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ABSTRACT 

For many psychiatric disorders there are still unmet needs for 
treatment. Using genetically modified mice provide means to 
study the systems that underlie these disorders as well as 
identifying potential novel targets for treatment. In this thesis 
we focused on mouse models of two different systems, using 
behavioral measures to study their relationship with anxiety, 
depression, alcoholism and schizophrenia.  

In the first part we investigated the anti anxiety-like effects of 
neuropeptide Y (NPY) in mice. Administration of NPY into the 
lateral ventricle produced an anxiolytic-like behavior in regular 
C57BL/6J mice which was not evident in mice lacking the NPY 
Y1 receptor, confirming that the anxiolytic-like response of 
NPY is dependent on the NPY Y1 receptor. In addition, the 
NPY Y1 receptor mutant mice showed a depressant-like 
behavior on two different paradigms. Both the antidepressant 
effect of fluoxetine, and its action to stimulate hippocampal 
neurogenesis were intact in the NPY Y1 receptor mutant mice. 

Increased levels of glutamate, which could potentially be caused 
by a deficiency in glutamate transporters has been implicated in 
a wide variety of psychiatric disorders. In the second part of this 
work we started with examining the glutamate aspartate 
transporter (GLAST) mutant mice for behavioral stress 
responses and alcohol addiction. Lack of GLAST did not alter 
anxiety-like behavior or the anxiety-related response to stress, 
and quite contrary to what was predicted, GLAST mutant mice 
demonstrated a decrease of alcohol consumption and 
conditioned place preference for alcohol. Furthermore, in an 
examination of the consequences of this gene deletion in 
schizophrenia-like behavior the GLAST mutants exhibited 
phenotypic features associated with the positive, negative and 
cognitive symptoms of schizophrenia.  
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1 INTRODUCTION 

Mental health problems remain the subject of prejudice and 
taboo, despite an estimated 450 million people suffering from 
mental or behavioral disorders1. Of the major neuropsychiatric 
disorders, it is estimated that about 70 million suffer from 
alcohol dependence and 24 million of schizophrenia worldwide1. 
In a given year, about 40 million adults in the US alone are 
affected by anxiety disorders2 and the World Health 
Organization estimates 121 million people worldwide to suffer 
from depression1. Psychiatric illness is also often associated with 
suicide and there are between 10 and 20 million suicide attempts 
every year. 

These figures show the extent of suffering directly caused by 
psychiatric disorders and to this should be added suffering 
caused to family members and significant others. In developing 
countries, mental health services are not widely available, while 
in the developed world, access to treatment is less limited, but 
still insufficient. Even when treatment is available, in too many 
cases the treatment strategies are not sufficiently effective, and 
often have serious side effects. Basic neuroscience offers the 
promise of improving our understanding of disease 
pathophysiology, and in doing so identifying novel mechanisms 
that can be targeted by more effective pharmacotherapies. The 
work presented here has been carried out with this ultimate 
objective in mind. 

The studies in this thesis focus on some of the most common 
psychiatric disorders, where great unmet medical needs remain: 
depression and anxiety, alcoholism and schizophrenia. These 
disorders are commonly comorbid, and are also thought to be 
associated with common etiological factors related to stress, 
suggesting overlapping pathophysiological factors. The present 
studies focus on mouse models of two potential neurochemical 
/ molecular factors that had been implicated in regulation of 
behavioral stress responses and addiction: neuropeptide 
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Y/neuropeptide Y1 receptor and glutamate/GLAST 
transporter. Unexpected findings made during the course of this 
work pointed to a relevance of the latter among these molecular 
targets, GLAST, for the pathophysiology of schizophrenia, and 
these leads were followed up here. 

In the following sections, the major diagnostic characteristics 
(and the main current drug treatment options) of depression and 
anxiety, alcoholism and schizophrenia will be summarized. Next, 
the rationale and utility for using the mouse as a model species 
to study these disorders will be discussed, along with a 
description of the mouse behavioral tests commonly used to do 
so. Lastly, the literature on the potential role of neuropeptide Y, 
and glutamate and its transporter GLAST, in these disorders will 
be briefly introduced. 

 

1.1 ANXIETY AND DEPRESSION 

There are several forms of anxiety and depression disorders3 
(see Table 1). Although each anxiety disorder has different 
symptoms they all cluster around excessive, irrational fear and 
dread3. Common depressive symptoms include persistent 
sadness, feelings of hopelessness, guilt, irritability, loss of 
interest in activities that once were pleasurable, abnormalities in 
appetite and sleep, and thoughts of suicide3. The severity, 
frequency and duration of these symptoms vary between 
individuals and comorbidity is high between these two 
disorders4. In addition, both anxiety and depression frequently 
occur together with other mental and physical conditions such 
as substance abuse, heart disease, stroke, cancer, diabetes and 
dementia where the symptoms of anxiety and depression can be 
masked or, in other cases, worsened by these diseases.  

 



12  12

Table 1. DSM-IV categorization of the major sub-disorders 
of anxiety and depression. 

 Disorder Characteristics of the disorder

Anxiety Panic disorder Sudden attacks of terror, accompanied by 
a pounding heart, sweatiness, weakness, 
faintness, or dizziness. 

 Agoraphobia Excessive fear of unfamiliar environments 
and situations where escape might be 
difficult. 

 Post-traumatic 
stress disorder 

Persistent re-experiencing of traumatic 
event, avoidance of stimuli associated with 
the trauma, increased general arousal. 

 Generalized 
anxiety disorder 

Excessive worry and rumination about
multiple issues. 

 Social anxiety 
disorder 

Excessive fear about interacting with 
people. 

 Obsessive 
compulsive 
disorder 

Persistent thoughts (obsessions) and use 
of rituals (compulsions) to control the 
anxiety that are produced by these 
thoughts. 

 Specific phobias Marked and persistent fear and avoidance 
of a specific object or situation. 

 

Depression Major depressive 
disorder 

Pervasive low mood, low self-esteem, and 
loss of interest or pleasure in usual 
activities. 

 Dysthymic 
disorder 

Mild form of major depressive disorder 
that persists for at least two years.  

 Psychotic 
depression 

Severe major depressive disorder
accompanied by some form of psychosis. 

 Postpartum 
depression 

New mother develops major depressive 
episode within a month after delivery. 

 Seasonal 
affective disorder 

Depressive illness during the winter 
months. 
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Pharmacological treatment of anxiety and depression is one of 
the great success stories of modern neuropsychopharmacology. 
The use of modern antidepressants alone has been shown to 
save countless lives by preventing suicides5. However, the 
current treatments continue to have limited efficacy in a 
considerable number of patients with mood disorders and are 
not always well tolerated. Compounds that target the GABAA 
receptors, such as the benzodiazepines, have been most 
commonly used in the treatment of anxiety disorders; however 
these can potentially cause sedation, cognitive impairment and 
dependence. Today’s most prescribed drugs for both anxiety 
and depression belong to the family of selective serotonin 
reuptake inhibitors (SSRIs), which inhibit the uptake of 
serotonin (5-HT) from the synapse. Although this class has a 
better tolerability than the monoamine oxidase inhibitors and 
tricyclic antidepressants, they still have limited efficacy, slow 
onset of action, and side effects such as sexual dysfunction, 
nausea and sleep disturbances6. In addition, about one third of 
patients with mood disorders treated with SSRIs are non-
responders7. Thus, new therapeutics targets that would improve 
the treatment of anxiety and depressive disorders are needed. 

A long held dogma maintained that no new neurons were 
produced in the adult mammalian brain. However, stem cells 
with potential to generate new neurons are found in the 
hippocampal dentate gyrus and the subventricular zone of the 
adult mammalian brain. Neurogenesis is the process through 
which neurons are created from these pluripotent stem cells. 
This process, first recognized to occur in rodents, but whose 
presence in humans was long questioned, does indeed occur in 
our species8; 9. In rodents, exposure to stress (a risk-factor for 
depression), suppresses the formation of new neurons in 
rodents10 while treatment with antidepressants increase 
neurogenesis11. The depression-related efficacy of chronic 
antidepressant treatment has been shown to be dependent on 
hippocampal neurogenesis12; although not all findings have 
consistently shown this13-16. A possible involvement of 
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neurogenesis in mediating antidepressant actions could 
potentially explain the delayed onset of these medications. 
Hippocampal neurogenesis therefore provides an interesting 
measure related to depression. 

 

1.2 ALCOHOL ADDICTION 

Alcohol addiction, or alcoholism for short, is a chronic, 
relapsing disorder characterized by compulsive alcohol seeking 
and use despite adverse consequences. The DSM-IV, which in 
its current version uses the term “alcohol dependence” defines it 
as a cluster of cognitive, behavioral and physiological symptoms3 
(Table 2).  

Behavioral treatments such as cognitive behavioral therapy can 
improve outcomes in alcoholism17. However, behavioral 
treatments have limited effect sizes and classical long-term 
studies of alcohol dependent men show that full remission is 
rare, while morbidity and mortality are high18; 19.  

The first approved pharmacological treatment for alcoholism 
was disulfiram (Antabuse), an alcohol dehydrogenase inhibitor 
that blocks the metabolism of alcohol. This drug provides a 
deterrent against alcohol use, as intake will lead to an 
accumulation of acetaldehyde, resulting in highly aversive (and 
potentially dangerous) flushing and tachycardia. The efficacy of 
this treatment strategy has been debated and clinical trials have 
given inconsistent results20. Of more recent drug treatments, 
naltrexone, an opiate antagonist, is effective in treating 
alcoholism by reducing alcohol reward, and may be particularly 
effective in patients who are family history positive for 
alcoholism and / or carry a particular variant of the mu-opioid 
receptor gene21-23. Finally, acamprosate, a drug that acts as a 
functional glutamate antagonist, has relatively consistently  
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Table 2.  Diagnostic criteria for alcohol dependence 
according to DSM-IV. 

A maladaptive pattern of substance abuse, leading to clinical 
impairment or distress, as manifested by three (or more) of the 
following criteria, occurring at any time in the same 12-month period: 

Tolerance – a significant increase in amount of alcohol necessary to achieve 
the same intoxicating effect. 

Withdrawal – increased anxiety and sympathetic nervous system activity after 
alcohol has been discontinued. 

Alcohol is consumed in larger amounts or over a longer period of time than 
intended. 

A great deal of time is spent to acquire and consume alcohol or to recover 
from its effects. 

Important social, occupational and recreational activities are given up in favor 
of the alcohol drinking. 

Persistent desire or unsuccessful efforts to cut down or control alcohol 
drinking. 

Alcohol consumption is continued despite knowledge of having persistent 
recurrent physical and psychological problem that is likely to have been 
caused or worsened by the alcohol. 

 

been shown to reduce craving and relapse in European trials24 – 
although it has failed to show efficacy in two major US  
studies25; 26. 

 

1.3 SCHIZOPHRENIA 

Schizophrenia is diagnosed based on the presence of a certain 
combination of symptoms for at least a six-month period27. 
These symptoms may include delusions, hallucinations, and 
disordered speech and thinking, or what is commonly referred 
as to the ‘positive’ or ‘productive’ symptoms of the disorder. On 
the other hand, ‘negative’ symptoms are associated with poor 
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emotional expression and reaction, social withdrawal, and lack 
of motivation and interest in activities that are normally 
considered to induce pleasure. A third set of symptoms is 
considered to be a core feature of the illness and may be present 
before the onset of fulminant disorder, or be ‘prodromal’. 
These, the cognitive deficits, involve problems with attention, 
working memory, learning, verbal fluency, motor speed and 
executive functions, important for the ability to plan and 
organize.  

Pharmacological treatment for schizophrenia was introduced in 
the 1950’s when it was serendipitously discovered that 
chlorpromazine was effective in reducing psychotic symptoms 
such as hallucination, delusions and agitation28. This drug is an 
antagonist of dopamine D2 receptors, prompting the 
development of more potent dopamine antagonists such as 
haloperidol. D2 antagonists, commonly referred to as 
‘antipsychotics’ (or today, ‘conventional’ or ‘typical’ 
antipsychotics, to  distinguish them from the newer ‘atypical’ 
drugs) are effective in suppressing productive symptoms of 
schizophrenia, but also cause side effects such as Parkinsonism, 
tremor, rigidity, dystonia and dyskinesia29.  

However, first generation, typical antipsychotics, are not 
effective for the negative or cognitive symptoms of the disease30-

34. The so-called second generation, or ‘atypical’ antipsychotics 
(e.g., clozapine or olanzapine), have effects on D2 receptors as 
well as other systems, notably 5-HT receptors. They are 
somewhat more effective for treating negative/cognitive 
symptoms and avoid some of the more serious side effects35; 36, 
but can still produce weight gain, hyperlipidimia and type II 
diabetes. 
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1.4 ANIMAL MODELS OF PSYCHIATRIC 
DISORDERS 

An understanding of brain processes underlying psychiatric 
disorders faces considerable challenges. Although progress in 
studying the living human brain has been made in the last few 
decades by applying technologies such as functional magnetic 
resonance imaging (fMRI), there are still great limitations. Our 
ability to directly study neurochemical processes and signaling 
events in the human living brain, and to be confident that these 
are causally linked to behavior, continues to be limited. Studies 
in experimental animals can help provide some of the answers.  

 

1.4.1 Ethical issues in animal research 

The work described in this thesis involves experimentation in 
living animals. When animals are used for the benefit of 
humans, such as is the case in research, it is crucial that this is 
done in the most humane manner possible.  On the other hand, 
while we may be able to survive without eating animals, using 
their fur, using them for transportation purposes, sports and 
even their company, we are unlikely to understand devastating 
mental disorders without the use of experimental animals. 
Research with laboratory animals has already produced 
important discoveries, and helped develop treatments for mental 
disorders. However, unmet medical needs in this area continue 
to be extensive, and are unlikely to be addressed without 
research that uses experimental animals.  

Both scientists and governments in many countries promote 
best practice in animal experimentation. The ‘three Rs’, which 
were first described by Russell and Burch37, form the basis of 
the ethical laws in many countries:  

Reduce the number of animals tested, or obtain more 
information from the same animal.  
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Replace the animal models with alternative methods whenever 
possible (e.g., computer models, cell cultures) to achieve same 
scientific aim. 

Refine the methods used in order to reduce or eliminate 
discomfort and distress for the animals. 

 

1.4.2 Utility and validity of mouse models 

Brain structure and function vary along the phylogenetic scale 
and one of the most obvious differences is the increasing degree 
of corticalization from rodents to primates. Nevertheless, much 
of the fundamental neurocircuitry is conserved between species, 
allowing insights to be gained from experiments using rodents. 
For decades rats have been the species of choice in preclinical 
neuropsychopharmacology research. This is in part due to the 
reliability and relative ease with which invasive techniques, such 
as site-directed brain microinjections, can be applied to this 
species, in combination with a wide range of well established 
behavioral models. In the last decade, however, the use of mice 
in neuropsychiatric research has increased markedly. This has 
been spurred by the development and application of molecular 
techniques such as gene targeting, which offer the opportunity 
to study the role of specific gene products in a living animal 
within a controlled experimental environment. The use of mice 
has also practical and economic advantages with regard to 
breeding and housing. 

Of course, the mouse is not a miniature human. It is impossible 
to fully model the complexity of human neuropsychiatric disease 
in experimental animals. We can not ask a mouse how it feels or 
what it is thinking. Therefore, the utility and validity of mouse 
models must be evaluated based on objective criteria. The 
following criteria for the validity of approaches to modeling 
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human behavior in experimental animals have been proposed by 
Robbins and Sahakian38: 

1. Face validity: A model is said to have face validity if the 
behavior being measured "looks like" the human 
symptoms being modeled.  

2. Construct validity: Refers to how well the theoretical 
underpinnings of the model corresponds to those of the 
human condition. This cannot be established in a single 
experiment but rather accumulates with the result from 
many studies over time. 

3. Predictive validity: The extent to which a particular 
measure is able to predict future observations on some 
other dimension. The most relevant case of predictive 
validity in research using animal models is 
pharmacological validity, i.e. the ability of a drug effect 
in an animal model to predict the same effect in humans.  

 

1.4.3 Mouse behavioral tests for psychiatric 
disorders 

The early days of using genetically modified mice in behavioral 
work brought the experience that targeted mutations or 
overexpression models may affect behavior in non-specific 
ways. It has therefore become the consensus of the field that 
more than one task should be used before concluding specific 
effects of genetic modifications on a specific behavioral domain 
such as for instance anxiety- or depression-like phenotypes as 
these task also reflect different aspects of mood39.  
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1.4.4 Anxiety- and fear-related behaviors 

Direct exposure to threatening stimuli elicits coordinated and 
evolutionarily conserved patterns of responses that are 
conveniently grouped under the construct of fear. In contrast, 
anxiety is defined as the activation of fear in the absence of an 
actual threat, and is the hallmark of anxiety disorders in humans. 
It is, however, commonly thought that the same neurobiological 
systems mediate both normal fear and pathological anxiety, and 
rodent animal models of anxiety are often based upon what is 
known about the natural behavioral pattern of rodents. For 
instance, presumably because of a strong selection pressure on 
small pray animals to avoid exposure to predators, mice have an 
innate aversion to exposed and well-lit spaces. On the other 
hand, foraging for food requires exploration of the 
environment. 

Exploration-based tasks take advantage of the conflicting 
tendencies to approach versus avoid an area that could 
potentially be dangerous40. The aversive area can take different 
forms in different tests: the central area of a brightly lit open 
field (novel open field test)41; 42, open, elevated arms (elevated 
plus-maze)43, open, elevated quadrants (elevated zero-maze)44, a 
brightly lit compartment (light dark exploration test, 
dark/light emergence test)45; 46, a mirrored arena (mirrored 
chamber test)47, or a staircase (staircase test)48. High levels of 
exploration in an aversive environment are generally interpreted 
as low levels of anxiety-like behavior. As many anxiety disorders 
are characterized by an avoidance of perceived threat, these tests 
show face validity. More importantly, several of them have an 
extensively documented predictive validity as these avoidance 
behaviors can be reversed with common anxiolytics, such as 
benzodiazepines, while they are typically unaffected by 
psychotropic drugs that do not modulate anxiety in humans.  

These approach-avoidance based tests can however be 
confounded by defects of normal sensory, neurological and 
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motor functions49. A gene mutation can impair tactile and visual 
perception and thereby confound performance on these types of 
tasks. Measures such as general motor activity in any given task, 
for instance entries into the closed arms in the elevated plus-
maze, or in a familiar environment, like the home cage, can 
provide useful information on how to interpret the outcome of 
these paradigms50.  

Other alternatives to the approach-avoidance tests have been 
developed and commonly referred to as punishment-based 
conflict paradigms. The most frequently used task is the Vogel 
conflict test that was initially developed for rats51. Here water-
deprived animals are provided with water from a spout which 
occasionally will also deliver a mild shock. Common anxiolytics, 
like diazepam, will attenuate the shock-induced suppression of 
drinking51. This task has been successfully adapted to mice52-54, 
but its use in this species has not yet been widely reported.  

As exploration-based tasks can be confounded by effects on 
locomotion, tasks that are independent of locomotor activity 
can also be a useful complement in assessing anxiety-like 
behavior in mice. An activity-independent task, such as stress-
induced hyperthermia55, which measures innate responses in 
mice, is based on the increase in core body temperature and 
autonomic arousal after exposure to a mild stressor56, for 
example the insertion of a rectal temperature probe.  

The tasks listed above all rely on unconditioned behaviors. The 
fear conditioning paradigm is based on the classic work of 
Pavlov from early 1900’s57. It measures fear-related behavior 
induced by exposure to a previously neutral stimulus, such as a 
tone, that has become associated with an aversive stimulus, i.e. 
foot shock. The dependent outcome measure in this model is 
generally the amount of freezing, a species specific fear response 
in mice and rats. This paradigm has been critical for mapping 
out the circuitry that mediates fear learning and memory58.  
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1.4.5 Depression-related behaviors 

Inability to cope with stress has been suggested to be one of the 
manifestations of major depression. Several behavioral models 
of depression have therefore been based on the involvement of 
exposure to inescapable stress. The forced swim test (also 
known as Porsolt’s test) is probably the most widely used 
screening test for antidepressant activity59; 60. This test is based 
on the concept of behavioral despair when an animal is lowered 
into a confined space with tepid water. Initially, animals will 
vigorously try to escape. However, following variable intervals 
of time, these attempts will cease, and will be followed by 
immobility. This is typically interpreted as behavioral despair, 
and reduction of immobility time is observed following 
treatment with antidepressants. A related test is the tail 
suspension test, in which mice are hung upside-down by their 
tail, and also exhibit passive immobility after minutes of 
struggling61. Both of these tests have been shown to have 
predictive validity with common antidepressants. A limitation is 
that these tests are sensitive to acute antidepressant 
administration, whereas chronic treatment is required for 
therapeutic efficacy in humans. Novelty-induced hypophagia 
refers to the increased latency to eat a familiar food in a novel 
environment. Although primarily a model of anxiety, Dulawa 
and colleagues62 have shown this paradigm to be sensitive to 
chronic but not acute or subchronic antidepressant treatment63 
suggesting that it may be a useful test for depression-related 
behavior. 

A test that has increased in popularity as a model of depression 
is the chronic mild stress paradigm, which is based on the 
exposure to repeated unpredictable stressors, such as wet 
bedding, constant lighting and food deprivation64. This 
procedure has been shown to reduce hippocampal 
neurogenesis65; 66, induce immunological67; 68, neurochemical69 
and behavioral66; 70-73 alterations in mice which resemble many of 
those observed in depressed patients74. As many of these 
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behaviors can be rescued with chronic, but not acute, 
antidepressant treatment this model has been suggested to have 
face validity, predictive validity as well as construct validity75.  

 

1.4.6 Ethanol-related behaviors 

Voluntary consumption and self-administration paradigms are 
commonly used in the assessment of rewarding ethanol effects 
in rodents. Mice will spontaneously consume ethanol, although 
the amount consumed varies significantly between strains. A 
simple method to assess voluntary drinking is the two-bottle-
free-choice paradigm, where one bottle contains water and the 
other alcohol of various concentrations76. Under these 
conditions, consumption at higher ethanol concentrations can 
be driven by the pharmacological effects of ethanol, while 
consumption at lower concentrations can be driven by taste or 
calories77. 

Mice will also self-administer ethanol under operant conditions, 
again depending on strain. Operant paradigms require a 
behavioral response such as a lever-press or a nose-poke 
reinforced by ethanol, and are thought to more directly gauge 
motivation to obtain the drug than two-bottle drinking78. 
Conditioned place preference (CPP) is another reward-related 
paradigm where rodents are exposed to an apparatus that has 
two distinct environments. Mice are exposed to one distinct 
environment following ethanol treatment, while the other 
environment is paired with vehicle pretreatment. After a number 
of such conditioning sessions, preference for the ethanol-
associated environment is assessed under drug-free conditions 
as a measure of learned reward79. 

In humans, reduced sensitivity to acute ataxic and sedative 
effects of ethanol has considerable heritability, and has been 
linked to genetic risk for developing alcoholism80. A variety of 
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tests measure the sensitivity to the acute effects of ethanol in 
mice. These effects differ markedly depending upon dose. For 
example, and again depending on mouse strain, low doses (e.g., 
1 g/kg body weight) stimulate locomotor activity81, whereas 
higher doses induced ataxia (e.g., 2 g/kg body weight), and still 
higher doses (e.g., 3-4 g/kg body weight) produce 
sedation/sleep82. Potential differences in ethanol metabolism 
can affect the outcome on these and reward-related measures 
and should be examined separately to help interpret the 
pharmacodynamic effects of ethanol. 

 

1.4.7 Schizophrenia-related behaviors  

Schizophrenia is a uniquely human disorder, and it is impossible 
to model its full phenotypic spectrum in a mouse or a rat. For 
instance, subjective symptoms such as delusions and 
hallucinations can clearly not be modeled. Nonetheless, certain 
symptoms from each of the three main symptom categories can 
be modeled in rodents (Table 3). 

Among positive symptoms, a subset of schizophrenic patients 
exhibit psychomotor agitation - hyperactivity or increased 
stereotypic movements83. Locomotor hyperactivity is readily 
assayed in rodents. Drugs such as ketamine, phencyclidine 
(PCP) and amphetamine can induce a psychotic state in healthy 
subjects and provoke relapse in patients with schizophrenia84; 85. 
Since these drugs can also induce locomotor hyperactivity in 
both humans, rats and mice, ability of candidate medications to 
inhibit PCP- or amphetamine-induced hyperlocomotion by 
them has been widely used to screen for antipsychotic activity of 
candidate medications86.  

Among negative symptoms, social withdrawal can be measured 
in mice via tests of social interaction86. Here the test mouse is 
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Table 3. Rodent behavioral measures relevant to symptoms 
of schizophrenia. 

Category Clinical 
Manifestation 

Behavioral measure

Positive 
symptoms 

Psychomotor agitation Increased locomotor activity in response to 
novelty or stress. 

 Increased sensitivity to 
psychostimulants 

Increased locomotor activity in response to 
NMDA receptor antagonists (such as MK-
801, PCP, ketamine). 

  Increased locomotor activity in response to 
amphetamine. 

Negative 
symptoms 

Social withdrawal Decreased interaction with conspecific. 

  Decreased preference for caged social 
stimulus. 

  Decreased preference for novel social 
stimulus. 

  Altered social dominance. 

  Decreased nesting behavior. 

 Anhedonia Decreased reinforcing properties of drugs of 
abuse or natural reward. 

Cognitive 
symptom 

Memory deficit Decreased spatial learning in Morris water 
maze, 8-arm radial maze. 

  Impairment in non-spatial operant learning. 

 Attentional deficit Deficit in pre-attentive processes such as 
prepulse inhibition. 

  Decreased latent inhibition. 

  Deficit in 5-choice serial reaction time test (5-
CSRTT). 

 Executive function Impaired extra-dimensional set-shifting. 

  Increased perseveration to stimuli in reversal 
learning. 
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allowed to interact with an unfamiliar mouse that is either freely 
moving87 or trapped in a wire-bar cage88; 89. When a sheet of 
cotton is introduced to the home cage mice typically shred the 
material to build a nest90; 91. This is considered to be a 
cooperative and “social” activity, and thus a measure of social 
behavior92. Reduced nesting behavior has therefore been 
another proposed index of social behavior in rodents. Finally, 
loss of pleasure in normally pleasurable activities (anhedonia) is 
commonly measured by loss of the normal preference for 
sucrose-containing solutions in mice91. 

Rodent tests for the cognitive/executive component of 
schizophrenia include a wide variety of maze- and operant-based 
assays for working memory, reversal learning and extra-
dimensional set-shifting and attention in the 5-choice serial 
reaction time task86. Sensorimotor gating, as measured by 
prepulse inhibition of startle, can also be included in this 
category93. 

 

1.5 NEUROPEPTIDE Y IN DEPRESSION AND 
ANXIETY 

Neuropeptides are short-chained amino acid neurotransmitters 
that are commonly co-localized with amino acids and biogenic 
amines. Neuropeptides including neuropeptide Y (NPY), 
galanin, vasopressin, substance S, and corticotropin-releasing 
hormone (CRH) have been studied for their potential 
involvement in the pathophysiology of mood and anxiety 
disorders94. This interest has stemmed from their expression in 
brain regions involved in emotional processing, interesting 
modulatory action on neurotransmission and the fact that 
certain neuropeptides, including NPY and galanin, are 
preferentially released at high firing frequencies, suggesting a 
role as ‘alarm systems’ under conditions of stress95. 
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One of the most abundant neuropeptides in the brain is NPY, a 
36-amino acid peptide belonging to the family of pancreatic 
peptides. NPY is evolutionarily highly conserved96, implying an 
important functional role. It is expressed throughout the 
peripheral and central nervous system97 and can be found at 
high concentrations in brain areas such as the hypothalamus, 
basal ganglia, hippocampus, amygdala, and thalamus98; 99 where it 
exerts important roles in feeding, seizure activity, cognition and 
emotion100; 101. To date, four G-protein coupled NPY receptors 
have been cloned in mammals (Y1, Y2, Y4, Y5), all with a 
unique profile and distribution102. While Y4 is found mostly in 
peripheral tissue, Y1, Y2 and Y5 receptor subtypes mediate the 
central nervous system (CNS) effects of NPY. Y5 receptors 
have a distribution and functional profile that overlap with those 
of Y1 receptors while Y2 receptor mRNA is distinct from that 
of Y1 and Y5102. Y2 receptors are distinct in that they can act as 
presynaptic NPY autoreceptors, where blockade potentiates the 
release of endogenous NPY.  

Administration of NPY has been demonstrated to decrease 
anxiety-like behavior in rats on a variety of tasks, including the 
elevated plus-maze, Vogel conflict test, fear potentiated startle, 
and fear conditioned responses in rats103-106, while mutant mice 
lacking NPY exhibit increased anxiety-like behavior on some 
tests and under some conditions107; 108. NPY is expressed and 
released following stress, and attenuates its behavioral 
consequences109; 110, suggesting that NPY could be recruited to 
mitigate the effects of prolonged stress. In agreement with this 
notion, central overexpression of NPY suppresses the 
anxiogenic responses to stress in transgenic rats111. The 
mechanism by which NPY exerts anti-stress effects remains 
unclear but might be related to inhibition of glutamate release112, 
suppression of CRH release113 and potentiation of GABA-
mediated neurotransmission114. 

The pronounced anti-anxiety actions of NPY have been 
suggested to be mediated via the Y1 receptor105; 115 although 
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activation of both Y1 and Y5 receptors in the amygdala was 
reported to produce an anxiolytic-like effect in rats105; 116. So far 
only one study using Y1 receptor knockout mice has studied 
anxiety-like behavior, and reported results that were highly 
dependent on both task and circadian rhythm117. Thus, when the 
studies presented here were initiated, the role of the Y1 receptor 
in anxiety remained to be established.  

Human studies have reported decreased levels of NPY in the 
cerebrospinal fluid (CSF) of patients with major depression118-120, 
which were elevated after chronic antidepressant treatment121 
and electroconvulsive therapy (ECT)122. Furthermore, an 
association study showed a haplotype block of the preproNPY 
gene carrying a functional -399T->C substitution to be 
associated with late onset alcoholism, the clinical subtype of 
alcoholism that is characterized by high trait anxiety20. In a 
preliminary analysis, this variant was also found to represent a 
vulnerability factor for depression by the study cite above which 
reported decreased NPY levels in depressed patients. Finally, the 
functional importance of NPY and its genetic variation for 
stress responses in humans was elegantly demonstrated recently 
using a range of approaches including functional brain 
imaging123.  

In rodent studies, the Flinders Sensitive Line (FSL) and Fawn 
Hooded (FW) rat models of depression both exhibit 
significantly reduced baseline level of NPY in the 
hippocampus124-126, compared to controls. The specificity of 
hippocampal NPY changes for depression-related behaviors in 
these lines was further supported by the potentiation of NPY 
levels in this structure after ECT124; 127 showing that increased 
NPY reversed the phenotype. Decreased Y1 receptor mRNA 
expression has also been found in the hippocampus of FSL 
rats125. This is in line with pharmacological studies 
demonstrating that Y1 antagonism blocks the antidepressant-
like effect of a Y1 agonist128; 129. Finally, NPY Y1 receptors have 
been suggested to modulate hippocampal neurogenesis130; 131. 
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These data could potentially link the role of the Y1 receptor in 
depression-related behavior with antidepressant drug effects. 

 

1.6 GLUTAMATE AND THE GLUTAMATE 
TRANSPORTER, GLAST IN ANXIETY, 
ALCOHOLISM AND SCHIZOPHRENIA 

Glutamate (glutamic acid) is one of the twenty naturally 
occurring amino acids, and is the major excitatory 
neurotransmitter in the brain. Glutamate exerts its action 
through ligand-gated ion channel (ionotropic) receptors, N-
methyl-D-aspartate (NMDA), kainate, and -amino-3-hydroxy-
5-methyl-4-isoxazole propionic acid (AMPA): and through G-
protein coupled metabotropic glutamate (mGlu) receptors 1-8. 
These are widely distributed throughout the brain although 
density is highest in the forebrain areas132; 133. Glutamate is 
neurotoxic at high concentrations, and its synaptic 
concentration is therefore tightly controlled. Following release, 
it is rapidly eliminated from the synaptic cleft by five different 
glutamate transporters (EAAT1-5). GLAST (EAAT1) and 
GLT-1 (EAAT2) appear to clear the majority of synaptic 
glutamate and are predominantly found in glia, whereas EAAC1 
(EAAT3), EAAT4 and EAAT5 are expressed in neurons 
throughout the brain134. Glutamate is a particularly important 
regulator of learning and memory but also implicated in the 
pathophysiology of major psychiatric disorders, including mood 
and anxiety disorders, alcoholism and schizophrenia.  

In rodents, exposure to stress produces a robust increase in 
glutamate release in forebrain regions including the 
hippocampus and prefrontal cortex (PFC)135-137. While findings 
have not been consistent, elevated glutamate levels have also 
been found in patients with mood disorders138. More specifically, 
there is broad glial cell loss139; 140 and reduced expression of the 
astrocytic glutamate transporters EAAT1 and EAAT2 in frontal 
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regions of individuals with major depression141 which could 
cause glutamatergic dysregulation. In agreement with this, 
riluzole, an antiglutamatergic compound know to enhance 
glutamate transporter expression142 and glutamate transporter 
activity143, has also been demonstrated to have antidepressant-
like effects in rodents142 and antidepressant activity in humans144.  

The natural history of alcoholism is characterized by years of 
cycles consisting of alcohol intoxication, withdrawal, abstinence, 
and relapse. In vivo microdialysis studies in rats exposed to 
repeated cycles of ethanol exposure demonstrate that this 
cycling leads to an increase in extracellular glutamate levels145. 
This ‘hyperglutamatergic state’ has been hypothesized to be due 
in part to a decreased function of glutamate transporters146. In 
support of the hyperglutamatergic model, a recent study found 
that mice with a targeted mutation of the clock gene Per2 had 
increased levels of glutamate in the ventral striatum, driven by 
impaired expression of GLAST147. These mice exhibited 
increased voluntary ethanol consumption. Moreover, both the 
elevated glutamate levels and the excessive ethanol consumption 
were normalized by acamprosate administration. It has therefore 
been hypothesized that inhibition or downregulation of GLAST 
would mimic the hyperglutamatergic state seen after withdrawal 
from chronic cyclical ethanol exposure. However, GLAST is 
overexpressed in PFC of alcoholics148-150. These seemingly 
paradoxical observations could possibly reflect that the 
hyperglutamatergic state caused by chronic ethanol exposure is 
driven by other mechanisms, and that GLAST expression is 
recruited in an attempt to buffer elevated extracellular glutamate 
levels. 

Healthy people experience transient psychotic symptoms similar 
to those of schizophrenia after administration of a NMDA 
antagonist such as ketamine or phencyclidine (PCP), and 
patients with schizophrenia experience exacerbated psychosis 
after these treatments84; 85. This has supported a model of 
NMDAR receptor hypofunction in schizophrenia151. Genetic 
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analysis in humans has suggested an association between some 
NMDA receptor gene polymorphisms and schizophrenia 152; 153, 
(but see154; 155) and post-mortem studies has revealed 
abnormalities in both NMDA receptor subunits and proteins 
associated with the NMDA receptor, although results have been 
somewhat inconsistent156. 

Various rat and mouse models have demonstrated that deletion 
or blockade of NMDA receptors causes schizophrenia-related 
phenotypes157-159. Moreover, recent studies have demonstrated 
that NMDA receptor blockade inhibits GABAergic 
interneurons in the PFC which in turn leads to disinhibition of 
glutamatergic pyramidal neurons and elevates glutamate levels in 
this region160-164, and therefore increase glutamatergic output to 
projection areas such as the striatum. Interestingly, elevated 
glutamate levels in the PFC are attenuated by activation of the 
presynaptic mGlu2/3 receptors164. This mechanism shows 
antipsychotic-like activity in that it reduces PCP-induced 
hyperlocomotion in animals164; 165, and was recently 
demonstrated to be effective in treating human schizophrenia166. 

Increased glutamate levels could be due to a deficit in glutamate 
uptake by the one or several glutamate transporters. Post-
mortem studies have shown inconsistencies with regard to 
expression and protein levels of glutamate transporters in the 
brains of patients with schizophrenia167-169. However, a recent 
genetic study looking at rare structural variants in patients with 
schizophrenia revealed glutamate transporter GLAST (EAAT1) 
to be partially deleted170. Beyond this the role of GLAST in 
schizophrenia is unclear. 
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2 AIMS OF THE THESIS 

AIM I: To study the pharmacological effects of NPY, and role 
of the NPY Y1 receptor, in mediating anxiety- and depression-
like behavior in mice.  

SPECIFIC AIMS: 

• To study the anxiolytic-like effects of 
intracerebroventricular administration of NPY and 
galanin in C57BL/6J mice (Paper I). 

• To investigate the role of NPY Y1 receptor in mediating 
the anxiety- and depression-like effects of NPY, using 
NPY Y1 receptor knockout mice (Paper II).  

 

AIM II: To study the role of the glutamate transporter, 
GLAST, in mice with focus on behaviors related to mood, 
schizophrenia and alcoholism. 

SPECIFIC AIMS: 

• To study the consequences of a constitutive loss of 
glutamate transporter GLAST for anxiety-like behaviors 
in mice (Preliminary data). 

• To study the consequences of constitutive loss of 
glutamate transporter GLAST for ethanol-related 
behaviors (Paper III). 

• To study the consequences of constitutive loss of 
glutamate transporter GLAST for schizophrenia-related 
behaviors in mice (Paper IV and V). 
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3 MATERIAL AND METHODS 

Detailed procedures of methods can be found in Paper I-V. 

3.1 ANIMAL EXPERIMENTS 

Animals 

For experiments conducted in Paper I and IV, male C57BL6/J 
mice were obtained from The Jackson Laboratory, Bar Harbor, 
ME, USA. 

NPY Y1R knockout mice used in Paper II were kindly 
contributed by Professor Patrik Ernfors at the Karolinska 
Institute, Stockholm, Sweden. These mice were generated as 
previously described by Naveilhan and colleagues171 and for the 
current study backcrossed into C57BL/6/Sca for 7 generations. 

Glutamate-aspartate transporter (GLAST) knockout mice used 
in Papers III, IV and V were obtained from Dr Jeffrey 
Rothstein at the John Hopkins University, Baltimore, MD, USA. 
These mice were generated as previously described by Watase 
and colleagues172. The GLAST mutant mice have been 
backcrossed on a C57BL/6J background. Unfortunately, our 
collaborators do not know how many generations this mutation 
has been backcrossed into C57BL/6J. 

To avoid phenotypic abnormalities resulting from potential 
genotypic differences in maternal behavior and early life 
environment173, knockout, heterozygous and wild-type mice 
were all generated from heterozygous × heterozygous matings. 
Ear punches were obtained for genotyping and mice were 
identified by tail- or toe-tattoos or had subcutaneously 
implanted microchips at 14 days of age. At weaning, mice were 
housed in groups of 1-4 per cage in a temperature- and 
humidity-controlled vivarium, under 12-hr light/dark cycle 
(lights on 0600 h), with ad libitum access to food and water. Both 
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males and females were used in the experiments unless 
otherwise stated. 

General behavioral procedures 

For most procedures, mice were acclimated to the test room for 
1 hr prior to testing. In order to prevent outside noise from 
influencing behavior, a noise generator created a constant white 
background noise of 65dB. Apparatuses were cleaned with 70% 
ethanol after each subject. All experimental procedures were 
approved by the National Institute of Mental Health and 
National Institute of Alcohol Abuse and Alcoholism Animal 
Care and Use Committee and followed the NIH guidelines 
‘Using Animals in Intramural Research.’ 

Functional observational battery 

To ensure that NPY Y1 and GLAST mutations did not result in 
non-specific disruption of sensory or neurological functions, 
which could confound performance on some of the specific 
behavioral tests, mice were evaluated using a functional 
observational battery. A more detailed procedure can be found 
in Paper II and V.  

Fear- and anxiety-related behaviors 

Spontaneous anxiety-like behaviors were assessed in Paper I, II 
and in preliminary data for GLAST knockout mice. We used the 
novel open field, elevated plus-maze and light-dark exploration 
test. To test for learned fear we used Pavlovian fear 
conditioning. 

Given the observation of locomotor hyperactivity in GLAST 
knockout mice (as discussed below) we also assessed anxiety-
related behavior in these mice via stress-induced hypothermia. 
Briefly, mice were singly housed 24 h prior to testing. Testing 
was conducted at around 1400 hr, at which time rectal 
temperature was measured by inserting a Thermalert TH-5 
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thermometer (Physitemp, Clifton, NJ, USA) 2 cm into the 
rectum and a stable reading was given for 10 sec. Rectal 
temperature was measured to the nearest 0.1°C. Measurement 
was done twice in each mouse i.e., at t=0 (T1) and t=+10 min 
(T2). The difference in temperature (T2-T1) was taken as the 
index of stress-induced hypothermia. 

Exposure to stress has been shown to increase extracellular 
glutamate in the rat forebrain135; 137; 174; 175. We asked whether loss 
of extracellular glutamate reuptake in GLAST knockout mice 
would affect the consequences of chronic exposure to stress. 
Briefly, we used a chronic restraint stress regime in which mice 
were placed in ventilated 50 mL Falcon tubes for 2 hr/day (1000 
– 1200 hr) for 10 consecutive days in a separate room from non-
stressed controls (which remained undisturbed in the home 
cage). To provide a systemic measure of the effects of the 
stressor73; 176 body weight was measured before and after 10-day 
stress regime, and the stress-induced percent change in body 
weight normalized to the change in weight in non-stressed 
controls over the same period (change in non-stressed minus 
change in stressed). 

One day after the final stress episode, stressed mice and controls 
were tested for anxiety-like behavior using the dark-light 
emergence test as previously described177; 178. Briefly, the mouse 
was placed in an opaque black Plexiglas shelter (39 x 13 x 16 
cm) that opened, via a 13 x 8 cm aperture at floor level, onto a 
larger white Plexiglas square arena (39 x 39 x 35 cm) illuminated 
to ~90 lux. The percent of time in a 15-min session spent in the 
open arena, and the number of shelter-arena transitions were 
recorded by video-tracking software (Ethovision, Noldus 
Information Technology, Leesburg, VA, USA).  

Depression-related behaviors 

Depression-related behavior was assessed using the forced swim 
test to evaluate the antidepressant-related effects of acute 
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fluoxetine treatment in Paper II. The novelty-induced 
hypophagia test was also used in this paper to assess the 
antidepressant-like effects of chronic fluoxetine treatment. 

Ethanol-related behaviors 

In Paper III, two-bottle free choice drinking and ethanol 
conditioned place preference for ethanol were used to assess 
ethanol reward in the GLAST knockout mice. Sensitivity to 
acute ethanol effects was also measured via ethanol-induced 
locomotor activity, ataxia, hypothermia and loss of righting 
reflex.  

Schizophrenia-related behaviors 

Behaviors relevant to the positive symptoms of schizophrenia 
(i.e., novelty- and psychotomimetic-induced locomotor 
hyperactivity) were assessed using the novel open field in Paper 
IV. Behaviors relevant to the negative and cognitive symptoms 
of schizophrenia were assessed in Paper V via the sociability and 
social novelty preference test and free social paradigm, and 
analysis of nesting behavior, anhedonia, prepulse inhibition of 
startle and operant-based reinforcement, extinction, 
discrimination, and reversal tests. 

 

3.2 DRUGS 

NPY administered into the periphery does not cross the blood-
brain-barrier. In Papers I and II the effects of NPY on behavior 
were assessed via delivery directly to the lateral ventricles via an 
indwelling cannula. A more detailed description of this 
procedure can be found in Papers I and II. NPY (American 
Peptide, Sunnyvale, CA, USA) and galanin (American Peptide, 
Sunnyvale, CA, USA) were dissolved in deionized water and 
administered into the lateral ventricles in a volume of 0.5 L.  
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Fluoxetine hydrochloride (LKT Laboratories Inc, St. Paul, MN, 
USA) acutely administered in Paper II was dissolved in 0.9% 
saline and injected intraperitoneally in a volume of 10 ml/kg 
body weight. For chronic treatment in the same paper, 
fluoxetine was made available ad libitum in the drinking water in 
bottles covered with aluminum foil to protect the drug from 
light. Drug concentration was determined from average daily 
water consumption and average body weight for each genotype 
to achieve the desired dose of 10 mg/kg/day, which produces 
brain concentrations in the clinical range62. In Paper IV we used 
phencyclidine (Sigma, St. Louis, MO, USA), MK-801 (Sigma, St. 
Louis, MO, USA) and haloperidol hydrochloride (Sigma, St. 
Louis, MO, USA) which were dissolved in 0.9% saline and 
injected intraperitoneally in a volume of 10 ml/kg body weight. 
The mGlu2/3 agonist, LY379268 (ToCris, Ellisville, MI, USA), 
was used in Paper IV and V and dissolved in 0.9% saline (pH 
adjusted using 1M NaOH) and injected intraperitoneally in a 
volume of 10 ml/kg.  

 

3.3 HIPPOCAMPAL NEUROGENESIS 

In Paper II fluoxetine-induced hippocampal neurogenesis was 
assessed by injecting 5'-bromo-2'-deoxyuridine (BrdU, 10 
mg/ml in 0.007 N NaOH/0.9% saline) intraperitoneally at a 
dose of 200 mg/kg body weight, on day 30 of fluoxetine 
treatment. 

 

3.4 STATISTICAL ANALYSIS 

Data were analyzed using analysis of variance (ANOVA) 
followed by Newman-Keuls post hoc tests, or using 
nonparametric Kruskal-Wallis ANOVA if data did not meet 
parametric assumptions. To determine the effects of sex, drug 
treatment, stress or social stimulus a two-way ANOVA was used 



38  38

and the effects of time or trial were analyzed using repeated-
measures ANOVA. Survival analysis was conducted using 
Mantel-Cox test.  
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4 RESULTS AND DISCUSSION 

4.1 ANXIOLYTIC-LIKE ACTIONS OF CENTRALLY 
ADMINISTERED NPY IN C57BL6/J MICE 
(PAPER I)  

Various stress- and anxiety-related behaviors have been shown 
to be mediated by administration of NPY and galanin103-106; 179; 180. 
However, these data have been mainly based on studies in rats. 
Due to the extensive use of mutant mouse models in the study 
of these behaviors, the purpose of this study was to confirm 
these effects in C57BL/6J inbred strain of mice, as this is a 
commonly used background strain in behavioral studies.  

The anxiolytic-like effects of NPY were consistent with what 
has previously been seen in rats103-106. Two different doses of 
NPY, administered into the ventricles, produced a robust 
anxiolytic-like behavior in the elevated plus-maze and 
light dark exploration test. NPY did however not induce any 
change in anxiety-like behavior in the open field, presumably 
due to the relative insensitivity of this test to anxiolytic effects181. 
When administered prior to training, NPY also reduced the fear 
response to a conditioned cue in the Pavlovian fear conditioning 
paradigm.  

In contrast to anxiolytic-like response produced by NPY, 
intracerebroventricular (i.c.v) administration of galanin failed to 
alter anxiety-like behavior in mice under baseline conditions, 
which is consistent with what has been seen in transgenic mice 
overexpressing galanin182; 183. 
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4.2 ANXIOLYTIC-LIKE ACTIONS OF NPY ARE 
DEPENDENT ON THE NPY Y1 RECEPTOR 
(PAPER II) 

Pharmacological studies have suggested that the anxiolytic- and 
depressant-like effect of NPY would be mediated through the 
NPY Y1 receptor105; 115; 128; 129. However due to the limited 
selectivity of pharmacological NPY receptor agonists / 
antagonists this has remained an unresolved question. Mice 
deficient of the NPY Y1 receptor therefore offer an attractive 
tool for elucidating this question.  

NPY Y1 knockout mice showed no overt baseline anxiety-like 
phenotype in the same tests which we had previously 
demonstrated sensitivity to the anxiolytic-like effects of 
exogenous NPY (Paper I). This is somewhat contradictory to 
previous findings which have shown altered anxiety-like 
behavior in NPY Y1 deficient mice, although those findings 
were dependent on task and time of testing within the circadian 
rhythm117. More importantly, however, while central 
administration of NPY produced a robust decrease in anxiety-
like behavior in wild-type controls, this was absent in the NPY 
Y1 receptor mutant mice (Figure 1), demonstrating that the 
NPY Y1 receptor is in fact necessary for the anxiolytic-like 
response to NPY. 

Increased depression-like behavior has previously been shown 
after pharmacological blockade of NPY Y1 receptor128; 129 which 
was further supported by an increase in baseline depression-like 
behavior in NPY Y1 receptor mutant mice. The antidepressant 
effect of both acute and chronic fluoxetine administration was 
intact in the NPY Y1 receptor knockout mice. Thus, these 
treatments rescued the depression-like phenotype in both the 
forced swim test and novelty-induced hypophagia test 
respectively, indicating an intact sensitivity to antidepressants.  
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Figure 1. Anxiolytic-like effect of NPY is lacking in NPY Y1 receptor 
knockout mice. Administration of two doses of NPY into the lateral 
ventricle significantly increased percent open arm time in wild-type treated 
mice but not in NPY Y1 receptor knockout mice. *P<0.05, **P<0.01 vs. 
wild-type/vehicle. WT=wild-type, KO=knockout. 

 

It has been suggested that hippocampal neurogenesis is required 
for the behavioral effects of chronic antidepressant treatment12, 
and recent studies have suggested a possible involvement of 
NPY and NPY Y1 receptors in this mechanism130; 131. However, 
we found that deletion of the NPY Y1 receptor did not disrupt 
either baseline dentate stem cell proliferation, or the increase in 
their dentate granule cell proliferation induced by chronic 
fluoxetine administration. This demonstrated that fluoxetine-
induced hippocampal neurogenesis is independent of NPY Y1 
receptor, and that antidepressant-like effects of the NPY are not 
mediated by modulation of hippocampal neurogenesis. 

The unexpected lack of baseline increase in anxiety-like behavior 
in the NPY Y1 mutants could potentially be related to their 
C57BL/6 genetic background. Several comparative studies using 
inbred strains have demonstrated significant differences in 
emotionality-related behaviors184-187. Mouse strains like 
C57BL/6J and FVB/NJ are low-anxiety-like strains whereas for 
instance 129Sv/J, BALB/CJ and DBA2/J mice are considered 
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to be high-anxiety-like strains184. Neuropeptide systems are 
considered to act as “alarm systems” that are activated during 
conditions of high fear or chronic stress95; 188. It is therefore 
possible that in a low-anxiety-like strain, like the C57BL/6, our 
test conditions were not sufficient to trigger NPY release. As an 
important note in this context, low release of endogenous NPY 
in amygdala189, a region highly relevant to anxiety, has been 
demonstrated in C57BL/6J compared to DBA/2J. This could 
also explain the discrepancy in baseline anxiety-like behavior 
with NPY Y1 knockout mice on a C57BL/6J x 129/SvJ mixed 
background strain used by Karl and colleagues117.  

 

4.3 NORMAL ANXIETY-LIKE BEHAVIOR IN 
GLUTAMATE TRANSPORTER (GLAST) 
KNOCKOUT MICE (PRELIMINARY DATA) 

There is evidence of glutamatergic dysfunction in mood and 
anxiety disorders. For example, abnormal expression of 
glutamate, its receptors and transporters have been found in 
anxious and depressed patients141; 190-192. Modulating glutamate 
signaling by targeting glutamate transporters could therefore 
provide a mechanism for altering mood. In the current study, 
there were no significant differences in baseline anxiety-like 
behavior in glutamate transporter, GLAST, mutant mice when 
compared to WT controls (Table 4).  

Exposure to stress elevates glutamate release in the rat 
forebrain135; 137; 174; 175. We therefore wondered whether effects of 
GLAST knockout would become apparent after exposure to 
stress. We subjected mice to a 10-day restraint stress regime, 
that has previously been shown to produce increases in 
corticosterone in C57BL/6J mice193, and produce neuronal 
morphological changes in the hippocampus and basolateral 
amygdala of both rats and mice194; 195. The stress procedure did 
appear to affect the well-being of the mice as it significantly  
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Table 4. Baseline anxiety-related behaviors in GLAST KO 
mice. Anxiety-like behavior in the elevated plus-maze, 
light dark exploration test, dark/light emergence test and 
stress-induced hypothermia were no different between 
genotypes.  n=11-19/genotype.  

 
 WT HET KO 

Elevated plus-maze    
% open time 7.6 ±1.6 5.4 ±1.0 3.9 ±1.4 
% open entries 22.3 ±3.0 17.2 ±1.7 13.9 ±3.2 
Closed entries 15.0 ±1.2 17.0 ±0.6 14.6 ±2.2 
    
Light dark exploration test    
% time in light compartment 32.1 ±2.2 42.0 ±3.2 34.0 ±3.3 
Total transitions 34.8 ±2.4 40.1 ±2.4 39.4 ±5.2 
    
Dark/light emergence test    
% time outside shelter 12.5 ±2.9 12.2 ±3.4 8.8 ±2.9 
Total transitions 16.7 ±2.8 20.5 ±3.9 12.3 ±2.3 
    
Stress-induced hypothermia    
Delta T 0.60 ±0.20 0.53 ±0.13 0.74 ±0.16 
T1 36.4 ±0.2 36.7 ±0.1 36.2 ±0.2 
 

 

affected their body weights (Figure 2A). Overall GLAST 
knockout mice showed increased anxiety-like behavior in this 
test, although this was independent of stress (Figure 2B). 
Instead, a clear anxiolytic-like behavior was seen in mice that 
had undergone stress. This may seem somewhat paradoxical, but 
a recent study in our laboratory has shown that the anxiety-like 
effects of the same stress paradigm may be strain dependent 
(unpublished observations) where C57BL/6J strains respond  
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Figure 2. Effects of chronic restraint stress on body weight and 
anxiety-like behavior in GLAST knockout mice. Body weight decreased 
in all genotypes following 10-days of chronic restraint stress (A). Overall, 
GLAST knockout mice showed a decreased time spent outside the shelter 
although chronic restraint stress increased time spent outside shelter in all 
genotypes (B). *P<0.05 vs. wild-type, **P<0.01 vs. controls. WT=wild-type, 
HET=heterozygous, KO=knockout.  

 

with decreased anxiety-like behavior compared to for instance 
DBA/2J, which show a robust anxiogenic-like behavior after 
stress. In conclusion, however, these data did not provide 
evidence that loss of GLAST increased anxiety-like behavior 

 

4.4 REDUCED VOLUNTARY ETHANOL 
CONSUMPTION AND ETHANOL REWARD IN 
GLUTAMATE TRANSPORTER (GLAST) 
KNOCKOUT MICE (PAPER III) 

Based on literature reviewed in the Introduction, we had 
hypothesized that a deletion of GLAST would mimic the 
increase in glutamatergic tone thought to be an integral part of 
pathophysiological mechanisms in alcoholism. However, 
contrary to what was expected, the deletion of GLAST instead 
attenuated ethanol consumption and reward. Specifically, 
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Figure 3. GLAST knockout mice show decreased rewarding effects of 
ethanol. GLAST knockout mice showed decreased ethanol consumption 
(A). Wild-type and heterozygous mice spent significantly more time on the 
ethanol-paired side during testing, whilst GLAST knockout mice did not 
show any side preference (B). **P<0.01. WT=wild-type, 
HET=heterozygous, KO=knockout 

 

consumption of ethanol in a two-bottle free choice access 
paradigm was unaffected by genotype up to ethanol 
concentration around 8%, but was markedly decreased at higher 
concentrations (Figure 3A) that have been shown to be 
pharmacologically relevant196. Furthermore, GLAST mutant 
mice demonstrated lack of place preference for ethanol in the 
CPP paradigm (Figure 3B). The latter observation could 
potentially be due to a more general deficit in contextual 
learning. While previous findings showed GLAST knockout to 
exhibit normal spatial learning197 we recently demonstrated 
GLAST knockout mice to have a partial deficit in pairwise 
discrimination learning in an operant visual discrimination task 
but no impairment in a more simple acquisition/extinction 
instrumental paradigm (Paper V). In Paper III, we used a 
Pavlovian fear conditioning paradigm to show that GLAST 
knockout mice have normal ability to form context associations. 
The failure to show CPP for ethanol can therefore not be 
accounted for by a deficit in associative learning. Increased 
locomotor activity during the test trial, which was also evident in 
the GLAST mutant mice, is another parameter that possibly 
could influence the expression of CPP198. Low activity levels are 
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often associated with stronger expression of place preference198-

202. However, GLAST mutants did not display this inverse 
negative correlation, indicating that a heightened activity was not 
contributing to the lack of place preference. It could be argued 
that a decreased sensitivity to the ethanol dose used in this study 
could explain this lack of association between activity and 
preference. Instead, however, the dose of ethanol used in the 
CPP in fact increase locomotor activity in the GLAST 
knockouts. 

While an increased locomotor response to ethanol was found in 
the GLAST mutants, the sensitivity to the ataxic, hypothermic 
and sedative/hypnotic effects of ethanol was not different 
between genotypes. 

In summary, these results were unexpected with regard to the 
main outcome measures, i.e., voluntary ethanol intake and CPP 
for ethanol. These findings are likely to be the result of 
compensatory changes in response to a loss of function during 
critical developmental periods203. Identifying the underlying 
compensatory mechanisms could provide novel insight into a 
mechanism that mediates reduced ethanol reward, and will be 
the objective in future studies. 

 

4.5 SCHIZOPHRENIA-RELATED BEHAVIORS IN 
GLUTAMATE TRANSPORTER (GLAST) 
KNOCKOUT MICE (PAPERS IV AND V) 

While glutamatergic neurotransmission has been increasingly 
implicated in the pathophysiology of schizophrenia204, little is 
known about the involvement of glutamate transporters in this 
disease. Due to the lack of selective pharmacological tools that 
block these transporters, there have been few studies using 
rodent models. Mice deficient in the glutamate transporter, 
GLAST, demonstrated a robust increase in locomotor activity in 
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the novel open field (Figure 4A), but not in a familiar home cage 
environment (Figure 4B), as well as an increased sensitivity to 
the NMDA antagonist MK-801 (Figure 4C). Interestingly, this 
increase in sensitivity was also seen after a low dose of ethanol 
both in the open field and in the ethanol-induced place 
preference conditioning (Paper III). This could perhaps be due 
to ethanol’s ability to inhibit the NMDA receptor205; 206 and is in 
line with reports of increases in the positive psychotic symptoms 
in schizophrenic patients receiving alcohol207. 

These findings demonstrate that GLAST knockout mice display 
phenotypic features relevant to the positive symptoms of 
schizophrenia. A possible mechanistic explanation for this stems 
from recent data from pharmacological and electrophysiological  
 

 

Figure 4. Locomotor hyperactivity in GLAST knockout mice. GLAST 
knockout mice show increased locomotor activity in the novel open field (A) 
but not in, a familiar environment, like the home-cage (B). Treatment with 
0.2 mg/kg MK-801 produced a significantly greater increase in open field 
locomotor activity in GLAST knockout mice than wild-type controls (C). 
Treatment with 1 mg/kg mGlu2/3 agonist, LY379268, attenuated the 
hyperactivity in GLAST knockout mice (D). *P<0.05 vs. wild-type/same 
treatment. ##P<0.01 vs. wild-type/same treatment. WT=wild-type, 
HET=heterozygous, KO=knockout. 



48  48

studies in rats. These data suggest that the psychotomimetic 
effects of NMDA receptor antagonists result from blockade of 
NMDA receptors on GABAergic interneurons in the PFC. This 
causes disinhibition and results in overexcitation of 
glutamatergic pyramidal output neurons in this region160-162. We 
hypothesized that loss of glutamate reuptake may have the same 
net effect. Our finding that LY379268, which increases 
presynaptic inhibition of glutamate release164, rescues the 
GLAST knockout phenotype (Figure 4D) supports this 
hypothesis. We point out, however, that increased extracellular 
levels of glutamate in the GLAST knockout mice have not yet 
been confirmed.  

Whereas typical antipsychotics, like haloperidol, have been 
shown to attenuate positive symptoms of schizophrenia, they 
have poor efficacy on the negative and cognitive domains of the 
disease. As more evidence has been provided that these 
behaviors are partially mediated through prefrontal areas208 it 
seems likely that glutamatergic neurotransmission could play a 
key role. Several studies have implicated glutamatergic function 
to be involved in social behavior209-211, although the effects of 
the mGlu2/3 agonist on social behavior remains to be 
elucidated. Our studies showed GLAST mutant mice to have 
abnormal social behavior. This was evident both in terms of 
sociability, the lack of preference for social stimulus over an 
inanimate stimulus, and a lesser degree of social novelty 
preference in the GLAST mutants compared to wild-type 
controls. In addition, GLAST mutant mice also showed a poor 
nesting behavior which has commonly been interpreted as a 
model of self-neglect in schizophrenia92.  

Prepulse inhibition of startle response (PPI) is a neurological 
phenomenon thought to reflect the ability to filter out irrelevant 
information. PPI deficits are commonly found in schizophrenic 
patients (and their unaffected relatives)212; 213. In the GLAST 
mutant mice, the PPI was normal although there was a 
significant impairment in the startle response. PPI and the 
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startle response are mediated through different neural systems 
and are dissociable on a behavioral level214. It has been reported 
that GLAST knockouts develop hearing loss following exposure 
to loud noise215, which could affect the outcome of this test. 
This is however unlikely given that PPI was not affected. Also 
of note, several studies have reported that treatments with 
mGlu2 or mGlu2/3 agonist does not rescue the effect of PCP 
induced PPI deficits216-218, maybe indicating that the role of 
glutamate on PPI is less straightforward, and possible that the 
predictive validity of PPI for antipsychotic activity may be 
limited.  

GLAST knockout mice were impaired on an instrumental visual 
discrimination paradigm. The impairment was partial as mice 
were normal on a simpler acquisition and extinction task. Given 
the ability of LY379268 to rescue the locomotor hyperactivity in 
GLAST knockout mice (Paper IV), we tested whether the drug 
could also improve discrimination learning in the knockouts, but 
found it ineffective (Paper V). There are a number of possible 
explanations for this negative finding. Previous studies have 
demonstrated tolerance to the ability of LY379268 to produce 
motor incoordination and reduce nicotine self-administration 
(but not prevent PCP-induced hyperactivity) following repeated 
treatment219; 220. Therefore, chronic treatment with LY379268 in 
our experiment could have caused tolerance development that 
negated any beneficial effects the drug might have 
had. Although the neural circuits of our discrimination task 
remain to be identified, initial evidence suggests that 
performance is supported more by dorsal striatum than PFC 
(Jonathan L. Brigman, Personal Communication). A possible 
explanation for the failure of the mGlu2/3 agonist to rescue the 
discrimination deficit in the mutants could be due to the 
inability of the drug to target the circuitry mediating this 
behavior. The implication of a progressive recruitment of dorsal 
striatum in the discrimination task is particularly intriguing given 
the impaired cortico-striatal plasticity observed in the GLAST 
knockout mice (Louise Adermark, Personal Communication).  



50  50

5 SUMMARY 

Exogenous NPY was shown to exert an anxiolytic-like effect in 
the mouse, consistent with what previous studies have shown in 
rats. This decrease in anxiety-like behavior has been suggested to 
be mediated by the NPY Y1 receptor. Although NPY Y1 
receptor knockout mice did not show an overt spontaneous 
anxiety-like response, the anxiolytic-like behavior seen after 
exogenous NPY in wild-type controls was absent in the NPY 
Y1 receptor knockout mice. This demonstrates that the NPY 
Y1 receptor is indeed required for the anxiety-like response of 
NPY. Furthermore, NPY Y1 receptor mutants had increased 
depression-like behavior, which was attenuated after both acute 
and chronic treatment of fluoxetine. Together these data show 
that the NPY Y1 receptor is required to mediate NPY effects on 
anxiety-like behavior, but not for behavioral or neurogenesis-
stimulating actions of antidepressant drugs such as fluoxetine.  

GLAST knockout mice did not display an altered anxiety-like 
phenotype. These mice also failed to show an abnormal anxiety-
related response to chronic stress suggesting that the GLAST is 
not involved in the effects of stress. GLAST knockout mice 
showed an augmented locomotor response to ethanol, while 
ataxic and sedative effects of higher ethanol doses were normal. 
However, contrary to a priori prediction, GLAST knockout mice 
showed a decrease, rather than an increase, in the rewarding 
effects of ethanol on two separate measures. While the 
mechanisms behind this phenotype remains to be elucidated, 
preliminary data suggest that impaired ability to synthesis and / 
or release endocannabinoids may be involved. 

GLAST knockout mice also showed phenotypic features 
relevant to positive, negative as well as cognitive symptoms of 
schizophrenia. While extracellular levels of glutamate have not 
been investigated in GLAST knockout mice, phenotypic rescue 
of locomotor hyperactivity by the mGlu2/3 receptor agonist, 
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LY379268, would be consistent with excessive glutamate 
signaling driving this phenotype. 
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6 CONCLUDING REMARKS 

Psychiatric disorders are one of the leading causes of disability 
and suffering worldwide. There is a tremendous need to find 
better treatment and this can best be achieved with a greater 
understanding of the basic pathophysiology of these disorders. 
Molecular techniques, such as gene targeting, offer opportunities 
to study the role of specific gene products on neural 
mechanisms and behavioral outcomes in experimental animals. 
While it is impossible to model the full extent of a human 
mental disorder in a lower animal such as the mouse, mouse 
models are currently helping elucidate crucial brain mechanisms 
and finding new drugs to treat these devastating disorders. So 
the search goes on…  



53 53 

7 ACKNOWLEDGEMENT 

My greatest gratitude to my mentors, Professor Markus Heilig for 
providing me with an intergrated view of neuroscience, and a ‘data is what 
data is’ attitude. Dr Andrew Holmes, you have given me tremendous 
opportunities to learn and do new things, it’s been truly inspiring! Dr Jacki 
Crawley, thank you for introducing me to world of behavioral neuroscience. 
You helped me step by step though the process of publishing my first paper 
and reviewing my first manuscript.  

Heilig lab: Dr Annika Thorsell, THANK YOU for all the coffee 
breaks/lunches, Starbucks, Chipotle, Leesburg and DSW trips, and most of 
all for always providing with a shoulder to cry on when things were getting 
too hard to handle on my own. Dr Kalle ‘The Slacker’ Björk, my partner in 
crime through all the years (too many of them ;) A wonderful guy that always 
puts a smile on your face! Thank you for EVERYTHING!! Dr Wolfgang 
Sommer and Dr Anita Hansson – from Stockholm to Bethesda med fika 
och fest. Dr Andrea Cippitelli, Dr Ruslan Damadzic, Dr Hui Sun, Erick 
Singley, thanks for all the help! Dena Stringer and Suzanne Bell: always 
taking care of my paperwork! Cheryl Jones and Dr Christina Barr, thank 
you for showing such care for me. From the KI lab: Siv Eriksson – my lab 
mum always full of encouragement and good advice. I can’t thank you 
enough! Dr Roberto Rimondini, a pessimistic Italian who makes great food. 
KI girls Lotta, Christina, Mona and Åsa, wonderful friends and colleagues.  

Holmes lab: Dr Jon Brigman, a wonderful colleague and friend, it’s been great 
working with you – thank you for everything! Dr Janel Boyce-Rustay, 
thank you for all your help and invaluable support, first in the lab and later 
on the phone. Thanks to Dr Alicia Izquierdo – you are such an inspiration! 
Dr Marguerite Camp, Dr Paul Fitzgerald, Carolyn Graybeal – it’s been 
great having you around. Dr Yi-Chyan Chen, a fantastic behavioral guy – 
thank you for the help! All great students (’IRTAs’) that I’ve been working 
with over the years, who has tested my patience, but also made me discover 
my will to teach: Rebecca Yang, Kathryn Hefner, Abigail Enoch, Ben 
Palachick, Jessica Ihne, Tara Wright, Mike ‘I love you’ Feyder – it’s 
been so much fun working with you, best of luck at KI! Poonam Mathur 
and Maxine Norcross – I will be YOUR patient ;) 

Crawley lab: Dr Nate Rustay, my partner in the world of non-working viral 
vectors, it was a pleasure to work with you! Dr Kathy Bailey, I miss our 
dinners! Dr Craige Wrenn, thanks for teaching me ‘delicate’ dissections. 

My greatest appreciation to my collaborators and co-authors, Dr Heather 
Cameron and Jessica Choe, who did the hippocampal neurogensis on the 



54  54

Y1 KOs. Dr Anna Molander and Professor Rainer Spanagel on the 
GLAST ethanol project – let’s finish it! Professor Kohichi Tanaka, for 
letting me work on the GLAST KO mice and Dr Tim Bussey and Dr Lisa 
Saksida on the GLAST ‘cognition stuff’. 

Thanks to people in LIN lab, particularly Dr Dave Lovinger, who seemingly 
patient lets me burst into his office with questions from time to time, Dr 
Louise Adermark, my dear friend and collaborator, such scientific 
enthusiasm! You can’t help but get smitten by it. It has been so much fun 
collaborating with you; let’s go for more beer and more ideas! ;) Dr Meg 
Davis, thank you for help and molecular discussions. 

To all animal staff that has been involved in taking care of my animals, from 
Huddinge, Building 10, Building 35 and FLAC. My greatest gratitude to the 
FLAC staff, particularly Dr Judith Davis and Monique Melige for helping 
out with the breeding together with Erika Wiltroth and Jessica Mensch. 
Not only were you taking care of my precious mice but you’ve been such 
good friends in the behavioral suite. Dr Raouf Kechrid for always being 
available when I needed help and Dr Lee Chedester for making everything 
and anything possible, even with a short notice. 

There are numerous friends, too many to mention, but some I owe more 
than I can express. If it hadn’t been for them this would not have been 
completed! Anna-Karin, Linda and Joffi, you know me in and out, I can’t 
thank you enough for putting up with me  My childhood friend Minna, 
despite distance only a text away. Cecilia, ‘min Kalix vän i USA’ – the most 
wonderful shopping friend I’ve ever had, with you there I never get anything 
I regret. Åsa – I owe you my life! Marianne and Reinier, for all the 
Christmas’ and vacations in NYC and Rhinebeck. For letting me arrive a 
wreck, rejuvenate me, and then let me dive back again. Susana – 500 miles 
on the G-mail chat, when for real? Wendelien, Luciana, Moa, Sofia, 
Zandra, Urban, Ida, Yenan, you have all been there when I needed 
someone to talk to.  

Mamma och pappa TACK för allt stöd under alla långa studieår. Man kan 
inte uppfostra någon att arbeta hårt utan att sen förvänta sig att dom gör det 
oxå. Och för att jag fick VÄRLDENS BÄSTA Lillebror! 

My knight in shining armor, you’ve had incredible patience with me lately 
and despite my horrible mood swings you’ve continued to provide me with 
warmth, comfort, food and tons of chocolate. You are worth more than all 
the chocolates and liquorices combined (and you know that’s saying A LOT). 
Now you deserve all the treats in the world  Puss! 



55 55 

8 REFERENCES 

1. World Health Organization. 2001. World Health Report 2001 - Mental Health: New 
Understanding, New Hope. Geneva, Switzerland: World Health Organization. 

2. National Institute of Mental Health. 2007. Anxiety disorders. . Rockville, MD: National 
Institiute of Health. Report nr NIH Publication No. 06-3879. 

3. American Psychiatric Association. 2000. Diagnostic and Statistical Manual of Mental Disorders, 
4th Edition, Text Revision (DSM-IV-TR). Washington, D.C.: American Psychiatric Press. 

4. Devane CL, Chiao E, Franklin M, Kruep EJ. 2005. Anxiety disorders in the 21st century: 
status, challenges, opportunities, and comorbidity with depression. Am J Manag Care 
11(12 Suppl):S344-53. 

5. Isacsson G, Rich CL. 2005. Antidepressant drug use and suicide prevention. International 
Review of Psychiatry 17(3):153-62. 

6. Vaswani M, Linda FK, Ramesh S. 2003. Role of selective serotonin reuptake inhibitors in 
psychiatric disorders: a comprehensive review. Prog Neuropsychopharmacol Biol Psychiatry 
27(1):85-102. 

7. Trivedi MH, Rush AJ, Wisniewski SR, Nierenberg AA, Warden D, Ritz L, Norquist G, 
Howland RH, Lebowitz B, McGrath PJ and others. 2006. Evaluation of Outcomes 
With Citalopram for Depression Using Measurement-Based Care in STAR*D: 
Implications for Clinical Practice. Am J Psychiatry 163(1):28-40. 

8. Manganas LN, Zhang X, Li Y, Hazel RD, Smith SD, Wagshul ME, Henn F, Benveniste 
H, Djuric PM, Enikolopov G and others. 2007. Magnetic Resonance Spectroscopy 
Identifies Neural Progenitor Cells in the Live Human Brain. Science 318(5852):980-985. 

9. Eriksson PS, Perfilieva E, Bjork-Eriksson T, Alborn AM, Nordborg C, Peterson DA, 
Gage FH. 1998. Neurogenesis in the adult human hippocampus. Nat Med 4(11):1313-7. 

10. Cameron HA, Tanapat P, Gould E. 1998. Adrenal steroids and N-methyl-D-aspartate 
receptor activation regulate neurogenesis in the dentate gyrus of adult rats through a 
common pathway. Neuroscience 82(2):349-54. 

11. Malberg JE, Eisch AJ, Nestler EJ, Duman RS. 2000. Chronic Antidepressant Treatment 
Increases Neurogenesis in Adult Rat Hippocampus. J. Neurosci. 20(24):9104-9110. 

12. Santarelli L, Saxe M, Gross C, Surget A, Battaglia F, Dulawa S, Weisstaub N, Lee J, 
Duman R, Arancio O and others. 2003. Requirement of hippocampal neurogenesis 
for the behavioral effects of antidepressants. Science 301(5634):805-9. 

13. Bessa JM, Ferreira D, Melo I, Marques F, Cerqueira JJ, Palha JA, Almeida OFX, Sousa 
N. 2008. The mood-improving actions of antidepressants do not depend on 
neurogenesis but are associated with neuronal remodeling. Mol Psychiatry. 

14. David DJ, Klemenhagen KC, Holick KA, Saxe MD, Mendez I, Santarelli L, Craig DA, 
Zhong H, Swanson CJ, Hegde LG and others. 2007. Efficacy of the MCHR1 
antagonist N-[3-(1-{[4-(3,4-difluorophenoxy)phenyl]methyl}(4-piperidyl))-4-
methylphen yl]-2-methylpropanamide (SNAP 94847) in mouse models of anxiety and 
depression following acute and chronic administration is independent of hippocampal 
neurogenesis. J Pharmacol Exp Ther 321(1):237-48. 

15. Holick KA, Lee DC, Hen R, Dulawa SC. 2008. Behavioral effects of chronic fluoxetine 
in BALB/cJ mice do not require adult hippocampal neurogenesis or the serotonin 1A 
receptor. Neuropsychopharmacology 33(2):406-17. 

16. Meshi D, Drew MR, Saxe M, Ansorge MS, David D, Santarelli L, Malapani C, Moore 
H, Hen R. 2006. Hippocampal neurogenesis is not required for behavioral effects of 
environmental enrichment. Nat Neurosci 9(6):729-31. 

 55 

8 REFERENCES 

1. World Health Organization. 2001. World Health Report 2001 - Mental Health: New 
Understanding, New Hope. Geneva, Switzerland: World Health Organization. 

2. National Institute of Mental Health. 2007. Anxiety disorders. . Rockville, MD: National 
Institiute of Health. Report nr NIH Publication No. 06-3879. 

3. American Psychiatric Association. 2000. Diagnostic and Statistical Manual of Mental Disorders, 
4th Edition, Text Revision (DSM-IV-TR). Washington, D.C.: American Psychiatric Press. 

4. Devane CL, Chiao E, Franklin M, Kruep EJ. 2005. Anxiety disorders in the 21st century: 
status, challenges, opportunities, and comorbidity with depression. Am J Manag Care 
11(12 Suppl):S344-53. 

5. Isacsson G, Rich CL. 2005. Antidepressant drug use and suicide prevention. International 
Review of Psychiatry 17(3):153-62. 

6. Vaswani M, Linda FK, Ramesh S. 2003. Role of selective serotonin reuptake inhibitors in 
psychiatric disorders: a comprehensive review. Prog Neuropsychopharmacol Biol Psychiatry 
27(1):85-102. 

7. Trivedi MH, Rush AJ, Wisniewski SR, Nierenberg AA, Warden D, Ritz L, Norquist G, 
Howland RH, Lebowitz B, McGrath PJ and others. 2006. Evaluation of Outcomes 
With Citalopram for Depression Using Measurement-Based Care in STAR*D: 
Implications for Clinical Practice. Am J Psychiatry 163(1):28-40. 

8. Manganas LN, Zhang X, Li Y, Hazel RD, Smith SD, Wagshul ME, Henn F, Benveniste 
H, Djuric PM, Enikolopov G and others. 2007. Magnetic Resonance Spectroscopy 
Identifies Neural Progenitor Cells in the Live Human Brain. Science 318(5852):980-985. 

9. Eriksson PS, Perfilieva E, Bjork-Eriksson T, Alborn AM, Nordborg C, Peterson DA, 
Gage FH. 1998. Neurogenesis in the adult human hippocampus. Nat Med 4(11):1313-7. 

10. Cameron HA, Tanapat P, Gould E. 1998. Adrenal steroids and N-methyl-D-aspartate 
receptor activation regulate neurogenesis in the dentate gyrus of adult rats through a 
common pathway. Neuroscience 82(2):349-54. 

11. Malberg JE, Eisch AJ, Nestler EJ, Duman RS. 2000. Chronic Antidepressant Treatment 
Increases Neurogenesis in Adult Rat Hippocampus. J. Neurosci. 20(24):9104-9110. 

12. Santarelli L, Saxe M, Gross C, Surget A, Battaglia F, Dulawa S, Weisstaub N, Lee J, 
Duman R, Arancio O and others. 2003. Requirement of hippocampal neurogenesis 
for the behavioral effects of antidepressants. Science 301(5634):805-9. 

13. Bessa JM, Ferreira D, Melo I, Marques F, Cerqueira JJ, Palha JA, Almeida OFX, Sousa 
N. 2008. The mood-improving actions of antidepressants do not depend on 
neurogenesis but are associated with neuronal remodeling. Mol Psychiatry. 

14. David DJ, Klemenhagen KC, Holick KA, Saxe MD, Mendez I, Santarelli L, Craig DA, 
Zhong H, Swanson CJ, Hegde LG and others. 2007. Efficacy of the MCHR1 
antagonist N-[3-(1-{[4-(3,4-difluorophenoxy)phenyl]methyl}(4-piperidyl))-4-
methylphen yl]-2-methylpropanamide (SNAP 94847) in mouse models of anxiety and 
depression following acute and chronic administration is independent of hippocampal 
neurogenesis. J Pharmacol Exp Ther 321(1):237-48. 

15. Holick KA, Lee DC, Hen R, Dulawa SC. 2008. Behavioral effects of chronic fluoxetine 
in BALB/cJ mice do not require adult hippocampal neurogenesis or the serotonin 1A 
receptor. Neuropsychopharmacology 33(2):406-17. 

16. Meshi D, Drew MR, Saxe M, Ansorge MS, David D, Santarelli L, Malapani C, Moore 
H, Hen R. 2006. Hippocampal neurogenesis is not required for behavioral effects of 
environmental enrichment. Nat Neurosci 9(6):729-31. 



56  56

17. Hester RK, Miller WR. 2002. Handbook of alcoholism treatment approaches. Boston, MA: 
Allyn & Bacon. 

18. Vaillant GE. 1996. A long-term follow-up of male alcohol abuse. Arch Gen Psychiatry 
53(3):243-9. 

19. Vaillant GE, Clark W, Cyrus C, Milofsky ES, Kopp J, Wulsin VW, Mogielnicki NP. 
1983. Prospective study of alcoholism treatment. Eight-year follow-up. Am J Med 
75(3):455-63. 

20. Heilig M, Egli M. 2006. Pharmacological treatment of alcohol dependence: target 
symptoms and target mechanisms. Pharmacol Ther 111(3):855-76. 

21. King AC, Volpicelli JR, Frazer A, O'Brien CP. 1997. Effect of naltrexone on subjective 
alcohol response in subjects at high and low risk for future alcohol dependence. 
Psychopharmacology (Berl) 129(1):15-22. 

22. Oslin DW, Berrettini W, Kranzler HR, Pettinati H, Gelernter J, Volpicelli JR, O'Brien 
CP. 2003. A functional polymorphism of the mu-opioid receptor gene is associated 
with naltrexone response in alcohol-dependent patients. Neuropsychopharmacology 
28(8):1546-52. 

23. Anton RF, Oroszi G, O'Malley S, Couper D, Swift R, Pettinati H, Goldman D. 2008. 
An Evaluation of {micro}-Opioid Receptor (OPRM1) as a Predictor of Naltrexone 
Response in the Treatment of Alcohol Dependence: Results From the Combined 
Pharmacotherapies and Behavioral Interventions for Alcohol Dependence 
(COMBINE) Study. Arch Gen Psychiatry 65(2):135-144. 

24. Mann K, Lehert P, Morgan MY. 2004. The efficacy of acamprosate in the maintenance 
of abstinence in alcohol-dependent individuals: results of a meta-analysis. Alcohol Clin 
Exp Res 28(1):51-63. 

25. Mason BJ, Goodman AM, Chabac S, Lehert P. 2006. Effect of oral acamprosate on 
abstinence in patients with alcohol dependence in a double-blind, placebo-controlled 
trial: the role of patient motivation. J Psychiatr Res 40(5):383-93. 

26. Anton RF, O'Malley SS, Ciraulo DA, Cisler RA, Couper D, Donovan DM, Gastfriend 
DR, Hosking JD, Johnson BA, LoCastro JS and others. 2006. Combined 
Pharmacotherapies and Behavioral Interventions for Alcohol Dependence: The 
COMBINE Study: A Randomized Controlled Trial. JAMA 295(17):2003-2017. 

27. APA. 2000. Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision 
(DSM-IV-TR): American Psychiatric Association. 

28. Lopez-Munoz F, Alamo C, Cuenca E, Shen WW, Clervoy P, Rubio G. 2005. History of 
the discovery and clinical introduction of chlorpromazine. Ann Clin Psychiatry 
17(3):113-35. 

29. Weiden PJ, Miller AL. 2001. Which side effects really matter? Screening for common 
and distressing side effects of antipsychotic medications. J Psychiatr Pract 7(1):41-7. 

30. Carpenter WT, Gold JM. 2002. Another view of therapy for cognition in schizophrenia. 
Biol Psychiatry 51(12):969-71. 

31. Gardner DM, Baldessarini RJ, Waraich P. 2005. Modern antipsychotic drugs: a critical 
overview. Cmaj 172(13):1703-11. 

32. Keefe RS, Young CA, Rock SL, Purdon SE, Gold JM, Breier A. 2006. One-year 
double-blind study of the neurocognitive efficacy of olanzapine, risperidone, and 
haloperidol in schizophrenia. Schizophr Res 81(1):1-15. 

33. Mishara AL, Goldberg TE. 2004. A meta-analysis and critical review of the effects of 
conventional neuroleptic treatment on cognition in schizophrenia: opening a closed 
book. Biol Psychiatry 55(10):1013-22. 



57 57 

34. Rosenheck R, Leslie D, Keefe R, McEvoy J, Swartz M, Perkins D, Stroup S, Hsiao JK, 
Lieberman J. 2006. Barriers to employment for people with schizophrenia. Am J 
Psychiatry 163(3):411-7. 

35. McEvoy JP, Lieberman JA, Stroup TS, Davis SM, Meltzer HY, Rosenheck RA, Swartz 
MS, Perkins DO, Keefe RS, Davis CE and others. 2006. Effectiveness of clozapine 
versus olanzapine, quetiapine, and risperidone in patients with chronic schizophrenia 
who did not respond to prior atypical antipsychotic treatment. Am J Psychiatry 
163(4):600-10. 

36. Lieberman JA, Stroup TS, McEvoy JP, Swartz MS, Rosenheck RA, Perkins DO, Keefe 
RSE, Davis SM, Davis CE, Lebowitz BD and others. 2005. Effectiveness of 
Antipsychotic Drugs in Patients with Chronic Schizophrenia. N Engl J Med 
353(12):1209-1223. 

37. Russell WMS, Burch RL. 1959. The principles of Humane experimental techniques. London: 
Methuen. 

38. Robbins TW, Sahakian BJ. 1979. "Paradoxical" effects of psychomotor stimulant drugs 
in hyperactive children from the standpoint of behavioural pharmacology. 
Neuropharmacology 18(12):931-50. 

39. Crawley JN. 2007. What's wrong with my mouse? Behavioral phenotyping of transgenic and 
knockout mice. Hoboken, NJ: Wiley. 

40. Crawley JN. 1985. Exploratory behavior models of anxiety in mice. Neurosci Biobehav Rev 
9(1):37-44. 

41. Hall CS. 1934. Emotional behavior in the rat: I. Defecation and uringation as measures 
of individual difference in emotionality. J. Comp. Psychol. 

42. Prut L, Belzung C. 2003. The open field as a paradigm to measure the effects of drugs 
on anxiety-like behaviors: a review. European Journal of Pharmacology 463(1-3):3. 

43. Lister RG. 1987. The use of a plus-maze to measure anxiety in the mouse. 
Psychopharmacology (Berl) 92(2):180-5. 

44. Shepherd JK, Grewal SS, Fletcher A, Bill DJ, Dourish CT. 1994. Behavioural and 
pharmacological characterisation of the elevated "zero-maze" as an animal model of 
anxiety. Psychopharmacology (Berl) 116(1):56-64. 

45. Crawley JN. 1981. Neuropharmacologic specificity of a simple animal model for the 
behavioral actions of benzodiazepines. Pharmacol Biochem Behav 15(5):695-9. 

46. Crawley J, Goodwin FK. 1980. Preliminary report of a simple animal behavior model 
for the anxiolytic effects of benzodiazepines. Pharmacol Biochem Behav 13(2):167-70. 

47. Lamberty Y. 1998. The mirror chamber test for testing anxiolytics: is there a mirror-
induced stimulation? Physiology & Behavior 64(5):703. 

48. Simiand J, Keane PE, Morre M. 1984. The staircase test in mice: a simple and efficient 
procedure for primary screening of anxiolytic agents. Psychopharmacology (Berl) 84(1):48-
53. 

49. Crawley JN. 1999. Behavioral phenotyping of transgenic and knockout mice: 
experimental design and evaluation of general health, sensory functions, motor 
abilities, and specific behavioral tests. Brain Research 835(1):18. 

50. File SE. 2001. Factors controlling measures of anxiety and responses to novelty in the 
mouse. Behavioural Brain Research 125(1-2):151. 

51. Vogel JR, Beer B, Clody DE. 1971. A simple and reliable conflict procedure for testing 
anti-anxiety agents. Psychopharmacologia 21(1):1-7. 

52. Mathiasen LS, Mirza NR, Rodgers RJ. 2008. Strain- and model-dependent effects of 
chlordiazepoxide, L-838,417 and zolpidem on anxiety-like behaviours in laboratory 
mice. Pharmacology Biochemistry and Behavior 90(1):19. 



58  58

53. Klemenhagen KC, Gordon JA, David DJ, Hen R, Gross CT. 2005. Increased Fear 
Response to Contextual Cues in Mice Lacking the 5-HT1A Receptor. 
Neuropsychopharmacology 31(1):101. 

54. van Gaalen MM, Stenzel-Poore MP, Holsboer F, Steckler T. 2002. Effects of transgenic 
overproduction of CRH on anxiety-like behaviour. Eur J Neurosci 15(12):2007-15. 

55. Van Der Heyden JAM, Zethof TJJ, Olivier B. 1997. Stress-Induced Hyperthermia in 
Singly Housed Mice. Physiology & Behavior 62(3):463. 

56. Marazziti D, Di Muro A, Castrogiovanni P. 1992. Psychological stress and body 
temperature changes in humans. Physiology & Behavior 52(2):393. 

57. Pavlov IP. 1927. Conditioned reflexes: an investigation of the physiological activity of the cerebral 
cortex. London, UK: Oxford University Press. 

58. Maren S, Quirk GJ. 2004. Neuronal signalling of fear memory. Nat Rev Neurosci 
5(11):844-52. 

59. Porsolt RD, Le Pichon M, Jalfre M. 1977. Depression: a new animal model sensitive to 
antidepressant treatments. Nature 266(5604):730-2. 

60. Petit-Demouliere B, Chenu F, Bourin M. 2005. Forced swimming test in mice: a review 
of antidepressant activity. Psychopharmacology (Berl) 177(3):245-55. 

61. Cryan JF, Mombereau C, Vassout A. 2005. The tail suspension test as a model for 
assessing antidepressant activity: Review of pharmacological and genetic studies in 
mice. Neuroscience & Biobehavioral Reviews 29(4-5):571. 

62. Dulawa SC, Holick KA, Gundersen B, Hen R. 2004. Effects of Chronic Fluoxetine in 
Animal Models of Anxiety and Depression. Neuropsychopharmacology 29(7):1321. 

63. Dulawa SC, Hen R. 2005. Recent advances in animal models of chronic antidepressant 
effects: The novelty-induced hypophagia test. Neuroscience & Biobehavioral Reviews 29(4-
5):771. 

64. Willner P. 2005. Chronic mild stress (CMS) revisited: consistency and behavioural-
neurobiological concordance in the effects of CMS. Neuropsychobiology 52(2):90-110. 

65. Mineur YS, Belzung C, Crusio WE. 2007. Functional implications of decreases in 
neurogenesis following chronic mild stress in mice. Neuroscience 150(2):251-9. 

66. Surget A, Saxe M, Leman S, Ibarguen-Vargas Y, Chalon S, Griebel G, Hen R, Belzung 
C. 2008. Drug-dependent requirement of hippocampal neurogenesis in a model of 
depression and of antidepressant reversal. Biol Psychiatry 64(4):293-301. 

67. Kubera M, Maes M, Holan V, Basta-Kaim A, Roman A, Shani J. 2001. Prolonged 
desipramine treatment increases the production of interleukin-10, an anti-
inflammatory cytokine, in C57BL/6 mice subjected to the chronic mild stress model 
of depression. J Affect Disord 63(1-3):171-8. 

68. Silberman DM, Wald MR, Genaro AM. 2003. Acute and chronic stress exert opposing 
effects on antibody responses associated with changes in stress hormone regulation of 
T-lymphocyte reactivity. J Neuroimmunol 144(1-2):53-60. 

69. Lanfumey L, Pardon MC, Laaris N, Joubert C, Hanoun N, Hamon M, Cohen-Salmon 
C. 1999. 5-HT1A autoreceptor desensitization by chronic ultramild stress in mice. 
Neuroreport 10(16):3369-74. 

70. Ibarguen-Vargas Y, Surget A, Touma C, Palme R, Belzung C. 2008. Multifaceted strain-
specific effects in a mouse model of depression and of antidepressant reversal. 
Psychoneuroendocrinology 33(10):1357-68. 

71. Mineur YS, Belzung C, Crusio WE. 2006. Effects of unpredictable chronic mild stress 
on anxiety and depression-like behavior in mice. Behav Brain Res 175(1):43-50. 

72. Mineur YS, Prasol DJ, Belzung C, Crusio WE. 2003. Agonistic behavior and 
unpredictable chronic mild stress in mice. Behav Genet 33(5):513-9. 



59 59 

73. Pothion S, Bizot JC, Trovero F, Belzung C. 2004. Strain differences in sucrose 
preference and in the consequences of unpredictable chronic mild stress. Behav Brain 
Res 155(1):135-46. 

74. Willner P. 1997. Validity, reliability and utility of the chronic mild stress model of 
depression: a 10-year review and evaluation. Psychopharmacology (Berl) 134(4):319-29. 

75. Willner P, Muscat R, Papp M. 1992. Chronic mild stress-induced anhedonia: A realistic 
animal model of depression. Neuroscience & Biobehavioral Reviews 16(4):525. 

76. Belknap JK, Crabbe JC, Young ER. 1993. Voluntary consumption of ethanol in 15 
inbred mouse strains. Psychopharmacology (Berl) 112(4):503-10. 

77. Files FJ, Samson HH, Brice GT. 1995. Sucrose, ethanol, and sucrose/ethanol 
reinforced responding under variable-interval schedules of reinforcement. Alcohol Clin 
Exp Res 19(5):1271-8. 

78. Sparta DR, Ferraro Iii FM, Fee JR, Knapp DJ, Breese GR, Thiele TE. 2008. The 
Alcohol Deprivation Effect in C57BL/6J Mice is Observed Using Operant Self-
Administration Procedures and is Modulated by CRF-1 Receptor Signaling. Alcohol 
Clin Exp Res. 

79. Cunningham CL, Gremel CM, Groblewski PA. 2006. Drug-induced conditioned place 
preference and aversion in mice. Nat. Protocols 1(4):1662. 

80. Schuckit MA. 1994. Low level of response to alcohol as a predictor of future 
alcoholism. Am J Psychiatry 151(2):184-9. 

81. Phillips TJ, Burkhart-Kasch S, Gwiazdon CC, Crabbe JC. 1992. Acute sensitivity of 
FAST and SLOW mice to the effects of abused drugs on locomotor activity. J 
Pharmacol Exp Ther 261(2):525-533. 

82. Crabbe JC, Cameron AJ, Munn E, Bunning M, Wahlsten D. 2008. Overview of mouse 
assays of ethanol intoxication. Curr Protoc Neurosci Chapter 9:Unit 9 26. 

83. Sachs GS. 2006. A review of agitation in mental illness: burden of illness and underlying 
pathology. J Clin Psychiatry 67 Suppl 10:5-12. 

84. Lahti AC, Koffel B, LaPorte D, Tamminga CA. 1995. Subanesthetic doses of ketamine 
stimulate psychosis in schizophrenia. Neuropsychopharmacology 13(1):9-19. 

85. Luby ED, Cohen BD, Rosenbaum G, Gottlieb JS, Kelley R. 1959. Study of a new 
schizophrenomimetic drug; sernyl. AMA Arch Neurol Psychiatry 81(3):363-9. 

86. Arguello PA, Gogos JA. 2006. Modeling madness in mice: one piece at a time. Neuron 
52(1):179-96. 

87. Sams-Dodd F. 1999. Phencyclidine in the social interaction test: an animal model of 
schizophrenia with face and predictive validity. Rev Neurosci 10(1):59-90. 

88. Moy SS, Nadler JJ, Perez A, Barbaro RP, Johns JM, Magnuson TR, Piven J, Crawley 
JN. 2004. Sociability and preference for social novelty in five inbred strains: an 
approach to assess autistic-like behavior in mice. Genes Brain Behav 3(5):287-302. 

89. Crawley JN, Chen T, Puri A, Washburn R, Sullivan TL, Hill JM, Young NB, Nadler JJ, 
Moy SS, Young LJ and others. 2007. Social approach behaviors in oxytocin knockout 
mice: Comparison of two independent lines tested in different laboratory 
environments. Neuropeptides 41(3):145. 

90. Schneider CW, Chenoweth MB. 1970. Effects of hallucinogenic and other drugs on the 
nest-building behaviour of mice. Nature 225(5239):1262-3. 

91. Monleon S, D'Aquila P, Parra A, Simon VM, Brain PF, Willner P. 1995. Attenuation of 
sucrose consumption in mice by chronic mild stress and its restoration by imipramine. 
Psychopharmacology (Berl) 117(4):453-7. 

92. Crawley JN. 2004. Designing mouse behavioral tasks relevant to autistic-like behaviors. 
Ment Retard Dev Disabil Res Rev 10(4):248-58. 



60  60

93. Geyer MA. 2006. Are cross-species measures of sensorimotor gating useful for the 
discovery of procognitive cotreatments for schizophrenia? Dialogues Clin Neurosci 
8(1):9-16. 

94. Holmes A, Heilig M, Rupniak NM, Steckler T, Griebel G. 2003. Neuropeptide systems 
as novel therapeutic targets for depression and anxiety disorders. Trends Pharmacol Sci 
24(11):580-8. 

95. Hokfelt T, Millhorn D, Seroogy K, Tsuruo Y, Ceccatelli S, Lindh B, Meister B, 
Melander T, Schalling M, Bartfai T and others. 1987. Coexistence of peptides with 
classical neurotransmitters. Experientia 43(7):768-80. 

96. Larhammar D. 1996. Evolution of neuropeptide Y, peptide YY and pancreatic 
polypeptide. Regul Pept 62(1):1-11. 

97. Gray TS, Morley JE. 1986. Neuropeptide Y: Anatomical distribution and possible 
function in mammalian nervous system. Life Sciences 38(5):389. 

98. Adrian TE, Allen JM, Bloom SR, Ghatei MA, Rossor MN, Roberts GW, Crow TJ, 
Tatemoto K, Polak JM. 1983. Neuropeptide Y distribution in human brain. Nature 
306(5943):584-6. 

99. Gehlert DR, Chronwall BM, Schafer MP, O'Donohue TL. 1987. Localization of 
neuropeptide Y messenger ribonucleic acid in rat and mouse brain by in situ 
hybridization. Synapse 1(1):25-31. 

100. Hokfelt T, Broberger C, Diez M, Xu ZQ, Shi T, Kopp J, Zhang X, Holmberg K, 
Landry M, Koistinaho J. 1999. Galanin and NPY, two peptides with multiple 
putative roles in the nervous system. Horm Metab Res 31(5):330-4. 

101. Kask A, Harro J, von Horsten S, Redrobe JP, Dumont Y, Quirion R. 2002. The 
neurocircuitry and receptor subtypes mediating anxiolytic-like effects of 
neuropeptide Y. Neurosci Biobehav Rev 26(3):259-83. 

102. Parker RM, Herzog H. 1999. Regional distribution of Y-receptor subtype mRNAs in 
rat brain. Eur J Neurosci 11(4):1431-48. 

103. Heilig M, Soderpalm B, Engel JA, Widerlov E. 1989. Centrally administered 
neuropeptide Y (NPY) produces anxiolytic-like effects in animal anxiety models. 
Psychopharmacology (Berl) 98(4):524-9. 

104. Heilig M, McLeod S, Koob GK, Britton KT. 1992. Anxiolytic-like effect of 
neuropeptide Y (NPY), but not other peptides in an operant conflict test. Regul Pept 
41(1):61-9. 

105. Heilig M, McLeod S, Brot M, Heinrichs SC, Menzaghi F, Koob GF, Britton KT. 
1993. Anxiolytic-like action of neuropeptide Y: mediation by Y1 receptors in 
amygdala, and dissociation from food intake effects. Neuropsychopharmacology 8(4):357-
63. 

106. Broqua P, Wettstein JG, Rocher MN, Gauthier-Martin B, Junien JL. 1995. Behavioral 
effects of neuropeptide Y receptor agonists in the elevated plus-maze and fear-
potentiated startle procedures. Behav Pharmacol 6(3):215-222. 

107. Palmiter RD, Erickson JC, Hollopeter G, Baraban SC, Schwartz MW. 1998. Life 
without neuropeptide Y. Recent Prog Horm Res 53:163-99. 

108. Bannon AW, Seda J, Carmouche M, Francis JM, Norman MH, Karbon B, McCaleb 
ML. 2000. Behavioral characterization of neuropeptide Y knockout mice. Brain Res 
868(1):79-87. 

109. Thorsell A, Svensson P, Wiklund L, Sommer W, Ekman R, Heilig M. 1998. 
Suppressed neuropeptide Y (NPY) mRNA in rat amygdala following restraint stress. 
Regul Pept 75-76:247-54. 



61 61 

110. Thorsell A, Carlsson K, Ekman R, Heilig M. 1999. Behavioral and endocrine 
adaptation, and up-regulation of NPY expression in rat amygdala following repeated 
restraint stress. Neuroreport 10(14):3003-7. 

111. Thorsell A, Michalkiewicz M, Dumont Y, Quirion R, Caberlotto L, Rimondini R, 
Mathe AA, Heilig M. 2000. Behavioral insensitivity to restraint stress, absent fear 
suppression of behavior and impaired spatial learning in transgenic rats with 
hippocampal neuropeptide Y overexpression. Proc Natl Acad Sci U S A 97(23):12852-
7. 

112. Silva AP, Xapelli S, Pinheiro PS, Ferreira R, Lourenco J, Cristovao A, Grouzmann E, 
Cavadas C, Oliveira CR, Malva JO. 2005. Up-regulation of neuropeptide Y levels and 
modulation of glutamate release through neuropeptide Y receptors in the 
hippocampus of kainate-induced epileptic rats. J Neurochem 93(1):163-70. 

113. Sajdyk TJ, Shekhar A, Gehlert DR. 2004. Interactions between NPY and CRF in the 
amygdala to regulate emotionality. Neuropeptides 38(4):225-34. 

114. Sun QQ, Akk G, Huguenard JR, Prince DA. 2001. Differential regulation of GABA 
release and neuronal excitability mediated by neuropeptide Y1 and Y2 receptors in 
rat thalamic neurons. J Physiol 531(Pt 1):81-94. 

115. Wahlestedt C, Pich EM, Koob GF, Yee F, Heilig M. 1993. Modulation of anxiety and 
neuropeptide Y-Y1 receptors by antisense oligodeoxynucleotides. Science 
259(5094):528-31. 

116. Sajdyk TJ, Schober DA, Gehlert DR. 2002. Neuropeptide Y receptor subtypes in the 
basolateral nucleus of the amygdala modulate anxiogenic responses in rats. 
Neuropharmacology 43(7):1165-72. 

117. Karl T, Burne TH, Herzog H. 2006. Effect of Y1 receptor deficiency on motor 
activity, exploration, and anxiety. Behav Brain Res 167(1):87-93. 

118. Widerlov E, Lindstrom LH, Wahlestedt C, Ekman R. 1988. Neuropeptide Y and 
peptide YY as possible cerebrospinal fluid markers for major depression and 
schizophrenia, respectively. J Psychiatr Res 22(1):69-79. 

119. Heilig M, Zachrisson O, Thorsell A, Ehnvall A, Mottagui-Tabar S, Sjogren M, Asberg 
M, Ekman R, Wahlestedt C, Agren H. 2004. Decreased cerebrospinal fluid 
neuropeptide Y (NPY) in patients with treatment refractory unipolar major 
depression: preliminary evidence for association with preproNPY gene 
polymorphism. J Psychiatr Res 38(2):113-21. 

120. Rasmusson AM, Hauger RL, Morgan CA, Bremner JD, Charney DS, Southwick SM. 
2000. Low baseline and yohimbine-stimulated plasma neuropeptide Y (NPY) levels 
in combat-related PTSD. Biol Psychiatry 47(6):526-39. 

121. Nikisch G, Agren H, Eap CB, Czernik A, Baumann P, Mathe AA. 2005. 
Neuropeptide Y and corticotropin-releasing hormone in CSF mark response to 
antidepressive treatment with citalopram. Int J Neuropsychopharmacol 8(3):403-10. 

122. Nikisch G, Mathe AA. 2008. CSF monoamine metabolites and neuropeptides in 
depressed patients before and after electroconvulsive therapy. Eur Psychiatry 
23(5):356-9. 

123. Zhou Z, Zhu G, Hariri AR, Enoch M-A, Scott D, Sinha R, Virkkunen M, Mash DC, 
Lipsky RH, Hu X-Z and others. 2008. Genetic variation in human NPY expression 
affects stress response and emotion. Nature 452(7190):997. 

124. Mathe AA, Jimenez PA, Theodorsson E, Stenfors C. 1998. Neuropeptide Y, 
neurokinin A and neurotensin in brain regions of Fawn Hooded "depressed", Wistar, 
and Sprague Dawley rats. Effects of electroconvulsive stimuli. Prog 
Neuropsychopharmacol Biol Psychiatry 22(3):529-46. 



62  62

125. Caberlotto L, Jimenez P, Overstreet DH, Hurd YL, Mathe AA, Fuxe K. 1999. 
Alterations in neuropeptide Y levels and Y1 binding sites in the Flinders Sensitive 
Line rats, a genetic animal model of depression. Neurosci Lett 265(3):191-4. 

126. Jimenez-Vasquez PA, Overstreet DH, Mathe AA. 2000. Neuropeptide Y in male and 
female brains of Flinders Sensitive Line, a rat model of depression. Effects of 
electroconvulsive stimuli. J Psychiatr Res 34(6):405-12. 

127. Jimenez-Vasquez PA, Diaz-Cabiale Z, Caberlotto L, Bellido I, Overstreet D, Fuxe K, 
Mathe AA. 2007. Electroconvulsive stimuli selectively affect behavior and 
neuropeptide Y (NPY) and NPY Y(1) receptor gene expressions in hippocampus 
and hypothalamus of Flinders Sensitive Line rat model of depression. Eur 
Neuropsychopharmacol 17(4):298-308. 

128. Ishida H, Shirayama Y, Iwata M, Katayama S, Yamamoto A, Kawahara R, Nakagome 
K. 2007. Infusion of neuropeptide Y into CA3 region of hippocampus produces 
antidepressant-like effect via Y1 receptor. Hippocampus 17(4):271-80. 

129. Redrobe JP, Dumont Y, Fournier A, Quirion R. 2002. The neuropeptide Y (NPY) 
Y1 receptor subtype mediates NPY-induced antidepressant-like activity in the mouse 
forced swimming test. Neuropsychopharmacology 26(5):615-24. 

130. Howell OW, Doyle K, Goodman JH, Scharfman HE, Herzog H, Pringle A, Beck-
Sickinger AG, Gray WP. 2005. Neuropeptide Y stimulates neuronal precursor 
proliferation in the post-natal and adult dentate gyrus. J Neurochem 93(3):560-70. 

131. Howell OW, Silva S, Scharfman HE, Sosunov AA, Zaben M, Shatya A, McKhann G, 
2nd, Herzog H, Laskowski A, Gray WP. 2007. Neuropeptide Y is important for 
basal and seizure-induced precursor cell proliferation in the hippocampus. Neurobiol 
Dis 26(1):174-88. 

132. Ferraguti F, Shigemoto R. 2006. Metabotropic glutamate receptors. Cell Tissue Res 
326(2):483-504. 

133. Ozawa S, Kamiya H, Tsuzuki K. 1998. Glutamate receptors in the mammalian 
central nervous system. Progress in Neurobiology 54(5):581. 

134. Danbolt NC. 2001. Glutamate uptake. Prog Neurobiol 65(1):1-105. 
135. Moghaddam B. 1993. Stress preferentially increases extraneuronal levels of excitatory 

amino acids in the prefrontal cortex: comparison to hippocampus and basal ganglia. J 
Neurochem 60(5):1650-7. 

136. Moghaddam B, Bolinao ML, Stein-Behrens B, Sapolsky R. 1994. Glucocortcoids 
mediate the stress-induced extracellular accumulation of glutamate. Brain Research 
655(1-2):251. 

137. Lowy MT, Gault L, Yamamoto BK. 1993. Adrenalectomy attenuates stress-induced 
elevations in extracellular glutamate concentrations in the hippocampus. J Neurochem 
61(5):1957-60. 

138. Hashimoto K, Sawa A, Iyo M. 2007. Increased levels of glutamate in brains from 
patients with mood disorders. Biol Psychiatry 62(11):1310-6. 

139. Rajkowska G. 2000. Postmortem studies in mood disorders indicate altered numbers 
of neurons and glial cells. Biological Psychiatry 48(8):766. 

140. Rajkowska G, Miguel-Hidalgo JJ, Wei J, Dilley G, Pittman SD, Meltzer HY, 
Overholser JC, Roth BL, Stockmeier CA. 1999. Morphometric evidence for neuronal 
and glial prefrontal cell pathology in major depression. Biological Psychiatry 45(9):1085. 

141. Choudary PV, Molnar M, Evans SJ, Tomita H, Li JZ, Vawter MP, Myers RM, 
Bunney WE, Jr., Akil H, Watson SJ and others. 2005. Altered cortical glutamatergic 
and GABAergic signal transmission with glial involvement in depression. Proc Natl 
Acad Sci U S A 102(43):15653-8. 



63 63 

142. Banasr M, Chowdhury GMI, Terwilliger R, Newton SS, Duman RS, Behar KL, 
Sanacora G. 2008. Glial pathology in an animal model of depression: reversal of 
stress-induced cellular, metabolic and behavioral deficits by the glutamate-
modulating drug riluzole. Mol Psychiatry. 

143. Fumagalli E, Funicello M, Rauen T, Gobbi M, Mennini T. 2008. Riluzole enhances 
the activity of glutamate transporters GLAST, GLT1 and EAAC1. European Journal of 
Pharmacology 578(2-3):171. 

144. Zarate CA, Jr., Payne JL, Quiroz J, Sporn J, Denicoff KK, Luckenbaugh D, Charney 
DS, Manji HK. 2004. An Open-Label Trial of Riluzole in Patients With Treatment-
Resistant Major Depression. Am J Psychiatry 161(1):171-174. 

145. Dahchour A, De Witte P. 2000. Ethanol and amino acids in the central nervous 
system: assessment of the pharmacological actions of acamprosate. Progress in 
Neurobiology 60(4):343. 

146. Melendez RI, Hicks MP, Cagle SS, Kalivas PW. 2005. Ethanol exposure decreases 
glutamate uptake in the nucleus accumbens. Alcohol Clin Exp Res 29(3):326-33. 

147. Spanagel R, Pendyala G, Abarca C, Zghoul T, Sanchis-Segura C, Magnone MC, 
Lascorz J, Depner M, Holzberg D, Soyka M and others. 2005. The clock gene Per2 
influences the glutamatergic system and modulates alcohol consumption. Nat Med 
11(1):35-42. 

148. Flatscher-Bader T, van der Brug MP, Landis N, Hwang JW, Harrison E, Wilce PA. 
2006. Comparative gene expression in brain regions of human alcoholics. Genes Brain 
Behav 5 Suppl 1:78-84. 

149. Flatscher-Bader T, Wilce PA. 2008. Impact of Alcohol Abuse on Protein Expression 
of Midkine and Excitatory Amino Acid Transporter 1 in the Human Prefrontal 
Cortex. Alcohol Clin Exp Res. 

150. Rimondini R, Arlinde C, Sommer W, Heilig M. 2002. Long-lasting increase in 
voluntary ethanol consumption and transcriptional regulation in the rat brain after 
intermittent exposure to alcohol. Faseb J 16(1):27-35. 

151. Coyle JT, Tsai G, Goff D. 2003. Converging evidence of NMDA receptor 
hypofunction in the pathophysiology of schizophrenia. Ann N Y Acad Sci 1003:318-
27. 

152. Itokawa M, Yamada K, Yoshitsugu K, Toyota T, Suga T, Ohba H, Watanabe A, 
Hattori E, Shimizu H, Kumakura T and others. 2003. A microsatellite repeat in the 
promoter of the N-methyl-D-aspartate receptor 2A subunit (GRIN2A) gene 
suppresses transcriptional activity and correlates with chronic outcome in 
schizophrenia. Pharmacogenetics 13(5):271-8. 

153. Makino C, Shibata H, Ninomiya H, Tashiro N, Fukumaki Y. 2005. Identification of 
single-nucleotide polymorphisms in the human N-methyl-D-aspartate receptor 
subunit NR2D gene, GRIN2D, and association study with schizophrenia. Psychiatr 
Genet 15(3):215-21. 

154. Rice SR, Niu N, Berman DB, Heston LL, Sobell JL. 2001. Identification of single 
nucleotide polymorphisms (SNPs) and other sequence changes and estimation of 
nucleotide diversity in coding and flanking regions of the NMDAR1 receptor gene in 
schizophrenic patients. Mol Psychiatry 6(3):274-84. 

155. Sakurai K, Toru M, Yamakawa-Kobayashi K, Arinami T. 2000. Mutation analysis of 
the N-methyl-D-aspartate receptor NR1 subunit gene (GRIN1) in schizophrenia. 
Neurosci Lett 296(2-3):168-70. 

156. Meador-Woodruff JH, Healy DJ. 2000. Glutamate receptor expression in 
schizophrenic brain. Brain Res Brain Res Rev 31(2-3):288-94. 



64  64

157. Duncan GE, Moy SS, Perez A, Eddy DM, Zinzow WM, Lieberman JA, Snouwaert 
JN, Koller BH. 2004. Deficits in sensorimotor gating and tests of social behavior in a 
genetic model of reduced NMDA receptor function. Behavioural Brain Research 
153(2):507. 

158. Fradley RL, O'Meara GF, Newman RJ, Andrieux A, Job D, Reynolds DS. 2005. 
STOP knockout and NMDA NR1 hypomorphic mice exhibit deficits in 
sensorimotor gating. Behavioural Brain Research 163(2):257. 

159. Danysz W, Wroblewski JT, Costa E. 1988. Learning impairment in rats by N-methyl-
D-aspartate receptor antagonists. Neuropharmacology 27(6):653. 

160. Homayoun H, Moghaddam B. 2007. NMDA receptor hypofunction produces 
opposite effects on prefrontal cortex interneurons and pyramidal neurons. J Neurosci 
27(43):11496-500. 

161. Jackson ME, Homayoun H, Moghaddam B. 2004. NMDA receptor hypofunction 
produces concomitant firing rate potentiation and burst activity reduction in the 
prefrontal cortex. Proc Natl Acad Sci U S A 101(22):8467-72. 

162. Kargieman L, Santana N, Mengod G, Celada P, Artigas F. 2007. Antipsychotic drugs 
reverse the disruption in prefrontal cortex function produced by NMDA receptor 
blockade with phencyclidine. Proc Natl Acad Sci U S A 104(37):14843-8. 

163. Lopez-Gil X, Babot Z, Amargos-Bosch M, Sunol C, Artigas F, Adell A. 2007. 
Clozapine and haloperidol differently suppress the MK-801-increased glutamatergic 
and serotonergic transmission in the medial prefrontal cortex of the rat. 
Neuropsychopharmacology 32(10):2087-97. 

164. Moghaddam B, Adams BW. 1998. Reversal of phencyclidine effects by a group II 
metabotropic glutamate receptor agonist in rats. Science 281(5381):1349-52. 

165. Cartmell J, Monn JA, Schoepp DD. 1999. The Metabotropic Glutamate 2/3 
Receptor Agonists LY354740 and LY379268 Selectively Attenuate Phencyclidine 
versus d-Amphetamine Motor Behaviors in Rats. J Pharmacol Exp Ther 291(1):161-
170. 

166. Patil ST, Zhang L, Martenyi F, Lowe SL, Jackson KA, Andreev BV, Avedisova AS, 
Bardenstein LM, Gurovich IY, Morozova MA and others. 2007. Activation of 
mGlu2/3 receptors as a new approach to treat schizophrenia: a randomized Phase 2 
clinical trial. Nat Med 13(9):1102-7. 

167. McCullumsmith RE, Meador-Woodruff JH. 2002. Striatal excitatory amino acid 
transporter transcript expression in schizophrenia, bipolar disorder, and major 
depressive disorder. Neuropsychopharmacology 26(3):368-75. 

168. Bauer D, Gupta D, Harotunian V, Meador-Woodruff JH, McCullumsmith RE. 2008. 
Abnormal expression of glutamate transporter and transporter interacting molecules 
in prefrontal cortex in elderly patients with schizophrenia. Schizophr Res 104(1-3):108-
20. 

169. Smith RE, Haroutunian V, Davis KL, Meador-Woodruff JH. 2001. Expression of 
excitatory amino acid transporter transcripts in the thalamus of subjects with 
schizophrenia. Am J Psychiatry 158(9):1393-9. 

170. Walsh T, McClellan JM, McCarthy SE, Addington AM, Pierce SB, Cooper GM, Nord 
AS, Kusenda M, Malhotra D, Bhandari A and others. 2008. Rare structural variants 
disrupt multiple genes in neurodevelopmental pathways in schizophrenia. Science 
320(5875):539-43. 

171. Naveilhan P, Hassani H, Lucas G, Blakeman KH, Hao JX, Xu XJ, Wiesenfeld-Hallin 
Z, Thoren P, Ernfors P. 2001. Reduced antinociception and plasma extravasation in 
mice lacking a neuropeptide Y receptor. Nature 409(6819):513-7. 



65 65 

172. Watase K, Hashimoto K, Kano M, Yamada K, Watanabe M, Inoue Y, Okuyama S, 
Sakagawa T, Ogawa S, Kawashima N and others. 1998. Motor discoordination and 
increased susceptibility to cerebellar injury in GLAST mutant mice. Eur J Neurosci 
10(3):976-88. 

173. Holmes A, le Guisquet AM, Vogel E, Millstein RA, Leman S, Belzung C. 2005. Early 
life genetic, epigenetic and environmental factors shaping emotionality in rodents. 
Neurosci Biobehav Rev 29(8):1335-46. 

174. Fontella FU, Vendite DA, Tabajara AS, Porciuncula LO, da Silva Torres IL, Jardim 
FM, Martini L, Souza DO, Netto CA, Dalmaz C. 2004. Repeated restraint stress alters 
hippocampal glutamate uptake and release in the rat. Neurochem Res 29(9):1703-9. 

175. Gilad GM, Gilad VH, Wyatt RJ, Tizabi Y. 1990. Region-selective stress-induced 
increase of glutamate uptake and release in rat forebrain. Brain Research 525(2):335. 

176. Willner P, Moreau JL, Nielsen CK, Papp M, Sluzewska A. 1996. Decreased hedonic 
responsiveness following chronic mild stress is not secondary to loss of body weight. 
Physiol Behav 60(1):129-34. 

177. Holmes A, Yang RJ, Lesch KP, Crawley JN, Murphy DL. 2003. Mice lacking the 
serotonin transporter exhibit 5-HT(1A) receptor-mediated abnormalities in tests for 
anxiety-like behavior. Neuropsychopharmacology 28(12):2077-88. 

178. Takahashi LK, Kalin NH, Vanden Burgt JA, Sherman JE. 1989. Corticotropin-
releasing factor modulates defensive-withdrawal and exploratory behavior in rats. 
Behav Neurosci 103(3):648-54. 

179. Bing O, Möller C, Engel JA, Söderpalm B, Heilig M. 1993. Anxiolytic-like action of 
centrally administered galanin. Neuroscience Letters 164(1-2):17. 

180. Moller C, Sommer W, Thorsell A, Heilig M. 1999. Anxiogenic-like action of galanin 
after intra-amygdala administration in the rat. Neuropsychopharmacology 21(4):507-12. 

181. Holmes A, Kinney JW, Wrenn CC, Li Q, Yang RJ, Ma L, Vishwanath J, Saavedra M, 
Innerfield CE, Jacoby AS and others. 2003. Galanin GAL-R1 Receptor Null Mutant 
Mice Display Increased Anxiety-Like Behavior Specific to the Elevated Plus-Maze. 
Neuropsychopharmacology 28(6):1031. 

182. Holmes A, Yang RJ, Crawley JN. 2002. Evaluation of an anxiety-related phenotype in 
galanin overexpressing transgenic mice. J Mol Neurosci 18(1-2):151-65. 

183. Kuteeva E, Hökfelt T, Ove Ögren S. 2005. Behavioural characterisation of transgenic 
mice overexpressing galanin under the PDGF-B promoter. Neuropeptides 39(3):299. 

184. Bouwknecht JA, Paylor R. 2002. Behavioral and physiological mouse assays for 
anxiety: a survey in nine mouse strains. Behav Brain Res 136(2):489-501. 

185. Wahlsten D, Bachmanov A, Finn DA, Crabbe JC. 2006. Stability of inbred mouse 
strain differences in behavior and brain size between laboratories and across decades. 
Proc Natl Acad Sci U S A 103(44):16364-9. 

186. Griebel G, Belzung C, Perrault G, Sanger DJ. 2000. Differences in anxiety-related 
behaviours and in sensitivity to diazepam in inbred and outbred strains of mice. 
Psychopharmacology (Berl) 148(2):164-70. 

187. Milner LC, Crabbe JC. 2008. Three murine anxiety models: results from multiple 
inbred strain comparisons. Genes Brain Behav 7(4):496-505. 

188. Karlsson RM, Holmes A. 2006. Galanin as a modulator of anxiety and depression and 
a therapeutic target for affective disease. Amino Acids 31(3):231-9. 

189. Hayes DM, Knapp DJ, Breese GR, Thiele TE. 2005. Comparison of basal 
neuropeptide Y and corticotropin releasing factor levels between the high ethanol 
drinking C57BL/6J and low ethanol drinking DBA/2J inbred mouse strains. Alcohol 
Clin Exp Res 29(5):721-9. 



66  66

190. Nowak G, Ordway GA, Paul IA. 1995. Alterations in the N-methyl-D-aspartate 
(NMDA) receptor complex in the frontal cortex of suicide victims. Brain Res 675(1-
2):157-64. 

191. Karolewicz B, Stockmeier CA, Ordway GA. 2005. Elevated levels of the NR2C 
subunit of the NMDA receptor in the locus coeruleus in depression. 
Neuropsychopharmacology 30(8):1557-67. 

192. Karolewicz B, Szebeni K, Gilmore T, Maciag D, Stockmeier CA, Ordway GA. 2008. 
Elevated levels of NR2A and PSD-95 in the lateral amygdala in depression. Int J 
Neuropsychopharmacol:1-11. 

193. Adlard PA, Cotman CW. 2004. Voluntary exercise protects against stress-induced 
decreases in brain-derived neurotrophic factor protein expression. Neuroscience 
124(4):985-92. 

194. Govindarajan A, Rao BS, Nair D, Trinh M, Mawjee N, Tonegawa S, Chattarji S. 2006. 
Transgenic brain-derived neurotrophic factor expression causes both anxiogenic and 
antidepressant effects. Proc Natl Acad Sci U S A 103(35):13208-13. 

195. Vyas A, Mitra R, Shankaranarayana Rao BS, Chattarji S. 2002. Chronic stress induces 
contrasting patterns of dendritic remodeling in hippocampal and amygdaloid neurons. 
J Neurosci 22(15):6810-8. 

196. Crabbe JC, Phillips TJ. 2004. Pharmacogenetic studies of alcohol self-administration 
and withdrawal. Psychopharmacology (Berl) 174(4):539-60. 

197. Stoffel W, Korner R, Wachtmann D, Keller BU. 2004. Functional analysis of 
glutamate transporters in excitatory synaptic transmission of GLAST1 and 
GLAST1/EAAC1 deficient mice. Brain Res Mol Brain Res 128(2):170-81. 

198. Vezina P, Stewart J. 1987. Morphine conditioned place preference and locomotion: 
the effect of confinement during training. Psychopharmacology (Berl) 93(2):257-60. 

199. Cunningham CL. 1995. Localization of genes influencing ethanol-induced conditioned 
place preference and locomotor activity in BXD recombinant inbred mice. 
Psychopharmacology (Berl) 120(1):28-41. 

200. Cunningham CL, Dickinson SD, Grahame NJ, Okorn DM, McMullin CS. 1999. 
Genetic differences in cocaine-induced conditioned place preference in mice depend 
on conditioning trial duration. Psychopharmacology (Berl) 146(1):73-80. 

201. Gremel CM, Cunningham CL. 2007. Role of test activity in ethanol-induced 
disruption of place preference expression in mice. Psychopharmacology (Berl) 191(2):195-
202. 

202. Neisewander JL, Pierce RC, Bardo MT. 1990. Naloxone enhances the expression of 
morphine-induced conditioned place preference. Psychopharmacology (Berl) 100(2):201-5. 

203. Nelson RJ, Young KA. 1998. Behavior in Mice with Targeted Disruption of Single 
Genes. Neuroscience & Biobehavioral Reviews 22(3):453-462. 

204. Coyle JT. 2006. Glutamate and schizophrenia: beyond the dopamine hypothesis. Cell 
Mol Neurobiol 26(4-6):365-84. 

205. Lovinger DM, White G, Weight FF. 1989. Ethanol inhibits NMDA-activated ion 
current in hippocampal neurons. Science 243(4899):1721-4. 

206. Lovinger DM, White G, Weight FF. 1990. NMDA receptor-mediated synaptic 
excitation selectively inhibited by ethanol in hippocampal slice from adult rat. J 
Neurosci 10(4):1372-9. 

207. D'Souza DC, Gil RB, Madonick S, Perry EB, Forselius-Bielen K, Braley G, Donahue 
L, Tellioglu T, Zimolo Z, Gueorguieva R and others. 2006. Enhanced Sensitivity to 
the Euphoric Effects of Alcohol in Schizophrenia. Neuropsychopharmacology 
31(12):2767. 



67 67 

208. Blakemore S-J. 2008. The social brain in adolescence. Nat Rev Neurosci 9(4):267-277. 
209. Mohn AR, Gainetdinov RR, Caron MG, Koller BH. 1999. Mice with Reduced NMDA 

Receptor Expression Display Behaviors Related to Schizophrenia. Cell 98(4):427. 
210. Wiedholz LM, Owens WA, Horton RE, Feyder M, Karlsson RM, Hefner K, Sprengel 

R, Celikel T, Daws LC, Holmes A. 2008. Mice lacking the AMPA GluR1 receptor 
exhibit striatal hyperdopaminergia and 'schizophrenia-related' behaviors. Mol Psychiatry 
13(6):631-40. 

211. Sams-Dodd F. 1997. Effect of novel antipsychotic drugs on phencyclidine-induced 
stereotyped behaviour and social isolation in the rat social interaction test. Behav 
Pharmacol 8(2-3):196-215. 

212. Braff D, Stone C, Callaway E, Geyer M, Glick I, Bali L. 1978. Prestimulus effects on 
human startle reflex in normals and schizophrenics. Psychophysiology 15(4):339-43. 

213. Cadenhead KS, Swerdlow NR, Shafer KM, Diaz M, Braff DL. 2000. Modulation of 
the startle response and startle laterality in relatives of schizophrenic patients and in 
subjects with schizotypal personality disorder: evidence of inhibitory deficits. Am J 
Psychiatry 157(10):1660-8. 

214. Geyer MA, McIlwain KL, Paylor R. 2002. Mouse genetic models for prepulse 
inhibition: an early review. Mol Psychiatry 7(10):1039-53. 

215. Hakuba N, Koga K, Gyo K, Usami SI, Tanaka K. 2000. Exacerbation of noise-
induced hearing loss in mice lacking the glutamate transporter GLAST. J Neurosci 
20(23):8750-3. 

216. Galici R, Echemendia NG, Rodriguez AL, Conn PJ. 2005. A Selective Allosteric 
Potentiator of Metabotropic Glutamate (mGlu) 2 Receptors Has Effects Similar to an 
Orthosteric mGlu2/3 Receptor Agonist in Mouse Models Predictive of Antipsychotic 
Activity. J Pharmacol Exp Ther 315(3):1181-1187. 

217. Schreiber R, Lowe D, Voerste A, De Vry J. 2000. LY354740 affects startle responding 
but not sensorimotor gating or discriminative effects of phencyclidine. European 
Journal of Pharmacology 388(2):R3. 

218. Henry SA, Lehmann-Masten V, Gasparini F, Geyer MA, Markou A. 2002. The 
mGluR5 antagonist MPEP, but not the mGluR2/3 agonist LY314582, augments PCP 
effects on prepulse inhibition and locomotor activity. Neuropharmacology 43(8):1199. 

219. Cartmell J, Monn JA, Schoepp DD. 2000. Tolerance to the motor impairment, but not 
to the reversal of PCP-induced motor activities by oral administration of the 
mGlu2/3 receptor agonist, LY379268. Naunyn Schmiedebergs Arch Pharmacol 361(1):39-
46. 

220. Liechti ME, Lhuillier L, Kaupmann K, Markou A. 2007. Metabotropic glutamate 2/3 
receptors in the ventral tegmental area and the nucleus accumbens shell are involved 
in behaviors relating to nicotine dependence. J Neurosci 27(34):9077-85. 

 
 




