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Preface

Translational neuroscience research refers to knowledge through funda-
mental understanding on brain structure and function to develop novel pre-
vention and treatment strategies for neurological and psychiatric disorders.1

Among many human diseases, brain disorders provide the biggest challenges to
translational research in the era of novel pathways to drug development.2 These
challenges involve many demanding research efforts from target identification,
the predictability in animal models, and disease model validation, to under-
standing complex pharmacodynamic and pharmacokinetic markers.3 There-
fore, translational research offers an opportunity to bridge the gap between
preclinical research and drug development in humans. This volume, Brain as
a Drug Target, consists of ten chapters written by eminent experts in the field.
The volume covers important aspects of preclinical and clinical research on
many important neurological, psychiatric, and drug-addictive disorders asso-
ciated with multiple brain targets. The chapters in this volume cover current
information, discuss some of the latest concepts in preclinical research, analyze
breakthrough findings, define novel approaches, and target multiple brain
substrates including monoamine transporters, tau protein, brain insulin recep-
tors, glioblastoma, corticotropin releasing factor, molecular biomarkers for
alcohol effects, neuronal nicotinic receptors, glutamatergic system, and seroto-
nergic system for medication development, and clinical management of these
neuronal disorders.

Lin et al. focus on monoamine transporters as important brain targets
implicated in multiple neuropsychiatric disorders. They review molecular
studies of these transporters, which reveal a wealth of information on the
transporters’ structure–activity relationship, neuropharmacology, cell biology,
biochemistry, and pharmacogenetics related to the human genes encoding
these transporters. Implications of this scientific insight will provide
new opportunity to develop transporter-specific medications for Parkinson’s
disease, schizophrenia, depression, and other brain disorders.

Corbo and Alonso present therapeutic targets in Alzheimer’s disease (AD)
and related tauopathies. The authors describe important research efforts dedi-
cated to attack the plaques and, in more detail, the process of neurofibrillary
degeneration, linked to the presence of the hyperphosphorylated microtubule-
associated protein tau. Thus, in addition to discussing current data on these
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important molecular mechanisms of AD, this chapter also provides evidence-
based understanding of the use of these mechanisms in defining strategies for
future therapeutics with identified putative targets.

Kelso and Pauly provide preclinical evidence for pharmacotherapy of
traumatic brain injury. They provide important information on various animal
models of the primary mechanical trauma, as well as current knowledge of the
complex biochemical mechanisms. They also highlight some of the promising
molecular and cellular targets that have been identified for future drug devel-
opment strategies. The translational value of the extensive preclinical work
reviewed in this chapter provides great importance in understanding this
complex disorder for prevention and treatment.

Mielke and Wang provide an emerging relationship between insulin and
brain, and its relevance to synaptic function and neuroprotection. The authors
describe important preclinical studies that support the critical role of insulin on
brain targets. They also discuss the novel role of insulin on the modulation of
ligand-gated ion channel trafficking, including tone of synaptic transmission
by regulating cell surface expression of inhibitory and excitatory receptors.
Insulin-mediated neuroprotection in the absence of hypoglycemia is also
reviewed. Overall, the research highlighted in this chapter has profound impli-
cations for future translational research and therapeutic opportunities in the
area of neuroprotection.

Haque, Banik, and Ray focus on glioblastoma, the most common and
deadly brain tumor. The authors provide information on molecular interactions
among glioblastoma tumors, host immune cells, and the tumor microenviron-
ment. Knowledge from this research may lead to novel integrated approaches
for the simultaneous control of tumor escape pathways and the activation of
antitumor immune responses. The progress and latest lines of research in the
field are reviewed in this chapter and shed new light for future translational
research and new chemoimmunotherapeutics against glioblastoma.

Ronan and Summers present a detailed review on the corticotropin releas-
ing factor (CRF) system implicated in various neuropsychiatric disorders,
including stress. The authors describe the detailed molecular signaling of the
CRF system, and its interaction with other key brain transmitter systems. They
provide preclinical studies highlighting the importance of the CRF signaling
system in psychiatric disorders and discuss the limitations given the complexity
of its signaling in the brain. Overall, this comprehensive chapter provides
important knowledge and enhances the understanding for future translational
research and therapeutics for several psychiatric disorders.

Gorini, Bell, and Mayfield describe the reliable brain biomarkers and
targets for alcohol effects relevant to alcohol use disorders. They highlight
latest research identifying neurobiological systems associated with these targets
and possible pharmacotherapies. The authors summarize evidence from
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animal and human studies, and sketch the challenges facing the fields of
proteomics and genomics. Finally, better understanding and ideas on profiling
these molecular technologies are discussed for future drug development and
clinical utility for alcohol use disorders.

Rahman presents an overview on the brain nicotinic receptor system with
compelling evidence that nicotinic receptors could serve as potential targets for
pharmacotherapy of several addictive disorders, including nicotine addiction
and alcohol dependence. The author discusses the preclinical research litera-
ture involving nicotinic receptors in the brain reward system implicated in drug
addiction. The review highlights the preclinical and clinical research on a
number of important compounds that target brain nicotinic receptors. The
progress and latest lines of research in the nicotinic receptor field reviewed in
this chapter shed new light for future translational research for improved and
new therapeutics in the clinical management of addictive disorders, including
nicotine addiction and alcohol dependence.

Uys and Reissner focus on neuroplasticity in cocaine addiction by targeting
brain glutamatergic system. The authors describe preclinical studies involving
glutamatergic transmission in cocaine-related behavior. They also discuss evi-
dence for adaptations in glutamatergic neuroplasticity as a mechanism for
cocaine addiction. Finally, the authors discuss progress in the development of
glutamate-based pharmacotherapies for the treatment of cocaine addiction in
humans.

Sari, Johnson, and, Weedman cover the role of brain serotonergic system in
alcohol dependence. The authors provide the current understanding of the
brain serotonin system and its relevance to alcohol-mediated dependence and
craving. They also discuss preclinical studies related to the interactions of
serotonin system and other neurotransmitter systems. The chapter highlights
the serotonin transporter and its possible role in alcoholism. The authors
emphasize the contribution of several serotonergic receptors and discuss
their relationship with alcohol dependence. Finally, they assess the serotonin
system as an important brain target for future translational research and
pharmacotherapy of alcohol dependence.

Overall, these ten comprehensive chaptersprovide anextensiveoverview, new
insights into our current knowledge on different targets, and essential directions
for future research related to many neurological, neuropsychiatric disorders, and
drug addiction. I hope that the information provided on multiple topics and
relevant research summarized in this volume will attract new ideas and stimulate
additional investigations for effective preventionand treatment strategies for these
devastating brain disorders.
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Transporters of dopamine, serotonin, and norepinephrine have been empir-
ically used as medication targets for several mental illnesses in the last decades.
These protein-targeted medications are effective only for subpopulations of
patients with transporter-related brain disorders. Since the cDNA clonings in
early 1990s, molecular studies of these transporters have revealed a wealth of
information about the transporters’ structure–activity relationship (SAR), neu-
ropharmacology, cell biology, biochemistry, pharmacogenetics, and the diseases
related to the human genes encoding these transporters among related regu-
lators. Such new information creates a unique opportunity to develop trans-
porter-specific medications based on SAR, mRNA, DNA, and perhaps
transporter trafficking regulation for a number of highly relevant diseases
including substance abuse, depression, schizophrenia, and Parkinson’s disease.

I. Introduction

Monoamine transporters are transmembrane proteins located in plasma
membranes of monoaminergic neurons, including the dopamine transporter
(DAT), serotonin transporter (SERT, also expressed in platelets), and norepi-
nephrine transporter (NET).1,2 These proteins use ion (Naþ, Cl–) gradients as

2 LIN ET AL.



energy sources to move monoamines into or out of neurons. The major
function of these transporters is to terminate monoamine transmission by
inward transport of substrates away from the synaptic cleft. In the membrane
of intracellular synaptic vesicles is the vesicular monoamine transporters 1 and
2 (VMAT1 and VMAT2), which use a proton gradient as the energy source to
sequester cytosolic monoamines into the vesicles and then release the mono-
amines into the synaptic cleft by exocytosis. Therefore, the overall function of
these four transporters is to regulate spatio-temporal components of mono-
amine transmission. Loss of a transporter could cause severe disease or lethali-
ty. For instance, two loss-of-function DAT mutants, L368Q and P395L, cause
infantile parkinsonism-dystonia in humans.3 Complete deletion of the VMAT2
gene causes developmental defect and embryonic lethality in mice.4–6

Because of the exclusive expression of each transporter in the corresponding
neurons, these transporters are often used as markers of specific neurons. DAT is
expressed in dopaminergic neurons that project mainly from the ventral tegmen-
tal area (VTA) and substantia nigra to prefrontal cortex, nucleus accumbens, and
striatum; SERT plays its role in the pons and upper brain stem; NET is localized
in the locus coeruleus and the lateral tegmental group that project into many
other brain regions. VMAT1 is expressed transiently during brain development,
and VMAT2 is the main vesicular transporter in these monoaminergic neurons.7

Importantly, these monoaminergic neurons intervene with each other and with
many other types of neurons and innervate various brain regions including
cortex, hippocampus, amygdale, and hypothalamus.

The extensive distribution of these transporters determines their central
roles in neurotransmission and are ideal medication targets for a spectrum of
monoamine-related neuropsychiatric disorders, including attention deficit hy-
peractivity disorder (ADHD), depression, anxiety, addiction, narcolepsy, fa-
tigue, obesity, eating disorder, other mood disorders, schizophrenia (SCZ),
bipolar disorder, and Parkinson’s disease. On the other hand, the central
roles have also presented these plasma membrane proteins as functional targets
for drugs of abuse such as alcohol, cocaine, methamphetamine, and MDMA
(3,4-methylenedioxymethamphetamine or Ecstasy). In this chapter, we sum-
marize the recent progress in our understanding of the contribution of these
monoamine transporters to brain function and diseases.

II. Clinical Benefits: Demonstration of the Medical Roles of
Monoamine Transporters

Due to amino acid sequence and proposed structural similarity among the
three plasma membrane transporters (DAT, SERT, and NET), many mono-
amine transporter inhibitors have affinity for all three transporters. Unlike the
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other sections below that discuss individual transporters, this section cate-
gorizes the main diseases and their treatments with monoamine transporter
inhibitors.

A. Depression
Depression is the most common disease that is treated by directly targeting

the NET,8 SETR,9 DAT (e.g., Refs. 10,11), and/or some combinations of the
three (e.g., Ref. 12).

First developed in the 1950s in an attempt to improve the effectiveness of
chlorpromazine, monoamine oxidase inhibitors (MAOI) and tricyclic antidepres-
sants (TCAs) function by inhibiting the reuptake of serotonin, norepinephrine,
and dopamine through blocking each respective neurotransmitter transporter
(SERT, NET, DAT).13 Each class of drugs acts on all three of these monoamine
systems, with most TCAs primarily inhibiting NET and SERT.14 These medica-
tions were then superseded by the selective serotonin reuptake inhibitors
(SSRIs) as antidepressants. As the most commonly prescribed antidepressant
medication, SSRIs are posited to work more effectively within the complex
central nervous–neural circuit–gene system in the epidemiology of depression,15

and thus have far less adverse side effects in comparison to TCAs and MAOIs.9

Hundreds of placebo-controlled trials have demonstrated benefits in moderate
to severe depression, particularly in those with symptoms of more acute major
depressive episodes and dysthymia9,16,17 and melancholic depression.18,19 SSRIs
also possess strong therapeutic activity for various DSM-IV-TR disorders (e.g.,
panic) as described below.

The most recently utilized class of antidepressants falls under selective
norepinephrine/dopamine reuptake inhibitors (SNDRIs), with bupropion (Wel-
butrin) as the most commonly prescribed one. Bupropion is an effective and
generally well-tolerated option in the treatment of moderate to severe major
depressive disorder (e.g., Ref. 20). In addition, bupropion has been shown to be
as effective as many common psychopharmacological medications in managing
symptoms of depression.21 Trials have demonstrated that SSRIs appear to be
more effective in the treatment of moderate/acute depression, whereas SNDRIs
may be advantageous in the treatment of chronic depression.14

B. Obsessive Compulsive Disorder (OCD) and Other
Anxiety Disorders
Clomipramine, an inhibitor of SERT, NET, DAT and some receptors, was

discovered by the Spanish psychiatrist Lopez-Ibor in the 1960s for treating
OCD symptoms and the efficacy was subsequently confirmed by many other
trials (see Refs. 22–24). SSRIs have been used for OCD but the clomipramine
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effect size appeared to be larger than that of the SSRIs (e.g., Ref. 25). Regard-
less, clomipramine and SSRIs remain an integral part of ‘‘best practice’’ man-
agement of OCD.

In fact, drugs acting on the monoamine transporters, specifically SERT,
have efficacy in other anxiety disorders too. Panic disorder w/agoraphobia was
originally named in DSM III in 1980 following research in the USA described
as ‘‘pharmacodissection’’ using the NET inhibitor imipramine.26 Recent studies
show the benefits of norepinephrine and serotonin reuptake inhibitors in the
treatment of panic agoraphobia,27,28 social anxiety disorder,29 generalized anxi-
ety disorder,30 and posttraumatic stress disorder.31

C. Chronic Pain Syndrome
In addition to new interventions (e.g., the use of sodium oxybate in the

treatment of fibromyalgia pain, and insomnia), TCAs, SNDRIs, and SSRIs are
promising medications for fibromyalgia pain.32,33 TCAs have been shown to
improve the symptoms of pain, poor sleep, and fatigue associated with fibro-
myalgia but still show greater side effects (e.g., Ref. 34). The results of SNRIs
are more promising,35 although current effect sizes are smaller than trials using
TCAs. The efficacy of pain treatments seems to be better achieved by balanced
inhibition of multiple monoamine transporters.33

D. Attention Deficit Hyperactivity Disorder (ADHD)
Atomoxetine, a NET inhibitor, has been shown in randomized clinical trials

to significantly reduce ADHD symptoms in both comorbid and noncomorbid
children,36 adolescents, and adults with ADHD.37 While stimulants including
the DAT inhibitors methylphenidate and amphetamine remain the most fre-
quently prescribed medication in treating ADHD, SNDRIs are currently the
leading second-line alternatives.38,39

E. Cigarette Smoking
Reviews on the effect of cigarette smoking postulate that chronic exposure

to nicotine elicits depressogenic changes in serotonin formation and release in
the hippocampus.40 These changes may contribute to the symptoms of depres-
sion experienced by many smokers when they first quit. The research examin-
ing this relationship has resulted in clinically significant findings. For instance,
medications such as bupropion and nortriptyline have been shown to be
efficacious in the treatment of cigarette smoking.41 Moreover, it has been
shown that a treatment modality that includes nicotine replacement/cessation
therapy is recommended for individuals who are highly nicotine dependent
and who have a current or past history of major depressive disorder.42
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In summary, DAT serves as a medication target for ADHD, depression,
OCD, smoking cessation, as well as narocolepsy and Parkinson’s disease which
are not mentioned here; SERT for depression, anxiety, OCD, and pain; and
NET for depression, OCD, anxiety, and ADHD, which are diseases that affect
approximately 20% of the population.

III. Preclinical Indications—Behavioral Pharmacology

During the last 40 years of preclinical and human psychopharmacology
research, the monoamine transporters have been recognized to play a central
role in modulating a wide variety of physiological and behavioral functions,
including locomotion, autonomic function, and hormone regulation, and to
make a fundamental contribution to emotional and cognitive function, neuro-
toxicity, and mental disease. Such a central role is paralleled by the breadth of
monoaminergic projections into the neocortex, basal ganglia, and limbic fore-
brain. These pharmacologic and anatomical findings have also been instrumen-
tal for the identification and development of medications that are currently
used as pharmacotherapies to treat a variety of behavioral disorders, such as
major depression, OCD, anxiety, ADHD, and addiction.

A. DAT
The pioneering investigations by Arvid Carlsson and Kjell Fuxe established

dopamine (DA) as a neurotransmitter in the late 1950s,43 and the topography of
the dopaminergic innervation of the central nervous system was soon deli-
neated. The mesolimbic DA system originating in the VTA innervates the
nucleus accumbens of the ventral striatum, where DA is postulated to partici-
pate in the control of exploratory activity, reward-related processes, and rein-
forcement, both natural and drug-induced.44,45 In turn, the nigrostriatal
contingent of DA fibers projecting into the dorsal striatum (i.e., caudate and
putamen nuclei in humans) is linked to the control of movement, as revealed by
the clinical phenomenology associated with basal ganglia disorders,46 and for
‘‘chunking’’ action repertoires and habits.47 Further, the innervation of the
prefrontal cortex by the mesocortical DA pathway has been proposed to
modulate various aspects of executive function, including working memory
function, planning, and attention.48 Historically, the emerging view of DA as
an important transmitter has been reinforced by two additional findings: First,
the clinical efficacy of antipsychotic medications was observed to correlate with
the binding affinity for DA D2 receptors. Second, observations showed that
most abused drugs, especially psychomotor stimulants such as cocaine and
amphetamine (AMPH), exert psychoactive effects through interactions with
the DA system, some of which involved mainly the DAT.
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Preclinical experiments and human data have demonstrated that the DAT
is involved in the behavioral reinforcing and euphorogenic effects of stimulant
drugs. The ability of cocaine-like drugs to maintain self-administration in
rodents is correlated with their potency in inhibiting the DAT.49 The idea is
that cocaine binding to DAT may increase extracellular DA concentration by
blocking the reuptake activity and inducing the release of reserve pool of DA,50

activating DA receptors. Moreover, the self-reported ‘‘high’’ induced by stimu-
lants in humans appears to be a function of both the rate of DAT occupancy by
the stimulant and the speed of stimulant delivery into the brain.51 This evi-
dence suggested that both the binding affinity for the DAT and the pharmaco-
kinetic/pharmacodynamic properties are important characteristics that predict
the psychopharmacological effects of drugs acting at the DAT. In addition,
preclinical behavioral assays including tests of locomotor activity, conditioned
place preference, drug discrimination, and self-administration indicated that
various DAT inhibitors differ from prototypical stimulants such as cocaine and
AMPH. This evidence fueled speculation that it might be possible to design
molecules that bind to the DAT and prevent the actions of AMPH and cocaine
at the DAT but lack psychomotor stimulant-like effects. However, AMPH or
cocaine antagonism without blocking DA reuptake activity has not been suc-
cessful due to overlapping DATsites for stimulant binding and DA recognition.

An alternative to antagonism approach is a substitute approach: a slow-onset,
long-acting competing agonist could be used to treat stimulant addiction. As
indicated, the specific pharmacokinetic/dynamic features and rate of DAT occu-
pancy are important factors that influence the cocaine-like properties of DAT
inhibitors.51 Different DA uptake inhibitors display specific modes of interaction
with the DAT, leading to specific conformational changes of the protein,52,53 and
the different DAT conformations are related to the ability of the inhibitors to
induce locomotor activity and substitute for cocaine in discrimination assays.54 It
is currently believed that the rational design and development of high-affinity,
long-acting DAT ligands with specific pharmacokinetic/dynamic properties
might lead to the discovery of optimal medications for stimulant addiction.55,56

A variety of molecules based on 3-aryltropanes (WIN compounds),57 1,4-dialkyl-
piperazines (e.g., GBR 12909 and its analogues),55 and analogs of benztropine
(BZT)56 have all been synthesized, tested in vitro for binding at different
transporters and receptors, and evaluated in preclinical models. Of these, BZT
analogs exhibit ideal characteristics in preclinical assays, blocking the behavioral
effects of cocaine and AMPH and exhibiting weak abuse liability in place
preference and self-administration assays.58–60

B. SERT
5-HT-containing neurons of the raphe regions located in the pons and

upper brain stem extensively innervate the diencephalon and telencephalon,
providing input to the hypothalamus, habenula, thalamus, amygdala, striatum,
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and cortical mantle.61 The 5-HT system is believed to regulate mood, emotion,
learning, memory, sleep, and appetite. Of the chemical neurotransmitters,
5-HT is perhaps the most widely implicated in the treatment of mental ill-
nesses.62 The 5-HT transporter (SERT) is responsible for taking up 5-HT from
the synapse and is indeed the target of a wide range of molecules that inhibit
the uptake process. Two aspects have been decisive to confirm the key func-
tions of 5-HT and the importance of inhibiting 5-HT transport as therapeutic
principle: First is the discovery that 5-HT is structurally related to many
psychotropic agents, including lysergic acid diethylamide (LSD) and psilocin63.
Second is the finding that many drugs with psychoactive properties, including
cocaine, AMPH, Ecstasy, TCAs, and SSRIs, effectively interact with SERT to
block 5-HTuptake.64 These findings, particularly the latter, confirmed a critical
role for 5-HT in the regulation of mood and affect and marked a milestone in
neuropsychopharmacology and psychiatry research.

Over the last decades, tremendous strides have been made in the treatment
of major depressive illness, anxiety, and eating disorders. The introduction of the
first generation of monoamine transporter inhibitors, that is, the TCAs, which
target both NET and SERT with variable affinity, revolutionized the manage-
ment of affective disorders. However, the widespread activity of TCAs at multi-
ple biological sites, including not only monoamine transporters but also
noradrenergic, histaminergic, and muscarinic receptors, is associated with un-
wanted side effects.65 The development of SSRIs, such as fluoxetine, citalopram,
and fluvoxamine, led to fewer side effects while retaining full clinical efficacy. In
animal models of depression, such as the learned helplessness and forced
swimming tests, SSRIs have systematically displayed strong activity suggestive
of clinical efficacy.66,67 These models provide opportunities to assay new com-
pounds and investigate the mechanisms underlying preclinical efficacy. Indeed,
in spite of adequate treatment with current antidepressant medication, a large
proportion of patients do not receive full symptom remission when treated with
SSRIs, and new approaches are presently pursued. A promising lead for im-
proved therapeutic effects is the development of triple uptake inhibitors target-
ing SERT, NET, and DAT (SNDRIs). Several of these compounds are in
advanced stages of development, though none has yet been approved for
human use. In animal models, the SNDRI, DOV 21,947, inhibits reuptake of
5-HT, NE, and DA (EC50 of 12, 23, and 96 nM at human recombinant trans-
porters, respectively) and exhibits antidepressant effects in the forced swim and
tail suspension test.68 DOV 102,677, another SNDRI (EC50 of 129, 103, and
133 nM at human recombinant transporters, respectively), was as effective as
methylphenidate in reducing the amplitude of the startle response in juvenile
mice, in addition to showing an antidepressant profile.69 Preclinical indications
suggest that ‘‘triple inhibitors’’ may produce a more rapid onset of action and
greater efficacy than traditional antidepressants.70 In addition, an emerging
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literature indicates that nonclassical transporters such as the plasma membrane
monoamine transporter (PMAT) and organic cation transporters (OCTs), which
subserve promiscuous uptake of biogenic amines, may constitute new targets for
improved antidepressant action, alone or in combination with SSRIs.71

It is noticed that NET and SERT are also binding sites for psychomotor
stimulants including cocaine, AMPH, methamphetamine, or Ecstasy. Although
DA seems to underlie the reinforcing effects more closely, several studies have
suggested that these binding activities contribute to at least some of the
reinforcing properties,72–76 warranting medication targets for drug addiction.

C. NET
There are twomajor noradrenergic neuronal clusterings in the brain: the locus

coeruleus and the lateral tegmental group, which provide extensive innervation to
the striatum, amygdala, hypothalamus, thalamus, cerebellum, and neocortex.77

Such widespread ascending projections have been implicated in the modulation
of arousal, sleep, and cognitive processes.78,79 An important additional function of
the NE system is to control the endocrine and the autonomic nervous system,
which play a fundamental role in anxiety and the stress response.80

The NE system is an important target for a wide range of drugs used for the
treatment of mood, anxiety, and behavioral disorders, including major depres-
sion, generalized anxiety disorder, and ADHD. The neurobiological links
between stress, anxiety, and depression have long been postulated, but the
identification of such relationship has only begun to emerge. The locus coer-
uleus is uniquely placed to integrate both exteroceptive cues and internal
visceral/endocrine information, and to influence stress- and fear-related anato-
mical structures, including amygdala, periaqueductal gray, and neocortex.81

A great deal of evidence suggests that the NE system and the corticotrophin-
releasing factor (CRF) pathways co-regulate their activation in response to fear
and stress.82 Pharmacological inhibition of NE transport with NET blockers
that display little or no activity at other monoamine transporters exerts activity
in several animal models of stress and depression. Atomoxetine and reboxetine,
which exhibit 50- to100-fold preference at human NET versus other mono-
amine transporters,83 show strong activity in animal models of depression that
is predictive of therapeutic effects in humans. For example, the therapeutic-
like effects of reboxetine have been assayed in the olfactory bulbectomized
(OB) rat model of depression, reducing immobility time in the forced swim test
and hyperactivity in the open field.84 Reboxetine also attenuates the physiolog-
ical responses associated with swim stress, including 5-HT elevations in amyg-
dala and prefrontal cortex and activation of hypothalamic–pituitary–adrenal
axis.85 The antidepressant-like effects of reboxetine in the forced swim test are
blocked by 6-hydroxydopamine lesions of the ventral noradrenergic bundle,
suggesting that enhanced noradrenergic activity mediates the effects of
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