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Chapter Breakdown
•

The nature of psychological disorders focusing on schizophrenia, depression and
anxiety.

•

Clinical symptoms, prevalence and progression of psychological disorders.

•

The importance of gene–environment interactions in the cause of psychological
disorders.

•

The biological bases of psychological disorders.

•

Drug treatments for psychological disorders.

ROADMAP
In this chapter we will be considering the biological bases of psychological disorders.
Psychological disorders can have a profound impact on the quality of life of individuals, and there are major costs for governments both in terms of direct costs associated
with healthcare and indirect costs associated with loss of income for people with psychological disorders who are unable to work. For these reasons it is important that we
improve our understanding of the cause of psychological disorders and how best to treat
or even prevent them. First we will consider the classification of psychological disorders
and how the major psychological disorders of schizophrenia, depression and anxiety are
diagnosed, along with their clinical symptoms, onset and course. We will be focusing on
these disorders because they are the most common and debilitating. We will consider
the evidence that schizophrenia, depression and anxiety are caused by dysfunction in
brain circuits that result from complex interactions between genetic predispositions and
environmental influences. We will discover that while much progress has been made in
understanding the biological underpinnings of psychological disorders, and this has contributed to development of treatments, there is still much to be learned and this is in part
due to the challenge of studying the organisation and function of an organ as complex as
the brain. Along the way we will consider some of the methods that have been developed
to uncover the neurobiology of psychological disorders, and their limitations.
The themes and issues discussed in this chapter link to ideas from previous chapters.
Knowledge of the biological bases of perception, learning and memory, emotion and
motivation will enhance understanding of how aberrant brain circuitry in psychological
disorders might relate to specific behavioural characteristics (Chapters 4, 5, 7 and 8).
We will use our understanding of how neurons communicate (Chapter 1) and how these
processes may be modified by pharmacological tools, to understand how drug treatments for psychological disorders might be effective in offering symptom relief by correcting deficits in neuronal signalling (Chapter 2). Concepts of neural plasticity will be
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important for understanding the development of psychological disorders, and understanding
behavioural genetics will illuminate gene–environment interactions in the cause of psychological disorders (Chapter 3).

WHAT ARE PSYCHOLOGICAL DISORDERS?
From time to time we all experience disturbances in our emotions and thought processes that
affect our ability to cope with daily life. Problems in relationships or at work can trigger changes
in mood that most people recover from. Sometimes psychological disturbances are experienced
when there are no triggers or persist as intense or unusual responses to a trigger. When this happens a person might be diagnosed as having a psychological disorder. Psychological disorders
are quite common and it is likely that you either will know someone who has a psychological
disorder or may be diagnosed yourself.
Living with these disorders can have severe effects on a person’s health and wellbeing, disrupting their ability to maintain relationships and function day to day, sometimes leading to
self-harm and suicide. Psychological disorders affect populations around the world and account
for a high proportion of long-term medical and social care costs.
Although historical descriptions of the symptoms of psychological disorders are recognisable
today, how we think about these disorders is very different from the view not so long ago. The
term schizophrenia was not even part of the vocabulary until 1911. Before then, in the mid1800s, psychological disorders were thought to have either a physical or moral cause, but otherwise were not differentiated. Further back, all people with psychological disorders were treated
the same because it was generally thought that they were possessed by devils and that this could
be treated by blood letting or releasing evil spirits through holes drilled in the skull. The modern
idea that psychological disorders are disorders of the brain was important for developing appropriate treatments but it also contributed to the categorisation of different types of psychological
disorders thought to be caused by specific underlying problems in brain functioning.

CLASSIFICATION OF PSYCHOLOGICAL DISORDERS
Various different classification systems have been used to advance understanding of psychological disorders. The most commonly used system today is the Diagnostic and Statistical Manual
of Mental Disorders (DSM, APA), which has been revised several times since it was published
in the 1950s. The manual sets out criteria, based on behavioural symptoms, for diagnosing disorders like depression and schizophrenia. It has been helpful in standardising diagnoses and
providing more accurate information on the prevalence of psychological disorders, but it has
also come in for a lot of criticism along the way.
The number of psychological disorders listed in the DSM has increased dramatically as it has
been revised over the years and some argue this is because behaviours that were considered part
of the normal spectrum are now classified as pathological. The DSM, and other manuals like it,
define a psychological disorder as ‘a collection of behavioural symptoms associated with distress
and dysfunction’. Some critics argue that this means that a behaviour could be judged distressing just because it is socially unacceptable, opening up the system for misuse. Others point out
that a behaviour might be distressing and might appear dysfunctional but could actually just
be an eccentric expression of normal behaviour or a normal response to an abnormal situation.
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Even if agreement can be reached as to what constitutes distressing and dysfunctional
behaviour there are other issues with classification schemes based on descriptive criteria like
symptoms. Many symptoms cut across disorders meaning that one person can satisfy the criteria
for several disorders and two people with different symptoms can be classified with the same
disorder. Some of these issues might be resolved by adding knowledge about the biological bases
of psychological symptoms to classification schemes. Better knowledge about the relationship
between biological dysfunctions and the symptoms of psychological disorders could contribute to refining diagnoses and explaining why people present with clusters of symptoms. This
chapter will discuss three of the most commonly experienced and debilitating psychological
disorders: schizophrenia, major depression, and anxiety.

SCHIZOPHRENIA
Schizophrenia is a complex psychological disorder that can have severe effects on a person’s
health and wellbeing. People with schizophrenia usually seek help from medical professionals
because they find aspects of their disorder disturbing, but they can also experience stigma due
to misunderstandings about the disorder. A person diagnosed with schizophrenia may find it
difficult to express their thoughts and may behave in ways that are difficult for others to understand. With support, most people with schizophrenia can lead ordinary lives but this is not
made easy by the prejudices they sometimes encounter. It is sometimes assumed that people
with schizophrenia are more likely to commit violent acts than people without a diagnosis of
schizophrenia. Statistical associations between violent offending and schizophrenia have been
reported but when interpreting such findings it is important to account for other factors that
might predispose a person to violent acts. Drug abuse is associated with increased likelihood
of violence and when this is taken into account, someone with schizophrenia is no more likely
to commit violent acts than anyone else (Fazel et al., 2009). Schizophrenia affects fundamental
processes of perception, emotion and cognition.

Clinical symptoms of schizophrenia
Schizophrenia is characterised by three broad categories of symptoms: positive or psychotic symptoms, negative symptoms, and cognitive disturbances. Psychotic symptoms include delusions
and hallucinations. Hallucinations are perceptual experiences that occur in the absence of a
sensory stimulus and can occur in different sensory systems. Hearing voices is common, but also
are smelling, feeling or seeing things that are not there. A delusion is a fixed and false belief that a
person is unwilling to change even when confronted with evidence that it cannot be true. Delusions
can lead people to read special meanings into things that other people find innocuous. Someone
might believe that their thoughts are being controlled by their neighbours or they might believe
that their partner is being unfaithful, even though there is no actual evidence to suggest this.
Negative symptoms are changes in emotional state involving the loss of usual motivations
and feelings. Common negative symptoms are reduced expression of emotion, diminished ability to experience pleasure (anhedonia) and problems initiating and completing plans. Cognitive
symptoms are seen as especially problematic because the more cognitive problems someone
has the worse they tend to do on quality-of-life measures such as the ability to function at work
and live independently (Green, 1996). Patients with schizophrenia perform significantly worse
than people without schizophrenia on many different types of cognitive test and some deficits
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are apparent well before other symptoms emerge, suggesting that they are a core feature of the
disorder (Gunnell et al., 2002). Memory is usually impaired along with difficulties thinking
ahead, sustaining attention, thinking critically and problem solving; see the Insight box below
(Goldman-Rakic et al., 2004).

INSIGHT: COGNITION IN SCHIZOPHRENIA
Performance on cognitive tasks that depend on the frontal lobes is particularly impaired in schizophrenia (Goldberg et al., 1987). These deficits are likely to be related to impaired function in dorsolateral prefrontal areas and manifest as problems with executive functions such as memory, attention
and flexible thinking.
The ability to do well on tests that measure executive functions, for example the Wisconsin Card
Sorting Test and delayed word recall, predicts the ability to carry out everyday activities, whereas
positive symptoms are not predictive. Negative symptoms can affect outcome owing to the effect of
reduced motivation on engagement with social activities.
Significant relationships have been found between performance on specific executive functions
and real world outcomes, as indicated below. Addressing cognitive symptoms in schizophrenia is
therefore crucial for improving treatment outcomes.

Frontal lobe cognitive
function

Real world outcome

Flexible thinking

Daily activities
e.g. degree of independent
living

Memory

Social functioning
e.g. identifying and dealing
with interpersonal problems

Attention

Behavioural problems
e.g. symptom and medication
management

Figure 9.1 Cognitive prediction of real world outcomes in schizophrenia. Arrows indicate
significant relationships across a number of studies. Adapted from Green et al., 2005

Other conditions can co-occur with schizophrenia and many patients additionally show symptoms of depression and anxiety and have substance abuse problems. Smoking rates are particularly high in people with schizophrenia (Masterson and O’Shea, 1984). Sadly, suicide is a leading
cause of death among people with schizophrenia (Schwartz and Cohen, 2001). A combination
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of lifestyle factors, difficulties accessing healthcare and the side effects of some medications
contribute to a generally higher incidence of disease among people with schizophrenia than in
the population at large (Allebeck, 1989).
Each person’s experience of living with schizophrenia is different. Some experience symptoms for a short time, others may have longer and repeated episodes, and a few will have very
troublesome symptoms for long periods.
The symptoms of schizophrenia typically appear in the late teens and early twenties. The
onset can be abrupt or gradual but there is usually a preceding period, known as the prodromal
phase, in which symptoms are apparent, but not at clinical levels (Lieberman et al., 1991). The
prodromal phase can last from months to years. Some signs of schizophrenia can also be present
a long time before diagnosis. Subtle disturbances in social and cognitive function have been
identified in children at risk of schizophrenia.
There is wide variation in the progression of schizophrenia. Some people recover completely
but others will continue to experience recurring episodes over their lifetime. Many people with
schizophrenia experience recurring periods of positive symptoms with some ongoing negative
and cognitive symptoms (Harrow and Jobe, 2007). Treatments help around 80% of patients who
are experiencing their first phase of positive symptoms and increase the likelihood and length of
recovery in between episodes (Robinson et al., 1999). Factors such as early age of onset, longer
duration of untreated psychosis, stress and living with family members who express negative
attitudes can worsen the outcome (Jobe and Harrow, 2010).

Prevalence of schizophrenia
Estimates of the prevalence of schizophrenia suggest that around seven out of 1,000 people are
affected (McGrath et al., 2008). Schizophrenia occurs in all countries but the incidence varies
according to a number of risk factors. Living in an urban area is associated with increased risk
of schizophrenia (Pedersen and Mortensen, 2001) and there is a link between migration and
schizophrenia (Cantor-Graae and Selten, 2005). Men are more at risk than women (Aleman
et al., 2003) and the risk increases if a person has a family member with schizophrenia (Kendler
and Diehl, 1993). The degree of genetic relatedness between family members is important. The
lifetime risk of developing schizophrenia in the general population is around 0.5% but this
increases to about 9% if you have a brother or sister with schizophrenia, to just under 50%
if you have two parents with schizophrenia and to 50–70% if you have an identical twin with
schizophrenia. The concordance rate for identical or monozygotic twins is much higher
than the concordance rate for non-identical or dizygotic twins. This means that the likelihood
of one twin having the disorder, given that the other twin has, is much higher for identical than
non-identical twins.
A higher concordance rate for identical twins than for non-identical twins is an indication
that genetics play a causal role in the disorder; there is something about the disorder that is heritable which explains why it runs in families. Comparing adopted children with their biological
and adoptive parents can tell us something about the role of genetics in schizophrenia. What
happens if the children of parents with schizophrenia are raised by parents without schizophrenia? On the other hand, what happens if adopted children of parents without schizophrenia
are adopted into families of parents with schizophrenia? The risk of schizophrenia appears to
be related to the presence of schizophrenia in the biological parents not the adoptive parents,
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confirming that genes are important (Heston, 1966; Kety et al., 1968). See the Focus on Methods
box on genetic studies for information on twin and adoption studies.
But it is not the case that schizophrenia is under complete genetic control. If it were, then
we would expect the concordance rate between identical twins to be 100%. The fact that it isn’t
suggests that non-genetic factors are also important. Neither is it likely that schizophrenia is
inherited via a single gene because if that were the case then we would expect the likelihood of
having schizophrenia if you have two parents with the disorder to be much higher than it actually is. All of this goes to suggest that whether someone has schizophrenia is dependent upon the
interaction between genetic and environmental factors and that there are likely to be multiple
genes that increase the risk of developing the disorder.

Focus on Methods: Genetic Studies
Twin Studies
Twin studies can identify genetic contributions to psychological and other types of disorders by
comparing the occurrence of the disorder in identical (monozygotic) and non-identical (dyzygotic)
twins. Monozygotic twins share the same genotype whereas dyzygotic twins share on average half
their genes so if a disorder has a genetic component then the percentage of twins who both have
the disorder (the concordance rate) should be higher for monozygotic than dyzygotic twins, as is
the case for schizophrenia.
One limitation of the twin method is that it assumes that both types of twins experience similar
environments. But it could be that monozygotic twins have a more similar environment than dyzygotic
twins because people around them treat them similarly owing to them looking identical. Questionnaire
measures can be taken to assess the contribution of shared environment to concordance rates, for
example asking whether twins were dressed the same as children or had shared friends. Another
option is to study twins who have been misinformed about whether they are identical. In this way the
perception of similarity, which could increase shared environmental influences, can be accounted for.
Finally, it is possible to study identical twins who have been raised in different environments, but there
are few sets of twins that are reared apart and so the samples may not be representative.
It can also be difficult to study twin pairs in a controlled way because monozygotic twins who share
traits may be more likely than those who do not share traits to volunteer to take part in studies. This can
be addressed by studies that recruit all twins in a geographical area. For example, in some countries,
there are large national registers of all twins born, which makes unbiased recruitment easier. Whether
twins are identical cannot always be identified using reliable genotyping methods, either practically
speaking or because of the expense, and so in many large-scale studies zygosity is determined using
questionnaires that have about a 95% accuracy. More recently, studies have also examined rates of
occurrence of a disorder in people who are unrelated, and compared these rates with the rates in
people who are related but to varying degrees, for example half-siblings, uncles or aunts.
(Continued)
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(Continued)

Adoption Studies
The occurrence of a disorder can be assessed in people who have been adopted and compared
with the rates of occurrence in the biological and adopted relatives of the adoptee. It is assumed
that genetic and environmental influences are separated if a child is adopted soon after birth.
One approach is to examine the occurrence of a disorder in adoptees who have a parent who is
affected, and compare this with the rate of occurrence in adoptees who do not have an affected
parent. Alternatively, the occurrence of the disorders is assessed in the biological and adopted parents of individuals who have the disorder. A more complex design involves crossfostering in which
the rate of the disorder in adoptees who have a non-affected biological parent and an affected
adopted parent are examined and vice versa. Adoption studies have the drawback that adoption is
rare, and so the samples may be small. Also the influence of the prenatal environment has to be
dissociated from the genetic influence of the biological mother by taking into account information
about the prenatal experience such as birth trauma.

INTERACTIONS BETWEEN GENES AND
ENVIRONMENT IN SCHIZOPHRENIA
We have discovered that schizophrenia is not under complete genetic control. Even if a person has
risk genes for schizophrenia it is not certain that they will develop the disorder. The environment
that a person grows up in is also important. Some events and environments appear to tip the
balance and increase the likelihood that someone with risk genes will develop the disorder. It is
important to remember therefore that both the environment and genes influence whether or not
someone will develop schizophrenia. In other words, there is not a simple relationship between
having a particular gene variant and developing schizophrenia. Similarly, not everyone exposed to
a particular environmental factor will develop schizophrenia. It is how they interact that is critical.
Understanding these gene–environment interactions can help predict who will develop schizophrenia and shed light on what might be happening in the brain to cause schizophrenia.

Genetic risk factors
Initial studies of the genetics of schizophrenia focused on finding locations on the chromosome that were linked to having a diagnosis of schizophrenia. Further studies then attempted
to identify specific risk genes located in those areas of the chromosome. This is a difficult task
because it is possible that schizophrenia is caused by the combined effects of many gene variants, perhaps thousands, each accounting for a very small effect and interacting with environmental factors. Gene variants are copies of the same gene that differ slightly in their DNA
sequence usually by a single nucleotide. Some variants, or alleles, as they are known, are
common in the population which means that researchers can see if they are more likely to be
found in people who have schizophrenia than in people who don’t have schizophrenia. Some
potential risk genes that exist in different forms have been identified: Regulator of G Protein
Signaling 4 (RGS4, on chromosome 1), Disrupted in Schizophrenia 1 (DISC1, on chromosome 1),
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Dystrobrevin-Binding Protein 1 (DTNBP1/Dysbindin, on chromosome 6), and Neuregulin 1
(NRG1, on chromosome 8) (Williams, Owen and O’Donovan, 2009).
An issue to consider is that all of the candidate risk genes so far identified only account for
a very small amount of the genetic component of schizophrenia so there is still a lot that is
unexplained. It may be that a number of relatively common genes, each having a small effect,
act together to increase the risk of schizophrenia (Allen et al., 2008). Alternatively, it is possible that there are some rare single genes that each have a large effect but are specific to
an individual or family, making them difficult to identify. Such rare variants may be due to
sub-microscopic variations in DNA structure, so-called copy number variants or CNVs. It has
been reported that the rate of rare CNVs are much greater in patients with schizophrenia than
healthy controls and the rare CNVs identified in patients contribute to functions critical to
neuronal development (Walsh et al., 2008). Perhaps more likely is that schizophrenia risk is
conferred by a combination or common and rare variants (Owen et al., 2010).
To complicate matters further, it has been suggested that inherited differences in the expression of genes due to reversible chemical changes to DNA, as opposed to changes in the sequence
of DNA, might explain susceptibility to schizophrenia (Tsankova et al., 2007). This idea is supported by the finding that there is different gene expression in an identical twin who has schizophrenia compared with their twin who does not have schizophrenia (remember schizophrenia
does not always co-occur in identical twins) (Tsang, Huang, Holmes and Bahn, 2006). These
epigenetic effects could provide a link between genetic and environmental influences because
factors like stress and diet can cause epigenetic changes.

INSIGHT: EPIGENETICS
Epigenetics refers to chemical changes to DNA, and the proteins that package DNA, that are associated with the regulation of gene expression. Epigenetic events are important for determining the
development of different cell types. For example whether cells with the same DNA will turn into liver
cells versus brain cells is determined by the turning-on of different genes by epigenetics. This has
been known about for a long time, but more recently evidence has emerged that environmental events
such as changes in diet can affect epigenetics and more intriguingly that these changes can be
passed on to subsequent generations. Clues about the influences of epigenetics came from the study
of people who had undergone transitions from famine to feast in Sweden in the 1800s. Careful scrutiny of agricultural records to assess the likely diet of people at the time showed that the grandsons of
men who had experienced a glut of food and lived through a feast year were more likely to die younger
than men whose grandfathers had lived through famine. The conclusion was that the environment left
its mark on the epigenome and this was passed on to the children and grandchildren. Evidence from
studies of laboratory animals suggests that epigenetic changes, which unlike inherited mutations, do
not change the structure of DNA, can explain how environmental influences interact with the genome
to produce particular phenotypes.

ENVIRONMENTAL RISK FACTORS
There is some evidence that complication during pregnancy or birth increases the risk of schizophrenia. Complications during labour and delivery that cause oxygen deprivation (hypoxia) are
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associated with later schizophrenia (Clarke et al., 2006). A likely explanation is that the birth
complications result in brain damage and this is associated with later schizophrenia (Murray,
Jones and O’Callaghan, 1991). A study by Jones and colleagues found that in a group of 11,017
Finnish subjects, 76 people developed schizophrenia by age 28 and they were seven times more
likely to have had brain damage at birth than the rest of the group (Jones et al., 1998).
Another environmental factor that has been identified is viral infection during pregnancy.
This might explain why babies born in winter have a slightly increased risk of developing schizophrenia than babies born at other times of the year (Torrey et al., 1997). The flu virus is more
common in the autumn and it is possible that some mothers who contract the flu virus experience an abnormal immune response that affects development of the foetus (Zuckerman et al.,
2003). This idea is supported by the finding that the incidence of schizophrenia increases after
a flu epidemic (Adams et al., 1993). Stress may have a similar effect on the immune system during pregnancy: higher rates of schizophrenia are found for children of women whose husbands
died during their pregnancies than for children of women whose husbands died after birth
(Huttunen, 1989). Adverse events after birth might also play a part. Having a head injury before
the age of 10 is associated with developing schizophrenia later in life (AbdelMalik et al., 2003).
There have been various reports that living in a city rather than in a rural environment is
associated with increased risk of schizophrenia and that there is a greater risk in populations
that have migrated from one country to another. The rate of schizophrenia is much higher in
Norwegian migrants to the USA than in the Norwegian population (Odegaard, 1932). Similar
findings have been noted for African-Caribbean migrants to the UK (Harrison et al., 1997). The
reasons for these findings are unclear and could relate to other risk factors such as stress.
Life events are likely to act in conjunction with genetic susceptibility such that people
with a genetic predisposition are perhaps more sensitive to the effects of prenatal and postnatal complications. Interestingly, one of the genes linked to schizophrenia, the Disrupted in
Schizophrenia 1 (DISC1) gene codes for a protein that is required for normal growth of neurons
(Schurov et al., 2004). This raises the possibility that the genetic risk for schizophrenia relates
to the effect of genes on the complex process of brain development.
A factor that has received much attention, especially in media reports, is adolescent cannabis
use (Andréasson et al., 1987). The relationship between cannabis use and schizophrenia appears
to be related to the level of cannabis use and is more pronounced for individuals with other
risk factors (van Os et al., 2002; Zammit et al., 2002). It is difficult to establish a causal link
between cannabis use and schizophrenia. One has to be careful to control for the effects of other
factors that might explain any association such as other illegal drug use. Also, it could be that
schizophrenia causes cannabis use rather than the other way round. Some people could be using
cannabis to alleviate early symptoms of schizophrenia. Against this, it has been reported that
an increase in symptoms is not positively associated with increased use of cannabis (Fergusson
et al., 2005).
It remains to be seen whether recent changes in the levels of cannabis use by young people will
be related to increased rates of schizophrenia as would be predicted if there is a causal relationship between cannabis use and schizophrenia (Hickman et al., 2007). It is possible that genes
moderate the link between adolescent cannabis use and the risk of developing schizophrenia.
Researchers found that cannabis users with one particular variant of a gene called COMT were
more likely to develop schizophrenia than users with a different variant (Caspi et al., 2005).
Of course genetic and environmental influences can only bring about their effects by acting to
change the brain in some way, which then results in the manifestation of the clinical symptoms
of schizophrenia. An important question concerns the relationship between clinical symptoms
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Figure 9.2 Genetic factors interact with the environment to affect whether someone will develop
schizophrenia. Changes in gene expression will result in neurochemical disturbances that affect
information processing in the brain of affected individuals. These changes ultimately lead to
behavioural, cognitive and emotional deficits that characterise schizophrenia
Source: Horváth and Mirnics (2009)

and changes in underlying biological processes. At present there is no easy answer to this. There
has been progress in refining knowledge about which aspects of behaviour are altered in schizophrenia and in identifying dysfunction in neurochemical systems in the brains of people with
schizophrenia, but there is still some way to go before joining up the dots. Next, we will discuss
research that has told us about the biological changes associated with schizophrenia.

Biological bases of schizophrenia
What is the evidence that brain structure and function are altered in schizophrenia? Researchers
have used different approaches to try to answer this question. Here we will examine the main
evidence from neuroanatomical studies and pharmacological studies.

Neuroanatomical and imaging studies
Post-mortem examination of the brains of people with schizophrenia shows that they look
different to the brains of people without schizophrenia. These studies can be difficult to
interpret though because brain structure can be affected by drug treatment. It could be that
any differences in brain structure between people with and without schizophrenia is not
due to the disorder but related to having taken medication for a long time. However, data
from brain imaging studies confirm that there are differences in brain structure between
schizophrenic and non-schizophrenic participants even before drug treatment has begun
(Velakoulis et al., 1999).
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Focus on Methods: Structural Imaging
The human brain varies not only in its activity but also in its structure from person to person. The
structure of the brain can be imaged accurately using MRI scanners (or CT scanners) and the
images compared across individuals or groups. Importantly, grey matter (cell bodies) can be distinguished from white matter (axons). In this way it is possible to correlate grey or white matter volume
in particular areas of the brain to alterations in specific functions.

Some of the differences in brain structure have also been detected in the brain scans of people
at high risk of schizophrenia. The scans of individuals who later develop schizophrenia are very
similar to those of patients with full symptoms, indicating that structural changes associated
with schizophrenia are evident before the onset of symptoms in early life (Lawrie et al., 1999;
Sun et al., 2009). One explanation is that early life events alter brain development, which then
later predisposes towards schizophrenia. An implication here is that it might be possible to use
brain scans to predict who is likely to develop schizophrenia (see Figure 9.3).
So how do early structural changes in the brain account for the emergence of positive symptoms
much later in adolescence? Here it is important to remember that our brains change throughout
life, and during adolescence there are some particularly dramatic changes that are important

Figure 9.3 Maps of the average annual rates of brain surface contraction in: (a) individuals at
ultra-high risk for developing psychosis who conver ted to psychosis (conver ters) versus those who
did not conver t (nonconver ters), and (b) schizophrenia patients versus healthy controls. Conver ters
and schizophrenia patients showed significantly greater brain-contraction rates compared with
nonconver ters and healthy individuals, respectively. A similar pattern of prominent prefrontal
surface contraction was shared across groups. For the top t wo rows, bluer areas indicate regions of
higher surface motion (in mm/year), while red and pink areas indicate areas of negative motion, or
contraction; in the bottom row, red indicates regions that show statistically significant differences in
the rate of contraction bet ween groups
Based on data in Sun, Stuart, Phillips, et al. (2009) and Sun, Stuart, Jenkinson, et al. (2009)
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for development. It is possible that these brain changes during adolescence are compromised
if someone has suffered a brain injury early in life. A result then might be the emergence of the
symptoms of schizophrenia.
The most consistent changes in brain structure seen in schizophrenia are increases in the size of
ventricles and associated decreases in grey and white matter volumes (Shenton et al., 2001). Some
areas of the brain are particularly affected. The hippocampus, thalamus, and frontal lobes are
involved in emotional and cognitive functioning and are all smaller in patients with schizophrenia
than in healthy controls. These changes could be related to some the symptoms of schizophrenia.
In addition to changes to the structure of the brain, there are also alterations in brain function
associated with schizophrenia and these have been studied using positron emission tomography
(PET) and functional magnetic resonance imaging (fMRI). Abnormalities in brain blood flow have
been found in the frontal lobes of patients with schizophrenia when performing tasks involving
memory and attention (Buchsbaum and Hazlett, 1998). Impaired memory function in schizophrenia is associated with altered function in the dorsolateral prefrontal cortex (DLPFC) as measured by fMRI (Barch et al., 2001). Similar impairments have also been reported for participants at
high risk for schizophrenia (Seidman et al., 2006). This indicates that like the structural changes,
functional impairments in frontal lobe function are not the result of living with the disorder or due
to the effects of medication.

Focus on Methods: PET and f MRI
fMRI and PET scanning have been used to investigate the differences in brain function between
people who have schizophrenia and people without a diagnosis of schizophrenia. PET scanning
involves injecting a person with a radioactive tracer. As the tracer decays, it emits positrons. When
the positrons come into contact with electrons in neighbouring atoms they generate gamma rays.
These gamma rays can be detected by a gamma ray detector and a computer can work out how
many gamma rays are coming from specific areas of the brain. Areas with high blood flow are associated with high gamma rays and these are likely to be areas of the brain that are most active. fMRI
works by detecting the changes in blood oxygenation and flow that occur in response to neural
activity. When a brain area is more active it consumes more oxygen and to meet this increased
demand blood flow increases to the active area. fMRI can be used to produce maps of changes in
blood flow in the brain that are linked to neural activity.

Figure 9.4

A PET scan of a healthy patient

© iStock.com/BanksPhotos
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Findings from neuroanatomical and imaging studies help to explain how neurodevelopmental
challenges might cause changes in brain structure and function that mediate some of the cognitive and emotional symptoms of schizophrenia. But an issue here is that most of the structural
and functional differences observed are not specific to people with schizophrenia. Alterations
in the size of the hippocampus and reduced frontal lobe function are also seen in other psychiatric disorders like depression. So, analysis of gross anatomy or general brain function does not
tell us what the specific brain changes are that mean someone will develop schizophrenia as
opposed to, say, depression. Studies of brain neurochemistry can highlight changes occurring at
the level of the synapse that are specific to schizophrenia.

PHARMACOLOGICAL STUDIES
A lot of what we know about how neurochemical transmission is altered in schizophrenia comes
from studying the drugs that have been used to treat the disorder. This might seem strange.
Surely one would need to know what the underlying neurochemical problem is in schizophrenia
before developing treatments to correct the problem. The fact is that early drug treatments for
schizophrenia were discovered accidentally and it was only after they had been prescribed for
some time that knowledge about how they worked influenced theories about the biological bases
of schizophrenia.
The first drug for schizophrenia was a chemical called chlorpromazine. It was originally used
as a pre-medication for surgery. By chance, it was noted that chlorpromazine had a calming
effect on patients and so in 1951, Henri Laborit, a French military surgeon, began experimenting
with it as a treatment for various psychiatric disorders.
Chlorpromazine proved effective in reducing the positive symptoms of schizophrenia and it
was soon prescribed throughout France and more widely in the UK and US. This was a significant event in the history of psychiatric treatments because before the 1950s treatments acted
by completely subduing or sedating the patient. Chlorpromazine is a sedative-type drug but
its effects go beyond simple sedation. Before drug treatments were available, in the 1930s and
1940s, patients with schizophrenia were subjected to procedures like frontal leucotomy, which
involved using a blunt knife to destroy part of the frontal lobe. These procedures were not only
ineffective but had a high death rate.
Because of the initial success of chlorpromazine, other similar drugs, such as haloperidol,
were developed. They were known collectively as antipsychotics because of their effectiveness
in treating the positive symptoms of schizophrenia. The widespread use of antipsychotic drugs
contributed to the transfer of many patients out of mental asylums into the community for
treatment. Studies of the pharmacological action of these drugs also led to the development of a
theory about the neurochemical dysfunction in schizophrenia called the dopamine theory.

The dopamine theory of schizophrenia
A common feature of the first generation of antipsychotic drugs is that they are all antagonists
at the dopamine D2 receptor. This information led to the development of the dopamine theory
of schizophrenia (Carlsson, 1977). The logic behind the dopamine theory is that if the symptoms
can be treated by dampening dopamine neurotransmission via a blockade of dopamine receptors then schizophrenia probably involves overactivity of dopamine systems in the brain. This
seems very reasonable, but evidence from the action of antipsychotic drugs is not sufficient to
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support the hypothesis. We also need to know whether increased dopamine neurotransmission
is associated with schizophrenia. We can ask two questions. First, does experimentally increasing dopamine neurotransmission elicit the symptoms of schizophrenia as the theory would predict? Second, is there evidence that dopamine neurotransmission is enhanced in schizophrenia?
The drug amphetamine releases dopamine in the brain and it can induce psychosis in people
without schizophrenia when taken in large, repeated doses. Other drugs like cocaine, which
prolong the action of dopamine at the synapse, can have a similar effect and can also exacerbate
existing symptoms of schizophrenia. Interestingly, cannabis also increases dopamine release
in the brain and has been linked with schizophrenia. These findings suggest that the psychotic
symptoms of schizophrenia can be mimicked by drugs that act in the brain to increase dopamine
neurotransmission.
The amount of dopamine that is released by neurons can be measured indirectly in people by
injecting a radioactive tracer that binds to dopamine D2 receptors. It is possible to see the location of the tracer using a technique called single photon emission computed tomography (SPECT).
Because the tracer competes with dopamine to bind to the D2 receptor, more dopamine in the
synapse will mean reduced binding of the tracer because it is being displaced by the dopamine
at the receptor site. Abi-Dargham and colleagues found that after taking amphetamine, patients
with schizophrenia showed a greater reduction in binding of the tracer than matched controls and
there was a slight worsening of symptoms after amphetamine (Abi-Dargham et al., 1998; Laruelle
et al., 1996). These data suggest that more dopamine is released from the pre-synaptic neurons of
patients with schizophrenia than controls after amphetamine. Other similar studies indicate that
more dopamine is synthesised in the brains of people with schizophrenia and as a consequence they
have greater release of dopamine (Abi-Dargham et al., 2000; Laruelle et al., 1996) (see Figure 9.5).
Controls

Schizophrenics

[123I]IBZM displacement (% baseline)

50%

40%

30%

20%

10%

0%
p = 0.014
Figure 9.5 Amphetamine-induced dopamine release can be estimated by the amphetamineinduced reduction in dopamine D2 receptor availability, measured as the binding potential of the
specific D2 receptor radiotracer [123I]IBZM. The amphetamine-induced decrease in [123I]IBZM
binding potential is significantly greater in the schizophrenic group compared with the control
group. These data are consistent with the idea that dopamine neurons are more responsive in
schizophrenia
Source: Laruelle et al., 1996)
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EVALUATION OF THE DOPAMINE HYPOTHESIS
The dopamine hypothesis is supported by various lines of evidence as we have seen and it has
endured over time, but it has also been criticised on a number of counts. Some have argued that
overactivity in the dopamine system cannot provide a full account of the pathology of schizophrenia because antipsychotic drugs block dopamine D2 receptors as soon as the patient starts
taking them, but there is a lag between the starting treatment and experiencing relief from
symptoms. This would suggest the therapeutic effects arise from some other effect of the drugs
that develop over time. However, this argument has been countered more recently by data suggesting that there is an early but subtle response to antipsychotic treatment that strengthens as
it is taken (Kapur et al., 2005).
Another issue is that antipsychotic drug treatments are not good at helping with the negative
and cognitive symptoms of schizophrenia, suggesting that the cause of these symptoms does
not lie with overactivity of dopamine neurotransmission. Even the newer drug treatments for
schizophrenia are no more effective at treating the cognitive and negative symptoms than the
earlier drugs. The newer types of drugs are an improvement on the older generation because
they do not induce the side effects associated with those drugs.
Haloperidol and similar drugs are problematic because they have severe side effects such as
the development of problems with movement that resemble Parkinson’s disease. The newer
drugs are better because are less likely to induce these side effects, although they do have side
effects of their own. All antipsychotic drugs have effects to stabilise or dampen down dopamine
neurotransmission but they differ in the side effects they produce owing to their differing action
at other receptor sites. So overactivity in dopamine transmission may explain the positive symptoms of schizophrenia but its role in the other symptoms is less clear.
Another criticism of early formulations of the dopamine hypothesis was that it did not
explain how overactivity in dopamine transmission is related to psychotic symptoms. It has
been suggested that overactivity in dopamine transmission in specific areas of the brain might
be related to the experience of the positive symptoms of schizophrenia. Remember from
Chapter 8 that the mesocorticolimbic dopamine system is thought to be important for assigning incentive salience to stimuli or events that are linked with reward. There is evidence to
suggest that dopamine plays a critical role in the ability of motivationally significant objects
like food or drugs to grab attention and direct behaviour. It is possible that a consequence of
dopamine overactivity in this system is to be very willing to assign significance to things (Gray
et al., 1991). Certainly, there are reports that people experiencing the onset of schizophrenic
symptoms report changes in how they see the world that are confusing. Delusions might be one
way of coping with such changes.
Another idea is that the symptoms of schizophrenia are due to a more general problem with
the learning that underlies the beliefs we have about the world. Humans are generally very good
at learning that some events are highly predictable and that the relationship between stimuli
are predictable. This learning is thought to depend on the fact that when novel or unexpected
events occur they generate an error that signals the event was not predicted. The error signal
then facilitates new learning about the novel stimuli such that the error signal is then reduced
(Murray et al., 2007).
The midbrain dopamine system is thought to be important for prediction error signalling
and it has been suggested that delusions and hallucinations may be explained by aberrant
prediction error signalling (Corlett et al., 2009). Imagine a situation in which someone experiences excessive prediction error signalling due to an overactive dopamine system. This might
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result in that person feeling that everyday events are unusual or strange and therefore difficult to understand. A consequence might be that the person develops a new set of beliefs to
explain the uncertainty. They might also begin to readily associate events and stimuli due to
facilitation of learning by a large error prediction signal. This might result in the idea that
they are experiencing lots of coincidences (Fletcher and Frith, 2008). Importantly, both the
incentive salience and prediction error accounts are beginning to link brain and behaviour in
understanding schizophrenia.
We have observed that there is clear evidence of overactivity of dopamine neurotransmission in schizophrenia that can be plausibly linked to psychotic symptoms. However, there
are other changes in neurotransmission that accompany schizophrenia, such as alterations in
GABA and glutamate systems. It is less clear how changes in these neurotransmitter systems
account for the cognitive and negative symptoms, partly because they have been less well
studied than dopamine. Another question is whether an overactive dopamine system is the
primary dysfunction in schizophrenia. It is possible that increased dopamine release is the
primary dysfunction in schizophrenia and this has knock-on effects for neurotransmission in
other systems to cause the negative and cognitive symptoms. Or, it could be that the positive,
negative and cognitive symptoms are mediated by completely independent biological pathways. Another alternative is that there is a common underlying biological disturbance that
leads to increased dopamine transmission. An interesting suggestion is that altered glutamate
transmission might be this common underlying disturbance.

The role of glutamate in schizophrenia
An observation that links schizophrenia with problems in glutamatergic neurotransmission is that drugs such as PCP and ketamine which are antagonists at a subtype of glutamate receptor, the NMDA receptor, can induce symptoms that are similar to those seen in
schizophrenia (Krystal et al., 1994). Interestingly, ketamine is much less likely to induce
psychotic symptoms in children compared to adults (Reich and Silvay, 1989), which is in
line with the idea that brain abnormalities conferring vulnerability to schizophrenia arise
early in development, but are only revealed during adolescence when later brain changes
occur (Weinberger, 1987). There is also evidence that various aspects of glutamate function
are impaired in schizophrenia such as changes in receptor numbers (Ibrahim et al., 2000).
These data suggest that hypofunction of NMDA receptors may be a causal factor in schizophrenia. There are possible links to risk genes for schizophrenia because neuregulin modulates aspects of NMDA receptor function (Hahn et al., 2006). Perhaps early developmental
challenges interact with genetic risk to result in an NMDA receptor hypofunctional state
(Olney et al., 1999).

KEY POINTS
• Schizophrenia is characterised by altered perception, emotion and cognition.
• The likelihood of developing schizophrenia is related to a genetic predisposition that interacts with
environmental conditions.
• Some of the symptoms of schizophrenia are related to overactivity in brain dopamine systems, and
they can be treated by medications that act to dampen down dopamine neurotransmission.
• Disturbance in glutamate neurotransmission may be a causal factor in schizophrenia.
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DEPRESSION
Overview
Depression is a widespread psychological disorder characterised by lengthy periods of low
mood and other associated symptoms. The line between depressive illness and usual variations
in mood can be difficult to draw. Depression is related to the feelings of unhappiness that we
all experience at times, but clinical depression may be diagnosed if the feelings do not subside
in the usual way after a distressing event or if they are experienced when there is no obvious
cause. Either way, the symptoms are long-lasting and can severely disrupt a person’s ability to
carry on with their life. Because it is a common disorder, the costs associated with depression,
both personal and societal, are huge. The ability to work productively may be reduced, leading
to losses in income. Social skills are often impaired resulting in a reduced ability to maintain
relationships. Depression is often misunderstood and this can lead to stigma and failure to seek
help. Common misperceptions are that people with depression are unsociable and that depression is a sign of personal weakness (Barney et al., 2009).
Different types of depressive disorder are diagnosed depending upon the severity of the
disorder and the co-occurrence of other symptoms. The DSM-IV includes categories of major
depression, dysthymic disorder and bipolar disorder. Major depression is characterised by a
combination of symptoms, the key features being depressed mood or a loss of interest in daily
activities for at least two weeks. Dysthymic disorder is characterised by milder symptoms of
depression that are experienced for long periods of about two years. People with dysthymia may
experience one or more episodes of major depression at some point. Bipolar disorder is characterised by alternating periods of low mood and mania. The focus of this section will be on major
depression, as the most commonly occurring depressive disorder.

Clinical symptoms of major depression
Depressed mood and negative thinking are core features of major depression. People with
depression do not differ much from people without depression in their initial reactions to a
negative event but they may have difficulties switching from a negative focus back to a more
positive outlook. When someone has depression they pay more attention to negative things and
they have a tendency to remember more negative than positive things (Mathews and MacLeod,
2005). Another cognitive characteristic is that depressed people tend to ruminate more than
people without depression. This means they experience persistent negative thinking that is
difficult to shake off (Lyubomirsky, Caldwell and Nolen-Hoeksema, 1998). A focus on negative
information contributes to the maintenance of a depressed mood state due to increased accessibility of negative information in memory and reduced ability to access positive information
that could distract from the current state and lift mood (Joormann, 2010). Depressed patients
also respond differently to positive emotional pictures such as those of happy faces (Harmer
et al., 2009).
Another hallmark of major depression is the diminished experience of pleasure, which
is known as anhedonia. People with depression react much less than non-depressed people
to emotional stimuli, including attractive pictures and funny films (Rottenberg et al., 2002).
Depressed people may also experience less motivation to engage in enjoyable activities and
derive less enjoyment from those activities than people without depression.
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In addition to the core features of depression, a diagnosis usually requires the presence
of other symptoms such as changes in appetite and sleep, low energy and tiredness, reduced
ability to concentrate, loss of self-esteem and thoughts of suicide. People with depression
often also have problems with long term memory. The DSM-IV definition requires the presence of five out of nine possible symptoms, highlighting the varied nature of depression. It is
possible for two individuals to both be diagnosed with major depression while only sharing
one symptom.
Major depression often co-occurs with anxiety and substance use disorders and other physical
illnesses. The seriousness of depression is underlined by the fact that having depression is associated with a four-times higher risk of suicide compared with the general population (Bostwick
and Pankratz, 2000). Major depression is also associated with increased rates of death from
coronary heart disease, and depressive symptoms increase the risk of incident coronary heart
disease (Musselman et al., 1998).
Depression can occur throughout life but the average age of onset is usually around 20–30
years. Depression is not commonly diagnosed in childhood but some people who go on to be
diagnosed with depression in adulthood experience milder symptoms such as extreme mood
swings when they are young (Fava and Kendler, 2000). For some, these symptoms develop
rapidly into an early onset form of the disorder.
Depression is usually experienced in episodes that last a few months but some people experience a chronic form of the disorder that can last for years (Weissman and Klerman, 1977). Many
people recover fully from a first episode of depression but about half of people with depression
will go on to have at least one more episode (Kupfer, 1991). Recurrence of the disorder is more
likely in patients with early onset depression (Lewinsohn et al., 1999). Recovery from depression can occur in a seasonal pattern whereby depression occurs at the same time of year, usually
in the winter, and there is recovery in between episodes. This pattern has been termed ‘seasonal
affective disorder’ (SAD; Rosenthal et al., 1984)

Prevalence of depression
Estimates of the occurrence of depression vary according to country and from one study to
another. Estimates may vary because of real differences between countries but also because
of differences in the diagnostic tools that are used and the willingness of respondents to
report particular problems. The same systems are not always used to diagnose depression
and in some countries people may not be willing to admit that they have suffered from
depression.
Most studies involve interviewing adults and asking them to recall previous episodes of depression and so the measure is also influenced by memory accuracy. Nevertheless, recent surveys
suggest that severe psychological disorders such as depression are common worldwide with a
reasonable estimate of the numbers of people affected in their lifetime being about 10% (Kessler
et al., 2009). Some evidence suggests that the prevalence of depression has increased in the last
few decades, especially among young people in countries like the US and UK (Lewinsohn et al.,
1993; Collishaw et al., 2010), raising concerns about the potential over-diagnosis of depression
(Parker, 2007). To address this issue, studies that track the occurence of depression in different
age groups over time are required.
Across different countries and cultures women are twice as likely to develop depression
than men (Nolen-Hoeksema, 1990). There are a number of possible explanations for why
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depression occurs more commonly in women than men. It has been argued that because
of their position in society many women are exposed to more of the risks that predispose
towards depression such as stressful experiences (Nolen-Hoeksema et al., 1999). Another
possible reason is that women have an enhanced reaction to stress that makes it more likely
that they will develop depression, perhaps due to the influence of female sex hormones on
the physiological responses to stress (Young and Korszun, 2009). This might explain why
some people experience depression at times when they also experience dramatic changes
in sex hormones after pregnancy. However, little is known about the underlying mechanisms partly because studies in laboratory animals have mainly been conducted using males.
Differences in coping styles between men and women might also contribute since there is
some evidence that women are more likely than men to ruminate on a problem (NolenHoeksema et al., 1999).
Surveys in the UK and US find that depression is also more common among people with
lower educational attainment, people who are unemployed and people who have had marriage
breakdown, suggesting a link to socioeconomic factors and stressful life events (Kendler et al.,
1999; Lorant et al., 2003).
Like schizophrenia, depression runs in families. A person has a greater risk of developing
depression if they have a first degree relative with depression (Birmaher et al., 1996). The children of depressed parents are three times more likely to have a lifetime episode of depression
than children of parents without a diagnosis of depression (Weissman et al., 1997). Adoption
and twin studies suggest that depression is partly heritable and that about 30–40% of the variability in the occurrence of depression is due to genetics.

INTERACTIONS BETWEEN GENES AND
ENVIRONMENT IN DEPRESSION
The focus of current research into the causes of depression is on how genetic susceptibility interacts with environmental influences to increase the risk of developing the disorder. The idea is
that people differ in their genetic make-up and this affects how they respond to external triggers
such as stressful events. Some people will show resilience to depression and others vulnerability depending on their DNA. It is not nature or nurture but how nature modifies the effects of
nurture.
We now know that the environment plays an important role in psychiatric disorders like
schizophrenia and the same is true for depression. But not everyone who experiences a particular environment develops a disorder: gene–environment interactions explain why this
is so. Thinking about genetic and environmental influences in this way helps us to understand how the things that happen in our lives impact our nervous system to bring about
changes in behaviour. An important discovery in understanding gene–environment interactions and depression was that a person’s genetic makeup affects the likelihood that they
will develop depression, but this is dependent upon the experience of stressful life events.
In particular, there is evidence that inherited variations in serotonin neurotransmission
interact with stressful life events to affect the likelihood of someone developing depression
(Caspi et al., 2003).
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Caspi, A. et al. (2003). Influence of life stress on depression: Moderation by a
polymorphism in the 5-HTT gene. Science Signaling, 301(5631), 386

Serotonin transporters remove serotonin from the synapse and the gene that codes for these proteins
can exist as two alleles, either long or short. Caspi and colleagues asked a group of 847 people to report
on the stressful life events they had experienced in their early twenties and then looked at whether the
number of stressful life events was related to whether or not someone had depression. They found that
the likelihood of having an episode of depression increased in line with the number of stressful events
but only for people who had two copies of the short allele of the serotonin transporter gene. In other
words, people with two forms of the short allele are vulnerable to depression when under stress.
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Figure 9.6 An increase in various measures of depression as a function of the number of stressful life events
was stronger for individuals with two copies of the short allele of the 5-HTT promoter polymorphism (s/s)
compared to individuals with two copies of the long form (l/l) or one copy of the short and long form (s/l)
Source: Caspi et al. (2003)

(Continued)
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(Continued)
There has been controversy though because other researchers have reported that stress predicts
the likelihood of depression but this is not dependent on genotype (Gillespie et al., 2005). Different
results could be explained by researchers studying different types of stresses and different age groups.
It will be important to find out more about the specific kinds of stresses that interact with genotype
to increase the risk of depression. Another important step in verifying the serotonin–stress sensitivity
hypothesis will be to explain how the expression of the serotonin transporter in people with the long
and short forms of the gene modifies stress responses in a way that triggers depression.

Biological bases of depression
Early ideas about the biological bases of depression came from the study of antidepressant medications. At the same time that drug treatments were beginning to be prescribed for schizophrenia in the early 1950s, the first medications for depression were introduced. The discovery
of antidepressants, like antipsychotic drugs, was a serendipitous event. The first drug to be used
as an antidepressant, Isoniazid, was actually used for the treatment of tuberculosis (TB) but
it was noted that the drug had an effect of improving mood in the TB patients and so it was
promoted as a treatment of depression. A little later, the drug imipramine, which had been
synthesised as part of a programme to improve antipsychotic drug treatment, was also found to
enhance mood in patients with depression. Knowledge about the mechanism of action of these
first antidepressant drugs sparked ideas about the possible cause of depression.
Isoniazid and imipramine have something in common, which is their ability to increase the
level of monoamine neurotransmitters in the brain. The mechanism of action of the two drugs
is different but a common outcome is that levels of serotonin, noradrenaline and to a lesser
extent dopamine are increased at the synapse. Isoniazid is a monoamine oxidase inhibitor,
which means that it blocks the action of the enzyme monoamine oxidase. Monoamine oxidase
is present in the presynaptic neuron and its function is to break down serotonin, noradrenaline
and dopamine. Inhibition of the breakdown of monoamines increases release of these neurotransmitters. Imipramine blocks the reuptake of monoamines from the synapse, which also
increases availability of monoamines at the synapse. Because these early drugs that helped with
the symptoms of depression had this common mechanism of action, it was hypothesised that
they were acting to correct an underlying problem in the brains of depressed people, namely
that there are low levels of monoamines. Particular attention was given to levels of serotonin
because later antidepressant drugs had a more specific action to reduce reuptake of serotonin
selectively. These are drugs like Prozac which are known as the selective serotonin reuptake
inhibitors or SSRIs.

The monoamine-deficiency
theory of depression
the idea that depression is related to reduced levels of monoamines in the brain, particularly
serotonin, is based on an understanding of how antidepressants bring about their therapeutic
effects. But aside from the action of antidepressant drugs is there additional evidence that
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depression results from a deficit in monoamine neurotransmission and perhaps more specifically serotonin neurotransmission? We might expect to be able to detect differences in markers
of serotonin transmission between depressed and non-depressed people. A marker of reduced
brain serotonin is the amount of serotonin metabolites in cerebrospinal fluid. If people with
depression have reduced brain levels of serotonin they should have reduced levels of serotonin
metabolites in CSF. However, the results of these types of studies have been mixed, most probably because of the technical challenges associated with obtaining the measures accurately.
More recent investigations using brain imaging techniques have reported over activity of
monoamine oxidase in some patients with depression (Meyer et al., 2006). More breakdown
of serotonin by monoamine oxidase might implicate lowered serotonin levels in depression. An
issue with these studies is that the data can be difficult to interpret because differences in serotonin metabolism could be a cause or effect of depression. Also, not all people with a diagnosis
of depression present with abnormal serotonin function. So what other evidence is there?
An alternative experimental approach to investigating the role of serotonin in depression is
to actually manipulate levels of serotonin in the brain of participants. Serotonin is made from
an amino acid called tryptophan and so serotonin in the brain can be reduced by depleting the
amount of available tryptophan. A reduction in the levels of tryptophan can be achieved by asking participants to consume a drink that contains all other amino acids apart from tryptophan.
This treatment works because it stimulates the production of proteins, which uses up tryptophan in the blood plasma (proteins are made from amino acids). The amino acids in the drink
also compete with tryptophan to cross the blood brain barrier, thus reducing the entry of tryptophan into the brain (Bell et al., 2001). Tryptophan depletion can induce relapse into depression
in patients who are in remission, although it does not affect mood in healthy volunteers (Ruhé
et al., 2007).
The reason why not everyone responds to a decrease in serotonin levels by experiencing
depressed mood may be because there are other factors that confer vulnerability to changes in
serotonin levels. One possibility is that differences in the type of serotonin transporter (long or
short allele) affect the response to tryptophan depletion (Neumeister et al., 2004). There may
be other factors such as differences in serotonin receptor number and sensitivity or the function
of receptor second messenger systems.
It seems that a simple version of the monoamine hypothesis does not hold up. It has not been
possible to highlight a specific deficit in serotonin transmission in all cases of depression, and
depletion of serotonin levels does not produce depressive symptoms in all people. Moreover,
not all people with depression respond to treatment with drugs that increase serotonin levels,
and some newer drugs that are effective in treating depression do not have a major effect on
serotonin neurotransmission. But should we discount the role of serotonin in depression? The
modern version of the monoamine hypothesis takes these issues into account. The suggestion is
that there is variability in serotonin function across individuals and that people with low serotonin function may be more susceptible to developing depression given the presence of other
contributing factors. Variability of serotonin function could be due to individual differences in
5-HT synthesis, release, reuptake or metabolism, or could be due to differences in pre- or postsynaptic receptors and their responses.
Another reason why a simple explanation of depression relating to monoamine deficiency is
not sufficient to account for all the data is that different types of depression exist and these types
may have different causes. Depression takes varied forms and the mechanisms that underlie
stress-induced depression may differ from the mechanisms the underlie depression that occurs
in the absence of an external stressor.
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The hypothalamic–pituitary–adrenal axis, stress
and depression
When we experience a stressful event various physiological responses occur that help us deal
with the stress. We might experience a quick burst of energy or improved memory function as
a result of the release of stress hormones. Not everybody responds in the same way to stress
though and there is some evidence that some people have dysfunctional responses to stress
which contribute to the development of depression. This is consistent with the evidence that
periods of depression often coincide with a stressful event.
One of the physiological responses to stress is release of corticotrophin-releasing factor
(CRF) by the hypothalamus. CRF acts on receptors in the pituitary gland to produce adrenocorticotropin (ACTH). Stimulation of receptors in the adrenal cortex by ACTH then causes
release of the glucocorticoid cortisol into the blood, which helps the body deal with the stress.
Normally, cortisol then exerts a feedback effect to shut down the stress response: when cortisol
binds to receptors in the hypothalamus this provides a signal to reduce levels of CRF. There
is evidence that in depression this hypothalamic–pituitary–adrenal (HPA) axis response to
stress is dysfunctional. Depression is associated with excess plasma cortisol levels and about
half of people with depression do not show the normal feedback response to reduce cortisol
levels (Carroll et al., 2007).
Excess cortisol is problematic because it can damage the brain. This is known because Cushing’s
syndrome, which is a disorder in which a person produces too much cortisol, is associated with
shrinking of the hippocampus (McEwen, 2007). Although the levels of cortisol in depression
are not as high as in Cushing’s syndrome, similar reductions in the size of the hippocampus
have been noted in brain imaging and post-mortem studies of depressed patients (Harrison,
2002). People with Cushing’s syndrome also suffer depressive symptoms. Linking these findings
together we can hypothesise that damage to the hippocampus due to overactivation of the HPA
axis in response to stress may explain some of the symptoms of depression. Given the role of
the hippocampus in learning and memory function it may be that reduced hippocampal volume
explains the cognitive problems in depression.
We should remember though that not all people with depression show signs of overactivity of the HPA axis. Also, not everyone responds to severe stress by developing depression so we need to find out more about why some people experience an excessive HPA axis
response to stress. Gene–environment interactions are likely to be important here because
there is some evidence that the impact of childhood abuse on subsequent responses to stress
and vulnerability to depression is dependent upon the type of CRF gene that a person has
(Bradley et al., 2008).
An overactive HPA axis has also been linked with a persistent inflammatory response in the
immune system that leads to overproduction of substances called cytokines that orchestrate the
response to infections. Cytokines are also linked with the progression of coronary heart disease
and so a chronic inflammatory response could provide the link between depression and coronary heart disease noted previously (Miller and Blackwell, 2006).
An important question to ask is, how does stress damage the brain? There is evidence that
excess cortisol can affect brain structure by suppressing nerve growth and neurogenesis
(the birth of new neurons) in the hippocampus (McEwen, 2001). In some parts of the adult
human brain, the structure and number of neurons is not fixed and can change in response
to stimuli like stressful events (Gage, 2000). The hippocampus is one of the areas in which
neuroplastic changes can take place (Eriksson et al., 1998). A normal response to an acute
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stress is to increase levels of peptides, like brain-derived neurotrophic factor (BDNF), that
promote neural growth and neurogenesis to combat the stress. When there is chronic stress,
or an excessive response to stress, levels of BDNF are reduced (Duman and Monteggia,
2006). Reduced BDNF can contribute to loss of neurons because BDNF is important for
supporting the survival of existing neurons and encouraging neurogenesis (Kirschenbaum
and Goldman, 1995).
Understanding how the brain responds to stress has contributed to the development of
another hypothesis about the cause of depression. The neurogenic hypothesis suggests that
depression is related to a problem with the factors in the brain that support neural plasticity.

The neurogenic theory of
depression
The observation that antidepressant treatments take several weeks to bring about their
therapeutic effects suggests that there are
actions of these drugs which are secondary to
their immediate ability to increase monoamine levels that explain their clinical usefulness.
In thinking about what these mechanisms
might be, researchers have drawn on knowledge of depression pathology, in particular
the reduced size of the hippocampus, and suggested that the cause of depression might lie in
deficits in the factors that regulate the survival
of neurons in the adult brain. These factors
are called neurotrophins and most research so
far has focused on the most prominent neurotrophin which is BDNF. The suggestion is
that depression arises when there is a deficit
in neurotrophins. This leads to the neuronal
damage underlying depression, for example in
the hippocampus. The idea then is that antidepressants are effective in treating depression
because they reverse the neurotrophin deficit.
The evidence in favour of this hypothesis
comes from studies of people with depression
and animal models. There is post-mortem
evidence that the brains of people who suffered
from depression have reduced levels of BDNF
in the hippocampus compared to healthy
brains (Karege et al., 2005). These data can be
difficult to interpret because the sample sizes
are small and include individuals with very different clinical histories but they are consistent
with the idea that depression involves neurotrophic deficits. Of course, if reduced levels of
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Figure 9.7 Neurogenesis is the process by which new
neurons are created. The finding that neurogenesis takes
place in the adult human brain throughout the life cycle
was a major change in thinking, which reversed the
prevailing belief that adults could not generate new neurons.
Neurogenesis can occur in the dentate gyrus within the
hippocampus as shown in this figure. Dentate granule cells
generated in the developing and adult hippocampus have
been retrovirally labeled with green and red fluorescent
proteins. Adult-born cells are coloured red
Source: Schinder et al., PLoS Biology
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neurotrophins are related to depression then we would expect that antidepressant treatments
should reverse the deficit.
Many studies have been conducted on the effects of antidepressant drugs on levels of BDNF
in the brain, in particular in the hippocampus, and it has been reported that these levels increase
after chronic administration (Altar et al., 2003; Nibuya et al., 1995; Russo-Neustadt et al.,
2000). Different types of antidepressant drugs share this common action to increase BDNF
levels. In addition, electroconvulsive therapy, which is an effective treatment for depression,
also stimulates neurogenesis in the hippocampus (Perera et al., 2007). Furthermore, the most
effective drugs appear to have the biggest effect on BDNF, whereas non-antidepressant drugs
do not affect BDNF levels, suggesting specificity. However, the effect of antidepressant drugs
and ECT on BDNF could be correlated with their clinical effects but are not causal. To address
this issue it is necessary to examine the effects of directly manipulating levels of BDNF and in
animal models of depression.
Features of the depressed state such as behavioural despair are thought to be modelled in rats
when they are placed in a mildly stressful situation that is difficult to escape. Direct infusion
of BDNF into the hippocampus of rats in these tests has an antidepressant effect (Shirayama
et al., 2002). A question that arises here is, what is the effect of BNDF in the hippocampus? It
is possible that increasing levels of BDNF plays a role in ameliorating depression by increasing
neurogenesis in the hippocampus because blocking neurogenesis here blocks the effects of antidepressants in animal models (Santarelli et al., 2003).
Evidence is also now accumulating that stress may alter the functioning of brain reward
circuits too, due to plastic changes in glutamatergic, GABAergic and dopaminergic signalling. However, this research emphasises that the relationship between the brain’s reward
circuitry and depression is complex, and much remains to be investigated (Russo and
Nestler, 2013).

KEY POINTS
• Major depression is associated with biased negative thought patterns and rumination alongside a
decreased ability to experience pleasure.
• Low serotonin function is a risk factor that combines with other contributing environmental factors
to increase the likelihood of developing depression.
• Stress can trigger depression and this may be related to brain damaging effects of excess stress
hormones.
• Medications that act to increase serotonin neurotransmission are helpful in alleviating the symptoms of depression for some people. This may be related to drug effects on neurogenesis.

ANXIETY
Anxiety represents the most common psychological disorder and although many different
types of anxiety disorder have been classified they all share the common feature of fear and
avoidance in situations that are not associated with actual danger or risk. Everyone experiences anxiety at some time or other when faced with a stressful situation, but when the anxiety
persists and there is excessive worry that leads to difficulties in dealing with everyday events,
an anxiety disorder is likely to be diagnosed. The specific diagnosis will depend on the type of
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worry and the situations that provoke the anxiety. For example, someone with social anxiety
disorder might dread eating in public or they might have a fear that people are watching them
and that they will do something embarrassing. In obsessive-compulsive disorder (OCD) the
experience is of persistent upsetting thoughts and the development of rituals to try to control
the anxiety associated with these thoughts. For example, if someone has obsessive thoughts
about contamination by germs then they may deal with this by compulsive hand washing. Posttraumatic stress disorder (PTSD) is triggered by a terrifying event, usually one which is life
threatening. After the event, a person suffering from PTSD may re-experience the anxiety associated with the traumatic event even though they are no longer in danger. In panic disorder,
people experience sudden and intense attacks of fear that are usually accompanied by physical
symptoms such as a racing heart beat, chest pain and shortness of breath. When someone has a
fear of having a panic attack in a social situation they may also be diagnosed with agoraphobia,
which is anxiety associated with being in situations where it might be difficult to leave. Finally,
generalised anxiety disorder is when a person experiences excessive concerns and worries
about a range of everyday situations for a prolonged period.
Anxiety disorders can be very disabling and like the other psychological disorders discussed in
this chapter they have significant implications in terms of economic and social costs (Greenberg
et al., 1999). This is partly because many people do not seek help for their condition and so do not
access treatment. Chapter 7 has discussed PTSD and phobias as emotional memory disorders.
We will focus here on generalised anxiety disorder as an example of a common anxiety disorder
although as we will see there is considerable overlap in the biological bases of anxiety disorders.

Clinical symptoms of generalised
anxiety disorder (GAD)
GAD is associated with free-floating, disproportionate worry about a broad range of everyday
life events and situations. These thoughts are difficult to control, which also contributes to the
anxiety. GAD is also associated with symptoms such as feeling tense, having problems concentrating, irritability, difficulty sleeping, sore muscles, sweating and diarrhoea. A problem for
diagnosis of GAD is that it often co-occurs with other anxiety disorders and with depression or
other psychiatric disorders (Wittchen et al., 1994). This can worsen the outcome (Kessler et al.,
1999). Patients with anxiety disorders are also at increased risk for chronic pain, asthma, card
iovascular disease, hypertension, migraine, and gastrointestinal disorders (Härter et al., 2003;
Roy-Byrne et al., 2008). The effects of living with GAD are estimated to be similar to the disability associated with depression (Wittchen et al., 2000). People with anxiety pay more attention to
stimuli in the environment that they find anxiety provoking or threatening (Mogg and Bradley,
1998). That is, they appear to be very quick to detect and react to information or situations that
are anxiety provoking, which could maintain an anxious state.
The onset of GAD varies but occurs most often in the mid-twenties. The course is usually
chronic with patients experiencing a coming and going of symptom severity over a number of
years (Wittchen et al., 2000). The likelihood of recovering from GAD is significantly less than
that of recovering from major depression (Yonkers et al., 2000).

Prevalence of GAD
Anxiety disorders overall are the most common of psychological disorders with estimates suggesting that at some point in their lives 29% of the population will suffer with an anxiety-related
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condition (Kessler et al., 2005). It is difficult to estimate the prevalence of GAD because recognition of the symptoms by medical practitioners is variable, partly because many people with
GAD often seek help for physical symptoms rather than their anxiety (Kennedy and Schwab,
1997) and because criteria for a diagnosis of GAD has changed over the years. Nevertheless,
a UK survey indicates an incidence of 44 people in 1000 and suggests that after anxiety with
depression, GAD is the second most prevalent form of anxiety (O’Brien et al., 2001). The same
survey found that prevalence rates were higher among women than men for all anxiety disorders except panic, and that people with anxiety were more likely to be aged between 35 and
54 and to be divorced or separated (O’Brien et al., 2000).

Biological bases of GAD
Twin studies suggest that anxiety disorders run in families, which is consistent with a genetic
contribution, but the heritable component of anxiety is thought to be less than for schizophrenia
(Hettema et al., 2001). Studies so far have not identified any specific genetic risk factors associated
with anxiety disorders and it is likely to be caused by complex gene–environment interactions.
Given the importance of the amygdala in the processing of fear-related stimuli it is not surprising that much focus of research into the biological bases of anxiety has been on this brain
structure (Chapter 7). Imaging studies have found increased activation of the amygdala in
response to fearful facial expression in patients with a range of anxiety disorders including
GAD (Rauch et al., 2003; McClure et al., 2007). Activation of the amygdala was also associated
with severity of GAD symptoms in a study of adolescents (Monk et al., 2008) and in adolescents with high trait anxiety but subthreshold clinical symptoms (Stein et al., 2007). The results of these studies are consistent with the idea that anxiety is associated with biased attention
to threat-related cues, perhaps mediated by hyper-activation of the amygdala, which is known
to play a key role in processing of emotional stimuli and fear conditioning. However, not all
studies have found hyperactivity in the amygdala in adults.
More recent research suggests that in GAD, hyperactivity in the amygdala is observed robustly
in tasks where there is anticipation of potentially threatening stimuli. There is also a suggestion
based on imaging studies that GAD is characterised by dysfunction in emotional regulation circuitry that includes the amygdala and areas of the prefrontal cortex (Etkin et al., 2011). In particular, anxiety may result from an inability of cortical areas to regulate emotional responses
mediated by the amygdala.
People with high levels of anxiety also show greater activation in the insular cortex in response
to fearful faces or when asked to attend to internal sensations such as listening to heartbeats
(Critchley et al., 2004; Stein et al., 2007). This might suggest that anxiety is associated with
sensitivity to monitoring and interpretation of physical sensations. One idea is that people with
anxiety make exaggerated predictions about experiencing aversive bodily sensations due to
heightened insular responses and this results in cognitive strategies such as avoidance in an
attempt to control these feelings (Paulus and Stein, 2006).

The GABAergic System and Anxiety
Interest in the GABAergic system in anxiety stemmed from knowledge of the mechanism of
action of the drugs used to treat the disorder. Of course, alcohol has been used to calm nerves
for centuries and is known to increase GABAergic transmission, but the first drugs that were
medically prescribed for the treatment of anxiety disorders were the barbiturates.
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The barbiturates were first synthesised in the early 1900s and although they were effective
in reducing anxiety, they proved problematic in many ways. First, there is little separation
between the clinically effective dose and a dose that can prove fatal, because it depresses neuronal activity in the brain regions that control breathing. Second, barbiturates are sedating
at doses that provide anxiety relief which means they are dangerous to take while driving or
doing other complex tasks. Third, they interact synergistically with drugs like alcohol and this
can contribute to accidental overdose. A combination of alcohol and barbiturates is thought
to have been the cause of death of the film actress Marilyn Monroe. There are also numerous
side effects associated with barbiturates such as disruption of REM sleep and dependence.
The second class of drugs that was developed to treat anxiety was the benzodiazepines
(BZs). The archetypal BZ is the drug valium. BZs were much safer than the barbiturates and
were effective as both anti-anxiety treatments and sleeping pills. They were widely prescribed,
some would say over-prescribed, as life-style drugs and were referred to in popular culture, for
example, their mention in a track by the Rolling Stones as ‘mother’s little helper’. Now we know
that the BZs are not without problems because of their side effects; they cause sedation and
impair memory. The fact that BZs induce amnesia can be a benefit when the drugs are used as
a pre-treatment for dental procedures because patients do not acquire painful memories of the
encounter that might put them off going back to the dentist ever again! However, the amnesic
effects of BZs have also been used for criminal purposes as it is the drug of choice for date rape
(Woods and Winger, 1997). There is also evidence that BZs can induce dependence and so they
are usually only prescribed nowadays for a limited period.
Both barbiturates and BZs act in the brain to alter GABAergic transmission, although in slightly
different ways. The BZs enhance inhibitory GABAergic transmission by acting as allosteric
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Figure 9.8 The GABA-A receptor is made up of different subunits. There is a binding site for
benzodiazepine drugs on the GABA-A receptor. When a benzodiazepine agonist binds to the
site this increases the frequency of opening of the integral Cl-channel, which potentiates GABA
transmission
Source: www.cnsforum.com
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modulators. This means that they augment the response to GABA, and the mechanism involves
the GABA-A receptor. The receptor for BZ drugs is located on the GABA-A receptor and when
BZs bind to the receptor the responsiveness of the GABA-A receptor to GABA is increased. The
fact that BZs are limited to enhancing normal GABAergic transmission explains why they are
safer in overdose than the barbiturates. Barbiturates alter GABA-A receptor function directly
and so are not reliant on the presence of endogenous GABA for their effects. Therefore they can
achieve inhibitory effects over and above that achieved by the natural effects of GABA.
The demonstration that drugs that increase GABAergic transmission have anti-anxiety or
anxiolytic effects suggests that the GABA system has a role to play in anxiety. Interestingly there
are drugs that act to reduce GABAergic transmission and these drugs are called BZ inverse
agonists. As one might predict, inverse agonists have the opposite effect to BZ agonist drugs like
valium and induce an anxiety-like state (Nutt and Malizia, 2001).
The effects of BZs on GABA-A function are dependent upon the particular type of GABA-A
receptor that has the BZ receptor. GABA-A receptors are built from five protein subunits that
can exist in slightly different forms known as isoforms. This means that many different subtypes of GABA-A receptor exist in the brain because they are made from different combinations
of subunits. New, selective drugs have been synthesised that bind to BZs receptors on some
GABA-A receptor types and not others. Interestingly, these drugs have different effects on behaviour, suggesting that the effects of BZs can be dissociated. For example, the sedative effects are
mediated by binding to one kind of GABA receptor and the amnesic effects are mediated by a
different kind. More importantly for the treatment of anxiety disorders there is the potential for
drugs that have anti-anxiety effects without causing sedation or other undesirable effects of BZs
(Atack, 2010).
Other evidence that disturbances in GABAergic function underlie anxiety comes from imaging studies of GABA-A receptors. It has been reported that there is a reduction in benzodiazepine receptor sites throughout the brain in patients with panic disorder, especially in the
insula (Malizia et al., 1998). A similar reduction in GABA-A binding sites has been observed in
the temporal lobe of patients with GAD (Tiihonen et al., 1997).

Other neurotransmitter systems and anxiety
Although BZs have been the drug of choice historically for the treatment of anxiety, the drugs
that are used now are selective serotonin reuptake inhibitors (SSRIs). However, exactly how
SSRIs bring about their anyxiolytic effects is still a matter for debate and so the role of serotonin
in anxiety is unclear, but may involve the 5-HT1A receptor (Akimova et al., 2009). Drugs like
buspirone which are 5-HT1A agonists are effective in treating anxiety. Problems with inhibitory
neurotransmission that underlie anxiety could result from reduced inhibitory GABAergic neurotransmission but also from increase in excitatory glutamatergic transmission. Accordingly,
inhibitors of the NMDA glutamate receptor have been shown to be anxiolytic in animal models
(Plaznik et al., 1994).

KEY POINTS
• GAD involves disproportionate worry about a broad range of everyday life events and situations.
• GAD has been linked to increased fear responses due to overactivity in brain circuits involving the
amygdala and frontal cortex, perhaps due to reduced inhibitory GABAergic neurotransmission.
• Drugs that increase inhibitory neurotransmission in the brain are useful in treating anxiety.
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CHAPTER SUMMARY
Knowledge about the biological bases of psychological disorders is progressing and has led to
the development of medications and other treatments that alleviate some symptoms. However,
all medications are associated with problematic side effects and many people do not respond to
them. In addition, none provide a cure for the disorders. There is still some way to go to link complex symptoms that characterise schizophrenia, depression and anxiety to specific underlying
causes. Studying the relationship between risk genes and dysfunction in specific neural systems
that underlie symptoms is one way in which further progress may be made.

FURTHER READING
Howes, O. D., & Kapur, S. (2009). The dopamine hypothesis of schizophrenia: Version III –
the final common pathway. Schizophrenia Bulletin, 35(3), 549–62.
Plots the development of the dopamine hypothesis of schizophrenia.
Belmaker, R. H., & Agam, G. (2008). Major depressive disorder. New England Journal of
Medicine, 358(1), 55–68.
Provides a critical discussion of the monoamine hypothesis of depression and other
approaches to understanding the biological mechanisms underlying major depression.
Russo, S. J. & Nestler, E. J. (2013). The brain reward circuitry in mood disorders. Nature
Reviews Neuroscience, 14(9), 609–25.
Reviews recent advances in research in depression, and discusses avenues for future
research.
Tyrer, P. & Baldwin, D. (2006). Generalised anxiety disorder. The Lancet, 368(9553), 2156–66.
Provides a clear overview of the clinical features and treatment of GAD.
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Spotlight 9A
Schizophrenia

Key issues and controversies
• Does adolescent cannabis use cause schizophrenia?
• How effective are drug treatments for schizophrenia and are new
antipsychotic medications better than older drugs?
• Is there a common underlying neurochemical disturbance that might
explain the range of symptoms seen in schizophrenia?

10_Higgs_BAB1401B0020_Ch-09.indd 413

9/12/2014 5:02:54 PM

414

BIOLOGICAL PSYCHOLOGY

INTRODUCTION
In Chapter 9 we discovered that schizophrenia is a psychological disorder that is characterised
by disturbances in perception, emotion and cognition. We explored how the onset of schizophrenia is affected by genetic and environmental factors. We also learned that the symptoms of
schizophrenia are related to changes in neurotransmission in the brain and that drugs acting as
dopamine antagonists can provide relief from some symptoms. In this spotlight, our aim is to
delve deeper into schizophrenia research and shine a light on some key issues that are the topic
of current research and controversy. We will explore three issues in depth and along the way we
will analyse some key research papers and critically appraise methods and findings. Over the
last few years, studies assessing the relationship between cannabis and psychosis have attracted considerable attention in research literature, popular media, and the community. Many
young people report using cannabis and so whether or not cannabis use can cause schizophrenia is an important issue. We will examine adolescent cannabis use as a risk factor for
schizophrenia and analyse in detail the evidence on this issue. We will also look in more detail
at the actions of drugs that are used to treat schizophrenia and analyse their clinical effectiveness and associated side effects. Drugs are commonly prescribed to treat schizophrenia but
there has been debate about whether drug development in schizophrenia has been effective.
We will answer the question of whether the newer drugs that have come on the market in
recent years are an improvement on the older drugs in terms of their clinical effects and side
effect profile. Finally, we will go beyond the dopamine hypothesis of schizophrenia and investigate the possibility that dysfunction in glutamate systems might be a common underlying
mechanism that explains the range of symptoms seen in schizophrenia. This research is likely
to inform new approaches to the treatment of schizophrenia and push forward our understanding of the nature of the disorder.

CANNABIS USE AND SCHIZOPHRENIA
Cannabis use has been linked with progression to chronic schizophrenia in some young people.
This has led to the suggestion that cannabis use during adolescence is a causal factor in the
development of the disorder. The question of whether cannabis use actually causes schizophrenia in some people is not an easy issue to resolve and has been a topic of great debate. In
this section, we will think about how the relationship between cannabis use and schizophrenia
has been investigated and what can be concluded based on the evidence.
If there is a causal relationship between cannabis use and onset of schizophrenia then we
would expect that any trends towards an increase in cannabis use would be accompanied by an
increase in the incidence of schizophrenia. No clear evidence has emerged here (Degenhardt
et al., 2003) but it may be that recent trends towards an increase in cannabis use have yet to
emerge (Hickman et al., 2007). Controlled trials of the effect of cannabis cannot be conducted
in adolescents for ethical reasons and so most studies investigating links between cannabis use
and schizophrenia have used what is known as a prospective cohort design.
In a prospective cohort design, a large group of participants are tested at a specific baseline
time point for various disorder risk factors and then there is a follow-up assessment for
schizophrenia some years later. In this way, it is possible to find out if there is a relationship
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between cannabis use and future likelihood of a schizophrenia diagnosis. Studying a large
cohort is important because of the relatively low incidence of schizophrenia in the population.
However, a problem when studying large samples over time is the number of people who drop
out from the study (attrition rate). Bias can be introduced if some people are more likely to
drop out than others thus affecting the follow-up results. Some studies have tracked individuals from a young age or even from birth and this is useful because it allows researchers
to control for the confounding effects of early childhood and family risk factors (Arseneault
et al., 2002).
A number of cohort studies have found that cannabis use, particularly during adolescence, is
associated with a greater likelihood of schizophrenic symptoms at follow-up (Andréasson et al.,
1987; Zammit et al., 2002; van Os et al., 2002; Henquet et al., 2005). But just because a cohort
study reveals an association between cannabis use and later onset of schizophrenia, this does
not mean that cannabis use actually causes schizophrenia. In fact, the reverse might be true. It
may be that people who are already experiencing sub-clinical signs of schizophrenia are more
likely to use cannabis, perhaps to self-medicate their symptoms. Cannabis use might not cause
schizophrenia but rather the signs of schizophrenia cause cannabis use.
Another possibility is that cannabis users are more likely to use other drugs such as amphetamines and it is the other drug use rather than the cannabis use that explains the later onset
of schizophrenia. Similarly, maybe cannabis use is associated with other factors linked to the
development of schizophrenia such as living in an urban environment. We would want to find
out whether studies have taken into account these confounding factors.
We would also want to know about the psychological outcome measures that have been
used. How are schizophrenic symptoms being diagnosed? Are the measures clear and quantifiable? Could any symptoms be explained by acute effects of cannabis intoxication? Maybe
people who use cannabis when they are younger continue to use the drug when they are older
and report schizophrenic symptoms that can be explained by acute pharmacological effects
of the drug.
Another question is how drug use is assessed. Drug use in cohort studies is usually assessed
by self-reports and these measures may not reflect actual drug use. People may either overor under-report their drug use to create a particular impression of themselves. Because of
the illegal nature of cannabis use some people may be prone to under-reporting their use
whereas others may wish to convey an impression of rebelliousness by over-reporting their
use. If these same people are also prone to over- or under-reporting psychological symptoms
then associations can arise merely due to the fact that some people are more willing to complain than others. For example, associations between self-reported stress and self-reported
chest pain have been reported in middle-aged men but stress was not associated with actual
hospital admission for heart problems. The lack of relationship between self-reported stress
and an objective measure of disease, hospital admission, may be because people who report
stress are also biased towards reporting symptoms (Macleod et al., 2002). In other words,
the positive relationship arises from a willingness of some people to report feeling symptoms rather than a real relationship between stress and heart disease. Associations between
self-reported measures that arise due to such reporting biases are difficult to control for but
on the other hand other measures such as urine testing for drug use would be very difficult to
implement in large cohorts. Bearing these issues in mind, let’s critically analyse the results
from a cohort study.
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KEY STUDY

Andréasson, S. et al. (1987). Cannabis and schizophrenia: A longitudinal study of Swedish
conscripts. The Lancet, 330(8574), 1483–6

Andreasson and colleagues analysed data from a survey of Swedish men who were conscripted to
military service. The cohort comprised just over 45,000 men born in 1951 so it was a sufficiently large
sample to allow for drop-outs and for detecting rates of schizophrenia. The men completed various
questionnaires at baseline about their drug use and upbringing, school, and personal relationships.
The questionnaires were anonymous, which might have encouraged participants to be truthful about
their drug use, but we should bear in mind the limitation of drug self-reports.
The conscripts were initially assessed for psychiatric symptoms by a psychologist using a diagnostic manual, which gives us some reassurance on the reliability of the assessment. They were
then followed over 15 years using a national register of psychiatric care which means they would have
been diagnosed by a clinician. The researchers used statistical methods to calculate the risk of having
a diagnosis of schizophrenia at follow-up depending upon how much cannabis use was reported at
baseline.
Those conscripts who reported using cannabis more than 50 times by the age of 18 were six times
more likely to be hospitalised for schizophrenia by the age of 33 than those who had not used cannabis. Furthermore, the risk was dose-related such that young people using a large amount of cannabis were at greater risk than those with less drug exposure. However, the researchers also found
that there were other factors such as other drug use and family background that were associated with
cannabis use and so they conducted some additional statistical tests to see which of these correlated
factors was the best predictor of being hospitalised for schizophrenia. They found that already having
a psychiatric diagnosis at baseline predicted hospitalisation for schizophrenia at follow-up, which
is not surprising. Family divorce was also a predictor, emphasising the role of early environmental
factors in schizophrenia. But independent of these factors, cannabis use was the third best predictor
of hospitalisation for schizophrenia.
If we analyse the strengths of the study we can pinpoint that the assessments were conducted
by a clinician and so we know whether there was a diagnosis of schizophrenia both at baseline and
follow-up. It was also good that the researchers were able to control for confounding factors. However,
a problem for the study is that there was no information gathered about whether the recruits were
using drugs in between the baseline and follow-up assessments. This means it is possible that some
of the people who were hospitalised might have been suffering from the effects of recent cannabis use
and not that previous cannabis use was causing the development of chronic schizophrenia. Another
limitation to consider is that although the conscripts were assessed for a diagnosis of schizophrenia
at baseline, there was no assessment of the presence of psychotic symptoms that might indicate the
presence of the schizophrenia prodrome. Hence, it is possible that those conscripts who went on to
be hospitalised for schizophrenia were self-medicating for early sub-clinical signs of the disorder. An
interesting discussion point in the paper is that although the data presented show an association
between cannabis use and onset of schizophrenia, they also show that cannabis use accounts for
only a minority of cases of schizophrenia, suggesting that cannabis use is likely to be just one of many
risk factors.
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We can also note that only a small number of the cannabis users developed schizophrenia. There
are various factors that might explain this. Age of first use might be important, perhaps because
there is a period of vulnerability to the effects of cannabis (Arseneault et al., 2002). So what can we
conclude from the results of this study? The finding that cannabis use preceded the onset of symptoms and was related to the amount of cannabis used, even when controlling for likely confounding
factors, suggests there is a causal relationship between cannabis use and onset of schizophrenia.
Nevertheless, because it is impossible to control for all possible confounding factors, the possibility
that the relationship between cannabis use and schizophrenia onset is explained by risk factors
correlated with cannabis use cannot be totally ruled out. Given that only a relatively small number of
cannabis users developed schizophrenia, we might also conclude that cannabis use may be causally
linked to development of schizophrenia but only in individuals that are genetically vulnerable.

Implications
Since the study by Andreasson and colleagues was conducted, many other similar types of
studies have been published and many have addressed the limitations of the original study
(Zammit et al., 2002; van Os et al., 2002; Henquet et al., 2005). While longitudinal cohort
studies can never prove beyond doubt that cannabis causes schizophrenia, looking at the
results of many studies together one can see a consistent pattern, which is that there is an
increase in incidence of schizophrenia in people who had used cannabis (Moore et al., 2007).
This kind of research has implications for information given to young people about cannabis and whether or not warnings based on the evidence should be communicated to young
people.

THE EFFECTIVENESS OF ANTIPSYCHOTIC DRUGS
Since the discovery of the first antipsychotic medication, chlorpromazine, over 60 new drugs
have been developed for the treatment of schizophrenia. Drug therapy is the mainstay of treatment for the disorder although it is usually more effective when combined with psychological
and social support (Marshall and Lockwood, 2000). The goal of antipsychotic drug development is to produce drugs that can treat the cognitive and negative symptoms of schizophrenia as
well as the positive symptoms and which are not associated with significant serious side effects.
But has this been achieved? Let’s take a closer look at the clinical effects and side effects of first
and second generation antipsychotic drug treatments to find out.

First generation or typical antipsychotics
Chlorpromazine and haloperidol are examples of first generation antipsychotics. First generation drugs are generally effective at treating the positive symptoms of schizophrenia but they
are minimally effective at treating the negative and cognitive symptoms (Nasrallah and Tandon,
2013) and may even worsen cognitive impairments (Bilder, 1997). Furthermore, a third of
patients fail to respond at all to treatment with first generation drugs.
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As outlined in Chapter 9, the first generation drugs are all antagonists at dopamine D2 receptors, and this action is likely to be related to their therapeutic effects. Evidence suggests that
schizophrenia is associated with overactivity in dopamine neurotransmission, and the ability
of first generation drugs to block dopamine is related to their clinical efficacy. Both immediate
dopamine D2 receptor blockade and delayed inactivation of dopamine-neuron firing may contribute to the effects of first generation drugs (Grace et al., 1997; Kapur et al., 2005).
Dopamine D2 receptors are located in the nigrostriatal, mesolimbic, mesocortical and
thalamic dopamine systems but for antipsychotic effects, most interest has been focused on the
role of receptors located in the mesolimbic system, in particular the ventral striatum. This is in
line with the importance of the mesolimbic system in emotion and motivation (see Chapter 8).
However, more recent evidence also suggests a potential role for dorsal areas of the striatum,
particularly the caudate nucleus (Kegeles et al., 2010). Molecular imaging studies, including
PET, provide evidence that at clinical doses, the occupancy of dopamine D2 receptors achieved
by all first generation drugs in the striatum is around 60%, suggesting that this level of occupancy is associated with antipsychotic effects (Farde et al., 1992; Kapur et al., 2000).
A problem is that when drug receptor occupancy reaches around 80%, side effects begin to
emerge. This means there is only a small margin between therapeutic doses and doses associated with undesirable effects. These side effects are disturbances of motor function due to
dopamine D2 receptor blockade in the nigrostriatal dopamine system that projects from the
substantia nigra to the dorsal striatum. The nigrostriatal system forms part of a motor control
system known as the extra-pyramidal system because it is distinct from motor fibres relayed
through the pyramids of the medulla. Impaired motor behaviours due to blockade of dopamine D2 receptors in the nigrostriatal system are therefore known as extra-pyramidal symptoms
(EPSs).
There are three types of EPS that can develop after acute drug treatment. The first type
resembles the symptoms of Parkinson’s disease, a condition that is also caused by reduced
dopamine function in the nigrostriatal dopamine system. The second is akathesia, which is a
syndrome involving feelings of anxiety and restlessness. A patient with akathesia may be unable
to stop themselves constantly fidgeting and may be unable to keep still for long, feeling the need
to pace around or rock back and forth. Dystonia is the third EPS that is characterised by involuntary muscle movements such as tics and jerky arm or leg movements.
Tardive dyskinesia is another movement disorder associated with antipsychotic treatment
but it has a later onset, only emerging after chronic treatment and in older patients (Jeste et al.,
1999). Tardive dyskinesia is usually characterised by involuntary movements of the face, such
as lip smacking, and slow, writhing movements of the limbs. It can be very debilitating and stigmatising yet the precise cause is unknown. Likely mechanisms are changes in dopamine, GABA
or acetylcholine function in the basal ganglia as a result of long term dopamine D2 antagonism
(Margolese et al., 2005).
First generation antipsychotic drugs bind to dopamine D2 receptors in the striatum but also
to D2 receptors in other areas of the brain such as the hypothalamus and pituitary, and this
causes additional side effects such as problems with temperature regulation, suppression of
menstruation, and impotence. They also have actions at receptors other than dopamine receptors and these actions are associated with side effects; for example: histamine antagonism, which
can cause in drowsiness; blockade of acetylcholine receptors, which can cause dry mouth; and
blockade of noradrenaline receptors, which can cause tachycardia (fast resting heart rate).
Overall, whilst the introduction of first generation antipsychotics resulted in many more
people with schizophrenia being able to leave long term care in institutions due to management
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of the positive symptoms, there were many problems with adverse effects of the drug treatments
and failure to deal adequately with the full range of symptoms associated with the disorder.
Initially the development of less problematic drugs was hampered by the belief that the motor
side effects could not be dissociated from the therapeutic effects of antipsychotics, but then a
drug was discovered that bucked this trend (Shen, 1999). We will next consider the wave of drug
treatments that started with the second generation antipsychotic clozapine.

Second generation or atypical drugs
The first drug to show a different profile to the first generation antipsychotics was the drug
clozapine, which was discovered in the 1960s and first marketed in some European countries
in the 1970s. Clozapine does not cause EPS, which is one reason why it and other second generation drugs are known as atypical. In addition, patients who fail to respond to first generation drugs will often show a response to clozapine (although a proportion do not respond to
any drug treatment). However, clozapine is no more effective than the first generation drugs in
dealing with the negative and cognitive symptoms of schizophrenia. It was initially thought that
clozapine was effective in reducing negative symptoms but any benefits were probably because
alleviating positive symptoms has a secondary effect to improve some aspects of social functioning (Breier et al., 1991). Clozapine also has serious side effects. Notably, some patients taking
clozapine in Finland developed fatal agranulocytosis, which is a failure to produce sufficient
white blood cells to fight infections (Amsler et al., 1977). The discovery that clozapine can cause
agranulocytosis prevented its use in many countries for about 15 years, but the drug was reintroduced in the 1990s because it was realised that the blood disorder could be caught early through
monitoring and then treated. The benefits of clozapine over previous antipsychotics in terms
of its ability to treat non-responders and its lack of EPSs also contributed to its re-evaluation
and subsequent licensing by the US Federal Drug Administration (FDA) (Crilly, 2007). The
development of a range of other second generation drugs such as risperidone, olanzapine and
ziprasidone quickly followed.
There has been great interest in whether the second generation drugs warranted the early
enthusiasm expressed about their potential for enhanced efficacy. Several large-scale studies
and meta-analyses have now been conducted comparing the effect of first and second generation drugs both in terms of their clinical effectiveness and side effects. Analysis of the data from
these clinical trials suggests that both categories of drugs are broadly similar in their effectiveness in treating the positive symptoms of schizophrenia and in reducing rates of relapse, but
clozapine stands out in terms of its effectiveness in treating patients who do not respond to
other drug treatments (Tandon et al., 2008). There is some evidence that second generation
drugs may be more effective in alleviating negative symptoms, but this is probably related to
their reduced liability for EPSs. The benefits of second generation drugs also has to be balanced
with the finding that some have been shown to cause substantial weight gain and increased risk
of diabetes, particularly olanzapine and clozapine and to some extent risperidone (Reynolds and
Kirk, 2010). The amount of weight gained varies across patients but can be around 12kg over a
year (Nasrallah, 2003). Excessive weight gain has clear implications for health but can also lead
to discontinuation of treatment because of concerns about obesity.
An important question to answer, if better drugs are to be developed, is which drug actions
contribute to an atypical profile? One way of approaching this problem is to compare the pharmacological mechanisms of action of typical and atypical drugs. As we have already noted,
all effective drugs developed to date share a common mechanism of action as dopamine D2
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receptor antagonists suggesting that this action is important for antipsychotic effects. However,
analysis of D2 receptor occupancy suggests differences between drugs at clinical doses. Clozapine
and quetiapine have therapeutic effects at much lower levels of D2 receptor occupancy than
other antipsychotics drugs. This would appear to undermine the suggestion that a threshold of
around 60% D2 receptor occupancy is a feature of antipsychotic effectiveness. One explanation
is that dopamine D2 receptor antagonism is not necessary for an antipsychotic effect and that
other mechanisms contribute. Antipsychotic effects are likely to be modulated by drug action
at receptors for neurotransmitters other than dopamine, including serotonin (Meltzer et al.,
1989) although a clear picture has yet to emerge here. A difficulty is that a common mechanism
across drugs that relates to therapeutic efficacy has not been identified. It is possible that there
is a primary mechanism of action that remains to be identified but another explanation is that
dopamine D2 receptor antagonism is the critical feature of antipsychotic action but occupancy
rates do not tell the whole story (Seeman, 2005).
It has been suggested that the way in which antipsychotic drugs interact with the dopamine
D2 receptor is important to understanding the relationship between D2 receptor antagonism
and clinical effects. In particular, it has been argued that sustained levels of dopamine D2 blockade are not necessary for antipsychotic effects and that transient blockade can be equally as
effective (Seeman, 2005). The extent to which an antagonist provides sustained versus transient
blockade of a receptor is affected by its affinity for the receptor. Some drugs have a high affinity
and bind tightly to the receptor whereas others have a low affinity and bind to the receptor in
the same way but just dissociate from it more quickly and so are bound more loosely. Drugs
that bind tightly can maintain occupancy for long periods whereas occupancy levels for loosely
bound drugs will decline more quickly. Attenuation of dopamine transmission can be achieved
by drugs with low affinity as long as a high dose is administered. In fact clozapine and quetiapine
have a low affinity for the D2 receptor but when given in appropriate doses can provide effective
dopamine D2 antagonism even at low levels of receptor occupancy. Differences in how antipsychotic drugs interact with the D2 receptor may therefore explain why clinical effects can be
achieved at different levels of receptor occupancy.
But does fast receptor dissociation explain why atypical drugs show reduced EPSs?
One suggestion is that there may be advantages of antagonism by loosely bound drugs in
terms of avoiding EPSs. A loosely bound drug only transiently occupies a receptor because it is
coming on and off the receptors rapidly. This means that the endogenous dopamine, which is
also competing for access to the receptors, is still able to bind. Fast dissociation from receptors
therefore allows for attenuation of dopamine transmission while maintaining responsiveness
to changes in normal dopamine signalling. This might explain the lack of EPSs by atypicals
because they achieve a more physiological ‘turning down’ of dopamine receptor signalling that
causes less disruption to normal dopamine-related functioning. A similar effect is achieved by
the partial dopamine D2 receptor agonist aripiprazole which stabilises dopamine transmission
by acting as a functional antagonist in the presence of a hyperactive dopamine system and is an
effective antipsychotic agent that lacks EPSs (Seeman, 2005).

IMPLICATIONS
First generation antipsychotic drugs were a breakthrough in treatment for schizophrenia but
these drugs are only really effective in treating positive symptoms and they induce serious side
effects. The second generation of antipsychotic drugs are no more effective than the first generation
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drugs in treating symptoms and just bring with them a different set of side effects. It appears that
the best profile attained so far for antipsychotic medications is effectiveness in treating positive
symptoms with reduced likelihood of EPS. This profile holds for some, but not all, second generation drugs and can be achieved with careful dosing of some first generation drugs. Dopamine
D2 receptor blockade seems to be a requirement for relief of positive symptoms in schizophrenia,
and this is consistent with the dopamine theory of schizophrenia. Some of the side effects associated with dopamine D2 receptor antagonism can be minimised by using drugs that stabilise
dopamine transmission. However, it is important to remember that some people do not respond
to drug therapy and available drug treatments do not reverse the underlying neuronal disturbances in schizophrenia. The development of more effective pharmacotherapy in the future will
depend on further advances in understanding of the biological bases of the symptoms of schizophrenia so that these systems can be targeted by new drugs. In the next section we will find out
more about how research into the biological bases of schizophrenia is going beyond the dopamine hypothesis and highlighting the involvement of glutamate systems.

BEYOND THE DOPAMINE HYPOTHESIS OF
SCHIZOPHRENIA
We have seen that the cognitive and negative symptoms of schizophrenia are core features of
the disorder that have a big impact on quality of life and yet have so far proven to be resistant
to drug treatment with dopamine D2 receptor antagonists. This suggests that overactivity in
dopamine systems cannot be the only neurochemical disturbance in schizophrenia. The NMDA
receptor hypofunction hypothesis has been proposed to try to offer a common mechanism that
might explain the whole range of symptoms of schizophrenia (Olney and Farber, 1995). The
NMDA receptor hypofunction theory seeks to explain two other aspects of schizophrenia: the
fact that the onset is usually in adolescence and that it is associated with structural changes
to the brain. However, the NMDA hypofunction theory is not contradictory to the dopamine
hypothesis because as we will find out, there are significant interactions between dopamine and
glutamatergic neurotransmission in areas of the brain that are known to be altered in schizophrenia. It is possible that a deficit in NMDA receptor function could lead to overactivity in
dopamine transmission and the other way round.

NMDA receptor hypofunction and
schizophrenia
Several lines of evidence support the NMDA receptor hypofunction hypothesis of schizophrenia. We will examine three different types of evidence: 1) post-mortem and imaging studies
of glutamate markers in the brains of people with schizophrenia; 2) the effects of drugs that act
as NMDA receptor antagonists in humans and laboratory animals; and 3) the effects of genetically altering glutamate receptors in the brains of mice.

Imaging and post-mortem studies
Using techniques such as magnetic resonance spectroscopy and single photon emission computed tomography it is possible to examine glutamate neurotransmission in the living human
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brain. There is evidence of altered glutamate activity in the brains of non-medicated schizophrenic patients compared with healthy controls (Théberge, 2002) and in adolescents at high
risk of schizophrenia (Tibbo et al., 2004). Patients with schizophrenia have also been shown
to have fewer NMDA receptors in the hippocampus (Pilowsky et al., 2006). Interestingly, this
deficit was partially reversed by treatment with antipsychotics. Post-mortem studies confirm
that the expression of NMDA receptors in schizophrenia is altered compared to healthy controls although these changes are complex (Kristiansen et al., 2007).

Effects of NMDA receptor antagonists
Various studies have investigated the effects of administration of NMDA antagonists with the
aim of finding out if inducing NMDA receptor hypofunction via acute or chronic blockade of
NMDA receptors induces schizophrenia-like symptoms. Reliable effects of ketamine on memory
and delusions have been reported (Honey et al., 2005; Pomarol-Clotet et al., 2006). A recent
study found that the illusion that a rubber hand is one’s own was enhanced after acute administration of ketamine, an effect that is also seen in patients with schizophrenia when compared
with healthy controls (Morgan et al., 2011). There are methodological and ethical issues associated with examining the effects of NMDA receptor antagonists in healthy volunteers so let’s
analyse a key paper in this area.

KEY STUDY

Krystal, J. H. et al. (1994). Subanaesthetic effects of the non-competitive NMDA
antagonist, ketamine, in humans: Psychotomimetic, perceptual, cognitive and
neuroendocrine responses Archives of General Psychiatry, 51(3), 199

Krystal and colleagues tested the effects of ketamine in 12 men and seven women. The participants
underwent a thorough screening session in which the researchers checked that they did not have any
mental health problems and were not vulnerable to psychosis. This was for ethical reasons, to reduce
the possibility that the drug might induce psychosis. The researchers also asked the participants
not to take any psychoactive drugs before and during the experiment to avoid the possibility of the
ketamine interacting with other drugs. Compliance was checked by analysing a urine sample. This is
important both for the safety of the participants and for ruling out the possibility that the results of the
study could be explained by the influence of drugs other than ketamine.
There were three conditions in the study and all participants experienced the three conditions on
three separate test days (this is known as a repeated-measures design). Two of the test days were
ketamine days. Testing the effects of two ketamine doses is useful because the researchers can
find out whether any effects of ketamine are related to the dose that was administered: pharmacological principles predict that would be a relationship between dose and response. The ketamine was
administered intravenously, which allows very good control of the doses via a pump that maintains a
particular level of drug in the bloodstream. The researchers were careful to choose doses that would
not have a dissociative anaesthetic effect so as not to ‘knock out’ the participants. The effects of the
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ketamine administration were compared with the effects on a placebo day when everything about the
procedure was the same apart from the participants receiving an injection of saline rather than drug.
Having a placebo condition controls for the possibility that the general drug administration procedure
might affect how the participants behave. Also, if the participants are unsure about whether they will
be getting placebo or drug on any given day then this helps to reduce the influence of expectancy
effects on responding. If the participants knew that they were definitely receiving ketamine then this
might mean that they behave in line with how they think people respond to ketamine.
The key measures in the study were ratings that were chosen to tap into symptoms characteristic
of schizophrenia such as unusual thought content, delusions, mood alterations and hallucinations.
Some of these measures were self-ratings and others were ratings made by the experimenter. The
symptom measures were completed before the ketamine infusion started and then at fixed intervals
during and after the drug infusion had finished to allow the time course of the effects to be characterised. The participants also completed measures of cognitive function such as general cognitive
ability, memory (Mini-Mental State Examination), flexible thinking (Wisconsin Card Sorting Test),
attention (continuous performance tasks) and verbal fluency. These cognitive tasks were completed
20 minutes after starting the ketamine infusion. The researchers noted that the effects of the drug
wore off quite quickly after the infusion finished. In fact, three participants did not finish their verbal
fluency test until after the infusion had finished so the researchers did not analyse those results. In
addition to behavioural measures, the participants gave a blood sample and this was analysed for
markers of drug action on neurotransmitters such as dopamine (HVA) and noradrenaline metabolites
(MHPG) and hormones (cortisol and prolactin).
The data analysis involved using statistical methods to find out whether the ketamine conditions
differed from the placebo on the key measures. The data were also analysed according to the time
the measures were taken, to find out if any drug effects varied according to time. The researchers
controlled for the effects of expectancy in their analyses by calculating how the participants responded to the placebo and then subtracting this response from the drug effect. The rationale here is that
since the placebo is inactive then one would not expect it to have any effect so any change in the
measures observed after the placebo will reflect the participant behaving in line with expectations.
The researchers found that the participants scored similarly on the symptom measures before
they had the drug on each of the test days (baseline measurers). This suggests that the participants were in a similar state before any drug was given and so any differences between conditions
observed after the drug cannot be explained by existing group differences, say for example if it just
so happened that on one day the participants arrived in a rather anxious state. Effects of ketamine on
the symptom measures were found and these effects were much higher after the higher dose than
the lower dose of ketamine. The effects also varied over time such that for the placebo condition, the
symptom ratings were continuously low at all time points, whereas for the ketamine doses there was
an initial increase in ratings up to a maximum and then a decline. This pattern of results is reflected
in a statistically significant interaction between condition and time. The pattern of results was similar
across the different symptom measures (positive and negative symptoms) such that the highest dose
of ketamine increased rated symptoms whereas the low dose ketamine sometimes had an effect and
the placebo had no effect.
Ketamine did not have any effect on the general cognitive measures as measured by the MiniMental State Examination but the highest dose of ketamine impaired attention, delayed memory
(Continued)
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(Continued)
recall, and impaired verbal fluency and some aspects of performance on the Wisconsin Card Sorting
Test. For mood measure, the high dose of ketamine increased anxiety but the low dose decreased
anxiety although when the placebo effect was taken into account this decreased anxiety disappeared
as an effect. The high dose also was associated with increased rating of ‘high’ that peaked around 15
minutes after drug infusion. Ketamine increased most of the biochemical and physiological measures
such as HVA. However, cortisol, prolactin and blood pressure these measures did not correlate with
the effects of ketamine on symptoms, suggesting that changes in psychological parameters probably
do not relate to the behavioural effects.
Overall, the highest dose of ketamine reliably increased ratings on measures tapping into the
positive symptoms of schizophrenia. Ketamine also produced effects consistent with some of the
negative symptoms of schizophrenia, such as decreased motivation. Finally, ketamine had selective
effects on cognitive function similar to those observed in schizophrenia. However, ketamine did not
induce the visual hallucinations associated with schizophrenia. These findings suggest that ketamine
may mimic some aspects of schizophrenia. From the study findings it is not possible to say whether
the exact same biological mechanisms underlie the effects of ketamine in healthy volunteers and the
symptoms in schizophrenia patients. Nevertheless, the results are consistent with the suggestion that
NMDA receptor hypofunction induced by the NMDA receptor antagonist ketamine may be a factor
contributing to schizophrenia.

Effects of repeated administration of NMDA
antagonists
The effects of repeated administration of ketamine to human volunteers have been examined but
for ethical reasons this is usually assessed in people who are already abusing ketamine. Therefore,
the results of such studies have to be interpreted carefully because of the fact that ketamine abusers
may co-abuse other drugs, making it difficult to separate the effects of repeated ketamine dosing
from the effects of dosing with other drugs. In addition, people who choose to use drugs may constitute a specific population of individuals who are at risk of psychopathology and therefore prone
to poor emotional and cognitive function regardless of their level of drug use. Nevertheless, studies
of cognitive function in chronic ketamine users provide evidence of memory impairments that are
related to the lifetime amount of drug used (Morgan et al., 2010). Also, frequent users of ketamine
are more likely to report that they have delusion-like experiences than a control group of users of
drugs other than ketamine, suggesting that the increased delusions were not just a result of drug
using per se (Morgan et al., 2010).
Because of the issues with studying current drug users, the effects of NMDA receptor antagonists on the cognition of laboratory animals has also been examined. Testing laboratory
animals means that the effects of drug administration can be examined under tightly controlled
conditions and allows for assessment of detailed aspects of neuronal function that are not currently possible in humans. Animal models also allow for more reliable testing of the effects of
repeated drug dosing on performance. This is important because the effects of repeated dosing
might mimic more closely the neuronal changes observed in schizophrenia than the effects of
a one-off dose (Jentsch and Roth, 1999). Moreover, if the effects of prior, repeated drug doses
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are assessed then it is not necessary to perform the tests in the presence of the drug. This is useful because testing in the drug-free state avoids confounds owing to direct drug effects on, for
example, the movements required for performing tasks.
Various tests have been devised to assess cognitive function in rodents and non-human primates, and the idea is that the tests assess specific aspects of cognition that are similar to those
affected in schizophrenia. Tests of attention and learning and memory are most commonly
employed. Overall, the pattern of results is mixed but repeated administration of PCP has been
found to impair a range of cognitive functions that are known to be affected in schizophrenia
(Amitai et al., 2007; Jentsch et al., 1997; Podhorna and Didriksen, 2005).

Implications
Overall, evidence from different types of studies suggests that pharmacological blockade of
NMDA receptors induces schizophrenia-like symptoms. It has been suggested that ketamine produces a state that is more similar to that observed in schizophrenia than drugs like amphetamine
which induce psychosis but do not induce schizophrenia-like disruptions in cognitive processes.
But from these types of studies it is not possible to say anything about how it is that NMDA
receptor hypofunction leads to schizophrenic symptoms and whether NMDA hypofunction is
related in any way to other known features of the disorder such as structural and functional brain
changes. Another important question in relation to the biological bases of schizophrenia is how
NMDA might receptor hypofunction theory account for the fact that schizophrenia emerges during adolescence. Next we will consider evidence relating some of the symptoms of schizophrenia
to the effects of NMDA receptor hypofunction on brain structure and function.

NMDA receptor hypofunction and excitotoxicity
Evidence suggests that the cognitive deficits in schizophrenia may be related to alterations
in the structure and function of the prefrontal cortex that are usually evident before the
experience of a first psychotic episode. An idea that links NMDA receptor hypofunction to
these deficits is that a consequence of NMDA receptor hypofunction is excessive release of
glutamate which causes neuronal damage via apoptosis. In support of this idea, chronic
administration of PCP to rats has been shown to increase release of glutamate in the prefrontal cortex (Moghaddam et al., 1997) and induce neuronal damage in the cortex (Olney
and Farber, 1995). Elevated glutamate release as a result of NMDA receptor hypofunction
and associated excitotoxicity could explain the reductions in grey matter volume seen in
schizophrenia. How might this occur? A model that has been proposed is that reduced function of NMDA receptors located on GABA interneurons leads to reduced inhibitory input
from these GABA interneurons onto glutamatergic projection neurons. The result is disinhibition of these excitatory glutamatergic neurons and excessive release of glutamate, which
causes excitotoxicity and neuronal damage.

NMDA receptor hypofunction and
neurodevelopment
A hypothesis that has been put forward to explain why the onset of schizophrenia is usually
in the late teens is that adolescence is a time when there are profound changes in the brain
involving reorganisation of synapses and that these processes are disrupted in some people,
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leading to schizophrenic symptoms (Feinberg, 1983). Early brain development involves the
birth of cells, their proliferation, and growth and migration to different parts of the brain to
form synapses. Many more synapses are formed initially than are needed and weaker synapses
are pruned away early in development. In the prefrontal cortex there is also proliferation of
synapses at the onset of puberty (Bourgeois, Goldman-Rakic, and Rakic, 1994) which is followed by a reorganisation of synaptic connections in adolescence that involves a reduction in
synapses. It has been argued that schizophrenia is due to an exaggerated form of this synaptic
pruning process (Keshavan et al., 1994).
Another idea is that people prone to developing schizophrenia have a neurochemical abnormality from early on in development but this is only expressed when there is a period of brain
reorganisation during adolescence (Weinberger, 1987). There is evidence that neurocognitive
deficits in schizophrenia are apparent before the first onset of psychosis (Bilder et al., 2006) and
that brain damage early in life increases the risk of psychosis, all of which is consistent with the
early neurodevelopmental perspective of schizophrenia.
Relating these changes to the NMDA receptor hypofunction theory, it has been noted that
brain alterations occurring during the teenage years involve changes to glutamatergic synapses.
Furthermore many of the risk genes for schizophrenia are associated with NMDA receptor signalling (Harrison and Weinberger, 2004). In addition, early environmental factors such as birth
trauma can result in degeneration of neurons expressing NMDA receptors (Olney et al., 1999).
During early development NMDA receptors are in a hypersensitive state, and too much or too
little glutamate can result in neurodegeneration of neurons (Ikonomidou et al., 1999). Indeed
neonatal administration of ketamine and PCP causes neurodegeneration and long-lasting behavioural changes (Wang, C. et al., 2001).
It is possible that individuals with a genetically mediated glutamatergic defect are vulnerable
to the effects of environmental insults such as hypoxia at birth. This insult may lead to a loss
of glutamatergic neurons that is associated with the cognitive deficits that precede the onset
of psychosis. When there is another stage of pruning of synapses during adolescence, hypofunction of NMDA receptors increases the risk of onset of schizophrenia due to neuronal loss
through excessive pruning.
A question arises as to the potential sites of early neuronal damage that might lead to later deficits. It has been suggested that a primary site might be the cortex and involve the loss of GABAergic
interneurons as a result of glutamate-induced excitotoxicity (Reynolds et al., 2004) but the hippocampus may also be involved in line with evidence of reduced hippocampal volume in patients
with schizophrenia. In support of this idea, neonatal lesions of the ventral hippocampus have been
shown to model many aspects of schizophrenia including the late onset of symptoms (Lipska,
Khaing and Weinberger, 1993). There is evidence that neonatal ventral hippocampal lesions cause
functional and structural dysfunction to the prefrontal cortex and disruption to dopamine and
glutamate neurotransmission (Tseng et al., 2009). Similar effects are observed after administration of a toxin that alters development during gestation in rats (Lodge and Grace, 2009). These
models suggest a mechanism whereby early developmental neuropathology might lead to dopamine dysregulation due to problems with glutamatergic/GABAergic signalling.

Glutamate and dopamine interactions
There is evidence from animal models that some of symptoms of schizophrenia could be due
to interactions between glutamate and dopamine signalling in the brain. Over-expression
of dopamine D2 receptors early in life can lead to deficits in cognitive functioning that are
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similar to those observed in schizophrenia (Bach et al., 2008). Mice that have been genetically modified to over-express dopamine D2 receptors in the striatum perform poorly on
tests that rely on prefrontal cortex function, suggesting that dopamine hyper-function
early in life could be a primary cause of cognitive deficits in schizophrenia owing to effects
of overactive dopamine transmission on prefrontal glutamate systems (Bach et al., 2008).
Hence, the picture is complex and changes in both glutamate and dopamine signalling
could contribute to the cause of schizophrenia. Changes in glutamate function could lead
to alterations in dopamine transmission, or changes in dopamine neurotransmission could
lead to glutamate transmission deficit. In fact, it may be that glutamate/dopamine and
dopamine/glutamate interactions are implicated in the pathology of schizophrenia. For
example, a deficit in glutamate transmission may lead to overactivity in striatal dopamine
systems and dopamine alterations might then reinforce glutamate transmission deficits in
a vicious cycle (Laruelle et al., 2005).

Implications
The available data converge to suggest that NMDA receptor hypofunction is an underlying problem in schizophrenia. An implication of this is that there is potential in developing treatments
that reverse this deficit. The addition of NMDA-enhancing agents to antipsychotics may result
in improvements in the range of symptoms associated with schizophrenia.
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