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SOLE FEEDBACK – Pharmacology

The following pages provide you with templates on which you can record your thoughts as the course proceeds. At the end of the course you can enter your views onto SOLE.

Please answer all questions by selecting the response which best reflects your view.

	
	Very Good
	Good
	Satisfactory
	Poor
	No Response

	The support materials available for this module (e.g. handouts, web pages, problem sheets and/or notes on the board).
	
	
	
	
	

	The organisation of the module.
	
	
	
	
	

	
	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree

	Feedback on my work has been prompt (this refers to your work being commented upon within a specified time).
	
	
	
	
	

	Feedback on my work has helped me clarify things I did not understand.
	
	
	
	
	



Please use this box for constructive feedback and suggestions for improvement.
	



























SOLE FEEDBACK - INDIVIDUAL LECTURERS

Please note that for SOLE, a Lecturer’s name will only appear once. This template gives you the opportunity to record your comments about each lecture in the order of delivery.

On the following section, you have an opportunity to record any comments and constructive feedback you have for each lecturer.

	
	The structure and delivery of the lectures.
	The explanation of concepts given by the lecturer.
	The approachability of the lecturer.
	The interest and enthusiasm generated by the lecturer.

	Lecturer and Lecture Title
	Very Good
	Good
	Satisfactory
	Poor
	Very Poor
	Very Good
	Good
	Satisfactory
	Poor
	Very Poor
	Very Good
	Good
	Satisfactory
	Poor
	Very Poor
	Very Good
	Good
	Satisfactory
	Poor
	Very Poor

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Prof A Hughes
Drugs & the Heart
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Prof A Hughes
Drugs & the Vasculature 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dr M Schachter
Atherosclerosis & lipo.  metabolism
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Prof S Smith
Non-steroidal anti-inflammatory drugs
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Prof S Smith
Inflammatory bowel disease 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dr S Saleh
Haemostasis and thrombosis
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Prof G Gillies 
Anti-emetics 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Prof G Gillies
Tx of gastric and duodenal ulcers 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dr M Schachter
Adverse drug rxns & interactions
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dr C John
Diuretics
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dr C John
Drugs of Abuse 1 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 Dr C John
Drugs of Abuse 2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dr C John
Alcohol
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dr S Saleh
Antiparkinsonian drugs &neuroleptics 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dr C John
Opioids
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dr M Croucher
Principles of GABA-ergic transmission
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dr M Croucher
Anxiolytics and hypnotics
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dr C John
Principles of general anaesthesia
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dr M Coucher
Principles of local anaesthesia
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Prof N Gooderham
Cytotoxic drugs 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dr S Saleh
Antimicrobials 1 & 2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dr M Johnson
Anticonvulsants
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

























	Lecturer and Lecture Title
	Please use this box for additional constructive feedback.

	Prof A Hughes
Drugs & the Heart
	

	Prof A Hughes
Drugs & the Vasculature 
	

	Dr M Schachter
Atherosclerosis & lipo.  metabolism
	

	Prof S Smith
Non-steroidal anti-inflammatory drugs
	

	Prof S Smith
Inflammatory bowel disease 

	

	Dr S Saleh
Haemostasis and thrombosis
	

	Prof G Gillies 
Anti-emetics 
	

	Prof G Gillies
Tx of gastric and duodenal ulcers 
	

	Dr M Schachter
Adverse drug rxns & interactions
	

	Dr C John
Diuretics
	

	Dr C John
Drugs of Abuse 1 
	

	 Dr C John
Drugs of Abuse 2
	

	Dr C John
Alcohol
	

	Dr S Saleh Antiparkinsonian drugs &neuroleptics 

	

	Dr C John
Opioids
	

	Dr M Croucher
Principles of GABA-ergic transmission
	

	Dr M Croucher
Anxiolytics and hypnotics
	

	Dr C John
Principles of general anaesthesia
	

	Dr M Coucher
Principles of local anaesthesia
	

	Prof N Gooderham
Cytotoxic drugs 
	

	Dr S Saleh
Antimicrobials 1 & 2
	

	Dr M Johnson
Anticonvulsants
	

	
	





SOLE FEEDBACK - INDIVIDUAL TUTORS

This template gives you the opportunity to record your comments about your tutor.

On the following section, you have an opportunity to record any comments and constructive feedback you have for each tutor.
	
	The tutorial was well structured
	The tutor explains concepts clearly.
	The tutor engages well with the students.

	Tutor
	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree
	Strongly 
Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree
	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



Please use the space below for additional constructive feedback on each tutor.

	Tutor
	Comments

	


	

	


	

	


	

	


	

















Pharmacology & Therapeutics
PT9-20



Introduction

This Study Guide contains your timetable for the second thirteen sessions of the Pharmacology and Therapeutics Course (PT9-20). It also contains the lecture handouts and the worksheets for the self-directed learning sessions and tutorials, together with the protocols for your practical classes.

YOU WILL NEED TO bring this STUDY guide AND A COPY OF THE COURSE TEXTBOOK, “PHARMACOLOGY” BY RANG, DALE, RITTER AND MOORE (CHURCHILL LIVINGSTONE) to each session. 

If you have any questions relating to the material taught in these sessions, you are advised in the first instance to discuss these with your fellow colleagues and to consult the recommended course textbook (details as above). If further explanation is required, please consult the lecturer who delivered the teaching material (lecture, tutorial or practical class) who will be happy to discuss any queries with you.

Rotational Sessions

This course guide also contains the student groupings, which will be used for the rotational sessions in PT9-20.

Please pay CAREFUL ATTENTION to which group you are in and where you are expected to be for these sessions. Registers of students will be taken at rotational sessions and only the designated students will be allowed to attend. 

The Pharmacology & Therapeutics course is taught in the Autumn Term (Part 1) and Spring/Summer Term (Part 2) of year 1. This course guide covers Part 2.

The components of Part 1 of the course are:	24 Lectures
							4 Tutorials
							1 Workshop


ASSESSMENT
Formative Assessments
Examples of exam questions are provided at the end of the handout and on the P&T intranet pages (answers only provided on the intranet). 

Summative Assessment
Consult Blackboard for details









Recommended Reading

Rang, Dale, Ritter & Flower, ‘Rang & Dale’s Pharmacology’, 6th edition, 2007, Churchill Livingstone

Page, Hoffman, Curtis & Walker, ‘Integrated Pharmacology’, 3rd edition, 2006

Grahame-Smith & Aronson ‘Oxford Textbook of Clinical Pharmacology and Drug Therapy’ 3rd edition, 2002

Neal, ‘Medical Pharmacology at a Glance’, 5th edition, 2005

Current editions of all of these textbooks are available in both the Central library and the Charing Cross campus library.

Rang Dale Ritter & Flower is the primary text for the Pharmacology & Therapeutics module. Pharmacology emphasises the mechanisms by which drugs act and relates these to the overall pharmacological effects and clinical uses. In doing so it sets out for the reader a clear route from a molecular understanding of receptors and drug actions, to the therapeutic uses of the most important groups of drugs. 
Another detailed text is Integrated Pharmacology which is a newer textbook with an innovative body systems, diseases and disorders approach. Students also appreciate the frequent self assessment sections.
Oxford Textbook of Clinical Pharmacology and Drug Therapy is an excellent British clinical pharmacology book written by two experts in the field. This detailed text would meet the needs of the student who finds pharmacology really interesting.
Medical Pharmacology at a Glance is a good quick reference guide that is good enough to help you understand the basics, but is not detailed enough to give you all the information you need.

We hope you find the Pharmacology & Therapeutics course instructive, challenging and enjoyable.



























TIMETABLE 2013 – Spring term

Details are correct at the time of going to press. Any amendments will be shown on the Course Timetable shown on the Intranet.


	Date and campus
	Time
	Room
	Lecture topic
	Lecturer

	Thursday 10th January
Charing Cross Campus


	
	10am
	Drewe Lecture Theatre
	Drugs and the Heart
	Prof Alun Hughes	

	
	11am
	Drewe Lecture Theatre
	Drugs and the Vasculature
	Prof Alun Hughes	

	
	1pm
	See below
	Cardiovascular Disease
	Tutorial

	Thursday 24th January
South Ken Campus 
	9am
	Lecture Theatre 1
	Atherosclerosis & lipo. metabolism
	Dr Mike Schachter

	
	10am
	Lecture Theatre 1
	NSAIDS 
	Prof Sue Smith 

	
	11am
	Lecture Theatre 1
	Inflammatory Bowel Disease
	Prof Sue Smith

	
	2pm
	Lecture Theatre 1
	Haemostasis and Thrombosis
	Dr Sohag Saleh

	
	3pm
	Lecture Theatre 1
	Anti-Emetics 
	Dr Glenda Gillies

	
	4pm
	Lecture Theatre 1
	Tx gastric & duodenal ulcers
	Dr Glenda Gillies

	Friday 15th February
Hammersmith Campus
	2pm
	See Below
	Respiratory Disease
	Tutorial

	Monday 18th February
South Ken Campus
	1pm
	Lecture Theatre 1
	Adverse Drug Reactions
	Dr Mike Schachter

	
	2pm
	See below
	Pharmacogenomics workbook 
	

	Friday 22nd  February
Hammersmith Campus
	2pm
	See below
	Variability in human response to drugs 
	

	
	3pm
	HMW-204-LT III
	Diuretics
	Dr C John













TIMETABLE 2013 – Summer term

	Friday 3rd May
Hammersmith Campus
	2pm
	Lecture Theatre 3
	Drugs of Abuse 1 
	Dr C John

	
	3pm
	Lecture Theatre 3
	Drugs of Abuse 2
	Dr C John

	
	4pm
	Lecture Theatre 3
	Alcohol
	Dr C John

	Thursday 9th May
Hammersmith Campus
	9am
	Lecture Theatre 3
	Anti-Parkinsonian drugs & Neuroleptics
	Dr Sohag Saleh

	
	10am
	See below
	CNS Disorders
	Tutorial

	Friday 10th May
Hammersmith Campus
	2pm
	Lecture Theatre 3
	Cytotoxic Drugs
	Dr Sohag Saleh

	
	3pm
	Lecture Theatre 3
	Principles of GABAergic transmission
	Dr Martin Croucher

	
	4pm
	Lecture Theatre 3
	Anxiolytics and hypnotics
	Dr Martin Croucher

	Thursday 16th May
Hammersmith Campus
	2pm
	Lecture Theatre 3
	Opioids 
	Dr Chris John 

	
	3pm
	Lecture Theatre 3
	Principles of General Anaesthesia
	Dr Chris John

	
	4pm
	Lecture Theatre 3
	Principles of Local Anaesthesia
	Dr Martin Croucher

	Tuesday 28th May
Hammersmith Campus
	9am
	Lecture Theatre 3
	Anti-microbials 1
	Dr Sohag Saleh

	
	10am
	Lecture Theatre 3
	Anti-microbials 2
	Dr Sohag Saleh

	
	11am
	Lecture Theatre 3
	Anticonvulsants 
	Dr Mike Johnson 





Tutorials/Practicals:
CX Rooms:
Comm Skills Rooms: 1st Floor Reynolds
PBL rooms: 2ndt Floor, Reynolds Building Library

HH Rooms:
SBS Seminar Rooms: Commonwealth Building Sub-basement Seminar Rooms
HMW- SR: Wolfson Seminar Rooms

SK Rooms:
MDLs: 2nd Floor Labs – SAFB
280: 2nd Floor  – SAFB
	[bookmark: lo]Date and campus
	Time
	Rotational session 
	Room
	Group

	Thursday 10th January
Charing Cross Campus
	
1pm
	Cardiovascular Disease tutorial
	Comm Skills B - Dr John (1pm)            
PBL1 - Dr Cover  (1pm)                               
PBL2- Prof Dexter (1pm)
Comm Skills A  - Dr Saleh (1pm)                                                      
	3

2

1

4

	Friday 15th February
Hammersmith Campus
	
2pm
	Respiratory Disease tutorial
	SBS SR 4- Prof Dexter        
SBS SR 5- Dr Cover              SBS SR 6 - Dr John                      
SBS SR 7 – Dr Saleh           
	1
2
3
4

	Monday 18th February
South Kensington Campus
	
2pm
	Pharmacogenomics workbook
	Lecture Theatre 1 (Dr Dumas)
	

	Friday 22nd February
Charing Cross Campus
	2pm
	Variability in human responses to drugs tutorial 

	SBS SR 3- Prof Dexter        
SBS SR 4- Dr Cover              SBS SR 5 - Dr John                      
SBS SR 7 – Dr Saleh           
	1
2
3
4

	Thursday 9th May
Hammersmith Campus
	10am
	CNS Disorders  tutorial
	WEC SR 2 – Dr Croucher
WEC SR 3 - Dr Cover  
WEC SR 4 - Dr John 
WEC SR 5 – Dr Saleh
	1
2
3
4



Group 1:
1A – Felicia Bamgbose, James Bloomer, Rebecca Cusack, Auriol Harford, Stephanie Joppa
1B – Adam Jowicz, John Sullivan, Simon West, Hannah Wilson, Theodore Young
Group 2:
2A – John Allen, David Everton, Annabel Groome, Chantal Heppolette, Dominic Marshall
2B – Patricia Mighiu, Justin Salciccioli, Jessica Sharp, Alexandra Sloan, Caraline Wright
Group 3:
3A – Chinwendu Abani, Mary-Rose Ballard, Rachel Cotton, Paula Heister, Amy Innes, Maria Karavassilis
3B – Siddharth Ninan, Charles Rookes, Katrina Spensley, Hsiu Tzu Tung, Thomas Webb
Group 4:
4A – Alain Chaglassian, Graeme Downes, Lisa Jones, Harriet Jordan, Anna Pick
4B -  Mert Sirakaya, Jack Spinner, Mark Sykes, Joe Vincent, Luke Williams, Eleanor Smith






























GLOSSARY OF DRUGS – PT9-20 Essential Drugs List

Drugs in bold appear more than once

Drugs and the Heart/Vasculature;

Positive chronotropes –
 Digoxin (cardiac glycoside), dobutamine (1-agonists)

Negative chronotropes and inotropes – 
 Atenolol (beta-blockers), diltiazem, verapamil (rate-limiting calcium channel blockers)

Drugs reducing preload and afterload –
Enalapril, captopril (ACE inhibitors), losartan (angiotensin receptor blockers), nicorandil (organic nitrate), bendrofluazide (thiazide diuretics), spironolactone (aldosterone antagonists)

Drugs to control or correct dysrhythmias –
Amiodorone (wide spectrum anti arrhythmic), diltiazem, verapamil (rate-limiting calcium channel blockers), Digoxin (cardiac glycoside), Atenolol (beta-blockers)

Coronary vasodilators –
Diltiazem, verapamil (rate-limiting calcium channel blockers), glyceryl trinitrate (organic nitrate), minoxidil (K+ channel opener), -adrenoceptor antagonist (doxazosin) 

Vasoconstrictors –
Sumitriptan (5HT1D R agonist)

Anti-thrombotic/anticoagulants;

Thrombolytics (fibrinolytics) –
Streptokinase, alteplase

Anticoagulant – 
Warfarin, heparin

Anti-platelet drugs – 
Aspirin, clopidogrel, abciximab

Statins;
Simvastatin

NSAIDS;

Aspirin, ibuprofen, celecoxib

Diuretics;

Osmotic diuretics – mannitol
Carbonic anhydrase inhibitor – acetazolamide
Loop diuretic – frusemide
Thiazides – bendrofluazide
Potassium sparing diuretics – spironolactone, amiloride
Anti-emetics;

Promethazine (anti-histamine), metoclopramide (dopamine blocking agent), hyoscine (anti-muscarinic), ondansetron (5HT3 antagonist)

Gastric/Duodenal ulcers;

Antibiotics – 
Metronidazole, amoxycillin, clarithromycin

Inhibitors of gastric acid secretion – 
Omeprazole (proton pump inhibitors), cimetidine, ranitidine (H2 R antagonists)

Cytoprotective drugs – 
Sucralfate, bismuth chelate, misoprostal

Inflammatory bowel disease;

Glucocorticoids – 
Predisolone, fluticasone, budesonide

Aminosalicylates –
Sulfasalazine, mesalazine

Immunosuppressants –
Azathioprine

Respiratory disease;

Salbutamol, salmeterol (B2 receptor agonist), aminophylline (PDE inhibitor), ipratropium bromide (anticholinergic)

Drugs of abuse;

Opiates - Morphine, Heroin, codeine, methadone
Naloxone = opiate receptor antagonist

Cocaine (dopamine reuptake inhibitor)

Cannabis, Nicotine

Ethanol
Disulfiram = Ethanol aversion therapy

Antimicrobial drugs;

Antibiotics-
Co-trimoxazole, Penicillin type drugs, Cefotaxime, Tetracyclin, Chloramphenicol, Gentamicin, Isoniazid, Rifampicin, Pyrazinamide

Antifungal-
Nystatin, Miconazole

Antiviral-
Acyclovir, Zidovudine (AZT)



Anxiolytics;

Diazepam, oxazepam (benzodiazepines)
Buspirone (5HT1A agonist)

Sedatives/Hypnotics;

Temazepam (benzodiazepines)
Amobarbital (barbiturates)
Chloral hydrate

Anticonvulsants;

Phenytoin, carbamzepine, sodium valproate, vigabatrin, lamotrigine

Local anaesthetics;

Esters – cocaine
Amides – lidocaine

General anaesthetics;

Inhalation – nitrous oxide, halothane, enflurane 
Intravenous – Propofol, Etomidate

Antiparkinsonian/neuroleptics;

Parkinson's Disease -
L-DOPA, Bromocriptine, Carbidopa, Domperidone, Entacapone, Deprenyl

Schizophrenia-
Chlorpromazine, Haloperidol, Sulpiride, Clozapine

Cytotoxics;

Alkylating agents – cyclophosphamide

Antimetabolites – methotrexate

Antibiotics – bleomycin, doxorubicin

Plant alkaloids – Vincristine, etoposide

Miscellaneous – Procarbazine, cisplatin























Lectures/Tutorials

Drugs and heart 

Professor Alun Hughes
Learning objectives

1. To be able to describe the mechanisms regulating heart rate and contractility that are therapeutic targets in the heart
2. To be able to describe the determinants of myocardial oxygen supply and demand and how these are favourably influenced by
a. Beta blockers
b. Organic nitrates and potassium channel openers
c. Calcium antagonists
3. To know the major adverse effects of:
a. Beta blockers
b. Organic nitrates and potassium channel openers
c. Calcium antagonists
4. To know the basis of the Vaughan Williams classification and understand its limitations
5. Know the major uses of and be able to describe the mechanisms of action of:
a. Adenosine
b. Verapamil
c. Amiodarone
d. Digoxin and cardiac glycosides
6. To be able to describe the mechanisms of action of cardiac inotropes and their clinical uses


Drugs and the Heart 

1. Control of heart rate and contractility
Sympathetic system
The main effects of the sympathetic nervous system on the heart are:
· increased force of contraction (positive inotropic effect)
· increased heart rate (positive chronotropic effect)
· increased automaticity
· repolarization and restoration of function following generalized cardiac depolarization
· reduced cardiac efficiency (i.e. cardiac oxygen consumption is increased more than cardiac work)
These effects are largely due to activation of 1 adrenoceptors. Activation of 1 adrenoceptors stimulates adenyl cyclase resulting in production of cyclic AMP from ATP. This acts as an important intracellular messenger to increase intracellular Ca2+ (probably largely as a result of effects on L-type calcium channels and the sarcoplasmic reticulum) and stimulate Na-K ATPase in cardiac myocytes.

Parasympathetic system
Activation of the parasympathetic system results in:
· Cardiac slowing and reduced automaticity
· Inhibition of AV conduction

Preload and afterload
Cardiac work also depends on the load the heart experiences i.e. venous return (preload) or the impedance of the arterial circulation (afterload).

2. Myocardial oxygen consumption and angina
[image: ] The drugs used to treat the symptoms of angina improve the balance between supply and demand for oxygen.

Beta blockers
These agents act as competitive antagonists of 1 adrenoceptors and so prevent the adverse effects of sympathetic activity on the heart. An example is atenolol. These agents relieve the symptoms of angina and improve survival post myocardial infarction. They are also used in hypertension, heart failure, some cardiac dysrhythmias, thyrotoxicosis, glaucoma, anxiety states, benign familial tremor and migraine. Important adverse effects include: bronchospasm, cardiac failure, bradycardia, heart block, fatigue, cold extremities, exacerbation of peripheral arterial disease and hypoglycaemia in diabetics taking insulin.

Organic nitrates and potassium channel openers
Organic nitrates (such as glyceryl trinitrate) act mainly as venodilators reducing venous return (and cardiac work via the Frank Starling relationship). They act by releasing nitric oxide (NO). Nitrates may also have weak antiplatelet actions and cause coronary arterial vasodilation. Potassium channel openers used in angina (e.g. nicorandil) open KATP channels and also act as nitric oxide (NO) donors. These agents cause venodilation and arterial dilation. Adverse effects of nitrates include hypotension and headache.

Calcium antagonists
These agents act by binding to and inhibiting opening of L-type calcium channels. Verapamil and diltiazem have effects on the heart and blood vessels, while dihydropyridines (e.g. amlodipine) act mainly on blood vessels. All calcium antagonists cause arterial vasodilation and reduce cardiac workload by this mechanism. Verapamil also has negative inotropic and chronotropic actions as a result of reducing Ca2+ entry into cardiac myocytes. Calcium antagonists can cause flushing headaches, hypotension, ankle swelling. Verapamil can also cause heart block, heart failure and constipation.

3. Disturbances of rhythm
Vaughan Williams classification and its limitations
[image: ]The Vaughan Willams’ classification (I-IV) is widely cited but often not particularly helpful in predicting the effects of a particular antidysrhythmic agent and a number of useful agents cannot be classified by this system. The major sites of actions of class I-IV are shown in the figure.
Important antidysrhythmic agents include:

Adenosine
An endogenous mediator produced by the metabolism of ATP. It acts on A1 receptors to hyperpolarize cardiac tissue and slow conduction through the AV node. It is used intravenously to terminate superventricular tachyarrhythmias (SVT).
Verapamil
(pharmacology discussed above). Used to prevent recurrence of paroxysmal SVT and to reduce the ventricular rate in patients with atrial fibrillation provided they do not have Wolff-Parkinson-White or similar abnormal conduction pathways.
Amiodarone
Amiodarone is an effective antidysrhythmic useful for a number of superventricular and ventricular tachyarrhythmias. However it is accumulates in the body and has a number of important adverse effects on the skin, lungs and thyroid.
Digoxin and cardiac glycosides
Digoxin and other cardiac glycosides act as inhibitors of the Na-K ATPase (Na/K pump). The cardiac effects of digoxin are:
· Cardiac slowing and reduced rate of conduction through the AV node (largely as a result of central vagal stimulation)
· Increased force of contraction
· Disturbances of rhythm especially:
· Block of AV conduction
· Increased ectopic pacemaker activity
Digoxin is used to slow the ventricular rate in atrial fibrillation and is also used in heart failure for relief of symptoms. Adverse effects of digoxin are common and can be severe. Clinically important interactions occur with drugs that reduce digoxin excretion and tissue binding (e.g. amiodarone, verapamil) or agents that reduce plasma [K+] (e.g. diuretics).

4. Cardiac Inotropes
Agents that  the force of cardiac contraction are used to treat acute heart failure in some situations (e.g. after cardiac surgery or in cardiogenic or septic shock). Dobutamine is a 1 adrenoceptor agonist that can be used for this purpose to stimulate cardiac contraction as it doesn’t have too marked an effect on heart rate. The endogenous peptide hormone, glucagon is an alternative.
Inhibitors of phosphodiesterase, the enzyme that metabolizes cAMP, such as milrinone, have inotropic effects but despite increasing cardiac function in heart failure actually impair survival and at present inotropes are not used in chronic heart failure.

Suggested Reading
 Pharmacology (5th edition, 2003) (Rang, Dale, Ritter and Moore) - Chapter 17 in particular





























Drugs and the vasculature 

Professor Alun Hughes


Learning objectives

1. To be able to describe the mechanisms regulating vascular tone and peripheral vascular resistance.
2. To be able to describe how the various inhibitors of the renin angiotensin aldosterone system act (i.e. angiotensin converting enzyme inhibitors, angiotensin (AT1) receptor antagonists, aldosterone antagonists) and know the major indications for their use and their major adverse effects
3. To be able to describe how calcium channel antagonists cause vasodilation and know the major indications for their use and their major adverse effects
4. To be able to describe how inhibitors of the sympathetic nervous system act and know the major indications for their use and their major adverse effects
5. To be able to describe the mechanism of action of sumitriptan, why it is used in migraine and its major adverse effects
6. To be able to explain the principles underlying the treatment of hypertension and heart failure.


Drugs and the vasculature


1. Regulation of vascular tone
The contractile state of vascular smooth muscle regulates the diameter of arteries and veins and influences blood flow, blood pressure and venous return. The contractile state of vascular smooth muscle is controlled by a variety of neural, circulating and local factors (Figure). 
[image: ]

[Abbreviations A = angiotensin II, ACE = angiotensin converting enzyme, α = α-adrenoceptor, NPY = neuropeptide Y, ATP = adenosine trisphosphate, P2 = purinoceptor, TP = T prostanoid receptor, ETA/B = endothelin A and B receptors, NPR = natriuretic peptide receptor, IP = I prostanoid receptor, KIR = inward rectifying potassium channel, DAG = diacylglycerol, IP3 = inositol trisphosphate, BK = bradykinin, 5HT = 5-hydroxytryptamine, EDHF = endothelial hyperpolarizing factor, EET = epoxyeicosatetraenoic acid, PG = prostaglandin, CNP = C-type natriuretic peptide, ET-1 = endothelin].



2. Agents affecting the renin angiotensin aldosterone system
The renin-angiotensin-aldosterone system is an important regulator of blood pressure and sodium excretion. The synthetic pathways involved in producing angiotensin II are shown in the figure. Angiotensin II acts to constrict blood vessels, increase sympathetic nerve activity and increase sodium and water retention by the kidney. Most of these effects are mediated by the AT1 receptor. Aldosterone increases sodium retention by the kidney and may exert pro-fibrotic effects on the heart and vasculature. [image: ]

a. Angiotensin converting enzyme inhibitors
Drugs that inhibit the somatic form of angiotensin converting enzyme are termed ACE inhibitors. These drugs prevent the conversion of angiotensin I to angiotensin II by ACE and have proved useful in several cardiovascular diseases including: 
· hypertension
· heart failure
· post-myocardial infarction
· diabetic nephropathy
· progressive renal insufficiency
· patients at high risk of cardiovascular disease

Adverse effects of ACEI include hypotension, dry cough and, rarely, angioedema. 

b. Angiotensin (AT1) receptor antagonists
More recently antagonists of the AT1 receptor have also been developed to inhibit the effects of angiotensin II. These agents act as insurmountable (i.e. non-competitive) antagonists at AT1 receptor s. Clinical experience with these agents is less extensive than ACEI, but they are used in hypertension and may be an alternative for ACEI in patients who require these agents and cannot tolerate ACEI. 

c. Aldosterone antagonists
Spironolactone is an antagonist of the mineralocorticoid, aldosterone. It inhibits the sodium retaining effects of aldosterone. Spironolactone has limited diuretic effects, but is useful in heart failure and resistant cases of hypertension. Spironolactone can cause hyperkalemia as a result of its aldosterone antagonism and also exerts unwanted steroid-like effects such as gynaecomastia, menstrual disorders and testicular atrophy. 

d. Beta blockers
 The effect of beta blockers on blood pressure is complex and not fully understood. In addition to reducing cardiac output and inhibiting activity of the sympathetic nervous system via a prejunctional effect, these agents also inhibit renin release by the kidney by inhibiting the effect of the sympathetic nervous system on renin release (which is mediated by 1-adrenoceptors). 

3.	Vasodilators

a. Calcium channel antagonists
Calcium channel antagonists have been discussed elsewhere (Drugs and the Heart). Dihydropyridines act predominantly on the vasculature, but can produce reflex tachycardia as a result of their arterial vasodilator effects.

b. Hydralazine, nitroprusside and (organic nitrates*), (potassium channel openers*)
Hydralazine is a direct vasodilator that acts mainly on arteries and arterioles. In the absence of beta-blockade it causes a reflex tachycardia as a result of its vasodilator effects. It is not much used except in hypertension in pregnancy, as long term use can be associated with a lupus-like disorder. Organic nitrates and nicorandil are discussed in Drugs and the Heart. Other KATP channel openers (which lack NO donor activity) such as diazoxide cromokalim, or minoxidil are potent vasodilators, but are not much used in clinical practise. 

c. Alpha blockers and sympatholytics
Alpha blockers (competitive antagonists of α1-adrenoceptors), such as doxazosin, act as arterial vasodilators by inhibiting the vasoconstrictor effects of the sympathetic nervous system acting via α1‑adrenoceptors on vascular smooth muscle. They can induce postural hypotension and are only used as third or forth line agents in the treatment of hypertension. An irreversible non-selective alpha antagonist, phenoxybenzamine, is used to provide long-lasting alpha-blockade in pheochromocytoma (combined with a beta blocker).  Centrally acting antihypertensive agents include clonidine and -methydopa (2-adrenoceptor agonists), moxonidine (imadazoline agonist) and reserpine (depletes neuronal noradrenaline). These agents act by reducing sympathetic activity. They are generally not much used as many have a comparatively poor side effect profile. Adrenergic neuron blockers, such as guanethidine, are or only historical interest in terms of blood pressure lowering. Short acting ganglion blockers, such as trimetaphan, are occasionally used in anaesthesia to lower blood pressure.

4. Vasoconstrictors

a. Sumitriptan and Ergot alkaloids
Sumitriptan is an agonist at 5HT1D receptors and causes vasoconstriction of some large arteries and inhibits trigeminal nerve transmission. It is used to treat migraine attacks, but is contraindicated in patients with coronary disease as it also causes coronary vasoconstriction. Other ergot alkaloids are also used in migraine and probably act as 5HT1 receptor partial agonists but their usefulness is limited by side effects.
b. Sympathomimetic agents
Adrenaline, the endogenous catecholamine, produced by the adrenal gland is used in cardiac arrest and anaphylactic shock.


5. Clinical applications

5.1  Hypertension

[image: ]
5.2 Hert Failure

[image: ]


6. Suggested Reading
 
Pharmacology (5th edition, 2003) (Rang, Dale, Ritter and Moore, Churchill Livingstone; ISBN: 0443071454














Tutorial – Cardiovascular disease


The purpose of this tutorial session is for you to try and integrate your pharmacological and physiological knowledge as we explore the clinical management of a number of forms of cardiovascular disease.

You will be expected to contribute your understanding of the physiology of cardiac function, the control of vascular smooth muscle tone and the nature and importance of cardiovascular risk factors.  Similarly you will be expected to have a working knowledge of the major classes of drugs available for the treatment of cardiovascular diseases and their mechanism of action.

In order to get the most out of this tutorial you are required to read the relevant chapters in Rang, Dale and Ritter;

Chapter 14 – The Heart

Chapter 15 – The vascular system

Chapter 16 – Atherosclerosis and lipoprotein metabolism

Chapter 17 – Haemostasis and thrombosis.

Professor Alun Hughes / Dr Mike Schachter



Case Study 1

Mr Jones is a 62 year old man who is registering with a new GP. He feels well and has had no major medical problems. On routine examination his blood pressure is 170/105 mmHg. He is asked to rest for 5 minutes and his blood pressure is measured again: it is very similar and remains at this level on a couple of further visits over the next month.

How would you describe Mr Jones’ blood pressure?












Mr Jones, who is overweight at 82kg and a height of 1.72m, is advised to lose weight, increase his exercise levels, reduce his salt intake and stop smoking.
How might this help?










On returning to see his GP Mr Jones has managed to reduce his weight to 74kg but his blood pressure has not changed. Consequently the GP prescribes Mr Jones 2.5mg bendrofluazide daily
What are the two determinants of blood pressure?







What sort of drug is bendrafluazide and how does it act to lower blood pressure?






On returning to the GP eight weeks later Mr Jones blood pressure is measured at 165/100 mmHg. The GP tells Mr Jones to keep taking the bendrafluazide and further prescribes ramipril 2.5 mg daily.
What class of drug is ramipril and why is this the best choice for a second line treatment in this case?













Case Study 2

Mrs Smith is a 71 year old woman, who has suffered with long-standing atrial fibrillation.  Recently widowed she has moved in with her daughter and family, with all the upheaval in her life however she has not been taking her prescribed medication.
On registering with her daughters GP Mrs Smith is discovered to have a ventricular rate of 120 /min and complains of becoming very short of breath on exertion and has swollen ankles.
The GP prescribes Digoxin and warfarin.
Why would the GP prescribe these particular drugs?









What is their mechanism of action?



Case Study 3

Mr Brown, a relatively fit 50 year old, starts to suffer from chest pain following exertion. His GP prescribes sublingual GTN spray and refers Mr Brown to a specialist clinic for further investigations.
What is the likely diagnosis of Mr Brown's condition?


The results of Mr Brown’s investigations are all within normal limits with the exception of his cholesterol level, which is 9.6 with an LDL cholesterol of 7.5.
Mr Brown is prescribed three different drugs – simvastatin, bisoprolol and aspirin.
Why has Mr Brown been prescribed these drugs and by what mechanisms do these act?









Case study 4

Mrs Green is a 78 year old woman who complains to her GP of increasing tiredness, shortness of breath on exertion and swollen ankles. She is diagnosed as suffering from congestive heart failure.

What do you understand by this term?





Mrs Green is prescribed frusemide and perindopril.
What classes of drugs are these and how do they act?






On going back to her GP some months later she is prescribed another class of drug, which is to be introduced gradually, beginning at a low dose and titrating up
What class of drug is this likely to be and why is it introduced in this way?












Formative Assessment:


1. Dihydropyridine calcium channel blockers: 
A. inhibit calcium entry via the sodium calcium exchanger 
B. slow heart rate 
C. cause arterial vasodilation 
D. cause swollen ankles 
E. prolong bleeding time 

2. Increased parasympathetic activity in the cardiovascular system;  
A. increases heart rate				
B. decreases beat to beat variability		
C. decreases the risk of cardiac arrhythmias	
D. may occur during fainting (syncope)		
E. is reversed by atropine				
	
3. Beta blockers are useful in angina because they;
A. reduce heart rate 
B. cause vasoconstriction 
C. cause upregulation of alpha adrenoceptors 
D. decrease venous return 
E. reduce the incidence of sudden death 

4. Streptokinase
A. Activity can be diminished by previous streptococcal infection	
B. Activates plasminogen	
C. Is contraindicated in patients with peptic ulcer	
D. Prevents fibrin accumulation	
E. Improves outcome in DVT	

5. Warfarin
A. is administered intravenously						
B. activity is monitored by means of APTT					
C. effects can be reversed by Vitamin K					
D. is used in the treatment of acute MI					
E. activity affects only the extrinsic pathway of coagulatiuon			



















Atherosclerosis and lipid metabolism 

Dr Mike Schachter


Learning objectives

· To understand current concepts of the pathogenesis of atherosclerosis
· To focus on the role of lipids, particularly cholesterol, in the development of atherosclerosis
· To introduce the idea of lipid lowering therapies in the prevention and treatment of atherosclerotic vascular disease.




Atherosclerosis and lipid metabolism

“Atherosclerosis is an inflammatory fibroproliferatve disease”   Russell Ross
Some other key ideas:






































Non-Steroidal Anti-inflammatory Drugs (NSAIDs) 

Prof SF Smith: sue.smith@imperial.ac.uk


Learning Objectives
1. Give examples of at least three conditions for which NSAIDs are used clinically.
2. Describe the underlying mechanism of action by which all NSAIDs have their therapeutic effects.
3. Explain how this mechanism produces the analgesic, anti-inflammatory and antipyretic effects of NSAIDs.
4. List the most important side effects of NSAIDS, explain why these occur and what attempts have been made to minimise them.
5. Explain why selective COX-2 inhibitors have proved less successful than hoped
6. Explain why paracetamol is not a NSAID.
7. Identify the key difference between the mechanism of action of aspirin and other NSAIDs and explain how this difference can be harnessed clinically.


Introduction

The information given here is intended to complement the lecture and to help you focus your revision subsequently.
Key slides will be posted on the intranet and their study will be essential to fully address the learning objectives. 

NSAIDs are Non Steroidal Anti-Inflammatory Drugs. Globally, they are amongst the most widely prescribed drugs in the world and are also available over the counter, without a prescription. Although usually safe when used correctly, they can have extremely serious side-effects, particularly with long-term use or when used at high therapeutic doses.

Main uses of NSAIDs 

The main uses of NSAIDs other than aspirin are:
· As an analgesic for the relief of mild to moderate pain e.g. musculoskeletal pain, headache, toothache, dysmenorrhoea
· As an antipyretic to reduce fever
· As an anti-inflammatory drug for chronic control of inflammatory diseases such as rheumatoid arthritis and osteoarthritis
· In addition, aspirin only is used as an anti-aggregatory drug to inhibition platelet aggregation in patients who are at risk of stroke or myocardial infarct 

Mechanism of Action of NSAIDs

It is essential that you understand the mechanism of action of NSAIDs. They work by inhibiting the production of a family of lipid mediators called "prostanoids". The term "prostanoid" covers two sub-groups, the prostaglandins and the thromboxanes.  NSAIDS work by inhibiting the enzyme cyclo-oxygenase (COX) which is the rate limiting step for the production of all prostanoids from their parent compound, arachidonic acid.  Prostanoids are ubiquitous compounds, found in most tissues. They cannot be stored, but are released immediately they have been synthesised. They act through a large number of different, specific prostanoid receptors to produce a highly complex array of actions, some, but not all of which, are pro-inflammatory. In the lecture, we will consider some examples, which you should then be able to use predict what will happen when their synthesis is blocked by an NSAID. 
The diversity of actions of prostanoids explains why inhibiting their synthesis with NSAIDs can have many unwanted effects. 


The figure below summarises the site of action of the NSAIDs.
Arachidonic Acid
Cyclo-oxygenase  NSAIDS inhibit here
Prostaglandin H2
Prostacyclin
Prostaglandin I2
Prostaglandin E2
Prostaglandin D2
Prostaglandin F
Thromboxane A2














Cyclo-oxygenase Enzymes
There are two major isoforms of cyclo-oxygenase and at least one minor isoform. You need to know about the two major forms which are Cyclo-oxygenase 1 (COX-1) and Cyclo-oxygenase 2 (COX-2).  
COX-1 is constitutive (i.e. it is present all the time). It is found in many cell types and its main roles are in the regulation of homeostatic functions (make sure you can name some examples). 
In contrast, COX-2 is mainly inducible and by cell types than COX-1 and in particular by pro-inflammatory cells such as leukocytes. It has both pathological and physiological functions. 

Both COX isoforms catalyse two different reactions. The first step is an oxygenation, which converts arachidonate to PGG2. The second step is a peroxidation, catalysed by a different part of the enzyme, which converts PGG2 to the product PGH2. 

Aspirin
Aspirin is different to all other NSAIDs because it binds irreversibly to cyclo-oxygenase enzymes. The consequences of this are that its actions are much longer-lasting than those of other NSAIDs and can only be reversed by de novo synthesis of new enzyme. Aspirin  binds 200-fold more avidly to COX-1 than to COX-2. Therefore, as well as having analgesic, antipyretic and anti-inflammatory actions, it has a number of common, unwanted effects of which you must be aware. 
These are:
· Gastric irritation, ulceration, bleeding and, in extreme cases, perforation, 
· Reduced creatinine clearance and possible nephritis 
· Prolonged bleeding times, due to reduced platelet aggregation
· Bronchoconstrction in susceptible individuals.
Using the diagram below, explain the mechanism by which aspirin causes platelet aggregation and the reasons why other NSAIDS do not have this effect. 
[image: ]Platelets
Endothelial cells
Thromboxane A2
Prostacyclin
+
_
Platelet aggregation

Serious unwanted effects of NSAIDS
Other NSAIDs have the same side effects as aspirin (except for the prolonged bleeding time), but a lower incidence of these effects. This is because:
They inhibit cyclo-oxygenase reversibly (e.g. ibuprofen, indomethacin) not irreversibly
Side effects can be reduced by topical application
Gastric ulceration can be minimised by co-administration of a proton pump inhibitor

Use of COX-2 selective NSAIDS
Some inhibit COX-2 selectively (e.g. celecoxib). The NICE guidelines recommend that selective COX-2 inhibitors should only be used in patients at high risk of GI side effects, i.e.
· Those with a history of ulcers/GI bleeding
· Patients over 65
· Patients taking other drugs which increase risk of GI side-effects
· Patients needing maximal doses of NSAIDS long-term
The reason that COX-2 inhibitors are not recommended for use in all patients is that, whilst their use diminishes gastrointestinal risk, they increase the risk of cardiovascular events.  The reasons for this are currently poorly understood, but a contributory factor may be that they selectively inhibit PGI2 production whilst sparing the production of TxA2

Paracetamol

Paracetamol is a good analgesic for mild-to-moderate pain and also has antipyretic activity. However, it is not a NSAID because it has no anti-inflammatory activity. Its actions appear to be largely restricted to nervous tissue. Its mechanism of action is unclear.  

Paracetamol is generally a very safe drug, but in overdose it may cause irreversible liver failure, because high levels of one of its minor metabolites are produced. This metabolite is normally safely conjugated with glutathione, but if excess paracetamol is taken, glutathione levels are depleted and the metabolite oxidises thiol groups of hepatic enzymes causing cell death and fatal organ failure. If not promptly treated with acetylcysteine (or occasionally oral methionine), death may occur some days after the patient has taken the initial overdose. Legal restrictions on sales of paracetamol have significantly reduced the number of fatalities from overdose in the UK. 






Inflammatory Bowel Disease 

Prof Sue Smith

Learning objectives

The student should be able to:
· List the major forms of inflammatory bowel disease (IBD) and explain how they differ in terms of pathology and responsiveness to treatment.
· List the three major classes of drug used to treat the symptoms of these disorders and name one example of each.
· Describe a proposed mechanism of action for each class of drug.
· Describe the main beneficial effects and side-effects of each named drug and its key pharmacokinetic features. 
· Describe the strategies used to minimise the side-effects of each named drug.
· Summarise the advantages and disadvantages of biologic (monoclonal antibody) treatments for IBD administered alone and in combination with immunomodulators.


Inflammatory Bowel Disease
The information given here is intended to support the lecture. It is not as comprehensive as the lecture slides, but summarises key points

Background information
Inflammatory bowel disease (IBD) is divided into a number of different disorders, of which are Ulcerative colitis (UC) and Crohn’s disease (CD) will be considered here. Both are immune disorders which are believed to be triggered by an abnormal response to bacterial lipopolysaccharide.  Although the clinical distinction between UC and CD is not always absolutely clear-cut, they tend to have a number of distinctive features including their responsiveness to drug therapies: 

	
	Ulcerative colitis 
	Crohn’s disease 

	Autoimmune disease
	Th 1 / 2       mediated
	Th 1 / 2            mediated

	Gut layers affected 
	Only mucosa and submucosa /all layers
	Only mucosa and submucosa /all layers

	Regions of gut affected
	Any region / only colon
	Any region / only colon

	Inflamed areas are
	Continuous / patchy
	Continuous / patchy

	Abcesses/fissures/fistulae
	Are/are not a feature
	Are/are not a feature

	Surgery 
	Is always /is not always curative 
	Is always /is not always curative



Although IBD is rarely life-threatening, it can seriously damage patients' quality of life unless treated. Treatment falls into two parts, the treatment of active disease and the maintenance of remission in order to prevent relapse. Different therapies are often used to achieve these two different treatment aims. When medical treatments fail, surgery may be necessary. Surgery is curative in UC, but not always in patients with CD in whom the inflammation may subsequently flare up in a different region of the gastrointestinal tract.

Drug treatments for IBD

Treatments for IBD fall into three categories:
1. Supportive therapies 
2. Treatments to reduce inflammation and maintain remission
3. Biologic therapies.

Treatments for the reduction of inflammation 

Glucocorticoids 

Glucocorticoids (GCs) are anti-inflammatory drugs that activate intracellular GC receptors. The activated receptors then act as positive transcription factors, increasing the expression of anti-inflammatory genes or, more frequently, negative transcription factors, reducing the expression of pro-inflammatory genes. They act on many cell types and have powerful anti-inflammatory actions including a reduction in the influx and activation of pro-inflammatory cells and a reduced production of the mediators which cause vasodilation, fluid exudation (swelling), further inflammatory cell recruitment and tissue degradation. 

Additionally, GCs are potent immunosuppressive drugs, causing reductions in antigen presentation, cell proliferation and clonal expansion.

Because of structural similarities between synthetic GCs and the endogenous hormone, cortisol, GCs tend to have many unwanted side effects. The incidence and severity of side effects are closely related to the dose and duration of GC given. 

Unwanted effects of GCs are:
· Osteoporosis 
· Increased risk of Gastric ulceration 
· Suppression of HPA axis 
· Type II diabetes 
· Hypertension 
· Susceptibility to infection  
· Skin thinning, bruising and slow wound healing 
· Muscle wasting and buffalo hump 

GCs play a key role in the management of CD, so strategies have been developed for minimising their unwanted effects. These strategies include the use of tapered doses, the use of drugs with a high therapeutic index such as fluticasone, and topical administration (particularly of budesonide which has a high first pass metabolism in the liver and GIT). Because of their unwanted effects, GCs are best used to treat active disease rather than to maintain remission and prevent relapse. Despite their powerful anti-inflammatory actions, they are less effective than aminosalicylates (see below) in the treatment of UC.


Aminosalicylates

Aminosalicylates have fewer anti-inflammatory actions than GCs and no immunosuppressive effects and because of this, they are safer to use chronically for the maintenance of remission. They reduce the recruitment of inflammatory leukocytes and reduce the production of a number of inflammatory mediators. 
Aminosalicylates in current clinical use include Sulfasalazine, Mesalazine, Olsalazine 
The first to be used was sulfasalazine, but this has unwanted side effects due to its sulfapyridine moiety. These can be avoided by administering the therapeutically active component 5-aminosalicylic acid (ASA) also called mesalazine on its own. A newer drug, olsalazine, consists of 2 linked 5-ASA moieties. 

Except for 5-ASA given alone, all these derivatives are activated by the gut flora. 
It is therefore possible to control the site of absorption by modifying the route of drug administration and the exact formulation of the drug. You should know about the sorts of modifications which can be made to target the drugs to different parts of the GIT. 

Aminosalicylates are the first line treatment for ulcerative colitis.

Immunosuppressive agents : Azathioprine 

Azathioprine is used mainly to maintain remission in CD. It is a pro-drug which is activated by the gut flora to its active component 6-mercaptopurine, which, as its name indicates, is a purine analogue which works by interfering with purine biosynthesis and hence with DNA synthesis. It impairs cell- and antibody-mediated immune responses, mononuclear cell infiltration, lymphocyte proliferation and the synthesis of antibodies, whilst enhancing T cell apoptosis.


Because it is metabolised by the enzyme xanthine oxidase, it should not be administered with allopurinol, a drug used for the treatment of gout, which works by inhibiting this enzyme. 

Biologic therapies: monoclonal antibodies to specific pro-inflammatory cytokines or cell adhesion molecules
These drugs constitute the first generation of potentially curative therapies for the treatment of CD.  Infliximab (anti-TNFα) is demonstrating some success in patients with  previously intractable and steroid-dependent disease, although relapse is still common. The safety profile is general good, but some subjects can develop very serious side effects which can be severe.  Because Crohn’s Disease (unlike UC) is a Th1-mediated autoimmune disease, TNFα plays a key role in its pathogenesis, so anti- TNFα can be of therapeutic benefit. It reduces activation of TNFα receptors in the gut and hence, other inflammatory responses downstream of TNFα such as the production of other cytokines and the infiltration and activation of leukocytes are also reduced. 
Co-administration with immunomodulators reduces immunogenic side-effects, but increases the risk of serious infection (eg TB) and malignancy. Thus the risk/benefit equation must be considered for each patient individually. 
Infliximab and other drugs like it are likely to be very important for the future treatment of autoimmune disorders
































Haemostasis & Thrombosis 

Dr Sohag Saleh

Learning objectives
· Differentiate between the terms haemostasis and thrombosis 
· Outline the process of coagulation and the actions of drugs that affect production or activation of clotting factors
· Describe the process of platelet activation and the action of specific antiplatelet drugs
· Describe the actions of fibrin and the role of thrombolytic drugs 
· Understand which of these classes of drugs can be used in specific clinical situations.

The Basics
Blood flows through the circulatory system within blood vessels being pumped by the heart and provides oxygen and essential nutrients for all the cells of the body. However, blood is not a homogenous liquid and can be more accurately described as a heterogenous colloidal suspension, containing numerous cell types, proteins, lipoproteins and immunoglobulins (see table 1). 
Table 1: The constituents of blood
	Total constituents

	Blood cells (45%)
	Blood plasma (55%)

	
	Serum
	Clotting factors

	Erythrocytes (99%)
Leukocytes
Thrombocytes
	Water (90%)
Electrolytes (e.g. Na+, Cl-, HCO3)
Proteins (e.g. albumin)
Lipoproteins (e.g. cholesterol)
	Pro-coagulants
Prothrombin
Fibrinogen
Clotting factors V, VII-XIII
Anticoagulants
Tissue factor pathway inhibitor
Protein C
Protein S
Antithrombin III
Plasminogen















The liquid component of blood is known as plasma and comprises around 55% of the total blood content. The remaining 45% is made of blood cells namely erythrocytes (red blood cells), leukocytes (white blood cells) and thrombocytes (platelets). 

When a vessel becomes damaged it is important that the body repairs this as soon as possible to minimise any blood loss that may occur. Haemostasis is an essential physiological process where an impermeable platelet and fibrin plug or clot is formed at the site of the vessel injury. Therefore all of the components required for haemostasis are already present within the blood so that they are immediately available when required. However, this process can also occur pathophysiologically i.e. within the lumen or the walls of a blood vessel that it not ruptured. The pathophysiological clotting of blood is known as thrombosis and to prevent this from occurring there are numerous physiological anticoagulants already present within the blood (see below and table 1). 

	Physiological anticoagulants
Since the majority of the factors that are required to initiate blood coagulation are already present
within the blood it is imperative that the activities of these substances are tightly regulated.  
There are four major systems in place, which act at different stages of the coagulation process preventing unrestricted clot formation.

1. Tissue factor pathway inhibitor (TFPI) is a serine-protease inhibitor, which modulates initiation of coagulation induced by tissue factor (TF). 
2. Protein C is a protein, which is activated by thrombin. In the presence of its co-factor, protein S, activated protein C (APC) degrades factors Va and VIIIa.
3. Antithrombin III is also a serine-protease inhibitor, which inactivates factors IIa, IXa and Xa.
4. Plasmin is another serine-protease enzyme, which in its activated state initiates fibrinolysis. Activated plasmin also degrades numerous other circulating proteins and its activity is therefore tightly regulated by α2-antiplasmin. 

Disorders associated with haemostasis
The balance between physiological procoagulants and anticoagulants is carefully regulated to maintain normal blood flow. Perturbations within this system can result in either a greater tendency to bleed (haemophilia) or greater tendency to form pathophysiological blood clots (thrombophilia). Pathologies associated with haemostasis are either hereditary or acquired although some may contain elements from both components. This lecture will focus on clotting disorders rather than bleeding disorders.

Clotting disorders
Pathological blood clots arise when there are alterations in three key aspects of blood flow known as Virchow’s triad. These are:
1. The rate of blood flow: slow or static blood flow is more likely to coagulate
2. The constituents of the blood: Alterations in the components shown in table 1 
3. The blood vessel wall integrity: damage to the endothelium will increase clotting 
Perturbations in any of these parameters are associated with a greater tendency to form clots and these are generally acquired due to numerous issues including diet and lifestyle. 
It is however important to distinguish between arterial and venous thrombosis because they are associated with distinct risk factors and phenotypes. Arterial thromboses do not generally occur due to the deposition of a clot on the blood vessel wall within the lumen. In arteries a clot tends to form within an atherosclerotic plaque and this gives rise to a thrombus composed mainly of platelets and leukocytes often referred to as a ‘white thrombus’. 
Venous thromboses (red thrombus) are mainly composed of fibrin and erythrocytes with a small platelet component. Around 1 in 1000 people are affected by venous thrombosis in the UK.  And the most common disorder is deep vein thrombosis (DVT). DVT is the formation of a blood clot within one of the deep veins commonly occurring in the femoral or popliteal veins of the leg. This condition arises due to a stagnating blood flow (point 1 in Virchow’s triad) and is associated with air travel but can often remain undetected when there are no symptoms. When symptoms are present they can include pain, redness and swelling. However, if the clot dissociates from its original location and enters the circulation it eventually gets trapped within the pulmonary artery forming a pulmonary embolism. This is a serious condition and can result in death if untreated.
In terms of the constituents of blood the most common hereditary disorder arises due to a mutation in the factor V gene and is commonly known as factor V Leiden. This mutation gives rise to a factor V that can no longer be inactivated by activated protein C and the risk of thrombosis is increased 5-10 fold in heterozygotes in 50-100 fold in homozygotes. Other rare hereditary mutations resulting in thrombophilia include deficiencies or functional abnormalities in protein C, protein S or antithrombin.   

 Diseases associated with thrombosis
Venous
Arterial
Arteries
Aortic aneurysm
PAD
Heart
A cute Coronary 
Syndrome
Atrial fibrillation
Brain
Stroke
Deep vein thrombosis
Pulmonary embolism

Figure 1: Diseases associated with thrombosis.

The process of coagulation
The process of coagulation involves a number of pro-coagulant clotting factors already present within the blood and these exist as zymogens, which are activated by proteolysis. It involves a complex cascade of events historically divided into two pathways known as the extrinsic (tissue factor) and intrinsic (contact) pathways. However, the coagulation cascade does not take any of the involved cell types into account and is not particularly intuitive, therefore to understand the pharmacology of the drugs used in the treatment of thrombosis I will be using the cell-based model of coagulation.
This model consists of three phases known as the initiation phase, the amplification phase and the propagation phase. The processes that occur at each phase are very briefly summarised below.
1. Initiation
This step is localised to the cells that express tissue factor (TF), which are normally found outside the vasculature. The initiation phase involves the small scale production of thrombin mediated by tissue factor bearing cells. 
2. Amplification
The coagulation process only proceeds to the amplification phase when the TF- bearing cells come into contact (i) platelets which are only present within blood vessels and (ii) the factor VIII/ von Willebrand factor (vWF) complex, which is only released when the vascular endothelium is damaged. The amplification phase sets the stage for subsequent large-scale thrombin production and involves thrombin-mediated activation of factors V, VIII, IX on the surface of platelets. 
3. Propagation
The phase predominantly occurs on the surface of the platelets that have been recruited to the site of injury. It involves large scale production of thrombin on the surface of activated platelets resulting in the formation of fibrin strands, which are key constituents of a blood clot.  

The drugs used in the treatment of thrombosis can also be broadly categorised into three sections, which correlate reasonably well with the three stages of the cell-based theory of coagulation.
1. The drugs that directly or indirectly target the zymogen clotting factors are known as anticoagulants and these will affect all three stages of coagulation
2. The antiplatelet drugs affect processes involved in platelet aggregation and these drugs will only act on stages 2 & 3 of the cell-based theory of coagulation
3. The thrombolytic (or fibrinolytic) drugs are able to dissolve the fibrin strands holding the clot together and these drugs will only affect the final stage of coagulation.
The drugs currently licensed for the treatment of coagulation disorders are tabulated below.

Drugs used in the treatment of thrombosis
There are three classes of drugs used in the prophylaxis (prevention) and treatment of pathological blood clots; the anti-platelets, the anticoagulants and the thrombolytics (fibrinolytics).

	1. Antiplatelets

	COX-1 inhibitor
	Aspirin
	Irreversibly acetylates a serine residue on the COX enzyme. 
More effective anticoagulant at lower concentrations due to a reduced effect on endothelial COX, which is involved in the production of PGI2.


	ADP receptor antagonists
	Clopidogrel 



Prasugrel 

	An oral antiplatelet agent that irreversibly blocks the P2Y12 ADP receptor subtype. Acts as a pro-drug that must be metabolized by the liver to generate the active metabolite. 

Approved in 2009 for treatment in patients with ACS in combination with aspirin

	
	Ticagrelor 
	Approved in 2010 for treatment in patients with ACS in combination with aspirin

	GP IIb/IIIa receptor antagonist
	Abciximab 



Tirofiban 



Eptifibatide 


	An intravenously administered chimeric human/mouse monoclonal antibody raised against the GPIIb/IIIa receptor. Used for the prevention of ischaemia undergoing PCI 

An intravenously administered non-peptide glycoprotein IIb/IIIa receptor antagonist. Used for the prophylaxis of MI in patients with unstable angina in combination with heparin and aspirin

An intravenously administered peptide glycoprotein IIb/IIIa receptor antagonist used for the prophylaxis of MI in patients with unstable angina



Abbreviations used: COX=cyclo-oxygenase; PGI2=prostaglandin I2; ADP=adenosine diphosphate; ACS=Acute coronary syndrome; GP=glycoprotein; f=factor; s.c.=subcutaneous; HIT=heparin induced thrombocytopenia; PAR=protease-activated receptor



















	2. Anticoagulants

	Indirect thrombin inhibitors
	Heparin (unfractionated)



Low Molecular Weight Heparins e.g. Enaxoparin and Dalteparin



Fondaparinux 



Rivaroxaban 
	Acts by exerting a conformational change on ATIII making the enzyme significantly more potent, thus inhibiting thrombin and fXa. Has a short half- life (~ 1hour) and must be given at regular intervals or by continuous infusion.. 

Partially digested heparin lacking the thrombin binding region and mainly effective at inhibiting fXa. More reproducible pharmacokinetics and longer half-life therefore only s.c. injection 1-2 times a day.



A pentasaccharide derived from the portion of heparin that binds to ATIII. It is a selective factor Xa inhibitor that requires daily subcutaneous injections.

First orally available direct inhibitor of fXa. Approved in UK in 2008 for the prophylaxis of venous thromboembolism during surgery

	Direct thrombin inhibitors (DTIs)
	Lepirudin 



Bivalirudin 



Dabigatran 
	A recombinant derivative of the naturally occurring leech anticoagulant Hirudin, which directly inhibits thrombin and is approved for the treatment of HIT.

A specific and reversible inhibitor of thrombin with a short duration of action as is recommended as the first line agent for patients with HIT undergoing PCI.

First orally available DTI. Approved in UK in 2008 for the prophylaxis of venous thromboembolism during surgery


	Vitamin K antagonists
	Warfarin
	Vitamin K is essential for the formation of thrombinase, fVII, fIX and fX. Coumarin is a naturally occurring compound that inhibits coagulation by preventing the reduction of vitamin K. The most commonly used oral anticoagulant.



	3.Thrombolytics

	Plasminogen activators (PA)
	Streptokinase

	Extracted from -haemolytic streptococci bacteria and is a plasminogen activator. It is administered intravenously as soon as possible following a myocardial infarction to dissolve the clots. However, since streptokinase is a bacterial product the body will develop immunity


	Recombinant tissue PA analogues
	Reteplase 


Alteplase 


Tenecteplase 
	A non-glycosylated form of human tPA administered by i.v. injection and used to treat acute MI

A human tPA analogue administered by i.v. injection and recommended for the treatment of MI and ischemic stroke. 

A genetically engineered variant of alteplase with three mutations designed to increase plasma half-life, potency and reduce PA inhibitor inactivation.



Anti-emetics 

Prof Glenda Gillies 

Learning objectives within session

· To describe, in broad terms, the control of vomiting (see Fig.)
· To state the receptor specificity, the main sites of action and the specific antiemetic uses of promethazine, metoclopramide, hyoscine and ondansetreon (see Fig.).
· To list the main pharmacokinetic features and unwanted actions of specific drugs.


ANTIEMETIC / ANTINAUSEANT DRUGS

[image: Vomiting pathways Students]

These drugs are indicated ONLY when the cause of the nausea/vomiting is known, otherwise they mask the diagnosis of potentially serious conditions,e.g. digoxin excess, diabetic ketoacidosis.

1. PROMETHAZINE  (a phenothiazine derivative)

MODE OF ACTION
· Acts as a competitive antagonist at 

· Order of potency of antagonistic activity: 


· Acts centrally (labyrinth, NTS, vomiting centre) to block activation of vomiting centre.


c.f. other phenothiazines, which are used as neuroleptic drugs, have a different order of potency with greater antagonistic effects at D2 receptors.

USE AS AN ANTI-EMETIC
· Motion sickness – normally used prophylactically, but some benefit may be gained if it is taken after the onset of nausea and vomiting
· Disorders of the labyrinth eg, Meniere’s disease
· Hyperemesis gravidarium
· Pre- and post-operatively (sedative and anti-muscarinic action are also useful).

Other uses (see relevant parts of course for further details)
Relief of allergic symptoms
Anaphylactic emergency
Night sedation; insomnia


UNWANTED EFFECTS
· Dizziness
· Tinnitus
· Fatigue
· Sedation (‘do not drive or operate machinery’)
· Excitation in excess
· Convulsions (children more susceptible)
· Antimuscarininc side-effects

PHARMACOKINETIC CONSIDERATIONS
· Administer orally
· Onset of action 1-2 hours
· Maximum effect circa 4 hours
· Duration of action 24 hours


2. METOCLOPRAMIDE,

MODE OF ACTION
· Order of antagonistic potency: 
· Acts centrally,
· Acts in the gastrointestinal tract

NOTE: care must be taken with the bioavailabilty of co-administered drugs
	eg. 	
		

USE 
Used to treat nausea and vomiting associated with:
· uraemia (severe renal failure)
· radiation sickness
· gastrointestinal disorders
· cancer chemotherapy (high doses) eg. Cisplatin (intractable vomiting)

UNWANTED EFFECTS
In CNS
· drowsiness
· dizziness
· anxiety
· extrapyramidal reactions; children more susceptible than adults (Parkinsonian-like syndrome: rigidity, tremor, motor restlessness)

NOTE: 
In the endocrine system
· hyperprolactinaemia
· galactorrhoea
· disorders of menstruation

PHARMACOKINETIC CONSIDERATIONS
· may be administered orally; rapidly absorbed; extensive first pass metabolism
· may also be given i.v.
· crosses BBB
· crosses placenta


3. HYOSCINE

MODE OF ACTION
· Order of antagonistic potency
· Acts centrally,

USE AS AN ANTI-EMETIC
· Prevention of motion sickness
· Has little effects once nausea/emesis is established
· In operative pre-medication
NOTE: Atropine is less effective

UNWANTED EFFECTS
Typical anti-muscarinic side-effects:
· drowsiness
· dry mouth
· cycloplegia
· mydriasis
· constipation (not usually at anti-emetic doses)

PHARMACOKINETIC CONSIDERATIONS
Can be administered orally (peak effect in 1-2 hours), i.v., transdermally



4. ONDANSETRON, 

MODE OF ACTION


USE AS AN ANTI-EMETIC
· main use in preventing anticancer drug-induced vomiting, especially cisplatin
· radiotherapy-induced sickness
· post-operative nausea and vomiting

Other uses

UNWANTED EFFECTS
· headache
· sensation of flushing and warmth
· increased large bowel transit time (constipation)

PHARMACOKINETIC CONSIDERATIONS
Administer orally; well absorbed, excreted in urine





























Treatment of gastric and duodenal ulcers 

Prof Glenda Gillies 


Reference texts:

· Page C, Curtis M, Sutter M, Walker M, Hoffman B.‘Integrated Pharmacology’ Second edition. Editors  Mosby International Ltd 2002.
· Rang, H.P, Dale, M. andRitter, JM "Pharmacology". Churchill Livingstone Fourth Edition 1999

Learning objectives:

1. 	Describe the factors that impinge on the development of peptic ulcer disease.
2. 	Explain why antibiotics feature prominently in the treatment of peptic ulcer disease.
3. 	Using named examples, explain, with the use of a clearly labelled diagram, the mechanisms by which proton pump inhibitors and histamine (H2) receptor antagonists promote the healing of gastric ulcers
4. 	Explain why misoprostol may be used in the treatment of iatrogenic peptic ulcer disease.
5. 	Describe the mechanisms by which sucralphate and bismuth chelate are thought to be useful anti-ulcer drugs.
6. 	Provide two examples of ‘triple therapy’ for peptic ulcer disease.
7. 	What do you understand by the term ‘gastroesophageal reflux disease’ and how may it be treated?

Treatment of gastric and duodenal ulcers

The integrity of the gastrointestinal mucosal barrier is important in maintaining a disease-free state. The following protective factors lubricate ingested food and protect the stomach from attack by acid and enzymes:
i)
ii)
iii)

Other factors, which are needed to convert food into a thick semi-liquid paste (chyme) have the potential to damage the gastrointestinal mucosal barrier:
i)
ii)

Peptic ulcer disease

Imbalance of these factors causes peptic ulcer disease (duodenal and gastric)
· Underlying pathology
· Cause
· Risk factors
· Prevalence
Drug treatments are aimed at eliminating the cause of mucosal damage and promoting ulcer healing.


1. 	ANTIBIOTICS to eliminate Helicobacter pylori: 

· Rationale for their use.



· Risk factors for acquiring infection
· Methods of transmission
· Success of eradication (aim for 90% eradication within 7-14 days)

· Typical examples of  “triple therapy” which is currently best practice in treating peptic ulcer disease
1. Metronidazole/amoxycillin, clarithromycin, proton pump inhibitor

2. H2 receptor antagonist, clarithromycin, bismuth


· 3 problems with triple therapy




2. 	INHIBITORS OF GASTRIC ACID SECRETION. 
Refer to diagram on control of gastric acid secretion

i) Proton pump inhibitors (PPIs) eg. Omeprazole, inhibit acid secretion by >90%


ii) Histamine type 2 (H2) receptor antagonists, e.g. cimetidine, ranitidine, inhibit gastric acid secretion by approximately 60% and are less effective at healing ulcers than PPIs


iii) Why do anti-muscarinic drugs have little value as anti-ulcer drugs?


3. 	‘CYTOPROTECTIVE’ DRUGS 
These drugs enhance mucosal production mechanisms and/or build a physical barrier over the ulcer.

i) Sucralfate is a polymer containing aluminium hydroxide and sucrose octa-sulphate.
· How does it act?


· What are its side effects?


ii) Bismuth chelate acts similarly to sucralfate; it is used in triple therapy, usually in resistant cases.

iii) Misoprostol is a stable analogue of PGE1.
Explain why misoprostol may be co-prescribed with oral non-steroidal anti-inflammatory drugs (NSAIDS) when used chronically.

4. 	ANTACIDS 
Mainly salts of Al3+ and Mg2+ that neutralize acid, raise gastric pH and reduce pepsin activity. 







Gastroesophageal reflux disease (GERD)
[image: ]In this condition stomach and duodenal contents reflux into the oesophagus. What are the consequences of this condition and how may it be treated?






































Respiratory disease tutorial 


RESPIRATORY PHARMACOLOGY WORKSHOP

INTRODUCTION

Drugs which are commonly used to treat diseases of the respiratory tract can be grouped into one of four main categories:

1. Drugs which modulate the autonomic regulation (including those affecting second messenger systems)
2. Anti-inflammatory drugs
3. Anti-microbial drugs
4. Drugs used to treat cancer.

In this session we will concentrate on drugs in the first two categories. These drugs are used primarily to relieve the symptoms of asthma and other chronic obstructive pulmonary disease.
The aims of the session are:
a) to review the autonomic innervation of the respiratory tract
b) to examine the effects of named drugs on airway resistance.


NERVOUS CONTROL OF THE AIRWAYS

The tone of the bronchial muscle is controlled by autonomic nerves. Because the bronchial muscle is arranged in a circular fashion around the bronchi, the degree of tone has a significant  effect on airway resistance.  Dilatation of the bronchi in a normal individual decreases resistance by 25% and bronchoconstriction increases airway resistance. The resistance to airflow is inversely proportional to the fourth power of the airway radius, so a small change in airway diameter can have a large effect on resistance and hence on the difficulty of breathing.

					
					    Airway lumen		
 
			d
	




					Smooth Muscle
		      Relaxed					     Contracted
		airway diameter (dr)				airway diameter (dc)



					
resistance					      resistance	


			dr						dc

Respiratory Pharmacology

Drugs can be used to alter the degree of tone in the airways smooth muscle, and hence the resistance to flow in airways. They are used to facilitate breathing. 
In this session, we will focus on drugs which affect the tone of airways smooth muscle. 

QUESTIONS

1. Label the diagram with the neurotransmitter or hormone released from each site and the receptor which is stimulated at each site.  Don’t forget the neurotransmitters and receptors at the parasympathetic ganglion and the sympathetic outflow to the adrenal medulla.

Sources of neurotransmitters/hormones stimulating  human airway smooth muscle (simplified)
ACh – acetyl choline; Ad – adrenaline/ epinephrine
N – nicotinic receptor; M – muscarinic receptor; β2 - β 2 adrenoceptor
					
																			Airway Smooth Muscle
             receptors


										

								                  Ganglion			
										           
Parasympathetic (Vagus)								 
Nerve									
	
							       				
Sympathetic										
nerve 
Adrenal Medulla                    Blood Supply



2.  Acetyl choline (ACh) is an endogenous neurotransmitter. 
In which parts of the autonomic nervous system is it found?




Is it an agonist or an antagonist?		

What type of receptors does it activate?	

Why are the effects of ACh transient?



The action of ACh in the respiratory tract mimics the stimulation of which nerve?




What is airway resistance and what factors contribute to airway resistance in man? 




What effect would administration of ACh or autonomic nerve stimulation of airway smooth muscle have on airway resistance?  Draw a labelled graph to illustrate this below





 



                                                                      



	
				


What would you predict that prior administration of a muscarinic antagonist would do to the shape of this curve and why?




	What side effects would you expect a muscarinic antagonist to have?





	How might you overcome these problems to produce a therapeutically useful drug?
	
	




	Ipratropium bromide is a muscarinic antagonist in current clinical use for the treatment of



3. 	Histamine is a bronchoconstrictor which may be released in the airways as part of an allergic response, for example in patients with asthma. 

What cell type produces histamine in man?	




	Despite the fact that histamine may be released into the airways of asthmatics, histamine antagonists are not used for the day-to-day control of asthma – can you suggest why not?




	


4. Inhibition of leukotrienes

What is the precursor involved in the production of leukotrienes?





What leukotrienes are produced in the airways? Assuming they are all bronchoconstrictors, explain their effect on airway resistance.



		

In some, but not all, asthmatic subjects, treatment with a leukotriene antagonist is beneficial, reducing the requirement for glucocorticosteroid inhalers. What alternative strategy could be used to ameliorate the effect of endogenous leukotrienes in these subjects?




5.	β-adrenoceptor agonists

	What endogenous compound normally activates β 2-adrenoceptors in airway smooth muscle?



	
This compound was one of the earliest treatments for patients suffering from life-threatening bronchospasm. What would be the most serious possible side effect of such treatment? 



Isoprenaline is a non-selective synthetic β-adrenoceptor agonist whilst salbutamol, is a selective β2-adrenoceptor agonist. Both have been used for the treatment of asthma. What advantages does salbutamol confer over isoprenaline?








What signal transduction system is linked to the β 2-adrenoceptor? 

Sketch the main elements of the pathway which result in smooth muscle relaxation.

















Study the pathway. Suggest a way in which smooth muscle relaxation may be enhanced other than by activation of the receptor. (HINT: think of a way of increasing intracellular cAMP). 
Aminophylline is a drug which is sometimes used for the symptomatic relief of asthma. It’s mechanism of action is not entirely clear, but probably involves an increase in cAMP.  It is not greatly favoured in the UK. Can you suggest why not?



Formative Assessment:


1. Dobutamine
A. is a long acting oral preparation						
B. may be used to treat acute heart failure					
C. has negligible effects on peripheral vasculature				
D. is useful in the treatment of asthma					
E. may be used to treat threatened, uncomplicated premature labour	

2. Inflammation in atherosclerosis;
A. is important only in the early stages of the disease			
B. may be associated with modified LDL particles				
C. may be suppressed by statins and fibrates					
D. mainly involves neutrophils							
E. is usually best reflected by erythrocyte sedimentation rate (ESR)

1. Aspirin;		
A. reversibly inhibits cyclooxygenase enzymes				
B. increases bleeding time							
C. can induce bronchospasm						
D. increases the activity of heparin					
E. induces thromboxane A2 synthesis	

4. Anaphylaxis;
A. can be treated by an injection of noradrenaline				
B. involves respiratory difficulty and/or hypotension 				
C. is a local allergic reaction						
D. requires previous exposure to the antigen				
E. is a type 1 hypersensitivity response	

5. Thiazides;		

A. are used in the treatment of hypertension 
B. exert diuretic effects which are due mainly to blockade of carbonic anhydrase 
C. promote K+ excretion 
D. often cause hypoglycaemia 
E. are useful in the treatment of heart failure
					











Adverse Drug Reactions and Interactions 

Dr Mike Schachter

Learning objectives

1. To appreciate the clinical significance of adverse drug reactions (ADRs)
2. To understand the ways in which ADRs can be categorised and why this is of practical relevance in prescribing
3. To understand nature of drug interactions, especially if these lead to important ADRs

Adverse Drug Reactions and Interactions

See Aronson JK, Ferner RE . Joining the DoTS: new approach to classifying adverse drug reactions.  BMJ 2003; 3217:1222-1225 (online) from which the tables are adapted 

Table A  Evolution of classifications of adverse drug reactions based on dose relatedness and time course

	Authors
	Dose related classification
	Time related classification

	Haber 1924
	Haber’s Law: the severity of a reaction is a function of concentration and the 
duration of exposure

	Wayne 1958
	Distinguishes predictable and unpredictable effects
	 

	Lasagna 1964
	Distinguishes predictable and unpredictable effects
	 

	Levine 1973
	Distinguishes dose related and non-dose related reactions
	Distinguishes acute, subacute, and 
chronic toxic reactions

	Wade and Beeley 1976
	Distinguishes dose related and non-dose related effects
	Distinguish long term and teratogenic effects

	Rawlins and Thompson,1977 
	Propose two types of adverse drug reaction: A and B 
	 

	Grahame-Smith and Aronson 1984
	Classify types A and B as dose related and non-dose related reactions
	Add two time related categories: long
 term and delayed

	Hoigné et al 1990
	 
	Distinguish acute, subacute, and latent allergic reactions

	Park et al., 1992
	 
	Label Grahame-Smith and Aronson’s
 categories types C (long term) and D (delayed)

	Laurence and Bennett 1992
	 
	Split type C into two types, type C (continuous) and type E (end of use)

	Ferner and Mann, 1997w11
	 
	Distinguish five patterns of time 
course

	Aronson and Ferner 2003 (this paper)
	Distinguish three types of dose related adverse reactions: toxic effects, collateral effects, hypersusceptibility
	Distinguish time dependent and time independent reactions



Table B  Time related classification of adverse drug reactions 
  
	Type of reaction
	Examples
	Implications

	Time independent
	 
	 

	Due to change in dose or concentration (pharmaceutical effects)
	Toxicity due to increased systemic availability
	Beware of changing formulations of 
some drugs (eg modified-release formulations of lithium)

	Due to change in dose or concentration (pharmacokinetic effects)
	Digitalis toxicity due to renal insufficiency
	Forewarn the patient; monitor 
carefully throughout treatment; alter dosage when pharmacokinetics 
change (eg renal insufficiency); avoid interacting drugs

	Occurs without change in dose (pharmacodynamic effects)
	Digitalis toxicity due to hypokalaemia
	Forewarn patient; monitor carefully throughout treatment; avoid
 precipitating (pharmacodynamic) 
factors; avoid interacting drugs

	Time dependent
	 
	 

	Rapid (due to rapid administration)
	Red man syndrome (vancomycin)
	Administer slowly

	 
	Hypertension (digitalis)
	 

	 
	Hypotension (iodipamide)
	 

	First dose [of a course]
	Hypotension (1 adrenoceptor antagonists and angiotensin converting enzyme inhibitors)
	Take special precautions for the first
 dose

	 
	Type I hypersensitivity reactions 
	Careful history taking; if a reaction 
occurs, avoid re-exposure; counsel the patient

	Early (abates with repeated exposure)
	Adverse reactions that involve tolerance (eg nitrate induced headache)
	Monitor during early stages; give appropriate reassurance; expect 
adverse effects if strategies to avoid tolerance are adopted

	Intermediate (risk increases at first, then diminishes)
	Venous thromboembolism (antipsychotic drugs)
	Monitoring not needed after the high
 risk period unless susceptibility
 changes; withdraw drug if a reaction develops

	
	Hypersensitivity reactions types II, III, and IV
	

	Late (risk increases with time)
	Osteoporosis (corticosteroids)
	Assess baseline function; forewarn the patient; monitor periodically during prolonged treatment

	 
	Tardive dyskinesia (dopamine receptor antagonists)
	

	 
	Retinopathy (chloroquine)
	 

	 
	Tissue phospholipid deposition (amiodarone)
	 

	 
	Withdrawal syndromes: opiates, benzodiazepines, hypertension (clonidine and methyldopa), myocardial infarction ( blockers)
	Withdraw slowly; forewarn the patient; replace with longer acting drug if withdrawal is not possible

	Delayed
	Carcinogenesis (ciclosporin, diethylstilbestrol)
	Avoid or screen; counsel or forewarn the patient

	 
	Teratogenesis (thalidomide)
	 



Drug interactions

· Pharmacodynamic
· Related to the drug’s effects in the body
· Receptor site occupancy, or
· Interactions at different receptors, same organ/system
· Pharmacokinetic
· Related to the body’s effects on the drug
· Absorption, distribution, metabolism, elimination
· Metabolism probably most important

Cytochrome P450 system most crucial for handling of commonly used drugs
PHARMACOGENETICS WORKBOOK 




GENERAL INTRODUCTION

It is well recognised that the clinical response to a drug may vary widely between individuals. This variation in response may occur for two principle reasons;

1) Pharmacodynamic
	Different responses of cells, tissues and organs to an equal stimulation 
	(e.g. variation in receptor sensitivity, density and nature)

2) Pharmacokinetic
	Different concentrations of drug or active metabolite actually reaching the cell
	(e.g. factors affecting absorption, distribution, metabolism and excretion)

Such observable differences arise from a complex interplay of many factors, but these can be grouped under two major headings; either environmental (nurture) or genetic (nature). The only factors which in isolation may generally give rise to more than a 2- to 3- fold difference between individuals are those which are genetically controlled.

***************

GENETIC CONTROL

Polygenic control

Several genes act together to give rise to a CONTINUOUS or UNIMODAL (GAUSSIAN) distribution of the measured variable. It is not possible to recognise or discern the influences of single genes.



Although it is not possible to divide the population into groups of individuals with identifiably different characteristics, remember that individuals remain at the same position within the distribution and that there may be large quantitative differences between the extremes of this distribution.

Example in Drug Metabolism:
· Salicylate conjugation with glycine or glucuronic acid


Monogenic control

Owing to the action of a single gene that has a large overriding effect. This gives rise to a DISCONTINUOUS or MULTIMODAL distribution of the measured variable. An observed bimodality, for example, would strongly suggest that the population consisted of two types of individual with regard to the property measured. These would be two PHENOTYPES.

[image: fig2]

The incidence within the population of individuals who are ‘different’ from the majority, and comprise one of the modes, may be low or high. If the incidence is low the phenomenon is termed a ‘rare trait’ or ‘inborn error’, if it is high (above 1%) it is termed a ‘polymorphism’.

Example in Drug Metabolism:

(a)	 Rare trait	
· succinylcholine hydrolysis by plasma cholinesterase
	(incidence of low enzyme activity is about 0.05-0.025%)
(b)	 Polymorphism 
· debrisoquine (+ other drugs) hydroxylation by cytochrome P450 2D6 
(incidence of low enzyme activity is about 7-10% in Europeans, 1-2% in Orientals)
· sulphadimidine (+other drugs) N-acetylation by N-acetyltransferase
	(incidence of low enzyme activity is about 50% in Europeans)


FAMILY STUDIES

Phenotype differences arise owing to genotype differences, that is, when there are two or more allelic forms of the genetic information at a gene locus. In the simplest situation two variant alleles act on one locus to determine enzyme activity (expressed through protein synthesis). If the individual alleles (one from each parent) are expressed differently (through different amounts of protein being synthesised or, more commonly, through a different protein being synthesised), then a polymorphism will result.

For example, if one allele (F) confers FAST enzyme activity and another allele (S) confers SLOW enzyme activity, the possible GENOTYPES will be:

	F x F 	Homozygous FAST metaboliser
	F x S 	Heterozygous metaboliser
	S x F 	Heterozygous metaboliser
	S x S 	Homozygous SLOW metaboliser

If neither the fast nor the slow trait is DOMINANT then all three GENOTYPES will appear in the population as three PHENOTYPES of slow, intermediate and fast enzyme activity. Three modes will therefore be seen in the population distribution of enzyme activities.

However, if, for example, the fast trait is dominant to the slow trait, then the heterozygotes (F x S; S x F) will appear as PHENOTYPICALLY fast metabolisers. If conversely the slow trait is dominant (the fast trait is RECESSIVE) then the heterozygotes will appear as PHENOTYPICALLY slow metabolisers. In both cases two modes will be seen in the population distribution.

The mode of inheritance (dominant or recessive) can be investigated by studying family units. Such PEDIGREE studies can reveal whether or not a trait is inherited in accordance with simple MENDELIAN models of inheritance.

The key, remember, lies with identifying the PHENOTYPE of the HETEROZYGOTE GENOTYPE.

In practice, however, other minor genetic influences and non-genetic factors may blur the distinction and it may not always be possible to totally resolve the population modes.


WORKSHEETS

We are going to consider a polymorphism in drug metabolism that has been known for many years. This is the N-acetylation polymorphism. The first indication that individuals may vary in their ability to undertake N-acetylation reactions occurred during the treatment of tuberculosis with the drug, isoniazid. Unusual and unexpected adverse reactions observed during its clinical use led to further investigations, a realisation that some individuals were not metabolising the drug as well as others and therefore effectively overdosing, and the uncovering of this polymorphism. Other drugs, such as the sulphonamides, were also shown to undergo polymorphic N-acetylation. The enzyme(s) involved in these reactions are known as N-acetyltransferases (NAT).


PART 1

(A)  Population Study

One hundred and ninety-six (196) treated urine samples have been obtained from hospital patients that have been given the antibacterial drug, sulphadimidine (also known as sulphamethazine or sulphamezathine). These urine samples have been treated in such a way as to produce a blue complex in solution that is in direct proportion to the concentration of acetylated metabolite in each sample. All the urine samples were adjusted to the same volume before treatment. The optical density (depth of blue coloration) of each treated sample is a direct measurement of the extent of metabolism of sulphadimidine by acetylation, the higher the optical density reading the more N-acetylated metabolite present. 

[image: fig3]

The results obtained from the population study are given below. They have been collected into groups to assist you.


Optical Density Range		Number of Patients within this Category

0.00-0.10			8
0.11-0.20			24
0.21-0.30			46
0.31-0.40			18
0.41-0.50			3
0.51-0.60			0
0.61-0.70			6
0.71-0.80			38
0.81-0.90			44
0.91-1.00			9
_____________________________
Total				196











 (B)  Family Study

Urine samples have also been collected from a family of five who have taken the same dose of sulphadimidine. These have been treated in exactly the same manner as those for the population study above. 
[image: fig4]
The results obtained from the family study are given below

Family Member		Optical Density		

Father				0.75
Mother				0.91
Son				0.65
Eldest daughter		0.21
Youngest daughter		0.89			


PART 2

(A).  Genotype

The enzyme(s) that undertake N-acetylation of drugs and chemicals within humans are known as N-acetyltransferase(s) (NAT) and have a molecular mass of around 33.5KDa. Humans and most other mammals encode two functional NAT loci, NAT1* and NAT2*. Allelic variation at the NAT2 locus accounts for the polymorphism exemplified by multimodal distributions of acetylation of isoniazid and sulphadimidine. The enzyme, N-acetyltransferase 2 (NAT2), has been shown to have a preference for sulphadimidine. The NAT2* allelic variants arise from point mutations in the protein coding exon and most of these mutations adversely affect the catalytic function and/or stability of the variant gene product. Over a dozen allelic variant NAT2 alleles have been identified and these account for the majority of the polymorphic variation observed.

The five family members previously examined have also donated a DNA sample (extracted from peripheral blood lymphocytes) which permits determination of the NAT (N-acetyltransferase) genotype.

The NAT genotype may be present as:

1. Wild-type (fast acetylator phenotype)
2. Homozygous M1/M1 polymorphism (slow acetylator phenotype)
3. Heterozygous M1/Wild-type

The M1 polymorphism is detectable due to the fact that the M1 variant differs from the wild-type allele by a substitution of T to G at nucleotide 1098. This transversion in the allele introduces a new MboII restriction site, which can be detected by PCR amplification of the allelic sequence and treatment with the MboII restriction enzyme to determine whether or not the DNA can be cleaved. 
The DNA from the 5 family members has been amplified by PCR, phenol/chloroform extracted, and the amplified DNA suspended in Tris.EDTA (pH8) solution. The restriction enzyme (MboII) and cofactors have been added to each of the DNA samples and incubated at 37oC for 10 minutes to effect a cut at the restriction site (if present). These have been loaded, together with appropriate buffer/dye, into separate lanes of pre-prepared 2% agarose gel (containing ethidium bromide) and run at 100 volts for 30 minutes. Following electrophoresis, the gel has been visualised under ultraviolet light and photographed. The results are shown below. The number and nature of the bands should be noted, from which you will be able to determine the NAT genotype.

Key
L = Molecular weight ladder
F = Father,  M = Mother,  S = Son,  ED = Eldest Daughter,  YD = Youngest Daughter











PART 3 L    F   M  S  ED YD



QUESTIONS

Using the above information work through the below tasks and answer the questions. The demonstrator will be available to advise and assist but try these questions yourself first.



1.	Using the graph paper, plot a frequency distribution histogram, in suitable increments, of the optical density measurements obtained from the 196 patients. 



2. 	How many different modes did you observe in your population? 
	What are the relative proportions of the population in each phenotype?













3.	From where the optical density values fall on your population histogram, decide 	whether each family member is a fast or slow acetylator of sulphadimidine.
(Enter answers in table of question 6 below).



From your family data would you say that SLOW acetylation was a dominant or recessive character?












4.	Using the Hardy-Weinberg quadratic equation, and information gathered from the population study, calculate the frequency of the three genotypes (homozygous FAST, heterozygous, homozygous SLOW).

Remember: Using your family study data determine which population PHENOTYPE consists of a single GENOTYPE. This will give you a numerical value to introduce into the Hardy-Weinberg equation  { (p + q)2  =  p2  + 2pq  +  q2  =  1 }.



















5.	What was the NAT genotype for each of the family members; were the family 	members wild-type, homozygous for the M1 polymorphism or heterozygous?
(Enter answers in table of question 6 below).

What phenotypes would be predicted by these analyses?







6.	For the family, does the information obtained from the genotype experiment 
correlate with the phenotype data? Complete the below table.


	Family member			Phenotype		Genotype

	
Father					____________	____________

	Mother					____________	____________

	Son					____________	____________

	Eldest daughter			____________	____________

	Youngest daughter			____________	____________


7.	Would you expect sulphadimidine to be an equally effective drug in all people?




Variability in the human response to drugs tutorial

Dr M Schachter m.schachter@imperial.ac.uk
Dr SF Smith sue.smith@imperial.ac.uk


Learning objectives

To understand causes of variations in response  to any specific drug between individuals or within an individual at different times in terms of:

1. Differences in the concentrations of drug reaching the tissues (ie factors affecting absorption, distribution, metabolism and excretion of the drug)

2. Differences in response of the target tissues to the same degree of stimulation (ie factors such as variation in receptor sensitivity, number and distribution).  These reasons are mainly, but not exclusively, genetic and are considered in detail elsewhere in this course. 

Both the desired and unwanted responses to any given drug may vary between individuals. The reasons for this can be subdivided into:


1. Absolute differences in dose administered

This may be deliberate or accidental eg due to
a) error in prescription or dispensing
b) patient non-compliance
c) drug formulation

2. Relative overdose or underdose
 Because the patient varies from the text book standard. Some of the factors which may cause this variation include:

a) Environmental exposure to chemicals, including other drugs
      i) enzyme induction
      ii) enzyme inhibition

b) Food intake – drugs may interact chemically with components of food; this may alter their absorption
                      -  foods delay gastric emptying and alter gastric pH.

c) Fluid intake
– most drugs are better absorbed if taken with water eg may dissolve better
- fluids may stimulate gastric emptying.

d) Age
	Newborn infants have
	i) more body water than adults
ii) poorer renal function, with immature tubular secretion
iii) an immature blood brain barrier
iv) lower capacity for drug metabolism.
The elderly have an overall deterioration in many physiological functions that may affect 
i) drug absorption: decreased absorptive surface of small intestine
                                altered gastric and gut motility
                                increased rate of gastric emptying 

ii) drug distribution: reduced lean body mass and body water, relative increase in fat
		  lipid soluble drugs have increased Vd and decreased blood levels
		  water soluble drugs have decreased Vd and increased blood levels
                           reduced plasma albumin, so fewer plasma protein  binding sites

iii) drug metabolism 
- splanchnic and hepatic blood flow decrease by 0.3 – 1.5%/year
- liver size and hepatocyte number decrease
- hepatic enzyme activity and induction capacity decrease

iv) drug excretion – changes in renal function are probably the most important factors affecting drug handling in the elderly. With age there is a steady decline in the following factors: 
 - reduced renal mass
 - reduced renal perfusion 
 - reduced glomerular filtration rate
 - reduced tubular excretion
These changes are normal – the situation may be compounded if the patient has renal disease. 

v) organ sensitivity – the elderly tend to be more sensitive to CNS active drugs

e) Disease

i) General nutritional status
 - unbalanced diets may lead to deficiency states and enzyme abnormalities
 - starvation – decreased plasma protein binding and metabolism 
 - obesity – increased lipid fraction 

ii) Gastrointestinal disorders e.g. achlorhydria, coeliac disease, Crohn’s disease
 - altered drug absorption

iii) Congestive heart failure (especially in the elderly) may lead to 
- reduced splanchnic blood flow
- intestinal mucosal oedema
- reduced hepatic clearance

iv) Kidney failure (especially in the elderly) may lead to 
- decreased drug excretion leading to toxicity
- water overload  leading to changes in drug concentrations in different body fluid compartments

v) Liver failure may lead to
- reduced metabolism 
- reduced first pass metabolism (hence increased bioavailability) 
- decreased biliary secretion and hence decreased removal
- decreased albumin synthesis and hence reduced plasma protein binding

vi) Other acute or chronic disease states



Question

1. Thinking about drugs in general, why might the dose of a drug taken by a patient differ from that prescribed by his or her physician?










Case Study

2. Arthur Jones is a 72-year-old gentleman who has atrial fibrillation which could not be converted back to sinus rhythm.  He has suffered a small stroke. It was decided to prescribe warfarin to prevent a recurrence. The dose is stabilised but he later develops a chest infection and is given clarithromycin for one week. This effectively treats the infection but he has a severe nosebleed and notices that he bruises very easily. Why? What other drugs might produce a similar effect?










3. Several months later it is noticed in the anticoagulant clinic that the INR has fallen sharply and that he therefore needs a much higher dose of warfarin. He tells the doctor in the clinic that he has felt depressed, so he has been taking St John’s wort which he buys from a health food shop.  What is INR, how is it measured and what does a fall in INR signify? Why might his self-medication with St John’s wort be relevant to the change in warfarin requirement? What else might do this?
















4. The rate of Mr Jones’ atrial fibrillation had been controlled by a combination of digoxin and a beta-blocker (bisoprolol). At a regular check-up it is found that his ventricular rate has speeded up. One solution might be to increase the dosage of digoxin but, thinking carefully about its mechanism of action, what is the most important blood test that should be checked first and why? How else could you try to ensure that the dose of digoxin is correct?











5. Some months later Mr Jones again complains of anxiety and poor sleep at night. His GP prescribes a benzodiazepine, temazepam.  The day after he has taken the first dose his wife rings the surgery to say has been very confused overnight. She notes that this has never happened with her 45 year old daughter who takes the same pill. What might be the reason for this difference?












6. The temazepam is withdrawn immediately, but Mr Jones medication is otherwise unchanged. The following year he becomes depressed and his appetite deteriorates. He loses nearly 10 kg in weight but (perhaps unsurprisingly) is reluctant to consider antidepressants.  It is noticed that his INR has increased significantly, even though his warfarin treatment is unchanged. Why might this be happening?

















Diuretics 

Dr Chris John

Learning objectives

1. Revise the physiology of the kidney, focusing on the mechanisms which regulate the ionic composition (particularly Na+, Cl- and K+), volume and osmolarity of the urine.

2. Explain how the following groups of diuretic drugs alfter the ionic composition, volume and osmolarity of the urine
· osmotic diuretics, e.g. mannitol
· carbonic anhydrase inhibitors, e.g. acetazolamide
· loop diuretics, e.g. furosemide (frusemide)
· thiazides, e.g. bendroflumethiaze (bendrofluazide)
· potassium sparing diuretics. e.g. amiloride, spironolactone.

3. Note that loop diuretics, thiazides and K+ sparing diuretics are clinically the most important groups of diuretics.

4. For each of the following drugs (a) name the principal conditions for which they are used clinically, (b) list their main pharmocokinetic properties and (c) describe and explain where possible their principal adverse effects.
(i)	frusemide
(ii)	bendrofluazide
(iii)	amiloride
(iv) Spironolactone



























1.	OSMOTIC DIURETICS, E.G. MANNITOLH2O
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1. Osmotic diuretics
2. Carbonic anhydrase inhibitors
3. Loop diuretics
4. Thiazides
5. Potassium sparing diuretics
PRINCIPAL GROUPS OF DIURETIC DRUGS 

· Pharmacologically inert
· Filtered by the glomerulus but NOT reabsorbed
· Increase the osmolarity of tubular fluid (NB + plasma)
·   H2O reabsorption where the nephron is freely permeable to water, i.e. 
· proximal tubule
· descending loop of Henle
		  	collecting duct

2.	CARBONIC ANHYDRASE INHIBITORS, E.G. ACETAZOLAMIDE
· are weak diuretics
· principal site of action, proximal tubule
· prevent the reabsorption of HCO3-, Na+; H2O reabsorption is therefore also reduced
· increase delivery of Na+ to the distal tubule increases K+ loss
· small increase in tubular fluid osmolarity reduces H2O reabsorption in the collecting duct
· therefore ↑ urine volume and ↑K+, ↑Na+ and ↑HCO3- excretion
· not used as diuretics but are of value in the treatment of glaucoma
· 
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[image: ]3.	LOOP DIURETICS, E.G. FUROSEMIDE (FRUSEMIDE)
· powerful diuretics
· locus of action ascending limb of loop of Henle (see below)

Mode of action:
Consequences:
· failure to reabsorb Na+ and Cl- dilutes the medullary interstitium and therefore reduces the concentrating power of the collecting duct
· Ca2+ and Mg2+ reaborption is also impaired
· increased delivery of Na+ to the late distal tubule activates the Na+/K+ exchange mechanism
· Large volume of urine, increased excretion of Na+, K+, Cl-, Ca2+ and Mg2+
· Possible metabolic alkalosis

Clinical uses:
· Acute pulmonary oedema
· Oedema due to heart failure, liver disease or renal disease (if refractory to other diuretics
· Hypercalcaemia
· Hyperkalaemia
· Acute renal failure (may facilitate urine flow)

Adverse effects:



4.	THIAZIDES, E.G. BENDROFLUMETHIAZIDE (BENDROFLUAZIDE) 

· moderately powerful diuretic
· locus of action: early distal tubule (see below)

[image: ]

Mode of action: inhibition of Na+ and Cl- reabsorption in the early distal tubule
Consequences:  
· increased delivery of solute to the collecting duct reduces water reaborption – urine volume is thus increased
· Mg2+ reaborption is also impaired but Ca2+ reabsorption is increased
· increased delivery of Na+ to the late distal tubule activates the Na+/K+ exchange mechanism
· increased excretion of Na+, K+, Cl-, and Mg2+but reduced loss of Ca2+.


Other actions:




Clinical uses:
· Congestive heart failure
· Hypertension
· Idiopathic hypercalcaemia
· Nephrogenic diabetes insipidus

Adverse effects:

5.	POTASSIUM SPARING DIURETICS, E.G. SPIRONOLACTONE, AMILORIDE.
· [image: ]Locus of action: distal tubule (see below)

Aldosterone receptor antagonists:

Mode of action: block aldosterone receptors
Consequences:  
· Block of Na+/K+ exchange mechanism – increased Na+ and decreased K+ loss
· Small increase in urine volume
Pharmacokinetics (spironolactone):
· Administration
· Activation
· Entry to renal tubular fluid
· Onset/duration of action
Clinical uses:
· With K+ losing diuretics to prevent K+ loss
· Primary and secondary hyperkalaemia

Adverse effects:

Antagonists of aldosterone-sensitive Na+ channels:
Mode of action: channel blockade
Consequences:  
· Block of Na+/K+ exchange mechanism – increased Na+ and decreased K+ loss
· Small increase in urine volume
Pharmacokinetics (amiloride):
· Administration/absorption
· Onset of action slow – about 6h
· Excreted unchanged - duration of action about 24h 
Clinical uses:
· With K+ losing diuretics to prevent K+ loss
· Primary and secondary hyperkalaemia
Adverse effects:


Drugs of abuse 1 & 2 

Dr Chris John

Learning objectives

1. Describe the ‘reward’ pathways in the brain activated by drugs of abuse. Which are the main abused substances and how do they specifically activate reward pathways?

2. Describe the pharmacokinetics for the major drugs of abuse (e.g. routes of administration, metabolism).

3. Describe the basic pharmacology for the main abused substances.

Drugs of abuse

Drugs of Abuse -  
Mesolimbic dopamine system – Central ‘reward’ pathway

Medial forebrain bundle → Ventral tegmental area → Nucleus Accumbens
(myelinated fibres)		(VTA)				(NAcc

Dopamine release from NAcc vital for ‘rewarding’ effect (End point for drugs of abuse)
[image: http://www.pa2online.org/_uploads/cms/Image/pA2_jclub_fig1.gif]
Bailey, C. (2005); pA2 online 3(3).

Class 1: Narcotics
Narcotic (from the Greek word for ‘stupor’) -Drug that produces morphine like effects.

Heroin - Covered Seperately
Effects on reward pathway:
 (opioid) receptors on GABA-ergic interneurons in the VTA i.e. disinhibit dopaminergic projection neurones

Class 2: Depressants
‘Downers’ - Drugs that produce CNS depression.

Alcohol -  Covered Seperately
Effects on reward pathway:
Complex!  Main effect - ↑ firing rate of dopaminergic VTA neurones (via ion channels, GABAA and NMDA receptors)

Cannabis – 
Herbal cannabis – contains over 400 compounds including over 60 cannabinoids.
Most potent psychoactive agent - 9-tetrahydrocannanbinnol.
[image: ]
Cannabinoids are present in;
Marijuana/Cannabis - Leaves and flowering tops of Cannabis sativa plant.
Hashish – Resinous material of cannabis plant, leaves, flowers and seeds of the plant, and also in the resin secreted by the female plant. 
Hash oil – Plant extract (with organic solvents)

Pharmacokinetics of cannabinoids:
Smoked – As with nicotine (below)
Oral ingestion – Blood concns are 25-30% of those obtained by smoking the same dose (due to first pass metabolism). Onset of action is delayed (0.5-2h) but duration is prolonged due to slow absorption from the gut.

Metabolised in the liver. A major metabolite is 11-hydroxy-THC (a potent cannabinoid itself). Over 20 other metabolites are known.
Partly excreted in urine (25%) but mainly into the gut (65%) from which they are reabsorbed, further prolonging their actions.

Pharmacodynamics of cannabinoids:
Interact with specific endogenous cannabinoid receptors.
Neuronal cannabinoid receptors – CB1; Immune cells – CB2
Endogenous agonist – anandamide (after Sanskrit word for bliss, ananda); arachidonic acid derivative

Effects on reward pathway:
CB1 receptors on GABA-ergic interneurons in the VTA i.e. disinhibit dopaminergic projection neurones

Psychological effects:
Effects on perception; colours seem brighter, music more vivid, emotions more poignant. Perceived time goes faster than clock time.
Cognition and psychomotor performance;
Slow reaction times, motor incoordination, defects in short term memory

CVS effects:
Tachycardia up to 160 beats/minute
Widespread vasodilation 
Reddening of the conjunctivae – a characteristic sign of cannabis use
Postural hypotension and fainting may occur

Risk factor for severe mental illness!

Depressants – See also Barbiturates, benzodiazepines.

Class 3: Stimulants
‘Uppers’ - Reverse the effects of fatigue on both mental and physical tasks.


Nicotine – 
Cigarette smoke – 
Volatile phase = 95% (500+ gaseous compounds incl nitrogen, carbon monoxide, benzene, ammonia
Particulates = 5% (3500+ different compounds incl the alkaloid NICOTINE)

Tar = Particulate matter without alkaloids and water content. Contains many carcinogens.

[image: http://www.chemicalforums.com/organics/Nicotine.JPG]

Pharmacokinetics of nicotine:
Particulate droplets reach the small airways and alveoli. Rapid absorption from the lung (faster than i.v.). Distributes rapidly to different tissues, incl the brain (within 10-20s).

Chronic smokers – Plasma nicotine levels between 20-40ng/ml
Elimination half life – 2-3h. Extensive metabolism in the liver (lung and brain) to cotinine (70-80%) + other metabolites.

Pharmacodynamics of nicotine:
Low dose – Sympathetic activation via peripheral chemoreceptors (or direct effect on brain) → ↑ HR and BP.
Higher doses - Binds to nicotinic cholinergic receptors. Ganglionic stimulation and catecholamine release from the adrenals.
Very high dose – Ganglionic blockade and possibly vagal stimulation.

Effects on reward pathway:
nicotinic receptors located somatodendritically on dopaminergic VTA neurones – directly ↑ firing rate.

CVS effects:
↑ blood coagulation.
↑ myocardial work
↓ oxygen carrying capacity of blood (due to carbon monoxide)
Coronary and peripheral vasoconstriction
↑ LDL and VLDL, FFA and ↓ HDL
↑ risk for atherosclerosis, myocardial infarction, cardiovascular disease

Metabolic effects:
↑ metabolic rate and ↓ appetite

Endocrine:
↑ACTH/cortisol

Cocaine
From the leaves of the coca plant (Erythroxylum coca)
[image: Cocaine chemical structure]
Cocaine sulphate (‘paste’) – 
Extracted using an organic solvent.  Impure!
Cocaine HCl – 
Passed through an acidic aqueous solution (HCl); the solution is neutralized and the cocaine is extracted by recrystalization. 
Cocaine freebase - 
Dissolve cocaine HCl in water and precipitate out cocaine using an alkaline solution (e.g. sodium bicarbonate). Then dissolve in a non-polar solvent e.g. diethyl ether.
Crack – As for freebase, but do not dissolve in non-polar solvent.

Pharmacokinetics of cocaine:
Smoked – as with nicotine, extremely rapid absorption occurs – plasma concentration = 500–1000 ng/mL. NB only freebase. Cocaine HCl is heat labile. Rapid absorption also achieved if cocaine HCl is injected i.v.

Snorting (cocaine HCl) - absorbed through the mucous membranes lining the sinuses; results in slower absorption - 100–500 ng/mL.

Cocaine metabolizes primarily into ecgonine methyl ester and benzoylecgonine on first passage through the liver which are renally excreted. Both metabolites, account for 75–90% of cocaine metabolism. Short half-life 90min.

Pharmacodynamics of cocaine:

Effects on reward pathway:
Inhibit reuptake of dopamine in the NAcc.

Cocaine neuropharmacology:
Cocaine blocks the plasma membrane transporter for dopamine (DA) (and has less potent effects on the norepinephrine (NE), and serotonin (5HT) transporters).

The major subjective and behavioural effects of cocaine are summarized in Table 1
[image: ]
Carrera et al., Bioorganic and Medicinal Chemistry 12 (2004) 5019–5030

Other effects;
Local anaesthetic effect – blocks sodium channels

[bookmark: bbib31]Cocaine causes vasoconstriction, decrease in cerebral blood flow and inflammation in the walls of the brain vessels (vasculitis).

Stimulants – See also methylenedioxymethamphetamine (ecstasy), caffeine

Other drugs of abuse:

Hallucinogens e.g. LSD
Inhalants (‘depressant’ like effects), Chocolate???


































Alcohol 

Dr Chris John

Learning objectives

1.	Describe the dose-dependent effects of acute ethanol ingestion on 
(a) CNS function and put forward theories to explain the underlying mechanism of action
(b) Other body systems
2.	Describe the consequences of long-term excessive ethanol consumption
3.	Outline the main pharmacokinetic features of ethanol
4.	Explain how tolerance to the effects of ethanol is produced. What symptoms are associated with alcohol withdrawal in dependent subjects? 



Alcohol
Alcohol = Ethanol (C2H5OH)
1 unit = 8g ethanol
Recommended maximums;
Men = 21 units (25% exceed these levels)
Women = 14 units (7% exceed these levels)
Approx 400,000 people in UK with alcohol related problems
(5% men, 2% women)

Pharmacological effects of ethanol;

Important – Ethanol has low pharmacological potency i.e. large amounts required to produce effects and little selectivity

Effects generally occur between 40-100mg/100ml 

CNS effects = DEPRESSANT
(Initial stimulatory effects result from depression of inhibitory control pathways)

Impairs –
(a) Sensory function i.e.
Mood Changes e.g.  self confidence, euphoria (highly labile at higher concentrations)
Memory Loss
 powers of discrimination and concentration

(b) Motor function i.e.
Slurred speech
Prolonged reaction time
Loss of coordination

Theories for CNS effects–

Enhancement of GABA-mediated inhibition (?? Sedative/anxiolytic effects)
Inhibition of calcium entry through voltage gated calcium channels
Inhibition of NMDA receptor function (?? Loss of memory)

Certainly the CORTICAL (?? Sensory/motor impairment) and RETICULAR ACTIVATING (?? Sensory impairment/Loss of consciousness) regions are the most sensitive (although all regions of the CNS are affected i.e. low selectivity)

Important – CNS is functionally more complex than any other system in the body relationship between behaviour of individual cells and that of the organ as a whole is often unclear

Gross intoxication = 90% of subjects at >150mg/100ml

Coma = 300mg/ml (probably via RETICULAR ACTIVATING region)
Respiratory failure (i.e. death) = 400-500mg/ml (depression of central respiratory centres)

Long-term consumption
Dementia (ventricular enlargement), degeneration of cerebellum (and other brain regions), peripheral neuropathy and myopathy

Cause - 	Direct effects of ethanol or its metabolites such as acetaldehyde or fatty acid esters
	Thiamine deficiency due to malnutrition
Cardiovascular effects –

Cutaneous vasodilation  flushing (causes a warm feeling but heat loss)
Cause – 	Central depression of sympathetic outflow
	     	(Direct vasodilation)

GI effects – 

 salivary and gastric acid secretions
Cause –	Pyschic – taste
Irritant effects -  histamine   HCl
	Stimulation of sensory nerve endings

Long-term consumption  damage to gastric mucosa (+  HCl) = 									gastric/duodenal ulcers

Endocrine effects – 

 vasopressin secretion  polyuria (i.e. DIURESIS)  dehydration
Cause - 	Direct inhibitory action at hypothalamus

 vasopressin secretion   ?? delayed parturition at term
Cause - 	Direct inhibitory action at hypothalamus

 ACTH  adrenal steroid production
Cause - 	Direct action at anterior pituitary

Long-term consumption
 plasma testosterone  feminisation in males
Cause - 	Impaired testicular steroid synthesis
		Enhanced testosterone inactivation by liver enzymes

Effects on the liver – 

From excessive alcohol consumption

 fat accumulation (fatty liver)  Liver inflammation (hepatitis)  Irreversible hepatic necrosis/fibrosis (cirrhosis)
(Diversion of portal blood flow around fibrotic liver can cause oesophageal varices to develop which can bleed suddenley and catastrophically)

Cause - 	 release of fatty acids from adipose tissue (due to  sympathetic discharge)
	Impaired fatty acid oxidation (due to metabolic load imposed by alcohol)
Contributory factor = Chronic malnutrition

Effects on lipid metabolism/platelet formation – 

In small doses - 	  thrombosis formation  risk of 						atherosclerosis/ischaemic heart disease

Cause - 	 HDL   cholesterol esterification   plaque formation
		 thromboxane A2   platelet aggregation

Effects on foetal development – 

Foetal alcohol syndrome; (mothers drink at least 4 units/day)
Abnormal facial development (+ other anatomical abnormalities)
Growth retardation
Mental retardation
(Smaller degrees of ethanol-related abnormality may occur very frequently)

Cause -	Inhibition if cell division/migration??

Pharmacokinetics – 
Ethanol is uncharged and highly lipid soluble rapidly absorbed from the mucous membranes of the stomach and gut (slowed by food)
It is rapidly distributed throughout the body water (distribution dependent on blood flow to individual tissues
Substantial fraction is removed from portal vein blood due to first pass hepatic metabolism BUT demonstrates saturation kinetics i.e.
Rapid absorption (e.g. empty stomach)  High portal vein concn  liver enzymes become saturated  ethanol escapes into systemic circulation
Ethanol is 90% metabolised in the body with 5-10% excreted unchanged in urine and expired air (basis of breathalyser test)

Ethanol metabolism occurs almost entirely in the liver;
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Pharmacological intervention = Disulfiram (aversion therapy)
Inhibits aldehyde dehydrogenase  acetaldehyde accumulation
High levels of acetaldehyde  flushing, tachycardia, hyperventilation, panic/distress 
Useful in discouraging recovering alcoholics from drinking (no effect without alcohol present)
Genetic polymorphisms (within Asian population);
Common variation in enzyme aldehyde dehydrogenase = Alcohol intolerance
Rarer variation in enzyme alcohol dehydrogenase = Prone to alcoholism 

Tolerance and Dependence
Tolerance to effects of ethanol occurs rapidly (1-3 weeks with continuing ethanol administration)
Due to; 
Pharmacokinetic tolerance 
Tissue tolerance
Cellular adaptation
?? Others

Dependence = Overpowering craving for alcohol
Physical withdrawal characterized by;
Tremor, hallucinations, convulsions, behaviour disturbances, nausea, fever



























Anti-Parkinsonian drugs and Neuroleptics 

Dr Sohag Saleh

LEARNING OBJECTIVES

1) Describe the synthetic and metabolic pathways of the neurotransmitter dopamine.
2) What are the three main dopaminergic pathways in the brain and what are their basic functions.
3) What are the two main sub-groups of dopamine receptors.
4) Describe the main clinical features of Parkinson’s disease.
5) Which age group of the population is affected by Parkinson’s disease.
6) What are the main pathological and biochemical features of Parkinson’s disease.
7) Do the symptoms of Parkinson’s disease appear immediately.
8) Can dopamine itself cross the blood brain barrier.
9) In standard preparations what drug is combined with L-DOPA to prevent peripheral side effects.
10) What are the short and long-term side effects of L-DOPA therapy and how common are such side effects experienced.
11) In the treatment of Parkinson’s disease how does the mechanism of action of bromocriptine differ from that of L-DOPA.
12) By what mechanism can Deprenyl be utilised to reduce the dosage of L-DOPA required.
13) How do the COMT inhibitors and the MAO inhibitors differ in their mechanism of action.
14) Describe the clinical symptoms of schizophrenia. Which age group are most likely to be affected.
15) What is the principle neurotransmitter defect in schizophrenia.
16) Are neuroleptic drugs selective for dopamine receptors.
17) Apart from anti-schizophrenic actions, what are other effects produced by neuroleptic drugs that are due to antagonism at dopamine receptors.
18) What are acute and tardive dyskinesias and when do they occur in the treatment of schizophrenia.
19) What are the other unwanted side-effects of neuroleptics that are unrelated to their blockade of dopamine receptors


DOPAMINERGIC PATHWAYS 

89
There are three major dopaminergic pathways:-
1) Nigrostriatal Pathway. Cell bodies originate in the substantia nigra zona compacta (SNC) and project to the striatum (putamen and caudate nucleus). Pathways involved in movement.
2) Mesolimbic Pathway. Cell bodies originate in the ventral tegmental area (VTA) and axons terminate in the nucleus accumbens, frontal cortex, limbic cortex and olfactory tubercule. Pathways involved in emotion.
3) Tuberoinfundibular system. Short neurons running from the arcuate nucleus of the hypothalamus to the medial eminence & pituitory gland. Regulate Hormone secretion.



























DOPAMINE SYNTHESIS, BREAKDOWN & SYNAPTIC ACTIONS

[image: DASYN]

PARKINSON’S DISEASE
Progressive neurodegenerative disorder of movement. First described by James Parkinson in an “Essay on the shaking palsy” in 1817.
Cardinal Clinical Manifestations:-
	
Secondary manifestations:- 
	
Incidence:- 
Mean age of onset 65years. Disease rarely begins before the age of 40years, but there are cases of young onset PD. Disease of long duration and is progressive in nature. Males are more affected than females.

Pathological changes
Primary pathology affects                                  , that originates in the substantia nigra and terminates in the caudate nucleus and striatum. Also affected, but to a lesser degree is                         (source of the ascending noradrenergic neurones).

Other areas affected: 
but these changes are not found in every patient.

There is also a histological marker for the disease – 

Biochemical Changes
Loss of cells in the substantia nigra leads to a marked reduction in caudate nucleus/putamen dopamine content. 

DRUGS USED TO TREAT PARKINSON’S DISEASE
1) L-DOPA (Dopamine replacement therapy) 
Preparations: Sinamet: (L-DOPA + Carbidopa)  or Madopar ( L-DOPA + Benserazide)
Treats: 

Start the patient off on a low dose of the drug and gradually increase the dose until the maximum benefit is observed without major side effects. The majority of patients respond well to L-DOPA , with some patients being restored to normal function. As the disease progresses the effectiveness of L-DOPA declines and the dose of L-DOPA needs to be increased which leads to the development of major side effects. Therapeutic window gradually narrows.

[image: L-DOPA Mech]

Acute Side Effects
1) Nausea – Can be prevented by using Doperidone, a peripherally acting dopamine antagonist.
2) Hypotension
3) Psychological effects – Schizophrenia like syndrome with delusions and hallucinations, 20% of patients also exhibit confusion, disorientation, insomnia and nightmares.

After 6 years of therapy:

Chronic long-term Side Effects
1) Dyskineasias – Abnormal movements which affect the face & limbs. Generally occur within two years of starting L-DOPA therapy. Dyskinesias disappear if the dose of the drug is reduced but clinical symptoms of PD reappear. 
2) “On-Off” Effects – rapid fluctuations in clinical state, where hypokinesia and rigidity may suddenly worsen. These “off” periods may last from a few minutes to hours, with sudden improvement in the clinical state. Occurs more with L-DOPA

3) Dopamine agonists e.g. 
Since, L-DOPA requires intact neurones to convert the L-DOPA to dopamine, as the disease progresses there are fewer and fewer neurones to convert the drug. Hence, dopamine agonists were developed to act directly on the target sites

Adverse Side Effects
Common: 
Rare: 

Fewer patients can be treated with the dopamine agonists as a mono-therapy with many patients being withdrawn from treatment due to major adverse side effects. 

Can be used in combination with L-DOPA. When L-DOPA is becoming less effective, dopamine agonists can be used in combination with L-DOPA.

4) Inhibitor of dopamine breakdown
Dopamine is broken down by two enzymes,                                            , inhibition of both these enzymes can lead to more dopamine being conserved for synaptic release rather than being broken down.

[image: MAO Mech]

MAO Inhibitor – Deprenyl (Selegiline)
Can be given on its own in the early stages of the disease or it can be given in combination with L-DOPA. Such a combination can reduce the dose of L-DOPA required by                   depending on the patient. Hence, can reduce side effects experienced by the patients because you can reduce the dose of L-DOPA required to treat the condition.

A newer MAOB inhibitor – Resagiline – has been shown to have neuroprotective effects in-vivo by inhibiting apoptosis. Early results from clinical trials possibly indicate that this drug may also slow the disease down?

Side Effects (rare) 

COMT Inhibitors – Tolcopone, Entacapone
The COMT inhibitors, like the MAO inhibitors, prevent the breakdown of dopamine within the brain. However, the COMT enzyme is also present in the periphery and convert L-DOPA to                .

3-OMD and L-DOPA compete with the same transport mechanism to cross the blood brain barrier and gain access to the brain. 

SCHIZOPHRENIA

Affects approximately 1% of the general population

Clinical Features
Positive symptoms	
Negative thoughts	

Strong hereditary tendency
	First Degree relatives: 
	Monozygotic twins, one whom has schizophrenia, risk for co-twin is 

Onset
	Adolescence or young adult. Can follow one of two types 

Aetiology
Unknown, but several hypotheses including, may be due to a slow viral infection possibly linked with an auto-immune process. Alternately, may be due to a developmental abnormality ~ anatomical changes in the temporal lobes (entorhinal cortex, hippocampus) and amygdala – Mesolimbic system.
Neurochemical involvement
The most widely considered neurochemical hypothesis is the dopamine hypothesis:-
Dopamine –  Excess dopamine transmission in the mesolimbic and striatal regions leading to positive symptoms – mediated through D2 receptors
	Whilst dopaminergic deficit in the prefrontal brain regions, mediated via the D1 receptors, responsible for the negative symptoms.

Evidence:-
	Dopamine receptor agonists e.g.

	Typical potent anti-schizophrenic drugs are:
	In drug naïve patients PET scans show increased dopamine receptor number
	Seeman et al, 1993, reported :

However, neuronal pathways that feed into the dopaminergic pathways e.g. cortical glutamate pathways, may trigger the changes in dopamine and may be a future drug target site

Classification of Neuroleptic Drugs
More that 30 different neuroleptic drugs are available are available for clinical use! Fall into two main groups:-
1) Classical or typical neuroleptics e.g. 
2) Atypical neuroleptics e.g. 

Mechanism of action
1) 

2)

3)

Drugs tend to treat the positive symptoms of the disease but not the negative ones! Because neuroleptics are D2 antagonists correcting the over activity of dopamine in the mesolimbic system and striatum but have no effect on the forebrain dopamine deficits where the negative symptoms are produced.

Neuroleptics have a delayed effect, take weeks to work. This may be due to the fact that initially neuroleptics induce an increase in dopamine synthesis and neuronal activity, and an increase in dopamine receptors on the target cells. However this declines with time.

Other actions of neuroleptic/side effects
Anti-emetic effects: 

	Neuroleptic – Phenothiazine – Effective at controlling vomiting and nausea induced by drugs (e.g. chemotherapy), renal failure.
	Anti-Histamine effects – 

Extra pyramidal motor disturbances: Blockade of dopamine receptors in the nigro-striatal system can induce “Parkinson” like side effects.

	Acute dyskinesias –

These dyskinesias develop at the onset of treatment and are reversible with drug withdrawal or can be controlled by anti-cholinergics or muscle relaxants e.g. diazepam.
	Tardive dyskinesias –
Occur in 20-30% of patients. They are made worse by drug withdrawal and anti-cholinergics, irreversible and are only overcome by increasing the dose of neuroleptic. Occur after several months or years of neuroleptic treatment. May be related with the proliferation of dopamine receptors (pre-synaptic) in the striatum or toxicity of the drugs. The incidence of tardive dyskinesias is less:

Endocrine effects:  


Blockade of cholinergic muscarinic receptors: This can lead to the typical peripheral side effects with anti-muscarinic actions e.g. blurring of vision, increased intra-ocular pressure, dry mouth, constipation, urinary retension.

[image: Neuroleptics]










CNS Disorders Tutorial 

Prof David Dexter


This tutorial is designed to re-enforce and expand upon the Pharmacology and Therapeutics lecture on Parkinson’s disease and Schizophrenia. Students should look at their lecture notes on Parkinson’s disease and Schizophrenia and the relevant chapters in the recommended text books. 


Scenario

As a doctor who has treated several Parkinson’s disease patients in your practice you have been invited by your local branch of the Parkinson’s Disease Society (PDS) to help out on a question and answer session on “Parkinson’s disease and its drug treatment”, at one of their monthly meetings. Recently, you had been made aware of the activities of your local branch of the PDS by one of your patients, who has informed you that the branch is a patient interest group, consisting of people with Parkinson’s and their carers, and functioned as a support network for people affected by Parkinson’s in the local community, a source of information and also organised fund raising for medical research. Looking at your dairy at the proposed date for the meeting you are not too keen to lose another evening to work, but you think about the potential benefits to the patient interest group and agree to attend the meeting.

On the evening of the meeting you travel to the church hall of one of the adjacent villages where the meeting is being held. As your patient had described, there are about 50 people at the meeting, mostly elderly, with a distribution of people at different stages of the disease with even some severely affected individuals in wheel chairs. After a brief welcome from the branch chairman and a cup of luke-warm coffee, you are introduced to the audience and await your first question nervously.

A hand shoots up at the back of the room from a younger man, possibly in his late thirties. You motion to him to ask his question. He asks “I have just been diagnosed with Parkinson’s but I thought it was a disease that just affected older people. What has gone wrong in my brain to cause this disease?”

What would your answer be?












Before you have a chance to finish answering the last question, another hand is raised in the audience. After finishing your sentence, you motion to the lady in the front row to ask her question. “Like the young gentleman I have also just been diagnosed but, as you can see, I am a good few years older. At the moment I mainly have a tremor in my left hand and don’t require any drugs, what are the other main symptoms of the disease and why can’t we just take tablets of dopamine rather than this L-DOPA drug that everyone talks about?”

How could you answer this ladies question using simple diagrams where possible?






Out of the corner of your eye you see a gentleman on the end of the front row, clearly severely affected by Parkinson’s struggling to get to his feet. You help him out of his chair, he shuffles around to address the audience. In a very quiet voice he asks “I take a drug called Sinemet, that not only contains L-DOPA but also some other drug called Carbidopa. What is this drug and why is it combined with L-DOPA?” The rest of the audience could not hear his question but you relay his question to the audience.

Why does the man have difficulty talking and what is Carbidopa?






After helping the gentleman back to his seat, the lady next to him raises her hand to ask a question. “I have had Parkinson’s for 5 years now and have been taking L-DOPA for 4years. I find now that my Parkinson’s may suddenly get worse, even shortly after taking a tablet, where I may freeze whilst walking or I am unable sometimes to get out of the chair, feeling rooted to the spot. These effects can last a few moments or sometimes many minutes and can be very disturbing. What causes these effects and is there anything my GP could give me to stop this happening?”

What advice could you give to this lady?






After allowing his group time to ask some questions, the chairman was keen to ask a question of his own. After attracting your attention he asks “I am on a drug called Pergolide and my GP has just increased the dose. Now he has increased the dose I tend to feel a little nausea and I sometimes imagine that there is someone else in the room with me. I tell myself that this is in my imagination but it can be a little disturbing when I imagine someone is sitting next to me on the bus etc. Is there anything to stop the feeling of nausea and what causes me to imagine such things?”

What is Pergolide, how can we treat the feeling of nausea and explain these effects with aid of a simple diagram?











The chairman of the branch then asked the audience for further questions. You nod to a lady directly in front of you who had difficulty sitting still, her arms and legs were moving uncontrollably. As she starts to ask her question these strange movements get worse but she manages to ask her question “I have been taking L-DOPA now for three years and the GP has had to increase the dose to control my symptoms of Parkinson’s but in the last few months I have started to develop these jerky uncontrollable movements in my legs and arms that make it very difficult to control my movement, even eat. If I stop the L-DOPA, the jerky movements stop but I freeze. What are these abnormal movements and how can they be stopped?”

What are these abnormal movements, which anti-Parkinsonian drugs don’t stimulate such movements and how could you modify the lady’s treatment to limit these effects?







Despite several people having their hands up to ask questions the Chairman of the branch said he would only accept two further questions. You breath a sigh of relief and choose a gentleman who had been sitting in a wheel chair patiently with his hand up for most of the session. “Are there any other prescribable drugs that can precipitate similar symptoms to Parkinson’s?”

Thinking about the other groups of drugs that act on the brain, what drugs can precipitate Parkinson like symptoms?













The Chairman indicated to a lady, who had been helping out at the beginning of the meeting to hand out the coffee, to ask a question. “I care for my husband who has Parkinson’s but my question is in relation to my grandson who is 27 years old. He has been taking those drugs you have just talked about, for about 4 years but he has started to develop strange movements that not only occur in his arms but also in his face. Sometimes he even sticks his tongue out and my daughter said he can’t stop these movements. Are these odd movements the same as those that occur in Parkinson’s and what other side effects may he experience?”

Are these abnormal movements the same as in Parkinson’s and briefly outline what other side effects can these drugs induce (some may be clinically beneficial!)?











































Formative Assessment:








				

1. Cocaine;
1. has local anaesthetic properties					
1. can induce miosis (pin point pupil)					
1. enhances sympathetic transmission by inhibiting uptake 1		
1. can cause euphoria							
1. can only be administered by the intravenous route

2. Ethanol;
A. can induce cutaneous vasoconstriction
B. can induce a pseudo-Cushing’s syndrome
C. has an anti-diuretic effect
D. acts as a CNS depressant
E. can protect against ischaemic heart disease

3.  Regarding ethanol metabolism
A. Asian races possess genetic variations in the enzyme aldehyde dehydrogenase associated with
alcohol intolerance
B. Asian races possess genetic variations in the enzyme alcohol dehydrogenase associated with
alcoholism
C. 25% of ethanol is metabolised extra-hepatically				
D. Acetate is a toxic end-product of ethanol metabolism			
E. Disulfiram enhances ethanol metabolism				

4. Concerning Parkinson’s disease;
A. COMT inhibitors can be used to increase the bioavailability of L-DOPA.	
B. L-DOPA is given in combination with a peripheral DOPA decarboxylase inhibitor to prevent its peripheral conversion to dopamine. 	
C. Deprenyl (selegiline) is a selective mono- amine oxidase-A (MAO-A) inhibitor. 	
D. Bromocriptine is a dopamine D2 receptor antagonist. 	
E. Nausea, one of the acute side-effects of L-DOPA, can be treated using domperidone, a peripherally acting dopamine receptor antagonist. 	

5. Neuroleptic drugs; 
A. are used to treat schizophrenia     
B. produce their beneficial clinical effects by antagonising dopamine D1 receptors      
C. produce extensive side effects due to their antagonism at other receptors 
D. stimulate nausea and vomiting                   
E. also increase serum prolactin levels that can lead to breast swelling














Opioids 

 Dr Chris John

Learning objectives

1. Define the terms opiate and opioid; note the importance of opiates and opioids in the clinical control of severe pain.
2. List the principal subtypes of opioid receptor and identify their endogenous ligands
3. Outline the signalling mechanisms used by opioid receptors and note the availability of pure agonists, weak agonists, partial agonists, mixed agonist/antagonists and antagonists
4. Draw a simple diagram showing the main central nervous pathways concerned with pain transmission/perception.  Identify sites within these pathways where opiates/opioids modify transmission.
5. Describe and explain how opiates influence other physiological functions (e.g. respiration) and state which of these actions may be advantageous clinically and which may cause unwanted effects.
6. Note that opiates/opioids may produce tolerance and dependence.
7. Describe the main pharmacokinetic characteristics of morphine
8. Explain how the following drugs differ from morphine in their pharmacodynamic and pharmacokinetic properties and how these differences influence their clinical usage
· Heroin (diamorphine)
· Codeine
· Pethidine
· Methadone
· Fantanyl
9. Describe the clinical use of opioid receptor antagonists
10. Describe the main characteristics of opioid withdrawal in opioid-dependent subjects.












Opioids

Chemistry
· Opiates are alkaloids derived from opium which is derived from the seeds of the poppy, Papaver somniferum.  These include the phenanthrene derivatives morphine and codeine
[image: 200px-Morphine-2D-skeletal]

Opioids are compounds that act like morphine but which do not resemble morphine chemically, e.g. endogenous opioid peptides


2.	Opioid receptors
· Exogenous opioids/opioids produce their biological actions by acting on opioid receptors and mimicking the actions of endogenous opioid peptides (endorphins, enkephalins and dynorphins)

Cellular Mechanism of Action:
· Located mainly in the CNS but also found in the periphery
· Depressant effect
· Hyperpolarisation ( K+)
· ↓ Ca2+ inward current

SUBTYPES:
Mu - 
Kappa - 
Delta - 












3.	Pharmacological actions of opiates/opioids
a)	Analgesia



Figure illustrating the principal sites of opiate/opioid action in the pain pathways.  NRPG = nucleus reticularis paragigantocellularis; PAG = periaqueductal grey matter; NRM = nucleus raphe magnus; LC = locus ceruleus

b)	Euphoria
NAcc
VTA
Dopamine
GABA
 - receptor
Opiates





c.	Anti-tussive

d	Respiratory depression

e	Nausea & Vomiting

f	Reduced GI tract motility

g	Pupil constriction

h	Histamine release

4.	Characteristics of specific opiate/opioid drugs

a	Morphine
[image: 200px-Morphine-2D-skeletal]


b	Heroin (diamorphine)

[image: 220px-Heroin-2D-skeletal]

c	Codeine (3-methyl-morphine)

[image: 173]

d	Pethidine

[image: 200px-Pethidine-2D-skeletal]

e	Methadone

[image: 119px-Methadone]

f	Fentanyl
[image: 220px-Fentanyl]

5.	Opiate/opioid overdose



6.	Opioid receptor antagonists.  




7.	Characteristics of opioid withdrawal/dependence




Self assessment – Try the following MCQs

Morphine
· Is used mainly for the control of mild to moderate pain
· Causes pupil constriction
· Is always given intravenously
· Acts only on  opioid receptors
· When given repeatedly may cause constipation

Opioid drugs
· Include methadone
· Cause respiratory depression
· Act via intracellular receptors
· Normally excite their target cells
· Are drugs of abuse

Repeated administration of opioids
· Results in the development of tolerance 
· Is associated with a marked increase in the rate of opioid metabolism
· Does not cause psychological dependence 
· Causes physical dependence which is satisfied by the administration of mu opioid receptors agonists
· Is of no value in the control of chronic pain

Heroin (diamorphine)
· Is a more powerful analgesic drug than codeine
· Is used in preference to pethidine in obstetrics
· Causes euphoria and sedation
· Produces effects which are antagonised by naloxone
· Is degraded by peptidase enzymes


Principles of GABAergic transmission

Anxiolytics, sedatives and hypnotics



Dr Martin Croucher


Combined learning objectives

1.	Which are the principal inhibitory and excitatory amino acid neurotransmitters in the  mammalian CNS?  With which types of neurons are these transmitters associated?
2.	Briefly describe the processes involved in GABAergic synaptic transmission.  How may this knowledge be useful in the design of novel therapeutically useful drugs?
3.	Compare and contrast the principal characteristics of GABA-A and GABA-B receptors.
4.	List the principal clinical uses (with routes of administration) of the benzodiazepines and the barbiturates.
5.	What are the main undesirable effects of the benzodiazepines?  How do these compare with the unwanted effects of the barbiturates?
6.	Do individual benzodiazepines differ in terms of 
· their mechanisms, 
· their profiles, 
· their durations of action?  
7.	How do differences in durations of action influence the therapeutic usefulness of these compounds?  
Give examples.
8.	Define the term ‘anxiolytic drug’.  State three classes of drugs which have useful anxiolytic properties.
9.	Name three drugs widely used for their hypnotic effects.  Why is diazepam not used in this capacity?
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Principles of General Anaesthesia [image: ]
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Dr Chris John


Learning objectives

1 Explain the clinical objectives of general anaesthesia

2 Describe the pharmacology of inhalational anaesthetics and be able to list examples.

3 Describe the pharmacology of intravenous anaesthetic drugs and be able to name examples.

4 What are the potential neuroanatomical sites of general anaesthetic action?

5 What other drugs are used clinically to facilitate anaesthesia? Why are they used?


Basic principles of pharmacology for general anaesthesia

General anaesthetics (G.A.s)– 
Extraordinary chemical diversity ranging from simple chemically inert gases to complex barbiturates

Definition of general anaesthesia?
Only one defining feature for all general anaesthetics;
‘Induce a loss of consciousness at low concentrations’

Additionally;
‘Induce an increasing lack of responsiveness at higher concentrations’

What are the clinical objectives of anaesthesia?
· Loss of consciousness
· Suppression of reflex responses
· Analgesia (relief of pain)
· Muscle relaxation
· Amnesia
NB G.A.s vary greatly in their ability to induce analgesia, muscle relaxation and amnesia.

How do anaesthetics work?
Early theories:
[image: ]
From; Franks, N. P. (2006) British Journal of Pharmacology, 147, S72–S81

Meyer-Overton theory:
 ‘The potency of a G.A. increases in proportion to its oil:water partition coefficient’
Therefore – site of action of G.A.s was the lipid bilayer portion of nerve membranes
But;
At pharmacologically relevant concentrations, changes to the lipid bilayer are very small
How does a change in the lipid bilayer result in a dysfunctional membrane protein?

Molecular targets for G.A. action
Molecular targets for G.A. action ARE PROTEINS. 
Effects are produced by ;
1. Reduced neuronal activity
2. Altered synaptic function

Intravenous anaesthetics potentiate
GABAA receptor function (altered synaptic function) – most abundant, fast inhibitory, ligand-gated ion channel in CNS
 Etomidate/propofol are more effective 
when β subunits predominate
GABAA receptor – composed of many 
different subunit combinations


Inhalational anaesthetics;
Halothane/Enflurane – 
1. Also poteniate GABAA receptor function (and glycine receptors). Less potent than intravenous anaesthetics and show no subunit selectivity (altered synaptic function).
2. Inhibits nicotinic acetylcholine receptors (altered synaptic function)
3. Facilitate TREK (background leak) potassium channel opening (reduced neuronal excitability).

Nitric oxide – Reduced NMDA receptor function (altered synaptic function).
Neuroanatomical sites for G.A. action
Loss of consciousness:
Depress excitability of 
thalamocortical neurons
Influences reticular 
activating neurons


Suppression of reflex responses:
Depression of reflex pathways
in the spinal cord

Amnesia:
↓ synaptic transmission in 
hippocampus/amygdala

Clinical setting
What are the clinical objectives of anaesthesia?
· Loss of consciousness
· Suppression of reflex responses
· Analgesia (relief of pain)
· Muscle relaxation
· Amnesia
NB G.A.s vary greatly in their ability to induce analgesia, muscle relaxation and amnesia.














































[bookmark: _Toc82339467]Principles of local anaesthesia 

Dr. Martin Croucher



[bookmark: _Toc82322733]Learning objectives

1 Revise the properties of electrically excitable cells that underlie the generation of neuronal action potentials.
2 Note the general chemical structures of local anaesthetics (LAs) and the two  main classes into which they can be divided.  Name one drug from each class.
3 Describe the principal cellular mechanism of action of LAs.  How does this give rise to the property of ‘use-dependency’ of these agents?
4 Identify the effects of LAs on i) AP generation and propagation and ii) resting membrane potential.  How and why do these effects differ in infected tissue compared to healthy tissue?
5 Outline the six main routes of administration of LAs, including their clinical usefulness.  Why are vasoconstrictor substances often co-administered with LAs?
6 Describe the pharmacokinetic properties of i) lidocaine and ii) cocaine, indicating how their respective routes of metabolism influence their plasma half lives.
7 List and compare the major unwanted effects of lidocaine and cocaine on i) the CNS and ii) the CVS.






























PRINCIPLES OF LOCAL ANAESTHESIA
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1h
2h
Plasma t½
Liver and plasma
Non-specific esterases
Hepatic
N-dealkylation
Metabolism
90%
70%
Plasma protein binding 
Good
Good
Absorption
(mucous membranes)
Cocaine
Lidocaine
Property
Table 1:	Pharmacokinetic properties of lidocaine and cocaine































Cytotoxic drugs 

Prof Nigel Gooderham


Learning objectives


1.	To be able to define the term 'cancer'

2.	To be able to describe the characteristics of cancer cells.

3.	To be familiar with the molecular basis of chemotherapy

4.	To be able to discuss the potential targets for chemotherapy.

5.	To be able to identify the major classes of anticancer drugs and describe their mechanisms of action.


118

Cytotoxic drugs

Definition - Drugs that modify the growth of cells and tissues

Uses;
1. Anti-cancer agents
2. (a) Control of immune responses in organ transplantation
(b) Management of autoimmune disease

Cancer;

Disease in which there is uncontrolled multiplication and spread within the body of abnormal forms of the body’s own cells

Drug therapy in cancer may be employed to; 
1. Eradicate the disease
2. Induce a remission
3. Control symptoms

Cancer cells differ from normal cells in behaviour in that they manifest;
1. Uncontrolled proliferation
2. Invasiveness
3. Metastases

Neoplasia (new growth) should be used instead of cancer.
Neoplasm which manifest behaviour 1 (above) only = benign
Neoplasm which manifest behaviour 1-3 (above) = malignant (often referred to as cancer)

Problems with anti-cancer therapy;

Difficult to find exploitable differences between cancer cells and normal body cells.

Need to produce near total cell kill (immune system will not destroy remaining cancer cells – in contrast to anti-bacterial therapy)

Cancer is usually far advanced before diagnosis

Tumour cells generally exist in one of three stages of the cell cycle
1. Dividing cells - (Sensitive to anticancer treatment)
2. Cells no longer able to divide - (Do not constitute a problem)
3. Resting cells (in G0 phase) – (Insensitive to anticancer treatment – PROBLEM!!)
Resting cells will often start dividing again following a course of chemotherapy!!

Drug treatment

Cytotoxic drugs tend to be antiproliferative (no effect on invasiveness and tendency to matastesise).
They will affect all rapidly dividing normal tissues.

Commonly use combination of 2-6 agents (More effective and reduces chance of drug resistance)

Alkylating agents e.g. Cyclophosphamide, chlorambucil
Highly reactive molecules that bind irreversibly to cell macromolecules, notably DNA, RNA and proteins

Antimetabolites e.g. methotrexate, fluorouracil, azathioprine
Closely related analogues of the normal components of intermediary metabolism or DNA synthesis
Methotrexate = Folate antagonist. Folate essential to synthesise purine nucleotides
Fluorouracil = Pyrimidine analogue.  Interferes with thymidylate preventing deoxynucleotide production
Azathioprine = Purine analogues. Inhibit purine synthesis and incorporated into DNA themselves

Cytotoxic antibiotics e.g. actinomycin D, doxorubicin, bleomycin
Mainly have a direct action on DNA
Actinomycin D – Intercalates in DNA, interferes with RNA polymerase and inhibits transcription
Doxorubicin - Inhibits DNA and RNA synthesis. Mainly through inhibition of topoisomerase II action
Bleomycin – Causes fragmentation of DNA chains. It can act on non-dividing cells

Plant alkaloids e.g. vincristine, etoposide
Vinca alkaloids (vincristine) – Innhibits mitosis at metaphase
Podophyllotoxins (etoposide) – Inhibits DNA synthesis by an action on topo-isomerase II/inhibits mitochondrial function

Miscellaneous agents;
Procarbazine (monoamine oxidase inhibitor) - ? Inhibits DNA/RNA synthesis and interferes with mitosis at interphase
Hydroxyurea – Inhibits ribonucleotide reductase, thus interfering with conversion of ribo- to deoxyribo-nucleotides
Cisplatin – Similar action to alkylating agents

[Also used for chemotherapy – but not technically cytotoxic!
Steroid hormones e.g. prednisolone
Useful for hormone-sensitive tumours
GCs for leukaemias/lymphomas, Oestrogens for tumours in men, androgens or tamoxifen for breast tumours, GnRH analogues for prostate and breast tumours]


General toxic effects;

Myelotoxicity -  leukocyte production   resistance to infection
Impaired wound healing
Depression of growth (children)
Sterility
Teratogenicity
Loss of hair
Nausea and Vomiting

Immunopharmacology of cytotoxic drugs;

Primary function of immune system is to protect the host from invasion

However it is also responsible for causing autoimmune disease and rejecting allogenic tissue grafts after transplantation

Cytotoxic drugs can be used as immunosuppressants in these clinical situations

IMPORTANT – Used at much lower doses than used to treat cancer

At lower doses, these drugs have a relatively selective action on lymphocytes (primary cells driving the immune response) 

Principal agents are the antimetabolites (azathioprine and methotrexate) and the alkylating agent, cyclophosphamide





Antimicrobial drugs 1 and 2 

Dr Sohag Saleh


Learning objectives

1 Understand the meaning of selective toxicity. How do human cells differ from microbes that offer us drug targets?
2 What are the main classes of antibiotic drugs and how can they be distinguished according to their mechanisms of action.
3 By what mechanisms are bacteria and other microbes becoming resistant to drugs?
4 Understand why tuberculosis is a killer disease again and what are the modern ideas/drugs for the treatment of tuberculosis.
5 Understand the types of fungal infections that can affect us and how can we utilise drugs to specifically target the fungus wih affecting the host?
6 Be aware of the different types of virus, how they use the host cell to replicate and some of the common diseases they can cause.
7 What are the mechanisms of action of antiviral drugs and what are their side effects.
Antimicrobial drugs 1and2

MOLECULAR ACTIONS OF ANTIMICROBIAL AGENTS

AIM: Antimicrobial agents should be toxic for the parasitic cell but innocuous for 	the host.

FEASIBILITY: Selective toxicity depends on the existence of exploitable biochemical differences between the parasite and host cell.
REALITY: Degree of exploitable differences depend on how far apart the host and parasite are in terms of evolutionary development.
e.g. Prokaryotes (cells without nuclei - bacteria) - evolutionary and biochemically very different, easier to kill.
Eukaryotes (cells with nuclei - protozoa) - likely to be more similar 	biochemically to cells of the host, more difficult to kill.

DIFFERENCES BETWEEN BACTERIA AND EUKARYOTIC CELLS

[image: ]

CELL WALL - Surrounding the cell is the cell wall, characteristically contains peptidoglycan. Function - to support the underlying plasma membrane, which is subject to an internal osmotic pressure.
GENETIC INFORMATION - Bacteria have no nucleus, the genetic material forms a single chromosome which lies loose in the cytoplasm.
PLASMA MEMBRANE - Bacterial plasma membrane does not contain any sterols which may result in differential penetration of chemicals.
PROTEIN SYNTHESIS - Bacterial ribosome's consist of 50S and 30S subunits, whilst mammalian cells ribosome's consist of 60S and 40S subunits.

ANTIBACTERIAL AGENTS
ANTIBACTERIAL AGENTS WHICH INTERFERE WITH THE SYNTHESIS OR ACTION OF FOLATE

SULPHONAMIDES e.g. sulphamethoxazole
•Folate is required for DNA/RNA synthesis in both Man and bacteria.
•Man has evolved specific uptake processes for transporting folate into cells. Bacteria have to synthesise folate.
•P-aminobenzoic acid is essential for the synthesis of folic acid in bacteria.
•
 dihydropteroate  which is involved in the synthesis of folate. 




•Pharmacokinetics – Readily absorbed in the GI tract and maximum plasma conc is reached within 4-6 hours.
•Side Effects: Mild/moderate (do not warrant withdrawal) nausea and vomiting, headache, mental depression.
•Severe (warrant withdrawal) hepatitis, hypersensitivity reactions, bone marrow suppression.

•Wide spread resistance to these drugs but they are historically/structurally important since they gave rise to many important drugs diuretics (acetazolamide and Thiazides), tuberculostatic agents, oral hypoglycaemics (sulphonylureas)


FOLATE ANTAGONISTS - TRIMETHOPRIM
•This pathway is virtually identical in micro-organisms and man, but one of the key enzymes, dihydrofolate reductase , is many times more sensitive to the folate antagonist trimethoprim  in bacteria than in man (IC 50 [mmol/l] 0.005 bacteria, 260 man). On the other hand the human enzyme is very sensitive to the effects of the folate analogue methotrexate (IC 50 [mmol/l] Inactive bacteria, 0.001 man). 

•Pharmacokinetics: - from oral administration trimethoprim is fully absorbed from the GI tract and is widely distributed throughout the tissues and body fluids. Reaches high concentrations in the lungs and kidney. When given as co-trimoxazole, about two-thirds of each drug is protein bound and about half of each is excreted within 24 hours.
 
•Unwanted effects: - nausea/vomiting and skin rashes. However, the small dose of sulphonamide which is used in co-trimoxazole can still cause serious side effects e.g. hypersensitivity reactions, which are not dose related.

•Clinical uses: - 

SEQUENTIAL BLOCKADE
•Combination - co-trimoxazole - sulphamethazole and trimethoprim. Since sulphonamides affect the earlier stage in the same metabolic pathway i.e. folate synthesis, they potentates the actions of trimethoprim. When given in combination the drugs are effective at one-tenth or less of what would be needed if each drug was given on its own. 
•Pharmacokinetics: - 

•Clinical uses: -  For infections with pneumocystis carinii, which causes pneumonia in patients with AIDS, co-trimoxazole is used in high doses. 



 
ANTIBACTERIAL AGENTS WHICH INTERFERE WITH THE SYNTHESIS OF PEPTIDOGLYCAN

BETA-LACTAM ANTIBIOTICS:  PENICILLIN
In 1928 Alexander Fleming working at St Mary's Hospital observed that a culture plate on which staphylococci were being grown had become contaminated with a mould of the genus Penicillium, and that the bacterial growth in the vicinity of the mould had been inhibited. Penicillin is one of the group of -lactam antibiotics which also include cephalosporins, monobactams and carbapenems. The basic nucleus of penicillin is 6-aminopenillanic acid, which consists of a thiazolidine ring linked to a -lactam ring. Penicillin’s may be destroyed by enzymes - amidases and -lactamases.

MOA: - 


Resistance: - 
1) Production of -lactamases by bacteria. There are some 50 different types of -lactamases, the production of which is genetically controlled and hence can be transferred from one bacterium to another, even across the boundaries of species. -lactamase production is particularly important in staphylococci - since the first introduction of penicillin, staphylococcal resistance to -lactamase production has spread progressively. In developed countries at least 80% of staphylococci now produce -lactamase. Solution - use -lactamase inhibitors e.g. clavulanic acid, functions by covalently binding to the enzyme at or close to its active site.

2) 

3) 

[image: ]

Types of Penicillin and their antimicrobial activity
The first penicillin’s were the naturally occurring benzylpenicillins and its congeners. Although they are active against a wide range of bacteria they are poorly absorbed (given by injection) and are susceptible to -lactamases. Synthetic penicillin’s have been produced to try and overcome these problems.

Pharmacokinetics: - 


Elimination of most penicillin’s is mainly renal and occurs rapidly, 90% being by tubular secretion. 

Unwanted effects: - Relatively free from direct toxic effects.
The main unwanted effects of the penicillin’s are hypersensitivity reactions, the basis of which is the fact that breakdown products of penicillin combine with host protein and become antigenic. Most common reactions are skin rashes and fever but more serious is acute anaphylactic shock.

CEPHALOSPORINS : e.g. Cephalexin (oral), Cefuroxime and Cefotaxime (parenteral).

MOA: - 


Pharmacokinetics: - Some cephalosporins may be given orally but most are given parenterally, i.m. or i.v. After absorption they are widely distributed in the body, passing into the pleural, pericardial and joint fluids and across the placenta. Some cephalosporins cross the blood brain barrier (e.g. cefoperazone, cefotaxime) and are the drug of choice for meningitis due to Gram -ve intestinal bacteria. 

Excretion.

Since different -lactam antibiotics may bind to different binding proteins 

Unwanted effects: - Hypersensitivity reactions, very similar to those that occur with penicillin may be seen. Some cross reaction occur; about 10% of penicillin sensitive individuals will also be allergic to cephalosporins. Nephrotoxicity has been reported (especially with cephradine) as has alcohol intolerance. Diarrhoea can occur with oral cephalosprins.

ANTIBACTERIAL AGENTS AFFECTING BACTERIAL PROTEIN SYNTHESIS
TETRACYCLINES

Tetracycline’s are broad-spectrum antibiotics that have a polycyclic structure.
[image: ]
MOA: - 


Spectrum: - Very wide and includes Gram +ve and Gram -ve bacteria, mycloplasma, Rickettsia, Chlamydia, some spirochaetes and some protozoa (e.g. amoebae). However, many strains have become resistant to these agents. The basis of resistance is the development of energy-dependent efflux mechanisms which transport the tetracycline’s out of the bacterium, but alterations of the target, the bacterial ribosome, also occur. 


Pharmacokinetics: - 
•Usually given orally but can be given parenterally. The absorption of most preparations from the gut is irregular and incomplete, and is improved by the absence of food. 
•

•The drugs have a wide distribution, entering most fluid compartments. Excretion of tetracycline is via the bile and by glomerular filtration in the kidney. Most tetracycline’s will accumulate if renal function is impaired. 
•Doxycycline is 



Unwanted effects: - 
•Most common is gastrointestinal disturbances, due initially to direct irritation and later to modification of the gut flora. Because they chelate calcium, tetracycline’s are deposited in growing bones and teeth, causing staining and sometimes bone deformities. They should not be given to children, pregnant women or nursing mothers.  
•Phototoxicity 
Minocycline 

High doses of tetracycline’s can decrease protein synthesis in host cells - an anti-anabolic effect - that could result in renal damage. 


CHLORAMPHENICOL
•MOA: - Inhibition of protein synthesis . Chloramphenicol binds to the 50S subunit of the ribosome and inhibits transpeptidation.
•Spectrum: - 

•Resistance is due to the production of chloramphenicol acetyl-transferase and is plasmid mediated. R plasmids containing determinants for multiple drug resistance for chloramphenicol, streptomycin, tetracycline’s, etc. may be transferred from one bacterial species to another by 'promiscuous plasmids'. 


•Pharmacokinetics: - Given orally chloramphenicol is rapidly and completely absorbed and reaches its maximum concentration in the plasma within 2 hours. It can be given parenterally. 

•About 10% is excreted unchanged in the urine, and the remainder is inactivated in the liver. 


 
•Unwanted effects: - The most important unwanted effect is depression of the bone marrow resulting in pancytopenia - decrease in all blood cell elements - an effect which although rare can occur even with very low doses in some individuals.  
•Chloramphenicol should be used with great care in new-borns 


•Hypersensitivity reactions can occur, as can gastrointestinal disturbances and other alteration of the intestinal microbial flora. 


AMINOGLYCOSIDES - e.g. Gentamicin
• MOA: - The aminoglycosides inhibit bacterial protein synthesis by binding to the 30S subunit of the ribosome, causing an alteration in codon:anticodon recognition. This results in a misreading of the mRNA and hence the production of defective bacterial proteins. 
• 

•Their penetration through the cell membrane of the bacterium depends on an oxygen-dependent active transport system, which chloramphenicol can block. They have minimal action against anaerobic organisms.
• Their effect is

 •Resistance: - Resistance to aminoglycosides is becoming a problem and may be due to a number of factors, the most important inactivation by microbial enzymes, the genes for which are carried on plasmids. Other mechanisms of resistance include failure of penetration (overcome by concomitant use of penicillin and/or vancomycin which synergise with the aminoglycosides) and lack of binding of the drug due to mutations that alter the binding-site on the 30S subunit.
•Spectrum: - 

•Pharmacokinetics:  The aminoglycosides are polycations and highly polar, hence are not absorbed in the GI tract. Given i.m. or i.v. Binding to plasma proteins is minimal. 
•They do not enter cells, nor cross the BBB into the CNS. 

•Unwanted effects: - 
•Ototoxicity 


•Nephrotoxicity - damage to the kidney tubules and can be reversed if the use of the drug is stopped. Note that since the elimination of these drugs is almost entirely renal, their nephrotoxic action can impair their own excretion and a vicious cycle can be set up. Plasma concentrations must be monitored regularly. 



ANTIMYCOBACTERIAL AGENTS
•The main mycobacterial infections in man are tuberculosis and leprosy - chronic infections caused by Mycobacterium tuberculosis and leprae respectively. A particular problem with both infections is that after phagocytosis, the micro-organism can survive inside macrophages, unless they are 'activated' T cell lymphokines.

•DRUGS USED TO TREAT TUBERCULOSIS
• Tuberculosis was once a major killer disease but recently has made a come back. The WHO has declared tuberculosis to be a global emergency. Several interacting factors have contributed to this problem - emergence of drug resistant strains which have spread rapidly in prisons and shelters for the homeless, and among persons infected with HIV. Inadequate treatment in these cases and in the Third World no treatment at all has compounded the problem. 


To decrease the possibility of the emergence of resistant organisms, compound drug therapy is employed, involving:-

•	A first phase of about 2 months 

•	A second, continuation phase of 4 months, 

ISONIAZID 
•MOA:  The antibacterial activity of isoniazid is limited to mycobacteria. It is bacteriostatic on resting organisms and can kill dividing bacteria. It passes freely into mammalian cells and is thus effective against intracellular organisms. MOA is not fully understood but evidence suggests that it inhibits the synthesis of mycolicacids, important constituents of the cell wall and peculiar to mycobacteria. 

•Pharmacokinetics: - Readily absorbed from the GI tract or after parenteral injection and is widely distributed throughout the tissues and body fluids, including the CSF. An important point is that it penetrates well into the necrotic tuberculous lesion. Metabolism, involves largely acetylation, 



RIFAMPICIN
•MOA: - Binds to and inhibits DNA-dependent RNA polymerase in prokaryotic but not eukaryotic cells. It is one of the most active anti-tuberculosis agents known. It is also active against most other Gram +ve bacteria as well as many Gram -ve species. 


•Pharmacokinetics: - Rifampicin is given orally and is widely distributed in the tissues and body fluids. It is excreted partly in the urine and partly in the bile, some of it undergoing enterohepatic cycling. There is progressive metabolism of the drug by deacetylation during its repeated passage through the liver. The metabolite retains antibacterial activity but is less well absorbed from the GI tract. 
•Unwanted effect: - 



PYRAZINAMIDE
•Pyrazinamide is related to nicotinamide. It is inactive at neutral pH but tuberculostatic at acidic pH. It is effective against the intracellular organism in macrophages, since after phagocytosis the organism will be contained in phagolysosomes in which the pH is low. 

•Unwanted effects include arthralgia (associated with high concentrations of plasma urates). GI tract upsets, malaise and fever are reported. 

Antibiotics against common or important micro-organisms

	MICRO-ORGANISM
	ANTIBIOTIC
FIRST CHOICE
	ANTIBIOTIC
SECOND CHOICE

	Gram +ve cocci
Staphylococcus (infection of wounds, boils etc.)
Non--Lactam-producing
-lactam producing

Streptococcus, haemolytic types
(Septic infections)

Pneumococcus (pneumonia)
	


Penicillin G or V
A -lactam resistant penicillin e.g. flucloxacillin

Penicillin G or, + or - an
aminoglycoside

Penicillin G  or V
ampicillin or a macrolide
	


A cephalosporin
A cephalosporin, amoxycillin


A cephalosporin, a macrolide.


A cephalosporin


	Gram -ve cocci
Neisseria gonorrhoeae 
(Gonorrhoea)

Neisseria meningitidis
(meningitis) 
	
Amoxycillin + clavulanic acid
ciprofloxacin

Penicillin G
cefotaxine + amplicillin
	
Spectinomycin


A tetracycline, erythromycin + or - an aminoglycoside

	Gram +ve rods
Corynebacterium (diphtheria)
Clostridium (tetanus, gangrene)
	
A macrolide
Penicillin G
	
Penicillin G
A tetracycline, erythromycin

	Gram -ve rods
Enterobacteriaceae (coliform organisms)
    Escherichia coli
(infection of urinary tract)
    Shigella (Dysentry)

Haemophilus (infections of respiratory tract, ear)
Bordetella I(whooping cough)
Vibrio (cholera)
Helicobacter pylori (peptic ulcer)
Pseudomonas aeruginosa 
(infection of burns etc)
	



cephalosporin, trimethoprim
ciprofloxacin

Chloramphenicol

A macrolide
A tetracycline
Metronidazole, amoxycillin
Antipseudomonal penicillins +
tobramycin
	



Extended spectrum penicillin
Ampicillin, a tetracycline

Co-trimoxazole

Ampicillin
Co-trimoxazole
erythromycin
Imipenem + or - aminoglycoside

	Spirochaetes
Treponema (syphillis)
Borrelia (Lyme disease)
Leptospira (Weil's disease)
	
Penicillin G
A tetracycline
Penicillin G
	
A macrolide, a tetracycline
Penicillin G, doxycycline
A tetracycline

	Rickettsiae (typhus, Q fever
	A tetracycline
	Chloramphenicol, co-trimoxazole

	Other organisms
Mycoplasma pneumoniae
Chlamydia (urogenital infections)
Actinomyces (abscesses)
	
A macrolide, a tetracycline
A tetracycline, a macrolide
Penicillin G
	
Ciprofloxacin
A sulphonamide
A tetracycline



ANTIFUNGAL DRUGS
•Fungal infections are termed mycoses and in general can be divided into:-
•	Superficial infections - Affecting skin, nails, scalp, mucosal membrane.
•	Systemic infections - Affecting deeper tissues and organs. 
•Primary systemic fungal infections are rare and generally occur in defined endemic areas of the world. In the UK the commonest systemic fungal infection is candidiasis - an infection with a yeast like organism.
•Superficial fungal infections can be classified into:-
•	Dermatomycoses – 

•	Candidiasis - 


NYSTATIN –
•NYSTATIN - Nystatin is polyene macrolide. There is virtually no absorption from the mucous membranes of the body or from the skin and its use is limited to fungal infections of the skin and GI tract.
•MOA: - Binds to the cell membrane and interferes with permeability and with transport functions. It forms a pore in the membrane, the hydrophilic core of the molecule creating a transmembrane ion channel. Nystatin has a selective action, binding avidly to the membranes of fungi and some protozoa, less avidly to mammalian cells and not at all to bacteria. 

•Unwanted effects: - Rare. Limited to nausea and vomiting when high doses are taken by mouth. V.rare - Rash. 


MICONAZOLE - 
•Miconazole belongs 

•MOA: - Azoles block the synthesis of ergosterol, the main sterol in the fungal cell membrane, by interacting with the enzyme necessary for the conversion of lanosterol to ergosterol. The resulting depletion of ergosterol alters the fluidity of the membrane and this interferes with the action of membrane associated enzymes. The overall effect is an inhibition of replication. A further repercussion is the inhibition of the transformation of candidal yeast cells into hyphae - the invasive and pathogenic form of the parasite.
•Pharmacokinetics: - 

•Unwanted effects: - Relatively infrequent, most commonly being GI tract disturbances, but pruritus, blood dyscrasias. 



ANTIVIRAL DRUGS
Viruses are the smallest infective agent, consisting of essentially of nucleic acids (either RNA or DNA) enclosed in a protein coat or capsid. 

Some important examples of viruses and the diseases they cause are as follows:-

•	DNA viruses: 


•	RNA Viruses: 


Viruses are intracellular parasites with no metabolic machinery of their own. In order to replicate they have to attach to and enter a living host cell and use its metabolic processes. The receptor on the host cell to which the virus attaches are normal membrane constituents e.g. ion channels, neurotransmitter receptors, integral membrane glycoproteins. The receptor/virus complex enters the cell by receptor-mediated endocytosis during which the virus coat may be removed. The nucleic acid of the virus then uses the cell's machinery for synthesising nucleic acid and protein and the manufacture of new virus particles.

Because viruses share many of the metabolic processes of the host cell it is difficult to find drugs that are selective for the pathogens. However, there are some virus-specific enzymes that are potential targets for drugs. Most currently available antiviral agents are effective while the virus is replicating. 



INHIBITION OF NUCLEIC ACID SYNTHESIS
ACYCLOVIR

The era of effective selective antiviral therapy began with acyclovir. This agent is a guanosine derivative with a high specificity for herpes simplex. Herpes simplex is more sensitive than the other herpes viruses which cause glandular fever or shingles. 
MOA: Acyclovir is converted to the monophosphate by thymidine kinase - the virus specific form of this enzyme being very much more effective in carrying out the phosphoylation than the host cells' thymidine kinase - and is subsequently converted to the triphosphate by the host cell kinases.

Acyclovir triphosphate is fairly rapidly broken down within the host cells by cellular phosphatases. Resistance due to changes in the viral genes coding for thymidine kinase or DNA polymerase has been reported and acyclovir-resistant herpes simplex virus has been the cause of pneumonia, encephalitis in immunocompromised patients.

PHARMACOKINETICS: Acyclovir can be given orally, i.v and topically. When given orally only about 20% of the dose is absorbed and peak plasma concentrations are reached in 1-2 hours, i.v. infusion results in a plasma concentration 10- to 20- fold higher. The drug is widely distributed, reaching concentrations in the CSF which are 50% of those in the plasma. It is excreted in the kidneys partly by glomerular filtration and partly by tubular secretion.

UNWANTED EFFECTS: minimal. Local inflammation can occur during i.v. injection if there is extravasation of the solution, which is very alkaline. Renal dysfunction has been reported when acyclovir is given i.v.; slow infusion reduces the risk. Nausea and headache can also occur.

ZIDOVUDINE (AZIDOTHYMIDINE, AZT)

Zidovudine is an analogue of thymidine. 

In retroviruses - such as HIV virus - it is an active inhibitor of reverse transcriptase. It is phosphorylated by cellular enzymes to the triphosphate form, in which it competes with equivalent cellular triphosphates which are essential substrates for the formation of proviral DNA by viral reverse transcriptase (viral RNA-dependant DNA polymerase);

Pharmacokinetics:  Given orally, the bio-availability of zidovudine is 60-80 % due to first pass metabolism, and the peak plasma concentration occurs at 30 mins. It can also be given i.v. There is little plasma protein binding so there are no drug interactions due to displacement by other drugs. Zidovudine enters mammalian cells by passive diffusion and in this is unlike most other nucleotides which require active uptake. The drug passes in to the CSF and brain. Most of the drug is metabolised to inactive glucuronide in the liver, only 20% of the active form being excreted in the urine.

Clinical uses of zidovudine

1.In patients with AIDS, it reduces the incidence of opportunistic infection (such as Pneumocystis carnii pneumonia), stabilises weight, reverses HIV-associated thrombocytopenia, stabilises HIV associated dementia and reduces viral load.
•If given to HIV +ve individuals before the onset of AIDS in combination with other drugs can dramatically prolong the life expectancy.
•In HIV +ve mothers it reduces the risk of transmission of the virus to the foetus by 66%. 
            In subjects who have been accidentally exposed to HIV e.g. hospital worker, rape victims, condom problems etc



Unwanted effects: 

Resistance: In most patients the therapeutic response to zidovudine wanes with long-term use, particularly in late-stage disease. It is known that the virus develops resistance to the drug due to mutations resulting in amino acid substitutions in the viral reverse transcriptase and that these genetic changes accumulate progressively. Thus, the virus is a constantly moving target. Resistant strains can be transferred between individuals. Other factors which could underlie the loss of efficacy of the drug are decreased activation of zidovudine to the triphosphate, increased virus load due to reduction in immune mechanisms and increased virulence of the pathogen.


Anticonvulsants 

Dr Mike Johnson



Learning outcomes:


•To understand what an epilepsy seizure is
•To understand what epilepsy is and its causes
•To appreciate treatment decisions are based on a balance of risk and benefit
•To understand the pharmacokinetic principles of prescribing, with reference to an at least one important, commonly used AED 
•To understand the genetic associations with AED-related hypersensitivity, and how these are used in clinical practice and why 


Remember that the emphasis here is very much on principles. In clinical practice these drugs are very largely prescribed by specialists (neurologists).


Anti-convulsant drugs


THE EPILEPSIES
Also called “seizure disorders”

Includes very large number  (100+) of disorders. 

Epilepsy is a physical condition defined as a tendency to recurrent, unprovoked seizures. An epileptic seizure is the manifestation of an abnormal and excessive synchronised discharge of a set of cerebral neurones. The clinical manifestations depend on the part of the brain involved in the epileptic neuronal discharge. In some seizures, there may be only very subtle changes which are apparent only to the patient. Seizures are sudden and transient (“paroxysmal”) and can include a wide variety of motor, psychic and sensory phenomena, with or without alteration in consciousness or awareness. Epilepsy affects people in all nations and of all races.

The occurrence of a seizure does not in itself mean a diagnosis of epilepsy. Anyone may be affected by a seizure with the appropriate stimulus: the diagnosis of epilepsy implies that the seizures are unprovoked.  A single seizure requires investigation but usually not immediate treatment (unless there is a clearly identifiable cause such as a tumour), since a single seizure does not usually define a liability to future attacks. In most practical situations, epilepsy is said to be present when two ore more attacks have occurred –this is an epidemiological definition that reflects the fact that patients with two or more attacks are likely to go to have further attacks without anticonvulsant medication. 

The epilepsies are very common: they affect ~300,000 people in the UK (>0.5% of the population).



Classification of the epilepsies 

In 1981 (revised in 1989) the International League Against Epilepsy (ILAE) agreed a classification of epilepsy based on the clinical form of the seizure, the EEG abnormality, and epilepsy aetiology. The Classification of epilepsy is complex, but in broad terms, the following are important:
1. Seizures are divided into generalized and partial categories. Generalized seizures arise form the whole cerebrum and consiousness is always lost (although sometimes briefly as in absence seizures). 
2. Partial seizures are those that arise in specific often small loci of cortex in one hemisphere. They are divided into simple partial seizures which occur without alteration in consciousness and complex partial seizures where awareness is altered or lost. A secondary generalized seizure is a seizure with a partial onset (often a simple partial seizure or aura) which spreads to a generalized attack. 
3. Partial seizures are broken down according the site of onset (e.g., temporal lobe, frontal lobe etc). 
4. Generalized seizures are broken down into absence, tonic, tonic-clonic, clonic, myoclonic and atonic forms. 
5. Epilepsy aetiology is either idiopathic (normal brain – i.e., no cause found other than a suspected inherited predisposition), symptomatic (the epilepsy is a symptom of an underlying cerebral injury – usually stroke, trauma or tumour) or cryptogenic (where an underlying brain injury is suspected but not identified). In general, the cryptogenic category is diminishing, as our understanding of epilepsy advances and the quality of neuroimaging improves. 

Pharmacological targets

The main mechanisms described for drugs in current clinical use.

1.	Interaction with voltage-dependent sodium channels
2.	Direct or indirect enhancement of GABA transmission
3.	Interaction with neuronal calcium channels
4.	Blocking receptors for excitatory neurotransmitters

Note that the known or supposed mechanism of action is not very helpful in choosing drugs for particular types of epilepsy.
*: phenobarbitone use is decreasing rapidly

Structures of older commonly used anticonvulsants

[image: ]

PHT: phenytoin; CBZ: carbamzepine; PB: phenobarbitone;  PRM: primidone; ESM: ethosuximide; VPA:  sodium valproate

Structures of newer anticonvulsants
[image: ]VGB: vigabatrin; LTG: lamotrigine;GBP: gabapentin;
Information on individual drugs
Clinical uses will be summarised later.

Phenytoin

Multiple mechanisms apart from Na channels

Complex pharmacokinetics: half life 12-40+ hours, large interindividual variation. Once-daily dosage.

Fosphenytoin is an injectable water-soluble pro-drug of pheytoin which is now widely used in the management of severe seizures (status epilepticus), which will not be discussed in detail now.  But how would you define “pro-drug”?

	Adverse effects – 


Carbamezapine

Long half life initially (36+h) decreases with chronic treatment (20h or less).
There are therefore many potential interactions with other drugs metabolised by CYP450. 
Normal (first-order) kinetics, usually twice-daily dosage. 

	Adverse effects –

Sodium valproate

Medium half life (9-18h), extensively metabolised but not by CYP450, usually twice-daily dosage.
Plasma level monitoring of doubtful value, difficult to interpret data.
However, does inhibit some forms of CYP450.

Major adverse effects of the drug


Vigabatrin

Relatively short half life (6-8h) but duration of action longer
Few interactions, little involvement of CYP450
	Major adverse effects of the drug include visual field defects (retinopathy) in up to 40% of exposed patients. It is now rarely used except in the treatment of infantile spasms (a type of childhood seizure) that seems particularly responsive to this medication. 
Lamotrigine

Long half life, mostly metabolised by conjugation, apparently  this is inhibited by valproate. 

Adverse effects are mostly dose dependent:
· Dizziness, sedation
· Diplopia


Gabapentin

Short/medium half life (5-8h)

Not metabolised, no know interactions
Adverse effects dose-dependent :

· sedation, dizziness etc

Levetiracetam

Mechanism unknown, unrelated to any older drugs
Medium half-life (6-8h)
Renal clearance
Adverse effects dose dependent, mainly sedation, dizziness etc


Principles of anticonvulsant therapy
· Attempt to achieve control with one drug in view of the many adverse effects and interactions
· Try to ensure accurate information from patient/family on frequency of fits if these persist
· Use therapeutic drug monitoring where available and useful. Usually to check compliance and in suspected toxicity. Phenytoin is the only drug with a well-established therapeutic range. For most drugs, the correct dose is the minimum dose that adequately controls the seizures without intolerable side effects. 
· Always think about possible interactions with other anticonvulsants and other classes of drugs
· Never  withdraw treatment abruptly; if patient is taking several drugs withdraw one at a time. Controlled withdrawal of treatment can be considered after 3-4 years without seizures
· Be very cautious when replacing one drug with another: if possible do not stop first drug before replacement established
· Patients should not drive until they have been free of seizures for at least 1 year
· All antiepileptic  drugs should be regarded as potentially teratogenic (esp neural tube defects).  Quantitative risk is difficult to assess, but must be weighed against major risk to mother and baby of uncontrolled epilepsy. This is a very important issue. 

· Phenytoin usage is decreasing with the introduction of the newer drugs
· Anticonvulsants, particularly gabapentin and carbamazepine, are often used in the treatment of neuropathic pain
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The primary event in atherosclerosis is thought to be damage caused to the endothelium of arterial walls, resulting in endothelial dysfunction. This damage may be caused by a variety of factors; haemodynamic forces (shear stress caused by e.g. hypertension), a number of vasoactive substances, mediators (cytokines) from blood cells, cigarette smoke, atherogenic diet, elevated glucose levels and oxidised LDL-cholesterol.1 

Initially, damage causes the endothelial cells to express cellular adhesion molecules such as cytokines (interleukin-1, IL-1; tumour necrosis factor , TNF-), chemokines (monocyte chemoattractant factor 1, MCP-1; IL-8) and growth factors (platelet-derived growth factor, PDGF; basic fibroblast growth factor, bFGF).1 This ‘sticky’ surface encourages inflammatory cells such as monocytes and T lymphocytes to attach to the endothelial surface. Once attached they migrate through the intact endothelium into the subendothelial space. Many of the monocytes differentiate into macrophages and take up oxidised LDL, which is more atherogenic than native LDL; these macrophages then become foam cells.1 

Oxidised LDL promotes death of endothelial cells and an inflammatory response resulting in impairment of normal function of the endothelium. In addition, it modifies the response to angiotensin II, resulting in vasodilatory impairment, and induces a prothrombic state by affecting platelets and coagulation factors.

Thus, the endothelium responds to damage by inducing a protective response which will eventually lead to the formation of fibrofatty and fibrous lesions, the atherosclerotic plaque, preceded and accompanied by inflammation.2
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Clinical Manifestations of Atherosclerosis

		Coronary heart disease

		Angina pectoris, myocardial infarction, sudden cardiac death

		Cerebrovascular disease

		Transient ischaemic attacks, stroke

		Peripheral vascular disease

		Intermittent claudication, gangrene





Coronary heart disease Restriction of blood flow to the myocardium may be caused by an atherosclerotic plaque narrowing the lumen of the coronary arteries. If the diameter of the coronary artery is reduced by more than 50%, ischaemia will develop and the patient will experience tightness or crushing pain in the chest (angina pectoris). However, pain does not always accompany myocardial ischaemia: this is called silent ischaemia. Coronary plaque rupture and erosion have been shown to result in thrombus formation within coronary arteries. If blood flow is completely obstructed, either due to a thrombus or by a large atherosclerotic plaque, death to part of the myocardium may ensue, resulting in an MI. Depending on the magnitude or site of the damage to the myocardium the pumping action of the heart may be impaired and/or the heart rate and rhythm may become disturbed. These can result in congestive heart failure or, if very severe, sudden cardiac death.1 

Cerebrovascular disease Narrowing of the carotid, vertebral and cerebral arteries supplying blood to the brain can cause a brief interruption in the blood supply to the brain resulting in a transient ischaemic attack. This may cause temporary impairment of vision, speech, sensation or movement and may be followed by a stroke. A stroke may also be caused by formation of a thrombus or embolus, arterial rupture or haemorrhage of the cerebral arteries stopping the oxygen supply to parts of the brain. Sudden loss of consciousness often occurs with subsequent paralysis of parts of the body. It can lead to permanent damage and disability and sudden death.1

Peripheral vascular disease When the lumen of arteries such as the femoral and iliac arteries supplying blood to the legs has been significantly narrowed, by 60% or more, the symptoms of intermittent claudication become evident. These include an aching or cramping pain, most often in the legs when walking, which occurs when insufficient oxygen is reaching the muscles in the legs. In advanced cases of peripheral vascular disease, blood supply to the legs may become completely blocked, possibly by thrombus formation, and painful leg and foot ulcers may develop. If left untreated gangrene may eventually ensue, requiring amputation of the affected limb.1
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LDL-Cholesterol

		Strongly associated with atherosclerosis

and CHD events

		10% increase results in a 20% increase

in CHD risk 

		Risk associated with LDL-C is increased by other risk factors:

		low HDL-cholesterol

		smoking

		hypertension

		diabetes





LDL-cholesterol has been shown to be strongly associated with the development of atherosclerosis and the risk of CHD events in patients with established CHD (history of angina pectoris, MI etc.) and in those without CHD. This applies to women as well as men, but in women the general level of CHD risk is lower.1 A 10% increase in LDL-cholesterol is associated with an approximate 20% increase in risk for CHD.1

The association between LDL-cholesterol and the risk of CHD events is considerably increased by other risk factors, such as low HDL-cholesterol, smoking, hypertension and diabetes. This modification is apparent especially when total cholesterol and LDL-cholesterol are only moderately elevated.1 
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Twenty-five year follow-up data from the Seven Countries study1 show that serum total cholesterol levels are linearly related to CHD mortality across cultures. The relative increase in CHD mortality rates with a given increase in cholesterol are similar. However, the large between-country difference in CHD mortality rates at a given cholesterol level indicates that other factors, such as diet, also play a role in the development of CHD. The link between high cholesterol levels and increased incidence of CHD has also been shown in the prospective part of the Multiple Risk Intervention study.2 

In epidemiological studies, measurements of serum cholesterol have been routinely used. The relationship between cholesterol levels and the incidence of CHD is almost entirely dependent on low-density lipoprotein (LDL) cholesterol, the main carrier of cholesterol and a major atherogenic lipoprotein.3 

Results from the Framingham study4 during 26 years of observation show  that men have twice the incidence of CHD mortality and morbidity of women. This difference tends to diminish during the later years, after the menopause. Other factors that influence susceptibility to CHD include ethnic background and social class. 5-7
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	It has been estimated that in the USA approximately 102 million people have elevated total cholesterol levels of >200 mg/dL (5.2 mmol/L) and 41 million levels of >240 mg/dL (6.2 mmol/L).1 In EUROASPIRE II, 58% (n=5556) of patients with established CHD were found to have elevated cholesterol levels (5 mmol/L, 190 mg/dL).2

	Early trials have shown that a reduction in total cholesterol results in a reduction in the incidence of CHD events. In addition, a meta-analysis of 38 trials3 has shown that for every 10% reduction in total cholesterol, CHD mortality is reduced by 15%, and total mortality by 11% (both p<0.001). Similar reductions were seen with all lipid-modifying treatments studied. Thus, total cholesterol is a modifiable risk factor for CHD and total mortality.4

	Low-density lipoprotein (LDL) cholesterol has been recognised as a prime target for lipid intervention to prevent CHD. Under NCEP ATP III LDL-C guidelines it has been estimated that approximately 36 million patients would be suitable for drug therapy.5 The intensity of intervention depends not only on raised cholesterol or LDL-cholesterol but also on the presence of a number of other risk factors for CHD.
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Lipid-modifying therapies include inhibitors of HMG CoA reductase (statins), fibrates, bile acid sequestrants (resins), nicotinic acid and its derivatives, and probucol. They have all shown varying degrees of efficacy in delaying the progression of atherosclerosis and some have also been shown to reduce MI and sudden death. A combination of two agents may be used to achieve greater efficacy in cases of severe hypercholesterolaemia. However, the most convincing evidence has been demonstrated with statins and, at present, they are first-line drugs in the treatment of dyslipidaemias. 

Bile acid sequestrants are potent cholesterol-modifying agents. However, compliance can be a problem as patients may object to the taste and texture, and common adverse events are gastrointestinal bloating, nausea and constipation.1,2

Nicotinic acid, a B-complex vitamin whose lipid-modifying properties were first described in the 1950s, is very effective at reducing both LDL-cholesterol and triglyceride concentrations, and increasing HDL-cholesterol levels. Thus, it is indicated for all dyslipidaemias except congenital lipoprotein lipase deficiency. To be effective, it must be given in pharmacological doses. The value of nicotinic acid has been limited by the incidence of adverse events, which include flushing, skin problems, gastrointestinal distress, liver toxicity, hyperglycaemia and hyperuricaemia.1,2

Fibrates are effective triglyceride-lowering and HDL-raising drugs. However, in the majority of patients they are only moderately successful in reducing LDL-cholesterol.1,2

Probucol is not available in most countries. It is prescribed for the treatment of high cholesterol levels. However, it has only a modest LDL-cholesterol-modifying effect, and there is no evidence that it reduces CHD risk and there are limited long-term tolerability data.1,2

Statins are highly effective in lowering LDL-cholesterol and have a good tolerability profile.1-3  Data presented in this slide does not include rosuvastatin.

Ezetimibe is the first of a novel class of selective cholesterol-absorption inhibitors. Ezetimibe may be useful as monotherapy in patients who need modest reductions in LDL-cholesterol or who are intolerant to other lipid-modifying therapies, and in combination with a statin in patients who are intolerant to large doses of statins or need further reductions in LDL-cholesterol despite maximum doses of a statin.4
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Fig. 1:  Generation of a neuronal action potential
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Fig. 2:  Structures of local anaesthetics
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Fig. 3:   Interaction of local anaesthetics 

with sodium channels
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