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This book is dedicated to the memory of Ian Reid who died prematurely in 2014 after a short illness. He was co-editor of the first three editions of Fundamentals and a contributor to a number of chapters. Without him the earlier editions, and therefore this one, would not have been published. Ian was proud to have been one of the first to propose the neurotrophic and neuroplasticity hypothesis of antidepressant action and was well known for his fierce intelligence, wit and iconoclasm. You can read more about Ian in the BAP December 2014 newsletter (http://www.bap.org.uk/pdfs/BAPNewsletterDec2014.pdf). He is greatly missed on both a professional and a personal level.
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It is a pleasure to write the foreword to this welcome, and much anticipated, new edition of Fundamentals. The book is a key component of the British Association for Psychopharmacology (BAP)’s commitment to ensuring that accurate, evidence-based and unbiased information about psychopharmacology is available to a wide audience through a variety of activities and media. True to the BAP ethos, the book spans the range of the discipline, from the mode of action and side effects of drugs, via key aspects of the biology of psychiatric disorders, to meta-analyses of clinical trials. Wherever possible, it is anchored to the practice guidelines produced by the UK National Institute for Health and Care Excellence (NICE) and the BAP itself. The editors and authors are to be commended for bringing together such a comprehensive and up-to-date book that will be of particular use to trainees and consultant psychiatrists, as well as to other mental health professionals and physicians, both in their day-to-day practice and as an accessible and concise reference volume. I also echo the authors’ dedication and gratitude to the late Ian Reid for his critical role in co-editing and contributing to the earlier editions.

There is no other area of medicine where a book such as this, summarising the science behind, and the practice of, therapeutic prescribing could be seen as anything other than of value and importance. Yet there is a continuing view held by a vociferous minority that the drugs used in psychiatry are at best ineffective, at worst dangerous, and that their use is usually, if not always, inappropriate. Moreover, those who carry out research in, or are supportive of, psychopharmacology, are often portrayed as being in the pocket of the pharmaceutical industry. Any rational reading of the current text, or perusal of the author list, shows that such views are unsustainable and unfair. Yet the criticisms do highlight the need for all of us who advocate that medication has an important place in the treatment of people with mental health disorders, to ensure that our actions and opinions are justified, and with transparency regarding any real or perceived conflicts of interest. Certainly, it is crucial that anyone prescribing psychotropic medication does so with a solid grounding in the underlying science and clinical evidence, and that they present the case for, and against, medication in a balanced fashion to patients1. But these principles apply equally to those studying or advocating psychological or other interventions; these are also susceptible to bias, error and conflicts – albeit often overlooked and less clearly delineated2.

The real argument in favour of psychopharmacology is, however, that drugs work, and with effect sizes comparable to those in general medicine3. Nor should we be defensive about comparisons with psychological treatment4. For example, using like-for-like methodology, antidepressants have at least comparable clinical benefit to psychological treatments for depression, even after taking into account unpublished drug studies5,6. In the acute treatment of schizophrenia, drug treatments have moderate-tolarge effects, whereas an addition of cognitive therapy adds only a small-to-moderate benefit, which is lower in the more methodologically rigorous studies7,8. In essence, whether one views the psychopharmacological glass as half full or half empty, an equally critical conclusion should be drawn with regard to psychotherapies.

None of these points are intended to downplay the place of psychological treatments in psychiatry – they work too and are often preferred by patients – but rather to highlight that all patients deserve clear and accurate advice about, and access to, effective psychopharmacological and psychological treatments. In this context, the new edition of Fundamentals provides a balanced and valuable summary of the evidence for the efficacy, indications and mechanisms of action of current psychotropic drugs. It will be of wide clinical value, as well as provide a clear synthesis of the psycho-pharmacological evidence, and a defence against misplaced or unfounded criticisms.

Paul J Harrison

Professor of Psychiatry
University of Oxford
Oxford, United Kingdom
President
British Association for Psychopharmacology
Cambridge, United Kingdom
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It is 13 years since the first edition of Fundamentals of Clinical Psychopharmacology was published in 2002. It was intended to be a frequently updated, affordable, concise and practical textbook that would meet the needs of trainees and practitioners seeking to keep abreast of the state of the art of psychopharmacology. After further editions in 2004 and 2006, why has there been a gap of nine years before this edition? The reasons have included a slowdown in drug development, translating into fewer clinically available new drugs, the financial and marketing environment (especially since 2008) and some revision fatigue on the part of editors and authors. We are therefore grateful to the publisher for wishing to undertake this new edition and for being willing to make it more affordable and therefore hopefully accessible to a wider audience, particularly trainees. We are also extremely grateful to the authors – both past and new contributors – for agreeing to provide their time and expertise. The Fundamentals developed from the British Association for Psychopharmacology (BAP)’s ‘Psychopharmacology Course for Psychiatrists in Training’, which has developed into the acclaimed current ‘Masterclasses in Clinical Psychopharmacology’ for all clinicians involved in prescribing. This book is part of the strong educational tradition of the BAP (see later for more details).

The remit of the book is to provide a core of up-to-date, clinically relevant information about drugs in the context of current knowledge about the biological basis of the disorders they treat. For this new edition, we have updated all the chapters and have included a new one on practical prescribing. It has allowed us to correct inevitable mistakes and we continue to put drug prescribing into the context of National Institute of Health and Care Excellence (NICE) guidance. As well as having obvious UK relevance, NICE remains the most influential, comprehensive and coherent authority producing evidence-based guidance across the world. However, guidance is increasingly being interpreted in a narrow way and can be employed as a restriction on choice rather than as an enabler of good practice. It is therefore vital to critically evaluate the evidence and at times adopt a healthy scepticism of guidelines, because of the complex procedures, and often political compromises, that lie behind them. As with previous editions, for ease of reading, we have not included in-text citations. Key references, including any clinical studies mentioned, are given at the end of each chapter together with additional further reading.

The current contributors to the book are leading psychopharmacologists, predominantly from the United Kingdom, but the content of the book has developed over subsequent editions and we must thank the many others who have been involved in the material over the years, and they are listed in the acknowledgements. We would particularly like to acknowledge the contribution of Prof Ian Reid, to whom this book is dedicated.

The BAP was founded in 1974, with the general intention of bringing together those from clinical and experimental disciplines, human- and animal-based research as well as members of the pharmaceutical industry involved in the study of psychopharmacology. It is one of the largest national associations of its kind in the world. The BAP arranges scientific meetings, fosters research and teaching, encourages the publication of research, produces clinical guidelines, publishes the Journal of Psychopharmacology and provides guidance and information to the public on matters relevant to psychopharmacology. BAP evidence-based guidelines are available for downloading for personal use from our website. The BAP has also produced an online continuing professional development (CPD) resource, which is frequently updated and expanded. This, together with the various face-to-face meetings organised by the BAP, is recommended to anyone wanting to gain further information beyond this book.

Membership of the BAP is open to anyone with a relevant degree related to neuroscience, including clinical medical, nursing, or pharmacy degrees. If you are interested in any aspect of psychopharmacology, we would strongly encourage you to consider joining. You can find out more on our website: http://www.bap.org.uk.

Ian M Anderson
R Hamish McAllister Williams

British Association for Psychopharmacology
Cambridge, United Kingdom






	Acknowledgements

	[image: ]





We thank the many people who have contributed to earlier editions or were involved in the development of the material:




	Prof Clive Adams

	Prof Eileen Joyce




	Dr Harry Allen

	Prof Robert Kerwin




	Dr David Balfour

	Prof David King




	Prof Thomas Barnes

	Prof Shôn Lewis




	Dr Geoff Bennett

	Dr Andrea Malizia




	Prof Steve Cooper

	Dr Jan Melichar




	Prof Philip Cowen

	Prof David Nutt




	Prof Bill Deakin

	Prof Veronica O’Keane




	Dr Colin Dourish

	Prof Carmine Pariante




	Prof Barry Everitt

	Prof Lyn Pilowsky




	Prof Nicol Ferrier

	Prof Ian Reid




	Dr Sophia Frangou

	Prof Craig Ritchie




	Prof Guy Goodwin

	Dr Clare Stanford




	Prof Chris Hollis

	Dr Mike Travis




	Prof John Hughes

	Dr Stuart Watson












	Editors

	[image: ]





Prof Ian M Anderson, BA, MA, MBBS, MD, MRCP(UK), FRCPsych, is professor of psychiatry, Neuroscience and Psychiatry Unit, University of Manchester, and honorary consultant psychiatrist, Manchester Mental Health and Social Care Trust.

Prof Anderson founded the Specialist Service for Affective Disorders in Manchester and was director until 2011. His research interests include the aetiology and treatment of mood disorders, the mechanism of action of antidepressants and evidence-based psychiatry. He chaired the guideline development group for the 2009 update of the NICE depression clinical guideline and is an author on several consensus treatment guidelines from the British Association for Psychopharmacology (BAP). He is a past general secretary of the BAP.

Dr R Hamish McAllister-Williams, BSc, MBChB, PhD, MD, FRCPsych, is reader in clinical psychopharmacology, Institute of Neuroscience, Newcastle University, and honorary consultant psychiatrist, Regional Affective Disorders Service, Northumberland Tyne and Wear NHS Foundation Trust.

Dr McAllister-Williams is the lead consultant in the tertiary level Regional Affective Disorders Service based in Newcastle for patients with treatment-refractory mood disorders. His research focuses on the pathophysiology and treatment of both bipolar and unipolar affective disorders, and he is an author of the BAP consensus guidelines for treating depression. He is a past general secretary of the BAP and was appointed its director of education in 2012.






	A note on nomenclature

	[image: ]





The current classification, or nomenclature, of psychotropic drugs can be unhelpful in understanding their pharmacology or clinical use. In clinical use, it has grown in a random way with inconsistencies in whether drugs are classified according to chemical structure, history, clinical effects or pharmacology. The World Health Organisation (WHO) system, the Anatomical Therapeutic Chemical Classification System (http://www.who.int/classifications/atcddd/en/), is a little better, with the division of drugs into different groups according to the organ or system on which they act and their chemical, pharmacological, and therapeutic properties. For example, antipsychotics are classified according to chemical structure but antidepressants according to pharmacology. Many drugs are listed under an ‘other’ category, and this can be a particular problem with newer compounds. In addition, drugs which act on a range of disorders sit uneasily in the current schemes (e.g. ‘antidepressants’ are also first-line drugs in treating anxiety disorders, and newer ‘antipsychotics’ are effective treatments for depression).

In response to this, a taskforce, supported by four major neuropsychopharmacology organisations, has proposed a multi-axial, pharmacologically driven nomenclature for psychiatric drugs (neuroscience-based nomenclature or ‘NbNomenclature’) that they have field-tested (http://www.ecnp.eu/projects-initiatives/nomenclature.aspx). The final published version has four axes. Axis 1 identifies the primary pharmacological target and mode of action, Axis 2 the approved indications, Axis 3 efficacy and side effects and Axis 4 human and animal neurobiology. NbNomenclature is available as a free downloadable app for Android phones and iPhones/iPads.

Although there is dissatisfaction with the current nomenclature, and a wish to apply pharmacological knowledge to clinical use of drugs, it remains to be seen whether this new system will pass into general use. Given that we still lack sufficient knowledge of the key mechanism/s of action of drugs used in psychiatry, and how their pharmacology relates to clinical action, the Axis 1 classification has to be viewed as provisional. In addition, the multi-axial system is somewhat cumbersome for clinical use. We have therefore decided not to adopt the NbNomenclature system for this book. For ease of use, we have retained the (admittedly imperfect) historic clinically based groupings of drugs, but detail their currently known pharmacology.

Ian M Anderson
R Hamish McAllister-Williams
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	1-PP

	1-(2-Pyrimidinyl)piperazine




	2-AG

	2-Arachidonylglycerol




	5-HT

	5-Hydroxytryptamine, serotonin




	5-HTP

	5-Hydroxytryptophan




	5-HTPDC

	5-HTP decarboxylase




	5-HIAA

	5-Hydroxyindoleacetic acid




	5-HTT

	5-HT transporter




	5-HTTLPR

	Serotonin transporter linked promoter polymorphism




	AC

	Adenylate cyclase




	ACE

	Angiotensin-converting enzyme




	ACh

	Acetylcholine




	AChE

	Acetylcholinesterase




	AChEI

	Acetylcholinesterase inhibitor




	AD

	Alzheimer’s disease




	ADAS-cog

	Alzheimer’s Disease Assessment Scale-cognitive subscale




	ADH

	Antidiuretic hormone




	ADHD

	Attention deficit/hyperactivity disorder
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	Activities of daily living




	ALDH

	Aldehyde dehydrogenase




	AMP

	Adenosine monophosphate
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	Amino-3-hydroxy-5-methyl-isoxazole propionate




	AMTS

	Abbreviated Mental Test Score




	AP5

	2-Amino-5-phosphopentanoic acid




	ApoE

	Apolipoprotein E




	APP

	Amyloid precursor protein




	ASD

	Autism spectrum disorder




	ATP

	Adenosine triphosphate




	ATPase

	Adenosine triphosphatase




	AUC

	Area under the curve




	β-CCE

	Ethyl-β-carboline-3-carboxylate




	BD

	Bipolar disorder




	BDI

	Beck Depression Inventory




	BDNF

	Brain-derived neurotrophic factor




	BDZ

	Benzodiazepine




	BEHAVE-AD

	Behavioural Pathology in Alzheimer’s Disease scale




	BNF

	British National Formulary




	BPSD

	Behavioural and psychiatric symptoms of dementia




	Ca2+

	Calcium




	cAMP

	Cyclic adenosine monophosphate, cyclic AMP




	CB

	Cannabinoid




	CBT

	Cognitive behavioural therapy




	CCK

	Cholecystokinin




	CCK4

	Cholecystokinin tetrapeptide




	CDR

	Clinical Dementia Rating




	ChAT

	Choline acetyltransferase




	CIBIC

	Clinician Interview Based Impression of Change




	Cl-

	Chloride




	Cmax

	Maximum plasma concentration (pharmacokinetics)




	CNS

	Central nervous system




	CO2

	Carbon dioxide




	COA

	Coenzyme-A




	COMT

	Catechol-O-methyltransferase




	COX-2

	Cyclooxygenase-2




	Cp

	Plasma concentration (pharmacokinetics)




	CRE

	cAMP response elements




	CREB

	cAMP response element binding protein




	CRF

	Corticotrophin-releasing factor




	CRP

	C-reactive protein




	CSF

	Cerebrospinal fluid




	CYP/CYP450

	Cytochrome P450




	D

	Dopamine (used for receptor terminology)




	DA

	Dopamine




	DAG

	Diacylglycerol




	DAT

	Dopamine transporter




	DβH

	Dopamine-β-hydroxlase




	DOPA

	Dihydroxyphenylalanine




	DOPAC

	Dihydroxyphenylacetic acid




	DOPADC

	DOPA decarboxylase




	DSM-IV/5

	Fourth/fifth revision of the Diagnostic and Statistical Manual of Mental Disease (American Psychiatric Association)




	EAAT

	Excitatory amino acid transporters




	ECG

	Electrocardiogram




	ECT

	Electroconvulsive therapy




	EEG

	Electroencephalogram




	EPSE

	Extrapyramidal side effects




	EU

	European Union




	FBC

	Full blood count




	FDA

	Food and Drugs Administration (United States regulator)




	FMO

	Flavin-containing monooxygenase




	G

	Guanine nucleotide




	GABA

	γ (gamma) aminobutyric acid




	GAD

	Generalised anxiety disorder, glutamic acid decarboxylase




	GBL

	Gamma-butyrolactone




	GCP

	Good clinical practice




	GDP

	Guanosine diphosphate




	GFR

	Glomerular filtration rate




	GHB

	Gamma-hydroxybutyrate




	GI

	Gastrointestinal




	Gi

	Inhibitory G-protein




	GIRK

	G-protein-linked inward rectifying potassium channel




	GluT

	Glutamate transporter




	GlyT

	Glycine transporter




	GPCR

	G-protein-coupled receptor




	Gs

	Stimulatory G-protein




	GTP

	Guanosine triphosphate




	GTPase

	Guanosine triphosphatase




	GSK-3β

	Glycogen synthase kinase 3 beta




	H

	Histamine




	HERG

	Human ether-a-go-go (gene)




	HLA

	Human leucocyte antigen




	HPA

	Hypothalmic—pituitary—adrenal




	HRT

	Hormone replacement therapy




	HVA

	Homovanillic acid




	IADL

	Instrumental Activities of Daily Living




	ICD-10

	Tenth revision of the International Classification of Diseases (World Health Organisation)




	IDDD

	Interview for Deterioration in Daily Living in Dementia




	IKr

	Delayed rectifier K+ channel




	IL-6

	Interleukin-6




	im

	Intramuscular




	IP3

	Inositol trisphosphate




	IPT

	Interpersonal therapy




	ITT

	Intention to treat




	iv

	Intravenous




	K+

	Potassium




	LAAM

	Levo-alpha-acetylmethadol




	LAT1

	L-type amino acid transporter 1




	LC

	Locus coeruleus




	L-DOPA

	L-dihydroxyphenylanine




	LFTs

	Liver function tests




	LOCF

	Last observation carried forward




	LSD

	Lysergic acid diethylamide




	LTA

	Lateral tegmental area




	LTP

	Long-term potentiation




	mACh(R)

	Muscarinic acetylcholine (receptor)




	MAO

	Monoamine oxidase




	MAOI

	Monoamine oxidase inhibitor




	MAPK

	Mitogen-activated protein kinase




	MDA

	Methylenedioxyamfetamine/methylenedioxyamphetamine




	MDD

	Major depressive disorder




	MDEA

	Methylenedioxyethylamfetamine/methylenedioxyethylamphetamine




	MDMA

	Methylenedioxymethamfetamine/methylenedioxymethamphetamine




	MDPV

	3,4-Methylenedioxypyrovalerone




	MEMO

	Medicines Monitoring (Unit)




	Mg2+

	Magnesium




	mGLuR

	Metabotropic glutamate receptor




	MHPG

	3-Methoxy-4-hydroxyphenylglycol




	MHRA

	Medicines and Healthcare Products Regulatory Authority (United Kingdom)




	MK-801

	Dizocilpine




	MMRM

	Mixed effects model repeated measures




	MMSE

	Mini-Mental State Examination




	MPAC

	Metal protein attenuating compound




	M-PEM

	Modified prescription event monitoring




	MT

	Methoxytyramine, melatonin




	MTA

	Multimodal Treatment Study of ADHD




	NA

	Noradrenaline (norepinephrine)




	Na+

	Sodium




	nACh(R)

	Nicotinic acetylcholine (receptor)




	NARI

	Noradrenaline reuptake inhibitor




	NaSSa

	Noradrenaline- and serotonin-specific antidepressant




	NAT

	Noradrenaline transporter




	NICE

	National Institute for Health and Care Excellence (United Kingdom)




	NK

	Neurokinin




	NM

	Normetanephrine




	NMDA

	N-methyl D-aspartate




	NMS

	Neuroleptic malignant syndrome




	NPI

	Neuropsychiatric Inventory




	NPY

	Neuropeptide Y




	NSAID

	Nonsteroidal anti-inflammatory drug




	NT

	Neurotensin




	OCD

	Obsessive-compulsive disorder
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	Office of Population Censuses and Surveys




	OR

	Odds ratio




	OX

	Orexin
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	PCB

	Polychlorinated biphenyl
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	Phencyclidine
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	Prescription event monitoring
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	Positron emission tomography
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	Patient Health Questionnaire-9
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	PNMT
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	PPARγ

	Peroxisome proliferator-activated receptor gamma
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	PROM
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	Q
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	RCT

	Randomised controlled trial




	REM

	Rapid eye movement




	RIMA

	Reversible inhibitor of monoamine oxidase-A




	RTK
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	SCEM

	Specialised cohort event monitoring




	SERT

	Serotonin (5-HT) transporter




	SIADH

	Syndrome of inappropriate ADH secretion




	SJS
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	Systematic Monitoring of Adverse Events Related to Treatments
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	Summary of product characteristics
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	Synaptosomal-associated protein 25
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	Serotonin and noradrenaline reuptake inhibitor
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	Single photon emission computerised tomography




	SSRI

	Selective serotonin reuptake inhibitor
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	Surface under the cumulative response curve
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	Triiodothyronine
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	Tricyclic antidepressant
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	tmax
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	Tropomyosin receptor kinase B




	TSH
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Sarah E Gartside and Charles A Marsden
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This chapter will concentrate on neurotransmission and the mechanisms by which psychotropic drugs alter neurotransmission.


	■ Most drugs used in psychiatry, as well as non-therapeutic psychotropic drugs, act to alter neurotransmission.

	■ In general, drugs act either presynaptically to influence levels of the neurotransmitter in the synaptic cleft, or postsynaptically by agonist, antagonist or modulatory actions at postsynaptic receptors.
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	■ Neurotransmission describes the process by which information is transferred from one neuron to another neuron (or other cell type) across the synaptic cleft (Figure 1.1). It involves
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Figure 1.1Synaptic transmission involves release of a neurotransmitter from the presynaptic nerve ending and its binding to a postsynaptic receptor to produce a change in function (excitation or inhibition) in the postsynaptic neuron.




	– The release of a neurotransmitter from the presynaptic nerve ending in response to the arrival of an action potential

	– The subsequent activation of a receptor on the membrane of the postsynaptic neuron




	■ Activation of the postsynaptic receptor may result either in

	– Excitation – membrane depolarisation

	– Inhibition – membrane hyperpolarisation




	■ These membrane effects may be due to either

	– A direct effect on an ion channel (fast neurotransmission; Figure 1.2), or
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Figure 1.2Fast neurotransmission is mediated by ligand-gated ion channel receptors (e.g. glutamate NMDA and GABAA receptors) and involves direct opening of an ion channel. Slow neurotransmission is mediated through G-protein-coupled receptors (e.g. D2 receptors and 5-HT1A receptors) and involves indirect ion channel opening or production/inhibition of second messengers through action on adenlyate cyclase (AC) or phospholipase-C (PLC). Activation/inhibition of kinase enzymes by the second messengers cyclic adenosine monophosphate (cAMP) and diacylglycerol (DAG) leads to changes in intracellular processes including ion transport and enzyme activity.





	– An indirect effect via a guanine nucleotide–binding (G) protein to cause the opening of ion channels, or the stimulation or inhibition of an enzyme and consequent increase or decrease in a second messenger (slow neurotransmission; Figure 1.2) (see Section Receptor mechanisms)




	■ Originally, all neurotransmissions were considered to be synaptic (i.e. rapid, point-to-point, from presynaptic terminal to postsynaptic cell). However, there is now evidence for other mechanisms (see Figure 1.3) including
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Figure 1.3Different modalities of neurotransmission/signalling. (a) Synaptic transmission is rapid and point-to-point, transmission from presynaptic terminal to postsynaptic cell. (b) Volume transmission is slower, involves release of neurotransmitter at a distance from its target sites which are extrasynaptic receptors. (c) Retrograde signalling involves the activity-dependent release of a substance from the postsynaptic cell which then affects release of transmitter from the presynaptic terminal.




	– Extrasynaptic volume transmission involves the release of neurotransmitter at a distance from its target, extrasynaptic receptor, sites. This is slower than synaptic transmission, and believed to underlie the modulatory and tuning functions of many neurotransmitters (e.g. monoamines and nitric oxide).

	– Retrograde signalling involves the activity-dependent release of a substance from the postsynaptic cell which then affects release of transmitter from the presynaptic terminal (e.g. endocannabinoid modulation of glutamate and GABA neurotransmission).




	■ The initial receptor response (i.e. excitation or inhibition) does not necessarily describe the final functional output: For example inhibition of an inhibitory neuron will cause disinhibition of the next neuron in the chain and thus a net excitatory response (see Figure 1.4). Behaviour is thus the result of a complex interplay between many neurons, and it is very difficult to explain a particular behaviour as being the result of the action of a single neurotransmitter.
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Figure 1.4The initial receptor response (i.e. excitation or inhibition) does not necessarily describe the final functional output. In this example, increased activity in an inhibitory neuron (Neuron A) ultimately causes disinhibition (excitation) of a downstream neuron (Neuron C). The net response is excitation.







Co-existence of neurotransmitters


	■ The major neurotransmitters in the brain are noradrenaline (NA, also called norepinephrine), dopamine (DA), 5-hydroxytryptamine (5-HT, also called serotonin), acetylcholine (ACh), glutamate and γ-aminobutyric acid (GABA). Neurons are described with respect to the neurotransmitter they synthesize and release (e.g. dopaminergic, serotonergic, GABAergic).

	■ The original concept of chemical neurotransmission posited that only one active substance (neurotransmitter) was released from the presynaptic terminal, but we now know that two or more biologically active substances are often released in response to an action potential.

	■ DA, NA, 5-HT and ACh commonly co-exist with various neuropeptides, for example cholecystokinin (CCK), neurotensin (NT), thyrotrophin-releasing hormone (TRH) and orexin (also known as hypocretin) which act as either.

	– Full neurotransmitters (i.e. produce a functional response on their own)

	– Neuromodulators (i.e. they modulate the response to the main neurotransmitter)




	■ Coexistence is probably the normal state of affairs, although its functional importance, and potential impact on drug treatment, is poorly understood.

	■ Neurohypophysial hormones (e.g. corticotrophin releasing factor [CRF] and oxytocin) also act as neuromodulators within the brain in addition to their hormonal actions.
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Table 1.1 lists the major neurotransmitters in the brain together with the functions and neurological/psychiatric disorders in which they are thought to play a role.


Table 1.1Central nervous system neurotransmitters and neuromodulators



	Class

	Neurotransmitter

	Function/disorder






	Amines

	Acetylcholine (ACh)

	Alzheimer’s disease




	
	Dopamine (DA)

	Parkinson’s disease, schizophrenia, depression




	
	Noradrenaline (NA)

	Anxiety, depression, cognition, schizophrenia




	
	5-Hydroxytryptamine (serotonin, 5-HT)

	Depression, anxiety/panic/OCD, schizophrenia, Alzheimer’s disease, migraine, hallucinations, eating disorders




	
	Histamine

	Arousal, cognition




	Amino acids

	Glutamate

	Neurodegeneration, schizophrenia, depression




	
	γ-Aminobutyric acid (GABA)

	Anxiety, Huntington’s disease




	Peptides

	Met/leu-enkephalin

	Pain, mood




	
	β-Endorphin

	Pain, mood




	
	Substance P/tachykinins

	Huntington’s disease, depression




	
	Vasopressin

	Cognition




	
	Cholecystokinin (CCK)

	Anxiety, pain




	
	Somatostatin

	Mood




	
	Neurotensin (NT)

	Schizophrenia




	
	Thyrotropin-releasing hormone (TRH)

	Arousal, motor neuron disease




	
	Neuropeptide Y (NPY)

	Feeding




	
	Corticotrophin-releasing factor (CRF)

	Anxiety, depression




	
	Orexins

	Circadian function, feeding, response to stress




	Other

	Endocannabinoids

	Pain, schizophrenia, eating disorders




	Note:The major neurotransmitters and neuromodulators together with the functions and disorders with which they are associated.






In addition to the neurotransmitters mentioned earlier, many other chemicals are now known to act as neurotransmitters or neuromodulators in the brain.


	■ The enkephalins (leu-enkephalin and met-enkephalin) along with β-endorphin and the dynorphins are closely structurally related peptides acting as endogenous ligands for the mu (μ), delta (δ) and kappa (κ) opioid receptors and are widely distributed in the brain. They have important roles in pain, addictive behaviours and emotional responding.

	■ The neurokinins substance P (neurokinin-1), substance K (neurokinin-2 or neurokinin A) and neuromedin K (neurokinin B) are a group of peptides which act on NK1, NK2 and NK3 receptors. They have a role as neurotransmitters and neuromodulators and are involved in inflammation. Antagonists of NK1 and NK3 receptors have been investigated in the treatment of depression, schizophrenia and neurodegenerative disorders.

	■ Neurotensin (NT) is a peptide which acts on neurotensin receptors (NT1–4) and is present in the amygdala and in basal forebrain and brainstem nuclei. NT is co-localised with DA in the ventral tegmental area and has been shown to modify DAergic neurotransmission. NT has been implicated in schizophrenia and addictive behaviours.

	■ Cholecystokinins (CCKs) are a family of neuropeptides which are particularly concentrated in the amygdala and periaqueductal grey (PAG) as well as other brain regions implicated in fear and anxiety. In the brain, the actions of CCKs are mediated by CCK2 (or CCKB) receptors. Although the tetrapeptide of CCK, CCK4, induces panic attacks, CCK receptor antagonists are ineffective as antipanic drugs, possibly related to poor brain penetration of the compounds.

	■ Corticotrophin-releasing factor (CRF) acts on CRF1 and CRF2 receptors in the pituitary gland (leading to the secretion of ACTH and cortisol) and other brain areas such as the amygdala, locus coeruleus (LC) and hippocampus. CRF is involved in the stress response and has mood and cognitive effects. CRF1 antagonists are being evaluated as antidepressants, anxiolytics and as a treatment for alcohol dependence.

	■ Somatostatin is a peptide hormone that acts on G-protein-coupled somatostatin receptors. It inhibits release of growth hormone and thyroid-stimulating hormone from the anterior pituitary. It also acts as a modulator of neurotransmission and cell proliferation. It has been implicated in the pathophysiology of mood disorders.

	■ Orexins A and B (hypocretins) are closely related neuropeptides derived from a single gene. They act on OX1 and OX2 receptors which are highly expressed in the lateral hypothalamus and other brain areas involved in stress regulation. Orexins were initially identified as important regulators of feeding, but are also involved in circadian function, sleep and response to stress including neuroendocrine control.

	■ The endocannabinoids, which include anandamide, are the endogenous agonists of cannabinoid type 1 (CB1) and type 2 (CB2) receptors. Brain CB1 receptors regulate the release of glutamate and GABA through retrograde neurotransmission (see Figure 1.4). CB1 receptors are potential targets for the treatment of pain and mood disorders. CB2 receptors are associated with the immune system.

	■ Neuroactive steroids (steroids synthesised, and/or are active, in the brain) interact with nuclear steroid receptors, and have also been shown to modulate the function of GABAA receptors both positively and negatively. They have been implicated in the pathogenesis of anxiety, cognitive and affective disorders. Drugs interacting with the neurosteroid system are potential anxiolytics.

	■ Brain-derived neurotrophic factor (BDNF) is one of several neurotrophic factors which have important roles in the normal development of the brain as well as in maintaining synaptic function and mediating synaptic plasticity in the adult brain. BDNF, which acts on TRK-B (tropomyosin receptor kinase B) receptors, has been shown to be increased by chronic treatment with antidepressant drugs and non-drug therapies in animals, and hence has been postulated to be involved in their therapeutic mechanism of action.




Organisation of neurotransmitter pathways

The major neurotransmitter pathways – and those most important in psychopharmacology – can be divided organisationally into three groups:


	■ Long ascending and descending axonal pathways derived from discrete neuronal cell groups located within specific brain nuclei. This organisation is a feature of catecholaminergic (DA, NA), serotonergic (5-HT) and histaminergic (HA), as well as many cholinergic (ACh), pathways (see Figure 1.5).

[image: ]

Figure 1.5The main pathways in the brain of cholinergic, dopaminergic, noradrenergic and serotonergic neurons. Note the discrete localisation of the neuronal cell bodies and the long ascending projections.





	■ Long and short axonal pathways derived from neuronal cell bodies widely distributed throughout the brain. Neurons which contain the major excitatory (glutamate) and inhibitory (GABA) neurotransmitters are organised in this way.

	■ Short intraregional pathways within the cerebral cortex, striatum, etc. Many of these so-called ‘interneurons’ are GABAergic, but various neuropeptidergic neurons (e.g. somatostatin neurons in the cerebral cortex) are organised in this way.






[image: ] Receptor mechanisms

The main targets for current psychotropic drug action are receptors and transporters.


	■ Receptors for neurotransmitters are mostly located on the cell membrane. Neurotransmitters or drugs acting on the receptor bind to an external domain, resulting in a response within the neuron. There are two main types of neurotransmitter receptor:

	– Ligand-gated ion channel (or ionotropic) receptors are directly coupled to an ion channel and mediate fast neurotransmission. Examples include N-methyl-D-aspartate (NMDA) (glutamate) receptors, GABAA receptors and nicotinic ACh (nACh) receptors.

	– G-protein-coupled (or metabotropic) receptors link the binding of the ligand to an intracellular effector system via a G-protein. These receptors mediate slow neurotransmission. Examples include DA D1 and D2 receptors, α- and β-adrenoceptors, most 5-HT receptors and muscarinic ACh (mACh) receptors.




	■ Additional types of receptors include

	– Intracellular steroid receptors (e.g. glucocorticoid receptors). These reside in the cytosol of cells, and when bound by ligand, they translocate to the cell nucleus where they bind to DNA, influencing transcription. Abnormalities in the function of these receptors have been implicated in psychiatric disorders including anxiety and mood disorders

	– Receptor tyrosine kinases (RTKs) are cell surface receptors for many peptide growth factors and cytokines. They are of increasing interest in psychiatry due to findings of raised pro-inflammatory cytokines in many conditions including schizophrenia and depression







Ligand-gated ion channel receptors


	■ Ligand-gated ion channel receptors consist of four (tetramer) or five (pentamer) protein subunits arranged to form a central channel or pore.

	■ Binding of the neurotransmitter (or other agonist) to the receptor causes a conformational (shape) change in the proteins which results in the opening of the channel, allowing specific ions to pass through.

	■ Ion channels open within milliseconds and allow the passage of ions through the cell membrane, leading to rapid excitatory or inhibitory effects on the cell.

	■ Excitatory ligand-gated ion channels (e.g. glutamate NMDA and AMPA receptors, nACh receptors) are permeable to sodium ions (Na+) (and in some cases calcium ions, Ca2+) which flow into the cell, causing membrane depolarisation. The inhibitory ligand-gated ion channels (e.g. GABAA receptors) are permeable to chloride ions (Cl−) which enter the cell, causing hyperpolarisation.





G-protein-coupled receptors (Figure 1.6)


	■ G-proteins provide the link between the ligand recognition site and the effector system, and are so named because their action is linked to effects on an associated guanine nucleotide–binding (G) protein.

	■ G-protein-coupled receptors (GPCRs) consist of a single protein which crosses the cell membrane seven times, with loops inside and outside of the cell. The ligand (neurotransmitter or drug) binds to external parts of the protein. One of the internal loops, which is larger than the rest, interacts with the G-protein.

	■ The G-protein has three subunits (α, β, γ). The α subunit contains guanosine triphosphatase (GTPase) activity.

	■ When the transmitter or other agonist binds to the receptor, α-guanosine triphosphate (α-GTP) is released, which then can either activate or inhibit one of the two major second messenger systems:

	– Cyclic adenosine monophosphate (cAMP), produced by the enzyme adenylate cyclase (also called adenylyl cyclase), activates protein kinases, which in turn influence the function of various enzymes, carriers, etc. Receptors can be either positively or negatively coupled to adenylate cyclase, causing stimulation (excitation) or inhibition of the enzyme, respectively (Figure 1.6)
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Figure 1.6G-proteins couple the receptor binding site to the second messenger system, and they consist of three subunits (α, β, γ) anchored to the seven trans-membrane helices that form the receptor. Coupling of the α-subunit to an agonist-occupied receptor causes bound guanine diphosphate (GDP) to exchange with guanine triphosphate (GTP) and the resulting α-GTP complex leaves the receptor to interact with a target protein (an enzyme such as adenylate cyclase [AC] or an ion channel). There is then hydrolysis of the bound GTP to GDP, and the α subunit links again to the βγ subunit. The G-protein mechanism can be either inhibitory (Gi) or excitatory (Gs).





	– Phospholipase C–inositol trisphosphate (IP3)–diacylglycerol (DAG) system: Activation of the enzyme phospholipase C results in the formation of two intracellular messengers, IP3 and DAG. IP3 increases free calcium (Ca2+) which activates various enzymes. DAG activates protein kinase C, which in turn regulates various intracellular functions




	■ G-proteins can also be linked to potassium (K+) and Ca2+ channels and so regulate membrane excitability and transmitter release: For example the 5-HT1A cell body autoreceptor opens a K+ channel, causing hyperpolarisation, while activation of the 5-HT1B terminal autoreceptor blocks Ca2+ channels, reducing neurotransmitter release.





Downstream signalling cascades

Although most drugs act initially through modification of neurotransmission, many have longterm neuroadaptive effects due to actions downstream from the immediate postsynaptic mechanisms.


	■ These include changes in the expression of genes encoding growth factors, including BDNF, vascular endothelial growth factor and fibroblast growth factor-2, which are important in neuronal plasticity and long-term memory.

	■ Drug-induced changes in gene expression (e.g. of BDNF) often occur as a result of altered expression of the transcription factor family CREB (cAMP response element–binding protein), which binds in turn to DNA sequences called cAMP response elements (CREs).

	■ These effects underlie the neurotrophic and neuroplasticity hypothesis of antidepressant drug action (see Chapter 4).

	■ Drug treatment may also result in epigenetic effects (regulation of DNA transcription by mechanisms such as reduced DNA methylation and histone deacetylation), which are partly driven by changes in the expression of growth factors such as BDNF.





Receptor location

The location of a receptor determines its effects on neurotransmission (Figure 1.7).
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Figure 1.7The nomenclature used to describe receptor location on neurons. Starting with ‘Neuron A’, neurotransmitter released at the terminals will interact with postsynaptic receptors on ‘Neuron B’. Similarly, neurotransmitter released from ‘Neurons D and E’ will interact with postsynaptic receptor on ‘Neuron A’. Neurotransmitter released from ‘Neuron A’ will also regulate its own release by interacting with the terminal autoreceptor or affect neuronal firing by interacting with the somatodendritic autoreceptor. Release of neurotransmitter from ‘Neuron A’ can also be regulated by activation of presynaptic heteroceptors on the terminals which are postsynaptic receptors activated by neurotransmitter from ‘Neuron C’.




	■ Receptors are mostly located on a membrane on the far side of the synaptic cleft to the point of neurotransmitter release. These so-called postsynaptic receptors may be located on

	– Dendrites or the soma (cell body) of a neuron where they regulate cell firing. An example of this is nACh receptors on the cell bodies of DAergic neurons in the ventral tegmental area.

	– Nerve terminals where they regulate neurotransmitter release (sometimes referred to as presynaptic heteroceptors). An example of this is the presence of inhibitory α2-adrenoceptors on the terminals of 5-HT neurons.
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		Figure 1.1 Synaptic transmission involves release of a neurotransmitter from the presynaptic nerve ending and its binding to a postsynaptic receptor to produce a change in function (excitation or inhibition) in the postsynaptic neuron.



		Figure 1.2 Fast neurotransmission is mediated by ligand-gated ion channel receptors (e.g. glutamate NMDA and GABAA receptors) and involves direct opening of an ion channel. Slow neurotransmission is mediated through G-protein-coupled receptors (e.g. D2 receptors and 5-HT1A receptors) and involves indirect ion channel opening or production/inhibition of second messengers through action on adenlyate cyclase (AC) or phospholipase-C (PLC). Activation/inhibition of kinase enzymes by the second messengers cyclic adenosine monophosphate (cAMP) and diacylglycerol (DAG) leads to changes in intracellular processes including ion transport and enzyme activity.



		Figure 1.3 Different modalities of neurotransmission/signalling. (a) Synaptic transmission is rapid and point-to-point, transmission from presynaptic terminal to postsynaptic cell. (b) Volume transmission is slower, involves release of neurotransmitter at a distance from its target sites which are extrasynaptic receptors. (c) Retrograde signalling involves the activity-dependent release of a substance from the postsynaptic cell which then affects release of transmitter from the presynaptic terminal.



		Figure 1.4 The initial receptor response (i.e. excitation or inhibition) does not necessarily describe the final functional output. In this example, increased activity in an inhibitory neuron (Neuron A) ultimately causes disinhibition (excitation) of a downstream neuron (Neuron C). The net response is excitation.



		Figure 1.5 The main pathways in the brain of cholinergic, dopaminergic, noradrenergic and serotonergic neurons. Note the discrete localisation of the neuronal cell bodies and the long ascending projections.



		Figure 1.6 G-proteins couple the receptor binding site to the second messenger system, and they consist of three subunits (α, β, γ) anchored to the seven trans-membrane helices that form the receptor. Coupling of the α-subunit to an agonist-occupied receptor causes bound guanine diphosphate (GDP) to exchange with guanine triphosphate (GTP) and the resulting α-GTP complex leaves the receptor to interact with a target protein (an enzyme such as adenylate cyclase [AC] or an ion channel). There is then hydrolysis of the bound GTP to GDP, and the α subunit links again to the βγ subunit. The G-protein mechanism can be either inhibitory (Gi) or excitatory (Gs).



		Figure 1.7 The nomenclature used to describe receptor location on neurons. Starting with ‘Neuron A’, neurotransmitter released at the terminals will interact with postsynaptic receptors on ‘Neuron B’. Similarly, neurotransmitter released from ‘Neurons D and E’ will interact with postsynaptic receptor on ‘Neuron A’. Neurotransmitter released from ‘Neuron A’ will also regulate its own release by interacting with the terminal autoreceptor or affect neuronal firing by interacting with the somatodendritic autoreceptor. Release of neurotransmitter from ‘Neuron A’ can also be regulated by activation of presynaptic heteroceptors on the terminals which are postsynaptic receptors activated by neurotransmitter from ‘Neuron C’.



		Figure 1.8 Schematic of a central dopaminergic terminal indicating possible sites of drug action. Tyrosine hydroxylase activity, and hence DA synthesis, is blocked by the irreversible competitive inhibitor, α-methyltyrosine (1). Reserpine and tetrabenazine interfere with the uptake-storage mechanism, causing damage to vesicles and long-lasting depletion of DA. The effects of reserpine are irreversible, while those of tetrabenazine do not appear to be irreversible (2). Amphetamine enters the terminal via the dopamine reuptake transporter DAT (5) and releases DA from the vesicles (3). Apomorphine is a non-selective DA receptor agonist with both pre- and post-synaptic sites of action. Haloperidol, pimozide, clozapine and other antipsychotics are D2 receptor antagonists (4). Released DA has its action terminated by reuptake into presynaptic terminal. Cocaine and amfebutamone (bupropion) are inhibitors of this reuptake mechanism (5). DA present in the cytosol of the presynaptic terminal can be degraded by the enzyme monoamine oxidase (MAO) which is located in the outer membrane of the mitochondria (6). Dihydroxyphenylacetic acid (DOPAC) is a product of the action of MAO and aldehyde reductase on DA. Selegiline is an inhibitor of MAO-B. DA can also be inactivated to methoxytyramine (MT) by the enzyme catechol-O-methyl transferase (COMT), which is believed to be localised outside the presynaptic neuron. Tropolone is an inhibitor of COMT (7). Some MAO is also present outside the dopaminergic neuron (8) where it metabolises MT to HVA.



		Figure 1.9 Schematic of a central noradrenergic terminal indicating possible sites of drug action. Tyrosine hydroxylase can be blocked by α-methyltyrosine, while DA β-hydroxylase activity is blocked by disulfiram (1). Reserpine and tetrabenazine interfere with the synaptic vesicles, preventing storage of the transmitter. The depletion of NA produced by reserpine is long-lasting and the storage vesicles are irreversibly damaged. Tetrabenazine also interferes with the uptake and/or storage mechanism, but the effects are reversible (2). Amphetamine causes release of NA from the vesicles after entering the terminal via the reuptake transporter NAT (3). Receptors are located on the presynaptic terminal (α2 autoreceptors) and on the postsynaptic neuron (α1, α2, β1, β2). Clonidine, an α2 receptor agonist, reduces NA release by stimulating autoreceptors. Yohimbine and piperoxane are selective α2antagonists. Phenoxybenzamine and phenotolamine are α1-receptor antagonists (4). NA has its action terminated by uptake. The uptake transporter is blocked by tricyclic antidepressants (TCAs) such as desipramine, as well as by reboxetine, venlafaxine and duloxetine and cocaine (5). NA in the cytosol of the terminal is vulnerable to degradation by the enzyme MAO. Pargyline is an effective inhibitor of MAO (6). NA can be inactivated to normetanephrine (NM) by the membrane-bound enzyme catechol-O-methyl transferase (COMT) (7). Tropolone is an inhibitor of COMT. The normetanephrine (NM) formed by the action of COMT on NE can be further metabolised by MAO to MHPG (8).



		Figure 1.10 Schematic of a central serotonergic terminal indicating possible sites of drug action. Tryptophan is converted to 5-hydroxytryptophan (5-HTP) by tryptophan hydroxylase (1), and this enzyme can be inhibited by para-chlorophenylalanine (pCPA). 5-HTP is then converted to 5-HT and stored in vesicles (2) protected from degradation by MAO. The vesicles can be disrupted by reserpine and tetrabenazine. Para-chloramphetamine, fenfluramine and MDMA can enter 5-HT terminals via the transporter and cause the release of the transmitter from its vesicles (3). 5-HT receptors are located on both pre- and postsynaptic membranes. Presynaptically, 5-HT1B autoreceptors negatively regulate 5-HT release. Postsynpatic receptors include 5-HT1A-F, 5-HT2A/C and 5-HT3 subtypes (4). After release, 5-HT is taken up into the terminal by the reuptake transporter (SERT) (5). This is the site of action of many antidepressant drugs including tricyclic antidepressants (TCAs) and selective serotonin reuptake inhibitors (SSRIs). 5-HT in the terminal is metabolised to 5-hydroxyindole acetic acid (5-HIAA) by MAO-A and aldehyde dehydrogenase (6). This process can be blocked by mono-amine oxidase inhibitors (MAOIs) including clorgyline and pargyline.



		Figure 1.11 Summary of the types of 5-HT receptors, their receptor coupling mechanisms and proposed functions.



		Figure 1.12 Schematic of a central cholinergic terminal indicating possible sites of drug action. ACh is synthesised from choline and acetyl-coA by ChAT. ACh is stored in vesicles, but there are no clinically effective drugs that act at this site (2). There is some evidence that aminopyridines and phosphatidylserines release ACh and may have limited use in Alzheimer’s disease patients (3). Presynaptic muscarinic M2 autoreceptors (4) negatively regulate ACh release. Antagonists at these receptors may have the potential in the treatment of Alzheimer’s disease, but existing drugs have poor brain penetration and short half-lives. Postsynaptic receptors are of both muscarinic and nicotinic subtypes. In the synaptic cleft, ACh is broken down by AChE to form acetate and choline. AChE is a major target for the pharmacotherapy of Alzheimer’s disease, but to date, AChE inhibitors show only limited efficacy in mild-to-moderate dementia (5). Choline is transported back into the neuron and recycled (6).



		Figure 1.13 The GABAA receptor complex is a pentameric structure composed of α2, β, and (usually) γ subunits arranged to form a central pore. Activation of the GABAA receptor by GABA or agonists causes a conformational change, opening the pore and allowing Cl– ions to flow into the cell, causing membrane hyperpolarisation. The GABAA receptor complex has multiple binding sites. Benzodiazepines are agonists at a site which modulate the ability of GABA to bind to its own site. Agonists at this site facilitate GABA binding, whereas inverse-agonists reduce it. Barbiturates, neurosteroids and ethanol also modulate GABAA receptor function. Bicuculline is an antagonist of the GABAA-binding site, while muscimol is an agonist at that site. There are multiple forms of each subunit, and receptors composed of the different subunits have different brain distributions and functions. For example, receptors containing α1-subunits mediate sedation, whilst those containing α3 subunits mediate anxiolysis. Drugs which can distinguish between receptors with the various subunit isoforms hold promise as selective non-sedating anxiolytics and anticonvulsants.



		Figure 2.1 In elimination with zero-order kinetics, concentration falls steadily in a straight line, whereas with first-order kinetics, the curve is exponential.



		Figure 2.2 Plasma drug concentration in the phases of absorption, distribution and elimination.



		Figure 2.3 Distribution of drug between different body ‘compartments’.



		Figure 2.4 Main routes of elimination of a drug.



		Figure 2.5 Plasma concentration of a drug after repeated administration.



		Figure 2.6 Sites of drug action on neurotransmitters (for key to numbers see text).



		Figure 2.7 Two-state receptor model. When no ligand is present, more receptors are in the ‘resting’ (R) than the activated (R*) state. Antagonists bind to both R and R*, maintaining the equilibrium and preventing the binding of agonists. Different types of agonists change the balance between R* (full agonists) and R (inverse agonists).



		Figure 2.8 Different patterns of responses to agonists (see text for explanation).



		Figure 2.9 Effect of antagonists on the action of agonist drugs (see text for explanation): (a) competitive antagonist, and (b) non-competitive antagonist.



		Figure 2.10 Effect of increasing doses of a partial agonist alone and in the presence of a full agonist (see text for explanation).



		Figure 3.1 Affinity for DA receptors and clinical potency. (Reprinted by permission from Creese I et al., Science 1976; 192: 481. Copyright 1976, American Association for the Advancement of Science.)



		Figure 3.2 Efficacy of α- and β-flupentixol in schizophrenia. The α-isomer caused a greater improvement in symptomatology than placebo, whilst the β-isomer was without antipsychotic efficacy. (Reproduced by permission from Johnstone E et al., Lancet i, 1978; 848.)



		Figure 3.3 Dopamine transmission and schizophrenia. This graph illustrates the effect of amphetamine (0.3 mg/kg) on [123I]IBZM binding in healthy control subjects and untreated patients with schizophrenia. The results indicate that when challenged with amphetamine, patients with schizophrenia release more dopamine than healthy controls. The amount of release is related to the increase in positive symptoms. (Reproduced by permission from Laruelle M et al., Acad Sci USA 1996; 93: 9235.)



		Figure 3.4 D2-like receptor occupancy levels, clinical efficacy and side effects. D2 receptor occupancy between 60% and 80% is associated with efficacy with minimal extrapyramidal side effects.



		Figure 3.5 Mean DA synthesis capacity, measured by [18F]DOPA PET, in patients at ultra-high risk of psychosis (n = 24) followed for 3years and healthy comparison subjects (n = 29). Transition to first episode psychosis (n = 9) was associated with raised DA synthesis capacity in striatum at baseline compared with those who did not (n = 15). (Reprinted by permission from Howes O D et al., Am J Psychiatry 2011; 168: 1311.)



		Figure 3.6 Forest plot from a multiple-treatment meta-analysis of the efficacy of antipsychotic drugs compared with placebo. SMD, standardised mean difference; CrI, credible interval. (Reproduced by permission from Leucht S et al., Lancet 2013; 382: 951.)



		Figure 4.1 Current 5-HT hypothesis of how antidepressant drugs work.



		Figure 4.2 Reciprocal effects of stress and ECT on neurons. (Courtesy of DrCA Stewart, University of Dundee, Dundee, United Kingdom.)



		Figure 4.3 Acute pharmacology of some antidepressants.



		Figure 5.1 Efficacy in rank order for drug treatment of bipolar depression. Surface under the cumulative ranking curve (SUCRA) and 95% confidence intervals are given. SUCRA is a summary statistic for cumulative ranking ranging from 1 (the best treatment with no uncertainty) to 0 (the worst treatment with no uncertainty). (Adapted by permission from Taylor DM et al., Acta Psychiatr Scand 2014; 130: 452.)



		Figure 7.1 The DA reinforcement pathway. DA neurons in the VTA project to mesolimbic areas (including NAcc) and prefrontal cortex (PFC). GABA neurons in the VTA inhibit DA neuronal firing and can be inhibited by drugs such as opioids through μ-receptors and cannabinoids through CB1receptors. This results in disinhibition (activation) of the DA neurons and increased release of DA in NAcc (and PFC). Stimulant drugs act directly on DA neurons in the NAcc and PFC.



		Figure 7.2 Disulfiram inhibits the metabolism of acetaldehyde to acetate.



		Figure 7.3 Pharmacology of opioid substitute therapy. Methadone is a relatively long-acting full agonist and Bup, a long-acting partial agonist that can be given daily or every other day (every 2 days). Their use avoids the ‘highs’ alternating with ‘lows’ associated with heroin (diamorphine).



		Figure 8.1 Simplified pathology of AD. Amyloid precursor protein (APP) is normally cleaved by α-secretase to form soluble APP alpha (sAPPα) which is involved in cell growth, synaptic formation and repair. Cleavage at different points by β- and γ-secretases (1) leads to the formation of β-amyloid (Aβ), a process favoured by APP and presenilin mutations (some cases of familial AD). Clearance of Aβ (2) is impaired by a polymorphism of the apolipoprotein E gene (ApoE ∊4), involved in lipoprotein and cholesterol transport; ApoE ∊4 is a risk factor for sporadic AD. Aβ aggregates to form oligopolymers and amyloid plaques (3), which lead to cell death by mechanisms including inflammation and increased vulnerability to ischaemia, excitotoxicity and oxidative stress. Tau (associated with intracellular microtubules) is hyperphosphorylated (P-Tau) in the presence of Aβ (4). P-Tau formation is also favoured by some Tau gene polymorphisms (5); P-Tau forms paired helical filaments which enhance Aβ neurotoxicity and also aggregate to form neurofibrillary tangles (6).



		Figure 8.2 The metabolic pathway of ACh.



		Figure 12.1 Duration of the first 2000 clinical trials in schizophrenia. (Reproduced by permission from Thornley B and Adams C. BMJ 1998; 317: 1181.)



		Figure 12.2 The size of the first 2000 controlled trials in schizophrenia. The line indicates the number of patients required to find a 20% difference between treatments with standard power. (Reproduced by permission from Thornley B and Adams C. BMJ 1998; 317: 1181.)
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