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[bookmark: _Toc300221411][bookmark: _Toc333398066]SOLE FEEDBACK

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.

	
	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree

	The content of this module is useful.
	
	
	
	
	

	The support materials available for this module (e.g. handouts, web pages, problem sheets) are helpful.
	
	
	
	
	

	I receive sufficient feedback and guidance.
	
	
	
	
	

	Overall, I am satisfied with this module.
	
	
	
	
	




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 lecture(s) are well structured
	The lecturer explains concepts clearly
	The lecturer engages well with the students

	Lecturer and Lecture Title
	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree
	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree
	Strongly Agree
	Agree
	Neutral
	Disagree
	Strongly Disagree

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	






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

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




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

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	





ENDOCRINOLOGY

[bookmark: _Toc300221412][bookmark: _Toc333398067]INTRODUCTION

Endocrinology is the study of endocrine glands and their chemical products called hormones, which are released directly into the bloodstream. It is one of the body’s two principal communication systems (the other being the nervous system).

The endocrinology course runs across the first two years of the undergraduate medicine curriculum. In the first year (Spring term), there are six sessions that cover basic scientific aspects of important components of the endocrine system and relate them to important clinical disorders that can result from specific endocrine defects. The endocrine glands that will be considered include the hypothalamo-pituitary axis, the pancreatic islets of Langerhans (the source of insulin) and the most common of all endocrine disorders diabetes mellitus, the thyroid, the adrenals, the gonads and the parathyroid glands. 

During the nine sessions of the second year (see below) the focus is more on the clinical disorders associated with these endocrine glands, and includes methods of diagnosis and a broad consideration of treatments currently available (particularly pharmacological and drug therapeutic aspects). Students are strongly advised that since the basic endocrinology taught in year 1 will be taken as already covered, they revise the year 1 material beforehand.

There will also be further opportunity to study endocrinology during clinical rotations and specialties as well as more in-depth study during the BSc. Endocrinology Pathway, which offers various endocrinology modules and projects.

[bookmark: _Toc300221413][bookmark: _Toc333398068]COURSE STRUCTURE
There are 9 sessions, seven of which are in the Autumn Term the other two being in the Spring term. The structure of most sessions will be lecture presentations (some multi-teacher) and tutorials. In the tutorials, which are based on the consideration of case histories, there will be opportunity to go over specific aspects of the lectures maybe requiring clarification and expansion. An opportunity for self-assessment will also generally be included in many sessions, with examples of SBA, T/F MCQ and short answer questions provided. These will also be available on the intranet.

[bookmark: _Toc300221414][bookmark: _Toc333398069]ASSESSMENT
Formative Assessments
Please refer to the intranet for details.

Summative Assessment
The course will be examined in a single examination as part of LCRS.
Endocrinology —Paper 3 Section 1 (2.5 hours) in May 2013
The questions will be SAQ/SBA/EMQ. Note that some questions may be integrated with material from other courses within LCRS.

Each session has a few MCQ questions which are also online on webCT where the answers are also available. These are purely to help you with your learning.

If you want to ask questions, use the BlackBoard discussion board.

Further details about examinations are provided on the intranet.


[bookmark: _Toc300213329][bookmark: _Toc300214105][bookmark: _Toc300221415][bookmark: _Toc333398070]WHITE SPACE and BLACKBOARD 

There is a lot of ‘white space’ in your timetable.  This is space with no activity timetabled. This is not meant to be wasted.  There are lecture slots with nothing timetabled, and with every tutorial, there is a 45-minute gap, which is long enough to have a short ‘break’ then run an online activity, or have some time for reflection.  You can use this time to go through questions on Blackboard.

We are also including the guidebook MCQs as quizzes to help you with your revision and understanding on Blackboard.  This will enable you to look at questions at your leisure and obtain the answers directly.  Instructions as to how to use Blackboard are given below.

[image: BB_logo_vertical]

[bookmark: _Toc300213330][bookmark: _Toc300214106][bookmark: _Toc333397814]Click on the Blackboard icon, or http://learn.imperial.ac.uk



· Put in your username and password (i.e. your normal username and password).
· Click on ‘on-line resources’ (Year 2 - 2012-2013).
· Click on the icon ‘Assessments’ in the left hand column.
· A list of quizzes will appear.
· Click on the title of the quiz to run it.
· Read the instructions which will tell you how long you have for the quiz.
· Turn off any popup blocking software.
· Press ‘begin assessment’.
· Answer each question.
· Click on Save and view next

You can answer the questions in any order, and when you do the last one, it will go back to question 1 to give you another chance to change your answer.

· Click on Finish when you have finished.
· Click on OK.

[bookmark: _Toc300213331][bookmark: _Toc300214107][bookmark: _Toc333397815]You can view your answers and the correct answers.

[bookmark: _Toc300213332][bookmark: _Toc300214108][bookmark: _Toc333397816]Discussion board:

Once logged in, click on ‘Discussions’ to ask or answer a query.  This is a really good way to learn.  Niamh Martin and I will regularly check this during the course, but it is hoped that queries will be answered by students as well.
Karim Meeran


August 2012




[bookmark: lo][bookmark: _Toc300221418][bookmark: _Toc333398073]LEARNING OBJECTIVES 

Year 2 (2012/13) Autumn/Spring terms

These session objectives may include tasks you should be able to carry out after you have completed the relevant activity. They provide you with a way to assess how well you are keeping up with the material. Note that they are also provided to the external examiners as a guide to what you should know at the end of the course.

Note:  It is expected that students will have revised their year 1 endocrinology notes before the start of the year 2 sessions

Lecture 1 (Professor John Laycock): Hyposecretion of anterior pituitary hormones

· Distinguish between primary, secondary and tertiary disease states relating to pituitary function.

· Define the term pan-hypopituitarism (Simmond’s disease) and describe the specific aetiology of the form of hypopituitarism called Sheehan’s syndrome.

· Describe the more common signs and symptoms of pan-hypopituitarism.

· Describe how a) anatomical pituitary disruption and b) pituitary hormone deficiency can be evaluated, including the use of stimulation tests.

· Describe how the endocrine consequences of pan-hypopituitarism can be treated, using the term hormone replacement therapy

· List the various possible individual pituitary hormone deficiencies that can occur and explain how the conditions can be diagnosed and treated (when appropriate).

· List the principal endocrine causes of short stature, identifying those that are caused by lack or excess of specific hormones and those that are related to receptor and post-receptor defects (e.g. Laron dwarf).

· State that short stature can also be related to non-endocrine causes such as malabsorption, malnutrition and psychological deprivation.

· Explain how the diagnosis of endocrine-related short stature can be made, including a description of the use of standard growth charts and stimulation tests.

· Explain why provocative tests are useful in the diagnosis of pituitary insufficiency.  Give examples of tests used to diagnose GH deficiency.

· Describe the pharmacodynamic and pharmacokinetic properties of human growth hormone (hGH) and explain the rationale governing its use in the treatment of GH deficiency in (a) children and (b) adults.


Lecture 2 (Professor John Laycock): Hypersecretion of anterior pituitary hormones

· Explain why suppression tests are useful in the diagnosis of excessive pituitary hormone secretion.  How do the GH responses to oral glucose differ in acromegalics and normal subjects?

· List the individual pituitary hormone excess states that can develop, and describe the principal consequences of each hypersecretory state.

· Describe the principal signs and symptoms of growth hormone hypersecretion in the child  (gigantism) and the adult (acromegaly).

· Describe how gigantism and acromegaly are diagnosed.

· List the principal treatments available for the treatment of gigantism and acromegaly.

· State that prolactinoma is the most common tumour of the pituitary gland.

· Describe the principal signs and symptoms of hyperprolactinaemia.

· Describe how hyperprolactinaemia is diagnosed.

· List the principal treatments available for the treatment of hyperprolactinaemia.

· Explain why hyperthyroidism, precocious puberty and Cushing’s syndrome can be primary, secondary (or even tertiary) disease states depending on the site of the lesion.

· Name two dopamine receptor agonists used in the treatment of hyperprolactinaemia.  Explain the unwanted effects of these drugs and note their main pharmacokinetic features.

· Name a somatostatin analogue used in the treatment of growth hormone excess and describe its main biological actions and pharmacokinetic features.  List the potential unwanted effects of these drugs and identify other conditions in which they may also be useful.

· State that acromegaly may also be treated with dopamine receptor agonists.

N.B.:  You are NOT required to learn the chemical formulae of drugs – these are included only to illustrate structure-activity relationships. 


Lecture 3 (Professor John Laycock): Posterior pituitary (Neurohypophysial) disorders

· List the major biological responses that occur following stimulation of (a) V1- and (b) V2 receptors.

· Describe and explain the signs and symptoms of diabetes insipidus.

· List the principal causes of diabetes insipidus.

· Explain the difference between central (cranial) and nephrogenic diabetes insipidus.

· Explain how the two forms of diabetes insipidus can be	diagnosed and differentiated from each other, and from (psychogenic) polydipsia.

· Note that while the central form of diabetes insipidus is treated with desmopressin, the nephrogenic form is treated with thiazide diuretics.

· Describe the signs and symptoms of the syndrome of inappropriate ADH (SIADH) and relate them to the physiological actions of vasopressin.

· List the principal causes of SIADH.

· Describe how SIADH and its manifestations can be treated.

· Describe major clinical uses and unwanted effects of the V2-selective agonist desmopressin (DDAVP) and the V1-selective agonist terlipressin.  Identify the routes by which these drugs are given.

N.B.:  You are NOT required to learn the chemical formulae of drugs – these are included only to illustrate structure-activity relationships.


Lectures 4 and 5 (Professor Karim Meeran and Professor Glenda Gillies): hypothyroid and hyperthyroid disorders

· List the possible causes of hypothyroidism and differentiate between cretinism and myxoedema.

· Describe the clinical features of hypothyroidism.

· Describe how myxoedema is diagnosed.

· Describe the treatment for myxoedema.  The following specific questions highlight some important pharmacological considerations:-

Drugs and Hypothyroid Conditions
· Define hormone replacement therapy.
· Name two drugs used in the treatment of hypothyroidism and distinguish between them on the basis of their principal applications and routes of administration.
· Categorise the actions of thyroid hormones in terms of their effects on metabolism, growth and development and the sympathetic nervous system.
· Describe the mechanisms of action of thyroid hormones at the cellular level.
· List the major unwanted effects of replacement therapy with thyroid hormones.
· Explain the function of thyroxine binding globulin.
· How may pregnancy and treatment with certain drugs (eg. oral contraceptives, phenothiazines, phenytoin, salicylates) alter the free plasma concentrations of thyroid hormones and what are the implications of these factors for patients taking thyroxine. 

· Describe the radioisotopic imaging of the thyroid in normal and disease states.

· Describe the possible effects of the immune system on the thyroid gland.

· List the different possible causes of hyperthyroidism.

· Describe the clinical features of hyperthyroidism, Graves’ disease and thyroid storm.

· List and explain the different treatments available for hyperthyroidism and thyroid cancer. The following specific questions highlight some important pharmacological considerations:-



Drugs and Hyperthyroid Conditions.
· To which class of drugs does carbimazole belong?
· Name another drug of the same class used to treat hyperthyroidism.
· Using a labelled diagram of the steps in the synthesis of thyroid hormones (see diagram in handout) explain the mechanisms of action of the thiourylenes.
· Using carbimazole as an example, explain the term 'pro-drug'.
· Describe the signs and symptoms which will disappear after treatment with thiourylenes.
· Describe two situations in which hyperthyroid patients may be given large doses of potassium iodide.
· Why is radioactive iodine an effective therapy for hyperthyroidism?
· Name two drugs used in thyroid function tests.

N.B. Approximately 1 in 50 people suffer from disordered thyroid function and this, along with diabetes mellitus, together represent the most common endocrine disorders. The ability to treat these conditions safely and effectively with drugs is, therefore, of major importance.


Lecture 6 (Professor Karim Meeran and Professor Glenda Gillies): Hyperadrenal disorders

· List and describe the clinical features of Cushing’s and Conn’s Syndromes.

· Identify the four causes of Cushing’s Syndrome.

· Describe the principal investigations required to determine the cause of Cushing’s Syndrome in an individual.

· List the drugs used to treat Cushing’s and Conn’s Syndromes.

· List the surgical options for treatment of Cushing’s and Conn’s Syndromes.


Lecture 7 (Professor Karim Meeran): Hypoadrenal disorders

· Draw a flow diagram illustrating the principal intermediate molecules and the key enzymes involved in the synthesis of the adrenocortical steroids (see year 1 objectives).
· State that Addison’s disease is life-threatening.
· Describe the signs and symptoms of Addison’s disease.
· Define the term Addisonian crisis and list the specific features of this condition.
· Describe the treatments used for Addison’s disease and Addisonian crisis.
· Describe the hormonal consequences of specific named adrenal enzyme deficiencies.
· List the signs and symptoms of congenital adrenal hyperplasia.
· Explain the principles behind the management of congenital adrenal hyperplasia.

· List the clinical features of a patient with a phaeochromocytoma.


Lecture 8 (Dr. Pat Cover): adrenal steroids as anti-inflammatory and immunosuppressive drugs

· List the main clinical uses of corticosteroids.

· Outline the processes involved in the manifestation of acute and chronic inflammatory responses and identify the points at which glucocorticoids disrupt these processes 

· Explain how glucocorticoids influence acquired immune responses.

· Note the value of exogenous corticosteroids in maturing the foetal lung prior to pre-term birth.  What effects may this treatment have on the long-term health of the individual? 

· State how (a) the corticosteroid receptor selectivity, (b) the potency and (c) the pharmacokinetic properties of each of the following steroids differ: hydrocortisone, prednisolone, dexamethasone.

· List the unwanted effects of exogenous glucocorticoids and identify steps that may be taken to reduce them.  


Lecture 9 (Professor Glenda Gillies): therapeutic use of adrenal steroids

· Describe the principal actions of cortisol and aldosterone and summarise the mechanisms  which control the secretion of the three main classes of adrenal steroids (see year 1 objectives)
· List the main clinical uses of corticosteroids.
· Describe the two main classes of corticosteroid receptors and state how they differ in their distribution, in their steroid specificity and in their affinity for cortisol and aldosterone.
· Describe the mechanism by which mineralocorticoid receptors are protected from cortisol.
· State how (a) the corticosteroid receptor selectivity, (b) the potency and (c) the duration of action differs for each of the following drugs: hydrocortisone, prednisolone, dexamethasone and fludrocortisone.
· Explain the basis of the drug-treatment of (a) Addison's disease, (b) pituitary-dependent adrenal insufficiency, (c) acute adrenal insufficiency and (d) congenital adrenal hyperplasia.  Identify the drugs used for each condition and the mode by which they are administered and explain (a) the primary objectives of therapy and (b) how the effectiveness of therapy can be monitored.
· State what measures are taken to protect subjects with adrenal insufficiency (a) in conditions of minor illness and (b) in the event of surgery.
· Explain why glucocorticoid cover is necessary in subjects undergoing hypophysectomy or adrenalectomy.



Lecture 10 (Professor Glenda Gillies): Oral contraceptives, HRT and SERMs

· List the tissues that produce oestrogens and progestogens and name the endogenously produced hormones.

· Describe the main physiological actions of oestrogen and progesterone.

· Discuss the pharmacokinetic considerations (routes of administration, absorption, distribution, half-life, metabolism, excretion) when administering oestrogen- and progesterone-related drugs.

· Identify the main components of combined oral contraceptives (COCs) and explain how they work

· List the main unwanted effects of COCs

· Compare and contrast COCs with the post-coital pill and progesterone only pill (POP).

· Define the terms menopause and climacteric
· List the symptoms of menopause
· Explain the complications of menopause
· Understand and evaluate the advantages and disadvantages of treatment of menopause with HRT, Tibolone
· Discusss the properties of the selective oestrogen receptor modulator drugs (SERMS)


Lecture 11 (Professor Waljit Dhillo):  Endocrine infertility

· Draw a diagram of the hypothalamo-pituitary gonadal axis in normal males and females
· Draw a diagram of the hypothalamo-pituitary gonadal axis in primary and secondary gonadal failure
· List the clinical features, causes, investigations and treatment of male hypogonadism
· List the tissues that produce androgens and name three endogenous androgens.
· Describe the main physiological actions of testosterone and briefly explain its mechanism of action.
· List and explain the main clinical uses and major unwanted effects of testosterone.
· Define amenorrhoea
· List the causes, investigations and treatment of amenorrhoea
· List the criteria used to diagnose PCOS
· List the clinical features, investigations and treatment of PCOS
· Draw a diagram of the pathway controlling normal prolactin secretion
· List the causes, clinical features, investigation and treatment of hyperprolactinaemia




Lecture 12  (Professor John Laycock):  Endocrinology of pregnancy

· Describe the necessary changes which have to occur before the spermatozoon becomes fully capable of fertilizing the ovum (including capacitation), explaining how these changes take place and what endocrine background is required.

· Identify the window of fertilization during a menstrual cycle.

· Describe the fertilization process and explain the importance of the acrosome reaction.

· Describe how the blastocyst is believed to signal its presence to the maternal endometrium, and the principal initial developments which occur on implantation.

· Describe the decidualization reaction and how it is initiated.

· Describe the principal physiological role of hCG and identify the stage in pregnancy when it first appears and when it peaks.

· Draw flow diagrams to describe the placental synthesis of a) oestrogen, and b) progestogen during pregnancy.  

· Draw a chart illustrating the changes in maternal circulating concentrations of oestrogen, progesterone, hCG, hPL, LH and FSH throughout pregnancy.

· Describe the value of hCG measurement in the management of trophoblastic disease.

· Identify the main hormone (and hormone fragment) measurements in maternal blood during pregnancy which can be used clinically with regard to feto-placental well-being.

· Explain how hormones regulate the parturition process.

· Explain how lactation is induced by suckling, naming the two principal hormones concerned.


Lecture 13 (Professor John Laycock and Professor Glenda Gillies): metabolic and endocrine bone disorders

Learning Objectives

METABOLIC BONE DISORDERS

· Describe how the blood calcium ion concentration is regulated with special references to its endocrine control, stating where the relevant hormones are produced and where they act.
· Define osteoporosis.
· List the principal risk factors for osteoporosis. 
· Name the main medications used to treat osteoporosis. 
· List the causes of hypercalcaemia and hypocalcaemia.
· Describe the symptoms and signs of hypercalcaemia and hypocalcaemia.
· Describe the actions of drugs used to treat metabolic bone disease, including their side effects.
ENDOCRINE BONE DISORDERS
· Draw a diagram illustrating synthesis of vitamin D, including vitamin D metabolites and their actions on calcium metabolism. 
· Describe the effects of vitamin D deficiency states, including predisposing factors.  
· List the treatments available for osteomalacia, and explain their mode of action.
· Explain how renal dysfuntion leads to bone disease
· Describe the effects of vitamin D excess and list predisposing factors for this. 
· Describe the clinical, biochemical and radiological features of Paget’s disease. 

Lecture 14 (Professor Glenda Gillies): oxytocic drugs

· Describe the actions of the following drugs on the pregnant uterus and explain how they may be exploited clinically: oxytocin, prostaglandins, ergometrine, mefepristone.
  
· Outline the main pharmacokinetic properties of these drugs and state what adverse effects they may each produce.  

Lecture 15 (Dr. Stephen Robinson): Type I diabetes mellitus 

· Define T1DM and understand its relation to other types of diabetes

· Describe the epidemiology of type 1 diabetes

· Describe the aetiology of type 1 diabetes

· Describe the pathophysiology of type 1 diabetes

· To understand the physiological basis of treatment of diabetes 


Lecture 16 (Dr. Stephen Robinson) Type 2 diabetes mellitus 

· Define T2DM and understand its relation to other types of diabetes

· Describe the epidemiology of type 2 diabetes

· Describe the aetiology of type 2 diabetes

· Describe the pathophysiology of type 2 diabetes

· Understand the physiological basis of treatment of diabetes 


Lecture 17 (Professor Karim Meeran and Dr. Andrew Frankel): Microvascular complications of diabetes mellitus

· Describe the complications of diabetes mellitus, differentiating between micro- and macro-vascular complications and their epidemiologies.

· Describe the presentation, mechanisms, prevention and treatment of microvascular complications (retinopathy, nephropathy and neuropathy).

· Discuss the importance of insulin resistance in diabetes and normoglycaemia

· Explain the epidemiology and importance of diabetic foot disease.

· Describe the presentation of the “diabetic foot” and the pathogenesis  behind its development.

· Describe the preventative and treatment strategies for the diabetic foot

· Describe the concept of diabetes control and explain how this can be achieved (This is addressed further in year 3 together with a more clinical perspective).


Lecture 18 (Dr. Stephen Robinson): Macrovascular Complications of diabetes mellitus

· Know that hyperglycaemia is part of a spectrum of metabolic abnormalities known as insulin resistance, and is associated with arterial disease that significantly reduces life expectancy
 
· Understand that patients with Diabetes often die from diseases of large arteries

· State that macrovascular Disease is a systemic disease and is  commonly present in  multiple arterial beds

· Understand that treatment targeted to blood glucose alone does not significantly offset the increased risk of cardiovascular disease

· Know that prevention of macrovascular disease requires aggressive management of multiple risk factors

· Review the epidemiology and importance of diabetic foot disease

· Describe the pathogenesis of the diabetic foot

· Describe the preventative and treatment strategies for the diabetic foot.




[bookmark: _Toc300221419][bookmark: _Toc333398074]RECOMMENDED READING

Laycock J F and Meeran (K) –Integrated Endocrinology, 1st  Edition, Wiley-Blackwell (2012)
Currently due 23rd November 2012
Marshall W J: Clinical chemistry, 7th edition (2012) 
Holt & Hanley:  Essential Endocrinology and Diabetes, Wiley-Blackwell, 6th edition (2012)
Tomlinson S, Heagerty A M, Weetman A P: Mechanisms of disease - an Intro. to Clin Sci, Edited. 2nd edition (2008) – basic science and clinical content 

[bookmark: _Toc300221420][bookmark: _Toc333398075]CONTACT DETAILS
Course Leaders:
Dr Niamh Martin
Division of Diabetes, Endocrinology and Metabolism (Department of Medicine, Charing Cross campus)
Email: n.martin@imperial.ac.uk

Professor Karim Meeran
Division of Diabetes, Endocrinology and Metabolism (Department of Medicine, Charing Cross campus)
email: k.meeran@imperial.ac.uk.
Administrative support:
Ms Jo Williams, FEO




[bookmark: h1][bookmark: intro][bookmark: h12][bookmark: _Toc300221421][bookmark: _Toc333398076]Lecture 1:  Hyposecretion of anterior pituitary hormones

Professor John Laycock 
j.laycock@imperial.ac.uk

Learning objectives

1. Distinguish between primary, secondary and tertiary disease states relating to pituitary function.

2. Define the term pan-hypopituitarism (Simmond’s disease) and describe the specific aetiology of the form of hypopituitarism called Sheehan’s syndrome.

3. Describe the more common signs and symptoms of pan-hypopituitarism.

4. Describe how a) anatomical pituitary disruption and b) pituitary hormone deficiency can be evaluated, including the use of stimulation tests.

5. Describe how the endocrine consequences of pan-hypopituitarism can be treated, using the term hormone replacement therapy

6. List the various possible individual pituitary hormone deficiencies that can occur and explain how the conditions can be diagnosed and treated (when appropriate).

7. List the principal endocrine causes of short stature, identifying those that are caused by lack or excess of specific hormones and those that are related to receptor and post-receptor defects (e.g. Laron dwarf).

8. State that short stature can also be related to non-endocrine causes such as malabsorption, malnutrition and psychological deprivation.

9. Explain how the diagnosis of endocrine-related short stature can be made, including a description of the use of standard growth charts and stimulation tests.

10. Explain why provocative tests are useful in the diagnosis of pituitary insufficiency.  Give examples of tests used to diagnose GH deficiency.

11. Describe the pharmacodynamic and pharmacokinetic properties of human growth hormone (hGH) and explain the rationale governing its use in the treatment of GH deficiency in (a) children and (b) adults.



[bookmark: _Toc300213333][bookmark: _Toc300214109][bookmark: _Toc333397817]HYPOPITUITARISM
· decreased production of all anterior pituitary hormones (Panhypopituitarism)
· or of specific hormones

[bookmark: _Toc300213334][bookmark: _Toc300214110][bookmark: _Toc333397818]HYPOPITUITARISM
Progressive loss of pituitary hormone secretion often (but not invariably) in the following order:
· Gonadotrophins (LH and FSH)
· GH
· Thyrotrophin (TSH)
· Corticotrophin (ACTH)
· (Prolactin deficiency is uncommon)

[bookmark: _Toc300213335][bookmark: _Toc300214111][bookmark: _Toc333397819]PANHYPOPITUITARISM

1. SIMMOND’S DISEASE: 			in onset
CAUSES:  various, including infiltrative processes, and following surgery
RESULT:  secondary amenorrhoea or oligomennorhoea (women), impotence (men),				, tiredness, waxy skin, loss of body hair,			, etc.

[bookmark: _Toc300213336][bookmark: _Toc300214112]Symptoms due mainly to decreased thyroidal, adrenal and gonadal function

DIAGNOSIS: e.g. use
TREATMENT: Hormone Replacement Therapy as required


2. SHEEHAN’S SYNDROME
[bookmark: _Toc300213337][bookmark: _Toc300214113]Develops acutely following post-partum haemorrhage
[bookmark: _Toc300213338][bookmark: _Toc300214114]Blood loss causes vasoconstrictor spasm of hypophysial arteries
[bookmark: _Toc300213339][bookmark: _Toc300214115]of pituitary (enlarged during pregnancy)
[bookmark: _Toc300213340][bookmark: _Toc300214116]of pituitary


HYPOPITUITARISM
It is possible to have a deficiency in a single adenohypophysial hormone resulting in secondary endocrine gland failure, e.g.
lack of:						leading to:
· Gonadotrophins (LH and FSH)
· Thyrotrophin (TSH) 		
· Corticotrophin (ACTH)

[bookmark: _Toc300213341][bookmark: _Toc300214117]HYPOPITUITARISM
lack of Somatotrophin (Growth Hormone, GH)
· in children results in 				(short stature)
· in adults, loss of GH effects uncertain

[bookmark: _Toc300213342][bookmark: _Toc300214118]CAUSES OF SHORT STATURE
Include:
· Genetic determination
· Malnutrition
· Emotional Deprivation
·                                    
· Other causes (generally unknown)


GH DEFICIENCY IN CHILDREN
Congenital
· deficiency of hypothalamic GHRH
· mutations of GH gene (rare)
· developmental abnormalities (e.g. aplasia or hypoplasia of pituitary)
Acquired (more common)
· tumours of hypothalamus or pituitary
· other intracranial tumours nearby (e.g. optic nerve glioma)
· secondary to cranial irradiation
· head injury
· infection or inflammation
· severe psychosocial deprivation
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Anterior Pituitary Hormone Deficiencies 	

Diagnosis

1.	A preliminary diagnosis may be made on the basis of the signs and symptoms the patient presents with. However, a definitive diagnosis requires biochemical measurement of the hormone concerned. Since (a) hormones are secreted episodically and (b) the normal range may be broad, tests for pituitary insufficiency normally involve measurement of circulating hormone levels before and after a provocative challenge.

	For example, growth hormone (GH) insufficiency may be diagnosed by measuring plasma GH before and after one of the following:

•	GHRH (i.v.)
•	Insulin (i.v.)
•	Arginine (i.v.)
•	Exercise (e.g. 10 min step climbing)

	The graph below shows typical GH responses to insulin in a normal subject and one with GH deficiency.


[image: ]

2.	Treatment

ACTH, TSH and LH/FSH produce their biological actions largely through stimulating the production of hormones by the adrenal cortex, thyroid and gonads respectively.  As these hormones (or analogues) are easier to administer than the pituitary hormones themselves, they are used in preference in replacement therapy.


N.B. The most important hormone to replace is cortisol as cortisol deficiency is life-threatening. Prompt correction of thyroxine deficiency is also important. 

HORMONE REPLACEMENT THERAPY IN HYPOPITUITARISM
REPLACEMENT
CHECK
ANTERIOR PITUITARY
ACTH
Serum cortisol
TSH
Serum  T3
3
WOMEN LH/FSH
Oestrogen deficiency
Libido
MEN LH/FSH
GH
IGF
growth chart
Libido
DEFICIENT
HORMONE

Replacement of cortisol, thyroxine and the gonadal steroids will be considered in detail in future relevant sessions. 





Growth hormone therapy (Children)

N.B.	If GH deficiency is associated with generalised hypopituitism, replacement therapy with other hormones will be required.

Pharmacokinetics
•	Preparation:
•	Administration:
•	Absorption/distribution
•	Metabolism

N.B.	Peak IGF-levels occur  20h after the injection; the biological actions of GH extend well beyond its clearance from the plasma.

Adverse effects
•	Lipoatrophy at the site of injection
•	Headaches, Intracranial hypertension
•	(Increased incidence of leukaemia)


GH deficiency in adults

Signs and symptoms:
•	Reduced lean body mass, increased body fat, increased waist - hip measurement
•	Reduced muscle strength and bulk and reduced exercise performance
•	Decreased plasma HDL – cholesterol and increased plasma LDL - cholesterol
•	Impaired psychological wellbeing and reduced quality of life

Potential benefits of growth hormone therapy:
•	Improved body composition
•	Improved muscle strength and exercise capacity
•	Normalisation of HDL - cholesterol
•	Increased bone mineral content
•	Improved psychological wellbeing and quality of life

Potential risks of growth hormone therapy:
· increased risk of cardiovascular accidents
· increase in soft tissue growth, resulting for instance in cardiomegaly
· increased susceptibility to cancer

[bookmark: h8][bookmark: _Toc300221422][bookmark: _Toc333398077]
LECTURE 2: HYPERSECRETION OF ANTERIOR PITUITARY HORMONES
Professor John Laycock
j.laycock@imperial.ac.uk

Learning objectives

1. Explain why suppression tests are useful in the diagnosis of excessive pituitary hormone secretion.  How do the GH responses to oral glucose differ in acromegalics and normal subjects?

2. List the individual pituitary hormone excess states that can develop, and describe the principal consequences of each hypersecretory state.

3. Describe the principal signs and symptoms of growth hormone hypersecretion in the child and the adult.

4. Describe how gigantism and acromegaly are diagnosed.

5. List the principal treatments available for the treatment of gigantism and acromegaly.

6. State that prolactinoma is the most common tumour of the pituitary gland.

7. Describe the principal signs and symptoms of hyperprolactinaemia.

8. Describe how hyperprolactinaemia is diagnosed.

9. List the principal treatments available for the treatment of hyperprolactinaemia.

10. Explain why hyperthyroidism, precocious puberty and Cushing’s syndrome can be primary, secondary (or even tertiary) disease states depending on the site of the lesion.

11. Name two dopamine receptor agonists used in the treatment of hyperprolactinaemia.  Explain the unwanted effects of these drugs and note their main pharmacokinetic features.

12. Name a somatostatin analogue used in the treatment of growth hormone excess and describe its main biological actions and pharmacokinetic features.  List the potential unwanted effects of these drugs and identify other conditions in which they may also be useful.

13. State that acromegaly may also be treated with dopamine receptor agonists.

N.B.:  You are NOT required to learn the chemical formulae of drugs – these are included only to illustrate structure-activity relationships. 




[bookmark: _Toc300213343][bookmark: _Toc300214119][bookmark: _Toc333397820]HYPERPITUITARISM

· Usually due to isolated pituitary tumours but can also be due to 		    (i.e. from non-endocrine tissue) hormone production
· can be associated with 			   and other (e.g. cranial nerve) defects
· as well as 			    signs and symptoms




[bookmark: _Toc300213344][bookmark: _Toc300214120][bookmark: _Toc333397821]HYPERPITUITARISM
[bookmark: _Toc300213345][bookmark: _Toc300214121]Excess							can result in
· corticotrophin (ACTH)				
· thyrotrophin (TSH)
· gonadotrophins (LH and FSH)					
· prolactin
· somatotrophin (GH) 							

[bookmark: _Toc300213346][bookmark: _Toc300214122][bookmark: _Toc333397822]HYPERPROLACTINAEMIA

EXCESS CIRCULATING PROLACTIN 
when not due to physiological cause such as or

USUALLY DUE TO PROLACTINOMA (often microadenomas <10mm diameter)

[bookmark: _Toc300213347][bookmark: _Toc300214123][bookmark: _Toc333397823]HYPERPROLACTINAEMIA DUE TO PITUITARY ADENOMA
IN MEN:
· galactorrhoea uncommon (since appropriate steroid background usually inadequate)
· loss of libido
· impotence
· infertility



· 

IN WOMEN:
· galactorrhoea (milk production)
· secondary amenorrhoea
	 (or oligomenorrhoea)
· loss of libido
· infertility

EXCESS SOMATOTROPHIN (GROWTH HORMONE)

IN CHILDHOOD					  IN ADULT
[bookmark: _Toc300213348][bookmark: _Toc300214124]RESULTS IN	RESULTS IN


ACROMEGALY
· Insidious in onset, signs and symptoms progressing gradually over many years
(can remain undiagnosed for 15-20 years)
· untreated, gigantism and acromegaly are associated with an increased


[bookmark: _Toc300213349][bookmark: _Toc300214125]ACROMEGALY
· INCREASED GROWTH
· periosteal bone
· cartilage
· fibrous tissue
· connective tissue
· internal organs (cardiomegaly, splenomegaly, hepatomegaly, etc.)

· METABOLIC EFFECTS
· increased plasma insulin response to oral glucose load
· increased insulin resistance
· impaired glucose tolerance test (in 50% patients)
· (in 10% patients)

[bookmark: _Toc300213350][bookmark: _Toc300214126]ACROMEGALY
common clinical manifestations include:
· enlargement of supraorbital ridges, nose, hands and feet, thickening of lips and general coarseness of features
· excessive sweating (hyperhidrosis)
· mandible grows, leading to protrusion of lower jaw (prognathism)
· carpal tunnel syndrome; joint pain
· barrel chest; curvature of spine (kyphosis)
· galactorrhoea (often in women, rare in men)
· menstrual abnormalities, decreased libido and impotence
· hypertension
· abnormal glucose tolerance; symptoms of diabetes mellitus

HEIGHT (ins) 
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10
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20
25
AGE years))
100
50
0
ROBERT WADLOW
MALE AVERAGE
died


DIAGNOSIS AND TREATMENT OF PITUITARY OVERACTIVITY

1. DIAGNOSIS
	As for pituitary underactivity preliminary diagnosis of pituitary overactivity may be made on the basis of the signs and symptoms the patient presents with.  However, a definitive diagnosis requires biochemical measurements of the hormone concerned.  Since (a) hormones are secreted episodically and (b) the normal range is broad, tests for pituitary overactivity normally involve measurement of circulating hormone levels before and after treatment with an agent which normally causes suppression of hormone release.

	For example, acromegaly may be diagnosed by measuring plasma GH before and after an oral glucose load as shown below.

[image: ]

2.	TREATMENT

A.	ACROMEGALY
•
•

(a)	Octreotide
(i)	Clinical use
•	
•	
•	


(ii)	Pharmacokinetics
•	Administration
•	Distribution
•	Metabolism

(iii)	Unwanted effects
•	GI tract disturbances
•	Initial reduction in insulin secretion  transient hyperglycaemia
•	rarely, gall stones.

(b)	Bromocriptine - see hyperprolactinaemia below



B.	HYPERPROLACTINAEMIA

(a)	BROMOCRIPTINE - Selective agonist at type 2 dopamine (DA2) receptors 

(i)	Pharmacokinetics
•	Administered by mouth 1/day
•	Highly plasma protein bound (93%)
•	t1/2 ≈ 7h, hepatic metabolism

(ii)	Unwanted effects
•	Nausea/vomiting/abdominal cramps
•	Psychomotor excitation
•	Dyskinesias
•	Postural hypotension
•	Vasospasm in fingers and toes (caution Raynaud's disease)

(iii)	Other related uses of bromocriptine
•	
•	
•	

 (b)	CABERGOLINE - DA2-receptor agonist with moderate DA1-receptor activity 

(i)	Pharmacokinetics – longer-acting than bromocriptine
•	By mouth 1-2 times/week
•	t1/2 40h+

(ii)	Unwanted effects
· As bromocriptine but less pronounced





[bookmark: _Toc300221423][bookmark: _Toc333398078]
TUTORIAL 1:  ANTERIOR PITUITARY DISORDERS
	
[bookmark: _Toc300213351][bookmark: _Toc300214127]Case history
A 58-year old woman complaining of frequent headaches and general tiredness was seen by her GP. Her body mass index was calculated to be 31 kg/m2. On questioning, she remarked that she often felt thirsty and was drinking more than usual. Also, she was having problems with her feet, and had recently bought some shoes with an increased width size to improve the comfort of walking. She could no longer remove the ring on her finger. She was not aware of any specific neuromuscular problems other than the occasional annoying “tingling” of her fingers and back pain; her knee reflex was normal. She also complained of slight loss of “peripheral” vision in both her eyes. The GP had a urine sample analysed for glucose and a low positive finding was made. Perimetry indicated some loss of peripheral vision in both eyes. On the basis of the initial findings, the GP arranged for the woman to visit an endocrine clinic at the local general hospital. Her consultant there arranged for her to have a) a glucose tolerance test (GTT), and b) a MRI scan of the brain. The results of these tests are given below.

a) GTT (after overnight fast)
Time (min)		Blood glucose (mmol/l)	
0 			7.9				
30			13.8				
60			13.6				
90			12.7				
120			11.5				
						
GH levels measured at the same time intervals indicated a raised initial value with subsequent values fluctuating but not decreasing much despite the increased blood glucose concentration.

b) MRI scan: The MRI scan showed evidence of a pituitary tumour with suprasellar extension impinging on the optic chiasma.

Questions:

1. What might be the first suspicions of the GP relating to possible diagnosis during the patient’s visit? Explain your reasoning, based on the initial history.
2. How does the presence of glucose in the urine fit in with the GP’s initial provisional diagnosis?
3. What other signs and symptoms could be present (if latent) if the initial diagnosis is correct?
4. Which signs and symptoms are explained by the presence of a suprasellar extension of the pituitary tumour?
5. Describe and explain the results of the patient’s GTT. 
6. What is the diagnosis of this patient’s condition?
7. What treatment(s) would be appropriate? 












ANTERIOR PITUITARY DISORDERS

MCQs: these are all available on Blackboard, so please do these questions online. Each option may be True or False, so write T or F by each one.

1. Polypeptide/protein hormones:
a) include growth hormone
b) are well absorbed when given orally
c) normally have a duration of action of more than 24h
d) show no species variation
e) act on membrane-bound receptors

2. A tumour in the pituitary:
a) most commonly presents with thyroid hormone deficiency
b) can be associated with the loss of peripheral vision (bitemporal hemianopia)
c) is usually a microadenoma
d) may be associated with the symptoms of diabetes mellitus
e) is often a cause of hypertension

3. Panhypopituitarism:
a) is a condition which develops following a prolonged raised circulating cortisol concentration
b) is usually caused by a hypothalamic tumour
c) can be a consequence of post-partum haemorrhage
d) is treated with replacement hypothalamic relasing hormone therapy
e) is naturally associated with the aging process

4. The lack of circulating growth hormone (somatotrophin):
a) in children is a cause of short stature
b) can result in symptoms associated with diabetes mellitus
c) is associated with raised circulating IGF levels
d) generally requires replacement therapy in adults
e) can be successfully treated with a somatostatin agonist

5.   Prolactinomas
a) are described as macroadenomas if they are less than 1 cm in diameter
b) usually cause infertility
c) usually cause galactorrhoea in men
d) are sometimes diagnosed following initial presentation with visual defects
e) can be treated with bromocriptine

6.   Excess production of growth hormone (somatotrophin) in adults:
a) is usually associated with a pituitary tumour
b) can be diagnosed using a glucose suppression test
c) is often indicated by an increase in  linear growth
d) can be the cause of hypoglycaemic episodes
e) can be treated with a somatostatin analogue

7.  Dopamine receptor agonists:
a) are the drugs of choice in the treatment of acromegaly
b) inhibit prolactin secretion
c) are normally polypeptides
d) induce nausea
e) cause Parkinson-like movement disorders




[bookmark: read][bookmark: _Toc300221424][bookmark: _Toc333398079]LECTURE 3: POSTERIOR PITUITARY DISORDERS
Professor John Laycock
j.laycock@imperial.ac.uk

Learning Objectives

1. List the major biological responses that occur following stimulation of (a) V1- and (b)V2 receptors.

2. Describe and explain the signs and symptoms of diabetes insipidus.

3. List the principal causes of diabetes insipidus.

4. Explain the difference between central (cranial) and nephrogenic diabetes insipidus.

5. Explain how the two forms of diabetes insipidus can be	diagnosed and differentiated from each other, and from (psychogenic) polydipsia.

6. Note that while the central form of diabetes insipidus is treated with desmopressin, the nephrogenic form is treated with thiazide diuretics.

7. Describe the signs and symptoms of the syndrome of inappropriate ADH (SIADH) and relate them to the physiological actions of vasopressin.

8. List the principal causes of SIADH.

9. Describe how SIADH and its manifestations can be treated.

10. Classify the vasopressin receptors in terms of (a) ligand selectivity and (b) the signal transduction mechanisms they employ.  Identify the main sites in the body where (a) type 1 and (b) type-2 vasopressin receptors (V1 and V2 receptors) are found and note the differential distribution of V1 receptors within the vasculature.

11. Describe major clinical uses and unwanted effects of argipressin (arginine vasopressin), the V2-selective agonist desmopressin (DDAVP) and the V1-selective agonist terlipressin.  Identify the routes by which these drugs are given and explain why desmopressin has a longer half-life than argipressin.

N.B.:  You are NOT required to learn the chemical formulae of drugs – these are included only to illustrate structure-activity relationships.







1. LACK OF NEUROHYPOPHYSIAL HORMONES

OXYTOCIN: parturition and milk ejection effects easily induced/replaced by other means
VASOPRESSIN: DIABETES INSIPIDUS

DIABETES INSIPIDUS (DI)




DIABETES INSIPIDUS






DIABETES INSIPIDUS: AETIOLOGY

A. CENTRAL (CRANIAL)
1. Damage to Neurohypophysial system
· injury to neurohypophysis
· surgery
· cerebral thrombosis
· 
· Granulomatous infiltrations of median eminence

2. Familial rare (cf. Brattleboro rats)
3. Idiopathic

B. NEPHROGENIC
1. Familial rare
2. Drugs (e.g. lithium, dimethyl chlor-tetracycline DMCT)

Plasma osmolality
      (mOsm.l-1)290





280
approximate normal (hydrated) range




270





STIMULATION WITH HYPERTONIC SALINE IV.
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2. Neurohypophysial hormones and the Syndrome of Inapproriate ADH (SIADH

The Syndrome of Inappropriate ADH (SIADH)
By definition the plasma vasopressin concentration is inappropriate for the existing


SIADH
Signs:
· raised urine osmolality, decreased urine volume
· decreased p[Na+] (				    ) due to increased water reabsorption
Symptoms:
· can be symptomless
· however, if p[Na+] <      mM generalised weakness, poor mental function, nausea
· if p[Na+] <       Mm	CONFUSION	 COMA	DEATH


CAUSES:
· Tumours (ectopic secretion)
· Neurohypophysial malfunction (e.g. meningitis, cerebrovascular disease)
· Thoracic disease (e.g. pneumonia)
· Endocrine disease (e.g. Addison’s disease)
· Physiological i.e. non-osmotic stimuli (e.g. hypovolaemia, pain, surgery)
· Drugs (e.g. chlorpropamide)
· 

TREATMENTS: 
· Once cause identified (e.g. tumour), then appropriate treatment (e.g. surgery) applied.
· To reduce immediate concern, i.e. hyponatraemia, 
1. Immediate: fluid restriction
2. Longer-term: use drugs which prevent vasopressin action in kidneys e.g. lithium, di-methyl-chlor-tetracycline


· CLINICAL USES OF VASOPRESSIN

3. Pharmacology of vasopressin and its analogues

1.	RESPONSES TO EXOGENOUS VASOPRESSIN
	Administration of vasopressin will result in the activation of all vasopressin receptors (except those in the CNS to which it has very limited access).  

	The receptors are distributed as follows:
V1-receptors


V2-receptors

Exogenous vasopressin thus causes:
i) Anti-diuresis - V2-mediated



ii)	Natriuresis (i.e. promotion of Na+ loss) - V2
	In high concentrations AVP may be associated with urinary Na+ loss. The physiological mechanism behind this effect is unclear but it would exacerbate the clinically important hyponatraemia linked to long-term administration of AVP or AVP related drugs.

iii) Pressor actions - V1
AVP is a powerful pressor agent; given systemically in normal subjects it causes a marked rise in mean arterial pressure - this is due to direct actions of AVP on specific receptors on vascular smooth muscle cells.
N.B. 
a) Not all vascular beds are equally sensitive to AVP.  
b) The sensitivity of the coronary vessels is critical pharmacologically as AVP may precipitate cardiac ischaemia or anginal attacks.

iv) Contraction of non-vascular smooth muscle - V1-mediated

In addition, vasopressin may cause:
i)	Increased secretion of corticotrophin (ACTH) and hence cortisol - V1-mediated
ii)	Elevation of factor VIII and von Willbrand factor production


2. DEVELOPMENT OF SELECTIVE VASOPRESSIN AGONISTS

1-----S----S----6----7----8----9
	│                    │
2 5
│                    │        	General structure of the nonapeptide, vasopressin
3----------------4   		Each number represents an amino acid.
					In arginine vasopression, amino acid 8 is arginine
	
A	V2 selective   - Desmopressin (DDAVP)

[bookmark: _Toc300213352][bookmark: _Toc300214128]O═ C-----S----S----6----7----D-Arg----9
	│                    │
3 5
│                    │        	Desmopressin (1-deamino –8D-arginine vasopressin)
3----------------4   		
	
B.	V1-selective -	TERLIPRESSIN

[bookmark: _Toc300213353][bookmark: _Toc300214129]	Gly-----1 -----S----S----6----7----Lys ----9
			 │ 	│                    │
			Gly	2		5
			 │	│                    │        	Terlipressin				
		     NH2Gly	3----------------4   		






3.	DESMOPRESSIN

[bookmark: _Toc300213354][bookmark: _Toc300214130]Clinical uses



Pharmacokinetics
Oral desmopressin produces a prompt sustained decrease in urine volume and increase in urine osmolarity - see below





Unwanted Effects
•	Fluid retention and hyponatraemia
•	Abdominal pain
•	Headaches
•	Nausea



4.	CLINICAL USE OF V1-SELECTIVE AGONISTS
i)	Bleeding from oesophageal varices 	
ii) To prolong the actions of local anaesthetics - FELYPRESSIN.

5.	EXAMPLES OF DRUGS AFFECTING VASOPRESSIN SECRETION
Increasing	Decreasing
Nicotine	Alcohol
	Glucocorticoids


6. DRUG TREATMENT OF NEPHROGENIC DIABETES INSIPIDUS
	Thiazides - e.g. bendroflumethiazide

	Mechanism unclear but
(i)	The natriuretic action of the drugs depletes Na+ in the extracellular fluid 
(ii)	A compensatory increase in Na+ reabsorption in the proximal tubule 
(iii)	A reduction in fluid delivered to the distal tubule 
(iv)	A reduction in urine volume

N.B.	The beneficial effects of thiazides in nephrogenic DI are enhanced by reduction in Na+ in the diet.


	Adverse effects include:
(i) K+ loss  hypokalaemia
(ii) 
(iii) 


For further details on thiazide diuretics, see the pharmacology and therapeutics section in session 10.


8. VAPTANS

These agents are nonpeptide vasopressin antagonists that interfere with the antidiuretic effect of vasopressin by competitively binding to V2 receptors in the kidney.

Tolvaptan, a V2 receptor antagonist, has recently been licensed in the UK for the treatment of hyponatraemia secondary to SIADH.
[bookmark: _Toc300221425][bookmark: _Toc333398080]
TUTORIAL  2: POSTERIOR PITUITARY DISORDERS

Case 1
Mrs. X, a mother of two children, aged 43 years, was sent to the endocrine clinic at Charing Cross Hospital by her GP because she was complaining of always being thirsty, and that it was disrupting her sleep so that she was permanently tired. A random blood sample indicated a blood glucose concentration of 5.3 mmol/l.

At the endocrine clinic another blood sample was taken for analysis and the results showed no evidence of diabetes mellitus or hypothyroidism. The plasma osmolality was 295 mOsm/kg H2O (normal range 275-295), the plasma Na+ and K+ concentrations were 144 mmol/l (normal range 135-145) and 3.6 mmol/l (normal range 3.5-4.8) respectively.  A closely monitored water deprivation test was begun and the following measurements made (body weight was measured before the urine sample collection on each occasion). After the 12.15 samples were taken, a dose of DDAVP was administered subcutaneously.

	Body Weight		Urine volume		Urine osmolality 	Plasma osmolality
Kg			(ml)			 (mOsm/kg H2O)	 (mOsm/kg H2O)

08.15h	90.7			350			90			295
09.15h	90.4			800			89			301
10.15h	89.8			500			96			302
11.15h	89.1			575			112			308
12.15h	88.5			215			130			311
12.15h	DDAVP adminstered
13.15h				40			700			

Questions:

1.	What evidence from the initial blood sample analysis might have suggested diabetes mellitus or hypothyroidism?
2. Explain the physiological basis for the water deprivation test. What do the results of the water deprivation test signify?
3. What is the clinical condition likely to be?
4. How do the DDAVP results identify the precise nature of the disorder?
5.	Suggest appropriate treatments for whatever specific conditions you identify in 4 above.

Case 2
Mr. N was being treated for a lung tumour by radiotherapy. On his second radiotherapy session at hospital, he reported feeling unwell, specifically feeling confused and unsteady.  A blood sample later revealed a blood [Na+] of 126 mMol/l and a [K+] of 4 mMol/l. The osmolality was then determined to be 270 mOsm/kg H2O. 

Questions:
1. What could be the cause for the feeling of confusion and unsteadiness?
2. Which hormone could be involved, and what could its source be?
3.	What would be the appropriate treatment for these symptoms in Mr.N?


POSTERIOR PITUITARY DISORDERS

 MCQ’s: these are all available on Blackboard, so please do these questions online. Each option may be True or False, so write T or F by each one.


1. Diabetes insipidus:
a) is associated with a lack or absence of circulating vasopressin
b) can be a consequence of lithium treatment
c) is characterised by the excretion of large volumes of dilute urine
d) can usually be diagnosed on the basis of  the response to a dehydration test
e) is treated with a V1 receptor agonist

2. Desmopressin
a) is an analogue of aldosterone
b) promotes water reabsorption in the collecting ducts
c) acts on type 1 vasopressin receptors to cause vasoconstriction
d) is used in the treatment of cranial diabetes insipidus
e) is normally administered by subcutaneous injection

3. The Syndrome of Inappropriate ADH (SIADH):
a) is defined as a high circulating vasopressin (i.e. ADH) level
b) is associated with a hyponatraemia
c) is an example of endocrine hypertension
d) causes polyuria
e) is usually treated by surgical removal of the posterior pituitary
















 
[bookmark: _Toc300221426][bookmark: _Toc333398081]LECTURES 4 & 5:  HYPO- & HYPER-THYROID DISORDERS
Professor Karim Meeran and Professor Glenda Gillies
k.meeran@imperial.ac.uk and g.gillies@imperial.ac.uk


Learning Objectives

1. Define hormone replacement therapy

2. Name two drugs used in the treatment of hypothyroidism and distinguish between them on the basis of their principal applications and routes of administration

3. Categorise the actions of thyroid hormones in terms of their effects on metabolism, growth and development and the sympathetic nervous system

4. Recognise how pregnancy and treatment with certain drugs (e.g. oral contraceptives, phenothiazines, phenytoin, salicylates) may alter the free plasma concentrations of thyroid hormones and what are the implications of these factors for patients taking thyroxine. 

5. Compare and contrast the radioisotopic imaging of the thyroid in normal and disease states.

6. Describe the possible effects of the immune system on the thyroid gland.

7. Distinguish between the different possible causes of hyperthyroidism.

8. Describe the clinical features of and differentiate between hyperthyroidism, Graves’ disease and thyroid storm.

9. Compare and contrast the different treatments available for hyperthyroidism and thyroid cancer. The following specific questions highlight some important pharmacological considerations:-

Drugs and Hyperthyroid Conditions.
i) To which class of drugs does carbimazole belong?
ii) Name another drug of the same class used to treat hyperthyroidism.
iii) Using a labelled diagram of the steps in the synthesis of thyroid hormones (see diagram in handout) explain the mechanisms of action of the thiourylenes.
iv) Using carbimazole as an example, explain the term 'pro-drug'.
v) Describe the signs and symptoms which will disappear after treatment with thiourylenes.
vi) Describe two situations in which hyperthyroid patients may be given large doses of potassium iodide.
vii) Why is radioactive iodine an effective therapy for hyperthyroidism?
viii) Name two drugs used in thyroid function tests.

N.B. Approximately 1 in 50 people suffer from disordered thyroid function and this, along with diabetes mellitus, represents the most common endocrine disorders.  The ability to treat these conditions safely and effectively with drugs is, therefore, of major importance.
	
Make sure you revise how thyroxine is synthesised, and how this is controlled. This information is available from your first year handout. In addition, remember the key facts about Cretinism, and the importance of screening neonates at 5-7 days of age for congenital hypothyroidism.


PRIMARY HYPOTHYROIDISM
Brief reminder of key points from year 1 lecture.
(Includes video of hypothyroid patient).

THYROID HORMONES and TREATMENT OF HYPOTHYROID CONDITIONS
[image: Thyroid hormone synthesis]

· The drugs used clinically for thyroid hormone replacement therapy are

Levothyroxine sodium (thyroxine sodium; T4) 
Liothyronine sodium (triiodothyronone, T3) 


· They are used to treat hypothyroid conditions 

1. Primary hypothyroidism 
Autoimmune disease (Hashimoto's disease ) characterised by:-


2. Consequences of therapy of thyroid tumours with radioiodine.

3. Iatrogenic hypothyroidism 

4. Myxoedema coma	


· The main processes influenced by T3/T4 are:

i) metabolism of carbohydrate, fat and protein is increased.

[bookmark: _GoBack]Direct effects 

Indirect effects

ii) BMR increases
iii) cardiac output and heart rate
iv)  growth and development

1. .................................................................
2. ...................................................................

· The intracellular mechanisms of action of T3/T4 are:
1. Actions via intracellular receptors belonging to the family of nuclear receptors.
2. Binding of activated receptor to DNA to influence transcription of specific RNAs in a cell specific manner.
3. T4 has a low binding affinity and T3 has a high binding affinity for the receptor.
4. Conversion of T4 to T3

· The unwanted actions of T3/T4 are
1. signs and symptoms of hyperthyroidism 
e.g………………………………..

2. consequences of enhanced activity in the sympathetic nervous system
eg.............................................................................................................................


· Pharmacokinetic considerations of T3/T4 therapy

i) Active orally. 
ii) T4 	plasma half-life of ...................................; peak effect .....................................; 
	half-life for decline of response ..............................................

T3 	plasma half-life of ................................; peak effect .....................................; 
	half-life for decline of response ....................................................

iii) Almost 100% of T3/T4 in the circulation is bound to plasma proteins 
- plasma binding proteins increase in pregnancy, on prolonged treatment with estrogens and phenothiazines.
	- certain co-administered drugs compete for binding sites.

iv) 10 times more T4 in plasma than T3
	Some T4 is converted to T3 in tissues; further metabolism occurs in liver.

v) Free and conjugated forms excreted in bile & urine
		
T3 is cleared in ..............................

T4 is cleared in about .....................................









HYPERTHYROID DISORDERS

Brief notes on Graves disease and Plummer’s disease:
Graves: Autoimmune with antibodies that cause :
1. Hyperthyroidism
2. A visible goitre
3. pretibial myxoedema [do NOT confuse this with “myxoedema” which means primary hypothyroidism]
4. exophthalmos

Plummers: This is where a tumour (benign) secretes thyroxine: a benign toxic nodule.

The sympathetic nervous system is activated by the fact that thyroxine sensitizes the beta adrenoceptor to adrenaline and noradrenaline, so that minimal activity causes a profound effect.

Thyroxine ALSO increases basal metabolic rate.


HYPERTHYROID DISORDERS

List the clinical features of hyperthyroidism.
(includes video of hyperthyroid patient).
1.
2.
3.
4.
5.
6.
7.

Thyroid Storm:
This is a medical emergency as is defined as anyone who is thyrotoxic who also has two key features that increase mortality. These are :
1. Pyrexia over 41oC
2. A tachycardia over 140 or any arrhythmia
3. Cardiac failure
4. Delirium or psychosis or confusion
5. Jaundice or liver failure

Treatment options for Graves disease or hyperthyroidism:
1. Surgery
2. Radioiodine (see http://radioiodine.info)
3. Drugs




DRUGS USED IN THE TREATMENT OF HYPERTHYROID CONDITIONS
Essentially, drug treatment is aimed at blocking thyroxine synthesis; there are 3 main groups of drugs.

1. The THIOURYLENES,  including propylthiouracil & carbimazole,

· These drugs are used in:-

i) daily treatment of hyperthyroid conditions:- 


ii) treatment prior to surgery

 iii) reduction of symptoms while waiting for radioactive iodine to act.


· The mechanisms of action of the thiourylenes include:

i) Effects on synthesis and secretion of T3 and T4  (please refer to figure of thyroid hormone synthesis and secretion), especially inhibition of thyroid peroxidase 

ii) may suppress antibody production in Graves disease.
iii) reduces conversion of T4 to T3 in peripheral tissues (PTU).

Note - propranolol may be included in the treatment to reduce symptoms such as tremor and tachycardia: it works IMMEDIATELY.


· The unwanted actions of the thiourylenes include:

i) agranulocytosis/granulocytopenia (reduction or absence of granular leukocytes) - rare and reversible on withdrawal of drug.
ii) Rashes (relatively common), headaches, nausea, jaundice, joint pain.

Pharmacokinetics
i) orally active
ii) carbimazole is a prodrug
iii) plasma half-life of 6-15 hours
iv) crosses placenta and is secreted in milk
v) metabolised in liver and secreted in urine


2. IODIDE, usually KI 

· The specific clinical uses of Iodide are:-
i) preparation of hyperthyroid patients for surgery
ii) severe thyrotoxic crisis


· It acts by
i) inhibiting secretion of thyroid hormones in thyrotoxic patients.
ii) reducing hyperthyroid symptoms 
iii) reducing vascularity and size of thyroid gland 


· Unwanted actions include:
Allergic reactions eg. rashes, fever, angio-oedema.

· Main pharmacokinetic features
Given orally; maximum effect after 10 days' continuous administration.


3. RADIOIODINE 131I

High doses are used to treat hyperthyroidism and thyroid tumours 

· Actions/mode of action
The isotope becomes incorporated into thyroglobulin and therefore concentrates in the thyroid gland, emitting β-particles which have a very short range.


· Main pharmacokinetic features
Give as a single oral dose in Grave's disease of 370 to 555 MBq (10 – 15 mCi)
Thyroid cancer gets MUCH higher doses (eg 3000 MBq)..
Radioactive half-life of 8 Days; radioactivity is negligible by 2 months; maximum effect is achieved at 2-3 months.

· Caution
Avoid in children and pregnant patients


In very low doses, radioiodine is used as a test of thyroid function.
Administer i.v. as a tracer. This has negligible cytotoxicity when used as tracer doses for thyroid function tests. An alternative radioactive tracer for a scan in technecium 99 pertechnetate. This behaves like radiodiodine in a scan and is very cheap.



Natural history of Graves’ disease after 18 months medical treatment.
Half will remit, the other half have a relapse.



Viral (De Quervains) thyroiditis:

The virus attacks the thyroid gland and causes a release of stored thyroxine in large amounts. However the gland stops making thyroxine.


Thyroid cancers and treatment.
This will be covered in detail in year 5 (pathology) but the key facts are that there are four common histologies.
1. Papillary thyroid cancer: this takes up radioiodine and has a good prognosis
2. Follicular thyroid cancer: this also takes up radioiodine and has a good prognosis
3. Anaplastic: poor prognosis
3. Medullary thyroid cancer: from C cells of the thyroid, and secretes calcitonin.
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Case 1
A 25-year old lady who had recently divorced presented to her GP.  She was upset about this and wanted something to calm her down and help her sleep. She had been very irritable for the last 18 months. On direct questioning, she admitted to a history of palpitations, weight loss and sweating over the past year.  Two aunts had neck operations and she had noticed a swelling in her own neck over the past year, which moved with swallowing.  It was soft, extended symmetrically either side of the midline and was not tender to touch.

On examination she had a fine tremor and looked thin. Her pulse was 112 beats per minute and her blood pressure 106 / 70 mmHg.

Questions:
1. What investigations do you want to do?

2. What is the likely diagnosis?

3. What signs might you see in her eyes?

4. What treatment is required?


Case 2
A 32-year old woman presents to her GP with progressive tiredness over the last 2 years since the birth of her daughter.  She wants a vitamin preparation to give her more energy.  She had been let go from her job as a cashier in Sainsbury’s 6 months ago because her throughput of customers had slowed so much.

On direct questioning, she admitted to being constipated, intolerant of the cold and one stone heavier than before the birth of her child.  Her periods were now much heavier and lasted longer than ever.  There was no illness other than ischaemic heart disease in her family.

On examination she was pale, had an increased Body Mass Index (BMI) and appeared disinterested in her GP’s questions. Pulse was 54 beats per minute, blood pressure 110/75. She had slow relaxing reflexes but there were no other abnormal findings on examination.

Questions:
What investigations do you want to carry out?

What is the likely diagnosis?

What treatment is required?


Question: Primary hypothyroidism occurs when the thyroid gland itself fails. What is secondary hypothyroidism?





THYROID DISORDERS 

MCQs: these are all available on Blackboard, so please do these questions online. Each option may be True or False, so write T or F by each one.

1.  The following statements are true:
a) The thyroid gland is situated in the neck.
b) Thyroxine is synthesised from the amino acid tyrosine.
c) T3 has a longer half life than T4
d) The immune system can cause hypothyroidism.
e) The immune system can cause hyperthyroidism.

2. The following statements are true:
a) Patients with severe hypothyroidism usually have a low plasma TSH level
b) Tc99m scanning shows decreased overall uptake in Graves’ disease
c) Tc99m scanning shows decreased overall uptake in Plummer’s disease
d) Tc99m scanning shows decreased overall uptake in viral (De Quervain’s) thyroiditis
e) Cretinism occurs when the thyroid gland fails during puberty.

3. The following statements are true: 
a) Alpha-adrenoceptor blocking drugs are useful in patients with hyperthyroidism.
b) Beta-adrenoceptor blocking drugs are useful in patients with hyperthyroidism.
c) Alpha-adrenoceptor blocking drugs are useful in patients with hypothyroidism.
d) Beta-adrenoceptor blocking drugs are useful in patients with hypothyroidism.
e) TRH administration may be useful in patients with primary hypothyroidism

4. The following statements are true:
a) Hyperthyroidism is associated with weight gain.
b) Hyperthyroidism is associated with an increased appetite.
c) Surgery for hyperthyroidism or thyroid cancer can cause hyponatraemia
d) Surgery for hyperthyroidism or thyroid cancer can cause hypocalcaemia
e) Surgery for hyperthyroidism or thyroid cancer can cause hypokalaemia

5. The following statements are true:
a) Lid lag is a feature of hyperthyroidism
b) An increase in basic metabolic rate is a consequence of excessive dosing with thyroxine 
c) An overdose of thyroxine to a normal individual will cause lid lag 
d) T4 has a short plasma half-life of 2-3 minutes.
e) T4 is the major circulating thyroid hormone.

6. The following statements are true:
a) T4 has a greater binding affinity for the thyroid hormone receptor than T3.
b) Thyroxine increases cardiac output and heart rate.
c) Carbimazole is a drug which enhances secretion of thyroid hormones.
d) The clinical effects of the thiourylene drugs take weeks to develop.
e) A large excess of iodine will cause short term hypothyroidism.
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Professor Karim Meeran and Prof Glenda Gillies
k.meeran@imperial.ac.uk and g.gillies@imperial.ac.uk

Learning objectives

1. List and describe the clinical features of Cushing’s and Conn’s Syndromes.
2. Identify the four causes of Cushing’s Syndrome.
3. Describe the principal investigations required to determine the cause of Cushing’s Syndrome in an individual.
4. Recognise that suppression tests are useful in hyperfunction.
5. List the drugs used to treat Cushing’s and Conn’s Syndromes.
6. List the surgical options for treatment of Cushing’s and Conn’s Syndromes.
7. Note that a finding a phaeochromocytoma is a medical emergency
8. Presume that “House” is an endocrinologist.
9. List the clinical features and treatment of a patient with a phaeochromocytoma


HYPERADRENAL DISORDERS

Please read your 1st year handout.

Cushings syndrome: revision from year 1.

You should be able to list the clinical features of Cushing’s syndrome from year 1. Remember that this is the same list as “the side effects of steroids”.

List the causes of Cushing’s syndrome.

1.
2. 
3. 
4. 

Investigations to determine the cause of Cushing’s syndrome:

Urinary Free Cortisol

Blood diurnal cortisol levels: say baseline cortisol = 800nM midnight would be zero in normals.


Low dose dexamethasone suppression test

Give 0.5 mg dexamethasone every 6 hours for 48 hours.

Result: normal would be zero, this patient cortisol = 680


[bookmark: _Toc300213355][bookmark: _Toc300214131]High dose dexamethasone suppression test

Give 2.0 mg dexamethasone every 6 hours for 48 hours.

Result: cortisol = 235 nM




PHARMACOLOGY OF DRUGS USED TO TREAT ADRENAL DISORDERS 

Four drugs, which are inhibitors of enzymes in the steroid biosynthesis pathway will be discussed here. Please cross-reference with first year notes on steroid biosynthesis.

1. Metyrapone

· Actions/Mechanism of action
Inhibits 11-hydroxylase

· Uses
i)  To treat some cases of Cushing's syndrome.
ii) To control Cushing's symptoms prior to surgery.

Administer orally

· Unwanted actions
Nausea, vomiting, dizziness
Sedation, hypoadrenalism:  caution -
Hypertension on long-term administration 


2. Trilostane
· Actions/Mechanism of action
blocks  activity of ......................................................................
therefore, prevents production of ............................................

· Uses
Cushing's syndrome 
· primary hyperaldosteronism
· To reduce sex steroid hormone production 

· Unwanted actions
Nausea, vomiting, diarrhoea, flushing


3. Ketoconazole

· Actions/Mechanisms of action
primarily an antifungal drug, but inhibits steroidogenesis at higher doses


Orally active

· Uses 
Treatment of Cushing's syndrome and control of symptoms prior to surgery.


· Unwanted actions
nausea, vomiting, abdominal pain
alopecia
gynaecomastia
oligospermia
ventricular tachycardias
liver damage (possibly fatal) - monitor liver function clinically and biochemically
reduced androgen production



4. Aminoglutethamide 

· Actions/mechanism of action
Inhibits the conversion of cholesterol to pregnenolone (v.toxic)

· Uses
Adrenocortical  carcinoma (malignant)
Prostatic cancer (malignant). 

 Orally active

Video of a patient with Cushing’s : history taking.


Video to prove learning objective No 8.

Treatment of Cushing’s syndrome.

1. Drugs as discussed above such as Ketoconazole and Metyrapone

2. Surgery.




Conn’s syndrome.

Conn described the effect of a benign adrenal tumour producing aldosterone on a patient.

List the clinical features you expect to see in a patient with Conn’s syndrome.


What therapeutic modalities are available?



PHARMACOLOGY OF DRUGS USED TO TREAT ADRENAL DISORDERS: 2. ALDOSTERONE RECEPTOR ANTAGONISTS 

eg. Spironolactone

Uses
............................................................................................................ (Conn's syndrome).

* Spironolactone is also used in the treatment of oedema, congestive heart failure, nephrotic syndrome and cirrhosis of the liver.

Mechanism of action:
Spironolactone (a prodrug) is rapidly converted to …………………………….an active 
metabolite, which competes with aldosterone for occupancy of the ..............................
Competitive antagonism of aldosterone thus ................................................................... in the kidney tubules (potassium sparing diuretic*).


Pharmacokinetics:
Orally active; given daily in single or divided doses.
Highly protein bound and metabolised in the liver.

Unwanted actions:
Menstrual irregularities, gynaecomastia (androgen receptor binding), GI tract irritation, blood dyscrasias.

Caution/contraindications: 
Renal and hepatic disease.










Phaeochromocytomas

See learning objective 8.

Phaeochromocytomas are tumours of the adrenal medulla which secrete catecholamines (adrenaline and nor adrenaline).

What effects do you expect to see in a patient who has one?





What therapeutic modalities are available?






















[bookmark: _Toc300221429][bookmark: _Toc333398084]LECTURE 7: HYPOADRENAL DISORDERS
Professor Karim Meeran
k.meeran@imperial.ac.uk

Learning objectives

1. Draw a flow diagram illustrating the principal intermediate molecules and the key enzymes involved in the synthesis of the adrenocortical steroids (see year 1 objectives).
2. State that Addison’s disease is life-threatening.
3. Describe the signs and symptoms of Addison’s disease.
4. Define the term Addisonian crisis and list the specific features of this condition.
5. Describe the treatments used for Addison’s disease and Addisonian crisis.
6. Describe the hormonal consequences of specific named adrenal enzyme deficiencies.
7. Understand the dynamic nature of the synacthen test
8. List the signs and symptoms of congenital adrenal hyperplasia.
9. Explain the principles behind the management of congenital adrenal hyperplasia..


HYPOADRENAL DISORDERS
Please read your 1st year handout and revise the diagrams on the back cover of your year 1 guide (that you should have drawn).

Cholesterol

Progesterone				17 OH-progesterone			sex steroids




11 deoxycorticosterone		11 deoxycortisol



Corticosterone




ALDOSTERONE			CORTISOL





ADRENOCORTICAL FAILURE
What are the possible causes of adrenocortical failure?
1.
2.
3.




What are the consequences of adrenocortical failure?
1.
2.
3.
4.
5.
6.

What investigations should be performed in patients with suspected Addison’s disease.








CONGENITAL ADRENAL HYPERPLASIA 

a) Inherited enzyme deficiency.

b) The adrenal makes the wrong steroid hormones. Thus there are too many of some steroids and not enough of others. Refer to the simple biochemical pathway that you have drawn on the last page.  It might be worth committing to memory for future reference.

1. Consequences of complete 21-hydroxylase deficiency.

Which hormones will be deficient?

How long can you survive if these hormones are totally absent?

Which hormones will be present in excess?

At what age will such a patient present to medical attention?

What problems will they present with?


2. Consequences of partial 21-hydroxylase deficiency.

Which hormones will be deficient?

Which hormones will be present in excess?

At what age will such a patient present to medical attention?

What problems will they present with?


Important fact:  11-deoxycorticosterone behaves like aldosterone.  
11-deoxycorticosterone levels are high in patients who have 11-hydroxylase deficiency.




3. Consequences of 11-hydroxylase deficiency.

Which hormones will be deficient?

Which hormones will be present in excess?

What problems will they present with?


4. Consequences of 17-hydroxylase deficiency.

Which hormones will be deficient?

Which hormones will be present in excess?


What problems will they present with? 
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TUTORIAL 4:  ADRENAL DISORDERS


Case 1
A 4 day old male neonate is brought to hospital and appears dehydrated. His mother complains that he has been vomiting. Examination reveals a low blood pressure and a thready pulse.  He is apyrexial.

Questions:
1. What investigations are essential?
2. What is the first therapeutic step?
3. What are the principles of treatment?
4. What is the differential diagnosis?

[bookmark: _Toc300213356][bookmark: _Toc300214132]Case 2
 A 25-year-old man was treated for tuberculous pneumonia, and apparently made a full recovery. However he never regained his full strength and when seen at follow up complained of tiredness and lethargy. He had fainted twice in the last few weeks, but this had been put down to stress and that the antituberculous medication was making him feel unwell. He was brought to casualty following one of his fainting episodes.

On examination, he had a blood pressure of 90/50 mmHg when lying flat, but his fell to 70/40 mmHg when he sat up. He also had increased pigmentation of the skin, and when asked did think that his tan had been particularly good despite the fact he had not been on a sunny holiday.

Questions:
1. What is the diagnosis?
2. What investigations should be performed?
3. What are the principle treatments?


Case 3
A 55-year-old female complains of worsening obesity over the past few years.  She also has a history of high blood pressure, diabetes, osteoporosis, and muscle weakness causing difficulty climbing stairs (proximal myopathy).
Examination reveals a round looking face, multiple bruises and thin skin.

Questions:
1. What is the diagnosis.
2. List the options that can be used for treatment.


ADRENAL DISORDERS 
MCQs: these are all available on Blackboard, so please do these questions online. Each option may be True or False, so write T or F by each one.

1.  The following statements are true:
a) Addison’s disease causes hypertension.
b) Cushing’s disease causes hypertension.
c) Addison’s disease causes hyperkalaemia
d) Cushing’s disease causes hyperkalaemia.
e) Addison’s disease causes hyperpigmentation

2. The following statements are true:
a) Cushing’s disease can cause hyperpigmentation.
b) Congenital adrenal hyperplasia is caused by a deficiency in adrenal enzymes.
c) The commonest variety of congenital adrenal hyperplasia is 21 hydroxylase deficiency
d) 21-hydroxylase deficiency causes hirsutism and virilisation.
e) 21-hydroxylase deficiency causes hyperkalaemia

3. The following statements are true:
a) The hypotension caused by complete pituitary failure and resultant cortisol deficiency is more severe than the hypotension caused by autoimmune Addison’s disease.
b) The discovery of a phaeochromocytoma is a medical emergency.
c) Phaeochromocytomas can cause ventricular fibrillation.
d) Patients with phaeochromocytomas will have high urinary cortisol levels. 
e) Surgery to remove a phaeochromocytoma must be performed immediately after the diagnosis is confirmed.

4. The following statements are true:
a) Beta blockade is the first therapeutic step in a patient with a phaeochromocytoma
b) Alpha blockade is the first therapeutic step in a patient with a phaeochromocytoma.
c) Spironolactone is the first therapeutic step in a patient with a phaeochromocytoma.
d) The discovery of a Conn’s adenoma is a medical emergency.
e) Patients with Conn’s adenomas will have high urinary cortisol levels.

5. The following statements are true:
a) Patients with Conn’s adenomas will have high urinary catecholamine levels.
b) Surgery to remove a Conn’s adenoma must be performed immediately after the diagnosis is confirmed.
c) Beta blockade is the first therapeutic step in a patient with a Conn’s adenoma.
d) Alpha blockade is the first therapeutic step in a patient with a Conn’s adenoma.
e) Dexamethasone is useful in the investigation of patients with Cushing’s syndrome

6. The following statements are true:
a) Glucose tolerance testing is useful in establishing the diagnosis of Cushing’s syndrome.
b) Patients with Conn’s syndrome will have a high plasma renin activity
c) Spironolactone is an enzyme inhibitor
d) Ketoconazole is an enzyme inhibitor
e) Fludrocortisone is an enzyme inhibitor
[bookmark: _Toc300221431][bookmark: _Toc333398086]Lecture  8:  Adrenal steroids as anti-inflammatory and immunosuppressive drugs
Dr Pat Cover
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Learning objectives

1. List the main clinical uses of corticosteroids.

2. Outline the processes involved in the manifestation of acute and chronic inflammatory responses and identify the points at which glucocorticoids disrupt these processes 

3. Explain how glucocorticoids influence acquired immune responses.

4. Note the value of exogenous corticosteroids in maturing the foetal lung prior to pre-term birth.  What effects may this treatment have on the long-term health of the individual? 

5. State how (a) the corticosteroid receptor selectivity, (b) the potency and (c) the pharmacokinetic properties of each of the following steroids differ: hydrocortisone, prednisolone, dexamethasone.

6. List the unwanted effects of exogenous glucocorticoids and identify steps that may be taken to reduce them.  


ADRENAL STEROIDS AS ANTI- INFLAMMATORY AND IMMUNOSUPPRESSIVE DRUGS

CLINICAL USES OF GLUCOCORTICOIDS
The glucocorticoids (cortisol and synthetic cortisol analogues) are an important group of drugs and are used:
(a)	for replacement therapy in patients with adrenocortical insufficiency
(b)	to provide replacement therapy and to quench ACTH and hence adrenal androgen production in congenital adrenal hyperplasia (CAH)
(c) 	in the differential diagnosis of Cushing's syndrome
(d)	to control inflammation 
(e)	to produce immunosuppression in hypersensitivity, autoimmune disease and transplant patients (prevention of rejection)
(f) in the treatment of neoplastic disease
(g) to mature the foetal lung prior to pre-term birth. 

This lecture will cover the use of glucocorticoids in conditions d - g only; the use of these drugs in conditions a - c will be considered elsewhere in the course.

1. INFLAMMATION
(a) Helpful or harmful?
· Acute inflammation – a powerful defence response which enables the body to deal with pathogens
· Organisms that are not normally pathogenic may initiate an inflammatory response if the host defence system is inadequate or suppressed by drugs.
· An inappropriate inflammatory response may produce damage and constitute part of a disease process, for example
· anaphylaxis
· chronic diseases such as asthma, rheumatoid arthritis.



(b)  Characteristics and outcomes of the inflammatory response.
· At the macroscopic level, inflamed tissue is red, swollen and painful; in addition, local tissue function is impaired (e.g. restricted movement of joints) or altered (e.g. bronchospasm in asthma).
· If tissue damage occurs (e.g. cell death, ulceration), local repair processes are initiated and scarring may occur.
· If the pathogen persists, the condition proceeds to chronic inflammation which additionally involve destruction of local tissue and proliferation of local cells, fibrous connective tissue and blood vessels.

(c) Components and mechanisms of the reaction
Innate (non-immunological) responses – these comprise vascular and cellular events which are triggered by pro-inflammatory mediators derived from plasma (e.g. complement factors) and from local and invading cells (e.g. histamine, eicosanoids, nitric oxide and cytokines)
Vascular events:  
· vasodilation and increased blood flow
· increased capillary permeability  leakage of plasma into the tissue
· activation of enzyme cascades in the exudate with the consequent release of mediators (bradykinin and complement factors) which 
· cause pain
· induce further increases in vascular permeability and in mediator release from local cells (e.g. histamine, eicosanoids)
· act as spasmogens
· are chemotactic  and activate phagocytic cells
· cause bacterial lysis

Cellular events:  The cells involved include 
 local cells 
· mast cells: release pro-inflammatory mediators, e.g. histamine, eicosanoids and cytokines in response to complement and antigen
· tissue macrophages:  release cytokines, chemoattractants and other mediators, engulf debris, dead cells, and micro-organsisms; kill pathogens
· endothelial cells:  release vasodilators and other mediators (e.g. cytokines);  contribute to angiogenesis
· fibroblasts: produce matrix proteins and lay down fibrous tissue in areas of healing and chronic inflammation 

cells that migrate from the blood stream into the tissue 
· polymorphonuclear leukocytes: neutrophils and subsequently eosinophils are recruited by chemoattractants; they kill invading pathogens by releasing toxic oxygen products and, if activated inappropriately, will damage host tissue.
· monocytes:  these enter at a later stage and are transformed into and function as tissue macrophages
· platelets: release eicosanoids, free radicals; also contribute to tissue repair processes.

Acquired (specific) immunological responses may also contribute to the inflammatory response. Such responses  may be initiated 
· by antigenic products of invading micro-organisms which reach the lymph nodes via the lymphatics or
· inappropriately by exogenous substances which are normally innocuous (e.g. pollen) or endogenous factors; these hypersensitivity reactions underlie allergic and autoimmune disease.
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· The antigen is presented by antigen presenting cells to naïve CD4+ T-helper cells which respond by expressing IL-2 receptors and IL-2 protein.  
· IL-2 acts as an autocrine agent causing proliferation of the cells and the subsequent generation of a clone of activated T-cells (Th0).
· Th0 cells differentiate into either Th1 or Th2 subsets.  
· Th1 cells produce IL-2 and IFN which cause the cells to proliferate and differentiate into CD8+ T-cells which effect cell mediated responses.
· Th2 cells produce IL-4 which acts on B cells causing them to proliferate and generate antibodies which mediate humoral immune responses.

(d)	Drugs available for treatment
· 
· 

2. THE ANTI-INFLAMMATORY AND IMMUNOSUPPRESSIVE ACTIONS OF GLUCOCORTICOIDS.

Glucocorticoids inhibit the early and the late stages of the inflammatory response, they:
modify vascular events by
· 
· 
modify cellular events by
· 
·  
· 
· 
· 

These responses reflect the ability of the steroids to:

inhibit the production of a number of pro-inflammatory mediators, including
· 
· 
· 
· 
· 
· 

stimulate the production of anti-inflammatory proteins such as
· 

inhibit the production of matrix factors such as
· 
· 


3. HOW DO GLUCOCORTICOIDS INFLUENCE MEDIATOR PRODUCTION?
Glucocorticoids exert their actions mainly through interactions with intracellular receptors termed glucocorticoid receptors (GR).  When activated by ligand, these receptors act directly or indirectly as transcription factors and up-or down regulate the expression of specific target genes (Fig. 2).




Fig. 2

The number of the genes the glucocorticoids target is large and includes many of those concerned with host defence processes.  They include for example:
· genes encoding inflammatory cytokines e.g. 
· enzymes required for the biosynthesis of pro-inflammatory mediators e.g. 
· proteins which modify the activity of these enzymes e.g. 
[bookmark: _Toc300213358][bookmark: _Toc300214134]Fig. 3
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4.	ANTI-INFLAMMATORY/IMMUNOSUPRESSIVE STEROIDS.

(a) EXAMPLES OF DRUGS
Hydrocortisone (the approved name for cortisol) is used clinically in the treatment of inflammatory disease.  However, when given systemically in doses suffiicient to produce a beneficial clinical effect, it binds to mineralocorticoid receptors (MR) and produces unwanted aldosterone-like actions – i.e. 
· 
· 
· 

Modifications to the cortisol molecule have led to the development of analogues with a higher degree of selectivity for the glucocorticoid receptor.  For example,  
· 
· 

[bookmark: _Toc300213359][bookmark: _Toc300214135](b) PHARMACOKINETICS
Administration: 
	These steroids are all effective by mouth but may also be given parenterally (e.g. i.v., i.m., s.c.) if required.  In addition, they may be administered locally, for example, to the respiratory tract (inhalation), to the skin (as ointments or creams) or in inflamed joints by local injection.  

Distribution:  
Hydrocortisone binds to a specific carrier protein (corticosteroid binding globulin, CBG) and also to albumin.  Approximately 90-95% in the blood is protein bound.  The free steroid penetrates all compartments of the body.  Prednisolone also binds to CBG but dexamethasone binds only weakly to albumin.

Metabolism:
The steroids are metabolised mainly in the liver, the principal step being reduction of the A ring.  Hydrocortisone has a plasma half-life of ~ 1.5h but a duration of action of ~ 8h; the effects of prednisolone persist for longer (up to 12h) while dexamethasone is long acting (>36h) because metabolism is slow.
(c) CLINICAL USES
Disorders of the HPA axis (covered elsewhere)
· Addison’s disease
· Congenital adrenal hyperplasia
· Differential diagnosis of Cushing’s syndrome/disease

	Anti-inflammatory/immunosuppressive therapy
· 
· 
· 
· 
· 
· 


	Neoplastic disease
· 
· 
· 
· 

	Pregnancy
· 

(d)  UNWANTED EFFECTS
· K+ loss,
· Na+, Cl- and H20 retention
· Hypertension
· Muscle wasting
· Centripetal obesity, moon face, buffalo hump 
· Hyperglycaemia  steroid diabetes
· Increased appetite
· Osteoporosis 
· Increased risk of infection
· Poor wound healing, easy bruising 
· Impaired growth (children)
· Disorders of menstruation
· Suppression of the hypothalamo-pituitary-adrenocortical axis
· Mood changes, normally euphoria but sometimes depression
· Increased risk of cateracts and peptic ulcers
· Suspected actions on the foetus/neonate that may predispose the individual to diseases in adulthood such as hypertension, type 2 diabetes

(e) HOW TO MINIMISE UNWANTED EFFECTS
· 
· 
· 
· 
· 
· 
[bookmark: _Toc300221432][bookmark: _Toc333398087]
Lecture  9:  Therapeutic use of adrenal steroids
Professor Glenda Gillies
g.gillies@imperial.ac.uk

Learning objectives

1. Describe the principal actions of cortisol and aldosterone and summarise the mechanisms  which control the secretion of the three main classes of adrenal steroids (see year 1 objectives)
2. List the main clinical uses of corticosteroids.
3. Describe the two main classes of corticosteroid receptors and state how they differ in their distribution, in their steroid specificity and in their affinity for cortisol and aldosterone.
4. Describe the mechanism by which mineralocorticoid receptors are protected from cortisol.
5. State how (a) the corticosteroid receptor selectivity, (b) the potency and (c) the duration of action differs for each of the following drugs: hydrocortisone, prednisolone, dexamethasone and fludrocortisone.
6. Explain the basis of the drug-treatment of (a) Addison's disease, (b) pituitary-dependent adrenal insufficiency, (c) acute adrenal insufficiency and (d) congenital adrenal hyperplasia.  Identify the drugs used for each condition and the mode by which they are administered and explain (a) the primary objectives of therapy and (b) how the effectiveness of therapy can be monitored.
7. State what measures are taken to protect subjects with adrenal insufficiency (a) in conditions of minor illness and (b) in the event of surgery.
8. Explain why glucocorticoid cover is necessary in subjects undergoing hypophysectomy or adrenalectomy.


THERAPEUTIC USE OF ADRENAL STEROIDS

1.	RECEPTORS FOR ADRENAL STEROIDS.
	The receptors for cortisol and aldosterone are frequently called corticosteroid receptors; there are two classes which differ in their distribution, their steroid specificity and their affinity for cortisol (Table 1) and are termed respectively
	
Table 1:  Comparison of the characteristics of glucocorticoid and mineralocorticoid receptors (GR & MR).

	
	
[bookmark: _Toc300213360][bookmark: _Toc300214136]GR
	
[bookmark: _Toc300213361][bookmark: _Toc300214137]MR

	
	
	

	
Distribution
	
	

	
	
	

	
	
	

	
	
	

	
Steroid specificity
	
	

	
	
	

	
	
	

	
	
	

	
[bookmark: _Toc300213362][bookmark: _Toc300214138][bookmark: _Toc333397825]Affinity for cortisol
	
	

	
	
	



N.B.  In normal circumstances MR in the kidneys and sweat glands are protected from cortisol by an enzyme, 11ß-hydroxysteroid dehydrogenase (11ßHSD) which inactivates cortisol in the target cell by converting to cortisone.  However, when present in high concentrations cortisol gains access to the receptors and exerts mineralocorticoid activity.

11ß-hydroxysteroid dehydrogenase 



N.B.  Adrenal androgens, which in many cases are metabolised to testosterone in the peripheral tissues, exert their actions via androgen receptors.  As androgenic steroids are not used in the treatment of adrenal dysfunction, drugs which interact with these receptors will not be considered here.

2. DRUGS ACTING ON GLUCOCORTICOID AND MINERALOCORTICOID RECEPTORS.

Cortisol (approved name hydrocortisone) is used clinically for replacement therapy and also in the treatment of inflammatory disease.  However, as its use in the latter is frequently associated with unwanted mineralocorticoid activity, synthetic steroid analogues which show more selectivity for the glucocorticoid receptor are frequently used in preference to control inflammation, to produce immunosuppression and in the treatment of neoplastic disease (this will be considered in more detail in Phase 3, Endocrinology); these analogues are also used in the treatment of congenital adrenal hyperplasia and in the diagnosis of adrenal disease.  Examples include:
· Prednisolone which shows only weak mineralocorticoid activity.
· Dexamethasone which has no mineralocorticoid activity.

Aldosterone is not used clinically as it is not effective when given by mouth; an aldosterone analogue termed fludrocortisone is used as a substitute.
[image: ]



Pharmacokinetics:

Administration: 
These steroids are all effective by mouth but hydrocortisone, prednisolone and dexamethasone may also be given parenterally (i.v., i.m.) if required.

Distribution:  
Hydrocortisone binds to a specific carrier protein (corticosteroid binding globulin, CBG) and also to albumin.  Approximately 90-95% in the blood is protein bound.  The free steroid penetrates all compartments of the body.

Prednisolone also binds to plasma protein but dexamethasone and fludrocortisone bind only weakly to albumin.

Metabolism:
The steroids are metabolised mainly in the liver, the principal step being reduction of the A ring.  Hydrocortisone and fludrocortisone have a plasma half life of ~ 1.5h but a duration of action of ~ 8h; the effects of prednisolone persist for longer (up to 12h) while dexamethasone is long acting (>36h) because metabolism is slow.


3.	REPLACEMENT THERAPY.

A. 	Primary adrenocortical failure: Addison's disease.
These patients are deficient in both cortisol and aldosterone. It is therefore necessary to replace BOTH  hormones, i.e. use hydrocortisone and fludrocortisone.

•	
•	
•	

B.	Secondary adrenocortical failure (ACTH deficiency)
These patients are lacking cortisol but not aldosterone.  They are therefore treated with hydrocortisone only, using the regimes describes above.

C.	Emergency treatment in acute adrenocortical failure. 
•	 
•	 

NB.  Dexamethasone may be used in place of hydrocortisone.

D.	Congenital adrenal hyperplasia
•	This disease arises as a result of an enzyme deficiency in the adrenal cortex.  The most common deficiency is a lack of 21-hydroxylase, leading to a deficiency of both cortisol and aldosterone (Fig 5).  Deficiencies in other enzymes are rare; a lack of 11ß-hydroxylase is often associated with hypertension as 11-deoxycorticosterone has mineralocorticoid activity

•	The reduction in cortisol production reduces the negative feedback inhibition.  ACTH secretion is thus INCREASED and adrenal androgen production is therefore enhanced markedly (Fig 6).









Fig 5 STEROID SYNTHESIS PATHWAYS
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Treatment:  

Objectives:  The aims of treatment are THREEFOLD
•	 
•	
•	
Drugs used:
•	Dexamethasone daily by mouth at night.  Dexamethasone is a long-acting steroid and will therefore not only replace cortisol but also effectively suppress the morning rise in ACTH.  Adrenal androgen production will therefore be suppressed.  Alternatively hydrocortisone or prednisolone may be used (daily in 2/3 divided doses, higher dose at night) in doses which are sufficient to reduce ACTH secretion.
•	Fludrocortisone in salt wasting forms (by mouth in two divided doses)

The effectiveness of dexamethasone, hydrocortisone and predisolone in suppressing androgen production may be monitored by measurement of adrenal androgens or the 17-hydroxyprogesterone response to exogenous ACTH.

N.B.  
•	Dexamethasone is not recommended for children as it impairs growth
•	The neonatal kidney is relatively insensitive to fludrocortisone, therefore higher doses are needed in infants.

E.	Protective measures for patients with adrenocortical insufficiency.
Normal subjects produce about 20mg/day cortisol but in severe stress production may rise to 200-300 mg/day.  Subjects with adrenocortical insufficiency are unable to produce cortisol in conditions of stress, e.g. in response to minor infections or surgery.  It is therefore important to provide additional exogenous steroid to protect them.
•	Minor illnesses:  Increase hydrocortisone dose two-three times above the normal dose.
•	Surgery:  Administer hydrocortisone (100mg) intramuscularly with the pre-anaesthetic medication and repeat at 6-8 hourly intervals.  Reduce the dose slowly thereafter until the normal maintenance dose is reached.
•	Preparation for adrenalectomy or hypophysectomy: As for surgery above

In addition to the causes detailed above, adrenal insufficiency may also be caused by long-term treatment with high doses of glucocorticoids in, for example, chronic inflammatory disease.  These patients also require protection with exogenous glucocorticoids during surgery.

Patients on corticosteroid therapy are advised to carry a steroid card detailing their dosage and condition.

[bookmark: _Toc300221433][bookmark: _Toc333398088]
Tutorial 5:  Glucocorticoids as therapeutic agents 


Case 1
A 62-year old man developed psoriatic arthritis. His rheumatology consultant started prednisolone treatment (20mg once daily). After several weeks he showed considerable improvement and was stabilised on a lower dose of steroid (10 mg prednisolone once daily). Attempts to reduce this further were unsuccessful and he could not tolerate other immunosuppressants. However, he could function very well on almost all occasions. He was monitored closely for, among other things, changes in blood pressure, plasma electrolytes and blood sugar. After about a year it was noted that his blood pressure had risen from about 135/85 mm Hg to 155/95 mm Hg and that he had gained about 5 kg in weight. He and his family had also noticed that his face had become rounder and that he bruised very easily.  His blood pressure remained at this level for 3 months and it was decided to start antihypertensive medication (an angiotensin converting enzyme inhibitor). His plasma potassium was low before treatment at 3.2 mmol/L. Blood pressure was normalised within a further 3 months and the potassium level more rapidly. Soon after routine urine testing showed the presence of glucose and his fasting blood glucose was 9 mmol/L. This was little affected by diet and he needed an oral diabetes agent (metformin). His arthritis is stable and he remains on multiple medications.

Questions.
1. What is the rationale for using glucocorticoids in the treatment of inflammatory arthritis?
2. Explain the rise in blood pressure and drop in plasma K+.  Why was an angiotensin converting enzyme inhibitor used to control these parameters?
3. Explain the raised blood glucose level and the presence of glucose in the urine.  Why do you think that these were little affected by diet?  
4. Suggest reasons why the patient gained weight.
5. Why do patients on systemic corticosteroid therapy bruise easily?
6. What other iatrogenic problems do you think that the patient might have suffered from?  

Case 2
A 29-year old woman developed a frozen right shoulder, which she attributed to carrying her small and often ill daughter for long periods.  Physiotherapy and non-steroidal anti-inflammatory drugs were unsuccessful and her condition deteriorated over a month.  Her general practitioner injected the rotator cuff of the shoulder with a corticosteroid (triamcinolone).  There was increased pain for about 3-4 days followed by gradual improvement over 2-3 weeks, together with physiotherapy. By this time the shoulder was freely mobile and painless.  Since then she has carried her daughter less often, and not always on the same side!

Questions.
1. What was the rationale for giving glucocorticoids?
2. 	Why do the beneficial effects of the steroids take time to develop?
3. 	What are the benefits and disadvantages of injecting the steroid into the joint?




[bookmark: _Toc300213363][bookmark: _Toc300214139][bookmark: _Toc300221434][bookmark: _Toc333398089]Lecture 10:  Oral contraceptives, HRT & SERMS
[bookmark: _Toc300213364][bookmark: _Toc300214140][bookmark: _Toc333397826]Professor Glenda Gillies
g.gillies@imperial.ac.uk

1. Oral Contraceptives


[bookmark: _Toc300213366][bookmark: _Toc300214142][bookmark: _Toc333397828] Learning objectives

Please refer to Year 1 notes for a resume of the hypothalamo-pituitary-gonadal axis and its cyclical hormonal changes. Where appropriate, cross reference Puberty/HLC. As a background to this lecture you need to know and comprehend the main physiological actions of oestradiol and progesterone, as well as the main tissues that produce oestrogens


1. Name the endogenously produced oestrogens and progestogens and the tissues that produce them.

2. Discuss the pharmacokinetic considerations (routes of administration, absorption, distribution, half-life, metabolism, excretion) when administering oestrogen- and progesterone-related drugs.

3. Identify the main components of combined oral contraceptives (COCs) and explain how they work

4. Knowing the main physiological actions of oestrogen and progesterone, argue rationally what the main unwanted effects of COCs

5. Compare and contrast the use of COCs with the post-coital pill and progesterone only pill (POP).

CLINICALLY USEFUL OESTROGENS

· oestradiol is well absorbed but undergoes extensive first pass metabolism 



· oestradiol esters (e.g. valerate) may be given by injection,  usually intramuscularly in oil


· oestriol
· oestrone sulphate ('conjugated' estrogen) is orally  administered
· ethinyl estradiol, a semi-synthetic estrogen
· most estrogens can also be administered via transdermtal skin patches
· bioavailability 

[bookmark: _Toc300213367][bookmark: _Toc300214143][bookmark: _Toc333397829]CLINICALLY USEFUL PROGESTOGENS
· Clinically used progestogens are
a) Progesterone and its analogues
b) Testosterone analogues 

· Progesterone is poorly absorbed and rapidly metabolised in the liver
· It can be given by intramuscular injection as a depot preparation 

· A variety of orally active synthetic progestogens are available e.g norethisterone.
· Circulating progesterone is bound to plasma proteins 

· Synthetic progestogens eg. norethisterone, are variously metabolised to other biologically active steroids - viz.

[bookmark: _Toc300213368][bookmark: _Toc300214144][bookmark: _Toc333397830]1. COMBINED ORAL CONTRACEPTIVES (COCs)

Combination of an oestrogen (ethinyl oestradiol) with a second - or third - generation progestogen (eg norethisterone) provides additive and synergistic pharmacology to maximise efficacy at minimal drug concentrations to suppress ovulation via multiple mechanisms:

·  feedback actions of E and P at hypothalamus and pituitary 
·  P thickens cervical mucus.
·  E upregulates P receptors 
·  E counteracts the androgenic effects of synthetic P
·  Take for 21 days (or 12 weeks) stop for 7 days
·  Monophasic (one concentration throughout) vs triphasic (3 step‑wise changes in E/P   ratio)

· The unwanted effects of oestrogens are:

on blood clotting factors 
on endometrium 

on the breast 
on the kidney
hypertension
nausea (CNS)
headaches
increase weight due to water retention and fat deposition


[bookmark: _Toc300213369][bookmark: _Toc300214145][bookmark: _Toc333397831]2.	PROGESTERONE-ONLY CONTRACEPTIVES 
May be used when estrogens are contra-indicated - eg CVS problems, history of thrombosis, prior to major surgery, during lactation.
Long acting preparations may be given by deep i.m. injection (eg. medroxyprogesterone acetate/Depot-Provera) or via an intra-uterine system 


[bookmark: _Toc300213370][bookmark: _Toc300214146][bookmark: _Toc333397832]Oral ('POP') preparations 

[bookmark: _Toc300213371][bookmark: _Toc300214147][bookmark: _Toc333397833]3. "EMERGENCY” CONTRACEPTION (Post-Coital Pill/morning after pill)

· combined E & P or P only (levonorgestrel/”Levonelle” OTC medicine)
· 2 doses 12 hours apart, beginning asap within 72 hours of intercourse; single one-step double strength tablet also available.
· may cause nausea and vomiting 
· Effectiveness
· Risks
· Caution
------------------------------------------




[bookmark: _Toc300213372][bookmark: _Toc300214148][bookmark: _Toc333397834]II MENOPAUSE and SERMs

[bookmark: _Toc300213373][bookmark: _Toc300214149][bookmark: _Toc333397835]Learning objectives
  
1. Define the terms menopause and climacteric
2. List the symptoms of menopause
3. Explain the complications of menopause
4. Understand and evaluate the advantages and disadvantages of treatment of menopause with HRT, Tibolone
5. Discusss the properties of the selective oestrogen receptor modulator drugs (SERMS)


a) Definitions
Menopause = permanent cessation of menstruation resulting from the loss of ovarian follicular activity and 12 months of amenorrhea at the time of midlife. Average age 51 (range 45-55).
Premature menopause (or Premature Ovarian Failure) = menopause occurring before the age of 40, and occurs in 1% of women.
Climacteric = the period of transition from predictable ovarian function through the postmenopausal years.

b) Hormonal changes during the menopause
Complete the relationships in the HPG axis below.

        NORMAL WOMEN 				MENOPAUSE
 
	Hypothalamus, GnRH	Hypothalamus, GnRH



            Pituitary LH, FSH				Pituitary LH, FSH



            Ovary	; follicles		Ovary; follicles
	oestradiol levels				oestradiol levels

c) Premature menopause: causes
- Surgical
- Autoimmune (family history & investigate for other associated autoimmune conditions)

- Exclude other causes of secondary amenorrhoea:

d) Symptoms of menopause
- begins with irregular cycles and hot flushes (head, neck, upper chest)
- psycho-social symptoms

- Thin translucent skin

- Decreased libido

- Urogenital atrophy

[bookmark: _Toc300213374][bookmark: _Toc300214150][bookmark: _Toc333397836]Symptoms usually diminish / disappear with time
e) Complications of menopause

[bookmark: _Toc300213375][bookmark: _Toc300214151][bookmark: _Toc333397837]OSTEOPOROSIS: 
- is associated with the menopause
- Oestrogen deficiency leads to a loss of bone matrix
- Post menopausal women may lose 1-3% of bone mass / year and have a 10-fold increased risk of fracture

[bookmark: _Toc300213376][bookmark: _Toc300214152][bookmark: _Toc333397838]CARDIOVASCULAR (CV) DISEASE
- women are relatively protected against CV disease before the menopause but have the same risk as men by the age of 70


f) Treatment of menopause

[bookmark: _Toc300213377][bookmark: _Toc300214153][bookmark: _Toc333397839](i) Hormone replacement therapy (HRT) 
- Oestrogen–only HRT = only for women who have had a hysterectomy
- All others combined HRT (oestrogen and progestagen) to prevent endometrial hyperplasia.

HRT formulations: oral, Transdermal HRT (patch / gel), Percutaneous slow release implant, Intranasal spray, Intravaginal oestrogens

[bookmark: _Toc300213378][bookmark: _Toc300214154][bookmark: _Toc333397840]HRT: Agonist on oestrogen receptors at bone, breast & endometrium

[bookmark: _Toc300213379][bookmark: _Toc300214155][bookmark: _Toc333397841]ADVANTAGES OF HRT:
(i) control vasomotor symptoms (flushes) 

(ii) delay osteoporosis

[bookmark: _Toc300213380][bookmark: _Toc300214156][bookmark: _Toc333397842]ADVANTAGES OF HRT - NOT PROVEN:
(i) IHD

(ii) symptoms of Alzheimer’s disease

(iii) colon CA


[bookmark: _Toc300213381][bookmark: _Toc300214157][bookmark: _Toc333397843]DISADVANTAGES OF HRT
(i) endometrial carcinoma
- Oestrogen in HRT promotes endometrial proliferation and increase the risk of endometrial carcinoma. 
- Including progestogens in the HRT formulation will reduce the risk of endometrial cancer.

(ii) breast cancer 
- increases risk breast cancer after 5 years of use
- contra-indicated if previous diagnosis of breast cancer
- little other data on risk eg FH etc

 (iii) increases risk of gallstones

(iv) increases risk of venous thromboembolism (VTE) 

(v)  increases risk of CVA

[bookmark: _Toc300213382][bookmark: _Toc300214158][bookmark: _Toc333397844]HRT OR NOT?
Treat: normal menopausal women for 5-7 years, premature menopause until normal menopause age.

[bookmark: _Toc300213383][bookmark: _Toc300214159][bookmark: _Toc333397845](ii) Tibolone
Synthetic prohormone = ‘designer HRT’
Oestrogenic, progestogenic and weak androgenic actions
No bleeds 
As effective as HRT for relief of vasomotor symptoms of menopause
Increases bone density – fracture data awaited
? Link with endometrial CA & breast CA – RCT data awaited


[bookmark: _Toc300213384][bookmark: _Toc300214160][bookmark: _Toc333397846]iii) SERMs = Selective oestrogen receptor modulating drug
- SERMS do not have the classical steroid structure and their actions are tissue selective. 
- ‘designer’ oestrogens

SERMS have a high affinity for the oestrogen receptor and therefore displace oestradiol:
(i) activate estrogen metabolic pathways (thus act like an estrogen) 
(ii) in other tissues by binding to the estrogen receptor will effectively block the ability of estrogen (thus acting as estrogen blockers).

[bookmark: _Toc300213385][bookmark: _Toc300214161][bookmark: _Toc333397847]1) TAMOXIFEN (anti-cancer drug)
Is anti - oestrogenic on breast tissue
Used to treat oestrogen-dependent breast tumours and metastatic breast cancers

Has oestrogen-like effects on:
Liver > lowers cholesterol
bone > increased bone density
endometrial tissue > increased risk of cancer

Unwanted actions:
Endometrial changes (hyperplasia, polyps, cancer)
Bone pain with bony metastases
Hot flushes
Menstrual irregularities
Gastrointestinal disturbances

[bookmark: _Toc300213386][bookmark: _Toc300214162][bookmark: _Toc333397848]2)  RALOXIFENE
Oestrogenic in bone, anti-oestrogenic in breast and uterus
Used for treatment & prevention of postmenopausal osteoporosis

Advantages:
Reduced risk vertebral fractures
Decreased risk breast ca
No increase in MI

Disadvantages:
Increased risk fatal stroke
Increased risk venous thromboembolism
Does not reduce vasomotor symptoms



[bookmark: _Toc300221435][bookmark: _Toc333398090]
Lecture 11:  Endocrine infertility
Professor Waljit Dhillo
w.dhillo@imperial.ac.uk


Endocrine Infertilty:

Learning objectives

1. Draw a diagram of the hypothalamo-pituitary gonadal axis in normal males and females
2. Draw a diagram of the hypothalamo-pituitary gonadal axis in primary and secondary gonadal failure
3. List the clinical features, causes, investigations and treatment of male hypogonadism
4. List the tissues that produce androgens and name three endogenous androgens.
5. Describe the main physiological actions of testosterone and briefly explain its mechanism of action.
6. List and explain the main clinical uses and major unwanted effects of testosterone.
7. Define amenorrhoea
8. List the causes, investigations and treatment of amenorrhoea
9. List the criteria used to diagnose PCOS
10. List the clinical features, investigations and treatment of PCOS
11. Draw a diagram of the pathway controlling normal prolactin secretion
12. List the causes, clinical features, investigation and treatment of hyperprolactinaemia

ENDOCRINE FERTILITY
Revision of normal reproductive physiology
Draw the hypothalamo-pituitary gonadal axis in males:

			Hypothalamus		



            		Pituitary	                                                                  



            		Testis



Draw the hypothalamo-pituitary gonadal axis in females in the FOLLICULAR PHASE:

			Hypothalamus		



            		Pituitary	                                                                  


            		Ovary






Draw the hypothalamo-pituitary gonadal axis in females in the OVULATORY PHASE:

			Hypothalamus		



            		Pituitary	                                                                  



            		Ovary

Luteal phase
- If implantation does NOT occur –endometrium is shed (menstruation)
- If implantation DOES occur > pregnancy


Infertility
Infertility: inability to conceive after 1 year of regular unprotected sex.
1:10 couples
Caused by abnormalities in males (30%), or females (45%), or unknown (25%)

Draw the hypothalamo-pituitary gonadal axis in PRIMARY gonadal failure:

			Hypothalamus		



            		Pituitary	                                                                  



            		Testis / Ovary


Draw the hypothalamo-pituitary gonadal axis in SECONDARY (hypothalamic or pituitary) gonadal failure:

			Hypothalamus		



            		Pituitary	                                                                  



            		Testis / Ovary


Disorders in the male - hypogonadism

Clinical features:
Loss of libido = sexual interest / desire
Impotence 
Small testes
Decrease muscle bulk
osteoporosis

Causes:
1. Hypothalamic-pituitary disease
Hypopituitarism
Kallmans syndrome (anosmia & low GnRH)
Illness / underweight 
2. Primary gonadal disease
Congenital: Klinefelters syndrome (XXY), 5-alpha-reductase deficiency
Acquired: Testicular torsion, Chemotherapy
3. Hyperprolactinaemia
4. Androgen receptor deficiency

Investigations:
LH, FSH, testosterone - if all low >> MRI pituitary
Prolactin
Sperm count (Azoospermia = absence of sperm in ejaculate, Oligospermia = reduced numbers of sperm in ejaculate)
Chromosomal analysis (Klinefelters XXY)

Treatment:
Replacement testosterone for all patients (see androgen related drugs below)
For fertility if hypo / pit disease: GnRH, sc gonadotrophins (LH & FSH)
Hyperprolactinaemia – dopamine agonist



ANDROGEN RELATED DRUGS
List the main sites of androgen production
· 
· 
· 
· 
· 

[bookmark: _Toc300213387][bookmark: _Toc300214163]Describe the main physiological actions of testosterone
· on the developing male reproductive tract 
· on fertility  
· on secondary sexual characteristics 
· anabolic effects  



Clinical uses
Replacement therapy to treat:
1. Primary testicular failure/primary hypogonadism (disorder intrinsic to testes)
2. Hypogonadotropic or secondary hypogonadism - 






Disorders in the female

1. Amenorrhoea 
Amenorrhoea = absence of periods
Primary amenorrhoea = failure to begin spontaneous menstruation at age 16 years
Secondary amenorrhoea = absence of menstruation for 3 months in a woman who has previously had cycles
Oligomenorrhoea = irregular long cycles

Causes:
Pregnancy ! / Lactation
Ovarian failure: premature ovarian failure, ovariectomy / chemotherapy, ovarian     dysgenesis (Turners 45 XO)
Gonadotrophin failure: Hypo / pit disease, Kallmann’s syndrome (anosmia, Low GnRH), low BMI, post pill amenorrhoea
Hyperprolactinaemia
Androgen excess: gonadal tumour

Investigations:
Pregnancy test
LH, FSH, oestradiol
Day 21 progesterone
Prolactin, thyroid function tests
Androgens (testosterone, androstenedione, DHEAS) 
Chromosomal analysis (Turners 45 XO)
Ultrasound scan ovaries / uterus

Treatment:
Treat the cause ! (eg low weight)
Primary ovarian failure – infertile, HRT
Hypothalamic / pituitary disease: GnRH, gonadotrophins (LH & FSH)



2. Polycystic Ovarian Syndrome (PCOS)
Incidence: 1 in 12 women of reproductive age
Associated with increased cardiovascular risk and insulin resistance (>diabetes) ? why

Criteria to diagnose PCOS: need 2 of the following:
polycystic ovaries on USS
oligo- / anovulation
clinical / biochemical androgen excess

Clinical features:
Hirsuitism
Menstrual cycle disturbance
Increased BMI

Investigations:
Increased LH (LH/FSH ratio)
Testosterone may be high, low SHBG (increased free testosterone)
Prolactin – mildly raised
Ovarian USS – multiple 3-5mm cysts

Treatment of PCOS - hirsuitism
Mechanical hair removal
Oestrogen (OCP)
Reduce testosterone 

Treatment of PCOS - fertility
Metformin
Reverse circadian prednisolone
Clomiphene 
Gonadotrophin therapy


3.Hyperprolactinaemia
Draw the pathway regulating prolactin secretion: 

Hypothalamus		



            		Pituitary	                                                                  





            		Breast



Causes:
Dopamine antagonist drugs
Prolactinoma 
Stalk compression due to pituitary adenoma
PCOS
Hypothyroidism
Oestrogens (OCP), pregnancy, lactation, 
Idiopathic
Clinical features:
Galactorrhoea
Reduced GnRH secretion / LH action
Prolactinoma can cause headache and visual field defect

Investigations:
Drug history
Serum prolactin 
Pregnancy test
Thyroid function tests
Anterior pituitary function
MRI pituitary
Visual fields

Treatment
Treat the cause – stop drugs
Dopamine agonist: bromocriptine, cabergoline
Prolactinoma: dopamine agonist therapy, pituitary surgery rarely needed


[bookmark: _Toc300221436][bookmark: _Toc333398091]
Tutorial 6:  Causes of endocrine infertility


Case 1

A 30-year-old woman who has a prolactinoma was placed on bromocriptine treatment 9 months ago has now returned to the clinic and is pregnant.  She now wishes to stop taking the bromocriptine as she does not want to take any drugs whilst she is pregnant.  In addition she would like to breast feed the baby once it is born.  What should you do?

1) Explain why she was has been able to conceive once she has been placed on bromocriptine treatment.

2) Discuss what advice you would give regarding the use of bromocriptine during pregnancy.  

3) Discuss what advice should be given regarding breast feeding.




Case 2

A 30 year old female arrives at her GP’s surgery concerned that she has not had a period for 3 months.  You notice that she is quite thin and you calculate her BMI to be 18 kg/m2. 

1) What other questions would you ask her and what investigations would you perform?

2) Interpret these three hormone results in light of the presentation above:
a) High oestrogen, Low LH and FSH
b) Low LH and FSH and low oestrogen
c) High LH and FSH and low oestrogen.




ANDROGEN-RELATED DRUGS AND ENDOCRINE INFERTILITY

MCQs: these are all available on Blackboard, so please do these questions online. Each option may be True or False, so write T or F by each one.
(session 6a on blackboard)


1). Testosterone
a)   can induce fertility in patients with pituitary insufficiency of LH and FSH  
b)   possesses some aldosterone-like activity 
c)   is 38% bound in the circulation   
d)   can be converted to estradiol by the enzyme 5alpha reductase 
e)   as an oral preparation is the best replacement therapy to restore physiological testosterone levels in male patients with hypogonadism 

2. Secondary amenorrhoea
a) Is the condition in which no menstruation has ever occurred
b) Is associated with Turner’s syndrome
c) May be linked to anorexia	
d) May be due to a prolactinoma
e) Is associated with low serum oestrogen levels

3. Polycystic ovary syndrome
a) Is associated with raised serum androgen levels
b) Is commonly associated with anorexia
c) Often involves raised peripheral insulin sensitivity
d) Often involves hirsutism
e) Can be confirmed with ultrasound imaging of the ovaries

4. A woman presents with infertility and amenorrhoea. On investigation this is diagnosed as polycystic ovarian syndrome
a) She is likely to have the features of Cushing’s syndrome
b) Ultrasound can be a useful for diagnosis
c) This diagnosis would have been suspected if she had galactorrhoea.
d) This diagnosis would have been suspected if she had hirsutism.
e) her blood levels of LH and FSH are likely to be raised.


ORAL CONTRACEPTION, AMENORRHOEA AND THE MENOPAUSE 
MCQ’s: these are all available on Blackboard, so please do these questions online. Each option may be True or False, so write T or F by each one.
(session 6b on blackboard)

1. Norethisterone
a) is a progestogen
b) is a derivative of testosterone
c) is an estrogen
d) is the principal component in the post-coital “emergency” contraceptive
e) is orally active

2. Ethinyl estradiol
a) is orally inactive
b) stimulates proliferation of the endometrium
c) increases circulating triglycerides and high density lipoproteins
a) down-regulated progesterone receptors
b) e) thickens cervical mucus

3. Progestogen only contraceptives
a) are superior in their contraceptive effects to the combined oral contraceptives
b) may be taken orally
c) may be administered by deep intramuscular injection
d) are contraindicated in nursing mothers
e) are preferable to estrogen-containing contraceptives in women with a history of deep vein thrombosis

4. The menopause
a) does not affect the development of ovarian follicles	
b) can be confirmed by detecting raised levels of LH in the circulation
c) can be associated with osteoporosis
d) is associated with increase protection from cardiovascular disease
e) is associated with a decline in serum oestrogens

5. Hormone replacement therapy
a) Is not necessary for premature menopause
b) Can relieve symptoms associated with the menopause
c) Reduces the risk of hip fracture in post-menopausal women
d) Could be associated with a small increase in breast cancer risk
e) Needs to be continued through the patient’s lifetime to be effective

6. A 51 year old woman is suffering from oligomenorrhoea and hot flushes that are diagnosed as the early stages of the menopause. She has previously had two children and no gynaecological surgery
a) This is quite early to start the menopause.
b) If she desires HRT oestrogen should be given alone
c) If she took HRT it would lower her risk of fracturing the neck of her femur.
d) HRT is associated with an increased risk of cardiovascular disease.
e) Her gonadotrophin levels are probably reduced.

[bookmark: _Toc300221437][bookmark: _Toc333398092]
Lecture 12:  Endocrinology of pregnancy
Professor John Laycock
j.laycock@imperial.ac.uk

Learning Objectives

1. Describe the necessary changes which have to occur before the spermatozoon becomes fully capable of fertilizing the ovum (including capacitation), explaining how these changes take place and what endocrine background is required.

2. Describe the fertilization process and explain the importance of the acrosome reaction.

3. Identify the window of implantation during the menstrual cycle.

4. Describe how the blastocyst is believed to signal its presence to the maternal endometrium, and the principal initial developments which occur on implantation.

5. Describe the decidualization reaction and how it is initiated.

6. Describe the principal physiological role of hCG and identify the stage in pregnancy when it first appears and when it peaks.

7. Draw flow diagrams to describe the placental synthesis of a) oestrogen, and b) progestogen during pregnancy.  

8. Draw a chart illustrating the changes in maternal circulating concentrations of oestrogen, progesterone, hCG, hPL, LH and FSH throughout pregnancy.

9. Describe the value of hCG measurement in the management of trophoblastic disease.

10. Identify the main hormone (and hormone fragment) measurements in maternal blood during pregnancy which can be used clinically with regard to feto-placental well-being.

11.  Explain how hormones regulate the parturition process.

11. Explain how lactation is induced by suckling, naming the two principal hormones concerned.

ENDOCRINOLOGY OF PREGNANCY

a) FERTILIZATION

[bookmark: _Toc300213388][bookmark: _Toc300214164]VOYAGE OF THE SPERMATOZOON
· The journey from testis to oviduct is a long one: 100,000 times its own length - comparable to 150 km for a 1.5m  human being!
· It is also one taken very much against all odds of success: 1 spermatozoon/106 actually reaches the ovum.

[bookmark: _Toc300213389][bookmark: _Toc300214165]WITHIN MALE REPRODUCTIVE TRACT
· Most tubular fluid reabsorbed within rete testis and epididymis under 		control (oestrogen mainly in tubular fluid produced by Sertoli cells).
· Nutrients and other molecules (e.g. glycoproteins) secreted into the epididymal fluid under the influence 			to a) provide energy for impending possible journey, and b) coat the surface of the spermatozoa (to protect them from hostile environment?).




[bookmark: _Toc300213390][bookmark: _Toc300214166]EJACULATION
· Semen is ejaculated into female tract
· Semen consists of 
	a) spermatozoa	50-150 x106 /ml	
	b) seminal fluid		2-5ml
	c) leucocytes
d) potentially, viruses e.g. hepatitis B, HIV 
 

SEMINAL FLUID
Small contribution from 	examples of components 
Epididymis/testis			inositol
					glycerylphosphorylcholine
Mainly from Accessory sex glands	
Seminal vesicle			fructose
					citric acid (Ca2+ chelator)
Prostate				citric acid
					acid phosphatase
(Also ampulla and bulbourethral glands)


[bookmark: _Toc300213391][bookmark: _Toc300214167]SPERMATOZOON ACTIVATION
· Taken from the seminiferous tubule, spermatozoa are quiescent and incapable of fertilizing ovum.
· Taken from the vas deferens, spermatozoa are capable of movement (“whiplash activity) and have some capability for fertilizing ovum. 
· However, full activity and fertilizing capacity is only achieved within the oviduct. This is known as 




FERTILIZATION
· Normally occurs 
· Results in 
· Leads immediately to the zona reaction (including degradation of ZP3) to prevent further binding of other sperm [Ca2+ dependent] 
· Once diploidy is established, the zygote starts dividing to form the initial 2-cell 



DEVELOPMENT OF CONCEPTUS
· The conceptus continues to divide as it moves down from oviduct to uterus (3-4 days)
· Until implantation the developing conceptus receives its nutrients from uterine secretions
· The free-living phase lasts for 		days
· Conceptus first compacts to 8-16 cell morula
· then it becomes		: two distinct cell populations resulting in inner cell mass - which becomes 		- and outer trophoblast - which becomes the chorion. 
· It is transferred to the uterus at the blastocyst stage; this is facilitated by the increasing ratio					 (luteal phase)
· establishes physical and nutritional contact with maternal tissues



[bookmark: _Toc300213392][bookmark: _Toc300214168]b) IMPLANTATION
· In humans is INVASIVE
· Involves an initial ATTACHMENT PHASE when outer trophoblast cells contact uterine surface epithelium
· Within a few hours, results in 			of underlying uterine stromal tissue
· This requires the correct endocrine background of 				DOMINATION in the presence of OESTROGEN


[bookmark: _Toc300213393][bookmark: _Toc300214169]ATTACHMENT
· Leukaemia inhibitory factor (LIF) from endometrial secretory glands (and blastocyst?) stimulates adhesion (attachment) of blastocyst to endometrial cells.
· Interleukin-11 (IL11) is also released into uterine fluid and may be involved .






DECIDUALIZATION
· Involves the invasion of the 							by the outer trophectoderm cells of the blastocyst
· Within hours results in increased vascular permeability in the invasion region associated with oedema of tissues, localized changes in intracellular composition and progressive sprouting and growth of capillaries;	the DECIDUALIZATION REACTION
· Factors involved in the decidualization reaction include 			, histamine, certain prostaglandins, and TGF which promotes angiogenesis. 



PREGNANCY: OESTROGENS OF PREGNANCY




· During first 5-6 weeks of pregnancy
·  			
· gonadal steroids
· essential for the developing fetoplacental unit.
· Circulating progesterone and oestradiol concentrations high and rising
· the release of maternal LH and FSH is inhibited.
· Stimulatory role 			on corpus luteum
· taken over by human chorionic gonadotrophin (hCG)
· produced by the developing implanting blastocyst (syncytiotrophoblast).
· From day 40
· ovariectomy  			on pregnancy
·  role of the corpus luteum taken over by the fetoplacental unit.




PARTURITION







LACTATION




[bookmark: _Toc300213394][bookmark: _Toc300214170]
ENDOCRINOLOGY OF PREGNANCY

MCQs: these are all available on Blackboard, so please do these questions online. Each option may be True or False, so write T or F by each one.
(session 6c)

1. Fertilization of an ovum:
a) normally occurs in the uterus
b) requires a fully capacitated spermatozoon
c) depends on the spermatozoon penetrating the zona pellucida around the ovum
d) is accompanied by the expulsion of the second polar body
e) necessitates a progesterone-dominated environment

2. Implantation:
a) occurs approximately 30 days after fertilization
b) is initiated by the free-floating blastocyst
c) is non-invasive in humans
d) requires an initial attachment phase
e) is successful only in an oestrogen-free environment

3. Decidualization:
a) involves the breakdown of the uterine stroma underlying the attaching blastocyst
b) provides nutrients for the implanting blastocyst
c) occurs within a few hours of attachment
d) necessitates the presence of both progestogen and oestrogen
e) is initiated by molecules including histamine and prostaglandins

4. During pregnancy:
a) Oestradiol is the principal oestrogen produced by the fetoplacental unit
b) Placental hCG (human chorionic gonadotrophin) acts on ovarian LH receptors
c) Maternal pituitary gonadotrophin production increases throughout
d) Progesterone is the dominant steroidal influence until parturition
e) HPL (human placental lactogen) stimulates breast development

5. At parturition:
a) the fetal production of corticotrophin (ACTH) switches steroid production towards oestrogen domination
b) oestrogen stimulates myometrial prostaglandin synthesis
c) oxytocin induces myometrial contractions
d) progesterone stimulates the myometrial synthesis of oxytocin receptors
e) there is a maternal pituitary LH surge




[bookmark: _Toc300221438][bookmark: _Toc333398093]Lecture 13:  Metabolic and endocrine bone disorders

Professor John Laycock and Professor Glenda Gillies
j.laycock@imperial.ac.uk; g.gillies@imperial.ac.uk

Learning Objectives

METABOLIC BONE DISORDERS

1. Describe how the blood calcium ion concentration is regulated with special references to its endocrine control, stating where the relevant hormones are produced and where they act.
2. Define osteoporosis.
3. List the principal risk factors for osteoporosis. 
4. Name the main medications used to treat osteoporosis. 
5. List the causes of hypercalcaemia and hypocalcaemia.
6. Describe the symptoms and signs of hypercalcaemia and hypocalcaemia.
7. Describe the actions of drugs used to treat metabolic bone disease, including their side effects.
ENDOCRINE BONE DISORDERS
1. Draw a diagram illustrating synthesis of vitamin D, including vitamin D metabolites and their actions on calcium metabolism. 
2. Describe the effects of vitamin D deficiency states, including predisposing factors.  
3. List the treatments available for osteomalacia, and explain their mode of action.
4. Explain how renal dysfuntion leads to bone disease
5. Describe the effects of vitamin D excess and list predisposing factors for this. 
6. Describe the clinical, biochemical and radiological features of Paget’s disease. 





VITAMIN D DEFICIENCY STATES
· Definition: lack of mineralization in bone
· Results in “softening” of bone, bone deformities, bone pain; severe proximal myopathy.
· In children - RICKETS
· In adults - 

VITAMIN D METABOLITES
· Bioactive normally 1,25(OH)2D3, CALCITRIOL,  important (but 25(OH)D3 can become important in excess - vitamin D intoxication - state).
· Principal effect is to stimulate intestinal absorption of 			. This provides the ions necessary for normal bone mineralization.
· Also stimulates 			formation from precursors in bone and stimulates their activity as well as stimulating matrix protein synthesis (e.g. osteocalcin).






DIAGNOSIS OF VITAMIN D DEFICIENCY
· Plasma[25OHD3] usually low
· Plasma 	low unless secondary hyperparathyroidism has been induced when it may appear normal)   
·  high
· Plasma [PO43-] low
· Radiological findings (variable); e.g. widened osteoid seams

VITAMIN D EXCESS (INTOXICATION)
Can lead to hypercalaemia and hypercalciuria due to increased intestinal absorption of calcium. 
Vitamin D excess can occur as a result of:
· excessive treatment with active metabolites of vitamin D, as in patients with chronic renal failure. 
· In granulomatous diseases  such as sarcoidosis, leprosy and tuberculosis, where the granulomatous tissues can convert 25(OH) D to the active metabolite 1,25 (OH)2 D.




RENAL FAILURE AND BONE DISEASE



PAGET’S DISEASE
· Definition: very active (increased), localized but disorganised bone metabolism; usually slowly progressive (abnormal, large osteoclasts).
· Significant genetic component (up to 30% cases, autosomal dominant)
· Evidence for viral origin (e.g. measles virus)
· Men and women 
· Disease usually 			under age 50-60
· More than 10% of over-60s affected (but majority have no symptoms)

Symptoms include:
· increased vascularity  (warmth over affected bone) 
· increased 				activity; initially 		 activity (increased deformity and fracture risk), followed by increased 			activity (thickening of deformed bone)
· Pelvis, femur, spine, skull (associated with hearing loss) and tibia most commonly affected
· Fractures
· bone pain (nerve entrapment, joint involvement)

Diagnosis
· Plasma [Ca2+] normal
· Plasma [alkaline phosphatase] usually increased
· Radiology demonstrating variable features including loss of trabecular bone, increased density and deformity
· Radioisotope (Technetium) scanning of bone indicating areas of involvement


OSTEOPOROSIS

· Definition: a condition of reduced bone mass and a distortion of the bone microarchitecture which predisposes to fracture after minimal trauma.  

· Pre-disposing conditions include:-
· postmenopausal oestrogen deficiency

· age-related deficiency in bone homeostasis


· raised glucocorticoid levels

HYPERCALCAEMIAS
normal range of blood levels of Ca++ = 9–10.5 mg/dL or 2.2–2.6 mmol/L 

· 12.0 mg/dL or 3 mmol/l
Signs & symptoms 12.0 mg/dL or 3 mmol/l 
· Stones 
· Bones 
· Groans 
· Thrones 
· Psychiatric overtones 
· Fatigue

· >15–16 mg/dL or 3.75–4 mmol/l
Medical emergency

Primary causes
· Primary hyperparathyroidism
· Malignancy – tumours/metastases often secrete a PTH-like peptide
· Vitamin D excess
· Conditions with high bone turnover (Paget’s, hyperthyroidism)
· Secondary hyperparathyroidism (renal failure)

HYPOCALCAEMIA  
normal range of blood levels of Ca++ = 9–10.5 mg/dL or 2.2–2.6 mmol/L 

Signs & symptoms
· Convulsions
· Arrhythmias
· Tetany 
· Parasthesias (hands, mouth, feet , lips) 

Primary causes
· Dietary deficiency or malabsorption of Ca
· Low PTH levels
· PTH is ineffective 
· Renal failure 
· Vit D deficiency



PHARMACOLOGY AND THERAPEUTICS

1. BISPHOSPHONATES/DIPHOSPHONATES eg. sodium etidronate; alendronate
Note and explain their actions.
· inhibits recruitment and promotes apoptosis (programmed cell death) of osteoclasts

· indirectly stimulates osteblast activity

Uses
· Osteoporosis
· Hypercalcaemias associated with malignancy. 
· Life-threatening hypercalcaemic emergency 
· To delay bone metastases and bony pain.
· Paget’s disease

Pharmacokinetics
· Orally active, but poorly absorbed.  Take on an empty stomach
· Accumulates at site of bone mineralisation and remains part of bone until it is resorbed - 
· Excreted in the urine unmetabolised; -

Unwanted actions
· The increase in non-mineral osteoid may predispose to fractures.
· Gastric pain and gastrointestinal upsets.
· Oesophagitis
· Bone pain

2. STRONTIUM RANELATE
A divalent salt of ranelic acid
Strontium has similar properties to calcium
Increases bone formation and prevents bone resorption
Second-line treatment for osteoporosis after bisphosphonates
Absorption reduced by milk and milk prducts – so needs to be staggered with meals


3. ESTROGENIC COMPOUNDS
Estrogens, anti-estrogens and selective estrogen receptor modulators (SERMS), e.g. 
i)

ii)
iii)

Uses

Second-line treatment for osteoporosis after bisphosphonates
Refer to appropriate parts of course for other uses including contraception and anti-tumour actions.

Actions/mechanism of action relating to bone
Maintains bone integrity via
i)
ii)


Unwanted effects.
· Increased risk of endometrial cancer. 
· Possible, controversial risk of breast cancer.
· Minor gastro-intestinal symptoms.
· Small increased risk of venous thromboembolism and pulmonary embolism.


4. PTH (TERIPARATIDE)
Recombinant PTH available as Teriparatide
Daily subcutaneous injection
Expensive 
Third-line treatment for osteoporosis, after bisphoshonates, strontium




5. CALCITONIN

Actions and mechanism of action.
Acts via a 7-transmembrane, G-protein coupled receptor to reduce calcium and phosphate resorption from bone via:
· 
· 

Uses
· Paget’s disease 
· Osteoporosis
· Hypercalcaemias 
· s.c, i.m., intranasal
· antigenic



6. VITAMIN D

Clinical preparations of vitamin D include:
i) 
ii) 

Uses
To treat various diseases associated with hypocalcaemia. 
NB. 

Cholecalciferol/Ergocalciferol 
To prevent osteomalacia (defects in bone mineralisation due to vitamin D deficiency)  and rickets (a juvenile form of osteomalacia) and disorders of vitamin D adsorption (as distinct from dietary deficiency).


Calcitriol
To treat hypocalcaemia associated with hypoparathyroidism


Note and explain the actions of vitamin D
· Receptors
· In the small intestine 


· In the kidney 
· In bone
· Also plays a role in cell growth and differentiation in many tissues, especially bone marrow. 




[bookmark: _Toc300221439][bookmark: _Toc333398094]Tutorial 7:  Metabolic and endocrine bone disorders 

Case 1
55 year old South Asian gentleman presented to his GP with aches and pains. On examination he had evidence of proximal myopathy. His GP checked some blood tests: normal renal function, serum calcium 2.10 (reference range 2.15 – 2.60 mmol/L), serum phosphate 0.8 (reference range: 0.80 – 1.40 mmol/L), 25 hydroxyvitamin D 10 (reference range : 70 – 150 nmol/L), PTH 20 (reference range: 1.1 – 6.8 pmol/L). 

1. What is the diagnosis? 

2. What risk factors does he have for developing this?

3. Why is the PTH elevated?

4. What treatment should be offered?


Case 2

A 55 year old South Asian gentleman presented to his GP with loin pain, which was worse on passing urine. His GP detected microscopic haematuria on a urine dipstick. His GP checked some blood tests: normal renal function, serum calcium 2.90 (reference range: 2.15 – 2.60 mmol/L ), serum phosphate 0.6 (reference range: 0.80 – 1.40 mmol/L), 25 hydroxyvitamin D 84 (reference range: 70 – 150 nmol/L), PTH 12 (reference range: 1.1 – 6.8 pmol/L). 

1.What is the diagnosis? 

2. What is the cause of his loin pain?

3. How should he be treated?


Case 3

A 51-year-old woman comes to her GP’s surgery.  Her periods stopped 2 years ago. She thinks that this might be menopausal and wants some advice. She is not complaining of hot flushes but is worried about developing osteoporosis. Her mother had osteoporosis and a fractured wrist when she was aged 82. She also has a family history of breast cancer. 

1) What treatment options are available for this lady? 

2) What treatment would you recommend for this lady taking into account her history?



METABOLIC AND ENDOCRINE BONE DISEASE

MCQs: these are all available on Blackboard, so please do these questions online. Each option may be True or False, so write T or F by each one.
(session 7)
MCQ

1. Vitamin D deficiency:
a) is relatively common in the elderly
b) can be associated with renal failure
c) is called rickets in children
d) is usually confirmed by the presence of a low circulating 25(OH)D3 level
e) can be a cause of peripheral myopathy

2. Paget’s disease is:
a) defined as a demineralisation of bone
b) present in approximately 50% of people over 60 years old
c) more common in men than women
d) associated with a localized vasodilatation
e) often asymptomatic
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[bookmark: _Toc333398095]Lecture 14:  Oxytocic drugs

Professor Glenda Gillies
g.gillies@imperial.ac.uk

Learning objectives
1. Describe the actions of the following drugs on the pregnant uterus and explain how they may be exploited clinically: oxytocin, prostaglandins, ergometrine, mefepristone. 
2. Outline the main pharmacokinetic properties of these drugs and state what adverse effects they may each produce. 

 Note that ß2-adrenoceptor agonists, magnesium sulphate and type 2 cyclo-oxygenase (COX-2, type 2 prostaglandin synthase) inhibitors possess tocolytic properties.

OXYTOCIC DRUGS

Clinical uses of drugs acting on the pregnant uterus
•	
•	
•	

Drugs acting on the pregnant uterus
a)	Oxytocics (increase motility)
•	
•	
•	

b)	Abortifacients (induce abortion)
•	
•	

c)	Tocolytics (reduce motility)
•	
•	
•	

1.	PHARMACOLOGY OF OXYTOCIN
[bookmark: _Toc300213395][bookmark: _Toc300214171]A.	Structure

[bookmark: _Toc300213396][bookmark: _Toc300214172]	1 -----S----S----6----7----Arg ----9
			│                    │
			2		5
			│                    │        	Arginine vasopressin							3----------------4   		

[bookmark: _Toc300213397][bookmark: _Toc300214173]	1 -----S----S----6----7----Leu ----9
		 	│                    │
			2		5
			│                    │        	Oxytocin				
			Iso--------------4   		
B.	Principal actions (Revision):
a) Uterus
•	
•	

NB These actions are enhanced by oestrogen but depressed by progesterone. The uterus is particularly sensitive to oxytocin in the last month of pregnancy

b) Mammary Gland
•	Contraction of the myoepithelial cells  milk ejection

c) Cardiovascular system
•	Transient vasodilatation and reflex tachycardia
•	Constriction of umbilical arteries and veins.

d) Kidney
•	Antidiuresis with secondary hyponatraemia

e) Central nervous system
•	Maternal behaviour

C. Clinical uses:
a)	Induction of labour at term
•	

b)	Prevention/treatment of post-partum haemorrhage and uterine atony
•	
•	

c)	Facilitation of milk let-down
•	

D.	Pharmacokinetics:
a)	Administration
•	i.v. infusion/slow injection
•	Intranasal spray (milk letdown)

b)	Distribution
•	extracellular fluid, limited entry to CNS

c)	Metabolism
•	Liver, kidney and plasma (placenta derived enzyme) t1/2  5 min.

[bookmark: _Toc300213398][bookmark: _Toc300214174]E.	Unwanted effects
a)	Caution - overdosage may
•	compromise placental exchange of O2/nutrients  foetal distress
•	force the foetus against an undilated cervix  lacerations/trauma
•	Uterine rupture.
b)	Transient but serious hypotension with reflex tachycardia
c)	Water intoxication in mother and foetus







2. PHARMACOLOGY OF ERGOMETRINE

A.	Origin:
•	A component of ergot which is derived from the fungus Clariceps purpurea

B.	Principal actions:
a)	Myometrium
•	
b)	Blood vessels
•	
N.B.	

C.	Clinical uses:
Prevention and treatment of post-partum haemorrhage and uterine atony
•	
•	
•	

Contra-indications
•	Pregnancy prior to the third stage of labour
•	Pre-eclampsia and other vascular disease

[bookmark: _Toc300213399][bookmark: _Toc300214175]D.	Pharmacokinetics
Administration

Distribution
•	Well distributed.

Metabolism
•	Hepatic, t1/2  3 - 4h.

[bookmark: _Toc300213400][bookmark: _Toc300214176]E.	Unwanted effects
•	Abdominal pain
•	Hypertension
•	Anginal pain
•	Nausea/vomiting



3.  PROSTAGLANDINS AND THE UTERUS


[image: ]


[bookmark: _Toc300213401][bookmark: _Toc300214177]A.	Action of prostaglandins on the uterus
•	
•	


[bookmark: _Toc300213402][bookmark: _Toc300214178]B.	Prostaglandin preparations
•	
•	
•	


[bookmark: _Toc300213403][bookmark: _Toc300214179]C.	Clinical uses of prostaglandins in pregnancy
•	Induction of abortion
	dinoprostone - administered intravaginally as a gel or tablet

•	Induction of cervical ripening
	at term - dinoprostone
	prior to abortion - gemeprost vaginal pessaries

•	Post-partum haemorrhage in those resistant to oxytocin and ergometrine
	carboprost, i.m. injection

[bookmark: _Toc300213404][bookmark: _Toc300214180]D.	Unwanted effects
•	Potentiation of actions of oxytocin
•	Nausea, vomiting, diarrhoea
•	Hypertension (PGF2), hypotension (PGE2)
•	Pyrexia






· Softening and dilation of cervix prior to suction abortion
· Therapeutic abortion (13 - 20 weeks) with gemeprost

B.	Pharmacokinetics
•	Administration: oral, good bioavailability
•	Distribution: enters cells readily but distribution limited by plasma protein binding
•	Metabolism/excretion: t1/2 20 - 40h, metabolism hepatic and enterohepatic, metabolites are excreted mainly in the faeces

C.	Unwanted effects
•	Vaginal bleeding
•	Headache


5. TOCOLYTIC AGENTS.
These drugs are used in attempts to delay premature labour:
· Β2-adrenoceptor agonists
· COX-2 inhibitors (now in development).



OXYTOCIC DRUGS

MCQs: these are all available on Blackboard, so please do these questions online. Each option may be True or False, so write T or F by each one.
These are labelled “session 7”.

1. Oxytocin
a)	is secreted by the neurohypophysis
b) causes contraction of the progesterone-primed myometrium 
c)	is the drug of choice for induction of abortion in the first trimester
d)	is not effective by mouth
e)	when given in overdose, may cause uterine rupture

2. Uterine contraction at term is facilitated by:
a)	mifepristone
b)	prostaglandin F2alpha
c)	ergometrine
d)	salbutamol
e)	progesterone






[bookmark: _Toc333398096]Lecture 15:  Type 1 diabetes mellitus

Dr David Gable
David.gable@imperial.nhs.uk

Learning objectives
· Define T1DM and understand its relation to other types of diabetes
· Describe the epidemiology of type 1 diabetes
· Describe the aetiology of type 1 diabetes
· Describe the pathophysiology of type 1 diabetes
· To understand the physiological basis of treatment of diabetes 
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[bookmark: _Toc333398097]Lecture 16:  Type 2 diabetes mellitus 
Dr. Stephen Robinson 
stephen.robinson@imperial.ac.uk


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Learning objectives
· Define T2DM and understand its relation to other types of diabetes
· Describe the epidemiology of type 2 diabetes
· Describe the aetiology of type 2 diabetes
· Describe the pathophysiology of type 2 diabetes
· To understand the physiological basis of treatment of diabetes 



Diabetes mellitus can be defined as a state of chronic hyperglycaemia sufficient to cause long-term damage to specific tissues, notably the retina, kidney, nerves, and arteries 
· T2DM is not ketosis prone
· T2DM is not mild
· T2DM often involves weight, lipids and blood pressure




Epidemiology of T2DM
· Diabetes is prevalent
· Mostly T2DM
· Increasing age, but now in children
· Prevalence of T2DM varies enormously
· Increasing prevalence
· Occurring and being diagnosed younger
· Greatest in ethnic groups that move from rural to urban lifestyle






Pathophysiology of T2DM
· MODY relatively uncommon but give useful metabolic insights
· Genes and intrauterine environment and adult environment.
· Insulin resistance and insulin secretion defects
· Fatty acids important in pathogenesis and complications 

Maturity onset diabetes of the young (MODY)
· Several hereditary forms (1-8) 
· Autosomal dominant
· Ineffective pancreatic B cell insulin production
· Mutations of transcription factor genes, glucokinase gene
· Positive FH, no obesity
· Specific treatment for type




Twin studies
T1D		T2D
IDENTICAL		35%		70%

NONIDENTICAL	10%		40%
(Barnett 1981 and Newman 1987)



Fetal and infant growth, and IGT at 64

Weight at one year 		<8.16kg	<12.25
Percent diabetes or IGT	22%		6%
(Hales 1991)

                                                                 




Metabolism and presentation of T2DM
· Heterogeneous
· Obesity
· Insulin resistance and insulin secretion deficit
· Hyperglycaemia and dyslipidaemia
· Acute and chronic complications

[image: ]
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Obesity
· More than a precipitant
· Fatty acids and adipocytokines important
· Central or omental obesity
· 80% T2DM are obese
· Weight reduction useful treatment

Type 2 diabetes presentation
· Osmotic symptoms
· Infections
· Screening test
· at presentation of complication 
· Acute; hyperosmolar coma, 
· Chronic; ischaemic heart disease, retinopathy



Complications
MICROVASCULAR		MACROVASCULAR 
Retinopathy			Ischaemic heart disease
Nephropathy			Cerebrovascular
Neuropathy			Renal artery stenosis
				PVD
METABOLIC			TREATMENT
Lactic acidosis		hypoglycaemia
Hyperosmolar
What to eat?
· Control total calories/increase exercise (weight)
· reduce refined carbohydrate (less sugar)
· increase complex carbohydrate (more rice etc)
· reduce fat as proportion of calories (less IR)
· increase unsaturated fat as proportion of fat (IHD)
· increase soluble fibre (longer to absorb CHO)_
Recommendations Eu J Clin Nutr 2000 54:353-355


Treatment and monitoring of T2DM
· Weight
· Glycaemia
· Blood pressure
· Dyslidiaemia









Metformin
· Biguanide, insulin sensitiser
· overweight patient with T2DM where diet alone has not succeeded
· Reduces insulin resistance
· Reduced hepatic glucose output
· Increases peripheral glucose disposal
· GI side effects
· do not use if severe liver, severe cardiac or mild renal failure
Stumvoll et al NEJM 1995, 333:550-4	



Acarbose
· Alpha glucosidase inhibitor
· Prolongs absorption of oligosaccharides
· Allows insulin secretion to cope, following defective first phase insulin
· As effective as metformin
· Side effects flatus

Thiazolidinediones
· Peroxisome proliferator-actived receptor agonists PPAR-γ
· Pioglitazone
· Insulin sensitizer, mainly peripheral
· Adipocyte differentiation modified, weight gain but peripheral not central
· Improvement in glycaemia and lipids
· Evidence base on vascular outcomes
· Side effects of older types hepatitis, heart failure
Glucagon like peptide-1 (GLP-1)
· Gut hormone
· Secreted in response to nutrients in gut
· Transcription product of proglucagon gene, mostly from L cell.
· Stimulates insulin, suppresses glucagon
· Increases satiety
· Short half-life due to rapid degredation from enzyme dipeptidyl peptidase-4 (DPPG-4 inhibitor)


Other aspects of control
Blood pressure			Diabetic dyslipidaemia
Possibly 90% T2DM			Cholesterol 
Clear benefits to treatment		Triglyceride 
HDL-Cholesterol 
Clear benefits to treatment


Screening for diabetes
Problem?				Diagnosis?
Mortality, morbidity, cost		Glucose, fasted or stimulated?
Screen?				High risk?
Specifics of program unclear, 	Treatment?
which test how often in who?	All aspects of control




















Feature		Type 1			Type 2
Prevalence		
Typical age		
Onset			
Habitus		
Family history 	
Geography			
Weight loss		
Ketosis prone		
Serum insulin		
HLA association	
Islet B cells		
Islet cell ab’s		


[bookmark: _Toc300221443][bookmark: _Toc333398098]Tutorial 8:  Diabetes mellitus 

Case history

A 40-year-old business man is found to have “a high glucose” at the time of a routine health check. He has no specific complaints.  He does smoke 20 cigarettes a day.  In his family his father has type II diabetes mellitus.  On examination he is a well looking South Asian (Indian) man with a body mass index of 29.7kg/m2, waist circumference 38 inches.   His blood pressure is 144/92mmHg.  Investigations have shown a fasting plasma glucose of 6.4mmol/L, 2 hr glucose in a 75gram oral glucose tolerance test of 10.7mmol/L.  His cholesterol is 5.2, triglyceride is 2.9, HDL is 0.9.   
Questions 
1. What should he be told? 
2. What are the present risks?
3. How should this be managed?

Three years later his fasting plasma glucose which fell after treatment has again risen to 8.2mmol/L, his HbA1c is 8.1%. 

4. How should the glycaemia be managed?
5. What are the screening procedures should be instituted? 

Two years after this his fasting plasma glucose which fell after treatment has again risen to 8.9, his HbA1c is 9.1%. 

6. What treatments could be instituted for his glycaemia?

Three years after this his fasting plasma glucose, which again fell after treatments, has returned to 9.2mmo/L, HbA1c is 10.4%.
 
7. What treatments could be instituted at this stage? What would he should consider in treatment if his BMI was
a. 22 kg/m2
b. 33 kg/m2  








[bookmark: _Toc300221444][bookmark: _Toc333398099]Lecture 17:  Microvascular complications of diabetes mellitus 

Professor Karim Meeran and Dr Andrew Frankel
k.meeran@imperial.ac.uk

Learning objectives
1. Describe the complications of diabetes mellitus, differentiating between micro- and macro-vascular complications and their epidemiologies.

2. Describe the presentation, mechanisms, prevention and treatment of microvascular complications (retinopathy, nephropathy and neuropathy).

3. Discuss the importance of insulin resistance in diabetes and normoglycaemia

4. Explain the epidemiology and importance of diabetic foot disease.

5. Describe the presentation of the “diabetic foot” and the pathogenesis  behind its development.

6. Describe the preventative and treatment strategies for the diabetic foot

7. Describe the concept of diabetes control and explain how this can be achieved (This is addressed further in year 3 together with a more clinical perspective).


Diabetes damages blood vessels.  Damage to the large vessels cause MACROvascular complications (being covered later today).  Damage to very small blood vessels causes MICROvascular complications.

The blood supply of the eye and in particular the retina has got many very small blood vessels, and when these get blocked, retinopathy results.  Small blood vessels are also found in the glomeruli, and damage to these causes nephropathy.  Damage to the vasa nervorum (the very small blood vessels that keep nerves alive) causes neuropathy.

There are three important microvascular complications of diabetes.
1.
2.
3.

Diabetic retinopathy:
Caused by damage to the retinal arteries.

Retinal arteries are the only ones in the body that can be seen by direct vision, using an ophthalmoscope.  Can also visualise the retina for signs of ischaemic damage.

One of the commonest retinal signs of diabetes is “background diabetic retinopathy”.

Background diabetic retinopathy:
Signs include:
1.
2.
3.

Pre-proliferative diabetic retinopathy.
Signs include:


Proliferative retinopathy:
Signs include:

Maculopathy:
Signs include:


Management of diabetic retinopathy:


Background:



Pre-proliferative:
Proliferative:


Maculopathy:


Diabetic Nephropathy
Diabetic Nephropathy is the term used to describe the expression of diabetic microvascular complications within the kidneys.

The importance of this disorder is related to its increased incidence and the associated morbidity.   The major causes of death in patients with diabetic nephropathy are
1)
2) 

The histological features of diabetic nephropathy include:

Glomerular Changes
Vascular Changes
Tubulointerstitial changes

Diabetic nephropathy occurs in approximately 30 to 40% of Type 1 diabetics after 30 to 40 years of diabetes.  The incidence in Type 2 diabetics is dependent on age at presentation and race, but is probably similar to Type 1.
Clinical Diabetic Nephropathy is defined by the presence of:

1. 
2. 
3. 

It is now understood that patients with diabetes who are likely to develop nephropathy can be identified at an early stage by the presence of small increases in proteinuria termed microalbuminuria and by abnormalities of blood pressure control.

Intervention is most successful if commenced at an early stage of the process and it is important to identify diabetics at risk of developing this disorder. 
Patients with Clinical Nephropathy usually go on to end stage renal failure within a period of 2 to 7 years of the appearance of significant proteinuria.  Interventions which can slow this down include: 
1.
2.
3.
4.
 Diabetic neuropathy

What is the cause of diabetic neuropathy ?

Caused by poor perfusion of neurones due to damage to ________________.


List the types of neuropathy below:

1.
2.
3.
4.
5.
6.
Possible mechanisms for vascular damage include sorbitol, which is thought to be produced in excess in individuals with high plasma glucose because glucose is reduced to sorbitol by the enzyme aldol reductase.

Another possible mechanism is the production of advanced glycation end products (AGE). Glycation is the term used for nonenzymatic addition of hexoses to protein and glycosylation is the term used when the process is enzymatic.  Glycation of haemoglobin to form HbA1c is well recognised.  A similar process is known to affect other proteins, in particular the lens protein (causing cataracts), fibrin and collagen.  The latter might be responsible for microangiopathy.  Fructosamine is another example of a glycated protein.  We can use both HbA1c and fructosamine to get an idea of long term glucose control.

Types of neuropathy:
1. Peripheral polyneuropathy.
Usually bilateral and symmetrical. Loss of sensation is common. Occurs more commonly in tall people and those with poor glucose control. Can be painful.  
Signs: absent ankle jerks and loss of vibration sense (using a tuning fork).
X-ray might show multiple fractures and Charcot’s joints.

2. Mononeuropathy.
Single nerve loss.  Usually noted motor loss since a single nerve with sensory loss is rarely symptomatic. 3rd, 4th or 6th nerve palsy. 
Signs of a diabetic (pupil sparing) 3rd nerve palsy:
Compare this with a space-occupying lesion such as a posterior communicating artery aneurysm.
Signs of a space occupying lesion causing a third nerve palsy:

3. Mononeuritis multiplex.
This is a random combination of peripheral nerve lesions.

4. Radiculopathy
Pain over spinal nerves, usually affecting chest or abdomen.

5. Autonomic neuropathy.

6. Diabetic amyotrophy.
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Lecture 18:  Macrovascular complications of diabetes mellitus 

Dr Nick Oliver and Dr David Gable
nick.oliver@imperial.ac.uk
david.gable@imperial.nhs.uk

Learning objectives

Macrovascular complications are the diseases of large arteries and includes ischemic heart disease, stroke, renal artery stenosis and peripheral vascular disease.  Macrovascular complications are more commonly associated with type 2 diabetes but as health improves in young people with type 1 diabetes is increasing in this group.  This lecture will concentrate mainly on macrovascular disease in type 2 diabetes.

This lecture covers the following concepts

1. Hyperglycaemia is part of a spectrum of metabolic abnormalities known as insulin resistance associated with arterial disease that significantly reduces life expectancy 
2. Patients with Diabetes die from diseases of large arteries
3. Macrovascular Disease is a systemic disease and is  commonly present in  multiple arterial beds
4. Treatment targeted to blood glucose alone does not significantly offset the increased risk of cardiovascular disease
5. Prevention of macrovascular disease requires aggressive management of multiple risk factors
6. To review the epidemiology and importance of diabetic foot disease
7. To describe the pathogenesis of the diabetic foot.
8. To describe the preventative and treatment strategies for the diabetic foot.



Insulin resistance

High blood sugar tends to occur in a cluster of other adverse metabolic markers that are associated with macrovascular disease.  This cluster occurs as a consequence if insulin resistance and is sometimes known as the metabolic syndrome.

 

The presence of insulin resistance increases the risk of macrovascular complications even in the absence of significant hyperglycemia.



All manifestations of macrovascular disease are more likely in patients with diabetes than those without.  

Relative risk for manifestations of macrovascular disease in men and women associated with diabetes.

[image: Relative risk of cardiovascular events in people with diabetes]


Life expectancy and Diabetes

Diabetes is associated with reduced life expectancy. 


These deaths are mainly from macrovascular disease and result form increased incidence of disease and increased mortality when occur.








Causes of Death in Type 2 Diabetes v those without diabetes




Macrovascular disease as a systemic disease

Patients with arterial disease at one site are more likely to have asymptomatic or symptomatic arterial disease at another site.

In patients with type 2 diabetes and peripheral vascular disease are twice as likely to have cardiovascular disease and are more likely to die from their cardiovascular disease than complication of peripheral vascular disease.

[image: Figure 1]


Survival probability curves derived from Kaplan-Meier analysis of percentages of patients remaining alive defined by baseline ABI [Ankle Brachial Index-a marker of PVD].



Diabetes Care 29:575-580, 2006


This relationship is seen for all the manifestations of macrovascular disease. The incidence of stroke is higher in patients with a history of cardiovascular disease.

[image: talk014__s027_f]


Effect of Treatment targeted to Blood Glucose alone

While intensive treatment of blood glucose levels lowers the risk of microvascular complications.



The effect on prevention of macrovascular disease has been more difficult to demonstrate




Therefore, prevention of macrovascular disease requires aggressive management of multiple risk factors
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National Institute for Clinical Excellence Guidelines for the management of type 2 diabetes 

[NICE 87 Update May 2009]




THE DIABETIC FOOT

1.Neuropathy
2.Peripheral vascular disease 


Epidemiology

Pathway to foot ulceration
1.Motor neuropathy
2.Limited joint mobility
3.Autonomic neuropathy
4.Trauma - repeated minor/discrete episode
5.Sensory neuropathy
6.Peripheral vascular disease
7.Reduced resistance to infection
8.Other diabetic complications eg. Retinopathy


1 The neuropathic foot - numb, warm, dry, palpable foot pulses, ulcers at points of high pressure loading.
2 The ischaemic foot - cold, pulseless, ulcers at the foot margins.
3 The neuro-ischaemic foot - numb, cold, dry, pulseless, ulcers at points of high pressure loading and at foot margins.



Assessment

•Appearance - ? Deformity  ? Callus
•Feel - ? Hot/cold  ? Dry
•Foot pulses 
–dorsalis pedis / posterior tibial pulse
•Neuropathy 
–vibration sensation, temperature, ankle jerk reflex, fine touch sensation


prevention
Hyperglycaemia
Hypertension
Dyslipidaemia
Stop smoking
Education


Treatment
•Relief of pressure
–bed rest (risk of DVT, heel ulceration)
–redistribution of pressure/total contact cast
•Antibiotics 
•Debridement
•Revascularization
–angioplasty
–arterial bypass surgery
•Amputation
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Fig. Diagramatic representation of thyroid hormone synthesis and secretion
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FIG. 4.  STRUCTURES OF HYDROCORTISONE, FLUDROCORTISONE,
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Diet in type 1 diabetes

reduce calories as fat

reduce calories as refined carbohydrate
increase calories as complex carbohydrate
increase soluble fibre

balanced distribution of food over course
of day with regular meals and snacks
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Aims of treatment in type 1
diabetes

Reduce early mortality
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Type 1 diabetics need
exogenous insulin to preserve
life
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Insulin treatment
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HbA1c red cells react with glucose, as it
does with all proteins. Irreversible, non-

covalent depends on;

Lifespan of red cell, about 120 days

Rate of glycation, faster in some individuals

Hb opathy, renal failure etc

Level of glucose. It therefore forms ideal measure of
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related to risk of complications. Furthermore lowering
HbA1c associated lower risk of complication particularly
microvascular complication
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Acute complications - ketoacidosis
rapid decompensation of type 1 diabetes

« hyperglycaemia
reduced tissue glucose utilisation
increased hepatic glucose production

*metabolic acidosis
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osmotic dehydration and poor tissue perfusion
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severe hypoglycaemia may contribute to
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Hypoglycaemia in diabetes - ‘hypos’

« occasional hypos inevitable as a result of
treating diabetes

» major cause of anxiety in patients & families

« source of major misconceptions in media

Definitions

» hypoglycaemia - plasma glucose of < 3.6
mmol /|

 severe hypoglycaemia - any hypo requiring
help of another person to treat
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Why ?

« unaccustomed exercise
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« inadequate snacks
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Treating Hypoglycaemia

ORAL
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- rapidly absorbed as
solution or tablets
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PARENTERAL
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6 avoid concentrated
solutions if possible
(e.g 50% glucose)




image47.png
Hypoglycaemia symptoms & signs

Due to increased
autonomic activation

= palpitations
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= tremor
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= anxiety
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Main Points

» Type 1 diabetes is an organ specific
autoimmune disease that leaves patients
with an absolute insulin deficiency

» Treatment is targeted at prevention of
short metabolic complications and long
term vascular complications.

*» Presenting features and biochemistry can
all be predicted by an understanding of the
function and mode of action of insulin.
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