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SOLE Feedback – [Endocrinology]


The following two 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. After the questions there is an opportunity to comment on any aspects about which you feel strongly.

	N/A	Strongly	Agree	Neutral	Disagree	Strongly
		agree				disagree
1. By the end of the course, I think the aims and objectives 	□	□	□	□	□	□
will have been met.

2. Teaching and learning opportunities (e.g. lectures, 	□	□	□	□	□	□
small groups, practicals) for this course are suitable.

3. Appropriate resources (e.g. books, computers, 	□	□	□	□	□	□
lab equipment etc.) are available for this course.

4. Appropriate support materials (e.g. handouts, 	□	□	□	□	□	□
web pages, problem sheets) are available for this course.

5. I receive sufficient guidance and feedback. 	□	□	□	□	□	□

6. The workload on this course is manageable. 	□	□	□	□	□	□

7. Overall I am satisfied with this course. 	□	□	□	□	□	□


8. If you wish to make further comments about this course, please use the space below.












SOLE FEEDBACK - INDIVIDUAL LECTURERS


For each of the lecturers below, let us know whether or not you agree with the statement “OVERALL I AM SATISFIED WITH THIS LECTURER.  In particular, we want to know whether the lectures were well structured and whether concepts were explained clearly.  

Although this template provides you the opportunity to record your comments about each lecture, in SOLE a lecturer’s name will only appear once. 


At the bottom of this page, you will have an opportunity to comment on any aspects about which you feel strongly.
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About the Endocrinology course

Course Leaders:	Dr Jeannie Todd and Dr Duncan Bassett
Department of Medicine
Imperial College London
Hammersmith Hospital 
Email: d.bassett@imperial.ac.uk and jeannie.todd@ imperial.ac.uk

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 system course runs across the first three years of the undergraduate medicine curriculum. In the first year (second 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. The eight sessions of the course will focus on both the physiology and the clinical disorders associated with these endocrine glands, and includes methods of diagnosis and broad consideration of treatments currently available (particularly pharmacological and drug therapeutic aspects).

The structure of these sessions will be lectures and tutorials. In the tutorials, which are based on the consideration of case histories, there will be opportunity to go over specific any aspect of the lectures that requires clarification and expansion. An opportunity for self-assessment will also generally be included in many sessions, with examples of true/false and short answer questions provided.






Introduction to the Graduate Entry Endocrinology course


Dear student,
In this course the general aim is first to familiarise you with the essential features of endocrine glands and their hormones. From this base the aim is to explain the development of the characteristic signs and symptoms associated with the principal clinical conditions that can arise from their malfunction. The diagnosis of, and the principal elements of treatment for, these endocrine conditions will also be covered during this course. 

All sessions include 2 lectures and a tutorial, usually based on relevant case histories. The aim of each tutorial is to reinforce essential features of the lectures and to relate the scientific aspects of endocrinology to the appropriate clinical hypo- and hyper-secretion states. Each tutorial will run for approximately 90 min. 


Recommended reading list:
Williams Textbook of Endocrinology (11th edition)
by Henry M. Kronenberg (Editor), Shlomo Melmed (Editor), Kenneth S. Polonsky (Editor), P. Reed Larsen (Editor) (Saunders)

Greespan’s Basic and Clinical Endocrinology (8th Addition)
David G Gardner and Dolores Shoback
(McGraw-Hill)

Endocrine Physiology
Balint Kacsoh (Author) 
(McGraw-Hill)

Endocrine Secrets (3rd Edition)
Michael T. McDermott
(Elsevier Mosby)

Essential Endocrinology (3rd edition). 
Laycock JF & Wise P (1996)
(Oxford University Press)

Laycock JF & Wise P (1997) Endocrinology, key questions answered, Oxford University Press (1st edition) MCQ and SAQ with answers

Also of interest:
Nussey S & Whitehead S (2000) Case-based approach

Johnson MH & Everitt BJ (2000) Essential Reproduction, Blackwell Science (5th edition) excellent coverage of gonads, reproduction, behavioural aspects and pregnancy.

Graduate Entry Endocrinology course

Session 1 Wednesday 16 January (9.00-12.30h) 
Lecture	Homeostasis: overview of Endocrinology 1 (HM WEC  LT III)
Lecture	Homeostasis: overview of Endocrinology 2 (HM WEC LT III)
Tutorial	Theme: Basic Endocrinology (11.00-12.30 HM WEC SR III)
                                                                      (11.00-1230 HM WEC SR IV)

Session 2 Friday 18 January (09.00-12.30h)  
Lecture	The Hypothalamo-pituitary axis 1 (HM WEC LT III)
 Lecture	The Anterior pituitary (HM WEC LT III)
Tutorial	Theme: Anterior pituitary (11.00-12.30- HM WEC  SR III)
                                                                (11.00-12.30-HM WEC SR IV)

Session 3 Wednesday 23 January (9.00-12.30h)
Lecture	The Posterior Pituitary (HM WEC  LT III )
Lecture	Appetite and Obesity (HM WEC  LT III )
Tutorial	Theme: Posterior pituitary (11.00-1230 HM WEC SR III)
	                                        (11.00-12.30 HM WEC SR IV)
Session 4 Wednesday 30 January (9.00-12.30h)
Lecture	Thyroid Physiology (HM WEC LT III)
Lecture	Thyroid Disorders (HM WEC LT III)
Tutorial 	Theme: Thyroid (11.00-12.30 HM WEC SR III)
	                          (11.00.12.30 HM WEC SRIV)

Session 5  Friday 1  February (9.00-12.30h) 
Lecture	Mineral Homeostasis (HM WEC LT III) )
Lecture	Metabolic Bone Disease (HM WEC LT III)
Tutorial	Metabolic Bone Disease (11.00-12.30 HM WWEC SR III)
	                                        (11.00-12.30 HM WEC SR IV)

Session 6  Wednesday 13 February (9.00-12.30h)
Lecture	Gonadal Physiology (HM WEC LT III)
Lecture	Gonadal pathology (HM WEC LT III)
Tutorial	Gonadal dysfunction (11.00-12.30 HM WWEC SR III)
	                                        (11.00-12.30 HM WEC SR IV)

Session 7 Friday 15 February (9.00-12.30h) 
Lecture	Endocrine Pancreatic Physiology (HM WEC LT III)
Lecture	Type1 and type 2 Diabetes (HM WEC LT III)
Tutorial	Theme: Diabetes  (11.00-12.30 HM WWEC SR III)
	                                        (11.00-12.30 HM WEC SR IV)

Session 8  Wednesday 27 February (9.00-12.30h)
Lecture	Adrenal Physiology (HM WEC LT III)
Lecture	Adrenal Pathology (HM WEC LT III)
Tutorial	Theme: adrenal	 (11.00-12.30- HM WEC SR I)
                                                                (11.00-12.30-HM WEC SR II)


TIMETABLE

Session 1:  Overview of Endocrinology
Date: 	Wednesday 16 January (09.00-12.30h)
Lecturer: 	Dr Jeannie Todd
Location: 	HM WEC LT III

Aims:
1. To understand the basic principals underlying the endocrine system and its hormones, its regulatory function and its relevance to clinical medicine. 
2. To understand the pivotal role of the negative feedback in regulating endocrine glands 

09.00-10.00h: Teacher presentation (Dr. Jeannie Todd):  Homeostasis of Endocrinology 1: Historical background (selected key features and names). Definitions. General description of hormone structures, synthesis, storage and secretion processes/ release and transport.
, 
10.00-11.00h:	Teacher presentation (Dr. Jeannie Todd): Homeostasis of Endocrinology 2:  Hormone uptake, metabolism, receptors, mechanism of action and feedback.

11.00-12.30h:	Tutorial: Hormonal synthesis and Negative feedback examples. 
(11.00-12.30 HM WEC SR III) Dr Jeannie Todd
Tutorial: Hormonal synthesis and Negative feedback examples. 
(11.00-1230h HM WEC SR IV) Dr Duncan Bassett


Session 2:  Hypthalamo-ptuitary axis & Anterior pituitary disorders

Date:	Friday 18 January (09.00-12.30h)
Lecturer:        Dr Jeannie Todd
Location:	HM WEC LT III
 

Aims:
1. To understand the role of the adenohypophysial system and its hormones.
2. To understand the pivotal role of the hypothalamo-hypophysial axis in regulating other endocrine glands and to relate the actions of the adenohypophysial hormones to clinical disease.

09.00-10.00h:	Teacher presentation (Dr Jeannie Todd):  Hypothalamo-pituitay axis: Overview of Hypothalamus and pituitary:- description of pituitary, its embryological origins (adenohypophysis and neurohypophysis) and the blood flow to the gland; its links with the hypothalamus. The adenohypophysial (anterior pituitary) hormones: physiology, the principal actions of the adenohypophysial hormones,and their hypothalamic releasing and inhibiting hormones. 

10.00-11.00h:	Teacher Presentation: (Dr Jeannie Todd):  The anterior pituitary: pathology, investigation and treatment of anterior pituitary disorders eg hypopituitarism, prolactinomas/acromegaly,. Hyposecretion of adenohypophysial hormones; panhypopituitarism v. hyposecretion of individual hormones; focus on endocrine-related causes of short stature (hypopituitarism, specific somatotrophin deficiency, IGF-1 defect, receptor defect); diagnosis (stimulation tests) and treatments (HRT). Causes of hypersecretion (e.g. tumours); prolactinomas, GH-secreting tumours; gigantism/acromegaly (video) and signs/symptoms, diagnosis (use of TRH, GnRH, CRH, insulin-hypoglycaemia, exercise, etc.), treatments. Other adenohypophysial hormone excess states, with focus on tumours/adenomas (Cushing’s disease; secondary hyperthyroidism, precocious puberty); ectopic ACTH.

11.00-12.30h:	Tutorial: Clinical cases of pituitary dysfunction (hypo- and hyper-function states as examples  and focus on growth axis. (HM WEC SR III) Dr Jeannie Todd

11.00-12.30h:   Tutorial: Clinical cases of pituitary dysfunction (hypo- and hyper-function states abd as examples and  focus on growth axis. (HM WEC  SR IV) Dr Tony Goldstone


Session 3:	(a) Posterior pituitary physiology and disorders
             	(b) Appetite and obesity
	
Date: 	Wednesday 23 January (09.00-12.30h) 
Lecturer: 	Dr Tony Goldstone
Location:	HM WEC LT III

Aims: 1)  Embryological origins of the posterior pituitary (neurohypophysis) and the blood flow to the gland; its links with the hypothalamus, the synthesis, storage, release and actions of the neurohypophysial (posterior pituitary) hormones vasopressin and oxytocin. The term neuroendocrine reflex arc will be explained using oxytocin. Neurohypohysial hormones and their actions. To know about the major pituitary neurohypophysial disorders, diagnosis and essential features of treatments. 

2) To understand the homeostatic mechanisms regulating appetite and body weight, and the causes, consequences and management of obesity

09.00-10.00h: Lecturer Presentation (Dr. Tony Goldstone). Posterior pituitary: Neurophypophysis physiology, pathology, investigation and treatment; consideration of diabetes insipidus; signs/symptoms; differential diagnosis (cf. polydipsic states); therapeutics (DDAVP v. VP; thiazide diuretics for nephrogenic DI); SIADH.

10.00-11.00h:	Lecturer Presentation (Dr. Tony Goldstone): Appetite and Obesity: Contol of appetite, Obesity pathology and treatment. Central and peripheral factors controlling appetite and body weight; complications and treatments of obesity; causes of obesity

11.00-12.30h:	Tutorial: Clinical cases as examples. Case history as a basis for consideration of fluid balance disorders, and discussion of possible treatments. Formative assessment (MCQ questions). (HM WEC SR III) Dr Tony Goldstone 

11.00-1230h: Tutorial: Clinical cases as examples Case history as a basis for consideration of fluid balance disorders, and discussion of possible treatments. Formative assessment (MCQ questions). (HM WEC SR IV) Dr Niamh Martin (Dr Bassett)


Session 4: Thyroid physiology and thyroid disorders
	
Date: 	Wednesday 30 January (9.00-12.30h)
Lecturer:  	Dr Duncan Bassett
Location:	HM-WEC LT III

Aims:
1. To understand the thyroid development, the hypothalamic-pituitary-thyroid axis, regulation of thyroid hormone synthesis and secretion and regulation of intracellular thyroid hormone supply.
2. To understand the physiological action of thyroid hormones in target tissues
3. Understand the aetiology and clinical consequences of thyrotoxicosis, hypothyroidism, thyroid hormone resistance and thyroid malignancy
4. To understand investigation and treatment of thyrotoxicosis, hypothyroidism, thyroid hormone resistance and thyroid malignancies.

09.00-10.00h:	Lecturer Presentation (Dr. D. Bassett): Embryology and basic anatomy of the thyroid gland. Synthesis, storage, secretion and metabolism of thyroid hormones. Mechanism of thyroid hormone action and its physiological role in target tissues. Regulation of the hypothalamic-pituitary-thyroid axis.

10.00-11.00hLecturer Presentation (Dr. D. Bassett): Introduction to thyroid disorders. clinical features, aetiology, investigation and management of hypothyroidism, hyperthyroidism, thyroid hormone resistance and thyroid cancer. 

11.00-1230h:	Tutorial: discussion of clinical cases of thyroid dysfunction.
(HM-WEC SR III) Dr Duncan Bassett

11.00-12.30h:	Tutorial: discussion of clinical cases of thyroid dysfunction.	
(HM-WEC SR IV) Dr NiamhMartin (Dr Todd)


Session 5:	 Mineral Homeostasis and Metabolic bone disease

Date: 	Friday 1 February (09.00-12.30h)
Lecturer: 	Dr. Duncan Bassett 
Location:	        HM WEC LT III

1. To understand skeletal development, acquisition of peak bone mass and the role the bone remodelling cycle in maintenance of adult bone architecture and mechanical strength.
2. To understand calcium, phosphate and magnesium homeostasis.
3. To understand the actions of PTH, PTHrP, the CaSR, Vitamin D, estrogens, androgens, corticosteroids, thyroid hormone and calcitonin in skeletal physiology.
4. Understand the aetiology, investigation and treatment of hyper and hypocalcaemia, hyper and hypophosphataemia, osteoporosis, vitamin D related disorders and Paget’s disease.

09.00-10.00h:	Presentation (Dr Duncan Bassett). Mineral Homeostasis: This lecture will include description of skeletal cell types, endochondral and intramembranous ossification and skeletal growth and development. It will cover the bone remodelling cycle, maintenance of adult skeletal architecture and strength.  The role PTH, PTHrP, Vitamin D, FGF23 and calcitonin in Mineral homeostasis and their actions in bone, the intestinal tract, kidney and parathyroid glands. 

10.00-11.00h:	Presentation (Dr Duncan Bassett): Metabolic bone disease. This lecture will focus on metabolic bone disease and describe the aetiology investigation and treatment of hypo and hypercalcaemia, hypo and hyperphosphataenmia, vitamin D related disorders, osteoporosis, and Paget’s disease.

11.00-12.30h:	Tutorial: Discussion of clinical cases of metabolic bone disease.
(HM WEC SR III) Dr Duncan Bassett 

11.00-12.30h: 	Tutorial: Discussion of clinical cases of metabolic bone disease.
(HM WEC SR  IV) Dr Tricia Tan




Session 6:  Gonadal physiology and pathology

Date: 	Wednesday 13 February (09.00-12.30h)
Lecturer: 	Professor Waljit Dhillo 
Location:	HM WEC LT III
 
Aims: 1.To understand gonadal physiology and pathology and to understand the actions of the gonadal steroids and the regulation of their production.
2. To understand how the functions of gonadal steroidogenesis and gametogenesis are related to each other in males and females. 
3. To consider endocrine fertility and its treatments, and the endocrinology of pregnancy.
4.Male infertility


09.00-10.00h:	Lecturer presentation (Dr Waljit Dhillo): Anatomy and development of gonads; ametogenesis and steroidogenesis; overview of steroid hormone synthesis. The stages of spermatogenesis and oogenesis. Cyclic production of the ovarian steroids linked to the menstrual cycle. Development of puberty, pregnancy, menopause and contraception Actions of gonadal steroids; the hypothalamo-adenohypophysial-gonadal axis in males and females; feedback loops (negative and positive). Estrogen- and progesterone-related drugs; underlying principles/mechanism of action of estrogen- and progestogen-containing oral contraceptives (the combined pill); which estrogens and progestogens are used, route of administration, metabolism, excretion; progesterone only pill; ‘emergency’ (post-coital) oral contraceptives. Estrogen- and progesterone-related drugs II: pre-, peri- and postmenopausal uses; hypo-ovarian conditions; menopausal symptoms; post-menopausal replacement therapy (to include pros and cons); anti-estrogens and SERMS; tamoxifen (anti-cancer); raloxifene (osteoporosis); clomiphene (pro-fertility agent)

10.00-11.00h:	Lecturer presentation (Dr Waljit Dhillo). Gonadal dysfunction, endocrine fertility and treatment including PCOS, Hypogonadotrophic hypgogonadism, hyperprolactinaemiia. Androgen-related drugs; revision of androgens; adults (testicular failure; fertilty drug); constitutional delay of growth and adolescence on boys; anabolic steroids; which preparations are used, route of administration, metabolism, excretion, unwanted actions; Antiandrogens to treat androgen excess (men and women) and androgen-dependent tumours; receptor antagonists; enzyme inhibitors

11.00-12.30h:	Tutorials: two gonadal dysfunction cases with focus on amenorrhoea, infertility and the menopause.(HM WEC SR III) Prof Waljit Dhillo 

11.00-1230h:		Tutorials: two gonadal dysfunction cases with focus on amenorrhoea, infertility and the menopause.  (HM WEC SR IV) Dr Jeannie Todd





Session 7:  a) The Endocrine pancreas
		b) Pathophysiology of Types I and II diabetes mellitus

Date:	Friday 15 February (0900-12.30h)
Lecturer: 	Dr Tricia Tan 
Location:	HM WEC LT III


Aims: 1.To understand what happens to intermediary metabolism in the absence of insulin, the endocrine basis for diabetes mellitus and its associated metabolic and other disturbances.
2. To understand how intermediary metabolism is influenced by hormones, with insulin and glucagon as the main focus.
3. The abnormal intermediary metabolism in the absence of insulin; the insulin receptor: insulin resistance and the Metabolic Syndrome; association between diabetes, hyperglycaemia, dyslipidaemia and hypertension. 
4) To know the pathophysiologies of types I and II diabetes mellitus, and the strategies employed to diagnose and treat the conditions. 
5) To know the chronic complications associated with diabetes mellitus and the features of the treatments employed. Causes of morbidity and mortality in diabetes.

 09.00-10.00h:	Lecturer presentation (Dr Tricia Tan) Endocrine pancreas physiology: Anatomy and development of  normal intermediary metabolism (carbohydrate, protein and fat). The importance of glucose and its maintenance in the fasting and fed states. Identification of principal hormones involved in glucose and fat homeostasis. Brief description of islet cells and their hormone secretions. Insulin and glucagon synthesis, storage, secretion and principal actions. Control of insulin and glucagon release, including role of somatostatin. Insulin deficiency and correlation between the clinical signs and the pathophysiology. Glucose sensing and glucokinase.

10.00-11.00h: Lecturer Presentation (Dr. Tricia Tan:): Importance of carbohydrate metabolism and the endocrine maintenance of euglycaemia. Pathology Type 1 and type 2 diabetes.  Type I Diabetes Mellitus. The Genetic predisposition, environmental factors and autoimmune mechanisms of T1DM; beta-cell destruction and hypoinsulinaemia with the biochemical consequences; treatments including dietary therapy, insulin treatment; hypoglycaemic episodes.. Type II Diabetes Mellitus. The aetiology and pathogenesis of type II diabetes mellitus; insulin resistance and the syndromes associated with insulin resistance; dietary and drug therapy for type II diabetes. Diabetes, treatment, micro- and macro vascular complications.
11.00-12.30h: Tutorial: Clinical cases as examples (HM WEC SR III)Dr Tricia Tan 
11.00-12.30h: Tutorial: Clinical cases as examples (HM-WEC SR IV) Dr Nimah Martin (Dr Sheba Jarvis)




Sessions 8:  Adrenal physiology and adrenal disorders

Date:              	Wednesday 27 February (9.00-12.30)  	
Lecturer:  	Dr Amir Sam 
Location:	HM WEC LT III

Aims: 1. To understand the adrenal physiology and endocrine background to clinical disturbances to the hypothalamo-adenohypophysial-adrenal .
2. To understand how disturbances in adrenal steroid production are associated in pathological states of hypofunction such as Addison’s disease and hyperfunction such as Cushing’s Syndrome. 
3) To know of the disorders arising from adrenal enzyme defects and how to diagnose and treat them; also, to appreciate the therapeutic use of adrenal steroids and related drugs. 

09.00-10.00h:	Lecturer Presentation: (Dr. Niamh Martin): Structure of the adrenal glands;regulation of catecholamine, corticosteroid  and mineralocorticoid synthesis. Actions and mechanisms of action of aldosterone and cortisol. Regulation of corticosteroid production. 

10.00-11.00h	: Lecturer Presentation: (Dr. Niamh Martin). Introduction of to pathological conditions of the adrenal gland including Cushing’s syndrome, Addison’s, Conn’s and pheachromocytomas. Signs and symptoms of Addison’s disease and Addison’s crisis and Cushing’s syndrome; aetiologies; differential diagnosis and treatments; the consequences of inherited enzyme deficiencies; congenital adrenal hyperplasia (CAH). Pharmacology and therapeutic use of adrenal steroids; hormone replacement in Addison’s disease and therapeutic goals in congenital adrenal hyperplasia; enzyme inhibitors and receptor antagonists.

11.00-12.30h:	Tutorials: discussion of adrenal dysfunction cases	
(HM WEC SR I)   Dr Amir Sam 

11.00-12.30h:	Tutorials: discussion of adrenal dysfunction cases	
(HM WEC SR II)  Professor Waljit Dhillo





TUTORIALS
Tutorials last 90 minutes a11-1230 (except for session 2 (1530-1700) and students should organise 4 tutorial groups (A and B)
Tutorials for groups A and B are held simultaneously 

SESSION 1 - Tutorial 16 January
Room	Student Groups	Tutor
HM-WEC SR III	Group A	Dr Jeannie Todd
HM-WEC SR IV	Group B	Dr Duncan Bassett			 

SESSION 2 - Tutorial 18  January 
Room	Student Groups	Tutor
HM-WEC SR III	Group A	Dr Jeannie Todd
HM-WEC SR IV	Group B	Dr Tony Goldstone

SESSION 3 - Tutorial  23 January 
Room	Student Groups	Tutor
HM-WEC SR III	Group A	Dr Tony Goldstome
HM-WEC SR IV 	Group B	Dr Martin (Dr D Bassett)

SESSION 4 - Tutorial 30 January  
Room	Student Groups	Tutor
HM-WEC SR III	Group A	Dr Duncamn Bassett
HM-WEC SR IV 	Group B	Dr Martin (Dr J Todd)	

SESSION 5 - Tutorial 1 February 
Room	Student Groups	Tutor
HM-WEC SR III	Group A	Dr Duncan Bassett 
HM-WEC SR IV	Group B	Dr Tricia Tan

SESSION 6 - Tutorial 13 February 
Room	Student Groups	Tutor
HM-WEC SR III	Group A	Professor Waljit Dhillo
HM-WEC SR IV	Group B	Dr Jeannie Todd

SESSION 7 - Tutorial 15 February 
[bookmark: _Hlk220060560]Room	Student Groups	Tutor
HM-WEC SR III	Group A	Dr Tricia Tan
HM-WEC SR IV	Group B	Dr Martin (Dr S Jarvis)

SESSION 8 - Tutorial 27 February 
Room	Student Groups	Tutor
HM-WEC SR 1	Group A	Dr Martin (Dr Amir) 
HM-WEC SR II 	Group B	Prof Waljit Dhillo



SESSION 1: 		Overview of Endocrinology 
 	Introduction to the endocrine system 1


Learning objectives

1.	Define the terms hormone, endocrine gland, neurotransmitter and neurosecretion.

2.	Identify the features which distinguish endocrine from paracrine and autocrine systems.

3.	State that most hormones can be classified either as protein (and polypeptide) or steroid hormones, but that a few do not fall easily into either of these two groups and therefore form a third group.

4.	Describe the principal stages of protein/polypeptide hormone synthesis, how they are stored and the mechanism of their secretion into the circulation.

5.	Describe the different types of membrane receptor and the intracellular mechanisms of action induced by hormones.

6.	Explain how steroid hormones are synthesised and released into the circulation.

7.	Describe the receptors and mechanisms of action of steroid hormones.

8.	Define the terms negative and positive feedback and explain how any individual hormone system is controlled.


Session 1:  Overview of Endocrinology
Introduction to the endocrine system 
(Dr Jeannie Todd)

A BRIEF HISTORY OF ENDOCRINOLOGY

SELECTED MARKERS INCLUDE:
· WILLIAM HARVEY (1628)	Blood is pumped around the body; discovery of circulation
· CLAUDE BERNARD (1849)	Proposed concept of internal secretion
· BERTHOLD (1849)	Observed loss of male characteristics in castrated cocks
· THOMAS ADDISON (1856) 	Documented clinical adrenal insufficiency
· BROWN-SEQUARD (1889) 	Self-injection of testicular extract
· BAYLIS and STARLING (1905)	Coined word hormone
· BANTING and BEST (1922)	Extracted insulin from pancreas
· GEOFFREY HARRIS (1955)	Established link between endocrine system (pituitary) and brain (hypothalamus)
· ROGER EKINS (1960)	Development of radioimmunoassays
· SALVADOR MONCADA (1987) Identified nitric oxide as a local hormone


SOME DEFINITIONS
· ENDOCRINE GLAND	A group of cells which secrete directly into the bloodstream
· ENDOCRINOLOGY 	Study of and their secretions
· HORMONE	The molecule secreted by an endocrine gland into - i.e. not simply a metabolite or energy substrate
· ENDOCRINE 	relates to hormone’s action on target cells source
· PARACRINE 	relates to hormone’s action on e.g. within immediate area around source
· AUTOCRINE	relates to hormone having an effect on

· [CRYPTOCRINE	a term devised to indicate that a hormone can have an effect within its own cell of production 
(i.e. hidden)]


ENDOCRINE v. NERVOUS SYSTEMS 
ENDOCRINE SYSTEM	NERVOUS SYSTEM
· release of chemical (hormone) into		release of chemical (neuro-transmitter)
· effect can be on many target cells 		effect will be restricted to those target
·  spread throughout the body 		cells actually
· effect will take place over a (relatively) 	effect will be generated within
long time-span ranging from



 “CLASSIC” ENDOCRINE GLANDS










MORE RECENTLY IDENTIFIED ENDOCRINE GLANDS 



HORMONES CLASSIFICATION 

Chemically hormones fall into 2 categories:

1. Protein/polypeptide/ amino acid derivatives hormones
	-Complex polypeptides eg LH
	-Intermediate sized peptides eg Insulin
	- small peptides eg TRH
	-dipetides eg T4
	-Derived from single aa eg catacholamines 

2. Steroid hormones
	-Derived from cholesterol

HORMONE SYNTHESIS, STORAGE & RELEASE

1.Protein/polypeptide/ amino acid derivatives hormones
	-synthesized in rough RE determined by specific mRNA synthesized in nucleus
	-mRNA  determined by nucleotide sequence  dictated by specific gene
-Ribosomal synthesis of larger pro or pre-prohormone than active hormone that is subsequently shortened in distinct steps
-Prohormone transported to Golgi apparatus where  processed by proteolytic enzymes to active hormone
-Hormone always stored in granules that fuse with cell membrane during release-Exocytosis 
-Rate of release is ultimately dependent on rate of synthesis
2. Steroid hormone 
	-Originate from precursor molecule-cholesterol
	-Transported across cell membrane from blood stream
-Inside cell these precursor molecules are subjected to sequential action of several enzymes
-Once steroid hormone produced can freely cross cell membrane without being packed into granules and actively exocytosed 
	
 (
2. Steroid hormone 
-Originate from precursor molecule-cholesterol
-Transported across cell membrane from blood 
stream
-Inside cell these precursor molecules are subjected 
to sequential action of several enzymes
-Once steroid hormone produced can freely cross 
cell membrane without being packed into granules 
and actively exocytosed 
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Hormone Transport:

-Most hormone secreted into systemic circulation

-Water soluble hormones eg protein/polypeptide hormones circulate freely  

-More insoluble eg. Steroid and thyroid hormones are bound to plasma proteins or transport proteins

-Transport protein acts a reservoir so that bound hormone is in dynamic equilibrium with small amount of free hormone

-Only free biologically active

-Buffer hormones against rapid changes [hormone]

- Plasma proteins such as albumin are general transport molecules and have ability to transport non-selectively a variety of low molecular weight hormones

-Specific binding proteins have high affinity binding sites for specific homones 
–TBG (Thyriod hormones)
-CBG (Cortisol)
-SHBG(Testosterone/Oestradiol 

-Important in interpretation of blood tests eg. Pregnancy and cortisol levels

-Binding of proteins effect  clearance rate form circulation-i.e. greater binding capacity, slower the clearance rate of the hormone. 

Hormone + Plasma Protein    	Protein Bound Hormone

	Hormone + Plasma Protein 	Protein Bound Hormone 
					    					
Endocrine cell  hormone synthesis & release

Hormone + Plasma Protein 	Protein Bound Hormone 
			   	    
Endocrine cell  hormone synthesis & release


HORMONE METABOLISM

1. Binding of hormones to carrier proteins profound effect on clearance of hormones
2. Greater binding capacity of specific hormone slower clearance rate of hormone
3. For example, T4 which is tightly bound to the carrier protein has a much slower clearance than ones that are less tightly bound
4. Only small proportion of the hormone is removed form the circulation by the target tissue
5. This interaction with target tissue receptor leads to intracellular degradation of the hormone by internalization of the hormone receptor complex
6. Majority of hormone removed by liver or kidney
7.This process includes enzymatic degradation i.e. hydolysis, oxidation, methylation, decarboxylation Hormone Metabolism


SESSION 1: Overview of Endocrinology and an Introduction to the endocrine system 2

HORMONE RECEPTORS

1. The capacity of cell to respond to particular hormone depends on presence of cellular receptors specific for that hormone
2. Hormones are usually present in circulation in very low concentrations (10-9 to 10-12M)
3. Receptor must have high affinity and high specificity for hormone
4. Receptor binding leads to biological response
5. Binding of hormone to receptor is a saturable process ie. Amount of hormone binding dependent on number of receptors on a target hormone
6. The biological response of target cell is determined by number of factors including concentration of hormone, concentration of number of receptors and affinity of hormone –receptor interaction

Peptide and catecholamine Receptors

-These hormones act via receptors on cell surface 
-Binding of hormone with receptor  activates an effectors system resulting in generation of  intracellular signal or second messenger produces final effect on protein synthesis, membrane transport, DNA and RNA synthesis and hormone release
-Integral membrane proteins interspersed in phospholipid bilayer  on plasma membrane

-Two major classes of membrane receptors exist for hormones
1. Guanine nucleotide-binding proteins (G-protein) coupled receptor -eg. ACTH, Catacholamines, LH, 
2. Tyrosine kinase receptor- eg. Insulin, IGF-1, LGF

G-protein coupled receptor 
		-Consist of seven transmembrane domains
-Uses G protein to couple to intracellular specific effector systems eg adenylate cyclase stimulation or inhibition
-Internal second messenger systems include cAMP (ACTH, LH, FSH,TSH), Ca2+ (Vasopressin, angiotensin II), IP3 

Tyrosine kinase receptor
	-Consists of an effector system that is intrinsic part of the  structure
	-Each have an extracellular hormone/ligand binding domain 
	-Single transmembrane spanning domain
	-Intracellular  tyrosine kinase domain	
- Ligand induced  tyrosine kinase activation  that leads to phosphylation of proteins on tyrosine residues


Steroid Hormone Receptors 

· Steroid hormones ( adrenal & gonadal steroids) act via intranuclear receptors
· Steroid hormones enter most cells by diffusion
· Hormone binds to intracellular protein receptors both w/in cytoplasm & nucleus 
· Steroid -receptor complex binds to DNA binding sites to alter gene transcription and protein synthesis
· Stimulate cell growth & differentiation and regulation of specific proteins
·  Once receptor-hormone complex has interacted with the gene, establishment of unoccupied receptor and elimination if hormone  from the cell
 (
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HORMONAL FEEDBACK
1. Distinguishing characteristic of Endocrine system is feedback control of hormonal production
1. Virtually all hormones are some type of feedback control
1. Necessary for normal endocrine homeostasis
1. Most  hormone systems have feedback control of hormone production which are closed loop systems
1. Regulates own production
1. Protect against excessive hormone action
1. Feedback mechanisms are of two types: Negative feedback & Positive feedback
1.  Negative feedback prevailing control mechanism regulating endocrine function
1. Hormones produced by peripheral target organ feedback onto organ that stimulates it to control its own function
1. Paradigm for feedback control interaction of hypothalamus & pituitary (H-P) with thyroid, adrenals and gonads 
1. Peripheral hormone feedback on H-P system thus regulating target gland hormone production
1. Feedback relationship reason why need simultaneous assessment of stimulatory and peripheral hormone analysis for assessment of endocrine status 
1. 
· Examples:
· 
· Gland hypofunction
· 
· Peripheral gland failure (Primary) 
· Low peripheral hormone
· High stimulatory/trophic 
· Eg;  T3/T4 with  TSH (10 hypothyroidism)

		Pituitary Gland failure (secondary) 
 		-Low stimulatory (pit) hormone
-Low peripheral hormone
-Eg;  TSH with  T4/T3 (20 hypothyroidism)







	

SESSION 1 TUTORIAL: OVERVIEW OF ENDOCRINOLOGY

Case 1
A 55 year old women presented to her GP with progressive tiredness and weight gain over past 3 months. She had also noticed that she found it difficult to concentrate on her job as a shop assistant. On direct questioning she admitted to being constipated and intolerant of the cold. On exanination she had an increased Body Mass Index and her pulse was 54 beats per minute an her BP 105/75. Her GP sent a blood test to the laboratory to test for thyroid activity.

Results were as follows:
TSH >50 mU/L (NR 0.3-3.5)
fT4 < 5 pmol/L (NR 10-26)
fT3 0.2 pmol/L (NR2.6-5.7)
	
1. What is the diagnosis?
1. Explain the results?
1. What is the treatment?
1. What would you expect the blood test to show on repeat testing after 3 months of treatment?


Case 2
A 32 year old women presented to her GP with tiredness, hot flushes and amenorrhoea over past 4 months. Her GP sent a blood test to the laboratory to test for thyroid and ovarian activity.

Results were as follows:
TSH <5 mU/L (NR 0.3-3.5)
fT4  6 pmol/L (NR 10-26)
fT3 1.0 pmol/L (NR2.6-5.7)

LH 0.1 IU/L (NR follicular phase 3.0-20)
FSH 0.2 IU/L (NR follicular phase 3.5-25)
E2 <100 pmol/L (NR follicular phase 100-220)

1. Explain these results?
1. What is the likely diagnosis?
1. What other investigations should you perform?


MCQ:  SESSION 1

1. The following statements are correct:
a)Neurosecretion is the release of neurotransmitter by a neurone to affect an adjacent neurone.						
a) Endocrine glands release hormones into the circulation.			
b) Peptide hormones are synthesised as larger precursors.			
c) Each hormone only has one specific receptor.					
d) Protein/peptide hormones are released by exocytosis				

2. The following statements are correct:
a) Intracellular protein kinases mediate the actions of many peptide hormones	
b) Many membrane receptors are associated with G proteins 			
c) Cytoplasmic calcium ions act as a second messenger system			
d) Cyclic-AMP is a second messenger.	
e) Steroids are synthesised from cholesterol.					

3. The following statements are correct:
a) Steroid hormones are stored in secretory granules.				
b) All known steroid receptors are intracellular					
c) Circulating hormone levels are normally controlled by positive feedback	
d) Changes in target hormones concentrations regulate own production by negative feedback.							
e) The pituitary but not the hypothalamus is under negative feedback control from target organs

4. The following statements are correct:
a) Steroid hormones are mainly bound to carrier proteins			
b) Only free hormones are biologically active					
c) Protein hormones are mainly bound to albumin
d) Binding of the hormone to a carrier protein does not affect its clearance
e) Pregnancy decreases Cortisol levels
	
5. The following statements are correct:
a) Need simultaneous assessment of peripheral and target hormone to assess endocrine status
b) In primary hypothyroidism the TSH levels are decreased
c) In secondary hypothyroidism both TSH and peripheral hormones levels are decreased
d) Feedback loops are necessary for normal endocrine homeostasis
e) Positive feedback is the prevailing control mechanism regulating endocrine function				

6. The following statements are correct:
a) Hormone receptors do not need to be specific for a specific hormone
b) Magnitude of cellular response to a hormone is only dependant on the number of receptors present.				
      c) Binding of a hormone to a receptor leads to increases in RNA synthesis
 d) Receptor down regulation increases the sensitivity of the cell to the specific hormone 	
e) Steroid hormones are excreted from cells by exocytosis

7. The following statements are correct:

a) Endocrine relates to action of a hormone on target cells at a distance from source
b) Paracrine relates to hormone’s action on nearby target cells e.g. within immediate area around source	
c) Autocrine  relates to hormone having an effect on its own immediate source
d) Endocrine glands have ducts into which the hormones are released
     e) Endocrine glands are very well vascularized
	

8. The following statements are correct:
a) The majority of the hormone in the circulation is removed by the target tissue
b) The majority of protein hormone is removed by the liver or kidney 
c) Hormones undergo enzymatic degradation prior to excretion
d) Hormones circulate in high concentrations
e) Receptors usually have high affinity and specificity for a specific hormones				



SESSION 2: Hypthalamo-ptuitary axis & Anterior pituitary disorders
(Dr Jeannie Todd)

Learning Objectives: 

a) Hyposecretion states:

1. Define the term pan-hypopituitarism (Simmond’s disease) and describe the specific aetiology of the form of hypopituitarism called Sheehan’s syndrome.
2. Describe the more common signs and symptoms of pan-hypopituitarism.

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

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

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

6. 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).

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

8. 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.

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

10. 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.

b) hypersecretion states:

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 techniques available to examine the hypothalamo-hypophysial axis for the presence of tumours, identifying the different sites where such a tumour might be present.

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

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

5. Describe how gigantism and acromegaly are diagnosed.

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

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

8. Describe the principal signs and symptoms of hyperprolactinaemia.

9. Describe how hyperprolactinaemia is diagnosed.

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

11. 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.

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

13. 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.

14. 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. 



Hypothalamic-pituitary axis and anterior pituitary disorders 

Lecture 1:	Physiology of hypothalamic-pituitary axis 

HYPOTHALAMO-ADENOHYPOPHYSIAL AXIS

Anatomy of Hypothalamus and Pituitary

· Pituitary or adenohypophysis 
-Divided into two parts :
		-anterior lobe (adenohypophysis) -derived from ectodermal tissue of 		pharynx
		-posterior lobe (neurohypophysis)-evagination of neural tissue from 			hypothalamus 
· Hypothalamus
	-Forms at base of third ventricle
	-Composed of a diversity of neurosecretory cells arranged in groups
-Secrete products  form median eminence directly into the hypophyseal-portal blood system that connects the hypothalamus to anterior lobe of pituitary
	-Or directly into the circulation after storage in the posterior lobe of the pituitary





[image: ]

HYPOTHALAMIC NUCLEI

NEURONES TO MEDIAN EMINENCE
							
			NEUROSECRETIONS(RELEASING/INHIBITING HORMONES
							

					ADENOHYPOPHYSIS
							
				ADENOHYPOPHYSIAL HORMONES

ADENOHYPOPHYSIAL CELLS

· SOMATOTROPHES produce SOMATOTROPHIN 
· LACTOTROPHES produce PROLACTIN
· THYROTROPHES produce THYROTROPHIN 
· GONADOTROPHES produce the GONADOTROPHINS
· CORTICOTROPHES produce CORTICOTROPHIN 
· OTHER CELLS of undefined function

NOTE: adenohypophysial cells can also produce (and release) other molecules that may have paracrine and/or autocrine effects locally, or more distant endocrine effects


ADENOHYPOPHYSIAL HORMONES

· Are all protein/polypeptide hormones
· Are generally synthesized initially as precursor molecules called PROHORMONES 
· Enzymatic cleavage of the prohormone can yield the bioactive hormone molecule
· The adenohypophysial hormones are stored within secretory granules and are released by exocytosis

ADENOHYPOPHYSIAL HORMONES
PROTEINS:
· SOMATOTROPHIN (GROWTH HORMONE, GH) 191 aa
· PROLACTIN (PRL) 199 aa
GLYCOPROTEINS: consisting of  and   sub-units (92 aa  sub-unit common to all)
· THYROTROPHIN (Thyroid Stimulating Hormone, TSH) -sub-unit 110 aa
· GONADOTROPHINS both have 115 aa -sub-unit
- LUTEINIZING HORMONE (LH)
- FOLLICLE STIMULATING HORMONE	(FSH)
POLYPEPTIDE:
· CORTICOTROPHIN (ADRENOCORTICOTROPHIC HORMONE, ACTH) 39 aa


HYPOTHALAMO-ADENOHYPOPHYSIAL AXIS
HYPOTHALAMIC HORMONES		 ADENOHYPOPHYSIAL HORMONES

· somatotrophin releasing hormone
 (SRH or GHRH))
· somatostatin (SS)
· dopamine (DA)
· thyrotrophin releasing hormone (TRH)
· gonadotrophin releasing hormone (GnRH)
· corticotrophin releasing hormone (CRH)
· vasopressin (VP)
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ADENOHYPOPHYSIAL HORMONES AND THEIR MAIN TARGET CELLS 
· SOMATOTROPHIN (or GROWTH HORMONE)
· PROLACTIN
· THYROTROPHIN
· GONADOTROPHINS
· (LH and FSH)
· CORTICOTROPHIN 


ADENOHYPOPHYSIS
	

GROWTH HORMONE

				BODY TISSUES
METABOLIC ACTIONS
								
      LIVER


SOMATOMEDINS 					GROWTH AND DEVELOPMENT	
(IGF I and IGF II)




GROWTH HORMONE  via SOMATOMEDINS
(direct effect)		  	(indirect effect)


`METABOLIC ACTIONS INCLUDE


· Stimulation of 			transport into cells
(e.g. muscle)
· Stimulation of 	synthesis
· Increased growth
· Stimulation of 	metabolism leading to increased fatty acid production
· Decreased utilization (due to increased insulin resistance) resulting in increased blood glucose concentration
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HORMONAL FEEDBACK IN HYPOTHALAMIC-PITUITARY AXIS   




ENDOCRINE TESTING

HYPOFUNCTION 

Provocative/Stimulation test performed if hypofunction is suspected 

TRH Test
· Assess TSH reserve
· TRH 200mcg  iv
· Blood  taken for TSH  0,30,60 mins 
· Normal Resp 
       	       -TSH>5 mU/ml 
-30 >60 min (hypothalamic failure 30 < 60min) 
Uses
· 10 hypothyroidism –brisk response (pit.rsonsiveness) 
· Thyrotroph failure (tumour/Sx/RTx)- blunted response ( pit.repsonsiveness) 
· 10 hyperthyroidism (adenoma/graves)-flat response
· Hypothalamic failure- 60 min>30 min
LHRH or GnRH TEST
· Assess gonadotrophin reserve
· LHRH 200mcg iv
· Blood taken for LH/FSH 0,30,60 mins 
· Normal response-LH 10 U/L &FSH 2 U/L
Uses
· Gonadal failure (Turners/Kleinfelter)–brisk response
· Gonadotroph failure (tumour/Sx/RTx- blunted response
· Hypothalmic failure- 60 min>30 min

Insulin Tolerance Tests (ITT)
· Assess GH & ACTH (cortisol) reserve
· Induce symptomatic hypoglycaemia (Glucose <2.2mmol/l)
· 0.05-0.15u soluble insulin /kg iv after overnight fast
· Blood taken for GH/cortisol & glucose 0,30,60,90,120 mins 
· Normal response-GH >20 mU/L & Cortisol  rise >170 to >550 nmol/l
· CI: IHD/epilepsy/severe hypoadrenalism (cortisol <50)
· Uses:
· Assessment of GH reserve
· Children with low growth velocity/short stature
· Post pituitary Sx to test cortisol reserve



HYPERFUNCTION 
Suppression Test is performed if hyperfunction is suspected and failure of normal negative feedback by exogenous hormone confirm hyperfunction
Dexamethasone suppression test

Low dose dexamethasone suppression test (0.5mg/6hrly for 48h)
· 9am cortisol at 0 and 48hours
· Normal cortisol suppresses <50 nmol/l
High dose dexamethasone suppression test (2mg/6hrly for 48h)
· 9am cortisol at 0 and 48hours
· Suppression considered if  cortisol  <50% basal
· Suppression usually seen in ACTH excess form pituitary(cushing’s disease) 
· Not seen in adrenal tumours or ectopic ACTH
Uses
Hypercortisolaemic states (Cushing’s syndrome 20 pit. Adenoma, ectopic ACTH or adrenal tumour )
· OGTT
· 75gms glucose PO
· Blood taken for GH & glucose 0,30,60, 90,120 mins 
· Normal response- GH<1mU/l (1.9ng/ml)
· Failure of suppression or parodoxical rise in acromegaly 
	
Uses
		Acromegaly 





Lecture 2 : Anterior pituitary disorders 

HYPERPITUITARISM- Adenohypophysial hormones and disorders arising from their excess production


· Usually due to isolated pituitary tumours but can also be ectopic  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







HYPERPITUITARISM

Excess 						can result in
· corticotrophin (ACTH)			- Cushing’s Disease			
· thyrotrophin (TSH)			-Thyrotoxicosis
· gonadotrophins (LH and FSH)		-Precocious puberty in  children
		
· prolactin					-Hyperprolactinaemia
· somatotrophin (GH) 			-Gigantism, Acromegaly							



HYPERPROLACTINAEMIA

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

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


HYPERPROLACTINAEMIA DUE TO PITUITARY ADENOMA
 (
IN MEN:
galactorrhoea uncommon (since appropriate steroid background usually inadequate)
loss of libido
impotence
infertility
osteoporosis
)
IN WOMEN:
· galactorrhoea (milk production)
· secondary amenorrhoea
	 (or oligomenorrhoea)
· loss of libido
· infertility
· osteoporosis					

PROLACTINOMAS
· Commonest pituitary tumour 
· Autopsy data demonstrate 25%  microadenomas (40% prolactinomas)
· 8x commoner women
· Peak incidence age 20-40 yrs
Presenting Features (varies with age)
· Hypogonadism 
· Oligomenorrhoea or amennorrhoea 
· Infertility
· Loss of libido
· Osteoporosis
· Galactorrhoea 80%
· Postmenopausal women & men
· Headaches due to mass effect
· Pituitary insufficiency 

· Differential diagnosis
· Hypothalamic stalk compression 
· PRL < 2000mU/L (NR 125-600) usually
· interruption of  dopamine inhibition 
· Hypothyroidism (due to increased TRH)
·  Stress
· Drugs-E2, dopamine antagonist (neuroleptics, antiemetics)
· Renal, hepatic failure 
· Diagnosis 
· Prolactin level usually >2000mU
· MRI Pituitary
Management
· Microprolactinomas 10mm
· Macroprolactinomas 10mm
· First line Rx 
· Dopamine agonists (Bromocriptine, Carbergoline)
· Life long Rx usually required 

EXCESS SOMATOTROPHIN (GROWTH HORMONE)


IN CHILDHOOD					  IN ADULT
  	RESULTS IN	Gigantism				RESULTS IN Acromegaly

Epidemiology

· Incidence approx. 4 /million /yr
· Equal sex incidence
· Onset can occur any age (4th & 5th decade)
· In childhood-gigantism
· 6% associated with MEN1
· Significant increase in mortality (2X)
· Death due to CVD, DM, respiratory disease, malignancy 
Aetiology
· Excess GH secretion 
· Pituitary tumours > 95%
· Ectopic pit.tumours ( sphenoid sinus)
· Extrapituitary tumours (lung, breast-1%)
· Excess GHRH secretion
· Hypothalamus, ganglioneuromata,hamatoma 
· Ectopic GHRH-lung carcinoid, islet cell tumours, small cell lung cancer 


Pathophysiology of 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
· 
·  GH secretion leads to  increased IGF-1 production by the liver and other tissues
· Clinical features due to both IGF-1 and GH excess
· 


Clinical features

· 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 and in 10% patients)
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
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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.
Diagnosis made on 
· Suspicious clinical features 
· Single GH not reliable (pulsatile secretion)
· 
· OGTT with GH measurements
· Failure to suppress or paradoxical rise in GH
· IGT or DM
· Plasma IGF-1 levels elevated
· reliable indicator of GH secretion in last 24 hrs
· MRI pituitary gland
· Dynamic testing for pituitary hormone reserve
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2. TREATMENT
Principles of treatment
·  signs & symptoms
· Normalize life expectancy
· Practical goal is to  mean GH on OGTT to 
< 5mU/L
· Surgery- First line treatment (50-70% cure rate)
· Radiotherapy
· Medical-Somatostatin analogues (Ocreotide)
· -DA agonist-Bromocriptine



•



(a)	Octreotide

(i)	Structure
[image: ]


(ii)	Clinical use
•	
•	
•	

(iii)	Pharmacokinetics
•	Administration

•	Distribution

•	Metabolism

(iv)	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


CUSHING’S DISEASE

· Incidence 5-25/million/year
· Due to corticotroph adenoma and excess ACTH secretion and hypercortisolamia
· Female:male ratio 8:1
· Occurs in women of childbearing age
· Accounts for 70% of endogenous Cushing’s syndrome

Clinical features
· Truncal obesity and weight gain (80-100%)
· Moon facies (50-95%)
· Thin skin, easy bruising & Straie (50-84%)
· Hirsuitism and acne (30-80%)
·  due to X’s adrenal androgens
· Depression and psychosis (30-90%)
· Insomnia
· Oligomenorrhoea or amennorrhoea (50-80%)
· Proximal myopathy (30-90%)
· Hypertension (74-84%)
· Polyuria and polydipsia and DM (40-90%)
· Osteoporosis (40-50%)
· Pathological fractures (40-50%)

 Diagnosis
· Screening Ix Cushing’s syndrome
· Elevated 24 hour UFC x3 (NR <270 nmol/L)
· Loss of normal diurnal variation of cortisol secretion
(sleeping midnight cortisol < 138 nmol/l Normal)
· 9am ACTH level dectectable but often in NR pit.
· Cf Source undetectable adrenal and high in ectopic
Confirm Cushing’s syndrome
LDDST 
· 0.5mg 6hrly for 48 hrs 
· Normal suppression cortisol < 50 nmol/L
· Confirms Cushing’s syndrome
Establish aetiology 
HDDST 
· differentiates between pituitary & adrenal/ectopic source
· 2mg 6hrly for 48hrs 
· pituitary adenoma –cortisol usually suppresses 50%-95%
MRI Pituitary-only 50% detected
Inferior petrosal sinus sampling (IPSS)
· Confirms pit source & lateralizes tumour 
Treatment
· Untreated Cushing’s disease has bad prognosis
· Sx 
· Transphenoidal removal of tumour first line Rx
· Cure /remission rate 70-80%
· Selective tumour removal if possible
· Total or hemihypophysectomy if tumour not visible
· Bilateral adrenelactomy 
· If relapses after transphenoidal hypophysectomy 
· Radiotherapy
· External beam 
· slow only indicated in pts unfit for Sx 
·  good response in children (80%)
· Yittrium implantation no longer available
      
Medical 
· Adjunctive therapy only
· Reduce Cortisol Xs  prior to Sx 
· Metyrapone 11B hydroxylase inhibitor
· Ketoconazole P450 inhibitor

· GLYCOPROTEIN-PRODUCING ADENOMAS
· TSH, LH or FSH secreting tumours 
· Thyrotrope Adenoma
· Least common tumour (<1%)
· Usually present with mass lesion 
· headache, visual disturbance, hypopituitarism 
· Symptoms of hyperthyroidism (TSH FT4)
· Rx-surgical 
Gonadotroph Adenoma
· Prevalence unknown (?1-10% NF adenomas)
· Usually presents with mass lesion
· Rare in premenopausal women
· Difficult to diagnose in postmenopausal women (  FSH LH) 


HYPOPITUITARISM- Adenohypophysial hormones and disorders arising from their reduced production
disorders 
· decreased production of all anterior pituitary hormones (Panhypopituitarism)
· or of specific hormones


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)

CAUSES
· Pituitary Tumour 
· Radiotherapy
· Pituitary apoplexy (pituitary infarction)
· Empty sella 
· Lymphocytic hypophysitis 
· Sheehan’s Syndrome

PANHYPOPITUITARISM
1. SIMMOND’S DISEASE: incidious on  onset
CAUSES:  various, including infiltrative processes (eg Lymphocytic), and following surgery
Clinical features : 
Secondary amenorrhoea or oligomennorhoea (women), impotence (men), tiredness, waxy skin, loss of body hair,	

Symptoms due mainly to decreased thyroidal, adrenal and gonadal function

DIAGNOSIS: 
	- Measure basal plasma values of pituitary or target endocrine gland hormones.
- Particularly useful if measured after a stimulation (or “provocation”) test e.g. can use combined function test, involving rapid iv. sequential administration of GHRH, CRH, GnRH and TRH.
- For individual hormones can be specific tests e.g. insulin-induced hypoglycaemia for GH and cortisol reserve

TREATMENT: Hormone Replacement Therapy as required
PANHYPOPITUITARISM
2. SHEEHAN’S SYNDROME
Develops acutely following post-partum haemorrhage
Blood loss causes vasoconstrictor spasm of hypophysial arteries resulting in ischaemia of pituitary (enlarged during pregnancy) and then necrosis of pituitary
· 

HYPOPITUITARISM
It is possible to have a deficiency in a single adenohypophysial hormone resulting in secondary endocrine gland failure, e.g.

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 			hypogonadism  (LH and FSH) 	
· Thyrotrophin (TSH)   		hypothyroidism
· Corticotrophin (ACTH)		hypoadreno-corticalism (loss of glucocorticoids)

HYPOPITUITARISM
lack of Somatotrophin (Growth Hormone, GH)
· in children results in short stature
· in adults, loss of GH effects uncertain

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 	Outline Notes

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.) (hypoglycaemia)
•	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.




2.	Treatment

	The principal goal in treating pituitary insufficiency is to restore homeostasis by replacing those hormones which are deficient; accurate diagnosis is therefore critical.

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

This session will consider growth hormone replacement therapy

Growth hormone therapy (Children)


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

Pharmacokinetics

•	Preparation: Human recombinant Growth Hormone (somatotrophin)

•	Administration: s/c or im injection daily

•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 well being 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 well being and quality of life

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

SESSION 2:  Anterior pituitary disorders Tutorial

Case History 1

A 10-year-old boy was seen by his GP because the parents were concerned about his lack of growth which they had become increasingly aware of because his younger brother (aged 6.5 years) was already taller by 2 cm. His height and body weight were recorded as 120 cm and 25 kg respectively, giving a BMI of 17.4 kg/m2. The boy’s proportions were perfectly normal, and apart from the short stature no other abnormalities were seen on examination From the family history there was clearly no evidence of malnutrition or emotional deprivation, and the mid-parental height gave an expected height of 166 cm. The boy’s recorded height 2 years previously (according to the practice records) was 116 cm. 


Standard growth curves are shown on the next page


Questions:

1. Examine standard growth charts for boys and girls and interpret the various lines shown.
2. What are the various causes of short stature? 
3. How would you design a GH stimulation test?
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Case History 2

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. 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 CT scan of the head. 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) CT scan: The CT scan showed evidence of a pituitary tumour with a 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? 


SESSION 2: HYPOTHALAMUS AND ANTERIOR PITUITARY MCQs

1. The following statements are correct:
a) The adenohypophysis (anterior pituitary) is embryologically derived from a dorsal growth of the buccal cavity.							
b) The adenohypophysis consists of various differentiated cell types that contain  secretory granules.								
c) The hypothalamus exerts a controlling influence over anterior pituitary gland secretory activity.									
d) The principal hypothalamic influence over somatotrophin (growth hormone) release is inhibitory.									
e) All anterior pituitary hormones are polypeptides or proteins/glycoproteins	

 2. The following statements are correct:
a) Thyrotrophin releasing hormone (TRH) stimulates the thyroid gland.		
b) Luteinizing hormone stimulates androgen production in the testes.		
c) The adrenocortical hormone cortisol exerts a direct negative feedback influence on 	corticotrophin (ACTH) production in the adenohypophysis.			 
d) Vasopressin inhibits the release of corticotrophin (ACTH) from the anterior pituitary 
e) Somatostatin is synthesized in specific hypothalamic nerve cells.		

3. The following statements are correct:
a) Acromegaly is a condition in the adult associated with a lack of circulating somatotrophin (growth hormone).						
b) Prolactin release from the adenohypophysis is stimulated by hypothalamic dopamine.										
c) Prolactin stimulates post-partum lactogenesis.					
d) Gonadotrophin releasing hormone stimulates the release of both luteinizing hormone and follicle stimulating hormone			
e) Corticotrophin (ACTH) release from the anterior pituitary is inhibited by vasopressin	

4. 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

5. 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) could be a microadenoma
d) may be associated with the symptoms of diabetes mellitus
e) is often a cause of hypertension

6. 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 releasing hormone therapy
e) is naturally associated with the aging process

7. 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

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

9.   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

10.  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


SESSION 3: POSTERIOR PITUITARY PHYSIOLOGY AND DISORDERS and APPETITE AND OBESITY 
(Dr Tony Goldstone)

LECTURE 1:  POSTERIOR PITUITARY PHYSIOLOGY AND DISORDERS 
The hypothalamo-neurohypophysial system (Dr Tony Goldstone)






























ACTIONS OF VASOPRESSIN
· Its principal physiological action is in the renal
where it stimulates
resulting in its effect


OTHER ACTIONS OF VASOPRESSIN






VASOPRESSIN RECEPTORS

	
	V1 RECEPTORS
	V2 RECEPTORS

	●
	linked via G proteins to phospholipase C which acts on membrane phospholipids
	linked via G proteins to adenylyl cyclase which acts on ATP to form cyclic AMP

	●
	to produce IP3 (and diacyl glycerol) which increase cytoplasmic [Ca2+] and other intracellular mediators
	which activates protein kinase A which in turn activates other intracellular mediators

	●
	which produce cellular response
	which produce cellular response



VASOPRESSIN RECEPTORS

	
	V1 RECEPTORS
	V2 RECEPTORS

	V1a
●
	arterial smooth muscle
(vasoconstriction)
	collecting duct cells 
(water reabsorption)

	●
	Hepatocytes
(glycogenolysis)
	presently unknown sites
(Factor VIII and von Willbrandt factor)

	●
	CNS neurones
(behavioural and other effects)
	

	V1b
●
	adenohypophysial corticotrophs
(corticotrophin production)
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CONTROL OF VASOPRESSIN 
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ACTIONS OF OXYTOCIN
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POSTERIOR PITUITARY DISORDERS 

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.





POSTERIOR PITUITARY DISORDERS

A. 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

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

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



C. 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:


a)	Increased secretion of corticotrophin (ACTH) and hence cortisol - V1-mediated

b)	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)


O═ C-----S----S----6----7----D-Arg----9
	│                    │
3 5
│                    │        	Desmopressin (1-deamino –8D-arginine vasopressin)
3----------------4   		
	

b)	V1-selective -	TERLIPRESSIN
	

		Gly-----1 -----S----S----6----7----Lys ----9
			Gly	2		5
			 │	│                    │        	Terlipressin				
		     NH2Gly	3----------------4   		








3.	DESMOPRESSIN

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

LECTURE 2: APPETITE AND OBESITY

Learning objectives:

1. Explain the concept of energy homeostasis.
2. List major hormones and other peripheral factors that control appetite.
3. Describe the functions of the fat hormone leptin.
4. Understand the role of the hypothalamus and brainstem in controlling appetite.
5. Name the major hypothalamic nuclei and neuropeptides that regulate appetite.
6. Name higher brain centres involved in food reward systems.
7. Understand the contributions to daily energy expenditure.
8. Understand the concept of body mass index and the definitions of obesity.
9. Understand the scale of the obesity epidemic.
10. List the complications of obesity.
11. List the features of the metabolic syndrome
12. Understand the importance of body fat distribution and the factors that influence it.
13. Understand the medical risks of obesity and the benefits of moderate weight loss.
14. List the major causes of obesity.
15. Understand the principles behind the management of obesity and the treatment options available.




[image: ]Hypothalamic nuclei and neuropeptides in appetite control
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Body Mass Index

BMI = Weight (kg) / Height (m) 2

For adults:
15 - 20	underweight
20 - 25	normal
25 - 30	overweight
30 - 40	obese
> 40		morbidly obese

For children:
overweight >85th percentile (UK relative to 1990 reference)
obese > 95th percentile

Obesity Prevalence

Data from:
1. Health Survey for England 2007: www.ic.nhs.uk/statistics-and-data-collections/health-and-lifestyles-related-surveys/health-survey-for-england/health-survey-for-england-2007-latest-trends-[ns]

2. USA: Ford & Mokdad. JCEM 93: s1, 2008

Obesity (adults)

		England 2007 	USA 2006
male 		24% 			33%
female 	24%			35%

Overweight (adults)

		England 2007 	USA 2004
male 		65% 			70%
female 	56%			62%

Obesity (children)

England 2007 	USA 2006
2-10yo 15%		2-19yo 16%
11-15yo 18% 	African-Am 21%
			Mexican-Am 21%

Overweight (children)

England 2007
2-10y 29%
11-15yo 33%



































Metabolic syndrome

· Abdominal obesity
· Hyperinsulinemia
· High fasting plasma glucose
· Impaired glucose tolerance
· Hypertriglyceridemia
· Low HDL-cholesterol
· Hypertension

[image: ]Causes of Obesity 	(* hyperphagia particularly prominent)

Endocrine
· Hypothyroidism - primary or secondary
· Polycystic ovarian syndrome
· Cushing’s syndrome:
Iatrogenic (glucocorticoid treatment)
ACTH-dependent pituitary Cushing’s disease
Adrenal ACTH-independent Cushing’s syndrome (adenoma, carcinoma)
Ectopic ACTH-dependent Cushing’s syndrome
Pseudo-Cushing’s (alcoholism, depression)
· GH deficiency: 	
hypopituitarism e.g. tumour, surgery, radiotherapy, autoimmune hypophysitis, inflammatory e.g. sarcoidosis, genetic transcription factors e.g. PROP-1, PIT1, HESX1
· Hypogonadism - primary and secondary

Drugs
· Psychotropic medications:
Tricyclic antidepressants
Monoamine oxidase inhibitors
Specific SSRIs
Atypical antipsychotics e.g. olanzipine, clozapine
Lithium
· Specific anticonvulsants
· β-adrenergic receptor blockers
· Diabetes medications:
Insulin, Sulphonylureas, Thiazolidinediones
· Highly active antiretroviral therapy
· Tamoxifen
· Steroid hormones:
Glucocorticoids
Progestational steroids




Hypothalamic *
· Craniopharyngioma
· Other tumours e.g. glioma, meningioma, dermoid, chordoma, hamartoma
· Sarcoidosis
· Langerhans cell histiocytosis

Genetic obesity syndromes (often associated mental retardation) 
· Prader-Willi syndrome * (loss paternal genes 15q11-13, neonatal hypotonia, hypothalamic abnomalities, GH deficiency, hypogonadism, hyperghrelinaemia, pancreatic polypeptide deficiency) 
· Bardet-Biedl syndrome * (polydactyly, retinal degeneration, renal cystic disease BBS1-12, dysfunction primary cilia and intraflagellar transport process)
· Alström syndrome (ALMS1, dilated cardiomyopathy, GH deficiency, male hypogonadism)
· Cohen syndrome (microcephaly, characteristic facial appearance, retinopathy, GH deficiency, hypogonadism)
· Carpenter syndrome (polydactyly, brachydactyly, syndactyly, craniosynostosis)
· Albright’s hereditary osteodystophy (pseudohypoparathyroidism, skeletal abnormalities, reduced G-protein receptor signalling via Gsα)
· WAGR syndrome (Wilms tumor, Aniridia, Genitourinary anomalies, and mental Retardation syndrome, deletion 11p13-p12, BDNF deficiency)
· Fragile X syndrome (unstable expansion triplet repeat FMR1 gene)
· Borjeson-Forssman-Lehmann Syndrome (X-linked)
· Chromosomal anomalies:
Deletion 6q16 (SIM1)
Deletion 1p36
Deletion 2q37
Deletion 9q34.3
Maternal uniparental disomy chr 14

Monogenic obesity (rare except MC4R) *
· Leptin deficiency (LEP)
· Leptin receptor (LEPR)
· Pro-opiomelanocortin deficiency (POMC)
· Melanocortin-4 receptor (MC4R)
· Prohormone convertase-1 (PC1)
· TrkB (BDNF receptor) and BDNF
· Sim-1 (SIM1)

Polygenic obesity (genome wide association studies)
· FTO
· MC4R
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Management of Obesity

Exclusion of secondary causes: e.g. hypothyroidism, Cushing’s syndrome

Prevention of obesity:
· Children
· Education
· Public health measures
· Society changes

Prevention of obesity complications: 
e.g. impaired glucose tolerance & type 2 DM, metabolic syndrome

Diagnosis and treatment of obesity complications: 
e.g. type 2 DM, obstructive sleep apnoea, PCOS, hyperlipdaemia, fatty liver,


Weight Management:

Dietary
· Low-fat vs. low-carbohydrate (Atkins) vs. high-protein
· Low-glycaemic index
· Regular meals
· Portion size

Exercise
· Assessment
Medical and psychological readiness
Physical limitations
Current activities
Barriers to activity
· Develop physical activity plan
· Start activity slowly and gradually increase planned aerobic activity to 200 min/wk
· Enhance compliance
Programmed vs. lifestyle activity
At-home vs. onsite activity
Multiple short bouts vs. single long bout of activity

Behaviour modification & underlying psychiatric / psychological problems
· Depression
· Emotional eating
· Binge eating disorder
· Night eating


Pharmacotherapy
· Licensed
· Orlistat (pancreatic lipase inhibitor, malabsorption, GI side effects)
· Sibutramine (5HT/NA re-uptake inhibitor, appetite suppressant, increased HR/BP)
· Unlicensed
· Phentermine (amphetamine-like, increased HR & BP. palpitations, restlessness, insomnia, dependence)
· Metformin (insulin sensitising agent for type 2 diabetes mellitus)
· Exanatide (GLP-1 agonist for type 2 diabetes mellitus, slows gastric emptying, ?central anorexigenic effect, nausea)
· Withdrawn
· Fenfluramine-dexfenfluramine (5HT drugs, cardiac valve abnormalities)
· Rimonabant (endocannabinoid CB1 antagonist, depression, anxiety)
· In pipeline
· Bupropion (NA/DA reuptake inhibitor, smoking cessation) and naltrexone (opioid antagonist) slow-release
· Bupropion and zonisamide (anti-epileptic, via DA/5HT) slow-release
· Oxyntomodulin and PYY agonists (anorexigenic gut hormones)
· CB1R inverse agonist e.g. taranabant
· Other lipase inhibitors e.g. cetilistat

Surgical treatment
· Restrictive procedures
· Laparascopic gastric banding (subcutaneous port for inflation)
· Vertical banded gastroplasty
· Anorexigenic procedures (also restrictive, minimal malabsorption)
· Roux-en-Y gastric bypass (elevated PYY, GLP-1, oxyntomodulin, ?suppressed ghrelin, resolves diabetes mellitus via GLP-1 incretin)
· Malabsorptive procedures
· Bilio-pancreatic diversion
· Duodenal switch
[image: gastric_band][image: gastric_bypass]
		Gastric banding			Roux-en-Y Gastric Bypass


Reading / Further information:

Neary NM, Goldstone AP, Bloom SR. Appetite regulation: from the gut to the hypothalamus.Clin Endocrinol. 60:153-60, 2004.

Wynne K, Stanley S, McGowan B & Bloom S. Appetite control. J Endocrinology 184:291-318, 2005.

Murphy KG & Bloom SR. Gut hormones and the regulation of energy homeostasis. Nature 444:854-9, 2006.

Berthoud HR & Morrison C. The Brain, Appetite, and Obesity. Annu Rev Psychol 59:55-92, 2008.

Slides about complications, epidemiology and management of obesity: www.obesityonline.org
 
Healthy Weight, Healthy Lives: A Cross Government Strategy for England. Department of Health 2008. www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_082378

Foster-Schubert KE & Cummings DE. Emerging Therapeutic Strategies for Obesity. Endocrine Reviews 27: 779–793, 2006.

Robert H & Eckel M. Nonsurgical Management of Obesity in Adults. N Engl J Med 358:1941-50, 2008.

Pories WJ. Bariatric surgery: risks and rewards. J Clin Endocrinol Metab. 93:S89-96, 2008.

Farooqi S, O'Rahilly S. Genetics of obesity in humans. Endocr Rev. 27:710-18, 2006.

Bell CG, Walley AJ, Froguel P. The genetics of human obesity. Nat Rev Genet. 6:221-34, 2005.

Goldstone AP, Beales PL. Genetic obesity syndromes. Front Horm Res. 36:37-60, 2008.

Goldstone AP. Prader-Willi syndrome: advances in genetics, pathophysiology and treatment. Trends Endocrinol Metab. 15:12-20, 2004.


SESSION 3:  POSTERIOR PITUITARY DISORDERS TUTORIAL

Case  1: A 27-year old woman attended her GP's surgery complaining of a continuous unquenchable thirst. She felt a constant need to drink water and consumed around 20 large glasses every day. She also kept water beside her bed since she was woken every night by her thirst. She also needed to urinate very frequently. On referral to an endocrine clinic it was found that her fasting serum glucose level was normal and no glucose was detected in her urine. She was then given a water deprivation test in which she was not allowed to drink but was asked to provide urine samples every hour. After the 11.00 am sample had been taken she was given a dose of a modified form of vasopressin (DDAVP) as a nasal spray. The osmolality of her urine samples were measured (a high osmolality representing a concentrated urine). 

typical normal person’s response 
Time		Urine osmolality (mOsm/kg H2O)  Urine vol (mls)	  Uosm		UV	
9.00 h			130				175		  1220		 95
10.00h			158				180		   850		 85
11.00 h		204				140		  1090		 60
11.01 h DDAVP Administered
12.00 h		886				 70		  1180		 55

Questions:
1. What would you expect to happen to the osmolality of urine during a water deprivation test?
2. Why did the osmolality of her urine rise after the administration of DDAVP?
3. What could be the underlying cause of her condition?
4. What further measurements could be made?



Case 2:  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. She had been treated for manic depression for the last 5 years.

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 vol	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					300		150			




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 3: 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?


SESSION 3:  

MCQs POSTERIOR PITUITARY DISORDERS and APPETITE / OBESITY


1) The following statements are correct:
a) Vasopressin is a neurohypophysial (posterior pituitary) hormone.		
b) Vasopressin is synthesised in the posterior pituitary.			
c) Vasopressin is a neurosecretory molecule.					
d) Vasopressin is a releasing hormone for corticotrophin.			
e) The principal physiological effect of vasopressin is to vasoconstrict arteriolar smooth muscle. 								

2) The following statements are correct:
a) Vasopressin stimulates water reabsorption in the renal proximal tubules. 	
b) The renal action of vasopressin on water reabsorption is mediated by the intracellular messenger cAMP.						
c) Vasopressin stimulated water reabsorption involves the insertion of aquaporin  molecules into the basal (serosal) membranes of its target renal cells.	
d) Vasopressin V1 receptors are linked to the adenyl cyclase-cyclic AMP system.
e) Stimulation of baroreceptors results in increased vasopressin release into the circulation.									

3) The following statements are correct:
a) Oxytocin is a nonapeptide 							
b) The principal effect of oxytocin is to stimulate prolactin production.		
c) Oxytocin stimulates uterine myometrial contractions at labour.		
d) The efferent limb of the milk ejection reflex involves the release of oxytocin 
e) Oxytocin stimulates milk production during lactation				

4. 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

5. 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

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

7. The following statements are correct about circulating hormones:
a) Leptin levels increase with obesity and leptin reduces appetite
b) Ghrelin levels fall after food intake and ghrelin increases appetite
c) PYY levels fall after food intake and PYY increases appetite
d) Cholecystokinin levels fall after food intake and CCK reduces appetite
e) Cortisol levels increase after food intake and cortisol reduces appetite

8. The following statements are correct about hypothalamic neuropeptides:
a) NPY produced in the arcuate nucleus increases appetite
b) α-MSH produced in the arcuate nucleus reduces appetite 
c) AGRP produced in the paraventricular increases appetite
d) MCH produced in the lateral hypothalamus reduces appetite
e) CRH produced in the arcuate nucleus reduces appetite

9. The following statements are correct:
a) an adult  with a BMI of 31 kg/m2 is obese
b) an adult  with a BMI of 24 kg/m2 is overweight
c) an adult  with a BMI of 39 kg/m2 is morbidly obese
d) an adult  with a BMI of 16 kg/m2 is normal
e) a child with a BMI at the 96th percentile is obese

10. The following are complications of obesity:
a) obstructive sleep apnoea
b) breast cancer
c) high HDL-cholesterol
d) type 2 diabetes mellitus
e) regular periods but reduced fertility

11. The following are causes of obesity without mental retardation:
a) Cushing’s syndrome 
b) hypopituitarism
c) Sibutramine drug therapy
d) Prader-Willi syndrome
e) MC1 receptor mutation

12. The following would be appropriate treatments for obesity:
a) Exercising 5 minutes every day
b) Dexfenfluramine
c) High-glycaemic index diet
d) Roux-en-Y gastric banding
e) Orlistat


SESSION 4: THYROID PHYSIOLOGY AND THYROID DISORDERS
(Dr Duncan Bassett)

Lecture 1: THYROID PHYSIOLOGY



Learning objectives

1. Describe the development of the thyroid

2. Describe anatomy of the thyroid and the structure of the follicles.	

3. List hormones produced by the thyroid.

4. Describe principal features of iodothyronine synthesis, storage, release.

5. Describe the physiological actions of the iodothyronines.

6. Explain the mechanism of action of the iodothyronines.

7. Describe the control of iodothyronine production with particular reference to the hypothalamus-pituitary-thyroidal axis.

8. Explain the role of the iodothyroninediodinases in the regulation of systemic thyroid hormone concentration and local thyroid hormone action.

9. Contrast the mechanism of action of TSH and T3 

THYROID PHYSIOLOGY

THYROID GLAND DEVELOPMENT 

[image: thyroid dev copy]

Thyroid gland originates as an out-pouching of phanyngeal floor at foramen cecum
Descends anterior to trachea
Bifurcates to form 2 lateral lobes connected by isthmus
Ectopic thyroid can lie anywhere along this path (Thyroglossal duct)
Recurrent laryngeal nerves run behind the gland
Parathyroid glands lie behind the upper and middle parts of each lobe.
0.1% of the thyroid are neuroendocrine parafollicularC-cells that secrete calcitonin. C-cells derive from the ultimobranchial body.

IODOTHTHYRONINE SYNTHESIS
T4 is a prohormone and T3 is the active ligand which binds the thyroid hormone receptor (TR)

T4 and T3 synthesis involves 5 major steps

1)	Active transport of I- into the thyrocyte and into the follicular lumen
Sodium Iodide symporter (NIS) in basement membrane
	Pendrin at the apical border exchanges I-for Cl-
[image: Thyroid cell]











	

2)	Oxidation of iodide and iodination of tyrosyl groups in thyroglobulin
	H2O2 is generated by Tox complex that includes Duox1 and 2
Thyroid peroxidise (TPO) uses H2O2 to oxidise iodide
Reactive iodide intermediate is bound to tyrosyl residues of thyroglobulin
Generates monoiodotyrosine (MIT) and diiodotyrosine (DIT)
Thyroglobulin is a large glycoprotein of 2 subunits (5496 amino acids)
	140 amino acids are tyrosyl residues 



[image: ][image: T4 synthesis]
3)	Coupling of pairs of iodotyrosine molecules to form iodothyronines
Only 4 tyrosyl residues are sterically orientated to allow hormonogenesis
Coupling of these 2 pairs of tyrosyl residues is also catalysed by TPO
Coupling of MIT and DIT forms T3 and coupling of DIT and DIT form T4
(Propylthiouracil and carbimazole are inhibitors of TPO)
4)	Proteolysis of thyroglobulin to release iodothyronines into circulation
	Colloid from the follicular lumen is engulfed by pinocytosis
	Lysosomes fuse with the vesicle and proteolytic enzymes act on thyroglobulin
	T4 and T3 enter the circulation (MCT8 transporter across membrane)
	Residual DIT and MIT are deiodinated and iodide conserved
5) 	5’-deiodination of T4 to T3 in peripheral cells
	The type 1 and type 2 deiodinases mediate 5’-deiodination to generate T3

Transport of IODOTHYRONINES (T3 and T4)
10 times more T4 in plasma than T3 
Transported in blood bound to plasma proteins 
	Thyroid binding globulin 	68% T4 	80% T3
	Transthyretin 			11% T4 	9% T3
	Albumin			20% T4 	11% T3
`	Unbound 			0.05% T4 	0.5% T3
Metabolised in liver by deiodination (D1), deamination, and conjugation.
Free and conjugated forms excreted in bile & urine
Liberated Iodine is again taken up by the thyroid
T3 is cleared in 6 hours
T4 is cleared in approximately 6 days

DEIODINATION OF THYROXINE
T4 is converted to active ligand T3 by 5’ deiodination
5’ deiodination is mediated by the type 1 and type 2 iodothyroninedeiodinases
	Circulating T3 is generated by liver D1 activity 
	Intracellular T3 is generated by D2
T3 and T4 are inactivated by 5-deiodination by the type 3 iodothyroninedeiodinase	Intracellular ligand supply is regulated by relative expression of D2 and D3

[image: Deiodinases copy]
ACTIONS OF THE IODOTHYRONINES

[image: T3 target organs copy]

Thyroid hormone acts on many tissues
In general thyroid hormone promotes differentiation and inhibits proliferation
Regulates organogenesis, growth and development(brain, eye, ear, bone)
Energy expenditure
Protein carbohydrate and fat metabolism
Gut motility, bone turnover, heart rate and contractility
Menstrual cycle


[image: TH action]

1)	Thyroid hormone enterscells via active membrane transport proteins (MCT8/MCT10)
2) 	Supply of the active ligand T3 to the nuclear receptor is regulated by the relative activities of the activating enzyme D2 and the inactivating enzyme D3 
3)	The thyroid hormone receptors (TRs) are nuclear transcription factors.
	TRs heterodimerise with the retinoid X receptor RXR
	TRs bind thyroid hormone response elements (TREs) in the promoters of target genes
4) 	In the absence of T3 TRs bind co-repressor proteins that deacetylate the local histones increasing chromatin condensation and repressing transcriptional 
5)	On T3 binding co-repressors are displaced and co-activator proteins bind the TR. Co-activators mediate histone acetylation generating a permissive chromatin structure and also link RXR/TR/T3 to the basal transcriptional machinery inducing gene transcription.


Thyroid hormone receptor isoforms

[image: TRs]
TR1, TR1 and TR2 are functional receptors
TR1 and TR2 are widely expressed but ratio vary greatly
Liver is predominantly a TR1 tissue whereas heart and bone express TR1
TR2 mediates negative feed-back regulation and is expressed in the hypothalamus and pituitary

Tissue specific effect of thyroid hormones
Cardiovascular
	Increases rate and contractility
	Lower peripheral vascular resistance
Bone
	Regulate linear growth during development
Regulate bone remodelling cycle in adults 
Sympathetic nervous system
T3 increases-adrenergic receptor expression in many tissues amplifying responses to ADR and NA (symptoms of catecholamine excess in TTX)
CNS and neuromuscular
Cerebella and cortical development,
Cochlear and retinal development
Increased muscle contraction and relaxation (brisk reflexes/tremor in TTX)
Gastrointestinal
Increase gut motility (diarrhoea in TTX)
Energy and lipid metabolism
	Increased basal metabolic rate
Increased hepatic gluconeogenesis and glycogenolysis
	Increased cholesterol synthesis and degradation
Endocrine
	GnRH secretion, prolactin secretion, cortisol metabolism, aromatase activity
	Can all be affected in hypo and hyperthyroidism
Hematopoietic
Increases erythropoietin



REGULATION OF THYROID HORMONE SYNTHESIS AND SECRETION

[image: HPT axis]
Thyrotropin Releasing Hormone (TRH)
D2 converts T4 to T3 in TRH neurons. 
T3 and acts via TR2 to inhibit TRH synthesis.
TRH is a tri-peptide and acts via the pituitary portal venous system 
TRH receptor is G-protein coupled receptor 
TRH receptor is expressed on pituitary thyrotrophs and lactotrophs
TRH coordinates transcription of the alpha and beta subunits of TSH and its post translational glycosylation
TRH stimulates pulsatile release of TSH in a circadian rhythm (peak 2am)

Thyroid Stimulating Hormone (TSH) (Tryrotropin)
D2 converts T4 to T3 in thyrotrophs
T3 acts via TR2 to inhibit TSH release.
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Glycosylation of TSH is regulated by TRH and increases half-life and activity
TSH bind to the TSH receptor expressed on thyroid follicular cells 

[image: ]
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TSH/TSHR action is not required for early organogenesis, thyroid migration or follicle formation

In thyroid follicular cellsTSH/TSHR regulates
Terminal thyroid maturation and growth
Thyroid follicular cell proliferation and differentiation
Thyroid hormone synthesis 
Increased expression of thyroglobulin, TPO and NIS
		Increased lysosomal activity and increased release of T4 and T3
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LECTURE 2: THYROID DISORDERS

Learning Objectives
Approximately 1 in 50 people suffer from disordered thyroid function and this represent one of the most common endocrine disorders. 

Thyroid hormone deficiency
1. Understand the difference between Cretinism and congenital hypothyroidism

2. Describe neonatal screening with the Guthrie test

3. Describe the clinical features of thyroid hormone deficiency in children and adults

4. Understand the aetiology and differential diagnosis of thyroid hormone deficiency

5. Describe the investigation of and treatment of hypothyroidism

6. Understand the principles of thyroid hormone replacement therapy 

7. Understand the principles of treatment issues in the individual patient. 

8. Understand the effect of pregnancy on thyroid hormone replacement 

9. List the major unwanted effects of replacement therapy with thyroid hormones.

Thyroid hormone excess
1. Understand the aetiology and differential diagnosis of thyroid hormone excess

2. Describe the potential effects of the immune system on the thyroid gland

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

4. Describe the investigation of and treatment of hyperthyroidism

5. Understand the mechanism of action of the different thioureylenes, potassium iodine and radioactive iodine

Thyroid Hormone resistance

1. Understand the genetic abnormality and clinical and biochemical manifestations of resistance to thyroid hormone

Thyroid neoplasia
1. Understand the differential diagnosis and investigation of a thyroid mass

2. Describe the molecular pathogenesis of Papillary, Follicular, Medullary and Anaplastic thyroid carcinoma

3. Understand the risk factors and prognosis in differentiated thyroid cancer

4. Understand the importance of genetic screening and prophylactic thyroidectomy in medullary thyroid carcinoma

5. Describe the treatment and follow up in differentiated thyroid cancer.


THYROID DISORDERS
Normal Range for thyroid hormones
Free T4 9-26 pmol/l (Half-life 7 days)
Free T3 2.5-5.7 pmol/l (Half-life1 day)
TSH 0.3-4.2mU/l

HYPOTHYROID DISORDERS
Signs and symptoms of hypothyroidism
Basic metabolic rate				low
Heart rate					reduced
Cardiac output					reduced
Appetite					reduced
Frequency of bowel movements		reduced - constipation
Activity						reduced/lethargic
Sensitivity to cold				increased
Speech					slow
Mental function				impaired
Skin						thickened (hence myxoedema)
Hair						dry, brittle
Nails						brittle
[image: hypothyroid copy]
Aetiology
Primary Hypothyroidism (Low T4 and high TSH)
Hashimoto’s thyroiditis (Autoimmune thyroid destruction TPO ab positive)
Sub-acute thyroiditis (Transient secondary to viral infection)
Transient Neonatal hypothyroidism (Maternal TSHR blocking ab)
Excess iodine intake (Transient)
Iatrogenic
		Radioactive iodine (Graves’)
		Thyroid surgery (Goitre, thyroid cancer)
		Lithium, Amiodarone
Neonatal hypothyroidism
	Cretinism (severe iodine deficiency in childhood, maternal goiter)
Growth arrest, immature body proportions, deaf mutism, severe mental retardation, 
Neonatal hypothyroidism (failure of thyroid development, inborn errors of thyroid hormone synthesis) Less severe neurological phenotype as normal maternal thyroid hormone levels during development
All new-born infants are screened for elevated TSH(Guthrie test) and treated, if necessary, to prevent mental retardation and dwarfism.


Secondary Hypothyroidism(Low T4 and TSH)
	Hypopituitarism (Pituitary tumour, ablative therapy) 
Investigation Thyroid function tests and thyroid auto antibodies

Diagnosis	Low serum free T4 and TSH >10U/l
		Normal serum free T4 and TSH >10U/l (subclinical hypothyroidism)
	
Treatment
Oral levothyroxine 100-150mcg/d (thyroxine T4)
(T3 rarely used as short half-life)
Aim of treatment to normalise TSH levels 0.3-4.2mU/l

Adverse effects of T4 (TFTs should be monitored after change of dose)
Result of excessive replacement (increased T4 and suppressed TSH)
Palpitations and AF, osteoporosis and fracture

Pharmacokinetics
T4 plasma half-life of 6 days; peak effect 9 days;
T3 plasma half-life 2-5 days; peak effect 1-2 days; 
Almost 100% of T3 and T4 bound in the circulation to plasma proteins 
plasma binding proteins increase in pregnancy, and phenothiazines.
	phenytoin and salicylates compete for binding sites.


NON TOXIC MULTINODULAR GOITER
[image: MNG copy]

Requires treatment only if local compressive symptoms or for cosmetic reasons

Aetiology
In the absence of iodine deficiency, autoimmune disease and synthetic dysfunction the aetiology is unknown 

Investigation		Thyroid function tests, auto antibodies, flow loop, imaging

Management		Throidectomy and thyroid hormone replacement.



HYPERTHYROID DISORDERS

Signs and symptoms of hyperthyroidism
Basic metabolic rate				increased	
Eyes						lid lag
Heart rate					marked tachycardia			
Appetite					increased, but no weight gain		
Frequency of bowel movements		increased	
Activity						increased					
Sensitivity to temperature			intolerant of heat
Mental function				overactive (inappropriate behaviour)

Differential Diagnosis of Thyrotoxicosis
	Diffuse toxic goitre (TSH stimulating ab) Graves’ Disease 
	Toxic adenoma 
	Toxic multinodulargoiter(Plummer’s disease)
	Subacutethyroiditis (De Quervain’s) acute viral infection
Amiodarone induced
TSHoma (TSH secreting pituitary adenoma)
Resistance to thyroid hormone (TR mutation)



Grave’s Disease (Diffuse toxic goitre)

[image: graves copy]

Most common form of thyrotoxicosis
	Female to male ratio 5:1, peak age 20-30

Aetiology
	Autoimmune disease characterised by TSH receptor stimulating antibodies

Investigation
	T4 and T3 elevated TSH suppressed, TSH receptor ab positive
	If T4 is normal Termed T3-toxicosis
	Thyroid uptake scans show diffuse uptake but are rarely necessary.

De Quervain’a Thyroiditis
	Acute viral inflammation (coxsackievirs, adenovirus)
	Fever, malaise, necktenderness
	Initial symptoms of thyrotoxicosis followed by hypothyroidism



Investigations
In initial phase
Elevated T4, T3 and suppressed TSH, Negative TPO and TSHR Ab and elevated ESR
Thyroid uptake scans show no uptakethis may be helpful to distinguish from Graves in the acute phase

Treatment
	In many cases NSAIDs for symptomatic relief only
	In more severe cases
B-blocker during hyperthyroid phase
		T4 replacement in hypothyroid phase 

Prognosis
	Hypothyroid phase frequently resolves over a few months
		Stop T4 replacement after 6 months and repeat TFTs
	90% remain euthyroid 10% have permanent hypothyroidism


Solitary Toxic Adenoma
[image: toxic nodule copy]

Autonomously functioning thyroid nodule 
	Usually >40 years

Aetiology
	60% of nodules have somatic constitutive activating mutation of TSH receptor
	Increased activity results in suppression of normal thyroid tissue

Investigation
	T3 elevated,T4 may be normal, TSH suppressed, TSH receptor abnegative
Thyroid uptake scans show hot nodule and no uptake in the rest of the thyroidAgain such scans are rarely necessary.

Plummers’ Disease (Toxic Multinodular Goitre)
Usually in older patients with longstanding euthyroid goitre
May be precipitated by iodine ingestion or iodine contrast medium (jod-Basedow)
Investigation
	ElevatedT3, T4 and suppressed TSH, TSH receptor abnegative
Thyroid uptake scans often shows multiple hot nodule. Again such scans are rarely necessary.
Amiodarone induced thyroid disease

[image: ]

Amiodarone is 37% iodine by weigh
Half-life of 60 days (One year to eliminate from body stores)


TREATMENT MODALITIES FOR THYROTOXICOSIS

-ADRENERGIC BLOCKERS(reduce symptoms prior to normalisation of T4 andT3)
	Nadolol 80-160mg od (long acting compared to propranolol)
	Treat for 4 to 6 weeks

THIONAMIDES/THIOURYLENES (Propylthiouracil&Carbimazole)
Carbimazole	5-40mg/d oral  (low risk of teratogenicity in first trimester)
carbimazole is a prodrug (plasma half-life of 6-15 hours, crosses placenta and is secreted in milk, metabolised in liver and secreted in urine)
Propylthiouracil50-400mg/d oral(risk of fulminant hepatic failure especially in children)
		   Second line treatment but used in first trimester of pregnancy


1 to 2 years of treatment(can be continued long term at low dose)
	Thyroid hormone levels normalise by 4 to 12 weeks
	Gradually reducing dose dependent upon the TFT response.


[image: thioureylenes]

Inhibition of thyroperoxidase
Blocks organification of iodine and MIT/DIT coupling reaction
Carbimazolemay suppress antibody production in Graves’ disease.
Propylthiouracil inhibits D1 and reduces conversion of T4 to T3

Adverse effects 
Agranulocytosis/granulocytopenia–More frequent with high doses
All patients must be given advice literature prior to starting drug
Rare and reversible on withdrawal (treatment with antibiotics and G-CSF)
Rashes (relatively common), headaches, nausea, jaundice, joint pain.
Rarely fulminant hepatic failure with PTU especially in children

THYROIDECTOMY is indicated in
	Large multinodular goitre
	Allergy to carbimazole or PTU and decline 131I
	Severe thyrotoxicosis in pregnancy

IODIDE (Used as potassium iodide)
Given orally; maximum effect after 10 days' continuous administration.
Wolf-Chaikoff effect (Used prior to surgery)
Inhibition of secretion of thyroid hormones in thyrotoxic patients
Reduces vascularity and size of thyroid gland 

RADIOIODINE(Given as single oral capsule)
	Can be used as first line treatment of Graves’, Toxic nodules
	Following recurrence of thyrotoxicosis after 1 year of carbimazole or PTU
Mechanism of action
131I is concentrated by the thyroid and incorporated into thyroglobulin.
Short range -particles (travel 1mm) are cytotoxic to thyroid follicular cells
131Ihalf-lifeis 8 days and radioactivity is background at 2 months
	Cannot be usedin children and during pregnancy
Adverse effects 
Require no close personal contact for 1-2 weeks (difficult to use is young children)
Avoid pregnancy for 6 months after treatment
Hypothyroidism is inevitable and lifelong T4 replacement will be required



THYROID CRISIS “THYROID STORM” (very rare)
	This is a medical emergency and requires aggressive management

Management
	-Adrenergic blockers(Control of arrhythmias)
2mg iv every 10 minute until 10mg total
80mg po every 6 hours thereafter
Propylthiouracil250mg iv every 6 hours 
	Inhibits synthesis and blocks T4 to T3 conversion
Hydrocortisone (50mg iv every 6 hours)
	Induced D3 activity and T4 and T3 inactivation
Careful IV Fluid and electrolyte balance
Oxygen Digoxin and diuretics for heart failure



RARE CAUSES OF ELEVATED THYROID HORMONE LEVELS


TSHoma (TSH secreting pituitary adenoma)
	Mild thyrotoxicosis and Goitre 
	May also be associated with gonadotrohphin deficiency

Investigation
T4 and T3 elevated TSH normal, thyroid antibodies negative
	Serum -subunit markedly elevated 
(-subunit (μg/l)/TSH (IU/l) ratio >5.7 normal range (<1))
	MRI demonstrates pituitary adenoma

Management
	Carbimazole or PTH and pituitary surgery
	Incomplete resection necessitates 
131I treatment and T4 replacement
Pituitary Radiotherapy and use of somatostatin analogues


Resistance to thyroid hormone (TR mutation)
Dominant TR mutation results in hypothalamic and pituitary resistance to T4
Clinical manifestations are variable and a combination of hyperthyroid and hypothyroid symptoms and signs
TR predominant tissues are hypothyroid
TR predominant tissues are thyrotoxic

Investigations
Elevated T4, T3 and TSH, normal -subunit/TSH ration, normal pituitary MRI
Diagnosis test:	
TSH responses to TRH determined during the graded T3-suppression
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Management
	Management is controversial but frequently no treatment is required
(Rare cases may benefit from supra-physiological doses of T4 replacement whereas others may require beta blockade to alleviate tachycardia)

THYROID NODULES AND THYROID CANCER 
Palpable thyroid nodules are very common 
	4% of adults have thyroid nodules 4:1female:male
Thyroid cancer is rare 7.5/100,000 per year
95% of thyroid nodules are benign
95% of thyroid cancer presents as asymptomatic nodule
Risk factors
Child hood exposure to ionizing radiation is associated with an increased incidence of early papillary thyroid carcinoma
	Low risk: older age, female, soft nodule, MNG, positive TPO Ab
	High risk: Younger age, male, solitary firm nodule, horse voice, LN
Investigation of thyroid nodule if >1cm
	Thyroid function tests, auto antibodies, 
Fine needle aspiration cytology (Classification: THY1inadequate; THY2 benign; THY3 indeterminate; THY4 suspicious; THY5 malignant)
	(2% false positive, 5% false negative)
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Differentiated Thyroid Cancer
[image: PTCa copy]
Frequency of thyroid tumours
	Papillary thyroid carcinoma	80%
	Follicular thyroid carcinoma	10%
	Medullary thyroid carcinoma	5%
	Anaplastic carcinoma		1%

Papillary carcinoma (PTC)
Frequently associated with BRAF mutations and RET translocations
Commonly multifocal and metastatic to local lymph nodes
May also invade locally
Has an indolent course and excellent survival
Still concentrate iodine so 131I can be used for treatment

Follicular carcinoma
Associated with Pax8-PPARg fusion genes 
More aggressive than PTC with local spread and metastasis to bone and lung
Still concentrate iodine so 131I can be used for treatment

Anaplastic carcinoma
	Associated with P53 mutation
	Very aggressive and poor survival, surgery is palliative

Risk stratification
Low risk: <45 years, <2cm no intra or extraglandular spread
High risk: >45 years, >2cm, intra or extraglandular spread

Management
Low risk: 	Total thyroidectomy and lifelong T4 and follow-up
Degree of TSH suppression is controversial
(Some patient may also require 131I ablation)
High risk:	Total thyroidectomy and LN dissection as appropriate
		T4 sufficient to suppress TSH <0.1mU/L
	Remnant ablation with 131I with recombinant hTSH stimulation
	(Post ablation scan performed at day 4)
At 6 months	 Recombinant hTSH stimulated scan and thyroglobulin 
(negative scan and undetectable thyroglobulin is best evidence of tumour eradication)
Follow up	Annual neck ultrasound, TFTs 
non stimulated thyroglobulin and anti-thyroglobulin antibodies
Prognosis	With near total thyroidectomy at initial surgery and adequate suppression of TSH <0.1 IU/l 95-99% 30 year survival


Medullary Thyroid Carcinoma
[image: ]
Diagnosis
	MTC may be diagnosed as a result of calcitonin, FNA cytology or at surgery
	All MTC patients should have RET genetic testing
If Ret mutation identified family screening is mandatory
Type of RET mutation dictates the timing of prophylactic thyroidectomy

Follow up
Annual ultrasound and calcitonin (Neck exploration for local recurrence)
Increasing calcitonin without evidence of local recurrence is indication for 
	Further imaging (Thoracic CT, Liver MRI and Bone scintigraphy/MRI)

Treatment
	Surgical excision/local radiotherapy or clinical trials of TK inhibitors

Prognosis
	Prophylactic surgery cures MTC
	Complete resection at initial surgery is best chance of cure
	Clinical course if often indolent (MEN2B (RET M918T) more aggressive) 
Long term survival is common with metastatic disease

[image: ]
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SESSION 4: 	THYROID DISORDERS TUTORIAL

Case Histories

Case 1. A 25-year old lady who had recently undergone a divorce presented to her GP.  She was upset about this and wanted something to calm her down and help her to 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 previously undergone neck operations and she had noticed a swelling in her own neck over the past year. 

On examination she had a fine tremor and looked thin. Her pulse was 112 beats per minute and her blood pressure 106/70mm Hg. She had a swelling in her neck which moved with swallowing. It was soft, extended symmetrically either side of the midline and was not tender to the touch. Her GP sent off a blood sample to the hospital to obtain measures of thyroid activity.

a)What investigations do you want to carry out?

b)What is the likely diagnosis?

c)What treatment is required?


Case 2. A 32-year old woman presented to her GP with progressive tiredness over the last 2 years since the birth of her daughter.  She wanted a vitamin preparation to give her more energy.  She had been let go from her job as a cashier in her local supermarket 6 months earlier because her throughput of customers had slowed down 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. Her pulse was 54 beats per minute, and her blood pressure 110/75 mm Hg. She had slow relaxing reflexes but there were no other abnormal findings on examination. Her GP sent off a blood sample to the hospital to obtain measures of thyroid activity.

a)What investigations do you want to carry out?

b)What is the likely diagnosis?

c)What treatment is required?


Please address the following questions comparing case 1 and case 2:

a) Which of the patients has thyroid over-activity and which under-activity?  Indicate the likely results of thyroid function testing in each case.

b)What are key clinical features that suggest the diagnosis of underactive and overactive thyroid disease in each case?

c) What anatomical structures are likely to be affected by an enlarged thyroid gland?

d)1o hypothyroidism occurs when the thyroid gland itself fails. What is secondary hypothyroidism?

Case 3. A 45 year old man was referred to your clinic.  He was unemployed, still lived with his parents and had been anxious recently. On direct questioning had noticed occasional palpitations.  His GP checked his thyroid function tests (FT4 29.8pmol/l; FT3 8.6pmol/l and TSH 7.9mU/l)

On examination he was short and a rather poor historian. Routine examination was unremarkable except for a small goitre.


Questions for Case 3:

a)What is unusual about this case?

b)What additional questions might you ask the patient?

c)What is the differential diagnosis?

d)What additional investigations would you undertake?

e)What treatment is required?



SESSION 4:  THYROID DISORDERS MCQ

1) The following statements are true:
a) The thyroid gland develops from the front of the tongue
b) The thyroid gland is situated in the neck. 
c) The adult thyroid weighs about 400 g.
d) Thyroid surgery occasionally results in changes in patients’ voices
e) The thyroid gland contains five lobes.

2) The following statements are true:
a) Thyroxine is synthesised from the amino acid tyrosine.
b) Thyroxine is a chlorinated molecule.
c) Thyroid follicles are made up of a centre of colloid containing thyroglobulin 
surrounded by C-cells.
d) Thyroglobulin binds to about 75% of the bound thyroid hormones in the circulation.	
e) Thyroid binding globulin binds to about 75% of the bound thyroid hormones in the circulation.

3) The following statements are true:
a) Less than 1% of thyroxine in the circulation is free and thus more than 99% is 
bound to plasma proteins.
b) T3 has a longer half life than T4
c) TSH stimulates inorganic iodide uptake by the thyroid gland.
d) TSH stimulates synthesis of thyroxine
e) TSH stimulates release of stored thyroxine

4) The following statements are true:
a) D2 makes an important contribution to serum T3
b) The D1 enzyme is inhibited by PTU.
c) D1 activity is reduced in thyrotoxicosis
d) D2 activity is reduced in thyrotoxicosis
e) D3 activity is reduced in thyrotoxicosis

5) The following statements are true:
a) The immune system can cause hypothyroidism.
b) The immune system can cause hyperthyroidism.
c) Patients with severe hypothyroidism usually have a low plasma TSH level
d) Hyperthyroidism is associated with weight gain.
e) Hyperthyroidism is associated with an increased appetite.

6) 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.

7) 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



8) The following statements are true:
a) Excessive T4 replacement is associated with osteoporosis.
b) Excessive T4 replacement is associated with atrial fibrillation.
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

9) 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.

10) 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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