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Introduction

The material presented in this course is taken from SD805 ‘Issues in Brain and Behaviour’ – a 60-point postgraduate course within the Frontiers in Medical Science strand of The Open University's M.Sc in Science Programme. SD805 consists of two topics that are of immense worldwide social, economic, ethical, and political importance – ‘Addiction’ and ‘Neural Ageing’. Of note is that in SD805, the term ‘neural ageing’ is used to mean ageing as it impacts upon the nervous system and behaviour – not the ageing of other body systems or organs. The material presented in this course examines, at a Master's level of post-graduate scholarship, some of the biological and psychological issues underlying addictive behaviours and the ageing of the nervous system. 

The aim of this course is to present a short exploration of original research articles and detailed commentaries taken from SD805, within a framework that highlights the complex nature of addiction and neural ageing. The content of the material requires background knowledge and understanding at the level of a first degree in science or in a science-based subject. Open University students studying SD805 have access to a wide range of course materials, internet resources as well as tutor support. In this standalone course the emphasis is therefore very much on your own assessment of the material to derive an academic understanding of the relevant issues being considered. Having read and critically evaluated the material, you should nevertheless be able to appreciate that a coherent scientific explanation of addiction and neural ageing requires the integration of information obtained from different levels of biological and psychological analysis. 

This OpenLearn course is an adapted extract from the Open University course : SD815 Contemporary issues in brain and behaviour: psychosis and dementia. 

Learning outcomes

After studying this course, you should be able to:

· understand the complex nature of addiction and neural ageing from both biological and psychological perspectives

· recognise the contribution of different scientific disciplines to our understanding of several contemporary topics in addiction and neural ageing 

· critically evaluate and discuss specific scientific arguments related to addiction and neural ageing

· communicate the importance of an interdisciplinary approach to studying issues in biological psychology, using addiction and neural ageing as examples. 

1 Issues in brain and behaviour

1.1 Popular conceptions about addiction and neural ageing

First of all, consider the following statements found in popular information media:

· Some addictions are in the mind, like that to shopping, gambling or the internet, whereas others are in the body, like an addiction to heroin, alcohol or food. 

· Once you have tried cannabis, you are hooked for life. The craving for cannabis will never go away.

· The thinking patterns of an addicted brain can never be changed.

· Smoking is not all bad news – it improves your memory and stops you going senile.

· The brains of elderly people work more slowly than those of young people.

· Exercise and diet are key to preventing Alzheimer's and other neurodegenerative diseases.

· In the mountains of southern Russia, people regularly live to 120 because they eat pure honey and breath unpolluted air.

Such statements illustrate several common points. Firstly, people have opinions on factors that affect addiction and neural ageing that either do, or do not, have some basis in hard factual evidence. They are prepared to make claims based on anecdotes, for example, that cannabis is, or is not, addictive and that smoking helps to protect against Alzheimer's disease. Second, some things are said to be based on events in the body (e.g. heroin addiction) but others are thought not to be (e.g. a shopping addiction). Such thinking separates behavioural and psychological states from brain states. Lastly, environmental factors (shopping and the internet; honey and clean air) are thought to operate independently of genetic or social factors. 

These media sound bites are effective and persuasive but they are bland statements that mask the complexity of the topics. Indeed, since we all engage in potentially addictive behaviours and we all age, how true are these statements? Moreover, to what extent are such statements supported by unequivocal scientific data? We start to explore, at an advanced level of enquiry, some of these issues in this course. 

2 Addiction

2.1 Introduction

Professor Trevor Robbins of Cambridge University, an expert in cognitive neuroscience, commented that:

Start of Quote
Our understanding of the nature of drug addiction over the last few decades has depended on several important theoretical insights and empirical findings from studies or experiments conducted from a variety of perspectives – for example: from neuropharmacological studies of the mechanisms of action of drug abuse; from a study of underlying brain systems, using the techniques of basic neuroscience; from the application of cognitive and conditioning theories to the behavioural and psychological mechanisms underlying addiction; from clinical observations of drug addicts; and from sociological studies of the context of drug-taking behaviour. 

(SD805 Addiction Literature Research)

End of Quote
It is possible to broaden out these perspectives to include not only drug addiction but also other addictive behaviours. In so doing, a number of specific issues can be defined which provide a scaffold on which you can begin to build a scientific understanding and appreciation of addiction. 

2.2 Specific issues in addiction

1. The term ‘addiction’ carries a number of different meanings. The word is generally used with reference to drugs (e.g. heroin, nicotine, alcohol), where a person is described as being ‘dependent on’ or ‘addicted to’ a substance. Also, substances are described as ‘addictive’ or ‘non-addictive’, implying that addiction is an intrinsic property of the substance. Some people are addicted to food. Given that food is necessary, in what sense is food addictive? There is confusion here, since it is known that some people can be occasional or recreational users of so-called ‘hard’ drugs without this profoundly disrupting their lives or without them becoming apparently ‘addicted’ – they seem to have ‘will-power’ or conscious control over the ‘substance’. Conversely, people can also be described as seriously addicted to non-chemicals, such as one another, music or football, or even television, the internet, computer games, or gambling (e.g. the National Lottery). An important aspect of understanding addiction is trying to establish just what we mean by the term ‘addiction’. 

2. Addiction to drugs has been around for a long time – with fashion and availability dictating use. It is estimated that 1-in-50 people in inner-city areas take heroin or cocaine regularly. As many as 1-in-12 twelve-year-olds are reported to have taken drugs. Drug taking is a serious, escalating problem. ‘Folk psychology’ attempts to provide an explanation. For example, people with an addiction are sometimes described as ‘weak-willed’, lacking in ‘self-restraint’ or ‘self-discipline’; though quite what these terms explain is not at all obvious! It has also been suggested that addicts take drugs because the pleasure that they derive from doing so is greater than any alternative pleasures that life might have to offer. Others might draw attention to the withdrawal symptoms that addicts experience when they try to stop taking drugs, or suggest that addiction is a mixture of pleasure and pain. 

3. In the mid-1990s, a new emphasis to the topic of addiction appeared that was of massive widespread social, legal and economic importance. This was the controversy as to whether nicotine is addictive. The discussion immediately took the issue of scientific definition beyond the borders of learned journals in psychology, medicine and philosophy and placed it right in the law chambers and thereby onto the floor of the Stock Exchange. It is known that rats can be persuaded to press levers for the reward of intravenous cocaine or heroin. Does this behaviour capture something of the nature of human addiction? In a court of law, could we defend the argument that a laboratory rat pressing a lever for the reward of a drug is a valid model of human addiction? 

4. Humans differ widely in their tendency to become addicted. Can we therefore identify an ‘addiction-prone personality’, someone who is perhaps genetically predisposed, or susceptible, to developing a particular addiction? Maybe one day we will be able understand this genetic predisposition, and its subsequent development throughout the whole of a person's life, in terms of all the relevant biological, psychological and environmental factors experienced by the individual. 

5. Scientists are able to identify parts of the brain that are specifically targeted by addictive drugs. Particular, identifiable chemical messengers are implicated. Indeed, through the advances in imaging activity in the human brain, it is now possible to identify the spatiotemporal pattern of neural activity in specific areas of an addict's brain. Therefore, in order to understand addiction you will need to have some familiarity with the structure and function of the nervous system, especially the brain. We suggest that you consult a reference textbook, such as Carlson (2007). (Note: If you are new to neuroanatomy, don't be put off by the strange-sounding Latin names and the seeming inpenetrability of the subject – take your time to learn about regions in the brain and the pathways that interconnect them. In fact, the functional neuroanatomy of addiction relates to only a handful of key brain regions and pathways.) 

6. The background readings and associated sources of information provided in this course will introduce you to the psychology you will need in order to understand addiction. Since in this course we are trying to develop an integrative approach to understanding brain and behaviour, it is important that you adopt an open-minded attitude in reading the material. So, what study approach offers the best prospect of an integrated understanding of the subject of addiction? 

7. The temptation is to suggest that there are physical addictions, such as that to heroin or cocaine, and psychological addictions, such as the emotional attachment to another individual, which we call love. Popular culture suggests this neat division, but we would urge you to consider that all addictions involve both physical and psychological aspects. Presumably, the brain of an addicted lover is different from the brain prior to developing the addiction, just as that of a heroin addict is different from that of a non-addict. Nature does not fracture along neat lines into psychology and biology; in fact, the fracture lines cross many subject boundaries. The study of addiction is truly interdisciplinary, as you will find out. Remember, don't be afraid to ask as many questions as you need to understand the issues, no matter how seemingly trivial – ‘there are no silly questions, only silly answers’. Every good student should ask more questions than there are answers. 

8. You should also bear in mind that all scientific writing is, in part, an act of deliberate persuasion. Each author is trying hard, sometimes too hard, to convince you that his or her point of view is the right one, and in some cases the only one! Therefore, you will need to develop a keenly critical and somewhat sceptical approach in assessing the validity of what you read in the selected readings presented in this course, or indeed on any aspect of the subject matter, for example the general statements in Section 1.1 (above). However, this can lead you into ‘the quagmire of doubt and unknowing’; but don't worry, this is an entirely healthy place to be – a good constructive scientific attitude and approach will get you out. 

2.3 Central questions in addiction

Arising out of these issues, it is possible to define questions central to a study of addiction. Take time to consider and answer these questions: 

· The scope of addiction. For example, to what sorts of substances and situations might a person be described as ‘addicted’?

· The circumstances under which a person will become an addict. Is a tendency to become addicted inherent in the properties of certain substances or is environmental context important? When does a person become an addict? 

· The problems that come from trying to define the term ‘addiction’. We all use this term in our everyday speech (for example, we might talk about addiction to work, food, sex or golf), but what does this mean? What are the defining features of an addictive behaviour? 

· The criteria for using the term ‘addiction’ are not always as scientific as we might like; they also involve moral, legal, social and economic considerations. 

· What is it like to be an addict? For example, how does it feel? Do addicts have normal emotions? What do addicts think about? How much insight does an addict have regarding his/her own behaviour? To what extent do addicts adhere to ‘social conventions’? Should treatment for alcohol addiction involve a strict policy of total abstinence or a regime of controlled alcohol intake? 

· What are the biological and neurological bases of addiction? Are there certain parts of the brain that have a particular role in addiction? Are there particular natural chemicals in the brain that play a special role in addiction? Is addiction a disease? Can these natural chemicals be altered to prevent addiction? 

· How have different theories and models been applied to addiction? How successful have these applications been or are they currently too abstract? Are such theories of addiction mutually incompatible, or does each theory contain some truth? How can we reconcile or unify the different theories? 

· Are there genes that ‘predispose’ an individual towards addiction? What do we mean by ‘predispose’ and how does any such predisposition interact with other factors? Can we use genetics to predict who's at risk of addiction (genetic screening). Might we eventually be able to predict what substances or activities a ‘susceptible’ individual will be preferentially addicted to at particular stages in their lives? Will it be possible to modify genes to affect addictive behaviours? 

In summary, the principal themes within addiction can be summarised by the key questions listed below.

· What is an addiction?

· What defines an addict?

· What biological, neurological, physiological, psychological, social and genetic factors underlie addiction? How are these factors interrelated? 

· To what extent can addictive behaviours be predicted and altered?

· What will future research reveal about the nature of addiction and addictive behaviour?

We will explore some of these questions in the articles in Section 3.

3 Addiction: selected readings

3.1 Addiction article 1

The first selected reading provides a wide ranging review of the theories associated with addiction illustrating how the subject can be investigated at a number of different levels of analysis. The second article explores one particular level further, the pharmacology of drug addiction, and asks why specific drugs are more likely to induce addictive behaviour. 

3.1.1 Before reading this article:

Take some time to think about what ‘addiction’ means to you – how chemical and non-chemical substances can be abused and how they can lead to dependent behaviour that can affect individuals and the society in which they live. Write down your ideas. 

This short exercise may be useful to establish your personal viewpoint on the subject of ‘addiction’. Your perspective may result from knowing someone who is addicted and having personal experience of the factors that are involved, or perhaps, your insights are more academic and derived from studying scientific literature or other media. 

Before reading the extract, you may wish to study the neuroanatomy of the mesolimbic-frontocortical system. The location of this system in the rat brain can be found in the textbook supporting SD805 – Carlson (2007) pp. 113–128. 

Click to view extract from 'Carlson article' 

Now read Addiction Article 1 by Teesson, M., Degenhardt, L. and Hall, W. (2002) Addictions, Chapter 4, ‘Theories of addiction: Causes and maintenance of addiction’, pp. 33–47, Psychology Press Ltd, Brighton. 

Click to view 'Teesson article' 

3.1.2. After reading this article:

The chapter by Teesson et al. (2002) will have presented you with a clearly written initial orientation to addiction. The article introduced addiction at several different levels of explanation in what the authors term a ‘biopsy chosocial model’ (p. 47). Such an integrated model is at the heart of the approach taken in presenting the SD805 course. In retrospect, your personal viewpoint may now appear fragmented, with apparently disconnected topics or perhaps with a cluster of biased opinions. Teesson et al. should have persuaded you that the subject of addiction and drug dependence is complex, integrated, wide-ranging and far from well understood. 

The first level of the ‘biopsy chosocial model’ explained drug dependence in terms of the biological effects on the brain and nervous system, and detailed the molecular and cellular sites of specific drug action (p. 34). The article concentrated on the two principal nerve systems in the brain that are affected by drug abuse. The first pathway is the ‘mesolimbic-frontocortical dopamine system’ (containing the mesolimbic and mesocortical dopamine pathways), which is central to processing neural information about meaningful stimuli and pleasure. The second pathway involves endogenous opioids that are involved in satiation and consummatory aspects of reward. The integrated function of both systems underlies pleasure and reward. Don't worry if these are unfamiliar concepts, as their importance will gradually unfold as you progress through the introductory articles. The second level of the model provided an introduction to the theme of genetics – a fundamental topic in addiction research, which is considered in greater depth in an article by Dick and Foroud (Dick D.M., Foroud T. (2003) Candidate genes for alcohol dependence: a review of genetic evidence from human studies. Alcohol Clin Exp Res. May; 27(5): 868–79.). The third level went on to discuss the classical psychological approaches to understanding drug dependence – behavioural models, cognitive theories, personality theories and models of rational choice. Here again, some of these topics will be explored in greater depth as the course progresses. 

Teesson et al. conclude their article with a consideration of what they call ‘contextual factors’, i.e. social and environmental issues that are implicated in substance use, abuse and dependence. Contemporary research indicates that such factors cannot be ignored: the sociocultural background of a person will greatly affect their vulnerability to addictive behaviour and to possible subsequent treatment and therapy. 

The ‘Summary’ on pp. 46–47 is a particularly good concise overview of research into addiction and addiction disorders. One important point emphasised by Teesson et al., that will recur frequently, is that there are clearly several levels of interrelated research – genetic, molecular, neuropharmacological, psychological and sociocultural – into how and why people become and remain addicted to psychoactive substances and activities. What is currently needed is an integrated approach to the subject area, drawing the various strands together into a more coherent theory of the nature of addiction. Many people who study addiction are unaware of the different areas and levels of enquiry and how they interrelate – bear these latter points in mind as you continue your studies. 

Teesson asks the question (p. 38): ‘Do persons have a vulnerability towards one specific drug, or is there a more general vulnerability to a class of drugs or, indeed, to any psychoactive substance?’ Some of the issues underlying this question are taken up in the next article. 

Click to view 'Dick and Foroud' article 

3.2 Addiction article 2

This second article explores some pharmacological aspects of drug addiction. By considering relevant neurochemistry and neurophysiology, it addresses the issues of why some drugs are more prone to induce addiction than others, and how addiction can be combated. 

The article is a specially commissioned commentary from a tutor on the SD805 course who is an expert in the area of neuropharmacology. The commentary refers to eight key papers (some of which you will have direct access). It also identifies some others that will let you probe specific topics in additional detail. You are advised to read through the commentary completely before turning to the reference papers cited, because the text includes material that will make some of the papers easier to follow. 

Now read Addiction Article 2 by Heading, C. (2005) Addiction Potential of Medicinal Drugs. OU Commissioned Commentary.

Click to view 'Heading article' 

4 Neural ageing

4.1 Introduction

The second topic in this course concerns neural ageing – remember the term ‘neural ageing’ is used to mean ageing as it impacts upon the nervous system and behaviour, not the ageing of other body systems or organs. So how and why does neural ageing occur? Can we postpone it? Is it possible to improve the quality of life of older adults? These are just a few of the questions that arise in the study of ageing and which are of concern to a society where there is an increasing number of older adults (people over 65) in the population. Ageing of the human population is not limited to only some nations or some regions. Rather, it is a global phenomenon, which affects all countries and all people. New medical discoveries, improved healthcare delivery and the currently declining birth rate in industrially developed countries, have resulted in older adults constituting an ever-increasing proportion of the total population. Although the presence of so many older adults – and the potential for so many more – represents a human triumph over disease, it also presents a challenge to society. Therefore, the recent scientific progress in understanding the fundamental biological processes of ageing is well-timed to address the growing problems of adjusting to, and caring for, the increasing numbers of older adults in the population. 

4.2 Definitions of ageing

The term ‘ageing’ carries a number of different meanings. It encompasses changes that occur at many levels, from the population down to the molecular. Even at a single level, ageing does not represent a single process, but many processes, which may operate independently. Therefore, the challenge of defining ageing is more complex than it might first appear. At the level of a population, ageing is seen as the progressive increase in mortality with age, often called a ‘mortality pattern’. In population studies, emphasis is thus on the probability of dying, as a function of age, and not on the individual aspects of ageing, as reflected in the changes of a variety of body functions. In studies of ageing at the level of the individual, as in this course, the emphasis is on the patterns of changes that occur during adulthood as the individual matures and grows old. 

Ageing is one of the great biological mysteries. Some humans (and certain species of animals and plants) live for decades, whereas their close relatives may have much shorter lifespans. Why is this, and why does ageing occur at all? Many theories to explain the phenomenon/process of ageing have been proposed. These theories fall into two main categories; evolutionary and mechanistic, attempting to explain why ageing has evolved and how ageing occurs, respectively. Although fascinating, consideration of evolutionary theories of ageing is beyond the scope of this course; here we focus on the mechanisms of neural ageing, at the system, cellular and molecular levels, and how age-related changes impact on the functioning of the brain and the quality of life of older individuals. The ageing of an individual is manifest by changes in the tissues and organs, which are made up of cells. Therefore, we need to study ageing at the cellular level, which in turn will bring us to the level of the genes, and of the molecules of which cells are made. It is crucial to recognise and take into account the interactions of genes and gene products with the environment, in the ageing process. Therefore, we must consider ageing as a complex phenomenon that reflects the influences of genetics, the physical, chemical and social environment, and also individual behaviour. 

4.3 Genes and ageing

It is often assumed that ageing is genetically determined, because each species has a characteristic, well-defined maximum lifespan. Such differences between species could lead us to look for ‘ageing genes’, inherited in some human families (and certain other species) but not in others. Indeed, genes are activated throughout the lifetime of every individual, but the pattern of gene expression within a particular cell type may change during the lifespan. It is now widely accepted, however, that genes that solely affect the ageing process do not exist; rather the evidence suggests that any effects of particular genes on ageing and/or longevity exert these effects because they were selected for beneficial roles earlier, during reproductive life. Hence a gene that confers reproductive advantage early in life, but a negative effect later in life (a phenomenon known as antagonistic pleiotropy) could persist in the population. What has become apparent over the many years that ageing has been studied is the variation in the rate and extent of the process; even between genetically similar strains of laboratory animals. Gene-environment interactions can affect age associated changes in cells, tissue functions and overall lifespan. There is no doubt that certain styles of living may predispose one to an early death. One simple but striking example of this effect is the difference in the lifespan between honey-bee queens and workers in a beehive. Even though both have a similar genetic make-up, the lifespan of a worker is only few months, whereas a queen may live for a decade or more. Evidence suggests that this difference is indeed due to the difference in lifestyle. Another simple example of gene–environment interactions is reflected in the trends in mortality due to specific diseases among men of Japanese ancestry who live in the USA or Japan. Widespread screening for cardiovascular disease has shown that the prevalence of coronary heart disease (CHD) among men of Japanese ancestry living in the USA is about twice that among those living in Japan. This is unlikely to be due simply to the fact that the Japanese in Japan have some intrinsic biological advantage. These differences in incidence of CHD must be due to differences in environment or lifestyle. Such considerations are also very relevant to the addiction strand of the course, as an important issue for modern medicine is the influence of a drug user's lifestyle on his or her longevity. 

4.4 Mechanisms that affect ageing of cells

So what are the causes of cellular ageing? A variety of causal mechanisms has been proposed, as you shall see. Many of these mechanisms of ageing are intrinsic, i.e. a result of normal cellular activity; but some may be extrinsic – a result of environmental or lifestyle factors. Any mechanisms that affect the ageing of cells are likely to affect the ageing of neurons and glia, the cellular components of the nervous system. 

4.5 The ageing brain

The cellular components of the human brain are remarkably heterogeneous, both morphologically and functionally. The brain is a very complex structure, composed of around one hundred thousand million (i.e. 1011) neurons. These nerve cells share the biochemical components and intracellular ‘machinery’ of all other living cells. Unlike most other cells, however, they are ‘post-mitotic’; that is, they do not divide and must therefore ‘last’ for a lifetime. They also have particular features that are not possessed by other types of cells and which relate to their specialised function as nerve cells: the ability to transmit nerve impulses and to synthesise and release different chemical messengers, known as neurotransmitters. Each neuron in the brain makes specialised contacts (synapses) with, and thereby ‘signals’ to, many other neurons; this circuitry is essential to ‘higher’ neural function. Moreover, while other body organs are able to utilise a variety of alternative biological fuel molecules, such as sugars, fats and amino acids, except under conditions of starvation the brain can utilise only blood glucose. So, although the cells of the brain are in most ways similar to other cells, changes to their structure or function that may occur during ageing can have profound effects on the function of the nervous system as a whole, and in consequence on the functioning of other body systems that depend upon normal brain activity. 

Recent evidence has shown that – in contrast to what was previously believed – only relatively few neurons die as we grow older. While this is clearly ‘good news’, it also means that nerve cells can accumulate a lifelong ‘catalogue of insults’. We are only now, with the advent of more sophisticated technologies for studying cells, beginning to characterise and understand the nature of these changes. 

4.6 Consequences of neural ageing

While we are beginning to understand the underlying molecular and cellular changes that take place in the ageing brain, the consequences of these changes are all too familiar. As people age, their mental competence may change and their ability to cope with the demands of everyday life may alter. A decline in the speed of acquisition of new information is typical of people in middle and old age. 

Cognitive psychologists studying memory ask questions such as:

· To what extent are observed declines in memory a function of ageing as such, and to what extent are they attributable to other factors, such as educational or job experience, differences in motivation, or differences in health? 

· Is there an age-related decline in every type of memory during ageing?

To address these questions, cognitive psychologists studying neural ageing have developed specific memory assessment procedures to enable them to understand age differences in memory in older adults. Using memory assessment procedures and personal interviewing approaches, psychologists study memory changes in the population of older adults by tracking the same people year after year as they age. Advancing age is the greatest risk factor for development of the two main human neurodegenerative disorders: Alzheimer's disease (AD) and Parkinson's disease (PD). These two diseases, and some others, are characterised by the occurrence of distinct neuronal changes – in particular, neuronal death and the increased presence of ‘senile plaques’ and ‘neurofibrillary tangles’, which you will read about in the Selected Readings that follow. The relationship of these two ‘pathological’ features to disease onset and progression is still a matter of debate, as you will find out, not least because they are also found in ‘normal’ ageing brains. Exactly why ageing is the major risk factor for AD and PD is largely a mystery; but it is clear that if we wish to understand the mechanisms underlying age-related brain diseases, as well as brain physiology during senescence, we need to study the brain during healthy, normal ageing. However, until recently, changes in the properties (such as gene expression) of brain cells during healthy ageing received less attention than studies of cells in specific brain diseases. A tragic consequence of these neurodegenerative disorders is dementia. However, this term encompasses a range of conditions, and dementias can have other causes. Recently, the World Health Organization has agreed a classification of different types of dementia. Over the last 40 years or so, the average human lifespan has increased by more than 20 years – an extra 20 years spent in an environment that has become more chemically polluted and much more complex, both socially and physically. Perhaps it is not surprising then, that in recent years there has been a progressive increase in the incidence of not only brain disorders that are stress- and environment-related, but also age-related neurodegenerative disorders. 

4.7 Ageing brains: hope for the future

Due to the enormous progress in the field of molecular and cell biology, new avenues in brain research have opened up. In the past few years, investigators have shown that the ageing brain has several natural mechanisms for promoting recovery. If these mechanisms can be understood, it may be possible to draw upon them in order to preserve brain functioning at ‘higher’ levels during ageing. Among the most promising studies in humans are those that have shown that physical and mental activity can influence brain chemistry and may aid in the maintenance of brain function with ageing. Another exciting advance in the study of the nerve cells that make up the brain is the discovery that new neurons can be produced in adulthood, from a pool of unspecialised cells called neural stem cells – a process known as neurogenesis. The degree to which neuronal replacement can occur, and the extent, locations and triggers for neurogenesis are not yet known, but are being intensively studied. While it remains the case that the brain as a whole has limited powers of repair, the potential use of stem cells offers new hope for future therapy for degenerative brain diseases. 

5 Neural ageing: selected readings

5.1 Introduction

Two articles taken from the Selected Readings of the Neural Ageing strand of the SD805 course are presented below. These articles focus on two important areas in the study of neural ageing. In a general review Concar (2001) surveys the evidence whether it is possible to stay young forever, and in a more detailed scientific article Esteban considers the role of β-amyloid (Aβ) peptide accumulation which is thought to be crucially involved in the development of Alzheimer's disease. Each article is accompanied by a commentary to help you make sense of the scientific content. 

5.2 Neural ageing: article 1

Now read Neural Ageing Article 1: Concar, D. (2001) ‘Forever young’, New Scientist, 171, pp. 26–27. 

Click to view 'Concar article' 

This article addresses an area of ageing research that receives much publicity: whether or not ageing can be slowed down and lifespan can be increased by various interventions. Concar effectively eliminates some of the popular myths about such interventions, and also highlights an important point; that is, the difficulty in use of relatively simple ‘model’ or laboratory organisms – which have relatively short lifespans and are usually ‘inbred’ and so are genetically similar – to provide information that can be extrapolated to the ageing of complex long-lived organisms such as humans. The article refers to three still-popular interventions: free radical scavengers, calorie restriction and growth hormone supplements. While the free radical theory is widely accepted, and calorie restriction remains the only intervention to consistently retard age-associated pathologies and increase lifespan in laboratory animals (including small mammals such as rats and mice), it is clear that unregulated use of these interventions can be harmful. The use of growth hormone supplementation is of increasing concern, now that such supplements are readily available via the internet. In the final section of the article, Concar introduces us to a very important topic, the relationship between genes and environment, which you will come across many times during your future reading. The article ends on a positive note, with the forecast that new ‘gene chip’ (or DNA microarray) technologies will allow very detailed analyses of the changes in expression of thousands of genes and thus provide much new information about ageing. To fully appreciate Concar's article, and in your future reading, you will need to be aware of (a) the free radical theory of ageing (first proposed by Harman, in 1956); and (b) the use of calorie restriction as a means of slowing down the ageing process. 

5.2.1 Free radicals and ageing

Free radicals are physical species (i.e. molecules or ions) that have unpaired electrons, which makes them very reactive and so damaging to cells. Other non-radical oxygen-based groups such as hydrogen peroxide (H2O2) also cause damage and are involved in the generation of free radicals; together, free radicals and these radical-generating molecules are known as ‘reactive oxygen species’ (ROS). Free radicals and other ROS can cause oxidative damage to DNA, proteins and membrane lipids, thereby altering their structure, and disrupting their functions. This damage provides a constant challenge to eukaryotic cells. Organisms have evolved a variety of biochemical pathways to ‘combat’ ROS. Among these defences are small molecules, such as vitamin C, that ‘scavenge’ free radicals, and enzymes that convert them to harmless products (an example is superoxide dismutase or SOD). However, if the balance between the generation of ROS and the cell's defences is shifted or disrupted in some way, a situation known as ‘oxidative stress’ arises. Evidence from a number of experimental systems shows that oxidative stress can lead to pathologies such as cellular transformation to malignancy, cardiovascular disease, immune system dysfunction, neurodegenerative disorders and enhanced ageing. Oxidative stress is thought to be a contributing factor to the decline in both cognitive and motor performance seen in ageing. The brain may be particularly vulnerable to the deleterious effects of oxidative damage, because: 

· it is relatively deficient in antioxidants (compounds that offer protection against free radical damage)

· it utilises large amounts of oxygen

· it contains high concentrations of fatty acids, which readily react with oxygen to produce free radicals known as lipid peroxides

· it has little regenerative capacity.

5.2.2 Calorie restriction

Since the publication of Osborne, Mendel and Ferry's paper (Science, 1917, Vol 45, pp. 294–5) calorie restriction has been the most reliable method of extending the lifespan of laboratory animals. These results have been confirmed by many researchers and have been extended to a variety of vertebrate and invertebrate animals. The mechanisms underlying this effect of calorie restriction are not clear, because calorie restriction affects different systems in different ways. For example: 

· it delays or even prevents the onset of age-related loss of crystalline protein in lens tissue

· it reduces the number of fat cells

· it impairs the ability to maintain the normal oestrous cycle.

In addition to these changes, calorie restriction seems to modulate metabolic processes and make them more efficient than in control animals fed ad libitum. More importantly, calorie-restricted animals maintain a higher efficiency of enzyme regulation as they age. They also show reduced levels of advanced glycation end products and free radicals. It appears that the production of free radicals, mitochondrial defects and glycation of proteins are closely interrelated processes, which play crucial roles in cellular ageing, and are modulated by calorie restriction. Therefore, many research laboratories have focused their attention on the role of oxidative damage, age-dependent DNA changes, mitochondrial function and protein glycation in calorie-restricted animals during ageing. 

5.2 Neural ageing: article 2

In the article presented here by Esteban (2004) entitled ‘Living with the enemy: a physiological role for theβ-amyloid peptide’, Trends in Neurosciences, 27, pp. 1–3, the author introduces us to a very important molecule implicated in the aetiology of Alzheimer's disease. However, the β-amyloid peptide is not such a villain after all, but has a clear physiological role in neuronal function. In order to fully illustrate this point, the author focuses his work on the paper of Kamenetz et al. (2003): ‘APP processing and synaptic function’ Neuron, 37, pp. 925–937. So that you can better appreciate Esteban's argument first read the Kamenetz et al. (2003) paper attached below. 

Click to view 'Kamenetz et al. (2003) article' 

5.3.1 Before reading the article:

Initially, Esteban puts the nature of Alzheimer's disease in perspective and highlights how much it affects the aged population. Within this brief introduction, he points us to the most characteristic pathophysiological hallmark of Alzheimer's disease: β-amyloid (Aβ) peptide accumulation. The Aβ peptide is a product of the proteolytic processing of the amyloid precursor protein (APP). Aβ formation is believed to lead to the production of β-amyloid plaques, which is a characteristic feature of Alzheimer's disease, and is independent of the presence of the Aβ peptide in plasma and cerebrospinal fluid. However, the paper by Kamenetz et al. (2003) states that Aβn could have a role in normal neuronal function. Evidence for this role comes from the fact that Aβn is normally synthesised by neurons and modulates excitatory transmission after N-methyl-D-aspartate (NMDA) (see Note A below) receptor activation. The investigators used organotypic (see Note B below) slice cultures to demonstrate that Aβ depresses fast synaptic transmission by NMDA and AMPA receptor activation. This result is consistent with the observed impairment of long-term potentiation (LTP) (see Note C below) after Aβ production. Finally, the author considers some important points, such as possible difficulties in interpreting the data obtained using some animal models, including gene knockouts. 

Notes:
· A Glutamate is the most common excitatory neurotransmitter in the brain. Glutamate exerts its effect by binding to glutamate receptors (ionotropic and metabotropic). The ionotropic receptors are ligand-gated ion channels, and are subdivided into three groups (AMPA, NMDA and kainate receptors) based on their pharmacology and structural similarities. NMDA receptors are composed of assemblies of NR1 subunits and NR2 subunits. Both subunits are required to form functional channels. The glutamate binding domain is formed at the junction of NR1 and NR2 subunits (hence the need for both subunits). In addition to glutamate, the NMDA receptor requires the co-agonist glycine to bind, in order for the receptor to function. At resting membrane potentials, NMDA receptors are inactive. NMDA receptor activation leads to a calcium influx into the postsynaptic cells, a signal thought to be crucial for the induction of NMDA-receptor-dependent long-term potentiation (LTP) and long-term depression (LTD). 

· B The use of experimental models in the study of normal human biology and associated disease progression has led to the development of organotypic slices. A model system should reproduce both the 3-D organisation and the differentiated function of any given organ, but at the same time allow experimental intervention. Organotypic slices fulfil these requirements, in that they approximate organ structure and function in vitro and enable systematic analyses of the molecular contributions of the multiple cell types present. 

· C Long-term potentiation (LTP) is the enduring facilitation of synaptic transmission that occurs following the activation of a synapse by high-frequency stimulation of the presynaptic neuron. LTP has been suggested to be the functional basis of the neuronal changes that underlie learning and memory. It has been found to occur in several regions of the mammalian brain, including the hippocampus, one of the major brain regions responsible for processing memories. LTP is one of the first examples of a neural mechanism that may affect cognitive function. For further details and information about the relevance of LTP, the following paper is strongly recommended: Bliss, T. V. and Lomo, T. (1973) ‘Long-lasting potentiation of synaptic transmission in the dentate area of the anaesthetized rabbit following stimulation of the perforant path’, Journal of Physiology, 232(2), pp. 331–356. 

Now read Neural Ageing Article 2: Esteban, J. A. (2004) ‘Living with the enemy: a physiological role for the β-amyloid peptide’, Trends in Neurosciences, 27, pp. 1–3. 

Click to view 'Esteban article' 

5.3.2 Conclusion after reading this article:

The paper suggests that the factors that had long been considered responsible for neurodegenerative disease are also important for normal neuronal function. For example, they exert a physiological homeostatic effect by reducing excitatory transmission in response to neuronal activity. Aβ peptide is no longer considered the masked villain in the brain, particularly of elderly people. Providing the concentration of Aβ is maintained within set physiological limits in the brain it, has a clear beneficial role for neuronal function – outside these limits, then the accumulation of Aβ can have profound and devastating consequences for brain function. 

6 Levels of explanation: the key to understanding addiction and neural ageing

Having read the selected research articles in this course, it might seem that you were plunged into the deep end of complex subject matter. Don't worry … you were! Normally, a student would take a series of courses in psychology or biology, and then go on to study, say, neurobiology or biological psychology which would help them to understand the research papers presented in this course. So how is it that we feel able to miss out such courses and go straight to looking at material in academic journals of psychology, biology and medicine? 

The essence of what we are trying to do, both in this course and in its parent Master's level OU course SD805, is to not only enable you to gain an understanding of addiction and neural ageing but also to develop your ability to critically evaluate and relate diverse pieces of data and theory derived from different levels of analysis and explanation. To do this, the most important skills you must have are those of handling scientific arguments, thinking rationally and being able to express your ideas in a clear, coherent and cogent fashion. Such necessary skills are general scientific ones, obtained from any first degree in science or science-based subjects. 

From your study of the four articles presented in this course you should have appreciated that we live in a time when it is becoming increasingly apparent that no one branch of science can offer a comprehensive answer, even within relatively narrowly defined areas of interest, like those of addiction or neural ageing. The position we have adopted is that if we are to understand addiction or neural ageing, then inputs from psychologists, medical practitioners and sociologists are required – indeed the more disciplines that can shed light on the nature of addiction and the underlying causes of normal and abnormal neural ageing the more logical and consistent will be our understanding of these topics. 

In the OU course SD805 Issues in brain and behaviour we investigate the relationship between different disciplines, such as psychology, physiology, neuroanatomy, pharmacology, biochemistry and genetics, and their roles in addiction and neural ageing. This is because the conviction underlying our approach is that no one discipline can provide the answers to the complex issues involved; all of them have some contribution to make. Take an addict who is in a serious state of withdrawal from an addictive drug. He or she will be craving for a fix. We might interview this person and try to gain some appreciation of his or her mental state. The state of despair and the craving for a particular solution, drug or addictive activity seem clearly to be within the private mental world of the addict. We know about this only because the addict chooses to tell us about it. Of course, the addict might be exaggerating the psychological misery in order to get a prescription for methadone, financial support, or to receive a lighter prison sentence. But if we speak to a number of addicts, we can gain a picture of their mental states. All this would seem to be the domain of responsibility of a particular sort of psychologist – one who takes subjective reports as valid data. 

Stop and think for a moment though: this all started because of taking a chemical, heroin, into the body. Heroin has known properties and it interacts with cells of the nervous system. This would seem to be the area of responsibility of the experimentally oriented biologist. The challenge comes in trying to relate the two levels of study: that of the individual and that of the cell. 

A similar situation applies to neural ageing. We have the reports of ageing people on how they feel about things. They can describe their experiences, such as a depressed mood, loss of memory and poor cognitive ability. We can also look at the biological and neurochemical underpinnings of these phenomena, for example the accumulation of β-amyloid (Aβ) peptide, and try to relate the two areas of study. 

When we consider the relationship between subjective reports of a person's inner states (e.g. feelings), we are taken to the heart of a philosophical debate that seems to have occupied thought for as long as there has been recorded written history. That is to say, what is the relationship between physical events in the body (e.g. changes in the brain that accompany ageing) and mental states (e.g. changes in the mental world of an ageing person)? For example, a question sometimes asked is: Can there be disturbed mental states without disturbed brain states? You will be relieved to know that you are not going to be required to solve this problem – one that has baffled philosophers for at least 2000 years. However, what is certain is that in your study of addiction and neural ageing you will have needed some basic familiarity with the issue and will have needed to know how to spot assumptions that relate to it. For example, we discussed earlier the claim that some addictions might be ‘in the body’ (e.g. alcohol or heroin addiction) whereas others might be ‘in the mind’ (e.g. addiction to shopping or the internet). Such a dichotomy is one that many contemporary behavioural scientists would find unacceptable. They would suggest that there can be no mental state that is disembodied, i.e. without a corresponding brain state. 

The topic of the mind and brain takes us straight to the crux of the issue of the relationship between academic disciplines. Let us suppose that we all agree that various different disciplines have their place and that no source of insight should be rejected. We still face the problem of exactly how to relate these disciplines. We commonly speak of different levels of explanation, such as the social, physiological, cellular, molecular and subatomic levels. Some might feel that brain science offers a secure base for understanding complex behavioural and social phenomena and that we must attempt to explain everything in these terms. We would urge caution in taking such a reductionist stance. Reductionism is the philosophical position that we can explain events at one level (e.g. social events) in terms of events at a lower level (e.g. brain events). 

The general argument on reductionism goes as follows. If we start with the smallest scale, we have such things as electrons and protons (termed the lowest level). Going up in level of study, and in size of object studied, gives us atoms and molecules. Putting molecules together, we have the cells of living systems, e.g. those of the brain. Putting together the cells, we eventually create whole brains, which play a role in producing the behaviour of an individual. Individuals interact with each other to form social groups. Large numbers of individuals make up whole societies, which are at the highest level of analysis and the largest size of subject matter in the study of the human condition. These different levels relate (albeit imprecisely) to different academic disciplines. The lowest level is the subject matter of physicists and the highest level is that of sociologists. The area of our interest – addiction and neural ageing – lies in some of the middle levels – relating brain cells to whole brains, brains to behaviour and the behaviour of individuals to that of social groups. Reductionism suggests that each level looks to the next lower level to gain insight. For example, sociologists would look to psychology for inspiration. Most (but by no means all) scientists would probably reject full-scale reductionism. They would suggest that there are principles peculiar to their level of analysis that cannot be reduced to a lower level. 

The issue of reductionism is a general one that is applicable to most sciences, but behavioural scientists discuss it probably more than those in any other scientific discipline. It is an interesting question as to why this should be, but to discuss it would take us beyond our present brief. It is possible that a variety of reductionism seems attractive in the study of brain and behaviour because we are not too sure of what is the level of mental events. Unlike chemicals or people acting in groups, we cannot see or measure mental events. As evidence, we only have the testimony of the individual reporting them. It is tempting, therefore, to suggest that the explanation of such events can be obtained only by directly investigating brain events. 

The approach we adopt is certainly to seek insight by looking to so-called lower levels (e.g. attempting to explain mental events in terms of brain events) but not to look there exclusively for our explanations. In understanding neural ageing, we are as likely to seek insight from a sociologist as from a cell biologist. This belief in a broad approach will be reflected in the articles that are made available in SD805 Issues in brain and behaviour. (Of course, after reading these, you are free to champion the reductionist position if you feel you can justify it!) 

So, when is it appropriate to move down to a lower level for insight? For example, a person might be suffering from respiratory collapse as a result of a heroin overdose and this state is corrected by the injection of a chemical that competes with the heroin. We understand rather well what is happening at a level of the cells of the nervous system and their component parts. But suppose someone tells us that they experience a particular craving to take cocaine whenever they look in the mirror and feel worthless. Can we reduce a feeling of worthlessness to the biochemical activities of cells in the nervous system? Probably not. It will probably never be a useful way of trying to understand a complex human emotion, but we still need to take the evidence of such reports seriously. We need each piece of the jigsaw to completely understand the whole picture. 

This comes back to the central theme that permeates SD805 Issues in brain and behaviour and indeed this course – that of relating the different levels of explanation to provide coherent descriptions of addiction and neural ageing. 

8 Websites for further information:

Primers on drug addiction:

· http://www.addictionscience.net/ASNprimer.html
· http://en.wikipedia.org/wiki/Addiction
For general information on the mesolimbic system:

· http://en.wikipedia.org/wiki/Mesolimbic_pathway
World Health Organisation: International statistical classification of diseases and related health problems, ICD Version 2007. 
World Health Organisation: Management of substance abuse

· http://www.who.int/substance_abuse/en/
American College of Neuropsychopharmacology

· American College of Neuropsychopharmacology. Background readings in ‘Alzheimer and other dementias’ (Section 9 – Chapters 82–94) and ‘Substance use disorders’ (Section 10 – Chapters 95–110). 

Conclusion

This free course provided an introduction to studying Science. It took you through a series of exercises designed to develop your approach to study and learning at a distance and helped to improve your confidence as an independent learner. 

Keep on learning
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