understanding of the treatment recommendations. Asking questions such as “Let me confirm
that my records are accurate. What medications are you taking?” to specifically address
adherence, and disarming inquiries (such as, “Sometimes it is difficult to remember to take
medication. Have you ever noticed that you occasionally forget to take your pills?”) are less likely
to be experienced as shaming or punitive. The goal is to foster a treatment relationship where
the patient feels comfortable truthfully reporting his or her behaviors.3AntidepressantsMaurizio
Fava MD, George I. Papakostas MDKey Points• The immediate mechanism of action of modern
antidepressants (“immediate effects”) involves influencing the function of one or more
monoamine neurotransmitter systems (serotonin, norepinephrine [noradrenaline], or
dopamine).• Influencing monoaminergic function has been shown to result in several changes in
second-messenger systems and gene expression/regulation (“downstream effects”).•
“Downstream effects” may explain the delayed onset of antidepressant response seen with all
contemporary agents (most patients improve following at least 3 weeks of treatment).• For the
most part, all contemporary antidepressants are equally effective when treating major



depressive disorder.• There are significant differences in the relative tolerability and safety of
contemporary antidepressants.OverviewA large number of compounds have been developed to
treat depression. Traditionally, these compounds have been called “antidepressants,” even
though most of these drugs are also effective in the treatment of a number of anxiety disorders
(such as panic and obsessive-compulsive disorder [OCD]) and a variety of other conditions (Box
3-1). The precursors of two of the major contemporary antidepressant families, the monoamine
oxidase inhibitors (MAOIs) and the tricyclic antidepressants (TCAs), were discovered by
serendipity in the 1950s.Box 3-1Possible Indications for Antidepressants• Major depressive
disorder and other unipolar depressive disorders• Bipolar depression• Panic disorder• Social
anxiety disorder• Generalized anxiety disorder• Post-traumatic stress disorder• Obsessive-
compulsive disorder (e.g., clomipramine and SSRIs)• Depression with psychotic features (in
combination with an antipsychotic drug)• Bulimia nervosa• Neuropathic pain (tricyclic drugs and
SNRIs)• Insomnia (e.g., trazodone, amitriptyline)• Enuresis (imipramine best studied)• Atypical
depression (e.g., monoamine oxidase inhibitors)• Attention-deficit/hyperactivity disorder (e.g.,
desipramine, bupropion)SNRIs, Serotonin norepinephrine re-uptake inhibitors; SSRIs, selective
serotonin re-uptake inhibitors.Specifically, the administration of iproniazid, an anti-mycobacterial
agent, was first noted to possess antidepressant effects in depressed patients suffering from
tuberculosis.1 Shortly thereafter, iproniazid was found to inhibit MAO, which is involved in the
catabolism of serotonin, norepinephrine (noradrenaline), and dopamine.In parallel, imipramine
was initially developed as an antihistamine, but Kuhn2 discovered that of some 500 imipramine-
treated patients with various psychiatric disorders, only those with endogenous depression with
mental and motor retardation showed a remarkable improvement during 1 to 6 weeks of daily
imipramine therapy. The same compound was also found to inhibit the re-uptake of serotonin
and norepinephrine.3,4 Thus, it was the discovery of the antidepressant effects of iproniazid and
imipramine that led to the development of the MAOIs and TCAs, and this discovery was
instrumental in the formulation of the monoamine theory of depression. In turn, guided by this
theory, the subsequent development of compounds selective for the re-uptake of either
serotonin or norepinephrine or both was designed, rather than accidental. As a result, over the
last few decades, chemical alterations of these first antidepressants have resulted in the
creation of a wide variety of monoamine-based antidepressants with a variety of mechanisms of
action. The antidepressant drugs are a heterogeneous group of compounds that have been
traditionally subdivided into major groups according to their chemical structure or, more
commonly, according to their effects on monoamine neurotransmitter systems: selective
serotonin re-uptake inhibitors (SSRIs); TCAs and the related cyclic antidepressants (i.e.,
amoxapine and maprotiline); MAOIs; serotonin norepinephrine re-uptake inhibitors (SNRIs);
norepinephrine re-uptake inhibitors (NRIs); norepinephrine/dopamine re-uptake inhibitors
(NDRIs); serotonin receptor antagonists/agonists; and alpha2-adrenergic receptor antagonists.
Because they overlap, the mechanisms of action and the indications for use for the
antidepressants are discussed together, but separate sections are provided for their method of



administration and their side effects.Mechanism of ActionThe precise mechanisms by which the
antidepressant drugs exert their therapeutic effects remain unknown, although much is known
about their immediate actions within the nervous system. All of the currently marketed
antidepressants interact with the monoamine neurotransmitter systems in the brain, particularly
the norepinephrine and serotonin systems, and to a lesser extent the dopamine system.
Essentially all currently marketed antidepressants have as their molecular targets components
of monoamine synapses, including the re-uptake transporters (that terminate the action of
norepinephrine, serotonin, or dopamine in synapses), monoamine receptors, or enzymes that
serve to metabolize monoamines. What remains unknown is how these initial interactions
produce a therapeutic response.5 The search for the molecular events that convert altered
monoamine neurotransmitter function into the lifting of depressive symptoms remains a matter
of very active research.Since TCAs and MAOIs were the first antidepressants to be discovered
and introduced, this was initially interpreted as suggesting that antidepressants work by
increasing noradrenergic or serotonergic neurotransmission, thus compensating for a postulated
state of relative monoamine “deficiency.” However, this simple theory could not fully explain the
action of antidepressant drugs for a number of reasons. The most important of these include the
lack of convincing evidence that depression is characterized by a state of inadequate or
“deficient” mono-amine neurotransmission. In fact, the results of studies testing the monoamine
depletion hypothesis in depression have yielded inconsistent results.5 Moreover, blockade of
mono-amine re-uptake or inhibition of monoamine degradation occurs rapidly (within hours)
following monoamine re-uptake inhibitor or MAOI administration, respectively. However,
treatment with antidepressants for less than 2 weeks is unlikely to result in a significant lifting of
depression; it has been consistently observed and reported that remission of depression often
requires 4 weeks of treatment or more. These considerations have led to the idea that inhibition
of monoamine re-uptake or inhibition of MAO by antidepressants represents an initiating event.
The actual therapeutic actions of antidepressants, however, result from slower adaptive
responses within neurons to these initial biochemical perturbations (“downstream events”).6
Although research geared toward understanding the therapeutic actions of antidepressants has
been challenging, receptor studies have been useful in understanding and predicting some of
the side effects of contemporary antidepressants. For example, the binding affinity of
antidepressants at muscarinic cholinergic receptors generally parallels the prevalence of certain
side effects during treatment (e.g., dry mouth, constipation, urinary hesitancy, poor
concentration). Similarly, treatment with agents that have high affinities for histamine H1
receptors (e.g., doxepin and amitriptyline) appears to be more likely to result in sedation, and
increased appetite. Such information is very useful to clinicians and patients when making
treatment decisions or to researchers when attempting to develop new antidepressants.The
architecture of the monoamine neurotransmitter systems in the central nervous system (CNS) is
based on the synthesis of the neurotransmitter within a restricted number of nuclei within the
brainstem, with neurons projecting widely throughout the brain and, for norepinephrine and



serotonin, the spinal cord as well.5 Norepinephrine is synthesized within a series of nuclei in the
medulla and pons, of which the largest is the nucleus locus coeruleus. Serotonin is synthesized
in the brainstem raphe nuclei. Dopamine is synthesized in the substantia nigra and the ventral
tegmental area of the midbrain. Through extensive projection networks, these neurotransmitters
influence a large number of target neurons in the cerebral cortex, basal forebrain, striatum,
limbic system, and brainstem, where they interact with multiple receptor types to regulate
arousal, vigilance, attention, sensory processing, emotion, and cognition (including
memory).7Norepinephrine, serotonin, and dopamine are removed from synapses after release
by re-uptake, mostly into pre-synaptic neurons.5 This mechanism of terminating
neurotransmitter action is mediated by specific norepinephrine, serotonin, and dopamine re-
uptake transporter proteins. After re-uptake, norepinephrine, serotonin, and dopamine are either
re-loaded into vesicles for subsequent release or broken down by MAO. MAO is present in two
forms (MAOA and MAOB), which differ in their substrate preferences, inhibitor specificities,
tissue expression, and cell distribution. MAOA preferentially oxidizes serotonin and is irreversibly
inactivated by low concentrations of the acetylenic inhibitor clorgyline. MAOB preferentially
oxidizes phenylethylamine (PEA) and benzylamine and is irreversibly inactivated by low
concentrations of pargyline and deprenyl.5 Dopamine, tyramine, and tryptamine are substrates
for both forms of MAO. Catecholamines are also broken down by catechol O-methyltransferase
(COMT), an enzyme that acts extracellularly.The classification of antidepressant drugs has
perhaps focused too narrowly on synaptic pharmacology (i.e., “immediate effects”), and has
certainly failed to take into account molecular and cellular changes in neural function that are
brought about by the chronic administration of these agents.5 For example, it has been
postulated that changes in post-receptor signal transduction may account for the
aforementioned characteristic lag-time between the time a drug is administered and the drug-
induced resolution of a depressive episode. In fact, studies have shown that hippocampal
neurogenesis occurs following chronic antidepressant treatment in animal models.8 In parallel,
rapid activation of the TrkB neurotrophin receptor and PLC gamma-1 signaling has been
described with almost all antidepressant drugs, a possible mechanism by which the process of
neuronal neurogenesis observed following chronic administration of antidepressants may
occur.9 Alternatively, one could postulate that this lag phase in antidepressant action may be
related to a re-organization of neuronal networks, postulated as a potential “final common
pathway” for antidepressant effects to occur.5 Nevertheless, further research is urgently needed
in order to help us understand the specific effects of the antidepressants and what constitutes
illness and recovery in depression.Mechanism of Action of Selective Serotonin Re-uptake
InhibitorsAt therapeutically relevant doses, the SSRIs exhibit significant effects primarily on
serotonin re-uptake in the human brain.10 Some SSRIs also appear to have effects on other
monoamine transporters, with sertraline demonstrating modest dopamine re-uptake inhibition,
and paroxetine and fluoxetine demonstrating modest norepinephrine re-uptake inhibition.10 In
addition, fluoxetine, particularly the R-isomer, has mild 5-HT2A and 5-HT2C antagonist activity.



Non-monoaminergic effects have also been described for some of the SSRIs, including
moderate and selective effects on glutamate receptor expression and editing.11 The SSRIs
have minimal or no affinity for muscarinic cholinergic, histaminergic, and adrenergic receptors,
with the exception of paroxetine (which is a weak cholinergic receptor antagonist), citalopram
(which is a weak antagonist of the histamine H1 receptor), and sertraline (which has weak
affinity for the alpha1 receptors).10 Overall, the affinity of these agents for these specific
receptors is lower than those of the TCAs, resulting in a milder side-effect profile. Similarly, the
lack of significant action for the remaining SSRIs on these receptors is also thought to contribute
to the milder side-effect profile of these agents compared with the TCAs.Mechanism of Action of
Serotonin Norepinephrine Re-uptake InhibitorsUnlike the TCAs, SNRIs inhibit the re-uptake of
serotonin more potently than the re-uptake of norepinephrine.10 Similar to most SSRIs, the
SNRIs have minimal or no affinity for muscarinic cholinergic, histaminergic, and adrenergic
receptors.10 Interestingly enough, administration of these drugs has been shown to prevent a
decrease in cell proliferation and BDNF expression in rat hippocampus observed with chronic
stress, in a study that offers further insights into the “downstream effects” of these agents.12 In
parallel, studies suggest that chronic treatment with the SNRI duloxetine not only produces a
marked up-regulation of BDNF mRNA and protein but may also affect the sub-cellular re-
distribution of neurotrophin, potentially improving synaptic plasticity.13Mechanism of Action of
Norepinephrine Re-uptake InhibitorsAt therapeutically relevant doses, the NRIs have significant
effects primarily on norepinephrine re-uptake, although the NRI atomoxetine is also a weak
inhibitor of serotonin uptake.14 NRIs also appear to have several non-monoaminergic
properties. Specifically, the NRI reboxetine also appears to functionally inhibit nicotinic
acetylcholine receptors.15 In addition, in rats, atomoxetine has been shown to increase in vivo
extracellular levels of acetylcholine (ACh) in cortical but not sub-cortical brain regions, with a
mechanism dependent on norepinephrine alpha1 and/or dopamine D1 receptor activation.16
Furthermore, the major human metabolite of atomoxetine (4-hydroxyatomoxetine) is a partial
agonist of the kappa-opioid receptor.17 Finally, reboxetine has also been found to be the
antidepressant that affects glutamate receptors (GluR) most, with a decrease of GluR3
expression.11Mechanism of Action of Serotonin Receptor Agonist/AntagonistsBoth trazodone
and nefazodone are relatively weak inhibitors of serotonin and norepinephrine uptake, and they
primarily block serotonin 5-HT2A receptors (in some cases, demonstrating partial agonist
properties as well).18–21 They also share a metabolite, m-chlorophenylpiperazine (mCPP),
which acts as a serotonin 5-HT2C agonist and appears to be able to release serotonin pre-
synaptically.22 Trazodone also appears to stimulate the mu1- and mu2-opioid receptors23 and
is a potent agonist of the serotonin 5-HT2C receptors, which, when activated,24,25 may inhibit
NMDA-induced cyclic GMP elevation. Since trazodone is also a weak inhibitor of serotonin re-
uptake as well, the overall effect of trazodone appears to be an increase in extracellular levels of
serotonin in the brain.26 This effect explains the fact that trazodone treatment has been
associated with the occurrence of a serotonin syndrome.27 Both trazodone and (although to a



lesser degree) nefazodone are potent blockers of the alpha1-adrenergic
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can approach the study of the brain and its pathophysiology from various perspectives with



different levels of resolution: molecular, genetic, cellular, synaptic, systems, and behavioral.•
Pathological processes and therapeutic interventions can target one or more of these levels,
leading to a cascade of events that changes each of them.• Affect, behavior, and cognition are
processed in specific brain circuits, and their altered function leads to the signs, symptoms, and
syndromes that clinicians identify.• Neurobiological knowledge often provides mechanistic
insight, explanation for behavior, and rationale for treatment, which are important to patients and
families, as well as to providers.• Clinical presentation reflects an interaction of static and
dynamic factors, including genetic and environmental ones, often mediated by adaptive or
maladaptive plastic changes.OverviewPeople with major mental illness suffer as a result of
abnormal brain function. This is the fundamental premise of psychiatric neuroscience, which
seeks to identify biological mechanisms underlying mental illness and the effects of psychiatric
treatments. An essential goal is to characterize these mechanisms at the different levels of
biological resolution that exist in the brain (from ions, to proteins, to DNA, to genes and
chromosomes [that encode the structure and function of cells], to synapses, and finally to brain
circuits that process affect, behavior, and cognition). This approach does not negate the critical
role of psychological, social, and environmental factors; to the contrary, it provides a framework
for understanding how these higher levels of resolution affect, and are affected by, neural
function. A deeper understanding of brain mechanisms will provide better explanations for
patients and families and lead to improvements in diagnosis, treatment, and
prognosis.Psychiatric neuroscience is one of the most interesting and challenging endeavors in
all of medicine.1–5 While a great deal is already known, a wide gap remains between the clinical
phenomena of affect, behavior, and cognition and neuroscientific explanations. The brain is
extraordinarily complex and less physically accessible than other organ systems, posing great
challenges to researchers. However, recent advances, particularly in neuroimaging and
genetics, have provided important tools for tackling these problems. Although progress is
difficult, the high prevalence, morbidity, and mortality rates of mental illness make progress
essential. Mental health practitioners will need to incorporate the lessons learned from
psychiatric neuroscience into everyday practice, and communicate them to patients, families,
and members of the general public.One might ask if the term “psychiatric neuroscience” is still
valid. While it has traditionally related to neuroscience research with clinical relevance to
disorders embedded within the limits of psychiatry, as opposed to neurology, these boundaries
are becoming more porous as knowledge progresses and clinical practice adapts. The unclear
limits between the two subspecialties have been defined historically by amorphous criteria, such
as differences in clinical attitude (diagnostic vs. therapeutic) or brain function of interest (motor
and sensory vs. affective and behavioral, with cognition always occupying an unclear frontier).
Neurology once focused mainly on pathologies that resulted in major structural changes that
one could observe in an autopsy or under a microscope. Though the label “functional” is at times
still casually and inappropriately attached to neurological deficits of presumed “psychological”
etiology, a neurobiological re-acquaintance with the original medical meaning of the word



emphasizes physiological (functional) over anatomical (structural) pathophysiological
mechanisms. This shift led to two very distinct clinical paradigms, one focused on finding the
focal lesion and the other on identifying signs and symptoms that present in established
syndromal patterns that can then be physiologically investigated.As new generations of clinician
scientists emerge who did not train in psychiatric or neurological neuroscience, but in systems
neuroscience, translational efforts are highlighting the common principles of structure, function,
pathology, and therapeutics. From this effort, new models are emerging with a clinical focus on
brain circuits, as opposed to focal lesions or clinical syndromes. For scientists and clinicians
alike it is, and will become increasingly, important to have an understanding of the different
levels of biological resolution and how they influence each other in health, in disease, and in
therapy.6 For clinicians treating disorders of affect, behavior, and cognition, it will be particularly
important to understand the circuit level, as this is where mental states, including the
pathological affective, behavioral, and cognitive states that we treat, are computed.An important
goal of this chapter will therefore be to explain the different levels of biological resolution that
determine brain structure and function. A second goal will be to offer a framework with which the
biological components of clinical cases may be formulated. This chapter provides an approach
to conceptually organizing the biological component of our work with patients, from the dual
vantage points of pathophysiology and mechanisms of treatment.History of Psychiatric
NeurosciencePsychiatry has a strong neuroscientific tradition. Describing all of the important
contributions to brain science made by psychiatric researchers could fill many chapters; here we
will cite only a few illustrative examples. Early in the last century, the German psychiatrist and
neuropathologist Alois Alzheimer discovered plaques and tangles in the brain of his amnestic
patient Mrs. Auguste D. and provided the first description of the clinical syndrome that now bears
his name.7 Together with his colleague and renowned psychiatrist Emil Kraepelin, Alzheimer
also described abnormalities in the cortical neurons of patients with dementia praecox, likely
representing the first neuropathological studies of schizophrenia.8 Their discoveries have been
extended to the molecular level in modern studies identifying abnormalities in γ-aminobutyric
acid (GABA)–ergic neurons of the prefrontal cortex.9,10 While Alzheimer's passion was
neuropathology, he also spent many years caring for patients with mental illness. Reflecting on
his life's work, he reportedly said that he “wanted to help psychiatry with the
microscope.”11Another historical landmark in psychiatric neuroscience was the demonstration
of genetic predispositions to major mental illness.12 Danish adoption studies in the 1960s
reported a much greater incidence of schizophrenia in biological as opposed to adoptive
relatives of people with schizophrenia, providing key evidence for a significant etiological role of
genetics in a psychiatric illness. Other landmark contributions include the work of Julius Axelrod,
Ulf von Euler, and Bernard Katz on neurotransmitters and their mechanisms of release,
reuptake, and metabolism; their discoveries, recognized with a Nobel Prize in 1970, provide a
foundation for much of the content of this chapter.13 In the 1970s, the discovery that
antipsychotic medications targeted brain dopamine receptors led to the influential dopamine



hypothesis of schizophrenia.14,15 Later, converging work characterizing information processing
in the brain at a molecular level earned Arvid Carlsson, Paul Greengard, and Eric Kandel the
2000 Nobel Prize at the end of the decade of the brain.16 These brief highlights emphasize the
great progress already attributable to psychiatric neuroscience, and illustrate the great potential
for important discoveries in the future.Psychiatric Diagnosis: Biomarkers and Biological ValidityIn
the context of psychiatric neuroscience, the recent diagnostic system (DSM-IV-TR)17 has both
strengths and weaknesses. A major advance of the post-1980s DSM was the development of
diagnostic categories of psychiatric illness with good inter-rater reliability, largely based on
observation and data collection. This provided a firm starting point for scientific investigation, in
contrast to previous diagnostic systems based on unproven etiological theories and associated
ill-defined terminology. However, the intentional avoidance of etiological theories in generating
DSM diagnoses also makes their biological validity uncertain; the extent to which specific DSM
diagnoses correspond to specific pathological neural processes is unknown. Unlike most
medical illnesses, the vast majority of psychiatric illnesses have so far not been tightly linked to
specific biological markers. The descriptive criteria demarcating current diagnoses are likely
several steps removed from core pathological processes.These diagnostic difficulties can be
illustrated by com-paring the diagnosis of schizophrenia to that of methicillin-resistant
streptococcal pneumonia, a medical diagnosis with obvious biological validity. While pneumonia
has a collection of clinical signs and symptoms that may be non-specific and variable (e.g.,
fever, productive cough, and shortness of breath), it implies a distinct pathophysiology (infection
of lung tissue leading to an inflammatory reaction). Subdividing the diagnosis by the infectious
agent links it to a specific biological etiology, with tremendous value in guiding prognosis and
treatment. In contrast, the diagnosis of schizophrenia, while it has a high level of inter-rater
reliability, is not based at present on known biomarkers or pathophysiological mechanisms. It is
therefore confined to the syndromic level, comprising a cluster of variable and non-specific
clinical features. It can be further divided into more specific clinical subtypes, but these suffer
from the same shortcomings. Just as pneumonia may have various specific etiologies,
schizophrenia may also have diverse causes; most likely it does not reflect a single “disease.”
Recent advances in genetics reinforce this conclusion. While schizophrenia is highly heritable,
linkage and association studies indicate in the majority of cases that it is a disorder of complex
genetics, in which multiple genes of modest effect interact with environmental risk factors to
cause the phenotype. In light of these issues, one of the major goals of psychiatric neuroscience
is to identify specific biomarkers and pathophysiological mechanisms for each disorder.Methods
in Psychiatric NeuroscienceResearchers have adopted a variety of methods for studying the
neural mechanisms of mental illness and behavior (Box 1-1). Each of these methods has
particular strengths and weakness.Box 1-1Methods in Psychiatric NeuroscienceAnimal
modelsBrain lesion casesBrain stimulation and neuromodulationGenetics and molecular
biologyNeuroimagingNeuropathologyNeurophysiologyNeuropsychology/
endophenotypesPsychopharmacologyBrain Lesions and BehaviorThere is a strong tradition



within classical neuropsychology and behavioral neurology of understanding neuroanatomical
circuitry by studying the emergent or lost behaviors in patients with focal brain lesions.18 These
studies have provided us with a rich view of various brain regions and their relationship to
behavior. Perhaps the most famous case is that of Phineas Gage, the Vermont railway worker
who suffered a traumatic lesion bilaterally to the medial frontal lobes and developed personality
changes.19 Another famous patient (known by his initials) is H. M., who underwent bilateral
medial temporal lobe resection for intractable epilepsy and as a result lost the ability to form new
declarative memories.20 While striking and informative, findings from these rare cases may be
difficult to extrapolate to the pathophysiology of common psychiatric illnesses, which generally
do not involve focal lesions. Traditionally, biological psychiatry has relied more on biometrics and
quantitative methods; these population-based approaches risk losing insights available from
rare cases but are more likely to produce broadly generalizable findings.Neuropsychology and
EndophenotypesAn increasingly important approach in psychiatric neuroscience is to identify
and study intermediate phenotypes. These are quantitative phenotypes that are closely
associated with the clinical syndrome of interest, but which are less complex and easier to link to
the function of specific neural circuits. They can also be used to identify biologically relevant
subtypes within a diagnostic category, reducing heterogeneity that may limit the power of
scientific investigations. Endophenotypes are intermediate phenotypes that are present both in
affected individuals and in their unaffected relatives, therefore reflecting genetic risk
independent of actual disease. Neuropsychological tests of cognitive function are commonly
used to identify endophenotypes. For example, impairment of working memory, which is closely
related to the function of dorsolateral prefrontal cortex, is found within a subgroup of patients
with schizophrenia.21 Endophenotypes thus help bridge the gap between brain circuits, which
are amenable to study at the molecular and cellular level, and clinical syndromes, which are less
tractable. This approach becomes especially powerful when combined with other methods, such
as neuroimaging or genetics.22NeuroimagingNeuroimaging has provided one of the best
modern tools for examining the pathophysiology of mental illness in the living brain.
Neuroimaging can provide many different quantitative measures (including morphometry,
metabolism, and functional activity). Neuroimaging research using groups of subjects can
determine whether mental illness is associated with changes in the size or shape of specific
brain regions, the functional activity within these regions, or their concentration of particular
neurotransmitters, receptors, or key metabolites.23 Although neuroimaging methods can be
used to measure cellular and molecular phenomena, the currently achievable spatial resolution
still represents an important limitation in examining the microscopic pathological changes
implicated in psychiatric illness.NeurophysiologyThere is a strong tradition within psychiatric
neuroscience of studying the electrical activity of the brain and its relation to function. These
methods include electroencephalography (EEG), event-related potentials (ERPs), and, most
recently, magnetoencephalography (MEG), and transcranial magnetic stimulation (TMS). Like
functional neuroimaging, these modalities provide information about the living, functioning brain.



At present, electrophysiological techniques cannot provide anatomical resolution at the level of
neurochemistry or synaptic physiology, and are limited to the study of cortical phenomena;
however, they can provide excellent temporal and spatial resolution and are invaluable in
studying the coordinated function of widely distributed neural circuits. Abnormalities in the timing
of oscillations in neural circuit activity have been associated with psychiatric illnesses, and this is
an area of intense research activity. For example, the reduction of gamma frequency (30 to
80 Hz) oscillations in schizophrenia has been ascribed to impaired N-methyl-D-aspartate
(NMDA) receptor activity on GABA-ergic interneurons.24 These non-invasive methods are
particularly heavily used in studies of brain development and function in children.25Brain
Stimulation and NeuromodulationBrain stimulation and neuromodulation techniques encompass
a variety of device-based methodologies able to generate focal electrical currents in pre-
selected brain regions. These currents are able to increase or decrease the excitability of the
target neurons, and modulate the networks they belong to by acting as a neural
pacemaker.26Brain stimulation can be divided among invasive and non-invasive approaches.
Invasive techniques require the surgical implantation of stimulating electrodes in the brain, and
are therefore exclusively used in therapeutic settings where the risk/benefit analysis is favorable.
They include deep brain stimulation (DBS) and vagus nerve stimulation (VNS). Non-invasive
methods do not require surgery or anesthesia, are very safe, and alter brain function in ways that
are transient and reversible. The better-known and most commonly used methods are
transcranial magnetic stimulation (TMS) and transcranial direct current stimulation (tDCS).27
Chapter 18 describes these methods and their therapeutic applications in detail.TMS has been
used since the mid 1980s as a tool to study brain structure and function. Event-related
paradigms using single pulses time-locked to a given stimulus or task have been used to
determine the chronometry of the computations in a given brain region with great temporal
resolution (in the order of milliseconds).28 Repetitive TMS (rTMS) can increase or decrease the
excitability of a given area beyond the time of stimulation, creating a “virtual lesion” that lasts 15–
60 minutes after the stimulation. This virtual lesion approach has been used, following the
tradition of classical lesion studies, to understand the functional role of discrete brain
regions.29Although neuroimaging and electrophysiological techniques are defined by their
spatial and temporal resolution, what sets brain stimulation methods apart is their causal
resolution. Neuroimaging and electrophysiological methods are observational; they measure
patterns of brain activity (the dependent variable) in the context of a given task or disease state
(independent variable). Such a design is able to establish correlations among these measures,
but can never determine that a given pattern of brain activity is causing a mental state (or vice
versa). On the other hand, brain stimulation techniques are interventional. They modify the
system by changing brain activity (now the independent variable) and measure the behavioral,
cognitive or affective changes that follow. This design offers causal explanatory power, which
makes it a useful tool to answer a number of questions.30NeuropathologyMany researchers
examine post-mortem neural tissue from those who suffered from psychiatric illness during their



life-time. Post-mortem analysis reaches a level of molecular and cellular resolution currently
unachievable in vivo; however, it is commonly limited by confounds (such as age, effects of
chronic medication, and non-specific effects of chronic psychiatric illness).Neuropathology was
clearly in fashion in the late 1800s and early 1900s, when Alzheimer first described plaques in
the brain of his patient with dementia,7 and identified frontal cortex abnormalities in
schizophrenia.8 While some skeptics have described schizophrenia as the “graveyard of
neuropathologists,”31 recent studies have actually provided reproducible descriptions of deficits
(such as those in parvalbumin-expressing GABA-ergic interneurons in deep layers 3 and 4, akin
to Alzheimer's findings) in the cortex. These neuropathological findings have provided one of the
strongest etiological hypotheses for schizophrenia.9,10PsychopharmacologyMore than any
other methodology in psychiatric neuroscience, pharmacology has been used to understand the
neurochemical basis of behavior and to develop hypotheses regarding psychopathological
mechanisms. Famous examples include the dopamine32 and glutamate hypotheses of
schizophrenia,33 the catecholamine depletion hypothesis of depression,34 and the
dopaminergic models of attention-deficit/hyperactivity disorder (ADHD) and substance abuse. In
relating pharmacological effects to potential disease mechanisms, it is important to note that the
effects of drugs on clinical symptoms may reflect mechanisms that are downstream of the core
pathophysiology, or even unrelated to core disease mechanisms. By analogy, diuretics can
improve the symptoms of congestive heart failure while providing less direct insight into its core
pathophysiology. Nonetheless, by clearly connecting cellular and synaptic mechanisms with
clinical symptoms, pharmacology provides mechanistic tools and information with enormous
clinical and scientific utility.Animal ExperimentsIn the authors' opinion, the value of animal
experiments has received too little emphasis in psychiatric neuroscience. Clearly, complex
psychiatric symptoms (such as delusions) cannot be modeled well in animals, and
anthropomorphic interpretations of animal behavior should be taken with due skepticism.
Despite these caveats, animal behaviors with known neuroanatomical correlates have been
critical in elucidating the neurocircuitry and neurochemistry underlying many psychiatric
phenomena. For example, anxiety- and fear-related behaviors have been very productively
modeled in animals, leading to a detailed understanding of the role of the amygdala in these
behaviors.35 Of course, animal studies also permit a wider range of experimental perturbations
than possible with human investigations. Independent of their value as behavioral models,
animal models therefore offer the opportunity to explore cellular and molecular pathophysiology
in ways that are ethically or technically impossible in human subjects. For example, the fragile X
knock-out mouse is an excellent model for fragile X syndrome, the most common form of
inherited cognitive impairment. Studying these mice has led to a deep understanding of relevant
defects in dendrite formation and neurophysiology.36Human Genetics and Molecular
BiologyAdoption, twin, and familial segregation studies have proven that many psychiatric
conditions are highly heritable (i.e., caused in large part by the additive effect of genes).37
Genetic endeavors in psychiatric neuroscience may be broken up into two broad categories:



“forward genetics,” or genome-wide attempts to identify genetic loci (genes or their regulatory
elements) that underlie susceptibility or contribute to pathophysiology; and “genotype-
phenotype” studies, whereby candidate genes are chosen based on a priori biological
hypotheses and the degree to which a gene plays a role in a given phenotype is assessed. Such
phenotypes may be clinical diagnoses, or endophenotypes from neuropsychology or
neuroimaging. The promise for human genetics in psychiatry is tremendous,37 especially for
forward genetics, wherein researchers may be led to the core pathophysiology without requiring
any a priori hypotheses. Yet human genetics research is exceedingly challenging for various
reasons that are beyond the scope of the current discussion. In brief, the genetic architecture of
neuropsychiatric conditions is heterogeneous and complex. That is, the majority of psychiatric
illnesses likely reflect complex interactions of multiple genes, as well as their interaction with
environmental factors that are difficult to assess. Despite these difficulties, there have already
been a few notable examples of success.Analysis of rare, large families with early-onset
dementia led to the discovery of mutations in amyloid precursor protein (APP) and presenilins in
Alzheimer's disease (AD).38 In these rare families, these mutations are statistically “linked” to
disease and considered “highly penetrant.” However, the vast majority of AD patients do not
have mutations in these genes. Indeed, in psychiatry examples of highly penetrant, simple
dominant or recessive gene mutations are rare. That is, examples in neuropsychiatry of a
particular gene mutation “causing” a specific condition are exceedingly rare and somewhat
controversial, and the generalizability of these findings to the common conditions with more
complex inheritance is usually unclear. Nonetheless, the APP pathway has provided an
important target for drug development, which may lead to a medicine that stalls the progress of
disease.Genetic association studies through population genetics represent another approach to
identifying susceptibility genes in “forward genetics.” In this approach, a common variation in the
genome, such as single nucleotide polymorphisms (SNPs), is assessed for a statistically
significant association with illness. This approach is based on the so-called common disease–
common variant hypothesis. That is, psychiatric disorders may be in part due to a
disadvantageous combination of a number of common forms of genetic variation as opposed to
frank deleterious mutations. Again, a successful example of a gene association in
neuropsychiatry comes from the field of AD wherein there is a fairly robust association at the
level of population genetics or epidemiology between a common polymorphism in ApoE4 and
susceptibility to AD. However, sometimes even when genetic associations are robust, the
amount of the phenotype (i.e., the variance) that is explained by the given gene may be small
and therefore the role in causation may be indirect or unclear. In addition, association studies
have often used small sample sizes and thereby risked false-positive findings or problems of
reproducibility. Now, appropriately-powered association studies (involving thousands of
subjects) are underway; many of these use new and more powerful high-density genotype
methods, namely “SNP chips” or microarrays. Even still, critical insights into the causative roles
of genes in some psychiatric illness may only come from studies of gene–gene or gene–



environmental interaction, or by using endophenotypes (such as neuroimaging) that may be
closer to the action of the gene.Methodologies in molecular genetics and molecular
neuroscience also promise improved understanding of gene function in the brain. These
methods include the following: comparison of gene sequences in human to non-human primate
and other animals39; a deeper understanding of how non-coding elements within the genome
may regulate important brain genes40 and thereby play a role in psychiatry; the study of gene
expression using microarrays41; the study of gene function in mice in which specific genes have
been modified by recombinant methods (e.g., “knock-out” or “knock-in” studies)42; and studies
examining how experience and the environment alter gene expression.43 In summary,
genomics and molecular genetics hold great promise for identifying genes and thus biological
mechanisms at the core of psychiatric pathophysiology.Biological Case Formulation:
Neuroscientific Content and ProcessClinical case formulation in psychiatry is structured around
the bio-psycho-social model. In this chapter, we offer a framework for formulating the biological
aspects of this model. Specifically, neuroscientific explanations may be organized in two broad
conceptual areas: process and content. Process refers to dynamic brain mechanisms that lead
to illness, while content refers to the brain properties including neural circuits, brain regions,
synapses, cells, and molecules that form the substrate for these changes.ProcessA key concept
in basic neuroscience and its clinical specialties is neuroplasticity. Although it is defined in
different ways and can be studied at various levels of resolution (e.g., circuits, synapses), this
term generally refers to the capacity of the neural system to change in response to external or
internal stimuli following predetermined rules. Neuroplasticity provides a great deal of flexibility
and adaptive capacity to the brain, permitting variable computational strategies and patterns of
connectivity in a changing environment.44 Despite the significant potential for reactive (and
adaptive) change, this happens around an exquisitely regulated homeostatic equilibrium point.
Nevertheless, when the plastic changes are restricted, excessive, or occur around an altered
equilibrium state, pathology develops. Luckily, the brain remains plastic, and any intervention
(e.g., medications, psychotherapy or brain stimulation) that is effective in changing pathological
cognition, behavior or affect induces adaptive plasticity. That is, a pathological mental state is
sustained by a given pattern of brain activity, and changing this mental state will require
changing its associated neural computational algorithm.45 Therefore, neuroplasticity is a key
dynamic property of the brain that allows adaptive change (including learning and memory), but
it is also an important source of pathology, and a necessary mechanism of action of effective
neuropsychiatric treatments.Although the specific pathophysiological mechanisms that lead to
neuropsychiatric disease are many, we will consider two relevant examples: neurodevelopment,
and neurodegeneration. Under neurodevelopment we include related processes that continue
into adulthood (such as neurogenesis). Previously underestimated, adult neurogenesis is now
known to continue in select regions of the human brain, most notably the olfactory bulb and the
hippocampus. Although the role of adult neurogenesis in humans remains largely unknown,
some evidence has connected altered hippocampal neurogenesis to mood



disorders.46Neurodevelopmental processes shaping brain circuits have life-long effects on
patterns of affect, behavior, and cognition with direct relevance to mental health. The effects of
childhood experience have always been central to psychiatric understanding; psychiatric
neuroscience has also attempted to provide a biological grounding for this understanding.43,47
Thus, neurodevelopmental processes include the interacting effects of genes and environment
on brain and behavior. Figure 1-1 shows the processes of brain development, including
intrauterine neuronal patterning, neurogenesis, cortical migration, gliogenesis, myelination, and
experience-dependent synapse modification.48,49 In the first years and decade of life, the brain
undergoes a process of synapse formation and pruning.50 Initially, neurons form an over-
abundance of synapses that are then strengthened and pruned possibly based on experience,
learning, or aging (Figure 1-2).Figure 1-1 A depiction of the processes of brain development,
including intrauterine neuronal patterning, neurogenesis, cortical migration, gliogenesis,
myelination, and experience-dependent synapse modification. (From Thompson RA, Nelson
CA. Developmental science and the media. Early brain development, Am Psychol 56[1]:5–15,
2001.)Figure 1-2 (A) A depiction of the number of synapse counts in layer 3 of the middle frontal
gyrus as a function of age. (B) A graph of the volume, in cubic centimeters, of frontal gray matter
with respect to age in years. Males represented by solid lines and females by dashed lines with
95% confidence intervals, respectively. Arrows indicate peak volume. (A, Data from Huttenlocher
PR. Synaptic density in human frontal cortex: developmental changes and effects of aging, Brain
Res 163[2]:195–205, 1979. B, Data from Lenroot RK, Giedd JN. Brain development in children
and adolescents: insights from anatomical magnetic resonance imaging, Neurosci Biobehav
Rev 30[6]:718–729, 2006.)Specific psychiatric disorders may be framed in terms of one or more
of these three mechanisms. Autism or attention deficit hyperactivity disorder are examples in
which a process of brain development goes awry. At the other end of life, neurodegenerative
processes dominate, and can lead to dementias (e.g., Alzheimer's or frontotemporal lobar
degeneration) or movement disorders (such as Parkinson's disease). Substance use disorders
may reflect a combination of both processes modulated by maladaptive plasticity. Patients with
substance dependence may have a susceptibility based on neurodevelopment, including a
predisposition to risk-taking behaviors.51 Substance abuse also causes neuroplastic changes
at the level of the synapse.52 Finally, chronic use of substances can cause neurodegeneration
and dementia.53ContentThe “content” of a psychiatric illness comprises the different structural
and functional levels of biological resolution that form the nervous system: ions, proteins, genes,
cells, synapses, circuits, behaviors, and mental states. These can all be the target of
pathological changes leading to diseases and clinical syndromes. This is the subject of the
remaining sections of this chapter. For most conditions, our knowledge of content is incomplete,
but this should not lead us to ignore the large amount of information that is available for many
conditions. Characterizing neuropsychiatric conditions in terms of both biological processes and
substrates (content) can provide a framework to facilitate understanding of etiology, loci of
intervention, and potential treatments.Overview of the Structure of the Central Nervous



SystemThe structural organization of the central nervous system (CNS) is shown in Figure 1-3A.
The human brain is organized into the cerebral cortex, brainstem, subcortical structures (e.g.,
basal ganglia, brainstem, thalamus, hypothalamus, pituitary), and cerebellum.3,54,55 These
anatomical structures are made of inter-connected elements that create distributed and highly
inter-connected circuits. It is in these circuits where cognition, behavior, and affect are
processed. This section will provide an overview of neuroanatomy with a structural focus.Figure
1-3 (A) Schematic of the human brain organized into the cerebral cortex, brainstem, subcortical
structures (e.g., basal ganglia, brain-stem, thalamus, hypothalamus, and pituitary), and
cerebellum. (B) Depiction of cortical anatomy divided into anatomical regions (such as the
occipital, parietal, temporal, insular, limbic, and frontal lobes). (C) Brain cut demonstrating the
limbic “lobe” as a ring (limbus) of phylogenetically older cortex surrounding the upper brainstem.
(D) Brain cut highlighting the hippocampus, amygdala, hypothalamus, parahippocampal gyrus,
and cingulate cortex. (C, From . D, From Dickerson BC, Salat DH, Bates JF, et al. Medial
temporal lobe function and structure in mild cognitive impairment, Ann Neurol 56[1]:27–35,
2004.)The cerebral cortex is the outermost layer of the cerebrum. The cerebral cortex consists of
a foliated structure, encompassing gyri and sulci. Within the most highly evolved cortical regions
(isocortex), a six-cell layered structure orchestrates complex brain functions (including
perceptual awareness, thought, language, planning, memory, attention, and consciousness).
Cortical anatomy can be subdivided in myriad ways, including into anatomical regions (such as
the occipital, parietal, temporal, insular, limbic, and frontal lobes) (Figure 1-3B, C, and D). The
limbic “lobe” is a ring (limbus) of phylogenetically older cortex surrounding the upper brainstem
and includes the hippocampus, amygdala, hypothalamus, parahippocampal gyrus, and
cingulate cortex (see Figure 1-3D). Structures within the medial temporal lobe are especially
important in psychiatry; the hippocampus plays a critical role in memory, and the amygdala is an
important element of fear circuitry and for assigning emotional valence to stimuli.Functionally,
the cortex may be divided into primary sensory or motor (unimodal) regions, and association
(multi-modal) regions that receive inputs from multiple areas.54 Association cortex may be
subdivided into three areas: frontal (involved in a wide variety of higher functions, such as
planning, attention, abstract thought, problem-solving, judgment, initiative, and inhibition of
impulses); limbic (involved in emotion and memory); and sensory (e.g., parietal, occipital,
temporal), involved in integrating sensory information.The cortical systems can also be
represented in a hierarchical fashion.54 For example, within sensorimotor sequencing, we see
reception of somatosensory, visual, or auditory stimuli in primary sensory cortex; interpretation
or representation of the combined sensory modalities in the heteromodal association cortex;
integration of this information with the other association cortices (i.e., limbic and frontal); and
output via the motor or language system.In addition to the cerebral cortex, many other brain
regions are of critical importance to psychiatry. The cerebellum (see Figure 1-3A and B),
traditionally known for its role in motor coordination and learning, has more recently been
implicated in cognitive and affective processes as well.56 The thalamus is a major relay station



for incoming sensory information and other critical circuitry, including connections between
association cortices (via the mediodorsal nucleus) and outputs regulating motor activity.
Interestingly, the mediodorsal nucleus, a critical relay station between association cortices, is a
region of the thalamus found to be smaller in some neuropathological studies of patients with
schizophrenia.57,58 Figure 1-3C shows the parts of the basal ganglia, which comprise the
striatum (i.e., caudate, putamen, and nucleus accumbens) and globus pallidus rostrally, and the
subthalamic nucleus and substantia nigra caudally. The basal ganglia orchestrate multiple
functions59; the dorsal striatum plays an important role in motor control, and the ventral striatum
(in particular, the nucleus accumbens) plays key roles in emotion and learning via connections
with the hippocampus, amygdala, and prefrontal cortex. The hypothalamus plays a critical role in
neuroendocrine regulation of the internal milieu.60 Via its effects on pituitary hormone release
and connections to other regions of the brain, the hypothalamus exerts homeostatic effects on
numerous psychiatrically-relevant factors, including mood, motivation, sexual drive, hunger,
temperature, and sleep. Finally, a number of discrete nuclei in the brainstem synthesize key
modulatory neurotransmitters, exerting major effects on brain function via their widespread
projections to striatal and corticolimbic regions of the brain.5 These neuromodulatory nuclei
include the dopaminergic ventral tegmental area (VTA) in the midbrain, serotonergic raphe
nuclei in the brainstem, noradrenergic locus coeruleus neurons in the pons, and cholinergic
neurons of the basal forebrain and brainstem.Cellular Diversity in the Brain: Neurons and
GliaThe cellular diversity of the primate nervous system is truly fantastic. There are two broad
classes of cells in the brain: neurons and glia. The Spanish neuroanatomist Santiago Ramon y
Cajal prolifically and painstakingly documented the cellular diversity of the nervous system
(Figure 1-4).61 Images made with modern fluorescent staining techniques also convey the
exquisite beauty of the cells of the CNS (Figure 1-5). Based on his observations, Ramon y Cajal
proposed that neurons act as physically discrete functional units within the brain,
communicating with each other through specialized junctions. This theory became known as the
“neuron doctrine,” and Ramon y Cajal's enormous contributions were recognized with a Nobel
Prize in 1906.62Figure 1-4 Ramon y Cajal's drawing from his classic “Histologie du Système
Nerveux de l'Homme et des Vertébrés” showing the cellular diversity of the nervous
system. (From Ramon y Cajal S. Histologie du système nerveux de l'homme et des vertébrés,
Paris, 1909, A Maloine.)Figure 1-5 Images made with modern fluorescent staining techniques
also convey the exquisite beauty of the cells of the CNS. (From Morrow, et al,
unpublished.)NeuronsThere are approximately 100 billion neurons in the human brain, and each
neuron makes up to 10,000 synaptic connections. At the peak of synapse formation in the third
year of life, the total number of brain synapses is estimated at 10,000 trillion, thereafter declining
and stabilizing in adulthood to between 1,000 trillion and 5,000 trillion synapses.Consistent with
their functional diversity, neurons come in a wide variety of shapes and sizes. Nonetheless, all
neurons share several characteristic features (Figure 1-6), including the cell soma (housing the
nucleus with its genomic DNA), the axon, the pre-synaptic axon terminal, and the dendritic field



(the receptive component of the neuron containing post-synaptic dendritic structures). Axon
length is highly variable; short axons are found on inhibitory inter-neurons, which make only local
connections, while axons many inches long are found on cortical projection neurons, which must
reach to the contralateral hemisphere or down to the spinal cord. Motor and sensory neurons
have axons that may be several feet long.Figure 1-6 Depiction of the neuron with its
components.There are many ways to classify neurons: by structure (i.e., projection neuron or
local inter-neuron); by histology (i.e., bipolar, multipolar, or unipolar); by function (i.e., excitatory,
inhibitory, or modulatory); by electrophysiology (i.e., tonic, phasic, or fast-spiking); or by
neurotransmitter type.3 For the purposes of this chapter, classifications using a combination of
structural, functional, and neurotransmitter type provide the most useful descriptions. For
example, it is useful to appreciate that the major excitatory neurotransmitter is glutamate
(commonly used by projection neurons), while the major inhibitory neurotransmitter in the brain
is GABA (commonly used by local inter-neurons).GliaAlthough neurons have captured the lion's
share of attention since the time of Ramon y Cajal, there are up to 10-fold more glial cells in the
brain than neurons. The word “glia” means “glue,” aptly summarizing the structural and
supportive role traditionally attributed to them. Indeed, glia do support neuronal function in many
ways, by supplying nutrition, maintaining homeostasis, stabilizing synapses, and myelinating
axons. They also play important roles in synaptic transmission. In the CNS there are two large
categories of glia: microglia and macroglia. Microglia are small, phagocytic cells related to
peripheral macrophages. Macroglia can be further classified into two types: astrocytes maintain
the synaptic milieu, and oligodendrocytes myelinate axons. Astrocytes play an active and critical
role in glutamatergic neurotransmission, releasing co-agonists required for glutamate receptor
function and transporting glutamate to terminate its synaptic action. New functions of glia
continue to be discovered, and belated appreciation of their importance to psychiatric
neuroscience continues to grow. Mood disorders are associated with a reduction in the number
of glia in select brain regions.63 In adult-onset metachromatic leukodystrophy, a genetic enzyme
deficiency produces diffuse myelin destruction; the illness may manifest in mid-adolescence
with neuropsychiatric symptoms resembling schizophrenia.64 Furthermore, studies looking for
genes whose expression is altered in schizophrenia have identified prominent changes in myelin-
related genes.65The Structure of the SynapseThe previous section described how inter-cellular
communication serves as an organizing feature of neuroanatomy. Neurons and glia are elegantly
situated within the brain to facilitate signaling between adjacent cells, and between cells in
distinct brain regions. Depending on the specific neurotransmitters released pre-synaptically,
and the specific receptors located post-synaptically, the transmitted signal may have excitatory,
inhibitory, or other modulatory effects on the post-synaptic neuron. Detailed knowledge of the
neurochemical anatomy of the brain is therefore a prerequisite to the optimal use of psychotropic
medicines in psychiatry. Important aspects of neurochemical anatomy include how
neurotransmitters are distributed within brain circuits; how these neurotransmitter systems
function; and how these systems are altered either by disease or by our



treatments.NeurotransmittersNeurotransmitters are defined by four essential characteristics
(Figure 1-7 and Box 1-2): they are synthesized within the pre-synaptic neuron; they are released
with depolarization from the pre-synaptic neuron to exert a discrete action on the post-synaptic
neuron; their action on the post-synaptic neuron can be replicated by administering the
transmitter exogenously (as a drug); and their action in the synaptic cleft is terminated by a
specific mechanism.3 However, they otherwise differ considerably in structure, distribution, and
function. Their chemical make-up (including small molecules [such as amino acids, biogenic
amines, and nitrous oxide] as well as larger peptides [such as opioids and substance P]) varies
substantially. Certain neurotransmitters are found ubiquitously throughout the cortex, whereas
others act in more select locations. Moreover, while certain neurotransmitters are always
excitatory (e.g., glutamate) or inhibitory (e.g., GABA in the adult brain), others can exert variable
downstream effects based on where they are located and to which receptors they bind.Figure
1-7 Essential characteristics of neurotransmitters.Box 1-2Schema of Neurochemical
SystemsNeurotransmitter biosynthesisNeurotransmitter storage and synaptic vesicle
releaseNeurotransmitter receptors:• Post-synaptic• Pre-synaptic autoreceptorsPost-synaptic ion
channelsPost-synaptic second messenger systemsActivity-dependent gene
regulationNeurotransmitter degradationNeurotransmitter reuptakeFunctional neurochemical
anatomyNearly 100 neurotransmitters have been identified within the mammalian brain.
However, we will focus on several well-characterized neurotransmitter systems with major
relevance to neuropsychiatric phenomena (Box 1-3). Each of these neurotransmitters plays an
important role in normal brain function; thus, abnormal activity in any of these neurotransmitter
systems may contribute to neuropsychiatric dysfunction. We will consider the normal “life cycle”
for each neurotransmitter system—including synthesis, synaptic release, receptor binding,
neurotransmitter degradation, post-synaptic signaling through ion channels or second
messengers, and activity-dependent changes in gene expression and subsequent neuronal
activity (see Box 1-2). We will focus particularly on the various points in this cycle that are
amenable to pharmacological intervention.Box 1-3Major Neurotransmitter Systems in the
BrainAmino AcidsGlutamateγ-Aminobutyric acid (GABA)MonoaminesDopamineNorepinephrine
(noradrenaline)Epinephrine (adrenaline)SerotoninHistamineSmall Molecule
NeurotransmitterAcetylcholinePeptidesOpioids (enkephalins, endorphin,
dynorphin)Hypothalamic factors (CRH, orexins/hypocretins, and others)Pituitary hormones
(ACTH, TSH, oxytocin, vasopressin, and others)Neuroactive CNS peptides also expressed in
the GI system (substance P, VIP, and others)Others (leptin and others)ACTH,
Adrenocorticotropic hormone; CNS, central nervous system; CRH, corticotropin-releasing
hormone; GI, gastrointestinal; TSH, thyroid-stimulating hormone; VIP, vasoactive intestinal
polypeptide.For example, consider the hypothetical synapse in Figure 1-8. Suppose a particular
psychiatric symptom was related to abnormally high synaptic concentrations of a specific
neurotransmitter. The diversity of biochemical steps involved in the neurotransmitter cycle
provides many targets for pharmacological intervention5: one could inhibit neurotransmitter



synthesis; interfere with neurotransmitter transport, vesicle formation, or release; block post-
synaptic receptor effects; or increase the clearance rate from the synapse by degradation or
transport. We will re-visit this model as we consider each of the neurotransmitter systems and
their relation to normal and abnormal brain function below.Figure 1-8 Psychopharmacology and
the synapse.Synaptic Transmission, Second Messenger Systems, and Activity-Dependent
Gene ExpressionNeurotransmitter signals alter post-synaptic neuron function via a complex
collection of receptors and second messenger systems.66 These signals ultimately result in
changes in neuronal activity, often associated with changes in gene expression. While
neurotransmitter receptors are the classic targets of pharmacological intervention, it has
become apparent that second messenger systems may also provide important targets for
existing and novel therapies.67,68In general, neurotransmitter receptors trigger either rapid or
slow effector systems. Rapid-effect neurotransmitter receptors are either themselves ion
channels (e.g., NMDA glutamate receptors), or are coupled to ion channels. Ion flux through
these transmitter-activated channels rapidly alters membrane potential and neuronal activity.
Other neurotransmitter receptors, including the large family of G-protein–coupled receptors
(GPCRs), work via slower second messenger systems.69,70 Such second messenger systems
usually involve sequential multi-enzyme cascades. Post-translational modifications, such as
protein phosphorylation (introduced by kinase proteins and removed by phosphatase proteins),
can act as on–off switches to propagate or terminate the signal at specific branch points.
Second messenger systems convert receptor signals into a coordinated set of cellular effects by
altering the function of multiple target proteins. These targets include ion channels that control
neuronal firing, synaptic proteins that regulate synaptic efficacy, and cytoskeletal elements that
determine cellular morphology. While there are over 500 different kinases in the human genome,
several that have been heavily studied in psychiatry are worthy of special mention, such as the
cyclic AMP (cAMP)–dependent kinase (also known as protein kinase A [PKA]) and calcium/
calmodulin-dependent protein kinase (CAMK), which both play critical roles in memory
formation.71 Another second messenger pathway, involving glycogen synthase kinase (GSK),
has been proposed to mediate at least some of the therapeutic efficacy of lithium salts in bipolar
disorder.72Transcription factors are also critical downstream targets of neurotransmitter signals
and second messenger systems. By modifying gene expression in the nucleus, transcription
factors can produce persistent changes in neural function. The most widely studied neuronal
transcription factors include immediate early genes c-Jun, c-Fos, and cAMP response element
binding protein (CREB), whose activity is quickly regulated by neurotransmitter signals.73 CREB
has been shown to be up-regulated and phosphorylated in neurons in response to antipsychotic
medication, as well as drugs of abuse,74–76 and in response to neurotrophic factors, such as
brain-derived neurotrophic factor (BDNF).77 BDNF and related neurotrophic factors are of
particular interest to psychiatric neuroscience, as they exert effects both as growth factors during
embryonic neu-rodevelopment and synaptic signaling in adults. BDNF signaling modulates
CREB activity and gene expression; both factors play important roles in neural plasticity, and



have been heavily studied in genetic association studies in psychiatric disorders.78–81A Review
of Clinically Relevant Neurotransmitter SystemsIn this section we review the major
neurotransmitter systems, all of which have clinical importance in psychiatry. In each subsection,
emphasis will be placed on the “content” of neuropsychiatric explanation.GlutamateAs the major
excitatory neurotransmitter in the CNS, glutamate is found ubiquitously throughout the brain. A
non-essential amino acid, glutamate does not cross the blood–brain barrier; thus, synthesis of
the glutamate neurotransmitter pool relies entirely on conversion from its precursors (glutamine
or aspartate) within nerve terminals (Figure 1-9). Aspartate is converted to glutamine via
transamination, while glutamine is converted to glutamate within mitochondria via glutaminase.
Glutamate is packaged within synaptic vesicles, and, when released into the synapse, binds
post-synaptic glutamate receptors. Unable to diffuse across cell membranes, glutamate is
cleared from the synapse primarily by sodium (Na+)–dependent uptake into astrocytic
processes that ensheath the glutamatergic synapse (“tripartite synapse”), where it is converted
back to glutamine (which is then transported back to the pre-synaptic glutamatergic
terminal).Figure 1-9 The glutamate life cycle.Glutamate receptors are varied in structure and
function, capable of imparting either rapid or gradual change in the function of the post-synaptic
neuron. The ionotropic family of glutamate receptors, which includes NMDA, α-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA), and kainate (KA) receptors, act rapidly by
opening channels for Na+ and (to a variable degree) calcium (Ca2+) influx. This influx causes
post-synaptic depolarization, which, if present in sufficient force, causes the neuron to fire. The
metabotropic glutamate receptors (mGluRs) effect gradual change in neuronal function. These
seven membrane-spanning G-protein–coupled receptors (GPCRs) are linked to cytoplasmic
enzymes via G proteins embedded within the cell membrane. Once activated, these enzymes
can induce second messenger cascades that can influence intra-cellular processes, including
gene transcription.The N-methyl-D-aspartate Receptor and the Role of Glutamate in
Neuropsychiatric IllnessThe NMDA receptor deserves special attention due to its role in normal
and abnormal cognitive processes. When activated, the NMDA receptor serves as a channel for
the influx of Ca2+ into the neuron (Figure 1-10). This process relies on both the binding of
ligands (such as glutamate and a co-agonist, glycine) to the receptor and on recent
depolarization of the post-synaptic cell membrane, which displaces a magnesium (Mg2+) ion
that normally blocks the channel. NMDA receptor signaling thus requires near-simultaneous
activity of the pre-synaptic and post-synaptic neurons; this provides a molecular mechanism for
associating two temporally linked inputs, a key ingredient in basic forms of learning. Indeed,
NMDA receptors, along with AMPA receptors, mediate long-term potentiation in the
hippocampus, a process critical for hippocampal-dependent memory formation.Figure 1-10 N-
methyl-D-aspartate receptors and excitotoxicity. (A) Normal. (B) Excitotoxic.When NMDA
receptors are activated in sufficient number, however, the resulting large calcium influx can
result in cell death, a process known as excitotoxicity (see Figure 1-10). Excitotoxicity is thought
to contribute to neurodegenera-tive disorders (such as Alzheimer's disease, Huntington's



disease, and amyotrophic lateral sclerosis).82 Memantine, an NMDA antagonist, is used for the
treatment of Alzheimer’s Dementia Memantine is hypothesized to slow disease progression by
dampening excitotoxic injury.83While overactive NMDA receptors may contribute to
neurodegeneration and attendant memory loss in dementia, blockade of these receptors can
also cause profound cognitive disruption. NMDA antagonists (such as ketamine and
phencyclidine [PCP]) produce psychotic symptoms (e.g., disorganization, dissociation,
hallucinations, delusions) in healthy people, and exacerbate psychosis in patients with
schizophrenia. This pattern, in concert with observed alterations in glutamate-related proteins,
has spurred the “glutamate hypothesis” of schizophrenia.33 The glutamate system thus
represents a promising target for the development of new antipsychotic medications. The NMDA
receptor, in addition to its binding site for glutamate, also has a co-regulatory site for the amino
acids glycine or D-serine, which must be occupied for glutamate to open the channel. Based on
the hypothesis of a hypoactive glutamatergic system in schizophrenia, these amino acids, and
the related D-cycloserine, are being actively studied as potential augmentation strategies for
antipsychotic treatment.GABAAnother amino acid, γ-aminobutyric acid (GABA), serves as the
major inhibitory transmitter in the CNS. When bound to membrane receptors, GABA causes
hyperpolarization either directly, by causing chloride channels to open, or indirectly, through
second messenger systems. Although found throughout the CNS, GABA is concentrated
specifically in both cortical and spinal interneurons, and plays a major role in dampening
excitatory signals. As such, GABA receptors have been of considerable interest to researchers
concerned about the normal and abnormal function of neural networks.GABA is synthesized
primarily from glucose, which is converted via the Krebs cycle into α-ketoglutarate and then to
glutamate (Figure 1-11). Conversion from glutamate to GABA occurs through the action of
glutamic acid decarboxylase (GAD). Because GAD is found only in GABA-producing neurons,
antibodies to the enzyme have been used to identify GABA-ergic neurons with high specificity.
Following depolarization of the pre-synaptic neuron, vesicles containing GABA discharge it into
the synapse, where binding to post-synaptic receptors occurs. GABA is then cleared from the
synapse and transported into pre-synaptic terminals and surrounding glia. It is then broken down
by GABA α-oxoglutarate transaminase (GABA-T), and downstream products are returned to the
Krebs cycle. GABA synthesis and metabolism are thus referred to as the GABA shunt
reaction.Figure 1-11 The GABA life cycle.GABA ReceptorsThere are two major classes of
GABA receptors: GABAA and GABAB receptors. Binding of GABA to the GABAA receptor
causes a chloride channel to open, which, under most circumstances, renders the post-synaptic
membrane potential more negative (Figure 1-12). Of note, several other agents bind
allosterically to the GABAA receptor, including alcohol, barbiturates, and benzodiazepines, and
render it more sensitive to GABA. The anticonvulsant activity of benzodiazepines and
barbiturates is thought to reflect neural inhibition mediated through the GABAA
receptor.84Figure 1-12 GABA receptors. (A) GABAA receptor. (B) GABAB receptor.GABAB
receptors, akin to the metabotropic glutamate receptors, are G-protein–coupled receptors rather



than ion channels. Activation of GABAB causes downstream changes in potassium (K+) and
Ca2+ channels, largely via G-protein–mediated inhibition of cAMP. Specific interactions between
GABAB receptors and Ca2+ channel activity may be linked to absence seizures.85GABA in
Neuropsychiatric IllnessAltered GABA activity may contribute significantly to psychiatric
disorders. In schizophrenia, reduced GABA synthesis in a select population of inter-neurons
within the dorsolateral prefrontal cortex is thought to affect inhibition of pyramidal neurons in this
region. Reduced inter-neuron input may thus disrupt synchronized neuronal activity, which, in
turn, may underlie working memory deficits in schizophrenia.9 Further, although the exact
mechanism remains uncertain, the chronic action of alcohol, benzodiazepines, and barbiturates
on specific GABAA receptor subunits is hypothesized to underlie such clinical phenomena as
tolerance and withdrawal. GABA-ergic dysfunction has also been posited to contribute to panic
disorder.DopamineWhile glutamate and GABA are found throughout the brain, other
neurotransmitter systems are localized to specific neural pathways. The monoamines (e.g.,
norepinephrine, serotonin, dopamine) and acetylcholine are synthesized in several discrete
brainstem nuclei, yet project widely, affecting a majority of brain systems. Dopamine, a
catecholamine neurotransmitter, affects many brain regions that are consistently implicated in
psychiatric disorders. It is hardly surprising, then, that a host of psychopharmacological
interventions target the dopamine system.Dopamine Pathways and Relevance to
NeuropsychiatryThere are four major dopamine projections (Figure 1-13), each with great
relevance to neuropsychiatric phenomena. The name of each projection indicates the location of
the dopaminergic cell bodies, as well as the region targeted by their axons; for example, the
nigrostriatal system consists of dopamine cell bodies in the substantia nigra, with axons
projecting to the striatum. Degeneration of the nigrostriatal pathway leads to extrapyramidal
motor symptoms (such as tremor, bradykinesia, and rigidity), as seen in Parkinson's disease. An
analogous mechanism underlies extrapyramidal symptoms (EPS) associated with antipsychotic
medications, which block dopamine receptors in the striatum.Figure 1-13 Dopaminergic
projections. (Adapted from NIAAA at .)Dopamine neurons in the mesolimbic pathway project
from the ventral tegmental area (VTA), also in the mid-brain, to limbic and paralimbic structures,
including the nucleus accumbens, amygdala, hippocampus, septum, anterior cingulate cortex,
and orbitofrontal cortex. Given the importance of these downstream structures to emotion,
sensory perception, and memory, it has been speculated that altered activity in the mesolimbic
pathway may underlie the perceptual disturbances common to positive symptoms of
schizophrenia, hallucinogen use, and even temporal lobe seizures. The mesolimbic pathway is
also implicated in the addictive actions of drugs of abuse, which share the common feature of
enhancing dopamine release in the nucleus accumbens. In addition, loss of mid-brain
nigrostriatal dopaminergic neurons in Parkinson's disease may spread to VTA neurons, and this
may underlie the depressive symptoms commonly seen in Parkinson's disease.Mesocortical
dopamine neurons also have their cell bodies in the VTA, but project to the neocortex, primarily
prefrontal cortex. Release of dopamine in the prefrontal cortex is believed to affect the efficiency



of information processing, attention, and wakefulness. The relationship between prefrontal
dopamine and frontal lobe function does not appear to be linear, but rather reflects an “inverted-
U” shape (Figure 1-14).86 For example, brain activation during working memory tasks, largely
mediated by prefrontal activation, is inefficient under conditions of either low or high prefrontal
dopamine release. Altered availability of prefrontal dopamine may underlie cognitive impairment
in schizophrenia, ADHD, Parkinson's disease, and other neuropsychiatric conditions.Figure
1-14 (A and B) Dopamine and prefrontal function. PFC, prefrontal cortex; DA,
dopamine. (Adapted from Mattay VS, Goldberg TE, Fera F, et al. Catechol O-methyltransferase
val158-met genotype and individual variation in the brain response to amphetamine, Proc Natl
Acad Sci U S A 100:6186–6191, 2003.)The tuberoinfundibular dopamine system projects from
the arcuate nucleus of the hypothalamus to the stalk of the pituitary gland. When released in the
pituitary, dopamine inhibits the secretion of prolactin. Individuals who take dopamine-blocking
medications (including some antipsychotics) are therefore at risk for hyperprolactinemia, which
can in turn cause menstrual cycle abnormalities, galactorrhea, gynecomastia, and sexual
dysfunction.Dopamine Synthesis, Binding, and Inactivation and More Clinical CorrelatesThe
catecholamines (dopamine, norepinephrine, and epinephrine) are synthesized sequentially in
the same biosynthetic pathway. First, dopamine is synthesized from tyrosine through the actions
of tyrosine hydroxylase (TH, the rate-limiting enzyme for catecholamine synthesis) and 3,4-
dihydroxy-L-phenylalanine (Dopa) decarboxylase (Figure 1-15). The dopamine precursor, L-
Dopa, crosses the blood–brain barrier and is given systemically to ameliorate symptoms of
Parkinson's disease. Dopamine is packaged and stored in synaptic vesicles by the vesicular
monoamine transporter (VMAT), and when released binds to post-synaptic dopamine
receptors.Figure 1-15 The dopamine life cycle.Although numerous classes of dopamine
receptors have been described, they each affect intra-cellular signaling through second
messenger systems. Dopamine receptors fall into one of two families: D1-like or D2-like
receptors. D1-like receptors (which include D1 and D5) activate adenylyl cyclase, while D2-like
receptors (including D2, D3, and D4) inhibit cAMP production. D1 and D2 receptors significantly
outnumber other dopamine receptor types. Most typical antipsychotics were developed as D2
antagonists, while atypical antipsychotics usually have less activity at D2 receptors (clozapine,
for example, has a high affinity for the D4 receptor).There are several mechanisms for
inactivating dopamine. Within the neuron, extra-vesicular dopamine may be catabolized by the
mitochondrial enzymes monoamine oxidase-A or -B (MAO-A or MAO-B). MAO-A metabolizes
norepinephrine, serotonin, and dopamine; inhibitors of this enzyme, such as clorgyline and
tranylcypromine, are used to treat depression and anxiety. MAO is also present in the liver and
gastrointestinal tract, where it degrades dietary amines (such as tyramine and
phenylethylamine), thereby preventing their access to the general circulation. Phenylethylamine
can cause hypertension when systemically absorbed; thus, patients receiving MAO inhibitors
are at risk of hypertensive crisis if they ingest food products containing these amines. MAO-B
targets dopamine most specifically, and therefore agents that inhibit this enzyme are used in



Parkinson's disease.Two other molecules, catechol-O-methyltransferase (COMT) and the
dopamine transporter (DAT), have the ability to clear dopamine from the synaptic cleft. In the
mid-brain and striatum, DAT plays a more substantial role than COMT, while in the prefrontal
cortex, COMT predominates. A common, functional polymorphism in the COMT gene, Val
108/158 Met, has been identified: individuals with one or more copies of the Met allele have
significantly reduced COMT activity. Thus, these individuals presumably have greater
concentrations of prefrontal dopamine (see Figure 1-14). In humans, in the setting of a
challenging working memory task, healthy individuals homozygous for the Met allele (Met/Met)
may exhibit more efficient brain activation than Val/Val or Val/Met subjects. However, if given
amphetamine, which blocks dopamine reuptake and increases synaptic dopamine, Val/Val
individuals are shifted to a more optimal position in the curve, while those with Met/Met are
shifted to the less efficient downward slope of the curve.87 Among individuals with altered
prefrontal dopamine levels, such as patients with schizophrenia and Parkinson's disease,
variation in COMT genotype may play a significant role in determining prefrontal efficiency, and
hence performance on tasks involving planning, sequencing, and working memory. Similarly,
patients with velo-cardio-facial syndrome (VCFS) often have psychotic symptoms that may
relate to altered COMT function. VCFS is caused by a 3 Mb (million base pairs) deletion of the
genome on chromosome 22q11.2, which results in the complete loss of one parental copy of
approximately 30 genes, one of which is COMT. These patients, who exhibit a somewhat
variable phenotype (which may also include abnormalities of the heart, thymus, parathyroid, and
palate), also have an increased risk for psychotic disorders. Almost 30% of VCFS patients have
a psychiatric condition akin to bipolar disorder or schizophrenia.88NorepinephrineLike
dopamine, norepinephrine (noradrenaline [NE]) is a catecholamine neurotransmitter that is
present in discrete neural projections. NE cell bodies are concentrated in the locus coeruleus,
which is located in the pons near the fourth ventricle (Figure 1-16). This dorsal collection of
noradrenergic neurons innervates the cerebral cortex, hippocampus, cerebellum, and spinal
cord, while a ventral collection projects to the hypothalamus and other CNS sites.Figure
1-16 Noradrenergic projections. (Adapted from NIAAA at ; and from Siegel GJ, Agranoff BW,
Albers RW, et al. Basic neurochemistry, ed 6, Philadelphia, 1999, Lippincott-Raven, p. 252.)NE
overlaps substantially with dopamine with regard to synthesis and degradation pathways; in fact,
dopamine is the immediate precursor to NE, which is produced within synaptic vesicles by
dopamine β-hydroxylase (see Figure 1-15). Like dopamine, NE is also degraded by COMT and
MAO.There are three families of noradrenergic receptors: α1, α2, and β. Like the dopamine
receptors, NE receptors are all coupled to G proteins and thus modify intra-cellular signaling
pathways. The α1 receptors augment protein kinase C activity through the release of inositol
1,4,5-triphosphate and diacylglycerol. While activated α2 receptors decrease cAMP through
inhibition of adenylyl cyclase, β receptors do the opposite, stimulating cAMP production. In this
sense, α2 receptors are somewhat akin to D2, and β receptors to D1. In the CNS, α2 receptors
frequently act as “autoreceptors” present pre-synaptically on noradrenergic neurons themselves,



providing negative-feedback regulation of noradrenergic output.Norepinephrine in Opiate
WithdrawalClonidine, a drug commonly used to treat hypertension, activates CNS α2
autoreceptors and thereby dampens noradrenergic tone. Use of clonidine in the treatment of
opiate withdrawal provides a wonderful example of a case where psychiatric neuroscience has
successfully characterized the links between a clinical disorder, therapeutic drug effects, and
mechanisms at the molecular, cellular, and neural circuit levels. Acutely, opiates act through G-
protein–coupled receptors to inhibit the cAMP system and reduce the activity of locus coeruleus
neurons; this partly mediates their calming and sedating effects. With chronic opiate
administration, tolerance develops, in part due to homeostatic up-regulation in the activity of
cAMP pathway elements (such as PKA and CREB). In opiate withdrawal, this adaptive up-
regulation is no longer balanced by the opiate inhibition. Rebound hyperactivity of the locus
coeruleus then occurs, with a great increase in NE release from its widespread projections. This
in turn leads to the autonomic and psychological hyperarousal seen during withdrawal; these
symptoms are greatly dampened by clonidine.89SerotoninThe serotonin system is involved in
many processes in psychiatry, including most prominently mood, sleep, and psychosis.60,90,91
Serotonin (5-hydroxytryptamine [5-HT]), a monoamine and indolamine, is synthesized from the
amino acid tryptophan by tryptophan hydroxylase (TPH) (Figure 1-17). Serotonin is synthesized
in mid-line neurons of the brainstem, known as the raphe nuclei.92 Serotonergic neurons project
diffusely to numerous targets (including cerebral cortex, thalamus, basal ganglia, mid-brain
dopaminergic nuclei, hippocampus, and amygdala) (Figure 1-18).Figure 1-17 The serotonin life
cycle.Figure 1-18 Serotonergic projections. (Adapted from NIAAA at .)Like the catecholamines,
serotonin is transported into vesicles by VMAT. Serotonin is subsequently released into the
synaptic cleft, and after receptor binding, is inactivated either by pre-synaptic reuptake via the
serotonin transporter or degradation via MAO. The serotonin transporter is a critical molecule in
neuropsychopharmacology. Drugs that block the serotonin transporter (SERT) prolong
serotonin's action; these agents include the selective serotonin reuptake inhibitors (SSRIs)
commonly used in treating depression and anxiety disorders. Like the norepinephrine
transporter (NET) and dopamine transporter (DAT), SERT is also a common target of drugs of
abuse. For example, both cocaine and amphetamine prolong the action of serotonin by inhibiting
SERT. Similarly, the club drug ecstasy (MDMA) is a fast-acting SERT inhibitor; MDMA may also
be neurotoxic to serotonergic neurons in the dorsal raphe.93The discovery of a common genetic
variant in the promoter of the SERT gene has had a major impact on psychiatric neuroscience.
The “long” form or L-variant (which contains an additional 44-bp sequence) generates more
mRNA, and thereby protein, than the “short” or S-variant (which lacks this 44-bp sequence). The
L-variant thus enhances transporter activity in the synaptic cleft, reducing the duration and
intensity of serotonin neurotransmission, while the S-variant leads to lower transporter activity
and prolonged serotonin signaling. The S-variant has been implicated in the etiology of
depression and anxiety disorders.94,95Seven classes of serotonin receptors exhibit distinct
patterns of expression in CNS and peripheral tissues and activate distinct second messenger



systems. For example, 5-HT1A receptors are GPCRs that are inhibitory and thereby decrease
cAMP; agonists at this receptor (e.g., buspirone) have anxiolytic properties. 5-HT2 receptors
(which have three subtypes, A to C) act through a different G protein to activate inositol
triphosphate (IP3) and diacylglycerol (DAG) second messenger systems.96 5-HT2 signaling is
particularly relevant to psychosis: the hallucinogen LSD activates 5-HT2receptors, while many
atypical antipsychotics inhibit them.91AcetylcholineThe first neurotransmitter to be discovered,
acetylcholine (ACh) was initially characterized by Otto Loewi as Vagusstoff, the mediator of
vagal parasympathetic outflow to the heart. As we now know, of course, ACh plays important
roles in central as well as peripheral neurophysiology, and cholinergic transmission underlies a
host of normal cognitive functions. In recent years, the cholinergic system has become an
important target in the psychopharmacology of dementia and movement disorders.In the
periphery, ACh is the neurotransmitter for the neuromuscular junction, for pre-ganglionic
neurons in the autonomic nervous system, and for parasympathetic post-ganglionic neurons. In
the CNS, cholinergic neurons are concentrated in the nucleus basalis of Meynert in the basal
forebrain, and project diffusely to the neocortex (Figure 1-19). There are also cholinergic
projections from the septum and diagonal band of Broca to the hippocampus. Cholinergic inter-
neurons are found in the basal ganglia.Figure 1-19 Cholinergic projections. (Adapted from
NIAAA at .)ACh is formed in nerve terminals through the action of choline acetyltransferase
(ChAT; Figure 1-20). Its precursor, choline, is supplied through both breakdown of dietary
phosphatidylcholine, and recycling of synaptic ACh (which is catabolized by
acetylcholinesterase to choline and actively transported back into the pre-synaptic
terminal).Figure 1-20 The acetylcholine life cycle.There are two classes of ACh receptors:
muscarinic and nicotinic. While muscarinic receptors are G-protein–coupled, nicotinic receptors
are ion channels, which allows for rapid influx of Na+ and Ca2+ into the post-synaptic neuron.
Both receptor types are abundant in brain tissue.Acetylcholine and CognitionAnticholinergic
medications affect the balance of dopamine and ACh in the basal ganglia, which can improve
EPS in patients with movement disorders (either primary or secondary to antipsychotic use).
However, alterations in cholinergic transmission, due to medications or to underlying disease,
can profoundly affect cognition. Anticholinergic medications, such as diphenhydramine, are a
common source of delirium in elderly or medically ill patients. Many antipsychotic and tricyclic
antidepressant drugs have some anticholinergic activity, which can affect cognition (and also
produce significant peripheral side effects, including dry mouth, urinary retention, constipation,
and tachycardia). The degeneration of cholinergic neurons in Alzheimer's disease contributes
strongly to cognitive decline; acetylcholinesterase inhibitors may slow this effect somewhat, but
do not reverse the degeneration process.97 Nicotine, acting through nicotinic ACh receptors,
may produce significant cognitive effects (as well as addictive rewarding effects).HistamineLike
ACh and NE, histamine serves important functions both in the CNS and peripherally. Histamine
is best known for its roles outside the brain in activating immune and inflammatory responses
and in stimulating gastric acid secretion. Within the brain, it acts both as a classical



neurotransmitter and as a neuromodulator, potentiating the excitability of other neurotransmitter
systems.Histaminergic neurons are concentrated within the hypo-thalamus, in the
tuberomammillary nucleus. They project diffusely to cortical and subcortical targets, as well as to
the brainstem and spinal cord. Histamine is derived from its precursor, L-histidine, through the
action of L-histidine decarboxylase. Histamine can be broken down either through oxidation (via
diamine oxidase) or methylation (via histamine N-methyltransferase and, subsequently,
MAO).Three classes of histamine receptors, H1, H2, and H3, have been found both within brain
tissue and in the periphery. Each affects second messenger systems through coupling to G
proteins. H3 may also function as an inhibitory autoreceptor. More recently, a fourth class of
histamine receptor (H4) has also been described, but apparently is not expressed in human
brain.Histamine stimulates wakefulness, suppresses appetite, and may enhance cognition
through its excitatory effects on brainstem, hypothalamic, and cortical neurons. Drugs with
antihistaminic properties can cause significant disruptions of these processes, producing the
therapeutic effects of sleep medications, as well as side effects (sedation and weight gain) of
some atypical antipsychotics and, in particular, the antidepressant mirtazapine.98 Animal
research shows that histamine depletion adversely affects short-term memory, while H3
autoreceptor antagonists may have the opposite effect; these findings have fueled the
development of H3 antagonists as a potential treatment for memory disorders.Other
Neurotransmitters, and Interactions among NeurotransmittersMany additional neurotransmitters
mediate important effects in the brain; some with particular relevance to psychiatry include
neuropeptides (e.g., endogenous opioids), neurohormones (e.g., corticotropin-releasing
hormone), and steroids, cannabinoids, and short-acting gases (such as nitric oxide). And while
we have focused on one neurotransmitter at a time, numerous and complex interactions occur
among neurotransmitter systems. Although discussion of these other neurotransmitters and
neurotransmitter interactions is beyond the scope of this chapter, they are of great importance to
psychiatric neuroscience and the subject of intensive research.Genes, Environment, and
EpigeneticsAt the outset of this chapter, we stated that major mental illness reflects abnormal
brain function, and we have described many genes that could contribute to such dysfunction.
However, while neuropsychiatric conditions are frequently highly heritable, the emergence of
psychopathology likely requires a complex interaction of a genetic susceptibility and exposure to
environmental risk factors. Note that the “environment” must be understood broadly, and
includes the pre-natal uterine environment as well as peri-natal and post-natal events into
childhood, adolescence, and adulthood. Epidemiological studies relating gene–environment
interactions to the development of psychiatric conditions have already contributed significantly
to psychiatric neuroscience.99 For example, in a prospective longitudinal study, Caspi and
colleagues100 discovered that genetic variations in the serotonin transporter (SERT) promoter
interacted with stressful life events to influence depression risk. Individuals with one or two
copies of the short S-variant allele (the hypoactive form of the gene) exhibited more depression
and suicidality in relation to stressful life events than those carrying two copies of the long L-



variant allele. This remarkable study demonstrated that even when genetic susceptibility and
environmental exposure do not independently produce a strong increase in risk for
psychopathology, in combination they may impressively increase this risk.100Finally, the
mechanisms by which experience may interact with genes are various, but one recent study in
the field of “epigenetics” merits attention. Epigenetics has various definitions, but includes the
idea that a gene function may be changed without a specific alteration in the code, and that this
change in gene function also may be heritable.101 Frequently, this may occur by a change in the
structure of the DNA molecule: for example, chromatin, around a gene, which alters gene
expression. An important animal model may have shed light on the biological effects of child
abuse.43,102 While it has been widely noted in psychiatry that child abuse or mistreatment can
have long-term effects on cognition and behavior, a model system of rodent maternal care has
also demonstrated that rodent pups mistreated during development will have long-standing
dysfunctional programming of their hypothalamic–pituitary–adrenal axis, and thereby response
to stress. Investigators have further demonstrated that these occur due to specific changes in
chromatin structure and subsequent gene expression, and have also shown that these changes
and downstream effects may be heritable. These effects may be treatable or even reversible with
novel medicines that affect chromatic structure,103 and, indeed, some of our older medicines,
most notably valproic acid,104 may act in part through such mechanisms. This is an important
example of how a detailed mechanistic understanding of gene–environment interactions may
truly make vast contributions to the understanding and treatment of major mental
illness.ConclusionWe are fortunate in psychiatry to have multiple treatment choices for most
conditions. However, existing treatments are frequently only partially effective. Side effects may
interfere with compliance and produce their own morbidity, and even after successful treatment
relapse is common. Despite 50 years of progress in psychopharmacology, we still need better
treatments for mental illness. Greater understanding of the biological mechanisms underlying
brain function and dysfunction will be essential in the development of new and better remedies.
Important insights will also come from clarifying the specific therapeutic mechanisms of existing
treatments.Over the past century psychiatric neuroscience has made great strides in linking
neural mechanisms to conditions of abnormal affect, behavior, and cognition. However, because
of challenges inherent to the study of psychiatric phenomena and brain function, the gap
between mechanistic understanding and clinical practice remains wide for most conditions.
Genetics and neuroimaging have dramatically enhanced our ability to bridge these gaps, and
the accelerating development of these fields provides great hope.While our biological
knowledge is incomplete, there is already a great deal of information that may be incorporated
into our clinical problem-solving. This will be facilitated by applying a systematic framework
when evaluating the neuroscientific aspects of clinical cases. Biological formulations should
involve consideration of two broad domains: process (the dynamic mechanisms of
neurodevelopment, neurotransmission, and neurodegeneration) and content (key regional,
cellular, and molecular neural substrates). These biological components of major mental illness,



identified through decades of research, are extremely valuable in our explanations to patients
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1):S91–S92.Multiple Choice QuestionsSelect the appropriate answer.Q1 Which of the following
was awarded a Nobel Prize in 2000 for work characterizing information processing in the brain at
the molecular level?○ Julius Axelrod○ Ulf von Euler○ Eric Kandel○ Bernard Katz○ Emil
KraeplinQ2 Which of the following was the first to describe plaques in the brains of patients with
dementia?○ Alois Alzheimer○ Paul Broca○ Ulf von Euler○ Phineas Gage○ Emil KraeplinQ3
Which of the following brain territories is the MOST likely to be considered as the major relay
station for incoming sensory information and other critical circuitry?○ Amygdala○ Cerebellum○
Hippocampus○ Nucleus accumbens○ ThalamusQ4 Which of the following won a Nobel Prize in
1906 for demonstrating that neurons act as physically discrete functional units within the brain,
communicating with each other through specialized junctions?○ Julius Axelrod○ Santiago
Ramon y Cajal○ Ulf von Euler○ Eric Kandel○ Bernard KatzQ5 Which of the following is the
major excitatory neurotransmitter in the brain?○ Acetylcholine○ Dopamine○ Endorphin○
Gamma-aminobutyric acid○ GlutamateQ6 Which of the following are MOST likely to be thought
of as capable of imparting either rapid or gradual change in the function of the postsynaptic
neuron?○ Acetylcholine receptors○ Dopamine receptors○ Endorphin receptors○ Gamma-
aminobutyric acid receptors○ Glutamate receptorsQ7 Which of the following substances are



MOST closely linked with the nigrostriatal system, the mesolimbic system, the mesocortical
system, and the tuberoinfundibular system?○ Acetylcholine○ Dopamine○ Endorphin○ Gamma-
aminobutyric acid○ GlutamateQ8 In which of the following structures is serotonin primarily
synthesized?○ Amygdala○ Basal ganglia○ Hippocampus○ Raphe nuclei○ ThalamusMultiple
Choice AnswersQ1 The answer is: Eric Kandel.The work of Julius Axelrod, Ulf von Euler, and
Bernard Katz on neurotransmitters, and their mechanisms of release, reuptake, and metabolism,
was recognized with a Nobel Prize in 1970. Later, converging work characterizing information
processing in the brain at a molecular level earned Arvid Carlsson, Paul Greengard, and Eric
Kandel the 2000 Nobel Prize at the end of the decade of the brain.Q2 The answer is: Alois
Alzheimer.Neuropathology was clearly in fashion in the late 1800s and early 1900s, when Alois
Alzheimer first described plaques in the brain of his patient with dementia, and identified frontal
cortex abnormalities in schizophrenia.Q3 The answer is: Thalamus.The thalamus is a major
relay station for incoming sensory information and other critical circuitry, including connections
between association cortices (via the mediodorsal nucleus) and outputs regulating motor
activity. The mediodorsal nucleus, a critical relay station between association cortices, is a
region of the thalamus found to be smaller in some neuropathological studies of patients with
schizophrenia. The basal ganglia orchestrate multiple functions; the dorsal striatum plays an
important role in motor control while the ventral striatum (in particular, the nucleus accumbens)
plays key roles in emotion and learning via connections with the hippocampus, amygdala, and
prefrontal cortex. The hypothalamus plays a critical role in neuroendocrine regulation of the
internal milieu. Via its effects on pituitary hormone release and connections to other regions of
the brain, the hypothalamus exerts homeostatic effects on numerous psychiatrically-relevant
factors, including mood, motivation, sexual drive, hunger, temperature, and sleep. Finally, a
number of discrete nuclei in the brainstem synthesize key modulatory neurotransmitters,
exerting major effects on brain function via their widespread projections to striatal and
corticolimbic regions of the brain. These neuromodulatory nuclei include the dopaminergic
ventral tegmental area (VTA) in the midbrain, serotonergic raphe nuclei in the brainstem,
noradrenergic locus ceruleus neurons in the pons, and cholinergic neurons of the basal
forebrain and brainstem.While the cerebellum has traditionally been known for its role in motor
coordination and learning, it has more recently been implicated in cognitive and affective
processes as well.Q4 The answer is: Santiago Ramon y Cajal.The Spanish neuroanatomist
Santiago Ramon y Cajal prolifically and painstakingly documented the cellular diversity of the
nervous system. Based on his observations, Ramon y Cajal proposed that neurons act as
physically-discrete functional units within the brain, communicating with each other through
specialized junctions. This theory became known as the “neuron doctrine;” Ramon y Cajal's
enormous contributions were recognized with a Nobel Prize in 1906.Q5 The answer is:
Glutamate.The major excitatory neurotransmitter in the brain is glutamate (commonly used by
projection neurons), while the major inhibitory neurotransmitter in the brain is gamma-
aminobutyric acid (GABA), which is commonly used by local interneurons.Q6 The answer is:



Glutamate receptors.Glutamate receptors are varied in structure and function, capable of
imparting either rapid or gradual change in the function of the postsynaptic neuron. The
ionotropic family of glutamate receptors, which includes N-methyl-D-aspartate (NMDA), alpha-
amino-3-hydroxy-5-methyl-4-isoxazolde proprionic acid (AMPA), and kainate (KA) receptors, act
rapidly by opening channels for Na+ and (to a variable degree) calcium (Ca2+) influx. This influx
causes postsynaptic depolarization, which, if present in sufficient force, causes the neuron to
fire. The metabotropic glutamate receptors (mGluRs) effect gradual change in neuronal function.
These seven membrane-spanning G protein–coupled receptors (GPCRs) are linked to
cytoplasmic enzymes via G proteins embedded within the cell membrane. Once activated, these
enzymes can induce second messenger cascades that can influence intracellular processes,
including gene transcription.Q7 The answer is: Dopamine.While glutamate and GABA are found
throughout the brain, other neurotransmitter systems are localized to specific neural pathways.
The monoamines (e.g., norepinephrine, serotonin, and dopamine), as well as acetylcholine, are
synthesized in several discrete brainstem nuclei, yet project widely, affecting a majority of brain
systems. Dopamine, a catecholamine neurotransmitter, affects many brain regions that are
consistently implicated in psychiatric disorders.There are four major dopamine projections, each
with great relevance to neuropsychiatric phenomena. The name of each projection indicates the
location of the dopaminergic cell bodies, as well the region targeted by their axons; for example,
the nigrostriatal system consists of dopamine cell bodies in the substantia nigra, with axons
projecting to the striatum. Degeneration of the nigrostriatal pathway leads to extrapyramidal
motor symptoms (such as tremor, bradykinesia, and rigidity), as seen in Parkinson's disease. An
analogous mechanism underlies extrapyramidal symptoms (EPS) associated with antipsychotic
medications, which block dopamine receptors in the striatum.Dopamine neurons in the
mesolimbic pathway project from the ventral tegmental area (VTA), also in the midbrain, to limbic
and paralimbic structures including the nucleus accumbens, amygdala, hippocampus, septum,
anterior cingulate cortex, and orbitofrontal cortex. Given the importance of these downstream
structures to emotion, sensory perception, and memory, it has been speculated that altered
activity in the mesolimbic pathway may underlie the perceptual disturbances common to positive
symptoms of schizophrenia, hallucinogen use, and even temporal lobe seizures. The
mesolimbic pathway is also implicated in the addictive actions of drugs of abuse, which share
the common feature of enhancing dopamine release in the nucleus accumbens. In addition, loss
of midbrain nigrostriatal dopaminergic neurons in Parkinson's disease may spread to VTA
neurons, and this may underlie the depressive symptoms commonly seen in Parkinson's
disease.Mesocortical dopamine neurons also have their cell bodies in the VTA, but project to the
neocortex, primarily prefrontal cortex. Release of dopamine in the prefrontal cortex is believed to
affect the efficiency of information processing, attention, and wakefulness. Altered availability of
prefrontal dopamine may underlie cognitive impairment in schizophrenia, ADHD, Parkinson's
disease, and other neuropsychiatric conditions.The tuberoinfundibular dopamine system
projects from the arcuate nucleus of the hypothalamus to the stalk of the pituitary gland. When



released in the pituitary, dopamine inhibits the secretion of prolactin. Individuals who take
dopamine-blocking medications (including some antipsychotics) are therefore at risk for
hyperprolactinemia, which can in turn cause menstrual cycle abnormalities, galactorrhea,
gynecomastia, and sexual dysfunction.Q8 The answer is: Raphe nuclei.The serotonin system is
involved in many processes in psychiatry, including, most prominently, mood, sleep, and
psychosis. Serotonin (5-hydroxytryptamine [5-HT]), a monoamine and indolamine, is
synthesized from the amino acid tryptophan by tryptophan hydroxylase (TPH). Serotonin is
synthesized in mid-line neurons of the brainstem, known as the raphe nuclei. Serotonergic
neurons project diffusely to numerous targets (including cerebral cortex, thalamus, basal
ganglia, midbrain dopaminergic nuclei, hippocampus, and amygdala).Like the catecholamines,
serotonin is transported into vesicles by vesicular monoamine transporter (VMAT). Serotonin is
subsequently released into the synaptic cleft, and after receptor binding, is inactivated either by
presynaptic reuptake via the serotonin transporter or degradation via monoamine oxidase
(MAO). The serotonin transporter is a critical molecule in neuropsychopharmacology. Drugs that
block the serotonin transporter (SERT) prolong serotonin's action; these agents include the
selective serotonin reuptake inhibitors (SSRIs) commonly used in treating depression and
anxiety disorders. Like the norepinephrine transporter (NET) and dopamine transporter (DAT),
SERT is also a common target of drugs of abuse. For example, both cocaine and amphetamine
prolong the action of serotonin by inhibiting SERT. Similarly, the club drug ecstasy (MDMA) is a
fast-acting SERT inhibitor; MDMA may also be neurotoxic to serotonergic neurons in the dorsal
raphe.11Psychiatric NeurosciencePsychiatric NeuroscienceIncorporating Pathophysiology into
Clinical Case FormulationJoan A. Camprodon MD, MPH, PhD, Joshua L. Roffman MD,
MMScKey Points• One can approach the study of the brain and its pathophysiology from various
perspectives with different levels of resolution: molecular, genetic, cellular, synaptic, systems,
and behavioral.• Pathological processes and therapeutic interventions can target one or more of
these levels, leading to a cascade of events that changes each of them.• Affect, behavior, and
cognition are processed in specific brain circuits, and their altered function leads to the signs,
symptoms, and syndromes that clinicians identify.• Neurobiological knowledge often provides
mechanistic insight, explanation for behavior, and rationale for treatment, which are important to
patients and families, as well as to providers.• Clinical presentation reflects an interaction of
static and dynamic factors, including genetic and environmental ones, often mediated by
adaptive or maladaptive plastic changes.Key PointsKey Points• One can approach the study of
the brain and its pathophysiology from various perspectives with different levels of resolution:
molecular, genetic, cellular, synaptic, systems, and behavioral.• Pathological processes and
therapeutic interventions can target one or more of these levels, leading to a cascade of events
that changes each of them.• Affect, behavior, and cognition are processed in specific brain
circuits, and their altered function leads to the signs, symptoms, and syndromes that clinicians
identify.• Neurobiological knowledge often provides mechanistic insight, explanation for
behavior, and rationale for treatment, which are important to patients and families, as well as to



providers.• Clinical presentation reflects an interaction of static and dynamic factors, including
genetic and environmental ones, often mediated by adaptive or maladaptive plastic
changes.OverviewPeople with major mental illness suffer as a result of abnormal brain function.
This is the fundamental premise of psychiatric neuroscience, which seeks to identify biological
mechanisms underlying mental illness and the effects of psychiatric treatments. An essential
goal is to characterize these mechanisms at the different levels of biological resolution that exist
in the brain (from ions, to proteins, to DNA, to genes and chromosomes [that encode the
structure and function of cells], to synapses, and finally to brain circuits that process affect,
behavior, and cognition). This approach does not negate the critical role of psychological, social,
and environmental factors; to the contrary, it provides a framework for understanding how these
higher levels of resolution affect, and are affected by, neural function. A deeper understanding of
brain mechanisms will provide better explanations for patients and families and lead to
improvements in diagnosis, treatment, and prognosis.Psychiatric neuroscience is one of the
most interesting and challenging endeavors in all of medicine.1–5 While a great deal is already
known, a wide gap remains between the clinical phenomena of affect, behavior, and cognition
and neuroscientific explanations. The brain is extraordinarily complex and less physically
accessible than other organ systems, posing great challenges to researchers. However, recent
advances, particularly in neuroimaging and genetics, have provided important tools for tackling
these problems. Although progress is difficult, the high prevalence, morbidity, and mortality rates
of mental illness make progress essential. Mental health practitioners will need to incorporate
the lessons learned from psychiatric neuroscience into everyday practice, and communicate
them to patients, families, and members of the general public.One might ask if the term
“psychiatric neuroscience” is still valid. While it has traditionally related to neuroscience research
with clinical relevance to disorders embedded within the limits of psychiatry, as opposed to
neurology, these boundaries are becoming more porous as knowledge progresses and clinical
practice adapts. The unclear limits between the two subspecialties have been defined
historically by amorphous criteria, such as differences in clinical attitude (diagnostic vs.
therapeutic) or brain function of interest (motor and sensory vs. affective and behavioral, with
cognition always occupying an unclear frontier). Neurology once focused mainly on pathologies
that resulted in major structural changes that one could observe in an autopsy or under a
microscope. Though the label “functional” is at times still casually and inappropriately attached
to neurological deficits of presumed “psychological” etiology, a neurobiological re-acquaintance
with the original medical meaning of the word emphasizes physiological (functional) over
anatomical (structural) pathophysiological mechanisms. This shift led to two very distinct clinical
paradigms, one focused on finding the focal lesion and the other on identifying signs and
symptoms that present in established syndromal patterns that can then be physiologically
investigated.As new generations of clinician scientists emerge who did not train in psychiatric or
neurological neuroscience, but in systems neuroscience, translational efforts are highlighting the
common principles of structure, function, pathology, and therapeutics. From this effort, new



models are emerging with a clinical focus on brain circuits, as opposed to focal lesions or clinical
syndromes. For scientists and clinicians alike it is, and will become increasingly, important to
have an understanding of the different levels of biological resolution and how they influence
each other in health, in disease, and in therapy.6 For clinicians treating disorders of affect,
behavior, and cognition, it will be particularly important to understand the circuit level, as this is
where mental states, including the pathological affective, behavioral, and cognitive states that
we treat, are computed.An important goal of this chapter will therefore be to explain the different
levels of biological resolution that determine brain structure and function. A second goal will be
to offer a framework with which the biological components of clinical cases may be formulated.
This chapter provides an approach to conceptually organizing the biological component of our
work with patients, from the dual vantage points of pathophysiology and mechanisms of
treatment.History of Psychiatric NeurosciencePsychiatry has a strong neuroscientific tradition.
Describing all of the important contributions to brain science made by psychiatric researchers
could fill many chapters; here we will cite only a few illustrative examples. Early in the last
century, the German psychiatrist and neuropathologist Alois Alzheimer discovered plaques and
tangles in the brain of his amnestic patient Mrs. Auguste D. and provided the first description of
the clinical syndrome that now bears his name.7 Together with his colleague and renowned
psychiatrist Emil Kraepelin, Alzheimer also described abnormalities in the cortical neurons of
patients with dementia praecox, likely representing the first neuropathological studies of
schizophrenia.8 Their discoveries have been extended to the molecular level in modern studies
identifying abnormalities in γ-aminobutyric acid (GABA)–ergic neurons of the prefrontal
cortex.9,10 While Alzheimer's passion was neuropathology, he also spent many years caring for
patients with mental illness. Reflecting on his life's work, he reportedly said that he “wanted to
help psychiatry with the microscope.”11Another historical landmark in psychiatric neuroscience
was the demonstration of genetic predispositions to major mental illness.12 Danish adoption
studies in the 1960s reported a much greater incidence of schizophrenia in biological as
opposed to adoptive relatives of people with schizophrenia, providing key evidence for a
significant etiological role of genetics in a psychiatric illness. Other landmark contributions
include the work of Julius Axelrod, Ulf von Euler, and Bernard Katz on neurotransmitters and
their mechanisms of release, reuptake, and metabolism; their discoveries, recognized with a
Nobel Prize in 1970, provide a foundation for much of the content of this chapter.13 In the
1970s, the discovery that antipsychotic medications targeted brain dopamine receptors led to
the influential dopamine hypothesis of schizophrenia.14,15 Later, converging work
characterizing information processing in the brain at a molecular level earned Arvid Carlsson,
Paul Greengard, and Eric Kandel the 2000 Nobel Prize at the end of the decade of the brain.16
These brief highlights emphasize the great progress already attributable to psychiatric
neuroscience, and illustrate the great potential for important discoveries in the future.Psychiatric
Diagnosis: Biomarkers and Biological ValidityIn the context of psychiatric neuroscience, the
recent diagnostic system (DSM-IV-TR)17 has both strengths and weaknesses. A major advance



of the post-1980s DSM was the development of diagnostic categories of psychiatric illness with
good inter-rater reliability, largely based on observation and data collection. This provided a firm
starting point for scientific investigation, in contrast to previous diagnostic systems based on
unproven etiological theories and associated ill-defined terminology. However, the intentional
avoidance of etiological theories in generating DSM diagnoses also makes their biological
validity uncertain; the extent to which specific DSM diagnoses correspond to specific
pathological neural processes is unknown. Unlike most medical illnesses, the vast majority of
psychiatric illnesses have so far not been tightly linked to specific biological markers. The
descriptive criteria demarcating current diagnoses are likely several steps removed from core
pathological processes.These diagnostic difficulties can be illustrated by com-paring the
diagnosis of schizophrenia to that of methicillin-resistant streptococcal pneumonia, a medical
diagnosis with obvious biological validity. While pneumonia has a collection of clinical signs and
symptoms that may be non-specific and variable (e.g., fever, productive cough, and shortness of
breath), it implies a distinct pathophysiology (infection of lung tissue leading to an inflammatory
reaction). Subdividing the diagnosis by the infectious agent links it to a specific biological
etiology, with tremendous value in guiding prognosis and treatment. In contrast, the diagnosis of
schizophrenia, while it has a high level of inter-rater reliability, is not based at present on known
biomarkers or pathophysiological mechanisms. It is therefore confined to the syndromic level,
comprising a cluster of variable and non-specific clinical features. It can be further divided into
more specific clinical subtypes, but these suffer from the same shortcomings. Just as
pneumonia may have various specific etiologies, schizophrenia may also have diverse causes;
most likely it does not reflect a single “disease.” Recent advances in genetics reinforce this
conclusion. While schizophrenia is highly heritable, linkage and association studies indicate in
the majority of cases that it is a disorder of complex genetics, in which multiple genes of modest
effect interact with environmental risk factors to cause the phenotype. In light of these issues,
one of the major goals of psychiatric neuroscience is to identify specific biomarkers and
pathophysiological mechanisms for each disorder.Methods in Psychiatric
NeuroscienceResearchers have adopted a variety of methods for studying the neural
mechanisms of mental illness and behavior (Box 1-1). Each of these methods has particular
strengths and weakness.Box 1-1Methods in Psychiatric NeuroscienceAnimal modelsBrain
lesion casesBrain stimulation and neuromodulationGenetics and molecular
biologyNeuroimagingNeuropathologyNeurophysiologyNeuropsychology/
endophenotypesPsychopharmacologyBox 1-1Box 1-1Box 1-1Methods in Psychiatric
NeuroscienceMethods in Psychiatric NeuroscienceAnimal modelsBrain lesion casesBrain
stimulation and neuromodulationGenetics and molecular
biologyNeuroimagingNeuropathologyNeurophysiologyNeuropsychology/
endophenotypesPsychopharmacologyBrain Lesions and BehaviorThere is a strong tradition
within classical neuropsychology and behavioral neurology of understanding neuroanatomical
circuitry by studying the emergent or lost behaviors in patients with focal brain lesions.18 These



studies have provided us with a rich view of various brain regions and their relationship to
behavior. Perhaps the most famous case is that of Phineas Gage, the Vermont railway worker
who suffered a traumatic lesion bilaterally to the medial frontal lobes and developed personality
changes.19 Another famous patient (known by his initials) is H. M., who underwent bilateral
medial temporal lobe resection for intractable epilepsy and as a result lost the ability to form new
declarative memories.20 While striking and informative, findings from these rare cases may be
difficult to extrapolate to the pathophysiology of common psychiatric illnesses, which generally
do not involve focal lesions. Traditionally, biological psychiatry has relied more on biometrics and
quantitative methods; these population-based approaches risk losing insights available from
rare cases but are more likely to produce broadly generalizable findings.Neuropsychology and
EndophenotypesAn increasingly important approach in psychiatric neuroscience is to identify
and study intermediate phenotypes. These are quantitative phenotypes that are closely
associated with the clinical syndrome of interest, but which are less complex and easier to link to
the function of specific neural circuits. They can also be used to identify biologically relevant
subtypes within a diagnostic category, reducing heterogeneity that may limit the power of
scientific investigations. Endophenotypes are intermediate phenotypes that are present both in
affected individuals and in their unaffected relatives, therefore reflecting genetic risk
independent of actual disease. Neuropsychological tests of cognitive function are commonly
used to identify endophenotypes. For example, impairment of working memory, which is closely
related to the function of dorsolateral prefrontal cortex, is found within a subgroup of patients
with schizophrenia.21 Endophenotypes thus help bridge the gap between brain circuits, which
are amenable to study at the molecular and cellular level, and clinical syndromes, which are less
tractable. This approach becomes especially powerful when combined with other methods, such
as neuroimaging or genetics.22NeuroimagingNeuroimaging has provided one of the best
modern tools for examining the pathophysiology of mental illness in the living brain.
Neuroimaging can provide many different quantitative measures (including morphometry,
metabolism, and functional activity). Neuroimaging research using groups of subjects can
determine whether mental illness is associated with changes in the size or shape of specific
brain regions, the functional activity within these regions, or their concentration of particular
neurotransmitters, receptors, or key metabolites.23 Although neuroimaging methods can be
used to measure cellular and molecular phenomena, the currently achievable spatial resolution
still represents an important limitation in examining the microscopic pathological changes
implicated in psychiatric illness.NeurophysiologyThere is a strong tradition within psychiatric
neuroscience of studying the electrical activity of the brain and its relation to function. These
methods include electroencephalography (EEG), event-related potentials (ERPs), and, most
recently, magnetoencephalography (MEG), and transcranial magnetic stimulation (TMS). Like
functional neuroimaging, these modalities provide information about the living, functioning brain.
At present, electrophysiological techniques cannot provide anatomical resolution at the level of
neurochemistry or synaptic physiology, and are limited to the study of cortical phenomena;



however, they can provide excellent temporal and spatial resolution and are invaluable in
studying the coordinated function of widely distributed neural circuits. Abnormalities in the timing
of oscillations in neural circuit activity have been associated with psychiatric illnesses, and this is
an area of intense research activity. For example, the reduction of gamma frequency (30 to
80 Hz) oscillations in schizophrenia has been ascribed to impaired N-methyl-D-aspartate
(NMDA) receptor activity on GABA-ergic interneurons.24 These non-invasive methods are
particularly heavily used in studies of brain development and function in children.25Brain
Stimulation and NeuromodulationBrain stimulation and neuromodulation techniques encompass
a variety of device-based methodologies able to generate focal electrical currents in pre-
selected brain regions. These currents are able to increase or decrease the excitability of the
target neurons, and modulate the networks they belong to by acting as a neural
pacemaker.26Brain stimulation can be divided among invasive and non-invasive approaches.
Invasive techniques require the surgical implantation of stimulating electrodes in the brain, and
are therefore exclusively used in therapeutic settings where the risk/benefit analysis is favorable.
They include deep brain stimulation (DBS) and vagus nerve stimulation (VNS). Non-invasive
methods do not require surgery or anesthesia, are very safe, and alter brain function in ways that
are transient and reversible. The better-known and most commonly used methods are
transcranial magnetic stimulation (TMS) and transcranial direct current stimulation (tDCS).27
Chapter 18 describes these methods and their therapeutic applications in detail.TMS has been
used since the mid 1980s as a tool to study brain structure and function. Event-related
paradigms using single pulses time-locked to a given stimulus or task have been used to
determine the chronometry of the computations in a given brain region with great temporal
resolution (in the order of milliseconds).28 Repetitive TMS (rTMS) can increase or decrease the
excitability of a given area beyond the time of stimulation, creating a “virtual lesion” that lasts 15–
60 minutes after the stimulation. This virtual lesion approach has been used, following the
tradition of classical lesion studies, to understand the functional role of discrete brain
regions.29Although neuroimaging and electrophysiological techniques are defined by their
spatial and temporal resolution, what sets brain stimulation methods apart is their causal
resolution. Neuroimaging and electrophysiological methods are observational; they measure
patterns of brain activity (the dependent variable) in the context of a given task or disease state
(independent variable). Such a design is able to establish correlations among these measures,
but can never determine that a given pattern of brain activity is causing a mental state (or vice
versa). On the other hand, brain stimulation techniques are interventional. They modify the
system by changing brain activity (now the independent variable) and measure the behavioral,
cognitive or affective changes that follow. This design offers causal explanatory power, which
makes it a useful tool to answer a number of questions.30NeuropathologyMany researchers
examine post-mortem neural tissue from those who suffered from psychiatric illness during their
life-time. Post-mortem analysis reaches a level of molecular and cellular resolution currently
unachievable in vivo; however, it is commonly limited by confounds (such as age, effects of



chronic medication, and non-specific effects of chronic psychiatric illness).Neuropathology was
clearly in fashion in the late 1800s and early 1900s, when Alzheimer first described plaques in
the brain of his patient with dementia,7 and identified frontal cortex abnormalities in
schizophrenia.8 While some skeptics have described schizophrenia as the “graveyard of
neuropathologists,”31 recent studies have actually provided reproducible descriptions of deficits
(such as those in parvalbumin-expressing GABA-ergic interneurons in deep layers 3 and 4, akin
to Alzheimer's findings) in the cortex. These neuropathological findings have provided one of the
strongest etiological hypotheses for schizophrenia.9,10PsychopharmacologyMore than any
other methodology in psychiatric neuroscience, pharmacology has been used to understand the
neurochemical basis of behavior and to develop hypotheses regarding psychopathological
mechanisms. Famous examples include the dopamine32 and glutamate hypotheses of
schizophrenia,33 the catecholamine depletion hypothesis of depression,34 and the
dopaminergic models of attention-deficit/hyperactivity disorder (ADHD) and substance abuse. In
relating pharmacological effects to potential disease mechanisms, it is important to note that the
effects of drugs on clinical symptoms may reflect mechanisms that are downstream of the core
pathophysiology, or even unrelated to core disease mechanisms. By analogy, diuretics can
improve the symptoms of congestive heart failure while providing less direct insight into its core
pathophysiology. Nonetheless, by clearly connecting cellular and synaptic mechanisms with
clinical symptoms, pharmacology provides mechanistic tools and information with enormous
clinical and scientific utility.Animal ExperimentsIn the authors' opinion, the value of animal
experiments has received too little emphasis in psychiatric neuroscience. Clearly, complex
psychiatric symptoms (such as delusions) cannot be modeled well in animals, and
anthropomorphic interpretations of animal behavior should be taken with due skepticism.
Despite these caveats, animal behaviors with known neuroanatomical correlates have been
critical in elucidating the neurocircuitry and neurochemistry underlying many psychiatric
phenomena. For example, anxiety- and fear-related behaviors have been very productively
modeled in animals, leading to a detailed understanding of the role of the amygdala in these
behaviors.35 Of course, animal studies also permit a wider range of experimental perturbations
than possible with human investigations. Independent of their value as behavioral models,
animal models therefore offer the opportunity to explore cellular and molecular pathophysiology
in ways that are ethically or technically impossible in human subjects. For example, the fragile X
knock-out mouse is an excellent model for fragile X syndrome, the most common form of
inherited cognitive impairment. Studying these mice has led to a deep understanding of relevant
defects in dendrite formation and neurophysiology.36Human Genetics and Molecular
BiologyAdoption, twin, and familial segregation studies have proven that many psychiatric
conditions are highly heritable (i.e., caused in large part by the additive effect of genes).37
Genetic endeavors in psychiatric neuroscience may be broken up into two broad categories:
“forward genetics,” or genome-wide attempts to identify genetic loci (genes or their regulatory
elements) that underlie susceptibility or contribute to pathophysiology; and “genotype-



phenotype” studies, whereby candidate genes are chosen based on a priori biological
hypotheses and the degree to which a gene plays a role in a given phenotype is assessed. Such
phenotypes may be clinical diagnoses, or endophenotypes from neuropsychology or
neuroimaging. The promise for human genetics in psychiatry is tremendous,37 especially for
forward genetics, wherein researchers may be led to the core pathophysiology without requiring
any a priori hypotheses. Yet human genetics research is exceedingly challenging for various
reasons that are beyond the scope of the current discussion. In brief, the genetic architecture of
neuropsychiatric conditions is heterogeneous and complex. That is, the majority of psychiatric
illnesses likely reflect complex interactions of multiple genes, as well as their interaction with
environmental factors that are difficult to assess. Despite these difficulties, there have already
been a few notable examples of success.Analysis of rare, large families with early-onset
dementia led to the discovery of mutations in amyloid precursor protein (APP) and presenilins in
Alzheimer's disease (AD).38 In these rare families, these mutations are statistically “linked” to
disease and considered “highly penetrant.” However, the vast majority of AD patients do not
have mutations in these genes. Indeed, in psychiatry examples of highly penetrant, simple
dominant or recessive gene mutations are rare. That is, examples in neuropsychiatry of a
particular gene mutation “causing” a specific condition are exceedingly rare and somewhat
controversial, and the generalizability of these findings to the common conditions with more
complex inheritance is usually unclear. Nonetheless, the APP pathway has provided an
important target for drug development, which may lead to a medicine that stalls the progress of
disease.Genetic association studies through population genetics represent another approach to
identifying susceptibility genes in “forward genetics.” In this approach, a common variation in the
genome, such as single nucleotide polymorphisms (SNPs), is assessed for a statistically
significant association with illness. This approach is based on the so-called common disease–
common variant hypothesis. That is, psychiatric disorders may be in part due to a
disadvantageous combination of a number of common forms of genetic variation as opposed to
frank deleterious mutations. Again, a successful example of a gene association in
neuropsychiatry comes from the field of AD wherein there is a fairly robust association at the
level of population genetics or epidemiology between a common polymorphism in ApoE4 and
susceptibility to AD. However, sometimes even when genetic associations are robust, the
amount of the phenotype (i.e., the variance) that is explained by the given gene may be small
and therefore the role in causation may be indirect or unclear. In addition, association studies
have often used small sample sizes and thereby risked false-positive findings or problems of
reproducibility. Now, appropriately-powered association studies (involving thousands of
subjects) are underway; many of these use new and more powerful high-density genotype
methods, namely “SNP chips” or microarrays. Even still, critical insights into the causative roles
of genes in some psychiatric illness may only come from studies of gene–gene or gene–
environmental interaction, or by using endophenotypes (such as neuroimaging) that may be
closer to the action of the gene.Methodologies in molecular genetics and molecular



neuroscience also promise improved understanding of gene function in the brain. These
methods include the following: comparison of gene sequences in human to non-human primate
and other animals39; a deeper understanding of how non-coding elements within the genome
may regulate important brain genes40 and thereby play a role in psychiatry; the study of gene
expression using microarrays41; the study of gene function in mice in which specific genes have
been modified by recombinant methods (e.g., “knock-out” or “knock-in” studies)42; and studies
examining how experience and the environment alter gene expression.43 In summary,
genomics and molecular genetics hold great promise for identifying genes and thus biological
mechanisms at the core of psychiatric pathophysiology.Biological Case Formulation:
Neuroscientific Content and ProcessClinical case formulation in psychiatry is structured around
the bio-psycho-social model. In this chapter, we offer a framework for formulating the biological
aspects of this model. Specifically, neuroscientific explanations may be organized in two broad
conceptual areas: process and content. Process refers to dynamic brain mechanisms that lead
to illness, while content refers to the brain properties including neural circuits, brain regions,
synapses, cells, and molecules that form the substrate for these changes.ProcessA key concept
in basic neuroscience and its clinical specialties is neuroplasticity. Although it is defined in
different ways and can be studied at various levels of resolution (e.g., circuits, synapses), this
term generally refers to the capacity of the neural system to change in response to external or
internal stimuli following predetermined rules. Neuroplasticity provides a great deal of flexibility
and adaptive capacity to the brain, permitting variable computational strategies and patterns of
connectivity in a changing environment.44 Despite the significant potential for reactive (and
adaptive) change, this happens around an exquisitely regulated homeostatic equilibrium point.
Nevertheless, when the plastic changes are restricted, excessive, or occur around an altered
equilibrium state, pathology develops. Luckily, the brain remains plastic, and any intervention
(e.g., medications, psychotherapy or brain stimulation) that is effective in changing pathological
cognition, behavior or affect induces adaptive plasticity. That is, a pathological mental state is
sustained by a given pattern of brain activity, and changing this mental state will require
changing its associated neural computational algorithm.45 Therefore, neuroplasticity is a key
dynamic property of the brain that allows adaptive change (including learning and memory), but
it is also an important source of pathology, and a necessary mechanism of action of effective
neuropsychiatric treatments.Although the specific pathophysiological mechanisms that lead to
neuropsychiatric disease are many, we will consider two relevant examples: neurodevelopment,
and neurodegeneration. Under neurodevelopment we include related processes that continue
into adulthood (such as neurogenesis). Previously underestimated, adult neurogenesis is now
known to continue in select regions of the human brain, most notably the olfactory bulb and the
hippocampus. Although the role of adult neurogenesis in humans remains largely unknown,
some evidence has connected altered hippocampal neurogenesis to mood
disorders.46Neurodevelopmental processes shaping brain circuits have life-long effects on
patterns of affect, behavior, and cognition with direct relevance to mental health. The effects of



childhood experience have always been central to psychiatric understanding; psychiatric
neuroscience has also attempted to provide a biological grounding for this understanding.43,47
Thus, neurodevelopmental processes include the interacting effects of genes and environment
on brain and behavior. Figure 1-1 shows the processes of brain development, including
intrauterine neuronal patterning, neurogenesis, cortical migration, gliogenesis, myelination, and
experience-dependent synapse modification.48,49 In the first years and decade of life, the brain
undergoes a process of synapse formation and pruning.50 Initially, neurons form an over-
abundance of synapses that are then strengthened and pruned possibly based on experience,
learning, or aging (Figure 1-2).Figure 1-1 A depiction of the processes of brain development,
including intrauterine neuronal patterning, neurogenesis, cortical migration, gliogenesis,
myelination, and experience-dependent synapse modification. (From Thompson RA, Nelson
CA. Developmental science and the media. Early brain development, Am Psychol 56[1]:5–15,
2001.)Figure 1-1 A depiction of the processes of brain development, including intrauterine
neuronal patterning, neurogenesis, cortical migration, gliogenesis, myelination, and experience-
dependent synapse modification. (From Thompson RA, Nelson CA. Developmental science and
the media. Early brain development, Am Psychol 56[1]:5–15, 2001.)Figure 1-1 A depiction of the
processes of brain development, including intrauterine neuronal patterning, neurogenesis,
cortical migration, gliogenesis, myelination, and experience-dependent synapse
modification. (From Thompson RA, Nelson CA. Developmental science and the media. Early
brain development, Am Psychol 56[1]:5–15, 2001.)Figure 1-2 (A) A depiction of the number of
synapse counts in layer 3 of the middle frontal gyrus as a function of age. (B) A graph of the
volume, in cubic centimeters, of frontal gray matter with respect to age in years. Males
represented by solid lines and females by dashed lines with 95% confidence intervals,
respectively. Arrows indicate peak volume. (A, Data from Huttenlocher PR. Synaptic density in
human frontal cortex: developmental changes and effects of aging, Brain Res 163[2]:195–205,
1979. B, Data from Lenroot RK, Giedd JN. Brain development in children and adolescents:
insights from anatomical magnetic resonance imaging, Neurosci Biobehav Rev 30[6]:718–729,
2006.)Figure 1-2 (A) A depiction of the number of synapse counts in layer 3 of the middle frontal
gyrus as a function of age. (B) A graph of the volume, in cubic centimeters, of frontal gray matter
with respect to age in years. Males represented by solid lines and females by dashed lines with
95% confidence intervals, respectively. Arrows indicate peak volume. (A, Data from Huttenlocher
PR. Synaptic density in human frontal cortex: developmental changes and effects of aging, Brain
Res 163[2]:195–205, 1979. B, Data from Lenroot RK, Giedd JN. Brain development in children
and adolescents: insights from anatomical magnetic resonance imaging, Neurosci Biobehav
Rev 30[6]:718–729, 2006.)Figure 1-2 (A) A depiction of the number of synapse counts in layer 3
of the middle frontal gyrus as a function of age. (B) A graph of the volume, in cubic centimeters,
of frontal gray matter with respect to age in years. Males represented by solid lines and females
by dashed lines with 95% confidence intervals, respectively. Arrows indicate peak volume. (A,
Data from Huttenlocher PR. Synaptic density in human frontal cortex: developmental changes



and effects of aging, Brain Res 163[2]:195–205, 1979. B, Data from Lenroot RK, Giedd JN. Brain
development in children and adolescents: insights from anatomical magnetic resonance
imaging, Neurosci Biobehav Rev 30[6]:718–729, 2006.)Specific psychiatric disorders may be
framed in terms of one or more of these three mechanisms. Autism or attention deficit
hyperactivity disorder are examples in which a process of brain development goes awry. At the
other end of life, neurodegenerative processes dominate, and can lead to dementias (e.g.,
Alzheimer's or frontotemporal lobar degeneration) or movement disorders (such as Parkinson's
disease). Substance use disorders may reflect a combination of both processes modulated by
maladaptive plasticity. Patients with substance dependence may have a susceptibility based on
neurodevelopment, including a predisposition to risk-taking behaviors.51 Substance abuse also
causes neuroplastic changes at the level of the synapse.52 Finally, chronic use of substances
can cause neurodegeneration and dementia.53ContentThe “content” of a psychiatric illness
comprises the different structural and functional levels of biological resolution that form the
nervous system: ions, proteins, genes, cells, synapses, circuits, behaviors, and mental states.
These can all be the target of pathological changes leading to diseases and clinical syndromes.
This is the subject of the remaining sections of this chapter. For most conditions, our knowledge
of content is incomplete, but this should not lead us to ignore the large amount of information
that is available for many conditions. Characterizing neuropsychiatric conditions in terms of both
biological processes and substrates (content) can provide a framework to facilitate
understanding of etiology, loci of intervention, and potential treatments.Overview of the Structure
of the Central Nervous SystemThe structural organization of the central nervous system (CNS)
is shown in Figure 1-3A. The human brain is organized into the cerebral cortex, brainstem,
subcortical structures (e.g., basal ganglia, brainstem, thalamus, hypothalamus, pituitary), and
cerebellum.3,54,55 These anatomical structures are made of inter-connected elements that
create distributed and highly inter-connected circuits. It is in these circuits where cognition,
behavior, and affect are processed. This section will provide an overview of neuroanatomy with a
structural focus.Figure 1-3 (A) Schematic of the human brain organized into the cerebral cortex,
brainstem, subcortical structures (e.g., basal ganglia, brain-stem, thalamus, hypothalamus, and
pituitary), and cerebellum. (B) Depiction of cortical anatomy divided into anatomical regions
(such as the occipital, parietal, temporal, insular, limbic, and frontal lobes). (C) Brain cut
demonstrating the limbic “lobe” as a ring (limbus) of phylogenetically older cortex surrounding
the upper brainstem. (D) Brain cut highlighting the hippocampus, amygdala, hypothalamus,
parahippocampal gyrus, and cingulate cortex. (C, From . D, From Dickerson BC, Salat DH, Bates
JF, et al. Medial temporal lobe function and structure in mild cognitive impairment, Ann Neurol
56[1]:27–35, 2004.)Figure 1-3 (A) Schematic of the human brain organized into the cerebral
cortex, brainstem, subcortical structures (e.g., basal ganglia, brain-stem, thalamus,
hypothalamus, and pituitary), and cerebellum. (B) Depiction of cortical anatomy divided into
anatomical regions (such as the occipital, parietal, temporal, insular, limbic, and frontal lobes).
(C) Brain cut demonstrating the limbic “lobe” as a ring (limbus) of phylogenetically older cortex



surrounding the upper brainstem. (D) Brain cut highlighting the hippocampus, amygdala,
hypothalamus, parahippocampal gyrus, and cingulate cortex. (C, From . D, From Dickerson BC,
Salat DH, Bates JF, et al. Medial temporal lobe function and structure in mild cognitive
impairment, Ann Neurol 56[1]:27–35, 2004.)Figure 1-3 (A) Schematic of the human brain
organized into the cerebral cortex, brainstem, subcortical structures (e.g., basal ganglia, brain-
stem, thalamus, hypothalamus, and pituitary), and cerebellum. (B) Depiction of cortical anatomy
divided into anatomical regions (such as the occipital, parietal, temporal, insular, limbic, and
frontal lobes). (C) Brain cut demonstrating the limbic “lobe” as a ring (limbus) of phylogenetically
older cortex surrounding the upper brainstem. (D) Brain cut highlighting the hippocampus,
amygdala, hypothalamus, parahippocampal gyrus, and cingulate cortex. (C, From . D, From
Dickerson BC, Salat DH, Bates JF, et al. Medial temporal lobe function and structure in mild
cognitive impairment, Ann Neurol 56[1]:27–35, 2004.)The cerebral cortex is the outermost layer
of the cerebrum. The cerebral cortex consists of a foliated structure, encompassing gyri and
sulci. Within the most highly evolved cortical regions (isocortex), a six-cell layered structure
orchestrates complex brain functions (including perceptual awareness, thought, language,
planning, memory, attention, and consciousness). Cortical anatomy can be subdivided in myriad
ways, including into anatomical regions (such as the occipital, parietal, temporal, insular, limbic,
and frontal lobes) (Figure 1-3B, C, and D). The limbic “lobe” is a ring (limbus) of phylogenetically
older cortex surrounding the upper brainstem and includes the hippocampus, amygdala,
hypothalamus, parahippocampal gyrus, and cingulate cortex (see Figure 1-3D). Structures
within the medial temporal lobe are especially important in psychiatry; the hippocampus plays a
critical role in memory, and the amygdala is an important element of fear circuitry and for
assigning emotional valence to stimuli.Functionally, the cortex may be divided into primary
sensory or motor (unimodal) regions, and association (multi-modal) regions that receive inputs
from multiple areas.54 Association cortex may be subdivided into three areas: frontal (involved
in a wide variety of higher functions, such as planning, attention, abstract thought, problem-
solving, judgment, initiative, and inhibition of impulses); limbic (involved in emotion and
memory); and sensory (e.g., parietal, occipital, temporal), involved in integrating sensory
information.The cortical systems can also be represented in a hierarchical fashion.54 For
example, within sensorimotor sequencing, we see reception of somatosensory, visual, or
auditory stimuli in primary sensory cortex; interpretation or representation of the combined
sensory modalities in the heteromodal association cortex; integration of this information with the
other association cortices (i.e., limbic and frontal); and output via the motor or language
system.In addition to the cerebral cortex, many other brain regions are of critical importance to
psychiatry. The cerebellum (see Figure 1-3A and B), traditionally known for its role in motor
coordination and learning, has more recently been implicated in cognitive and affective
processes as well.56 The thalamus is a major relay station for incoming sensory information and
other critical circuitry, including connections between association cortices (via the mediodorsal
nucleus) and outputs regulating motor activity. Interestingly, the mediodorsal nucleus, a critical



relay station between association cortices, is a region of the thalamus found to be smaller in
some neuropathological studies of patients with schizophrenia.57,58 Figure 1-3C shows the
parts of the basal ganglia, which comprise the striatum (i.e., caudate, putamen, and nucleus
accumbens) and globus pallidus rostrally, and the subthalamic nucleus and substantia nigra
caudally. The basal ganglia orchestrate multiple functions59; the dorsal striatum plays an
important role in motor control, and the ventral striatum (in particular, the nucleus accumbens)
plays key roles in emotion and learning via connections with the hippocampus, amygdala, and
prefrontal cortex. The hypothalamus plays a critical role in neuroendocrine regulation of the
internal milieu.60 Via its effects on pituitary hormone release and connections to other regions of
the brain, the hypothalamus exerts homeostatic effects on numerous psychiatrically-relevant
factors, including mood, motivation, sexual drive, hunger, temperature, and sleep. Finally, a
number of discrete nuclei in the brainstem synthesize key modulatory neurotransmitters,
exerting major effects on brain function via their widespread projections to striatal and
corticolimbic regions of the brain.5 These neuromodulatory nuclei include the dopaminergic
ventral tegmental area (VTA) in the midbrain, serotonergic raphe nuclei in the brainstem,
noradrenergic locus coeruleus neurons in the pons, and cholinergic neurons of the basal
forebrain and brainstem.Cellular Diversity in the Brain: Neurons and GliaThe cellular diversity of
the primate nervous system is truly fantastic. There are two broad classes of cells in the brain:
neurons and glia. The Spanish neuroanatomist Santiago Ramon y Cajal prolifically and
painstakingly documented the cellular diversity of the nervous system (Figure 1-4).61 Images
made with modern fluorescent staining techniques also convey the exquisite beauty of the cells
of the CNS (Figure 1-5). Based on his observations, Ramon y Cajal proposed that neurons act
as physically discrete functional units within the brain, communicating with each other through
specialized junctions. This theory became known as the “neuron doctrine,” and Ramon y Cajal's
enormous contributions were recognized with a Nobel Prize in 1906.62Figure 1-4 Ramon y
Cajal's drawing from his classic “Histologie du Système Nerveux de l'Homme et des Vertébrés”
showing the cellular diversity of the nervous system. (From Ramon y Cajal S. Histologie du
système nerveux de l'homme et des vertébrés, Paris, 1909, A Maloine.)Figure 1-4 Ramon y
Cajal's drawing from his classic “Histologie du Système Nerveux de l'Homme et des Vertébrés”
showing the cellular diversity of the nervous system. (From Ramon y Cajal S. Histologie du
système nerveux de l'homme et des vertébrés, Paris, 1909, A Maloine.)Figure 1-4 Ramon y
Cajal's drawing from his classic “Histologie du Système Nerveux de l'Homme et des Vertébrés”
showing the cellular diversity of the nervous system. (From Ramon y Cajal S. Histologie du
système nerveux de l'homme et des vertébrés, Paris, 1909, A Maloine.)Figure 1-5 Images made
with modern fluorescent staining techniques also convey the exquisite beauty of the cells of the
CNS. (From Morrow, et al, unpublished.)Figure 1-5 Images made with modern fluorescent
staining techniques also convey the exquisite beauty of the cells of the CNS. (From Morrow,
et al, unpublished.)Figure 1-5 Images made with modern fluorescent staining techniques also
convey the exquisite beauty of the cells of the CNS. (From Morrow, et al,



unpublished.)NeuronsThere are approximately 100 billion neurons in the human brain, and each
neuron makes up to 10,000 synaptic connections. At the peak of synapse formation in the third
year of life, the total number of brain synapses is estimated at 10,000 trillion, thereafter declining
and stabilizing in adulthood to between 1,000 trillion and 5,000 trillion synapses.Consistent with
their functional diversity, neurons come in a wide variety of shapes and sizes. Nonetheless, all
neurons share several characteristic features (Figure 1-6), including the cell soma (housing the
nucleus with its genomic DNA), the axon, the pre-synaptic axon terminal, and the dendritic field
(the receptive component of the neuron containing post-synaptic dendritic structures). Axon
length is highly variable; short axons are found on inhibitory inter-neurons, which make only local
connections, while axons many inches long are found on cortical projection neurons, which must
reach to the contralateral hemisphere or down to the spinal cord. Motor and sensory neurons
have axons that may be several feet long.Figure 1-6 Depiction of the neuron with its
components.Figure 1-6 Depiction of the neuron with its components.Figure 1-6 Depiction of the
neuron with its components.There are many ways to classify neurons: by structure (i.e.,
projection neuron or local inter-neuron); by histology (i.e., bipolar, multipolar, or unipolar); by
function (i.e., excitatory, inhibitory, or modulatory); by electrophysiology (i.e., tonic, phasic, or
fast-spiking); or by neurotransmitter type.3 For the purposes of this chapter, classifications using
a combination of structural, functional, and neurotransmitter type provide the most useful
descriptions. For example, it is useful to appreciate that the major excitatory neurotransmitter is
glutamate (commonly used by projection neurons), while the major inhibitory neurotransmitter in
the brain is GABA (commonly used by local inter-neurons).GliaAlthough neurons have captured
the lion's share of attention since the time of Ramon y Cajal, there are up to 10-fold more glial
cells in the brain than neurons. The word “glia” means “glue,” aptly summarizing the structural
and supportive role traditionally attributed to them. Indeed, glia do support neuronal function in
many ways, by supplying nutrition, maintaining homeostasis, stabilizing synapses, and
myelinating axons. They also play important roles in synaptic transmission. In the CNS there are
two large categories of glia: microglia and macroglia. Microglia are small, phagocytic cells
related to peripheral macrophages. Macroglia can be further classified into two types: astrocytes
maintain the synaptic milieu, and oligodendrocytes myelinate axons. Astrocytes play an active
and critical role in glutamatergic neurotransmission, releasing co-agonists required for glutamate
receptor function and transporting glutamate to terminate its synaptic action. New functions of
glia continue to be discovered, and belated appreciation of their importance to psychiatric
neuroscience continues to grow. Mood disorders are associated with a reduction in the number
of glia in select brain regions.63 In adult-onset metachromatic leukodystrophy, a genetic enzyme
deficiency produces diffuse myelin destruction; the illness may manifest in mid-adolescence
with neuropsychiatric symptoms resembling schizophrenia.64 Furthermore, studies looking for
genes whose expression is altered in schizophrenia have identified prominent changes in myelin-
related genes.65The Structure of the SynapseThe previous section described how inter-cellular
communication serves as an organizing feature of neuroanatomy. Neurons and glia are elegantly



situated within the brain to facilitate signaling between adjacent cells, and between cells in
distinct brain regions. Depending on the specific neurotransmitters released pre-synaptically,
and the specific receptors located post-synaptically, the transmitted signal may have excitatory,
inhibitory, or other modulatory effects on the post-synaptic neuron. Detailed knowledge of the
neurochemical anatomy of the brain is therefore a prerequisite to the optimal use of psychotropic
medicines in psychiatry. Important aspects of neurochemical anatomy include how
neurotransmitters are distributed within brain circuits; how these neurotransmitter systems
function; and how these systems are altered either by disease or by our
treatments.NeurotransmittersNeurotransmitters are defined by four essential characteristics
(Figure 1-7 and Box 1-2): they are synthesized within the pre-synaptic neuron; they are released
with depolarization from the pre-synaptic neuron to exert a discrete action on the post-synaptic
neuron; their action on the post-synaptic neuron can be replicated by administering the
transmitter exogenously (as a drug); and their action in the synaptic cleft is terminated by a
specific mechanism.3 However, they otherwise differ considerably in structure, distribution, and
function. Their chemical make-up (including small molecules [such as amino acids, biogenic
amines, and nitrous oxide] as well as larger peptides [such as opioids and substance P]) varies
substantially. Certain neurotransmitters are found ubiquitously throughout the cortex, whereas
others act in more select locations. Moreover, while certain neurotransmitters are always
excitatory (e.g., glutamate) or inhibitory (e.g., GABA in the adult brain), others can exert variable
downstream effects based on where they are located and to which receptors they bind.Figure
1-7 Essential characteristics of neurotransmitters.Figure 1-7 Essential characteristics of
neurotransmitters.Figure 1-7 Essential characteristics of neurotransmitters.Box 1-2Schema of
Neurochemical SystemsNeurotransmitter biosynthesisNeurotransmitter storage and synaptic
vesicle releaseNeurotransmitter receptors:• Post-synaptic• Pre-synaptic autoreceptorsPost-
synaptic ion channelsPost-synaptic second messenger systemsActivity-dependent gene
regulationNeurotransmitter degradationNeurotransmitter reuptakeFunctional neurochemical
anatomyBox 1-2Box 1-2Box 1-2Schema of Neurochemical SystemsSchema of Neurochemical
SystemsNeurotransmitter biosynthesisNeurotransmitter storage and synaptic vesicle
releaseNeurotransmitter receptors:• Post-synaptic• Pre-synaptic autoreceptorsPost-synaptic ion
channelsPost-synaptic second messenger systemsActivity-dependent gene
regulationNeurotransmitter degradationNeurotransmitter reuptakeFunctional neurochemical
anatomyNearly 100 neurotransmitters have been identified within the mammalian brain.
However, we will focus on several well-characterized neurotransmitter systems with major
relevance to neuropsychiatric phenomena (Box 1-3). Each of these neurotransmitters plays an
important role in normal brain function; thus, abnormal activity in any of these neurotransmitter
systems may contribute to neuropsychiatric dysfunction. We will consider the normal “life cycle”
for each neurotransmitter system—including synthesis, synaptic release, receptor binding,
neurotransmitter degradation, post-synaptic signaling through ion channels or second
messengers, and activity-dependent changes in gene expression and subsequent neuronal



activity (see Box 1-2). We will focus particularly on the various points in this cycle that are
amenable to pharmacological intervention.Box 1-3Major Neurotransmitter Systems in the
BrainAmino AcidsGlutamateγ-Aminobutyric acid (GABA)MonoaminesDopamineNorepinephrine
(noradrenaline)Epinephrine (adrenaline)SerotoninHistamineSmall Molecule
NeurotransmitterAcetylcholinePeptidesOpioids (enkephalins, endorphin,
dynorphin)Hypothalamic factors (CRH, orexins/hypocretins, and others)Pituitary hormones
(ACTH, TSH, oxytocin, vasopressin, and others)Neuroactive CNS peptides also expressed in
the GI system (substance P, VIP, and others)Others (leptin and others)ACTH,
Adrenocorticotropic hormone; CNS, central nervous system; CRH, corticotropin-releasing
hormone; GI, gastrointestinal; TSH, thyroid-stimulating hormone; VIP, vasoactive intestinal
polypeptide.Box 1-3Box 1-3Box 1-3Major Neurotransmitter Systems in the BrainMajor
Neurotransmitter Systems in the BrainAmino AcidsGlutamateγ-Aminobutyric acid
(GABA)MonoaminesDopamineNorepinephrine (noradrenaline)Epinephrine
(adrenaline)SerotoninHistamineSmall Molecule NeurotransmitterAcetylcholinePeptidesOpioids
(enkephalins, endorphin, dynorphin)Hypothalamic factors (CRH, orexins/hypocretins, and
others)Pituitary hormones (ACTH, TSH, oxytocin, vasopressin, and others)Neuroactive CNS
peptides also expressed in the GI system (substance P, VIP, and others)Others (leptin and
others)ACTH, Adrenocorticotropic hormone; CNS, central nervous system; CRH, corticotropin-
releasing hormone; GI, gastrointestinal; TSH, thyroid-stimulating hormone; VIP, vasoactive
intestinal polypeptide.For example, consider the hypothetical synapse in Figure 1-8. Suppose a
particular psychiatric symptom was related to abnormally high synaptic concentrations of a
specific neurotransmitter. The diversity of biochemical steps involved in the neurotransmitter
cycle provides many targets for pharmacological intervention5: one could inhibit
neurotransmitter synthesis; interfere with neurotransmitter transport, vesicle formation, or
release; block post-synaptic receptor effects; or increase the clearance rate from the synapse by
degradation or transport. We will re-visit this model as we consider each of the neurotransmitter
systems and their relation to normal and abnormal brain function below.Figure
1-8 Psychopharmacology and the synapse.Figure 1-8 Psychopharmacology and the
synapse.Figure 1-8 Psychopharmacology and the synapse.Synaptic Transmission, Second
Messenger Systems, and Activity-Dependent Gene ExpressionNeurotransmitter signals alter
post-synaptic neuron function via a complex collection of receptors and second messenger
systems.66 These signals ultimately result in changes in neuronal activity, often associated with
changes in gene expression. While neurotransmitter receptors are the classic targets of
pharmacological intervention, it has become apparent that second messenger systems may
also provide important targets for existing and novel therapies.67,68In general, neurotransmitter
receptors trigger either rapid or slow effector systems. Rapid-effect neurotransmitter receptors
are either themselves ion channels (e.g., NMDA glutamate receptors), or are coupled to ion
channels. Ion flux through these transmitter-activated channels rapidly alters membrane
potential and neuronal activity. Other neurotransmitter receptors, including the large family of G-



protein–coupled receptors (GPCRs), work via slower second messenger systems.69,70 Such
second messenger systems usually involve sequential multi-enzyme cascades. Post-
translational modifications, such as protein phosphorylation (introduced by kinase proteins and
removed by phosphatase proteins), can act as on–off switches to propagate or terminate the
signal at specific branch points. Second messenger systems convert receptor signals into a
coordinated set of cellular effects by altering the function of multiple target proteins. These
targets include ion channels that control neuronal firing, synaptic proteins that regulate synaptic
efficacy, and cytoskeletal elements that determine cellular morphology. While there are over 500
different kinases in the human genome, several that have been heavily studied in psychiatry are
worthy of special mention, such as the cyclic AMP (cAMP)–dependent kinase (also known as
protein kinase A [PKA]) and calcium/calmodulin-dependent protein kinase (CAMK), which both
play critical roles in memory formation.71 Another second messenger pathway, involving
glycogen synthase kinase (GSK), has been proposed to mediate at least some of the
therapeutic efficacy of lithium salts in bipolar disorder.72Transcription factors are also critical
downstream targets of neurotransmitter signals and second messenger systems. By modifying
gene expression in the nucleus, transcription factors can produce persistent changes in neural
function. The most widely studied neuronal transcription factors include immediate early genes
c-Jun, c-Fos, and cAMP response element binding protein (CREB), whose activity is quickly
regulated by neurotransmitter signals.73 CREB has been shown to be up-regulated and
phosphorylated in neurons in response to antipsychotic medication, as well as drugs of
abuse,74–76 and in response to neurotrophic factors, such as brain-derived neurotrophic factor
(BDNF).77 BDNF and related neurotrophic factors are of particular interest to psychiatric
neuroscience, as they exert effects both as growth factors during embryonic neu-rodevelopment
and synaptic signaling in adults. BDNF signaling modulates CREB activity and gene expression;
both factors play important roles in neural plasticity, and have been heavily studied in genetic
association studies in psychiatric disorders.78–81A Review of Clinically Relevant
Neurotransmitter SystemsIn this section we review the major neurotransmitter systems, all of
which have clinical importance in psychiatry. In each subsection, emphasis will be placed on the
“content” of neuropsychiatric explanation.GlutamateAs the major excitatory neurotransmitter in
the CNS, glutamate is found ubiquitously throughout the brain. A non-essential amino acid,
glutamate does not cross the blood–brain barrier; thus, synthesis of the glutamate
neurotransmitter pool relies entirely on conversion from its precursors (glutamine or aspartate)
within nerve terminals (Figure 1-9). Aspartate is converted to glutamine via transamination, while
glutamine is converted to glutamate within mitochondria via glutaminase. Glutamate is packaged
within synaptic vesicles, and, when released into the synapse, binds post-synaptic glutamate
receptors. Unable to diffuse across cell membranes, glutamate is cleared from the synapse
primarily by sodium (Na+)–dependent uptake into astrocytic processes that ensheath the
glutamatergic synapse (“tripartite synapse”), where it is converted back to glutamine (which is
then transported back to the pre-synaptic glutamatergic terminal).Figure 1-9 The glutamate life



cycle.Figure 1-9 The glutamate life cycle.Figure 1-9 The glutamate life cycle.Glutamate
receptors are varied in structure and function, capable of imparting either rapid or gradual
change in the function of the post-synaptic neuron. The ionotropic family of glutamate receptors,
which includes NMDA, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA), and
kainate (KA) receptors, act rapidly by opening channels for Na+ and (to a variable degree)
calcium (Ca2+) influx. This influx causes post-synaptic depolarization, which, if present in
sufficient force, causes the neuron to fire. The metabotropic glutamate receptors (mGluRs)
effect gradual change in neuronal function. These seven membrane-spanning G-protein–
coupled receptors (GPCRs) are linked to cytoplasmic enzymes via G proteins embedded within
the cell membrane. Once activated, these enzymes can induce second messenger cascades
that can influence intra-cellular processes, including gene transcription.The N-methyl-D-
aspartate Receptor and the Role of Glutamate in Neuropsychiatric IllnessThe NMDA receptor
deserves special attention due to its role in normal and abnormal cognitive processes. When
activated, the NMDA receptor serves as a channel for the influx of Ca2+ into the neuron (Figure
1-10). This process relies on both the binding of ligands (such as glutamate and a co-agonist,
glycine) to the receptor and on recent depolarization of the post-synaptic cell membrane, which
displaces a magnesium (Mg2+) ion that normally blocks the channel. NMDA receptor signaling
thus requires near-simultaneous activity of the pre-synaptic and post-synaptic neurons; this
provides a molecular mechanism for associating two temporally linked inputs, a key ingredient in
basic forms of learning. Indeed, NMDA receptors, along with AMPA receptors, mediate long-
term potentiation in the hippocampus, a process critical for hippocampal-dependent memory
formation.Figure 1-10 N-methyl-D-aspartate receptors and excitotoxicity. (A) Normal. (B)
Excitotoxic.Figure 1-10 N-methyl-D-aspartate receptors and excitotoxicity. (A) Normal. (B)
Excitotoxic.Figure 1-10 N-methyl-D-aspartate receptors and excitotoxicity. (A) Normal. (B)
Excitotoxic.When NMDA receptors are activated in sufficient number, however, the resulting
large calcium influx can result in cell death, a process known as excitotoxicity (see Figure 1-10).
Excitotoxicity is thought to contribute to neurodegenera-tive disorders (such as Alzheimer's
disease, Huntington's disease, and amyotrophic lateral sclerosis).82 Memantine, an NMDA
antagonist, is used for the treatment of Alzheimer’s Dementia Memantine is hypothesized to
slow disease progression by dampening excitotoxic injury.83While overactive NMDA receptors
may contribute to neurodegeneration and attendant memory loss in dementia, blockade of these
receptors can also cause profound cognitive disruption. NMDA antagonists (such as ketamine
and phencyclidine [PCP]) produce psychotic symptoms (e.g., disorganization, dissociation,
hallucinations, delusions) in healthy people, and exacerbate psychosis in patients with
schizophrenia. This pattern, in concert with observed alterations in glutamate-related proteins,
has spurred the “glutamate hypothesis” of schizophrenia.33 The glutamate system thus
represents a promising target for the development of new antipsychotic medications. The NMDA
receptor, in addition to its binding site for glutamate, also has a co-regulatory site for the amino
acids glycine or D-serine, which must be occupied for glutamate to open the channel. Based on



the hypothesis of a hypoactive glutamatergic system in schizophrenia, these amino acids, and
the related D-cycloserine, are being actively studied as potential augmentation strategies for
antipsychotic treatment.GABAAnother amino acid, γ-aminobutyric acid (GABA), serves as the
major inhibitory transmitter in the CNS. When bound to membrane receptors, GABA causes
hyperpolarization either directly, by causing chloride channels to open, or indirectly, through
second messenger systems. Although found throughout the CNS, GABA is concentrated
specifically in both cortical and spinal interneurons, and plays a major role in dampening
excitatory signals. As such, GABA receptors have been of considerable interest to researchers
concerned about the normal and abnormal function of neural networks.GABA is synthesized
primarily from glucose, which is converted via the Krebs cycle into α-ketoglutarate and then to
glutamate (Figure 1-11). Conversion from glutamate to GABA occurs through the action of
glutamic acid decarboxylase (GAD). Because GAD is found only in GABA-producing neurons,
antibodies to the enzyme have been used to identify GABA-ergic neurons with high specificity.
Following depolarization of the pre-synaptic neuron, vesicles containing GABA discharge it into
the synapse, where binding to post-synaptic receptors occurs. GABA is then cleared from the
synapse and transported into pre-synaptic terminals and surrounding glia. It is then broken down
by GABA α-oxoglutarate transaminase (GABA-T), and downstream products are returned to the
Krebs cycle. GABA synthesis and metabolism are thus referred to as the GABA shunt
reaction.Figure 1-11 The GABA life cycle.Figure 1-11 The GABA life cycle.Figure 1-11 The
GABA life cycle.GABA ReceptorsThere are two major classes of GABA receptors: GABAA and
GABAB receptors. Binding of GABA to the GABAA receptor causes a chloride channel to open,
which, under most circumstances, renders the post-synaptic membrane potential more negative
(Figure 1-12). Of note, several other agents bind allosterically to the GABAA receptor, including
alcohol, barbiturates, and benzodiazepines, and render it more sensitive to GABA. The
anticonvulsant activity of benzodiazepines and barbiturates is thought to reflect neural inhibition
mediated through the GABAA receptor.84Figure 1-12 GABA receptors. (A) GABAA receptor. (B)
GABAB receptor.Figure 1-12 GABA receptors. (A) GABAA receptor. (B) GABAB receptor.Figure
1-12 GABA receptors. (A) GABAA receptor. (B) GABAB receptor.GABAB receptors, akin to the
metabotropic glutamate receptors, are G-protein–coupled receptors rather than ion channels.
Activation of GABAB causes downstream changes in potassium (K+) and Ca2+ channels,
largely via G-protein–mediated inhibition of cAMP. Specific interactions between GABAB
receptors and Ca2+ channel activity may be linked to absence seizures.85GABA in
Neuropsychiatric IllnessAltered GABA activity may contribute significantly to psychiatric
disorders. In schizophrenia, reduced GABA synthesis in a select population of inter-neurons
within the dorsolateral prefrontal cortex is thought to affect inhibition of pyramidal neurons in this
region. Reduced inter-neuron input may thus disrupt synchronized neuronal activity, which, in
turn, may underlie working memory deficits in schizophrenia.9 Further, although the exact
mechanism remains uncertain, the chronic action of alcohol, benzodiazepines, and barbiturates
on specific GABAA receptor subunits is hypothesized to underlie such clinical phenomena as



tolerance and withdrawal. GABA-ergic dysfunction has also been posited to contribute to panic
disorder.DopamineWhile glutamate and GABA are found throughout the brain, other
neurotransmitter systems are localized to specific neural pathways. The monoamines (e.g.,
norepinephrine, serotonin, dopamine) and acetylcholine are synthesized in several discrete
brainstem nuclei, yet project widely, affecting a majority of brain systems. Dopamine, a
catecholamine neurotransmitter, affects many brain regions that are consistently implicated in
psychiatric disorders. It is hardly surprising, then, that a host of psychopharmacological
interventions target the dopamine system.Dopamine Pathways and Relevance to
NeuropsychiatryThere are four major dopamine projections (Figure 1-13), each with great
relevance to neuropsychiatric phenomena. The name of each projection indicates the location of
the dopaminergic cell bodies, as well as the region targeted by their axons; for example, the
nigrostriatal system consists of dopamine cell bodies in the substantia nigra, with axons
projecting to the striatum. Degeneration of the nigrostriatal pathway leads to extrapyramidal
motor symptoms (such as tremor, bradykinesia, and rigidity), as seen in Parkinson's disease. An
analogous mechanism underlies extrapyramidal symptoms (EPS) associated with antipsychotic
medications, which block dopamine receptors in the striatum.Figure 1-13 Dopaminergic
projections. (Adapted from NIAAA at .)Figure 1-13 Dopaminergic projections. (Adapted from
NIAAA at .)Figure 1-13 Dopaminergic projections. (Adapted from NIAAA at .)Dopamine neurons
in the mesolimbic pathway project from the ventral tegmental area (VTA), also in the mid-brain,
to limbic and paralimbic structures, including the nucleus accumbens, amygdala, hippocampus,
septum, anterior cingulate cortex, and orbitofrontal cortex. Given the importance of these
downstream structures to emotion, sensory perception, and memory, it has been speculated
that altered activity in the mesolimbic pathway may underlie the perceptual disturbances
common to positive symptoms of schizophrenia, hallucinogen use, and even temporal lobe
seizures. The mesolimbic pathway is also implicated in the addictive actions of drugs of abuse,
which share the common feature of enhancing dopamine release in the nucleus accumbens. In
addition, loss of mid-brain nigrostriatal dopaminergic neurons in Parkinson's disease may
spread to VTA neurons, and this may underlie the depressive symptoms commonly seen in
Parkinson's disease.Mesocortical dopamine neurons also have their cell bodies in the VTA, but
project to the neocortex, primarily prefrontal cortex. Release of dopamine in the prefrontal cortex
is believed to affect the efficiency of information processing, attention, and wakefulness. The
relationship between prefrontal dopamine and frontal lobe function does not appear to be linear,
but rather reflects an “inverted-U” shape (Figure 1-14).86 For example, brain activation during
working memory tasks, largely mediated by prefrontal activation, is inefficient under conditions
of either low or high prefrontal dopamine release. Altered availability of prefrontal dopamine may
underlie cognitive impairment in schizophrenia, ADHD, Parkinson's disease, and other
neuropsychiatric conditions.Figure 1-14 (A and B) Dopamine and prefrontal function. PFC,
prefrontal cortex; DA, dopamine. (Adapted from Mattay VS, Goldberg TE, Fera F, et al. Catechol
O-methyltransferase val158-met genotype and individual variation in the brain response to



amphetamine, Proc Natl Acad Sci U S A 100:6186–6191, 2003.)Figure 1-14 (A and B)
Dopamine and prefrontal function. PFC, prefrontal cortex; DA, dopamine. (Adapted from Mattay
VS, Goldberg TE, Fera F, et al. Catechol O-methyltransferase val158-met genotype and
individual variation in the brain response to amphetamine, Proc Natl Acad Sci U S A 100:6186–
6191, 2003.)Figure 1-14 (A and B) Dopamine and prefrontal function. PFC, prefrontal cortex;
DA, dopamine. (Adapted from Mattay VS, Goldberg TE, Fera F, et al. Catechol O-
methyltransferase val158-met genotype and individual variation in the brain response to
amphetamine, Proc Natl Acad Sci U S A 100:6186–6191, 2003.)The tuberoinfundibular
dopamine system projects from the arcuate nucleus of the hypothalamus to the stalk of the
pituitary gland. When released in the pituitary, dopamine inhibits the secretion of prolactin.
Individuals who take dopamine-blocking medications (including some antipsychotics) are
therefore at risk for hyperprolactinemia, which can in turn cause menstrual cycle abnormalities,
galactorrhea, gynecomastia, and sexual dysfunction.Dopamine Synthesis, Binding, and
Inactivation and More Clinical CorrelatesThe catecholamines (dopamine, norepinephrine, and
epinephrine) are synthesized sequentially in the same biosynthetic pathway. First, dopamine is
synthesized from tyrosine through the actions of tyrosine hydroxylase (TH, the rate-limiting
enzyme for catecholamine synthesis) and 3,4-dihydroxy-L-phenylalanine (Dopa) decarboxylase
(Figure 1-15). The dopamine precursor, L-Dopa, crosses the blood–brain barrier and is given
systemically to ameliorate symptoms of Parkinson's disease. Dopamine is packaged and stored
in synaptic vesicles by the vesicular monoamine transporter (VMAT), and when released binds
to post-synaptic dopamine receptors.Figure 1-15 The dopamine life cycle.Figure 1-15 The
dopamine life cycle.Figure 1-15 The dopamine life cycle.Although numerous classes of
dopamine receptors have been described, they each affect intra-cellular signaling through
second messenger systems. Dopamine receptors fall into one of two families: D1-like or D2-like
receptors. D1-like receptors (which include D1 and D5) activate adenylyl cyclase, while D2-like
receptors (including D2, D3, and D4) inhibit cAMP production. D1 and D2 receptors significantly
outnumber other dopamine receptor types. Most typical antipsychotics were developed as D2
antagonists, while atypical antipsychotics usually have less activity at D2 receptors (clozapine,
for example, has a high affinity for the D4 receptor).There are several mechanisms for
inactivating dopamine. Within the neuron, extra-vesicular dopamine may be catabolized by the
mitochondrial enzymes monoamine oxidase-A or -B (MAO-A or MAO-B). MAO-A metabolizes
norepinephrine, serotonin, and dopamine; inhibitors of this enzyme, such as clorgyline and
tranylcypromine, are used to treat depression and anxiety. MAO is also present in the liver and
gastrointestinal tract, where it degrades dietary amines (such as tyramine and
phenylethylamine), thereby preventing their access to the general circulation. Phenylethylamine
can cause hypertension when systemically absorbed; thus, patients receiving MAO inhibitors
are at risk of hypertensive crisis if they ingest food products containing these amines. MAO-B
targets dopamine most specifically, and therefore agents that inhibit this enzyme are used in
Parkinson's disease.Two other molecules, catechol-O-methyltransferase (COMT) and the



dopamine transporter (DAT), have the ability to clear dopamine from the synaptic cleft. In the
mid-brain and striatum, DAT plays a more substantial role than COMT, while in the prefrontal
cortex, COMT predominates. A common, functional polymorphism in the COMT gene, Val
108/158 Met, has been identified: individuals with one or more copies of the Met allele have
significantly reduced COMT activity. Thus, these individuals presumably have greater
concentrations of prefrontal dopamine (see Figure 1-14). In humans, in the setting of a
challenging working memory task, healthy individuals homozygous for the Met allele (Met/Met)
may exhibit more efficient brain activation than Val/Val or Val/Met subjects. However, if given
amphetamine, which blocks dopamine reuptake and increases synaptic dopamine, Val/Val
individuals are shifted to a more optimal position in the curve, while those with Met/Met are
shifted to the less efficient downward slope of the curve.87 Among individuals with altered
prefrontal dopamine levels, such as patients with schizophrenia and Parkinson's disease,
variation in COMT genotype may play a significant role in determining prefrontal efficiency, and
hence performance on tasks involving planning, sequencing, and working memory. Similarly,
patients with velo-cardio-facial syndrome (VCFS) often have psychotic symptoms that may
relate to altered COMT function. VCFS is caused by a 3 Mb (million base pairs) deletion of the
genome on chromosome 22q11.2, which results in the complete loss of one parental copy of
approximately 30 genes, one of which is COMT. These patients, who exhibit a somewhat
variable phenotype (which may also include abnormalities of the heart, thymus, parathyroid, and
palate), also have an increased risk for psychotic disorders. Almost 30% of VCFS patients have
a psychiatric condition akin to bipolar disorder or schizophrenia.88NorepinephrineLike
dopamine, norepinephrine (noradrenaline [NE]) is a catecholamine neurotransmitter that is
present in discrete neural projections. NE cell bodies are concentrated in the locus coeruleus,
which is located in the pons near the fourth ventricle (Figure 1-16). This dorsal collection of
noradrenergic neurons innervates the cerebral cortex, hippocampus, cerebellum, and spinal
cord, while a ventral collection projects to the hypothalamus and other CNS sites.Figure
1-16 Noradrenergic projections. (Adapted from NIAAA at ; and from Siegel GJ, Agranoff BW,
Albers RW, et al. Basic neurochemistry, ed 6, Philadelphia, 1999, Lippincott-Raven, p.
252.)Figure 1-16 Noradrenergic projections. (Adapted from NIAAA at ; and from Siegel GJ,
Agranoff BW, Albers RW, et al. Basic neurochemistry, ed 6, Philadelphia, 1999, Lippincott-
Raven, p. 252.)Figure 1-16 Noradrenergic projections. (Adapted from NIAAA at ; and from Siegel
GJ, Agranoff BW, Albers RW, et al. Basic neurochemistry, ed 6, Philadelphia, 1999, Lippincott-
Raven, p. 252.)NE overlaps substantially with dopamine with regard to synthesis and
degradation pathways; in fact, dopamine is the immediate precursor to NE, which is produced
within synaptic vesicles by dopamine β-hydroxylase (see Figure 1-15). Like dopamine, NE is
also degraded by COMT and MAO.There are three families of noradrenergic receptors: α1, α2,
and β. Like the dopamine receptors, NE receptors are all coupled to G proteins and thus modify
intra-cellular signaling pathways. The α1 receptors augment protein kinase C activity through the
release of inositol 1,4,5-triphosphate and diacylglycerol. While activated α2 receptors decrease



cAMP through inhibition of adenylyl cyclase, β receptors do the opposite, stimulating cAMP
production. In this sense, α2 receptors are somewhat akin to D2, and β receptors to D1. In the
CNS, α2 receptors frequently act as “autoreceptors” present pre-synaptically on noradrenergic
neurons themselves, providing negative-feedback regulation of noradrenergic
output.Norepinephrine in Opiate WithdrawalClonidine, a drug commonly used to treat
hypertension, activates CNS α2 autoreceptors and thereby dampens noradrenergic tone. Use of
clonidine in the treatment of opiate withdrawal provides a wonderful example of a case where
psychiatric neuroscience has successfully characterized the links between a clinical disorder,
therapeutic drug effects, and mechanisms at the molecular, cellular, and neural circuit levels.
Acutely, opiates act through G-protein–coupled receptors to inhibit the cAMP system and reduce
the activity of locus coeruleus neurons; this partly mediates their calming and sedating effects.
With chronic opiate administration, tolerance develops, in part due to homeostatic up-regulation
in the activity of cAMP pathway elements (such as PKA and CREB). In opiate withdrawal, this
adaptive up-regulation is no longer balanced by the opiate inhibition. Rebound hyperactivity of
the locus coeruleus then occurs, with a great increase in NE release from its widespread
projections. This in turn leads to the autonomic and psychological hyperarousal seen during
withdrawal; these symptoms are greatly dampened by clonidine.89SerotoninThe serotonin
system is involved in many processes in psychiatry, including most prominently mood, sleep,
and psychosis.60,90,91 Serotonin (5-hydroxytryptamine [5-HT]), a monoamine and indolamine,
is synthesized from the amino acid tryptophan by tryptophan hydroxylase (TPH) (Figure 1-17).
Serotonin is synthesized in mid-line neurons of the brainstem, known as the raphe nuclei.92
Serotonergic neurons project diffusely to numerous targets (including cerebral cortex, thalamus,
basal ganglia, mid-brain dopaminergic nuclei, hippocampus, and amygdala) (Figure
1-18).Figure 1-17 The serotonin life cycle.Figure 1-17 The serotonin life cycle.Figure 1-17 The
serotonin life cycle.Figure 1-18 Serotonergic projections. (Adapted from NIAAA at .)Figure
1-18 Serotonergic projections. (Adapted from NIAAA at .)Figure 1-18 Serotonergic
projections. (Adapted from NIAAA at .)Like the catecholamines, serotonin is transported into
vesicles by VMAT. Serotonin is subsequently released into the synaptic cleft, and after receptor
binding, is inactivated either by pre-synaptic reuptake via the serotonin transporter or
degradation via MAO. The serotonin transporter is a critical molecule in
neuropsychopharmacology. Drugs that block the serotonin transporter (SERT) prolong
serotonin's action; these agents include the selective serotonin reuptake inhibitors (SSRIs)
commonly used in treating depression and anxiety disorders. Like the norepinephrine
transporter (NET) and dopamine transporter (DAT), SERT is also a common target of drugs of
abuse. For example, both cocaine and amphetamine prolong the action of serotonin by inhibiting
SERT. Similarly, the club drug ecstasy (MDMA) is a fast-acting SERT inhibitor; MDMA may also
be neurotoxic to serotonergic neurons in the dorsal raphe.93The discovery of a common genetic
variant in the promoter of the SERT gene has had a major impact on psychiatric neuroscience.
The “long” form or L-variant (which contains an additional 44-bp sequence) generates more



mRNA, and thereby protein, than the “short” or S-variant (which lacks this 44-bp sequence). The
L-variant thus enhances transporter activity in the synaptic cleft, reducing the duration and
intensity of serotonin neurotransmission, while the S-variant leads to lower transporter activity
and prolonged serotonin signaling. The S-variant has been implicated in the etiology of
depression and anxiety disorders.94,95Seven classes of serotonin receptors exhibit distinct
patterns of expression in CNS and peripheral tissues and activate distinct second messenger
systems. For example, 5-HT1A receptors are GPCRs that are inhibitory and thereby decrease
cAMP; agonists at this receptor (e.g., buspirone) have anxiolytic properties. 5-HT2 receptors
(which have three subtypes, A to C) act through a different G protein to activate inositol
triphosphate (IP3) and diacylglycerol (DAG) second messenger systems.96 5-HT2 signaling is
particularly relevant to psychosis: the hallucinogen LSD activates 5-HT2receptors, while many
atypical antipsychotics inhibit them.91AcetylcholineThe first neurotransmitter to be discovered,
acetylcholine (ACh) was initially characterized by Otto Loewi as Vagusstoff, the mediator of
vagal parasympathetic outflow to the heart. As we now know, of course, ACh plays important
roles in central as well as peripheral neurophysiology, and cholinergic transmission underlies a
host of normal cognitive functions. In recent years, the cholinergic system has become an
important target in the psychopharmacology of dementia and movement disorders.In the
periphery, ACh is the neurotransmitter for the neuromuscular junction, for pre-ganglionic
neurons in the autonomic nervous system, and for parasympathetic post-ganglionic neurons. In
the CNS, cholinergic neurons are concentrated in the nucleus basalis of Meynert in the basal
forebrain, and project diffusely to the neocortex (Figure 1-19). There are also cholinergic
projections from the septum and diagonal band of Broca to the hippocampus. Cholinergic inter-
neurons are found in the basal ganglia.Figure 1-19 Cholinergic projections. (Adapted from
NIAAA at .)Figure 1-19 Cholinergic projections. (Adapted from NIAAA at .)Figure
1-19 Cholinergic projections. (Adapted from NIAAA at .)ACh is formed in nerve terminals
through the action of choline acetyltransferase (ChAT; Figure 1-20). Its precursor, choline, is
supplied through both breakdown of dietary phosphatidylcholine, and recycling of synaptic ACh
(which is catabolized by acetylcholinesterase to choline and actively transported back into the
pre-synaptic terminal).Figure 1-20 The acetylcholine life cycle.Figure 1-20 The acetylcholine life
cycle.Figure 1-20 The acetylcholine life cycle.There are two classes of ACh receptors:
muscarinic and nicotinic. While muscarinic receptors are G-protein–coupled, nicotinic receptors
are ion channels, which allows for rapid influx of Na+ and Ca2+ into the post-synaptic neuron.
Both receptor types are abundant in brain tissue.Acetylcholine and CognitionAnticholinergic
medications affect the balance of dopamine and ACh in the basal ganglia, which can improve
EPS in patients with movement disorders (either primary or secondary to antipsychotic use).
However, alterations in cholinergic transmission, due to medications or to underlying disease,
can profoundly affect cognition. Anticholinergic medications, such as diphenhydramine, are a
common source of delirium in elderly or medically ill patients. Many antipsychotic and tricyclic
antidepressant drugs have some anticholinergic activity, which can affect cognition (and also



produce significant peripheral side effects, including dry mouth, urinary retention, constipation,
and tachycardia). The degeneration of cholinergic neurons in Alzheimer's disease contributes
strongly to cognitive decline; acetylcholinesterase inhibitors may slow this effect somewhat, but
do not reverse the degeneration process.97 Nicotine, acting through nicotinic ACh receptors,
may produce significant cognitive effects (as well as addictive rewarding effects).HistamineLike
ACh and NE, histamine serves important functions both in the CNS and peripherally. Histamine
is best known for its roles outside the brain in activating immune and inflammatory responses
and in stimulating gastric acid secretion. Within the brain, it acts both as a classical
neurotransmitter and as a neuromodulator, potentiating the excitability of other neurotransmitter
systems.Histaminergic neurons are concentrated within the hypo-thalamus, in the
tuberomammillary nucleus. They project diffusely to cortical and subcortical targets, as well as to
the brainstem and spinal cord. Histamine is derived from its precursor, L-histidine, through the
action of L-histidine decarboxylase. Histamine can be broken down either through oxidation (via
diamine oxidase) or methylation (via histamine N-methyltransferase and, subsequently,
MAO).Three classes of histamine receptors, H1, H2, and H3, have been found both within brain
tissue and in the periphery. Each affects second messenger systems through coupling to G
proteins. H3 may also function as an inhibitory autoreceptor. More recently, a fourth class of
histamine receptor (H4) has also been described, but apparently is not expressed in human
brain.Histamine stimulates wakefulness, suppresses appetite, and may enhance cognition
through its excitatory effects on brainstem, hypothalamic, and cortical neurons. Drugs with
antihistaminic properties can cause significant disruptions of these processes, producing the
therapeutic effects of sleep medications, as well as side effects (sedation and weight gain) of
some atypical antipsychotics and, in particular, the antidepressant mirtazapine.98 Animal
research shows that histamine depletion adversely affects short-term memory, while H3
autoreceptor antagonists may have the opposite effect; these findings have fueled the
development of H3 antagonists as a potential treatment for memory disorders.Other
Neurotransmitters, and Interactions among NeurotransmittersMany additional neurotransmitters
mediate important effects in the brain; some with particular relevance to psychiatry include
neuropeptides (e.g., endogenous opioids), neurohormones (e.g., corticotropin-releasing
hormone), and steroids, cannabinoids, and short-acting gases (such as nitric oxide). And while
we have focused on one neurotransmitter at a time, numerous and complex interactions occur
among neurotransmitter systems. Although discussion of these other neurotransmitters and
neurotransmitter interactions is beyond the scope of this chapter, they are of great importance to
psychiatric neuroscience and the subject of intensive research.Genes, Environment, and
EpigeneticsAt the outset of this chapter, we stated that major mental illness reflects abnormal
brain function, and we have described many genes that could contribute to such dysfunction.
However, while neuropsychiatric conditions are frequently highly heritable, the emergence of
psychopathology likely requires a complex interaction of a genetic susceptibility and exposure to
environmental risk factors. Note that the “environment” must be understood broadly, and



includes the pre-natal uterine environment as well as peri-natal and post-natal events into
childhood, adolescence, and adulthood. Epidemiological studies relating gene–environment
interactions to the development of psychiatric conditions have already contributed significantly
to psychiatric neuroscience.99 For example, in a prospective longitudinal study, Caspi and
colleagues100 discovered that genetic variations in the serotonin transporter (SERT) promoter
interacted with stressful life events to influence depression risk. Individuals with one or two
copies of the short S-variant allele (the hypoactive form of the gene) exhibited more depression
and suicidality in relation to stressful life events than those carrying two copies of the long L-
variant allele. This remarkable study demonstrated that even when genetic susceptibility and
environmental exposure do not independently produce a strong increase in risk for
psychopathology, in combination they may impressively increase this risk.100Finally, the
mechanisms by which experience may interact with genes are various, but one recent study in
the field of “epigenetics” merits attention. Epigenetics has various definitions, but includes the
idea that a gene function may be changed without a specific alteration in the code, and that this
change in gene function also may be heritable.101 Frequently, this may occur by a change in the
structure of the DNA molecule: for example, chromatin, around a gene, which alters gene
expression. An important animal model may have shed light on the biological effects of child
abuse.43,102 While it has been widely noted in psychiatry that child abuse or mistreatment can
have long-term effects on cognition and behavior, a model system of rodent maternal care has
also demonstrated that rodent pups mistreated during development will have long-standing
dysfunctional programming of their hypothalamic–pituitary–adrenal axis, and thereby response
to stress. Investigators have further demonstrated that these occur due to specific changes in
chromatin structure and subsequent gene expression, and have also shown that these changes
and downstream effects may be heritable. These effects may be treatable or even reversible with
novel medicines that affect chromatic structure,103 and, indeed, some of our older medicines,
most notably valproic acid,104 may act in part through such mechanisms. This is an important
example of how a detailed mechanistic understanding of gene–environment interactions may
truly make vast contributions to the understanding and treatment of major mental
illness.ConclusionWe are fortunate in psychiatry to have multiple treatment choices for most
conditions. However, existing treatments are frequently only partially effective. Side effects may
interfere with compliance and produce their own morbidity, and even after successful treatment
relapse is common. Despite 50 years of progress in psychopharmacology, we still need better
treatments for mental illness. Greater understanding of the biological mechanisms underlying
brain function and dysfunction will be essential in the development of new and better remedies.
Important insights will also come from clarifying the specific therapeutic mechanisms of existing
treatments.Over the past century psychiatric neuroscience has made great strides in linking
neural mechanisms to conditions of abnormal affect, behavior, and cognition. However, because
of challenges inherent to the study of psychiatric phenomena and brain function, the gap
between mechanistic understanding and clinical practice remains wide for most conditions.



Genetics and neuroimaging have dramatically enhanced our ability to bridge these gaps, and
the accelerating development of these fields provides great hope.While our biological
knowledge is incomplete, there is already a great deal of information that may be incorporated
into our clinical problem-solving. This will be facilitated by applying a systematic framework
when evaluating the neuroscientific aspects of clinical cases. Biological formulations should
involve consideration of two broad domains: process (the dynamic mechanisms of
neurodevelopment, neurotransmission, and neurodegeneration) and content (key regional,
cellular, and molecular neural substrates). These biological components of major mental illness,
identified through decades of research, are extremely valuable in our explanations to patients
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1):S91–S92.Multiple Choice QuestionsSelect the appropriate answer.Q1 Which of the following
was awarded a Nobel Prize in 2000 for work characterizing information processing in the brain at
the molecular level?○ Julius Axelrod○ Ulf von Euler○ Eric Kandel○ Bernard Katz○ Emil
KraeplinQ2 Which of the following was the first to describe plaques in the brains of patients with
dementia?○ Alois Alzheimer○ Paul Broca○ Ulf von Euler○ Phineas Gage○ Emil KraeplinQ3
Which of the following brain territories is the MOST likely to be considered as the major relay
station for incoming sensory information and other critical circuitry?○ Amygdala○ Cerebellum○
Hippocampus○ Nucleus accumbens○ ThalamusQ4 Which of the following won a Nobel Prize in



1906 for demonstrating that neurons act as physically discrete functional units within the brain,
communicating with each other through specialized junctions?○ Julius Axelrod○ Santiago
Ramon y Cajal○ Ulf von Euler○ Eric Kandel○ Bernard KatzQ5 Which of the following is the
major excitatory neurotransmitter in the brain?○ Acetylcholine○ Dopamine○ Endorphin○
Gamma-aminobutyric acid○ GlutamateQ6 Which of the following are MOST likely to be thought
of as capable of imparting either rapid or gradual change in the function of the postsynaptic
neuron?○ Acetylcholine receptors○ Dopamine receptors○ Endorphin receptors○ Gamma-
aminobutyric acid receptors○ Glutamate receptorsQ7 Which of the following substances are
MOST closely linked with the nigrostriatal system, the mesolimbic system, the mesocortical
system, and the tuberoinfundibular system?○ Acetylcholine○ Dopamine○ Endorphin○ Gamma-
aminobutyric acid○ GlutamateQ8 In which of the following structures is serotonin primarily
synthesized?○ Amygdala○ Basal ganglia○ Hippocampus○ Raphe nuclei○ ThalamusMultiple
Choice AnswersQ1 The answer is: Eric Kandel.The work of Julius Axelrod, Ulf von Euler, and
Bernard Katz on neurotransmitters, and their mechanisms of release, reuptake, and metabolism,
was recognized with a Nobel Prize in 1970. Later, converging work characterizing information
processing in the brain at a molecular level earned Arvid Carlsson, Paul Greengard, and Eric
Kandel the 2000 Nobel Prize at the end of the decade of the brain.Q2 The answer is: Alois
Alzheimer.Neuropathology was clearly in fashion in the late 1800s and early 1900s, when Alois
Alzheimer first described plaques in the brain of his patient with dementia, and identified frontal
cortex abnormalities in schizophrenia.Q3 The answer is: Thalamus.The thalamus is a major
relay station for incoming sensory information and other critical circuitry, including connections
between association cortices (via the mediodorsal nucleus) and outputs regulating motor
activity. The mediodorsal nucleus, a critical relay station between association cortices, is a
region of the thalamus found to be smaller in some neuropathological studies of patients with
schizophrenia. The basal ganglia orchestrate multiple functions; the dorsal striatum plays an
important role in motor control while the ventral striatum (in particular, the nucleus accumbens)
plays key roles in emotion and learning via connections with the hippocampus, amygdala, and
prefrontal cortex. The hypothalamus plays a critical role in neuroendocrine regulation of the
internal milieu. Via its effects on pituitary hormone release and connections to other regions of
the brain, the hypothalamus exerts homeostatic effects on numerous psychiatrically-relevant
factors, including mood, motivation, sexual drive, hunger, temperature, and sleep. Finally, a
number of discrete nuclei in the brainstem synthesize key modulatory neurotransmitters,
exerting major effects on brain function via their widespread projections to striatal and
corticolimbic regions of the brain. These neuromodulatory nuclei include the dopaminergic
ventral tegmental area (VTA) in the midbrain, serotonergic raphe nuclei in the brainstem,
noradrenergic locus ceruleus neurons in the pons, and cholinergic neurons of the basal
forebrain and brainstem.While the cerebellum has traditionally been known for its role in motor
coordination and learning, it has more recently been implicated in cognitive and affective
processes as well.Q4 The answer is: Santiago Ramon y Cajal.The Spanish neuroanatomist



Santiago Ramon y Cajal prolifically and painstakingly documented the cellular diversity of the
nervous system. Based on his observations, Ramon y Cajal proposed that neurons act as
physically-discrete functional units within the brain, communicating with each other through
specialized junctions. This theory became known as the “neuron doctrine;” Ramon y Cajal's
enormous contributions were recognized with a Nobel Prize in 1906.Q5 The answer is:
Glutamate.The major excitatory neurotransmitter in the brain is glutamate (commonly used by
projection neurons), while the major inhibitory neurotransmitter in the brain is gamma-
aminobutyric acid (GABA), which is commonly used by local interneurons.Q6 The answer is:
Glutamate receptors.Glutamate receptors are varied in structure and function, capable of
imparting either rapid or gradual change in the function of the postsynaptic neuron. The
ionotropic family of glutamate receptors, which includes N-methyl-D-aspartate (NMDA), alpha-
amino-3-hydroxy-5-methyl-4-isoxazolde proprionic acid (AMPA), and kainate (KA) receptors, act
rapidly by opening channels for Na+ and (to a variable degree) calcium (Ca2+) influx. This influx
causes postsynaptic depolarization, which, if present in sufficient force, causes the neuron to
fire. The metabotropic glutamate receptors (mGluRs) effect gradual change in neuronal function.
These seven membrane-spanning G protein–coupled receptors (GPCRs) are linked to
cytoplasmic enzymes via G proteins embedded within the cell membrane. Once activated, these
enzymes can induce second messenger cascades that can influence intracellular processes,
including gene transcription.Q7 The answer is: Dopamine.While glutamate and GABA are found
throughout the brain, other neurotransmitter systems are localized to specific neural pathways.
The monoamines (e.g., norepinephrine, serotonin, and dopamine), as well as acetylcholine, are
synthesized in several discrete brainstem nuclei, yet project widely, affecting a majority of brain
systems. Dopamine, a catecholamine neurotransmitter, affects many brain regions that are
consistently implicated in psychiatric disorders.There are four major dopamine projections, each
with great relevance to neuropsychiatric phenomena. The name of each projection indicates the
location of the dopaminergic cell bodies, as well the region targeted by their axons; for example,
the nigrostriatal system consists of dopamine cell bodies in the substantia nigra, with axons
projecting to the striatum. Degeneration of the nigrostriatal pathway leads to extrapyramidal
motor symptoms (such as tremor, bradykinesia, and rigidity), as seen in Parkinson's disease. An
analogous mechanism underlies extrapyramidal symptoms (EPS) associated with antipsychotic
medications, which block dopamine receptors in the striatum.Dopamine neurons in the
mesolimbic pathway project from the ventral tegmental area (VTA), also in the midbrain, to limbic
and paralimbic structures including the nucleus accumbens, amygdala, hippocampus, septum,
anterior cingulate cortex, and orbitofrontal cortex. Given the importance of these downstream
structures to emotion, sensory perception, and memory, it has been speculated that altered
activity in the mesolimbic pathway may underlie the perceptual disturbances common to positive
symptoms of schizophrenia, hallucinogen use, and even temporal lobe seizures. The
mesolimbic pathway is also implicated in the addictive actions of drugs of abuse, which share
the common feature of enhancing dopamine release in the nucleus accumbens. In addition, loss



of midbrain nigrostriatal dopaminergic neurons in Parkinson's disease may spread to VTA
neurons, and this may underlie the depressive symptoms commonly seen in Parkinson's
disease.Mesocortical dopamine neurons also have their cell bodies in the VTA, but project to the
neocortex, primarily prefrontal cortex. Release of dopamine in the prefrontal cortex is believed to
affect the efficiency of information processing, attention, and wakefulness. Altered availability of
prefrontal dopamine may underlie cognitive impairment in schizophrenia, ADHD, Parkinson's
disease, and other neuropsychiatric conditions.The tuberoinfundibular dopamine system
projects from the arcuate nucleus of the hypothalamus to the stalk of the pituitary gland. When
released in the pituitary, dopamine inhibits the secretion of prolactin. Individuals who take
dopamine-blocking medications (including some antipsychotics) are therefore at risk for
hyperprolactinemia, which can in turn cause menstrual cycle abnormalities, galactorrhea,
gynecomastia, and sexual dysfunction.Q8 The answer is: Raphe nuclei.The serotonin system is
involved in many processes in psychiatry, including, most prominently, mood, sleep, and
psychosis. Serotonin (5-hydroxytryptamine [5-HT]), a monoamine and indolamine, is
synthesized from the amino acid tryptophan by tryptophan hydroxylase (TPH). Serotonin is
synthesized in mid-line neurons of the brainstem, known as the raphe nuclei. Serotonergic
neurons project diffusely to numerous targets (including cerebral cortex, thalamus, basal
ganglia, midbrain dopaminergic nuclei, hippocampus, and amygdala).Like the catecholamines,
serotonin is transported into vesicles by vesicular monoamine transporter (VMAT). Serotonin is
subsequently released into the synaptic cleft, and after receptor binding, is inactivated either by
presynaptic reuptake via the serotonin transporter or degradation via monoamine oxidase
(MAO). The serotonin transporter is a critical molecule in neuropsychopharmacology. Drugs that
block the serotonin transporter (SERT) prolong serotonin's action; these agents include the
selective serotonin reuptake inhibitors (SSRIs) commonly used in treating depression and
anxiety disorders. Like the norepinephrine transporter (NET) and dopamine transporter (DAT),
SERT is also a common target of drugs of abuse. For example, both cocaine and amphetamine
prolong the action of serotonin by inhibiting SERT. Similarly, the club drug ecstasy (MDMA) is a
fast-acting SERT inhibitor; MDMA may also be neurotoxic to serotonergic neurons in the dorsal
raphe.2Treatment AdherenceLara Traeger PhD, Megan Moore Brennan MD, John B. Herman
MDKey PointsBackground• Among patients with a psychiatric illness, treatment adherence is
associated with better treatment outcomes, a lower risk of relapse and hospitalization, and
better adherence to treatments for co-morbid medical illnesses. However, barriers to adherence
are common and rates of suboptimal adherence remain critically high.History• Over the past
several decades, approaches have evolved to help patients continue treatment for chronic
health problems. The term “adherence,” promoted by the World Health Organization, reflects that
optimal health outcomes require multi-level efforts to reduce treatment barriers encountered by
patients.Clinical and Research Challenges• Patient adherence is a necessary component of
treatment response and remission. Standardized definitions and measures of adherence are
needed to support comparisons of risk factors and intervention outcomes across studies and



translation to clinical work. More research also is needed to establish effective, cost-efficient
ways to improve adherence in clinical settings. Adherence curricula should be included in mental
health professional training and continuing education programs.Practical Pointers• Practitioners
are encouraged to collaborate actively with patients to select and monitor psychiatric treatment
regimens. Optimal patient adherence requires a complex series of behaviors. Routine
assessment of both modifiable and non-modifiable barriers to adherence throughout the course
of treatment will enable practitioners to tailor treatment approaches and adherence interventions
for individual patients. Patient education can enhance adherence by incorporating cognitive and
behavioral strategies into care plans.OverviewPoor adherence to psychiatric treatments is a
widespread clinical problem that negatively impacts rates of treatment response and
remission.1,2 While empirically-supported treatments are available for many psychiatric
disorders,3 these treatments are not universally effective. Patients commonly face diffi-culties in
taking prescribed psychotropic medications or attending psychotherapy sessions as
recommended, and therefore may not achieve optimal outcomes.1,4 Moreover, some patients
who adhere to treatment recommendations may not experience a clinically significant response,
and this often leads them to remain in care and to tolerate treatment plan modifications.5The
World Health Organization has defined adherence as the extent to which patients' health
behaviors are consistent with recommendations that they have agreed to with their
practitioners.6 This definition emphasizes that practitioners must collaborate with their patients
in making decisions throughout treatment. However, researchers frequently evaluate patient
adherence to psychiatric regimens in ways which do not capture the dynamics among patients,
practitioners, and health care systems.7 Common measures include the extent to which patients
take their medications at the prescribed dose and timing, attend scheduled clinic appointments,
and remain in care. These broad measures are discussed in this chapter (summarizing findings
on the prevalence of, and the barriers to, psychiatric treatment adherence). This chapter also
highlights the fact that optimal adherence is a moving target that involves complex patient
behaviors and multi-factorial challenges, and may be enhanced by targeted strategies for
patients, practitioners, and systems.Epidemiology of AdherenceThe estimated prevalence of
patient adherence to the use of psychotropic medications has varied widely, due to differences
in study populations, diagnoses, medication classes, and the definition of adherence. However,
evidence strongly supports the notion that poor adherence is common across groups.
Substantial proportions of community-dwelling patients take less than their prescribed daily
doses of antipsychotics (34.6%), sedative-hypnotics (34.7%), anxiolytics (38.1%), mood
stabilizers (44.9%) and antidepressants (45.9%).8 In a retrospective study of managed care
patients, approximately 57% of patients who had started a selective serotonin re-uptake inhibitor
(SSRI) for depression and/or anxiety were not adherent to the medication.7 In fact, many
patients with depression (19%–28%) also do not show for scheduled clinic
appointments.9Reports of adherence to taking psychotropic medications further reflect
problems with premature treatment discontinuation. Moreover, many patients do not inform their



physician about having stopped their medication. Across studies of treatment trials for anxiety
disorders (generally lasting 10–12 weeks), 18%–30% of patients discontinued their treatment
prematurely.4 Among patients with depression who were taking an SSRI, almost half (47%) had
stopped filling their prescription within 2 months of treatment initiation.10 Similarly, a pooled
analysis of 1,627 patients with psychosis treated with atypical antipsychotics revealed that about
half (53%) of the patients discontinued their medication soon after treatment began.11
Researchers in the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) reported
that almost three-fourths (74%) of patients with chronic schizophrenia discontinued treatment
within 4 months of its initiation.12Some studies have shown that adults with depression prefer
psychotherapy over antidepressants.13 Yet, in a sample of primary care patients with
depression, 74% endorsed that barriers to care made it very difficult or impossible to attend
regular psychotherapy sessions.14 Meta-analyses of cognitive-behavioral therapy (CBT) trials
for anxiety disorders indicated that for patients who started CBT, between 9% and 21%
discontinued the treatment early.4Clinical and Economic Impact of Non-AdherencePoor
adherence to psychiatric treatments leads to worse clinical outcomes and to excess health care
utilization; these factors contribute, in turn, to the economic burden of mental illness.1,15,16
Among patients with depression, non-adherence to antidepressants is associated with higher
medical costs7 and accounts for 5%–40% of hospital readmissions.9 Medication non-
adherence also is the most powerful predictor of relapse after a first episode of schizophrenia,
independent of gender, age of onset, premorbid function, patient insight, or other key
factors.2,17 Moreover, non-adherent patients with schizophrenia are at greater risk for
substance use, violence, and victimization, as well as worse overall quality of life.18 Although
little studied, patient non-adherence also may increase the risk of burnout and fatigue among
psychiatric practitioners. Findings emphasize that intervening at multiple levels to enhance
adherence has the potential to improve population health and well-being and to reduce excess
health care utilization, beyond individual improvements in specific treatments.6Risk Factors for
Non-AdherenceRisk factors for non-adherence are complex and varied, and remain
incompletely understood. Findings are typically drawn from secondary analyses or exit
interviews from randomized controlled trials (RCTs), which employ strict eligibility criteria and
rigorous patient monitoring.4 In clinical settings, practitioners must consider and address multi-
factorial challenges to optimal patient adherence (Table 2-1). Key risk factors are summarized
below.TABLE 2-1Multi-factorial Influences on Treatment AdherenceClinical FactorsMoodMood
symptoms can increase patients' perceptions of barriers to psychiatric care and can adversely
affect treatment adherence.14 Dysphoria and hopelessness may reduce intrinsic motivation for
treatment. Patients who experience psychomotor slowing, decreased energy, and poor
concentration also may have difficulty engaging in self-care, attending appointments, completing
cognitive-behavioral therapy (CBT) assignments, and/or taking their medications appropriately.
In comparison, when patients enter a manic episode, they may experience elevated mood and
energy as positive and may not want to take their medications that slow them down. Moreover,



when insight and judgment are impaired, patients may not believe that they have an illness that
requires treatment.AnxietyAnxiety disorders are associated with hyper-vigilance to internal and/
or external stimuli, which may affect a patient's adherence to treatment recommendations in
several ways. Some patients become too anxious to leave their home and to attend scheduled
clinic appointments. Anxiety also may interfere with the optimal upward titration or tapering of
medications, as patients may attribute transient physical symptoms to changes in medication
dose. Among patients with obsessive-compulsive disorder (OCD), counting rituals and fears of
contamination may preclude adherence to both medication and psychotherapy
regimens.PsychosisMost reports on adherence to psychiatric treatment regimens have focused
on psychotic disorders, including schizophrenia. Problems related to both the disorders and their
treatments present significant barriers to adherence. Factors (such as positive symptoms,
emotional distress, and treatment side effects [e.g., akathisia]) have predicted poor
adherence.19–23 Among patients treated with atypical antipsychotics, early discontinuation of
treatment has been attributed to perceptions of poor response, to worsening of symptoms, and
to an inability to tolerate the medications.11 Notably, patients who need to change or augment
their current treatment are at higher risk for its discontinuation.24Substance MisuseMisuse of
substances is an important risk factor for non-adherence in patients with a variety of psychiatric
disorders.25,26 Patients who believe that mixing alcohol or illicit drugs with prescribed
medications can be dangerous may eschew use of their medication in favor of alcohol or drugs.
Drug intoxication and withdrawal also affect a patient's attention, memory, and mood state,
which in turn, can interfere with adherence. The financial burden of substances may also
negatively affect a patients' ability to make co-payments for medications and clinic
appointments.Patient Factors: Knowledge, Attitudes, and BeliefsAcross different psychiatric
diagnoses, patients' perceptions of their disorder and its treatment consistently predict
adherence or the lack thereof. Patients are more likely to adhere to their medication regimen if
they believe that their need for the medication is high and that risk of adverse effects related to
the medication is low.4,27,28 On the other hand, mental health stigma, denial of one's
diagnosis, and lack of insight all increase the risk for treatment non-adherence.19,20,22,23,29
Patients also may stop treatment if they believe it is unhelpful once an acute illness phase has
resolved.30 In a study of patients with bipolar I disorder, more than half were non-adherent to
their medications 4 months after an episode of acute mania.31 With regard to psychotherapy,
trials of CBT for anxiety have shown that patients with a low motivation for treatment, little
readiness for change, and/or low confidence in CBT in comparison to other treatments have an
elevated risk for early treatment discontinuation.Economic and Racial/Ethnic
DisparitiesStructural and financial barriers to taking medications and attending appointments
(e.g., a lack of resources for child care, transportation, or co-payments) are important risk
factors for non-adherence.4,14 U.S. health insurance providers historically have restricted
mental health services more than other medical services. Some patients may be more likely to
forego psychiatric medications if they are balancing medication costs for multiple health



conditions.Racial/ethnic disparities in access to quality psychiatric care are well-
documented.32,33 However, among patients who do initiate medication or psychotherapy,
evidence for differences in treatment adequacy or retention in care is more equivocal.34 Some
studies of schizophrenia and mood disorders suggests that black and Latino patients have
poorer adherence to psychiatric medications, relative to white patients.24,26,31,35 A
combination of factors, such as access to psychiatric care; differences in medication
metabolism, response, and side effects; and patients' beliefs and concerns about treatment,
may underlie these disparities.31 Practitioners should con-sider these factors during treatment
selection, titration, and management.Clinical EncountersPoor practitioner–patient therapeutic
alliances and a lack of follow-up increase the risk for treatment non-response and attrition.4,36
Adherence and medication effects need to be monitored on an ongoing basis. Practitioners can
help patients manage expectations by discussing with patients that certain treatments may
cause side effects or require adjustments before they confer benefits on psychiatric symptoms
and quality of life. The following sections summarize suggestions for assessing adherence and
integrating adherence into all phases of treatment.Assessing AdherenceCurrently, there is no
“gold standard” measure of treatment adherence or a consensus on the adequate or optimal
level of adherence among patients. Available tools for assessing patient adherence to
psychotropic medications include self-report measures, daily diaries, electronic pill containers,
prescription refill records, pill counts, laboratory assays, directly-observed therapy, and collateral
information.37 Practitioners should consider strengths and limitations of each method in the
context of available resources and the intended purpose of assessment. Self-report measures38
and daily diaries are inexpensive to administer, yet may be subject to the impact of social
desirability or forgetting. Electronic pill containers yield detailed adherence data but may be
impractical when tracking multiple medications. Having free samples and left-over pills from
other prescriptions reduces the accuracy of pill-counts. Laboratory assays may identify the
presence of medication classes or individual agents but cannot confirm daily administration.
When appropriate, multiple measures can be used to support a more complete view of
adherence.Integrating Adherence Into the Treatment CourseInitial ConsultationPractitioners
commonly underestimate patient barriers to treatment adherence.39 Adherence must be an
explicit, core element of treatment, starting with the initial consultation (Table 2-2). The
practitioner begins to facilitate a therapeutic alliance early-on by transmitting a warm, non-
judgmental stance and by demonstrating support and commitment to the patient's well-
being.40,41 Key tasks include exploring a patient's values and perspectives about symptoms
and their acceptable treatment. By evaluating modifiable barriers (e.g., misinformation about
medications), the practitioner may identify opportunities for intervention. The practitioner should
also assess non-modifiable barriers to adherence (e.g., the patient lives far from the clinic) in
order to recommend feasible treatment options.TABLE 2-2Incorporation of Adherence-related
Inquiries into Initial ConsultationTreatment PlanningActive collaboration will help the practitioner
and the patient develop an appropriate, acceptable, and feasible treatment plan. The practitioner



may present pros and cons of available treatment options to arrive at treatment
recommendations. Following treatment selection, the practitioner may express belief in the
treatment and thereby promote optimism that the treatment will result in positive change. As
mentioned earlier, however, practitioners also should manage patients' expectations by stating
that medications may require adjustments before they confer benefits. Patients are told that
treatments can be discontinued if they are ineffective, cause intolerable side effects, or create
other issues that are personally important. Notably, the best way for some patients to commit to
a particular plan is to enhance their sense of agency to otherwise say “no”.Introduction to
AdherenceAs early as possible, the practitioner should explicate the role of adherence in
facilitating treatment goals. This includes normalizing adherence challenges, preparing the
patient for regular adherence assessments, and adopting a non-judgmental attitude toward risk
of adherence lapses. Depending on a patient's barriers to adherence, practitioners may
integrate specific strategies into the treatment plan, such as increasing the frequency of clinic
visits,42 using a depot injection of an anti-psychotic medication,43,44 limiting the number of
daily doses,45 and selecting medications based on tolerable side effects.46 Authors of the 2009
Expert Consensus Guideline Series on adherence among patients with serious mental illness
also emphasized the importance of services, when available, to reduce logistical barriers to
care.47Ongoing AssessmentAdherence can change over time, with drug over-utilization being
more common during the early stages of treatment and under-utilization during its later
stages.48 The patient's initial evaluation, evolving symptom profile, and barriers to adherence
will guide the nature and extent of follow-up adherence assessments (Table 2-3). Regular
discussions will help the practitioner foster a treatment relationship in which a patient feels
comfortable discussing adherence challenges.TABLE 2-3Patterns of Poor Medication
Adherence and Corresponding Concerns to ExploreThe practitioner should also ask about
adherence in an empathic, non-judgmental manner, using a tone of genuine curiosity (How is it
going with taking your medications?). After introducing the topic, the practitioner may ask
patients which medications they are taking and how they are taking them. Open-ended
questions will identify when patients are taking medications incorrectly (with or without realizing
it). Disarming inquiries are less likely to appear shaming or punitive (Many people find it difficult
to take medication—have you ever forgotten to take yours?).Problem-Solving Barriers to
AdherenceMost patients will face barriers to optimal adherence during the course of treatment.
The practitioner should invest time during clinic appointments to explore non-adherence and
tailor adherence strategies accordingly. A foundational approach focuses on developing and
maintaining a strong therapeutic alliance with the patient. The following sections and Table 2-4
provide examples of more targeted strategies.TABLE 2-4Components of Patient-focused
Interventions to Enhance AdherenceEducationPatients will benefit from building knowledge and
insight about their condition and its treatment. Education should be provided in multiple formats
(e.g., oral, written, graphic), to illustrate the rationale for the treatment dose and timing and the
reason for the expected treatment duration. However, patients commonly face multiple complex



challenges to managing their medication regimens. Interventions that combine patient education
with cognitive and behavioral strategies are more effective than the use of education strategies
alone. Across diverse health conditions, multi-component approaches have led to moderate
improvements in both adherence and clinical outcomes.49–51 When available, some patients
also may benefit from CBT or other problem-focused therapies for more intensive adherence
intervention.MotivationBased on the transtheoretical model, readiness-to-change may fluctuate
across five stages, from pre-contemplation (not yet committed to the need for psychiatric
treatment) to maintenance (already adhering to treatment).52 The practitioner should explore
patients' motivations for treatment on an ongoing basis. Motivational interviewing (MI)
techniques can be used as-needed to elicit intrinsic motivation and resolve ambivalence toward
treatment.53 Patients who are mandated or urged by others to start treatment are at higher risk
for non-adherence relative to patients who are ready for change.4SkillsEven with knowledge and
motivation for treatment, many patients need to enhance their problem-solving skills to improve
adherence to their prescribed regimen.51 Adherence comprises a complex series of tasks.
Practitioners may use Box 2-1 as a starting point to help a patient break adherence into practical
steps and to identify potential barriers at each step—such as obtaining medication (e.g.,
difficulty with co-payments), storing medication (e.g., unstable housing or desire to conceal
one's psychiatric diagnosis from a housemate), taking medications on time (e.g., problems with
forgetting or a co-morbid attention deficit disorder), or raising concerns with the practitioner
(e.g., desire to avoid being a “bad” patient). Socratic questioning may help a patient further
uncover problematic thought or behavior patterns that interfere with adherence.Box
2-1Adherence-related Tasks for Patients on Psychiatric Medications• Describe psychiatric
symptoms (frequency, severity, characteristics)• Comprehend information about recommended
medications• Collaborate with the practitioner to make treatment decisions• Obtain prescribed
medications• Safely store medications• Follow the regimen's dose and timing (and/or make
decisions about taking PRN medications)• Identify, manage, and cope with side effects• Obtain
informal caregiver support as needed• Attend regular follow-up clinic appointments• Identify and
raise concerns about medications• Continue collaborating to titrate and modify the regimen as
neededOnce barriers are identified, the practitioner may work with the patient to generate and
test solutions for reducing them. Forgetting is one of the most common reasons that patients cite
for missing or delaying use of psychiatric medications.8 Based on an adherence intervention for
patients with co-morbid depression and medical conditions,54 patients are encouraged to
identify both a plan (e.g., set up a daily alarm) and a back-up plan (e.g., stick a written reminder
on one's bathroom mirror) to address each specific barrier. Moreover, the practitioner may help
review the patient's daily schedule and revise medication times to match specific activities that
the patient never forgets (e.g., brushing one's teeth or filling a coffee pot in the morning). Finally,
patients may benefit from learning adaptive thinking strategies, such as cognitive re-structuring,
to reduce severe interfering thoughts (e.g., My need for medication is a sign that I am a weak
person). The practitioner and patient will review the success of the patient's strategies at each



visit, revising them as needed and setting incremental goals for achieving optimal
adherence.Patients also may benefit from communication skills to increase social support for
adherence within their family or community. Occasionally, a patient's loved ones may have
concerns about the treatment or may have high expressed-emotion at home, which in turn may
impede adherence. The practitioner and patient may plan to initiate an open discussion of these
issues directly with loved ones, to engage them in the collaborative relationship and invite them
to “walk the treatment path” with the patient. Family inter-ventions may be needed to address
problems with high expressed-emotion.4LogisticsAs mentioned earlier, many non-modifiable
barriers, such as limitations in mental health insurance coverage and limited resources or
mobility to attend clinic appointments, reduce a patient's access to care. Moreover, problems
such as depression exacerbate hopelessness in navigating these types of barriers.55 Patients
with limited resources need specific, practical support to problem-solve ideas and gain access
to available services. Practitioners may consider lower-cost alternatives, explore how patients
pay for other medications, and refer patients to resource specialists when available.Future
DirectionsResearchStandardized terminology and measures for treatment adherence are
needed to compare study outcomes and translate this information into clinical practice.
Prospective studies of non-adherence, including a priori measures of potential risk factors,
multiple adherence measures, and longer follow-up periods, will increase our understanding of
adherence and our ability to identify patients at risk for non-adherence or treatment attrition over
time. These findings, in turn, will help researchers and clinicians to target modifiable risk factors
in patients who need more intensive adherence interventions.More research is also needed to
establish effective, cost-efficient ways to improve adherence—particularly among patients who
are medically complex and/or lower functioning. In stepped or collaborative care models, care
managers provide patients with support in consultation with a supervising psychiatrist and each
patient's primary medical provider.56 Telephone-based care represents another model for
maintaining patient engagement in care and monitoring treatment response.57,58 Quantitative
economic studies will provide leverage with privatized managed care and government agencies,
by allowing researchers to demonstrate that interventions to improve adherence result in cost
benefits—such as decreasing emergency department visits and
hospitalizations.EducationThere are critical gaps in training for psychiatric practitioners on the
assessment and management of treatment adherence. Residency training programs can
provide opportunities to teach about the integration of adherence into routine clinical care. The
following curricular components have been recommended: defining adherence; identifying the
relationship between adherence and treatment efficacy; assessing adherence; intervening to
enhance adherence; and maintaining the therapeutic alliance.59 National conferences and
continuing medical education (CME) programs provide further opportunities to disseminate
state-of-the-art interventions and outcomes research.ConclusionThe importance of treatment
adherence among patients with psychiatric disorders cannot be over-stated. Adherence
increases the likelihood that patients will experience treatment response and remission, thereby



reducing the burden of mental illness for patients and health care systems. Improving adherence
requires strategies that target multi-factorial barriers. In the clinic setting, practitioners should
utilize a collaborative approach with patients and integrate adherence assessment and
interventions into all phases of treatment. Brief strategies can be tailored to help patients
increase knowledge, motivation, skills, and support for treatment adherence. Practitioner training
and CME programs need to increase attention to adherence as an integral part of clinical care
and an opportunity to improve patient quality-of-life and optimize health care
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2013;22:694–695.Multiple Choice QuestionsSelect the appropriate answer.Q1 Which of the
following statements about treatment adherence is MOST accurate?○ Non-adherence with
medical recommendations accounts for less than 2% of hospital readmissions.○ Non-
adherence with psychiatric treatments is remarkably low (i.e., less than 10%).○ Treatment
adherence is remarkably stable with regard to the population being studied, their diagnosis, and
the pharmacological treatment employed.○ Treatment compliance is defined as the degree to
which a patient carries out the recommendations of the treating practitioner.○ Treatment non-
adherence is essentially the same for patients with psychotic disorders and anxiety
disorders.Q2 Which of the following statements related to treatment adherence is MOST
accurate?○ Adherence with psychiatric treatments has little impact on improvement of
adherence with treatment regimens for non-psychiatric illness.○ Clinical outcomes are directly
related to treatment adherence, which in turn is related to resource utilization and to the
economic burden of mental illness.○ Non-adherence has little impact on the risk of psychiatric
hospitalization, the use of emergency services, arrests, violence, victimizations, lower mental
function, lower life satisfaction, and the use of substances.○ Non-adherence with treatment
recommendations has little effect on the doctor-patient relationship.○ Rates of suicidal ideation
are unaffected by non-adherence in patients who have recently been hospitalized.Q3 Which of
the following is LEAST commonly accepted as a factor that affects treatment adherence?○ Co-
morbid illnesses○ Cultural and religious factors○ The patient-clinician relationship○ The phase
of the moon○ Socioeconomic statusQ4 Which of the following statements regarding treatment
adherence is MOST accurate?○ Among patients with bipolar disorder, adherence at the time of
remission fails to predict adherence at 1 year.○ Having obsessive-compulsive disorder
dramatically increases adherence with pharmacological recommendations.○ In patients with
bipolar I disorder, less than one-third of patients are either fully or partially non-adherent with
medications, 4 months after an episode of mania.○ Symptoms of both mania and depression
directly affect treatment adherence.○ With hypomania and mania comes a renewed vigor to
take medications and control symptoms.Q5 Which of the following questions would be LEAST
likely to help a clinician determine if a patient is adhering with treatment recommendations?○
“Have you ever noticed that you occasionally forget to take your pills?”○ “How often do you think
about selling your medication to other people?”○ “How is it going with your medication?”○ “Is it
time to get another refill of your medication?”○ “What medications are you taking?”Multiple



Choice AnswersQ1 The answer is: Treatment compliance is defined as the degree to which a
patient carries out the recommendations of the treating practitioner.Treatment compliance is
defined as the degree to which a patient carries out the recommendations of the treating
practitioner; the term connotes a disappearing paternalistic model (in which the doctor
determines what treatment the patient should have, and the patient faithfully and
unquestioningly accepts it) and it implies that a non-compliant patient is unruly or bad. The term
adherence has increasingly gained favor over compliance, and represents a shift toward
collaboration between the health care professional and patient.Studies suggest that rates of non-
adherence with psychiatric treatment are alarmingly high (e.g., 24% to 90%). In a large meta-
analysis the mean rate of non-adherence was 26%.Rates of treatment adherence vary
depending on the population, the diagnosis, and the pharmacological intervention. Particularly
high rates of treatment non-adherence occur among those with psychotic disorders. This was
made clear in the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) investigation
that reported high rates of treatment discontinuation (74%) among the intent-to-treat group
within 4 months. Reasons for non-adherence are multiple, complex, and varied.Data on non-
adherence include the following: only 45% of patients referred for psychotherapy from a general
hospital psychiatry outpatient department showed up for one or more appointments; non-
attendance rates for patients with scheduled medical appointments are high (19% to 28%); non-
adherence with medical recommendations accounts for 5% to 40% of hospital readmissions;
medication doses are delayed or omitted by 30% to 50% of patients; patients with chronic
diseases take their medications as prescribed only half of the time; 20% of patients stop filling
their prescriptions within 1 month of their issue; and approximately one-fourth of patients do not
inform their physician about having stopped their antidepressant medications.Q2 The answer is:
Clinical outcomes are directly related to treatment adherence, which in turn is related to
resource utilization and to the economic burden of mental illness.Clinical outcomes are directly
related to treatment adherence, which in turn is related to resource utilization and to the
economic burden of mental illness. Adherence with psychiatric treatments is associated with
better outcomes, a lower relapse rate, improved adherence with treatment regimens for non-
psychiatric illness, and lower rates of hospitalization. Non-adherence has been associated with
a greater risk of psychiatric hospitalization, use of emergency services, arrests, violence,
victimizations, lower mental function, lower life satisfaction, and more prevalent use of
substances. Rates of suicidal ideation are significantly greater among patients who are
treatment non-adherent following hospitalization.Given the clinical impact of treatment non-
adherence, the economic burden incurred through non-adherence is significant. Data derived
from the Global Burden of Disease study conducted by the World Health Organization, the
World Bank, and Harvard University revealed that mental illness, including suicide, accounts for
over 15% of the burden of disease in countries such as the United States. Additionally, since
major depression is the leading cause of disability worldwide among persons age 5 or older,
adherence to treatment can reduce the economic burden of mental illness.While little studied,



the negative impact (including feeling frustrated, under-appreciated, helpless, ineffectual, and
“burned-out”) of treatment non-adherence on clinicians should also be considered. Treating-
clinicians are affected when their patients are non-adherent with treatment. Future studies will
undoubtedly measure the dispiriting impact when clinicians feel under-appreciated and
disaffected.Q3 The answer is: The phase of the moon.However, the patient's maturity, resilience,
and experiences affect adherence. For example, an adolescent may find his or her illness a
source of embarrassment, or a middle-aged person may have concerns about how disclosure of
an illness might affect their work and health insurance premiums. Negative experiences with the
health care system can create mental barriers to seeking necessary treatment.Substance
abuse, medical illnesses, and dementia also adversely affect adherence.A lack of trust in a
clinician or the medical system negatively affects adherence.Many patients are impoverished
and lack health insurance; therefore, they are unable to access timely and adequate care. Even
small co-payments can result in medication non-adherence.Cultural beliefs affect all aspects of
illness, from the patient's interpretation of symptoms to his or her beliefs about treatment. For
example, some religions recommend prayer as the sole means of healing.The structure or
content of treatment itself may contribute to poor adherence. For example, a patient with
paranoid schizophrenia is unlikely to continue in an unstructured psychodynamic therapy group,
or a patient who does not have a car and who lives 45 miles away from a health center is unlikely
to attend weekly appointments. Medication may directly cause non-adherence if it lacks efficacy
or causes intolerable side effects.Q4 The answer is: Symptoms of both mania and depression
directly affect treatment adherence.Symptoms of both mania and depression directly affect
treatment adherence. In depression, persistent dysphoria and hopelessness may make a patient
feel that his or her condition is irreparable and that treatment is futile. Psychomotor retardation,
decreased energy, poor concentration, and diminished self-care lead to missed medications
and appointments. With hypomania and mania come an elevated mood and an invigorated
energy level that most patients experience as positive; this makes many unmotivated to take
medications that slow them down. When insight and judgment are impaired, some patients do
not believe that they have an illness that requires treatment.Studies of treatment adherence in
those with depression demonstrate that adherence is highest when the perceived need for
medication is greatest and the harmfulness of medication is low. In addition, a patient's
skepticism about the efficacy of antidepressant medications predicts early discontinuation of
them. Reasons for non-adherence include discomfort about psychiatric diagnoses, denial of the
illness, problematic side effects, fears around dependency, and the belief that medications were
unhelpful following resolution of the acute phase of illness.In a study of African American and
Caucasian patients with bipolar I disorder, more than half of all patients were either fully or
partially non-adherent with medications, 4 months after an episode of acute mania. More than
20% denied having bipolar disorder, and they cited side effects of medications as contributing to
their non-adherence. African Americans (more often than Caucasians) cited the fear of addiction
and medication as a symbol of illness as reasons for non-adherence, which suggests that



different cultures or ethnic groups may differ in their reasons for non-adherence.Among patients
with bipolar disorder, insight into treatment has been positively correlated with medication
adherence, and adherence at the time of remission predicted adherence at 1 year.Anxiety
disorders are associated with hyper-vigilance regarding both the psychological and physical
environment; this affects adherence in a number of ways. Illness may be so severe that a patient
may feel unable to leave his or her home to keep appointments. Or it may be difficult to titrate
and to taper medications, as a patient with an anxiety disorder may attribute any physical
symptom to a medication side effect. With obsessive-compulsive disorder (OCD), counting
rituals and fears of contamination may make it impossible for a patient to take medications, or to
comply with pharmacological or other therapeutic recommendations.Q5 The answer is: “How
often do you think about selling your medication to other people?”Once adherence has been
assessed in the initial consultation with the patient, adherence should be assessed routinely at
subsequent visits. These follow-up assessments will be guided by the initial evaluation, with
more or less attention paid depending on the patient's profile. For example, if a patient has few
risk factors and has a demonstrated history of being conscientious and adherent with treatment,
less time will be spent on the issue.In general, questions should be asked in an empathic, non-
threatening way with a tone of genuine curiosity. For example, starting with open-ended
questions (such as “How is it going with the medication?”) is more likely to be received positively
than starting with closed-ended ones (e.g., “Do you take your medications as prescribed?”).
After beginning with an open-ended question, asking specifically about which medications the
patient is taking and how the patient is taking them allows the clinician to assess the patient's
understanding of the treatment recommendations. Asking questions such as “Let me confirm
that my records are accurate. What medications are you taking?” to specifically address
adherence, and disarming inquiries (such as, “Sometimes it is difficult to remember to take
medication. Have you ever noticed that you occasionally forget to take your pills?”) are less likely
to be experienced as shaming or punitive. The goal is to foster a treatment relationship where
the patient feels comfortable truthfully reporting his or her behaviors.22Treatment
AdherenceTreatment AdherenceLara Traeger PhD, Megan Moore Brennan MD, John B. Herman
MDKey PointsBackground• Among patients with a psychiatric illness, treatment adherence is
associated with better treatment outcomes, a lower risk of relapse and hospitalization, and
better adherence to treatments for co-morbid medical illnesses. However, barriers to adherence
are common and rates of suboptimal adherence remain critically high.History• Over the past
several decades, approaches have evolved to help patients continue treatment for chronic
health problems. The term “adherence,” promoted by the World Health Organization, reflects that
optimal health outcomes require multi-level efforts to reduce treatment barriers encountered by
patients.Clinical and Research Challenges• Patient adherence is a necessary component of
treatment response and remission. Standardized definitions and measures of adherence are
needed to support comparisons of risk factors and intervention outcomes across studies and
translation to clinical work. More research also is needed to establish effective, cost-efficient



ways to improve adherence in clinical settings. Adherence curricula should be included in mental
health professional training and continuing education programs.Practical Pointers• Practitioners
are encouraged to collaborate actively with patients to select and monitor psychiatric treatment
regimens. Optimal patient adherence requires a complex series of behaviors. Routine
assessment of both modifiable and non-modifiable barriers to adherence throughout the course
of treatment will enable practitioners to tailor treatment approaches and adherence interventions
for individual patients. Patient education can enhance adherence by incorporating cognitive and
behavioral strategies into care plans.Key PointsKey PointsBackground• Among patients with a
psychiatric illness, treatment adherence is associated with better treatment outcomes, a lower
risk of relapse and hospitalization, and better adherence to treatments for co-morbid medical
illnesses. However, barriers to adherence are common and rates of suboptimal adherence
remain critically high.History• Over the past several decades, approaches have evolved to help
patients continue treatment for chronic health problems. The term “adherence,” promoted by the
World Health Organization, reflects that optimal health outcomes require multi-level efforts to
reduce treatment barriers encountered by patients.Clinical and Research Challenges• Patient
adherence is a necessary component of treatment response and remission. Standardized
definitions and measures of adherence are needed to support comparisons of risk factors and
intervention outcomes across studies and translation to clinical work. More research also is
needed to establish effective, cost-efficient ways to improve adherence in clinical settings.
Adherence curricula should be included in mental health professional training and continuing
education programs.Practical Pointers• Practitioners are encouraged to collaborate actively with
patients to select and monitor psychiatric treatment regimens. Optimal patient adherence
requires a complex series of behaviors. Routine assessment of both modifiable and non-
modifiable barriers to adherence throughout the course of treatment will enable practitioners to
tailor treatment approaches and adherence interventions for individual patients. Patient
education can enhance adherence by incorporating cognitive and behavioral strategies into care
plans.OverviewPoor adherence to psychiatric treatments is a widespread clinical problem that
negatively impacts rates of treatment response and remission.1,2 While empirically-supported
treatments are available for many psychiatric disorders,3 these treatments are not universally
effective. Patients commonly face diffi-culties in taking prescribed psychotropic medications or
attending psychotherapy sessions as recommended, and therefore may not achieve optimal
outcomes.1,4 Moreover, some patients who adhere to treatment recommendations may not
experience a clinically significant response, and this often leads them to remain in care and to
tolerate treatment plan modifications.5The World Health Organization has defined adherence as
the extent to which patients' health behaviors are consistent with recommendations that they
have agreed to with their practitioners.6 This definition emphasizes that practitioners must
collaborate with their patients in making decisions throughout treatment. However, researchers
frequently evaluate patient adherence to psychiatric regimens in ways which do not capture the
dynamics among patients, practitioners, and health care systems.7 Common measures include



the extent to which patients take their medications at the prescribed dose and timing, attend
scheduled clinic appointments, and remain in care. These broad measures are discussed in this
chapter (summarizing findings on the prevalence of, and the barriers to, psychiatric treatment
adherence). This chapter also highlights the fact that optimal adherence is a moving target that
involves complex patient behaviors and multi-factorial challenges, and may be enhanced by
targeted strategies for patients, practitioners, and systems.Epidemiology of AdherenceThe
estimated prevalence of patient adherence to the use of psychotropic medications has varied
widely, due to differences in study populations, diagnoses, medication classes, and the
definition of adherence. However, evidence strongly supports the notion that poor adherence is
common across groups. Substantial proportions of community-dwelling patients take less than
their prescribed daily doses of antipsychotics (34.6%), sedative-hypnotics (34.7%), anxiolytics
(38.1%), mood stabilizers (44.9%) and antidepressants (45.9%).8 In a retrospective study of
managed care patients, approximately 57% of patients who had started a selective serotonin re-
uptake inhibitor (SSRI) for depression and/or anxiety were not adherent to the medication.7 In
fact, many patients with depression (19%–28%) also do not show for scheduled clinic
appointments.9Reports of adherence to taking psychotropic medications further reflect
problems with premature treatment discontinuation. Moreover, many patients do not inform their
physician about having stopped their medication. Across studies of treatment trials for anxiety
disorders (generally lasting 10–12 weeks), 18%–30% of patients discontinued their treatment
prematurely.4 Among patients with depression who were taking an SSRI, almost half (47%) had
stopped filling their prescription within 2 months of treatment initiation.10 Similarly, a pooled
analysis of 1,627 patients with psychosis treated with atypical antipsychotics revealed that about
half (53%) of the patients discontinued their medication soon after treatment began.11
Researchers in the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) reported
that almost three-fourths (74%) of patients with chronic schizophrenia discontinued treatment
within 4 months of its initiation.12Some studies have shown that adults with depression prefer
psychotherapy over antidepressants.13 Yet, in a sample of primary care patients with
depression, 74% endorsed that barriers to care made it very difficult or impossible to attend
regular psychotherapy sessions.14 Meta-analyses of cognitive-behavioral therapy (CBT) trials
for anxiety disorders indicated that for patients who started CBT, between 9% and 21%
discontinued the treatment early.4Clinical and Economic Impact of Non-AdherencePoor
adherence to psychiatric treatments leads to worse clinical outcomes and to excess health care
utilization; these factors contribute, in turn, to the economic burden of mental illness.1,15,16
Among patients with depression, non-adherence to antidepressants is associated with higher
medical costs7 and accounts for 5%–40% of hospital readmissions.9 Medication non-
adherence also is the most powerful predictor of relapse after a first episode of schizophrenia,
independent of gender, age of onset, premorbid function, patient insight, or other key
factors.2,17 Moreover, non-adherent patients with schizophrenia are at greater risk for
substance use, violence, and victimization, as well as worse overall quality of life.18 Although



little studied, patient non-adherence also may increase the risk of burnout and fatigue among
psychiatric practitioners. Findings emphasize that intervening at multiple levels to enhance
adherence has the potential to improve population health and well-being and to reduce excess
health care utilization, beyond individual improvements in specific treatments.6Risk Factors for
Non-AdherenceRisk factors for non-adherence are complex and varied, and remain
incompletely understood. Findings are typically drawn from secondary analyses or exit
interviews from randomized controlled trials (RCTs), which employ strict eligibility criteria and
rigorous patient monitoring.4 In clinical settings, practitioners must consider and address multi-
factorial challenges to optimal patient adherence (Table 2-1). Key risk factors are summarized
below.TABLE 2-1Multi-factorial Influences on Treatment AdherenceTABLE 2-1TABLE 2-1Multi-
factorial Influences on Treatment AdherenceMulti-factorial Influences on Treatment
AdherenceClinical FactorsMoodMood symptoms can increase patients' perceptions of barriers
to psychiatric care and can adversely affect treatment adherence.14 Dysphoria and
hopelessness may reduce intrinsic motivation for treatment. Patients who experience
psychomotor slowing, decreased energy, and poor concentration also may have difficulty
engaging in self-care, attending appointments, completing cognitive-behavioral therapy (CBT)
assignments, and/or taking their medications appropriately. In comparison, when patients enter
a manic episode, they may experience elevated mood and energy as positive and may not want
to take their medications that slow them down. Moreover, when insight and judgment are
impaired, patients may not believe that they have an illness that requires
treatment.AnxietyAnxiety disorders are associated with hyper-vigilance to internal and/or
external stimuli, which may affect a patient's adherence to treatment recommendations in
several ways. Some patients become too anxious to leave their home and to attend scheduled
clinic appointments. Anxiety also may interfere with the optimal upward titration or tapering of
medications, as patients may attribute transient physical symptoms to changes in medication
dose. Among patients with obsessive-compulsive disorder (OCD), counting rituals and fears of
contamination may preclude adherence to both medication and psychotherapy
regimens.PsychosisMost reports on adherence to psychiatric treatment regimens have focused
on psychotic disorders, including schizophrenia. Problems related to both the disorders and their
treatments present significant barriers to adherence. Factors (such as positive symptoms,
emotional distress, and treatment side effects [e.g., akathisia]) have predicted poor
adherence.19–23 Among patients treated with atypical antipsychotics, early discontinuation of
treatment has been attributed to perceptions of poor response, to worsening of symptoms, and
to an inability to tolerate the medications.11 Notably, patients who need to change or augment
their current treatment are at higher risk for its discontinuation.24Substance MisuseMisuse of
substances is an important risk factor for non-adherence in patients with a variety of psychiatric
disorders.25,26 Patients who believe that mixing alcohol or illicit drugs with prescribed
medications can be dangerous may eschew use of their medication in favor of alcohol or drugs.
Drug intoxication and withdrawal also affect a patient's attention, memory, and mood state,



which in turn, can interfere with adherence. The financial burden of substances may also
negatively affect a patients' ability to make co-payments for medications and clinic
appointments.Patient Factors: Knowledge, Attitudes, and BeliefsAcross different psychiatric
diagnoses, patients' perceptions of their disorder and its treatment consistently predict
adherence or the lack thereof. Patients are more likely to adhere to their medication regimen if
they believe that their need for the medication is high and that risk of adverse effects related to
the medication is low.4,27,28 On the other hand, mental health stigma, denial of one's
diagnosis, and lack of insight all increase the risk for treatment non-adherence.19,20,22,23,29
Patients also may stop treatment if they believe it is unhelpful once an acute illness phase has
resolved.30 In a study of patients with bipolar I disorder, more than half were non-adherent to
their medications 4 months after an episode of acute mania.31 With regard to psychotherapy,
trials of CBT for anxiety have shown that patients with a low motivation for treatment, little
readiness for change, and/or low confidence in CBT in comparison to other treatments have an
elevated risk for early treatment discontinuation.Economic and Racial/Ethnic
DisparitiesStructural and financial barriers to taking medications and attending appointments
(e.g., a lack of resources for child care, transportation, or co-payments) are important risk
factors for non-adherence.4,14 U.S. health insurance providers historically have restricted
mental health services more than other medical services. Some patients may be more likely to
forego psychiatric medications if they are balancing medication costs for multiple health
conditions.Racial/ethnic disparities in access to quality psychiatric care are well-
documented.32,33 However, among patients who do initiate medication or psychotherapy,
evidence for differences in treatment adequacy or retention in care is more equivocal.34 Some
studies of schizophrenia and mood disorders suggests that black and Latino patients have
poorer adherence to psychiatric medications, relative to white patients.24,26,31,35 A
combination of factors, such as access to psychiatric care; differences in medication
metabolism, response, and side effects; and patients' beliefs and concerns about treatment,
may underlie these disparities.31 Practitioners should con-sider these factors during treatment
selection, titration, and management.Clinical EncountersPoor practitioner–patient therapeutic
alliances and a lack of follow-up increase the risk for treatment non-response and attrition.4,36
Adherence and medication effects need to be monitored on an ongoing basis. Practitioners can
help patients manage expectations by discussing with patients that certain treatments may
cause side effects or require adjustments before they confer benefits on psychiatric symptoms
and quality of life. The following sections summarize suggestions for assessing adherence and
integrating adherence into all phases of treatment.Assessing AdherenceCurrently, there is no
“gold standard” measure of treatment adherence or a consensus on the adequate or optimal
level of adherence among patients. Available tools for assessing patient adherence to
psychotropic medications include self-report measures, daily diaries, electronic pill containers,
prescription refill records, pill counts, laboratory assays, directly-observed therapy, and collateral
information.37 Practitioners should consider strengths and limitations of each method in the



context of available resources and the intended purpose of assessment. Self-report measures38
and daily diaries are inexpensive to administer, yet may be subject to the impact of social
desirability or forgetting. Electronic pill containers yield detailed adherence data but may be
impractical when tracking multiple medications. Having free samples and left-over pills from
other prescriptions reduces the accuracy of pill-counts. Laboratory assays may identify the
presence of medication classes or individual agents but cannot confirm daily administration.
When appropriate, multiple measures can be used to support a more complete view of
adherence.Integrating Adherence Into the Treatment CourseInitial ConsultationPractitioners
commonly underestimate patient barriers to treatment adherence.39 Adherence must be an
explicit, core element of treatment, starting with the initial consultation (Table 2-2). The
practitioner begins to facilitate a therapeutic alliance early-on by transmitting a warm, non-
judgmental stance and by demonstrating support and commitment to the patient's well-
being.40,41 Key tasks include exploring a patient's values and perspectives about symptoms
and their acceptable treatment. By evaluating modifiable barriers (e.g., misinformation about
medications), the practitioner may identify opportunities for intervention. The practitioner should
also assess non-modifiable barriers to adherence (e.g., the patient lives far from the clinic) in
order to recommend feasible treatment options.TABLE 2-2Incorporation of Adherence-related
Inquiries into Initial ConsultationTABLE 2-2TABLE 2-2Incorporation of Adherence-related
Inquiries into Initial ConsultationIncorporation of Adherence-related Inquiries into Initial
ConsultationTreatment PlanningActive collaboration will help the practitioner and the patient
develop an appropriate, acceptable, and feasible treatment plan. The practitioner may present
pros and cons of available treatment options to arrive at treatment recommendations. Following
treatment selection, the practitioner may express belief in the treatment and thereby promote
optimism that the treatment will result in positive change. As mentioned earlier, however,
practitioners also should manage patients' expectations by stating that medications may require
adjustments before they confer benefits. Patients are told that treatments can be discontinued if
they are ineffective, cause intolerable side effects, or create other issues that are personally
important. Notably, the best way for some patients to commit to a particular plan is to enhance
their sense of agency to otherwise say “no”.Introduction to AdherenceAs early as possible, the
practitioner should explicate the role of adherence in facilitating treatment goals. This includes
normalizing adherence challenges, preparing the patient for regular adherence assessments,
and adopting a non-judgmental attitude toward risk of adherence lapses. Depending on a
patient's barriers to adherence, practitioners may integrate specific strategies into the treatment
plan, such as increasing the frequency of clinic visits,42 using a depot injection of an anti-
psychotic medication,43,44 limiting the number of daily doses,45 and selecting medications
based on tolerable side effects.46 Authors of the 2009 Expert Consensus Guideline Series on
adherence among patients with serious mental illness also emphasized the importance of
services, when available, to reduce logistical barriers to care.47Ongoing AssessmentAdherence
can change over time, with drug over-utilization being more common during the early stages of



treatment and under-utilization during its later stages.48 The patient's initial evaluation, evolving
symptom profile, and barriers to adherence will guide the nature and extent of follow-up
adherence assessments (Table 2-3). Regular discussions will help the practitioner foster a
treatment relationship in which a patient feels comfortable discussing adherence
challenges.TABLE 2-3Patterns of Poor Medication Adherence and Corresponding Concerns to
ExploreTABLE 2-3TABLE 2-3Patterns of Poor Medication Adherence and Corresponding
Concerns to ExplorePatterns of Poor Medication Adherence and Corresponding Concerns to
ExploreThe practitioner should also ask about adherence in an empathic, non-judgmental
manner, using a tone of genuine curiosity (How is it going with taking your medications?). After
introducing the topic, the practitioner may ask patients which medications they are taking and
how they are taking them. Open-ended questions will identify when patients are taking
medications incorrectly (with or without realizing it). Disarming inquiries are less likely to appear
shaming or punitive (Many people find it difficult to take medication—have you ever forgotten to
take yours?).Problem-Solving Barriers to AdherenceMost patients will face barriers to optimal
adherence during the course of treatment. The practitioner should invest time during clinic
appointments to explore non-adherence and tailor adherence strategies accordingly. A
foundational approach focuses on developing and maintaining a strong therapeutic alliance with
the patient. The following sections and Table 2-4 provide examples of more targeted
strategies.TABLE 2-4Components of Patient-focused Interventions to Enhance
AdherenceTABLE 2-4TABLE 2-4Components of Patient-focused Interventions to Enhance
AdherenceComponents of Patient-focused Interventions to Enhance
AdherenceEducationPatients will benefit from building knowledge and insight about their
condition and its treatment. Education should be provided in multiple formats (e.g., oral, written,
graphic), to illustrate the rationale for the treatment dose and timing and the reason for the
expected treatment duration. However, patients commonly face multiple complex challenges to
managing their medication regimens. Interventions that combine patient education with
cognitive and behavioral strategies are more effective than the use of education strategies alone.
Across diverse health conditions, multi-component approaches have led to moderate
improvements in both adherence and clinical outcomes.49–51 When available, some patients
also may benefit from CBT or other problem-focused therapies for more intensive adherence
intervention.MotivationBased on the transtheoretical model, readiness-to-change may fluctuate
across five stages, from pre-contemplation (not yet committed to the need for psychiatric
treatment) to maintenance (already adhering to treatment).52 The practitioner should explore
patients' motivations for treatment on an ongoing basis. Motivational interviewing (MI)
techniques can be used as-needed to elicit intrinsic motivation and resolve ambivalence toward
treatment.53 Patients who are mandated or urged by others to start treatment are at higher risk
for non-adherence relative to patients who are ready for change.4SkillsEven with knowledge and
motivation for treatment, many patients need to enhance their problem-solving skills to improve
adherence to their prescribed regimen.51 Adherence comprises a complex series of tasks.



Practitioners may use Box 2-1 as a starting point to help a patient break adherence into practical
steps and to identify potential barriers at each step—such as obtaining medication (e.g.,
difficulty with co-payments), storing medication (e.g., unstable housing or desire to conceal
one's psychiatric diagnosis from a housemate), taking medications on time (e.g., problems with
forgetting or a co-morbid attention deficit disorder), or raising concerns with the practitioner
(e.g., desire to avoid being a “bad” patient). Socratic questioning may help a patient further
uncover problematic thought or behavior patterns that interfere with adherence.Box
2-1Adherence-related Tasks for Patients on Psychiatric Medications• Describe psychiatric
symptoms (frequency, severity, characteristics)• Comprehend information about recommended
medications• Collaborate with the practitioner to make treatment decisions• Obtain prescribed
medications• Safely store medications• Follow the regimen's dose and timing (and/or make
decisions about taking PRN medications)• Identify, manage, and cope with side effects• Obtain
informal caregiver support as needed• Attend regular follow-up clinic appointments• Identify and
raise concerns about medications• Continue collaborating to titrate and modify the regimen as
neededBox 2-1Box 2-1Box 2-1Adherence-related Tasks for Patients on Psychiatric
MedicationsAdherence-related Tasks for Patients on Psychiatric Medications• Describe
psychiatric symptoms (frequency, severity, characteristics)• Comprehend information about
recommended medications• Collaborate with the practitioner to make treatment decisions•
Obtain prescribed medications• Safely store medications• Follow the regimen's dose and timing
(and/or make decisions about taking PRN medications)• Identify, manage, and cope with side
effects• Obtain informal caregiver support as needed• Attend regular follow-up clinic
appointments• Identify and raise concerns about medications• Continue collaborating to titrate
and modify the regimen as neededOnce barriers are identified, the practitioner may work with
the patient to generate and test solutions for reducing them. Forgetting is one of the most
common reasons that patients cite for missing or delaying use of psychiatric medications.8
Based on an adherence intervention for patients with co-morbid depression and medical
conditions,54 patients are encouraged to identify both a plan (e.g., set up a daily alarm) and a
back-up plan (e.g., stick a written reminder on one's bathroom mirror) to address each specific
barrier. Moreover, the practitioner may help review the patient's daily schedule and revise
medication times to match specific activities that the patient never forgets (e.g., brushing one's
teeth or filling a coffee pot in the morning). Finally, patients may benefit from learning adaptive
thinking strategies, such as cognitive re-structuring, to reduce severe interfering thoughts (e.g.,
My need for medication is a sign that I am a weak person). The practitioner and patient will
review the success of the patient's strategies at each visit, revising them as needed and setting
incremental goals for achieving optimal adherence.Patients also may benefit from
communication skills to increase social support for adherence within their family or community.
Occasionally, a patient's loved ones may have concerns about the treatment or may have high
expressed-emotion at home, which in turn may impede adherence. The practitioner and patient
may plan to initiate an open discussion of these issues directly with loved ones, to engage them



in the collaborative relationship and invite them to “walk the treatment path” with the patient.
Family inter-ventions may be needed to address problems with high expressed-
emotion.4LogisticsAs mentioned earlier, many non-modifiable barriers, such as limitations in
mental health insurance coverage and limited resources or mobility to attend clinic
appointments, reduce a patient's access to care. Moreover, problems such as depression
exacerbate hopelessness in navigating these types of barriers.55 Patients with limited resources
need specific, practical support to problem-solve ideas and gain access to available services.
Practitioners may consider lower-cost alternatives, explore how patients pay for other
medications, and refer patients to resource specialists when available.Future
DirectionsResearchStandardized terminology and measures for treatment adherence are
needed to compare study outcomes and translate this information into clinical practice.
Prospective studies of non-adherence, including a priori measures of potential risk factors,
multiple adherence measures, and longer follow-up periods, will increase our understanding of
adherence and our ability to identify patients at risk for non-adherence or treatment attrition over
time. These findings, in turn, will help researchers and clinicians to target modifiable risk factors
in patients who need more intensive adherence interventions.More research is also needed to
establish effective, cost-efficient ways to improve adherence—particularly among patients who
are medically complex and/or lower functioning. In stepped or collaborative care models, care
managers provide patients with support in consultation with a supervising psychiatrist and each
patient's primary medical provider.56 Telephone-based care represents another model for
maintaining patient engagement in care and monitoring treatment response.57,58 Quantitative
economic studies will provide leverage with privatized managed care and government agencies,
by allowing researchers to demonstrate that interventions to improve adherence result in cost
benefits—such as decreasing emergency department visits and
hospitalizations.EducationThere are critical gaps in training for psychiatric practitioners on the
assessment and management of treatment adherence. Residency training programs can
provide opportunities to teach about the integration of adherence into routine clinical care. The
following curricular components have been recommended: defining adherence; identifying the
relationship between adherence and treatment efficacy; assessing adherence; intervening to
enhance adherence; and maintaining the therapeutic alliance.59 National conferences and
continuing medical education (CME) programs provide further opportunities to disseminate
state-of-the-art interventions and outcomes research.ConclusionThe importance of treatment
adherence among patients with psychiatric disorders cannot be over-stated. Adherence
increases the likelihood that patients will experience treatment response and remission, thereby
reducing the burden of mental illness for patients and health care systems. Improving adherence
requires strategies that target multi-factorial barriers. In the clinic setting, practitioners should
utilize a collaborative approach with patients and integrate adherence assessment and
interventions into all phases of treatment. Brief strategies can be tailored to help patients
increase knowledge, motivation, skills, and support for treatment adherence. Practitioner training



and CME programs need to increase attention to adherence as an integral part of clinical care
and an opportunity to improve patient quality-of-life and optimize health care
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2013;22:694–695.Multiple Choice QuestionsSelect the appropriate answer.Q1 Which of the
following statements about treatment adherence is MOST accurate?○ Non-adherence with
medical recommendations accounts for less than 2% of hospital readmissions.○ Non-
adherence with psychiatric treatments is remarkably low (i.e., less than 10%).○ Treatment
adherence is remarkably stable with regard to the population being studied, their diagnosis, and
the pharmacological treatment employed.○ Treatment compliance is defined as the degree to
which a patient carries out the recommendations of the treating practitioner.○ Treatment non-
adherence is essentially the same for patients with psychotic disorders and anxiety
disorders.Q2 Which of the following statements related to treatment adherence is MOST
accurate?○ Adherence with psychiatric treatments has little impact on improvement of
adherence with treatment regimens for non-psychiatric illness.○ Clinical outcomes are directly
related to treatment adherence, which in turn is related to resource utilization and to the
economic burden of mental illness.○ Non-adherence has little impact on the risk of psychiatric
hospitalization, the use of emergency services, arrests, violence, victimizations, lower mental
function, lower life satisfaction, and the use of substances.○ Non-adherence with treatment
recommendations has little effect on the doctor-patient relationship.○ Rates of suicidal ideation
are unaffected by non-adherence in patients who have recently been hospitalized.Q3 Which of
the following is LEAST commonly accepted as a factor that affects treatment adherence?○ Co-
morbid illnesses○ Cultural and religious factors○ The patient-clinician relationship○ The phase
of the moon○ Socioeconomic statusQ4 Which of the following statements regarding treatment
adherence is MOST accurate?○ Among patients with bipolar disorder, adherence at the time of
remission fails to predict adherence at 1 year.○ Having obsessive-compulsive disorder
dramatically increases adherence with pharmacological recommendations.○ In patients with
bipolar I disorder, less than one-third of patients are either fully or partially non-adherent with
medications, 4 months after an episode of mania.○ Symptoms of both mania and depression
directly affect treatment adherence.○ With hypomania and mania comes a renewed vigor to
take medications and control symptoms.Q5 Which of the following questions would be LEAST
likely to help a clinician determine if a patient is adhering with treatment recommendations?○
“Have you ever noticed that you occasionally forget to take your pills?”○ “How often do you think
about selling your medication to other people?”○ “How is it going with your medication?”○ “Is it
time to get another refill of your medication?”○ “What medications are you taking?”Multiple
Choice AnswersQ1 The answer is: Treatment compliance is defined as the degree to which a
patient carries out the recommendations of the treating practitioner.Treatment compliance is
defined as the degree to which a patient carries out the recommendations of the treating
practitioner; the term connotes a disappearing paternalistic model (in which the doctor
determines what treatment the patient should have, and the patient faithfully and



unquestioningly accepts it) and it implies that a non-compliant patient is unruly or bad. The term
adherence has increasingly gained favor over compliance, and represents a shift toward
collaboration between the health care professional and patient.Studies suggest that rates of non-
adherence with psychiatric treatment are alarmingly high (e.g., 24% to 90%). In a large meta-
analysis the mean rate of non-adherence was 26%.Rates of treatment adherence vary
depending on the population, the diagnosis, and the pharmacological intervention. Particularly
high rates of treatment non-adherence occur among those with psychotic disorders. This was
made clear in the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) investigation
that reported high rates of treatment discontinuation (74%) among the intent-to-treat group
within 4 months. Reasons for non-adherence are multiple, complex, and varied.Data on non-
adherence include the following: only 45% of patients referred for psychotherapy from a general
hospital psychiatry outpatient department showed up for one or more appointments; non-
attendance rates for patients with scheduled medical appointments are high (19% to 28%); non-
adherence with medical recommendations accounts for 5% to 40% of hospital readmissions;
medication doses are delayed or omitted by 30% to 50% of patients; patients with chronic
diseases take their medications as prescribed only half of the time; 20% of patients stop filling
their prescriptions within 1 month of their issue; and approximately one-fourth of patients do not
inform their physician about having stopped their antidepressant medications.Q2 The answer is:
Clinical outcomes are directly related to treatment adherence, which in turn is related to
resource utilization and to the economic burden of mental illness.Clinical outcomes are directly
related to treatment adherence, which in turn is related to resource utilization and to the
economic burden of mental illness. Adherence with psychiatric treatments is associated with
better outcomes, a lower relapse rate, improved adherence with treatment regimens for non-
psychiatric illness, and lower rates of hospitalization. Non-adherence has been associated with
a greater risk of psychiatric hospitalization, use of emergency services, arrests, violence,
victimizations, lower mental function, lower life satisfaction, and more prevalent use of
substances. Rates of suicidal ideation are significantly greater among patients who are
treatment non-adherent following hospitalization.Given the clinical impact of treatment non-
adherence, the economic burden incurred through non-adherence is significant. Data derived
from the Global Burden of Disease study conducted by the World Health Organization, the
World Bank, and Harvard University revealed that mental illness, including suicide, accounts for
over 15% of the burden of disease in countries such as the United States. Additionally, since
major depression is the leading cause of disability worldwide among persons age 5 or older,
adherence to treatment can reduce the economic burden of mental illness.While little studied,
the negative impact (including feeling frustrated, under-appreciated, helpless, ineffectual, and
“burned-out”) of treatment non-adherence on clinicians should also be considered. Treating-
clinicians are affected when their patients are non-adherent with treatment. Future studies will
undoubtedly measure the dispiriting impact when clinicians feel under-appreciated and
disaffected.Q3 The answer is: The phase of the moon.However, the patient's maturity, resilience,



and experiences affect adherence. For example, an adolescent may find his or her illness a
source of embarrassment, or a middle-aged person may have concerns about how disclosure of
an illness might affect their work and health insurance premiums. Negative experiences with the
health care system can create mental barriers to seeking necessary treatment.Substance
abuse, medical illnesses, and dementia also adversely affect adherence.A lack of trust in a
clinician or the medical system negatively affects adherence.Many patients are impoverished
and lack health insurance; therefore, they are unable to access timely and adequate care. Even
small co-payments can result in medication non-adherence.Cultural beliefs affect all aspects of
illness, from the patient's interpretation of symptoms to his or her beliefs about treatment. For
example, some religions recommend prayer as the sole means of healing.The structure or
content of treatment itself may contribute to poor adherence. For example, a patient with
paranoid schizophrenia is unlikely to continue in an unstructured psychodynamic therapy group,
or a patient who does not have a car and who lives 45 miles away from a health center is unlikely
to attend weekly appointments. Medication may directly cause non-adherence if it lacks efficacy
or causes intolerable side effects.Q4 The answer is: Symptoms of both mania and depression
directly affect treatment adherence.Symptoms of both mania and depression directly affect
treatment adherence. In depression, persistent dysphoria and hopelessness may make a patient
feel that his or her condition is irreparable and that treatment is futile. Psychomotor retardation,
decreased energy, poor concentration, and diminished self-care lead to missed medications
and appointments. With hypomania and mania come an elevated mood and an invigorated
energy level that most patients experience as positive; this makes many unmotivated to take
medications that slow them down. When insight and judgment are impaired, some patients do
not believe that they have an illness that requires treatment.Studies of treatment adherence in
those with depression demonstrate that adherence is highest when the perceived need for
medication is greatest and the harmfulness of medication is low. In addition, a patient's
skepticism about the efficacy of antidepressant medications predicts early discontinuation of
them. Reasons for non-adherence include discomfort about psychiatric diagnoses, denial of the
illness, problematic side effects, fears around dependency, and the belief that medications were
unhelpful following resolution of the acute phase of illness.In a study of African American and
Caucasian patients with bipolar I disorder, more than half of all patients were either fully or
partially non-adherent with medications, 4 months after an episode of acute mania. More than
20% denied having bipolar disorder, and they cited side effects of medications as contributing to
their non-adherence. African Americans (more often than Caucasians) cited the fear of addiction
and medication as a symbol of illness as reasons for non-adherence, which suggests that
different cultures or ethnic groups may differ in their reasons for non-adherence.Among patients
with bipolar disorder, insight into treatment has been positively correlated with medication
adherence, and adherence at the time of remission predicted adherence at 1 year.Anxiety
disorders are associated with hyper-vigilance regarding both the psychological and physical
environment; this affects adherence in a number of ways. Illness may be so severe that a patient



may feel unable to leave his or her home to keep appointments. Or it may be difficult to titrate
and to taper medications, as a patient with an anxiety disorder may attribute any physical
symptom to a medication side effect. With obsessive-compulsive disorder (OCD), counting
rituals and fears of contamination may make it impossible for a patient to take medications, or to
comply with pharmacological or other therapeutic recommendations.Q5 The answer is: “How
often do you think about selling your medication to other people?”Once adherence has been
assessed in the initial consultation with the patient, adherence should be assessed routinely at
subsequent visits. These follow-up assessments will be guided by the initial evaluation, with
more or less attention paid depending on the patient's profile. For example, if a patient has few
risk factors and has a demonstrated history of being conscientious and adherent with treatment,
less time will be spent on the issue.In general, questions should be asked in an empathic, non-
threatening way with a tone of genuine curiosity. For example, starting with open-ended
questions (such as “How is it going with the medication?”) is more likely to be received positively
than starting with closed-ended ones (e.g., “Do you take your medications as prescribed?”).
After beginning with an open-ended question, asking specifically about which medications the
patient is taking and how the patient is taking them allows the clinician to assess the patient's
understanding of the treatment recommendations. Asking questions such as “Let me confirm
that my records are accurate. What medications are you taking?” to specifically address
adherence, and disarming inquiries (such as, “Sometimes it is difficult to remember to take
medication. Have you ever noticed that you occasionally forget to take your pills?”) are less likely
to be experienced as shaming or punitive. The goal is to foster a treatment relationship where
the patient feels comfortable truthfully reporting his or her behaviors.3AntidepressantsMaurizio
Fava MD, George I. Papakostas MDKey Points• The immediate mechanism of action of modern
antidepressants (“immediate effects”) involves influencing the function of one or more
monoamine neurotransmitter systems (serotonin, norepinephrine [noradrenaline], or
dopamine).• Influencing monoaminergic function has been shown to result in several changes in
second-messenger systems and gene expression/regulation (“downstream effects”).•
“Downstream effects” may explain the delayed onset of antidepressant response seen with all
contemporary agents (most patients improve following at least 3 weeks of treatment).• For the
most part, all contemporary antidepressants are equally effective when treating major
depressive disorder.• There are significant differences in the relative tolerability and safety of
contemporary antidepressants.OverviewA large number of compounds have been developed to
treat depression. Traditionally, these compounds have been called “antidepressants,” even
though most of these drugs are also effective in the treatment of a number of anxiety disorders
(such as panic and obsessive-compulsive disorder [OCD]) and a variety of other conditions (Box
3-1). The precursors of two of the major contemporary antidepressant families, the monoamine
oxidase inhibitors (MAOIs) and the tricyclic antidepressants (TCAs), were discovered by
serendipity in the 1950s.Box 3-1Possible Indications for Antidepressants• Major depressive
disorder and other unipolar depressive disorders• Bipolar depression• Panic disorder• Social



anxiety disorder• Generalized anxiety disorder• Post-traumatic stress disorder• Obsessive-
compulsive disorder (e.g., clomipramine and SSRIs)• Depression with psychotic features (in
combination with an antipsychotic drug)• Bulimia nervosa• Neuropathic pain (tricyclic drugs and
SNRIs)• Insomnia (e.g., trazodone, amitriptyline)• Enuresis (imipramine best studied)• Atypical
depression (e.g., monoamine oxidase inhibitors)• Attention-deficit/hyperactivity disorder (e.g.,
desipramine, bupropion)SNRIs, Serotonin norepinephrine re-uptake inhibitors; SSRIs, selective
serotonin re-uptake inhibitors.Specifically, the administration of iproniazid, an anti-mycobacterial
agent, was first noted to possess antidepressant effects in depressed patients suffering from
tuberculosis.1 Shortly thereafter, iproniazid was found to inhibit MAO, which is involved in the
catabolism of serotonin, norepinephrine (noradrenaline), and dopamine.In parallel, imipramine
was initially developed as an antihistamine, but Kuhn2 discovered that of some 500 imipramine-
treated patients with various psychiatric disorders, only those with endogenous depression with
mental and motor retardation showed a remarkable improvement during 1 to 6 weeks of daily
imipramine therapy. The same compound was also found to inhibit the re-uptake of serotonin
and norepinephrine.3,4 Thus, it was the discovery of the antidepressant effects of iproniazid and
imipramine that led to the development of the MAOIs and TCAs, and this discovery was
instrumental in the formulation of the monoamine theory of depression. In turn, guided by this
theory, the subsequent development of compounds selective for the re-uptake of either
serotonin or norepinephrine or both was designed, rather than accidental. As a result, over the
last few decades, chemical alterations of these first antidepressants have resulted in the
creation of a wide variety of monoamine-based antidepressants with a variety of mechanisms of
action. The antidepressant drugs are a heterogeneous group of compounds that have been
traditionally subdivided into major groups according to their chemical structure or, more
commonly, according to their effects on monoamine neurotransmitter systems: selective
serotonin re-uptake inhibitors (SSRIs); TCAs and the related cyclic antidepressants (i.e.,
amoxapine and maprotiline); MAOIs; serotonin norepinephrine re-uptake inhibitors (SNRIs);
norepinephrine re-uptake inhibitors (NRIs); norepinephrine/dopamine re-uptake inhibitors
(NDRIs); serotonin receptor antagonists/agonists; and alpha2-adrenergic receptor antagonists.
Because they overlap, the mechanisms of action and the indications for use for the
antidepressants are discussed together, but separate sections are provided for their method of
administration and their side effects.Mechanism of ActionThe precise mechanisms by which the
antidepressant drugs exert their therapeutic effects remain unknown, although much is known
about their immediate actions within the nervous system. All of the currently marketed
antidepressants interact with the monoamine neurotransmitter systems in the brain, particularly
the norepinephrine and serotonin systems, and to a lesser extent the dopamine system.
Essentially all currently marketed antidepressants have as their molecular targets components
of monoamine synapses, including the re-uptake transporters (that terminate the action of
norepinephrine, serotonin, or dopamine in synapses), monoamine receptors, or enzymes that
serve to metabolize monoamines. What remains unknown is how these initial interactions



produce a therapeutic response.5 The search for the molecular events that convert altered
monoamine neurotransmitter function into the lifting of depressive symptoms remains a matter
of very active research.Since TCAs and MAOIs were the first antidepressants to be discovered
and introduced, this was initially interpreted as suggesting that antidepressants work by
increasing noradrenergic or serotonergic neurotransmission, thus compensating for a postulated
state of relative monoamine “deficiency.” However, this simple theory could not fully explain the
action of antidepressant drugs for a number of reasons. The most important of these include the
lack of convincing evidence that depression is characterized by a state of inadequate or
“deficient” mono-amine neurotransmission. In fact, the results of studies testing the monoamine
depletion hypothesis in depression have yielded inconsistent results.5 Moreover, blockade of
mono-amine re-uptake or inhibition of monoamine degradation occurs rapidly (within hours)
following monoamine re-uptake inhibitor or MAOI administration, respectively. However,
treatment with antidepressants for less than 2 weeks is unlikely to result in a significant lifting of
depression; it has been consistently observed and reported that remission of depression often
requires 4 weeks of treatment or more. These considerations have led to the idea that inhibition
of monoamine re-uptake or inhibition of MAO by antidepressants represents an initiating event.
The actual therapeutic actions of antidepressants, however, result from slower adaptive
responses within neurons to these initial biochemical perturbations (“downstream events”).6
Although research geared toward understanding the therapeutic actions of antidepressants has
been challenging, receptor studies have been useful in understanding and predicting some of
the side effects of contemporary antidepressants. For example, the binding affinity of
antidepressants at muscarinic cholinergic receptors generally parallels the prevalence of certain
side effects during treatment (e.g., dry mouth, constipation, urinary hesitancy, poor
concentration). Similarly, treatment with agents that have high affinities for histamine H1
receptors (e.g., doxepin and amitriptyline) appears to be more likely to result in sedation, and
increased appetite. Such information is very useful to clinicians and patients when making
treatment decisions or to researchers when attempting to develop new antidepressants.The
architecture of the monoamine neurotransmitter systems in the central nervous system (CNS) is
based on the synthesis of the neurotransmitter within a restricted number of nuclei within the
brainstem, with neurons projecting widely throughout the brain and, for norepinephrine and
serotonin, the spinal cord as well.5 Norepinephrine is synthesized within a series of nuclei in the
medulla and pons, of which the largest is the nucleus locus coeruleus. Serotonin is synthesized
in the brainstem raphe nuclei. Dopamine is synthesized in the substantia nigra and the ventral
tegmental area of the midbrain. Through extensive projection networks, these neurotransmitters
influence a large number of target neurons in the cerebral cortex, basal forebrain, striatum,
limbic system, and brainstem, where they interact with multiple receptor types to regulate
arousal, vigilance, attention, sensory processing, emotion, and cognition (including
memory).7Norepinephrine, serotonin, and dopamine are removed from synapses after release
by re-uptake, mostly into pre-synaptic neurons.5 This mechanism of terminating



neurotransmitter action is mediated by specific norepinephrine, serotonin, and dopamine re-
uptake transporter proteins. After re-uptake, norepinephrine, serotonin, and dopamine are either
re-loaded into vesicles for subsequent release or broken down by MAO. MAO is present in two
forms (MAOA and MAOB), which differ in their substrate preferences, inhibitor specificities,
tissue expression, and cell distribution. MAOA preferentially oxidizes serotonin and is irreversibly
inactivated by low concentrations of the acetylenic inhibitor clorgyline. MAOB preferentially
oxidizes phenylethylamine (PEA) and benzylamine and is irreversibly inactivated by low
concentrations of pargyline and deprenyl.5 Dopamine, tyramine, and tryptamine are substrates
for both forms of MAO. Catecholamines are also broken down by catechol O-methyltransferase
(COMT), an enzyme that acts extracellularly.The classification of antidepressant drugs has
perhaps focused too narrowly on synaptic pharmacology (i.e., “immediate effects”), and has
certainly failed to take into account molecular and cellular changes in neural function that are
brought about by the chronic administration of these agents.5 For example, it has been
postulated that changes in post-receptor signal transduction may account for the
aforementioned characteristic lag-time between the time a drug is administered and the drug-
induced resolution of a depressive episode. In fact, studies have shown that hippocampal
neurogenesis occurs following chronic antidepressant treatment in animal models.8 In parallel,
rapid activation of the TrkB neurotrophin receptor and PLC gamma-1 signaling has been
described with almost all antidepressant drugs, a possible mechanism by which the process of
neuronal neurogenesis observed following chronic administration of antidepressants may
occur.9 Alternatively, one could postulate that this lag phase in antidepressant action may be
related to a re-organization of neuronal networks, postulated as a potential “final common
pathway” for antidepressant effects to occur.5 Nevertheless, further research is urgently needed
in order to help us understand the specific effects of the antidepressants and what constitutes
illness and recovery in depression.Mechanism of Action of Selective Serotonin Re-uptake
InhibitorsAt therapeutically relevant doses, the SSRIs exhibit significant effects primarily on
serotonin re-uptake in the human brain.10 Some SSRIs also appear to have effects on other
monoamine transporters, with sertraline demonstrating modest dopamine re-uptake inhibition,
and paroxetine and fluoxetine demonstrating modest norepinephrine re-uptake inhibition.10 In
addition, fluoxetine, particularly the R-isomer, has mild 5-HT2A and 5-HT2C antagonist activity.
Non-monoaminergic effects have also been described for some of the SSRIs, including
moderate and selective effects on glutamate receptor expression and editing.11 The SSRIs
have minimal or no affinity for muscarinic cholinergic, histaminergic, and adrenergic receptors,
with the exception of paroxetine (which is a weak cholinergic receptor antagonist), citalopram
(which is a weak antagonist of the histamine H1 receptor), and sertraline (which has weak
affinity for the alpha1 receptors).10 Overall, the affinity of these agents for these specific
receptors is lower than those of the TCAs, resulting in a milder side-effect profile. Similarly, the
lack of significant action for the remaining SSRIs on these receptors is also thought to contribute
to the milder side-effect profile of these agents compared with the TCAs.Mechanism of Action of



Serotonin Norepinephrine Re-uptake InhibitorsUnlike the TCAs, SNRIs inhibit the re-uptake of
serotonin more potently than the re-uptake of norepinephrine.10 Similar to most SSRIs, the
SNRIs have minimal or no affinity for muscarinic cholinergic, histaminergic, and adrenergic
receptors.10 Interestingly enough, administration of these drugs has been shown to prevent a
decrease in cell proliferation and BDNF expression in rat hippocampus observed with chronic
stress, in a study that offers further insights into the “downstream effects” of these agents.12 In
parallel, studies suggest that chronic treatment with the SNRI duloxetine not only produces a
marked up-regulation of BDNF mRNA and protein but may also affect the sub-cellular re-
distribution of neurotrophin, potentially improving synaptic plasticity.13Mechanism of Action of
Norepinephrine Re-uptake InhibitorsAt therapeutically relevant doses, the NRIs have significant
effects primarily on norepinephrine re-uptake, although the NRI atomoxetine is also a weak
inhibitor of serotonin uptake.14 NRIs also appear to have several non-monoaminergic
properties. Specifically, the NRI reboxetine also appears to functionally inhibit nicotinic
acetylcholine receptors.15 In addition, in rats, atomoxetine has been shown to increase in vivo
extracellular levels of acetylcholine (ACh) in cortical but not sub-cortical brain regions, with a
mechanism dependent on norepinephrine alpha1 and/or dopamine D1 receptor activation.16
Furthermore, the major human metabolite of atomoxetine (4-hydroxyatomoxetine) is a partial
agonist of the kappa-opioid receptor.17 Finally, reboxetine has also been found to be the
antidepressant that affects glutamate receptors (GluR) most, with a decrease of GluR3
expression.11Mechanism of Action of Serotonin Receptor Agonist/AntagonistsBoth trazodone
and nefazodone are relatively weak inhibitors of serotonin and norepinephrine uptake, and they
primarily block serotonin 5-HT2A receptors (in some cases, demonstrating partial agonist
properties as well).18–21 They also share a metabolite, m-chlorophenylpiperazine (mCPP),
which acts as a serotonin 5-HT2C agonist and appears to be able to release serotonin pre-
synaptically.22 Trazodone also appears to stimulate the mu1- and mu2-opioid receptors23 and
is a potent agonist of the serotonin 5-HT2C receptors, which, when activated,24,25 may inhibit
NMDA-induced cyclic GMP elevation. Since trazodone is also a weak inhibitor of serotonin re-
uptake as well, the overall effect of trazodone appears to be an increase in extracellular levels of
serotonin in the brain.26 This effect explains the fact that trazodone treatment has been
associated with the occurrence of a serotonin syndrome.27 Both trazodone and (although to a
lesser degree) nefazodone are potent blockers of the alpha1-adrenergic
receptor.3AntidepressantsMaurizio Fava MD, George I. Papakostas MDKey Points• The
immediate mechanism of action of modern antidepressants (“immediate effects”) involves
influencing the function of one or more monoamine neurotransmitter systems (serotonin,
norepinephrine [noradrenaline], or dopamine).• Influencing monoaminergic function has been
shown to result in several changes in second-messenger systems and gene expression/
regulation (“downstream effects”).• “Downstream effects” may explain the delayed onset of
antidepressant response seen with all contemporary agents (most patients improve following at
least 3 weeks of treatment).• For the most part, all contemporary antidepressants are equally



effective when treating major depressive disorder.• There are significant differences in the
relative tolerability and safety of contemporary antidepressants.OverviewA large number of
compounds have been developed to treat depression. Traditionally, these compounds have
been called “antidepressants,” even though most of these drugs are also effective in the
treatment of a number of anxiety disorders (such as panic and obsessive-compulsive disorder
[OCD]) and a variety of other conditions (Box 3-1). The precursors of two of the major
contemporary antidepressant families, the monoamine oxidase inhibitors (MAOIs) and the
tricyclic antidepressants (TCAs), were discovered by serendipity in the 1950s.Box 3-1Box
3-1Box 3-1Possible Indications for Antidepressants• Major depressive disorder and other
unipolar depressive disorders• Bipolar depression• Panic disorder• Social anxiety disorder•
Generalized anxiety disorder• Post-traumatic stress disorder• Obsessive-compulsive disorder
(e.g., clomipramine and SSRIs)• Depression with psychotic features (in combination with an
antipsychotic drug)• Bulimia nervosa• Neuropathic pain (tricyclic drugs and SNRIs)• Insomnia
(e.g., trazodone, amitriptyline)• Enuresis (imipramine best studied)• Atypical depression (e.g.,
monoamine oxidase inhibitors)• Attention-deficit/hyperactivity disorder (e.g., desipramine,
bupropion)SNRIs, Serotonin norepinephrine re-uptake inhibitors; SSRIs, selective serotonin re-
uptake inhibitors.Specifically, the administration of iproniazid, an anti-mycobacterial agent, was
first noted to possess antidepressant effects in depressed patients suffering from tuberculosis.1
Shortly thereafter, iproniazid was found to inhibit MAO, which is involved in the catabolism of
serotonin, norepinephrine (noradrenaline), and dopamine.In parallel, imipramine was initially
developed as an antihistamine, but Kuhn2 discovered that of some 500 imipramine-treated
patients with various psychiatric disorders, only those with endogenous depression with mental
and motor retardation showed a remarkable improvement during 1 to 6 weeks of daily
imipramine therapy. The same compound was also found to inhibit the re-uptake of serotonin
and norepinephrine.3,4 Thus, it was the discovery of the antidepressant effects of iproniazid and
imipramine that led to the development of the MAOIs and TCAs, and this discovery was
instrumental in the formulation of the monoamine theory of depression. In turn, guided by this
theory, the subsequent development of compounds selective for the re-uptake of either
serotonin or norepinephrine or both was designed, rather than accidental. As a result, over the
last few decades, chemical alterations of these first antidepressants have resulted in the
creation of a wide variety of monoamine-based antidepressants with a variety of mechanisms of
action. The antidepressant drugs are a heterogeneous group of compounds that have been
traditionally subdivided into major groups according to their chemical structure or, more
commonly, according to their effects on monoamine neurotransmitter systems: selective
serotonin re-uptake inhibitors (SSRIs); TCAs and the related cyclic antidepressants (i.e.,
amoxapine and maprotiline); MAOIs; serotonin norepinephrine re-uptake inhibitors (SNRIs);
norepinephrine re-uptake inhibitors (NRIs); norepinephrine/dopamine re-uptake inhibitors
(NDRIs); serotonin receptor antagonists/agonists; and alpha2-adrenergic receptor antagonists.
Because they overlap, the mechanisms of action and the indications for use for the



antidepressants are discussed together, but separate sections are provided for their method of
administration and their side effects.Mechanism of ActionThe precise mechanisms by which the
antidepressant drugs exert their therapeutic effects remain unknown, although much is known
about their immediate actions within the nervous system. All of the currently marketed
antidepressants interact with the monoamine neurotransmitter systems in the brain, particularly
the norepinephrine and serotonin systems, and to a lesser extent the dopamine system.
Essentially all currently marketed antidepressants have as their molecular targets components
of monoamine synapses, including the re-uptake transporters (that terminate the action of
norepinephrine, serotonin, or dopamine in synapses), monoamine receptors, or enzymes that
serve to metabolize monoamines. What remains unknown is how these initial interactions
produce a therapeutic response.5 The search for the molecular events that convert altered
monoamine neurotransmitter function into the lifting of depressive symptoms remains a matter
of very active research.Since TCAs and MAOIs were the first antidepressants to be discovered
and introduced, this was initially interpreted as suggesting that antidepressants work by
increasing noradrenergic or serotonergic neurotransmission, thus compensating for a postulated
state of relative monoamine “deficiency.” However, this simple theory could not fully explain the
action of antidepressant drugs for a number of reasons. The most important of these include the
lack of convincing evidence that depression is characterized by a state of inadequate or
“deficient” mono-amine neurotransmission. In fact, the results of studies testing the monoamine
depletion hypothesis in depression have yielded inconsistent results.5 Moreover, blockade of
mono-amine re-uptake or inhibition of monoamine degradation occurs rapidly (within hours)
following monoamine re-uptake inhibitor or MAOI administration, respectively. However,
treatment with antidepressants for less than 2 weeks is unlikely to result in a significant lifting of
depression; it has been consistently observed and reported that remission of depression often
requires 4 weeks of treatment or more. These considerations have led to the idea that inhibition
of monoamine re-uptake or inhibition of MAO by antidepressants represents an initiating event.
The actual therapeutic actions of antidepressants, however, result from slower adaptive
responses within neurons to these initial biochemical perturbations (“downstream events”).6
Although research geared toward understanding the therapeutic actions of antidepressants has
been challenging, receptor studies have been useful in understanding and predicting some of
the side effects of contemporary antidepressants. For example, the binding affinity of
antidepressants at muscarinic cholinergic receptors generally parallels the prevalence of certain
side effects during treatment (e.g., dry mouth, constipation, urinary hesitancy, poor
concentration). Similarly, treatment with agents that have high affinities for histamine H1
receptors (e.g., doxepin and amitriptyline) appears to be more likely to result in sedation, and
increased appetite. Such information is very useful to clinicians and patients when making
treatment decisions or to researchers when attempting to develop new antidepressants.The
architecture of the monoamine neurotransmitter systems in the central nervous system (CNS) is
based on the synthesis of the neurotransmitter within a restricted number of nuclei within the



brainstem, with neurons projecting widely throughout the brain and, for norepinephrine and
serotonin, the spinal cord as well.5 Norepinephrine is synthesized within a series of nuclei in the
medulla and pons, of which the largest is the nucleus locus coeruleus. Serotonin is synthesized
in the brainstem raphe nuclei. Dopamine is synthesized in the substantia nigra and the ventral
tegmental area of the midbrain. Through extensive projection networks, these neurotransmitters
influence a large number of target neurons in the cerebral cortex, basal forebrain, striatum,
limbic system, and brainstem, where they interact with multiple receptor types to regulate
arousal, vigilance, attention, sensory processing, emotion, and cognition (including
memory).7Norepinephrine, serotonin, and dopamine are removed from synapses after release
by re-uptake, mostly into pre-synaptic neurons.5 This mechanism of terminating
neurotransmitter action is mediated by specific norepinephrine, serotonin, and dopamine re-
uptake transporter proteins. After re-uptake, norepinephrine, serotonin, and dopamine are either
re-loaded into vesicles for subsequent release or broken down by MAO. MAO is present in two
forms (MAOA and MAOB), which differ in their substrate preferences, inhibitor specificities,
tissue expression, and cell distribution. MAOA preferentially oxidizes serotonin and is irreversibly
inactivated by low concentrations of the acetylenic inhibitor clorgyline. MAOB preferentially
oxidizes phenylethylamine (PEA) and benzylamine and is irreversibly inactivated by low
concentrations of pargyline and deprenyl.5 Dopamine, tyramine, and tryptamine are substrates
for both forms of MAO. Catecholamines are also broken down by catechol O-methyltransferase
(COMT), an enzyme that acts extracellularly.The classification of antidepressant drugs has
perhaps focused too narrowly on synaptic pharmacology (i.e., “immediate effects”), and has
certainly failed to take into account molecular and cellular changes in neural function that are
brought about by the chronic administration of these agents.5 For example, it has been
postulated that changes in post-receptor signal transduction may account for the
aforementioned characteristic lag-time between the time a drug is administered and the drug-
induced resolution of a depressive episode. In fact, studies have shown that hippocampal
neurogenesis occurs following chronic antidepressant treatment in animal models.8 In parallel,
rapid activation of the TrkB neurotrophin receptor and PLC gamma-1 signaling has been
described with almost all antidepressant drugs, a possible mechanism by which the process of
neuronal neurogenesis observed following chronic administration of antidepressants may
occur.9 Alternatively, one could postulate that this lag phase in antidepressant action may be
related to a re-organization of neuronal networks, postulated as a potential “final common
pathway” for antidepressant effects to occur.5 Nevertheless, further research is urgently needed
in order to help us understand the specific effects of the antidepressants and what constitutes
illness and recovery in depression.Mechanism of Action of Selective Serotonin Re-uptake
InhibitorsAt therapeutically relevant doses, the SSRIs exhibit significant effects primarily on
serotonin re-uptake in the human brain.10 Some SSRIs also appear to have effects on other
monoamine transporters, with sertraline demonstrating modest dopamine re-uptake inhibition,
and paroxetine and fluoxetine demonstrating modest norepinephrine re-uptake inhibition.10 In



addition, fluoxetine, particularly the R-isomer, has mild 5-HT2A and 5-HT2C antagonist activity.
Non-monoaminergic effects have also been described for some of the SSRIs, including
moderate and selective effects on glutamate receptor expression and editing.11 The SSRIs
have minimal or no affinity for muscarinic cholinergic, histaminergic, and adrenergic receptors,
with the exception of paroxetine (which is a weak cholinergic receptor antagonist), citalopram
(which is a weak antagonist of the histamine H1 receptor), and sertraline (which has weak
affinity for the alpha1 receptors).10 Overall, the affinity of these agents for these specific
receptors is lower than those of the TCAs, resulting in a milder side-effect profile. Similarly, the
lack of significant action for the remaining SSRIs on these receptors is also thought to contribute
to the milder side-effect profile of these agents compared with the TCAs.Mechanism of Action of
Serotonin Norepinephrine Re-uptake InhibitorsUnlike the TCAs, SNRIs inhibit the re-uptake of
serotonin more potently than the re-uptake of norepinephrine.10 Similar to most SSRIs, the
SNRIs have minimal or no affinity for muscarinic cholinergic, histaminergic, and adrenergic
receptors.10 Interestingly enough, administration of these drugs has been shown to prevent a
decrease in cell proliferation and BDNF expression in rat hippocampus observed with chronic
stress, in a study that offers further insights into the “downstream effects” of these agents.12 In
parallel, studies suggest that chronic treatment with the SNRI duloxetine not only produces a
marked up-regulation of BDNF mRNA and protein but may also affect the sub-cellular re-
distribution of neurotrophin, potentially improving synaptic plasticity.13Mechanism of Action of
Norepinephrine Re-uptake InhibitorsAt therapeutically relevant doses, the NRIs have significant
effects primarily on norepinephrine re-uptake, although the NRI atomoxetine is also a weak
inhibitor of serotonin uptake.14 NRIs also appear to have several non-monoaminergic
properties. Specifically, the NRI reboxetine also appears to functionally inhibit nicotinic
acetylcholine receptors.15 In addition, in rats, atomoxetine has been shown to increase in vivo
extracellular levels of acetylcholine (ACh) in cortical but not sub-cortical brain regions, with a
mechanism dependent on norepinephrine alpha1 and/or dopamine D1 receptor activation.16
Furthermore, the major human metabolite of atomoxetine (4-hydroxyatomoxetine) is a partial
agonist of the kappa-opioid receptor.17 Finally, reboxetine has also been found to be the
antidepressant that affects glutamate receptors (GluR) most, with a decrease of GluR3
expression.11Mechanism of Action of Serotonin Receptor Agonist/AntagonistsBoth trazodone
and nefazodone are relatively weak inhibitors of serotonin and norepinephrine uptake, and they
primarily block serotonin 5-HT2A receptors (in some cases, demonstrating partial agonist
properties as well).18–21 They also share a metabolite, m-chlorophenylpiperazine (mCPP),
which acts as a serotonin 5-HT2C agonist and appears to be able to release serotonin pre-
synaptically.22 Trazodone also appears to stimulate the mu1- and mu2-opioid receptors23 and
is a potent agonist of the serotonin 5-HT2C receptors, which, when activated,24,25 may inhibit
NMDA-induced cyclic GMP elevation. Since trazodone is also a weak inhibitor of serotonin re-
uptake as well, the overall effect of trazodone appears to be an increase in extracellular levels of
serotonin in the brain.26 This effect explains the fact that trazodone treatment has been



associated with the occurrence of a serotonin syndrome.27 Both trazodone and (although to a
lesser degree) nefazodone are potent blockers of the alpha1-adrenergic receptor.
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