ICU3 Lecture 25: Cytokines, thyroid hormones, thermoregulation and basal metabolic rate.
1. Know the difference between anorexia, bulimia and cachexia.
2. Cachexia is the weakness, emaciation and increased basal metabolic rate associated with serious illness, such as AIDS, burns, cancer, heart failure, major surgery, trauma or tuberculosis. It is mediated by pro-inflammatory cytokines, such as TNF-α and IL-1. 
3. Know the various effects associated with TNF-α and IL-1, which are modulated by IL-6:

Behavioural / consciousness: anorexia, fatigue, malaise, altered sleep pattern, altered level of consciousness

Physiological: increased body temperature, increased resting energy expenditure, increased stress hormone response (cortisol, epinephrine, glucagon), increased hepatic acute-phase proteins & trace mineral sequestration; skeletal muscle wasting, bone marrow suppression, diuresis, decreased gastric emptying & intestinal transit. 

Nutritional: weight loss, negative nitrogen balance, hypoalbuminemia, hyperinsulinemia, hypertriglyceridemia, hypocholesterolemia, low levels of high-density lipoprotein cholesterol
Nutritional Alterations in Starvation and Cachexia*

	Variable
	Starvation
	Cachexia

	Body weight
	-- 
	--

	Muscle mass
	- 
	---

	Fat mass
	--- 
	--

	Caloric intake
	--- 
	---

	Total energy expenditure
	-- 
	-

	Resting energy expenditure
	--- 
	++

	Protein synthesis
	--- 
	+/-

	Protein degradation
	--- 
	+++

	Serum insulin
	--- 
	+++

	Serum cortisol
	+ 
	++


* Minus sign = decrease; plus sign = increase; +/- = little change.

4. Unwanted cytokines produced by adipocytes may contribute to the inappropriate low grade inflammation associated with many common diseases.
5. Physical exercise has important anti-inflammatory effects, improves glycaemic control and helps to reduce fat cell mass, and results in IL-6 production by muscle cells.

6. Thyroid hormones are essential for the development of the central nervous system, and a deficiency leads to cretinism. They are also essential for normal body growth, and they regulate the gene for growth hormone. They are necessary for cold adaptation. Thyroid hormones regulate the basal metabolic rate and their most obvious effects are on heat production.
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7. The thyroid hormones thyroxine T4 and T3 are formed within the thyroid gland by the non-enzymic iodination and coupling together of tyrosine residues within the protein thyroglobulin. The elemental iodine required for this reaction is produced by action of peroxidase on iodide ions and the reaction takes place within the lumen of the thyroid follicles. The active hormone is released after hydrolysis of the protein.

8. Iodine intake and hormone production may be inadequate in mountainous areas remote from the sea where there may be a local deficiency of iodide in the environment. This leads to compensatory over-production of thyroid stimulating hormone by the pituitary, so the thyroid gland increases markedly in size, leading to the development of goitre. Nowadays goitre is almost unknown, as a result of the use of iodised table salt.

9. Hormone secretion shows diurnal variations, and is regulated by a typical pituitary feedback loop. TSH signals in the thyroid via cAMP, with a major effect on iodine uptake. Most of the hormone in the bloodstream is bound by thyroxine binding globulin. T4 is produced in the greatest amounts, but T3 is much more potent. T4 is converted into T3 in the tissues, especially in the liver, and this process may be an additional site for regulation. Further loss of iodine, deamination or glucuronidation leads to inactivation.

10. The most potent stimulus for TRH and TSH production is cold. However, thyroid hormones also respond to food intake, and thyroid hormone activity and metabolic rate fall during starvation. This may involve a direct effect on the hypothalamus, but hepatic conversion of T4 into T3 may also be important.
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11. Brown adipose tissue is an important site of heat production, especially in babies. This tissue is rich in mitochondria, which can be temporarily uncoupled under the control of the sympathetic nervous system. Heat production requires thyroid hormone.
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12. Five uncoupling proteins (UCP1, UCP2, UCP3, BMCP1 and UCP4) have been characterised in mammals. The first three have apparently evolved from the adenine nucleotide carrier.
13. UCP1 or thermogenin is found in brown adipose tissue and requires oxidised CoQ as a cofactor. Expression of the UCP1 gene is stimulated by catecholamines. Catecholamines also activate the UCP1 protein, through a mechanism involving cyclic AMP, hormone sensitive lipase, and free fatty acids.
14. The other uncoupling proteins may be involved in control of unwanted free-radical production by mitochondria, and in modulation of insulin release.

15. After diabetes, thyroid disorders are the second most common group of endocrine diseases.

16. Most thyroid disorders have an autoimmune origin and are much more common in women than in men. This may be connected with child bearing.
17. Antibodies may either suppress or stimulate thyroid hormone output, and this may change during the course of the disease.

18. Distinguish between hyperthyroid and hypothyroid symptoms, Graves and Hashimoto’s disease.

Summary of Hormonal Regulation of Metabolism
	cytokine / hormone
	factors promoting release
	factors inhibiting release
	effects

	insulin
	high blood glucose, amino acids, fatty acids (short term), gastrin, glucagon, CCK, GLP, GIP, GH, ACTH, acetylcholine
	somatostatin, catecholamines, fatty acids (long term)
	dispose of sugar: store glycogen, do glycolysis - store fats and proteins

	glucagon
	low blood glucose, amino acids, acetylcholine, catecholamines
	fatty acids, somatostatin, insulin
	gluconeogenesis, mobilise all stores

	adrenalin
	low blood glucose, injury, anger, fear, pain, cold, excitement, exercise (all via ANS)
	"comfort"
	gluconeogenesis, mobilise all stores

	growth hormone
	sleep, low blood glucose, stress, exercise, dietary protein
	hypothalamic feedback, ageing (much more released in childhood)
	gluconeogenesis, store protein and glycogen, mobilise fats

	cortisol
	inflammation, low blood glucose, injury, pain, cold, stress (all via ACTH) 
	hypothalamic feedback, "comfort"
	immunosuppression,

gluconeogenesis, mobilise proteins, redistribute fat and glycogen reserves

	thyroxin
	cold, high energy diets
	hypothalamic feedback, warmth, starvation 
	increase BMR

	TNF-
IL-1
	infection, burns, trauma, cancer, cardiovascular disease, obesity
	cortisol
	mobilise all stores, increase BMR


Visit our website at http://www.bmb.leeds.ac.uk/teaching/icu3/lecture/25/index.htm


