VI
Endocrine and Reproductive System

Theme 1: What is the Endocrine System?

1.1 to define a hormone in a classical and broader context

· Classical definition = substance synthesized and secreted by specializes cells and released into circulation, exerting its effects on target cells at a distance from site of secretion.

· Classes of hormone

1. Steroids (from cholesterol, made in smooth endoplasmic reticulum. i.e. estrogen, cortisone. 

2. Amines (Structurally simplest i.e. T3/T4, catecholamines → epinephrine/nor epinephrine)

3. Peptides (3-200 amino acids, made in rough endoplasmic reticulum. i.e. TSH)

4. Eicosanoids (from 20-C Arachidonic acid. i.e. Prostaglandins) 

· Broader definition = chemical substance that is secreted into the internal body fluids by 1 cell or group of cells and has a physiological control effect on other cells of the body.

· Includes cytokines (non-antibody immune system mediators), neurotransmitters (@synapses) and growth factors 
1.2 to discuss the concept of endocrine action via hormones and to compare and contrast it with neural signaling

· Endocrine action = synthesis and secretion, hormonal transport, receptors, intracellular messaging and regulation.
· Synthesis and secretion = synthesized as pre/pro hormones by granular endoplasmic reticulum. Compacted into small membrane-bound vesicles by golgi apparatus. Secretory vesicles remain in cytoplasm till specific stimulus comes (i.e. Nerve signal, local chem./phy signal) i.e. Thyroid hormones are stored as thyroglobulin, Epinephrine/Nor epinephrine are synthesizes via multi-step enzymodic pathway (cholesterol → pregnenolone →  testosterone/cortisol/aldosterone) → rate of synthesis is regulated by rate of synthesis.
· Hormone transport = Endocrine glands are most vascularized tissues in body. 

1. Free form → catecholamines, peptide and protein. Soluble in plasma ~ 0.1-10% diffuses out of capillaries and trigger responses.
2. Bound to serum proteins. This improves lipid hormone transport by making them temporally soluble, ↓ hormone loss in kidney filtration (small hormones), provide reservoir of hormones.
· Receptors = ↑↑ specific → found on cell surface /cytoplasm/nucleus (peptide /steroid /T3) → receptors, non-covalent with ↑ affinity → binding initiates hormone-receptor complex → initiates cascade of reactions. (2ndary messengers) → amplication = effects (opens ion channels ~ changes membrane potential, activate membrane-bound enzymes/G-proteins linked receptor/modulate transcription of genes)

· Intracellular messages → 2nd messengers i.e. cAMP, synthesized when receptor activated →work by modulating activity of specific set of enzymes in cell.
	Neural 
	Hormonal 

	Electrical signal ~ i.e. action potential
	Chemical signal ~ i.e. secreted into ECF → blood.

	Moves from specific point to specific point ~ fix location of synapse → specific effect on cell
	Effect distributed; not restricted to a signal cell.

	Rapid 
	Slow → Hormone travel time


1.3 to appreciate the general roles of the endocrine system in fundamental processes like homeostasis, development, growth, metabolism, reproduction and immunity
· Homeostasis = insulin and glucagons (pancreas), ADH (anti-diuretic hormone from posterior pituitary), Aldosterone (adrenal)
· Growth and development = growth hormone (anterior pituitary)

· Metabolism = thyroid 

· Reproduction = estrogen, testosterone, progesterone (gonads and such)

· Immunity = cytokines 

1.4 to appreciate dysfunctions that can occur in the endocrine system

· Abnormalities = excess (organ, other tissues, conversion, iatrogenic)/deficient  (organ antagonist)
· Concept of hormone resistance.

Theme 2: How Does the Endocrine System Work?
2.1 to discuss the organization and structure of the neuroendocrine system

· Neuroendocrine system = link between neural and endocrine system. I.e. Neurotransmitters and neurohormones → hypothalamus, receive neural impulses and send impulses via autonomic nervous system and pituitary gland.

· Structure = Portion of anterior end of diencephalon that lies below hypothalamic sulcus and in front of interpenduncular nuclei (divided into variety of nuclei and nuclear areas)

· Embryology = adenohypophysis : Rathke’s pouch, neurohypophysis : 3rd ventricle neuroectoderm = both parts meet and fuse.

· Facilitate hormone secretion → vascular connections between hypothalamus and anterior pituitary gland (portal hypophysial arteries)

· Facilitate neural hormone secretion (i.e. ADH) → neural connections with posterior pituitary 

· Unmyelinated afferent/efferent neural pathways connect hypothalamus to limbic system and brain nuclei

2.2 to list the different types of hormones and describe their actions on specific receptors

· Endocrine signaling = i.e. insulin (hydrophilic) → bind to cell surface receptor → intracellular cascade → transport glucose into muscles cells etc (fast) and induction of glycogen synthase (slow)
· Paracrine signaling = i.e. prostaglandin (fat soluble) → bind to intracellular receptors
· Neuronal signaling = i.e. acetylcholine → muscarinic receptor (↓heart contraction rate via G-protein), nicotinic receptors (↑skeletal muscle contraction force via neurotransmitter receptor) 
· Steroid hormone = i.e. cortisol (hydrophobic)  → stimulate gene transcription by activating receptor which is transcription factor
2.3 to explain the regulation of hormaone action via feedback control

· Negative feedback
· Positive feedback

· Neural feedback

· Chronotropic

2.4 to discuss the functions of the neuroendocrine system and its interface with the central nervous system

· Functions of Neuroendocrine system = provide a link between neural and endocrine system. i.e. Hypothalamus collects info from other regions of brain and blood vessels passing through it → info passed to pituitary via hormones and neurohormones → and through secretions directly/indirectly regulates activity of other glands.  
· I.e. TSH (vis TRH) = secretion stimulated by afferent nerve fibres from temp receptors →info regulated in paraventricular nuclei and neighbouring areas
· I.e. Prolactin secretion = stimulated by touch receptors in breast.
· Rf ganong pg 225
2.5 to explain the basis for endocrine dysfunction

· Abnormalities = excess production → organ, other tissues, conversion and iatrogenic →deficient production → organ, antagonist
· Concept of hormonal resistance 
· Levels influenced by diurnal variation, pulsatile secretion and protein binding
· Assays on hormone levels, metabolite levels, provocative tests
Extra : Neuroendocrine system = link between neural and endocrine system i.e. Neurotransmitters and neurohormones → focus on hypothalamus i.e. “main integrating link” 

1. Inputs from several regions of brain i.e. limbic system, cerebral cortex, thalamus etc
2. Sensory inputs → from internal organs and visual system
3. Painful, stressful and emotional experiences → changes hypothalamic activity →hypothalamus controls autonomic system → thus regulating body temperature, thirst, hunger, sexual behavior , defensive reactions (fear, rage)
However, besides being an important regulatory center for nervous system, it is also an important endocrine gland
Theme 3: Molecular Switches: Basis for Hormone Action
3.1 to identify and compare and contrast the different types of hormone receptors

	Main types/classes of cell surface receptors

	Ion channel receptor
	G-Protein linked 
	Enzyme-linked receptors

	· Ligand gated receptor
· Consists of protein-lined ion channels

· Opens when signal binds with substance (i.e. neurotransmitter)

· But remains closed in absence of signal
	· Largest class of cell surface receptors
· 7 transmembrane sections.
· Binding of hormones → activates receptor → activates membrane bound G-proteins (via GTP-GDP exchanger)
· Thus, G-protein becomes bound to GTP → activated
· Able to activate downstream targets
· Deactivated by built in GTPase → hydrolyses bound GTP → inactive GP-GDP form.
	With intrinsic enzyme activity 
· Intrinsic enzyme inactive due to absence of hormone

· IE + hormone → activates receptor’s IE activity
(i.e. Growth factor receptor which has intrinsic tyrosine kinase activity 
	Without intrinsic enzyme activity
· These receptors mediate activity of cytokines (i.e. interferons, interleukins) and hormones (i.e. growth hormone prolactin)

· Called “cytokine type” of receptors

· Receptor + cytokine hormone → activates receptor which recruits active cytoplasmic protein kinases
e.g. Growth receptor which binds growth hormone → recruits and activates JAK protein kinase 


3.2 to explain the process of intracellular signaling resulting from receptor binding of hormone

· Covered in 3.1, refer to process part.

3.3 to discuss the integration of various intracellular signals that lead to biological functions

· Background: Each cell responds only to limited set of signals i.e. extracellular signal → after all receptors are cellular proteins that bind signal molecule with specificity with ↑↑ specificity /affinity
· Same receptor → can induce → different responses in different target cells.
(E.g. Acetylcholine → muscarinic receptor (GP linked) → ↓ rate of contraction



        → Nicotinic receptor (neurotransmitter receptor) → skeletal 




 muscle (↑ Force contraction)



        → Salivary gland → ↑ secretion

· Combination of signals → regulate cell behavior e.g. survival, cell division, growth factor, death, differentiation. Especially the combinations of their intracellular signaling stages.

3.4 to discuss the concept of molecular ‘switches’ in the signaling cascade

· Main molecular switches (in signaling cascade) = 1. G-Protein 2. Protein kinase (PK)

· G-protein and protein kinase switched on/off by allosteric effectors (cAMP, Ca, activated receptors) and phosphorylation.
	G-Proteins (GP)
	Protein Kinase (PK)

	· GTP-binding signaling

· Cycle between active GTP and GDP forms 

· i.e. GP-GTP → activates downstream targets ↓ GTPase activity
· GP-GDP → inactive, unable to activate
	· PK catalyses protein phosphorylation
· Protein substrate → PK → Protein substrate –PO4
· PK attaches PO4 groups covalently to serine, threonine, tyrosine residues of target proteins
· Target proteins turned ON or OFF


3.5 to explain the basis for ‘slow’ and ‘fast’ hormonal responses

	Hormones can induce

	Fast hormonal responses
	Slow hormonal responses

	· Mediated by allosteric/covalent type of alteration of protein function

· Occurs within sec/min

· Both causes are rapid involve change in conformation of protein receptors, changes in activity (inhibitor/activator)

· However, allosteric modulation is automatic while covalent modulation requires enzyme for bond formation. i.e.PK
	· Mediated by induction of gene expression 

· Occurs from hours to days

· Hormone binds and activates transcription factors. They can bind to their respective hormone response element (on DNA) and induce gene transcription

· I.e. Cortisol → transcription. 


I.e. insulin → very fast response → minutes → transport of glucose into muscle cells etc


→ slow response →hours → enzyme for synthesis of macromolecules.
3.6 to explain how post-receptor intracellular signaling pathways regulate metabolic pathways, membrane transport, secretion, muscle contraction/relaxation, cell division and cell death

· **same as 3.3
I.e. Insulin = metabolism (GP) → ↑ glycogenesis → membrane transport → ↑                 

                             glucose intake into cell

Acetylcholine → muscarinic receptor (GP linked) → ↓ rate of contraction


            → Nicotinic receptor (neurotransmitter receptor) → skeletal 



     muscle (↑ Force contraction)



       
→ Salivary gland → ↑ secretion

Theme 4: The Anterior Pituitary and Regulation of Growth

4.1 to describe the organization of the hypothalomopituitary axis

I.e. The connection between the hypothalamus and pituitary gland.

	Hypothalamus: Connections with

	Anterior pituitary gland

· Vascular connections

· Consists of superior hypophyseal artery → 1°plexus → connected by portal hypophyseal artery.
· i.e. Direct vascular link between hypothalamus and pituitary → re – divided into 2° plexus → drains off into anterior hypophyseal veins
	Posterior Pituitary gland
· Neural connection

· Consists of endings of axons from supraoptic and  paraventricular nuclei and passes to posterior pituitary gland.

· Axons form “hypothalamohypophyseal tract” 

· i.e. oxytocin and ADH


( This axis gives hypophysiotropic hormone from the hypothalamus a direct route to the pituitary gland. E.g. GHRH, GHIH (somatostatin → inhibits GH and TSH release), TRH, GnRH, PRH, PIH, CRH.
4.2 to discuss the broad principles of the regulation of the anterior pituitary hormones by hypothalamic hormones
· Secretion of anterior pituitary hormone regulated via 1. Hypophysiotropic hormone. 2 –ve feedback from target organ.
· Hypothalamus → anterior pit gland →target organ → (-ve feedback to hypothalamus and anterior pit gland)
	Hypothalamic Hormone
	Anterior pituitary gland cell 
	Hormone produced
	Target tissue/function

	GHRH

GHIH (somatostatin)
	Somatotrophs
	Growth Hormone
	hGH stimulate general body growth and regulatory metabolism 

	TRH (thyrotropin releasing hormone)
	Thyrotrophs 
	TSH 
	TSH stimulates thyroid gland to secrete T3 and T4

	GnRH (gonadotropin-releasing hormone)
	Gonadotropin
	· FSH
· LH
	· Stimulate sperm/oocyte production and secretion of oestrogen by ovaries
· Stimulate secretion of testo/estrogen by testis/ovaries, ovulation, corpus luteum formation and progesterone secretion by corpus luteum.

	PRH (Prolactin RH)
PIH
	Lactotrophs 
	Prolactin (PRL)
	Initiates milk production in suitably prepared mammary gland

	CRH (Corticotropin- releasing hormone)
	Coricotrophs
	· ACTH
· MSH
	· Stimulate adrenal cortex to secrete glucocorticoids
· Excess secretion → ↑ skin pigmentation


4.3 to describe the physiological roles of growth hormone and its associated growth factors

· Introduction = GH somatotrophic hormone with 191 a.a. polypeptide sequences → homology /common ancestral gene with prolactin and hPL
· Receptor, i.e. hGHR → from haematopoietic growth factor family of receptor (i.e. cytokine receptor family)
· GH = actions → anabolic effects: contributes to +ve N2 and PO4 balance, growth of cartilage/bone/connective tissue (via IGF-1), anti-insulin effects(late) → ↑ hepatic output of glucose & free fatty acid → ready source of energy during hypoglycemia, fasting stressful stimuli → Ca absorption from GIT (gastrointestinal tract), ↓ Na and K excretion (diverted to growing tissues)
· All these ↑ ability and β pancreatic cells to respond to insulinogenic stimuli → insulin secretion ↑ ↑ → since insulin is “protein anabolic”, it is an indirect way of GH to promote growth
· Physiological actions of GH (metabolic)
	GH directly

	Liver

· ↑protein synthesis

· ↑gluconeogenesis
· ↑IGF-1

· ↑RNA synthesis

· ↑glucose utilization
	Muscle

· ↑a.a. intake
· ↑ protein synthesis

· ↑lean body mass

· ↓glucose intake
	Adipose tissue
· ↑lipolysis

· ↑Free fatty acids (sent to liver for β oxidation and conversion to acetyl CoA)


	GH indirectly

	Chondrocytes

· ↑RNA, DNA, protein synthesis, linear growth, collgen
	Other organs (i.e. bones, heart, endocrine, exocrine)

· ↑RNA/DNA/protein synthesis, ↑cell number, ↑cell size.


Based on this info, the physiological roles of GH are to 

1. Promote linear growth

2. Effects mediated by IGF-1 aka somatomedians

3. Metabolic effects.

· Growth effects of GH → 3 basic processes → ↑cell size,↑cell number,↑intercellular substance.
· Prenatal growth → astounding growth rates → GH ↓↓role, but ↑↑IGF-1 role
· Postnatal growth → GH and IGF → great effects on growth till puberty completed.
· N.B Others factors i.e. insulin, hPL, thyroid, nutrition and genetics also play part in growth
· ↑est growth rate just after birth.
Insulin-like Growth factors (IGF)

· Includes IGF-1 and IGF-2
· 1° production site is the liver.
· Similar to proinsulin in structure

· Reflects long term insulin activity

· IGF-1 secretion stimulated by GH, role mainly in local growth.

· IGF binds to specific receptors and insulin receptors(↓) → smiliar to insulin     
            receptor (2α, 2β). Tyrosine phosphorylation.

· Physiological effects of IGF: Metabolic effects → similar to insulin, mitogenic effects → stimulate growth of a variety of cells (i.e. via IGF receptors) i.e. chondrocytes, fibroblasts.
4.4 to explain the regulation of growth hormone function

· GH regulated by GHRH (somatocinin → stimulate), GHIH (somatostatin → inhibit) and also by –ve feedback → by somatomedians i.e. IGF-1 production in epiphysis and liver
· ↑↑GH secretion occurs during starvation (esp if protein ↓↓), hypoglycemia/↓[FA] blood, exercise, excitement, trauma, sleep (1st 2 hours)
· Effects of GHRH and GHIH

	↓Blood glucose                               Hypothalamus                      ↑↑Blood glucose 
       ↓stimulate                                 GNRH, GHIH                                  ↓stimulate
GNRH release                                                                                    GHIH release 
       ↓stimulate                                                                                            ↓inhibit
↑hCH by somatotrophs                    GH (Anterior Pit Gland)     hCG by somatotrophs    
       ↓                                                                                                          ↓ 
↑hGH and IGF → ↑breakdown      Target organs/cells              ↓levels of hCH and IGF, 
liver glycogen → glucose →                                                            ↓glycogen breakdown in 
enters blood rapidly                                                                              liver. Thus, glucose 
       ↓                                                                                                   enters blood slowly
↑blood glucose level to normal                                                                   ↓
(90mg/100mg)                                                                                   ↓glucose level to 
Hyperglycemia → inhibits                                                                     normal
GNRH release                                                                                     Hypoglycemia → 
                                                                                                            Inhibits GHIH secretion.


N.B: -ve feedback → i.e. by IGF’s → ↓GHRH secretion
4.5 to discuss the basis of growth hormone action via signaling through its receptor

· Nature of GH = 22kDa protein hormone, secreted by anterior pituitary, stimulated by GHRH from hypothalamus
· IGF-1 mediates some of the actions of GH, → esp the role of linear growth (esp skeletal and cartilage growth)
· Cells of peripheral tissues respond to GH i.e. possess GH receptors on their surface.
· Binding of GH to receptors → stimulate via gene expression → synthesis and secretion of IGF-1 → exerts much of the effects on growth (esp in epiphysis)
· N.B. 3 types if receptors in GHRH-GH-IGF-1 axis: 1. Pituitary gland → GHRH receptor (G-protein linked receptor) 2. GH responsive peripheral cells (cytokine-type of enzyme linked receptor). 3. IGF-1 responsive cells → IGF-1 receptor (growth factor type receptor with intrinsic tyrosine kinase activity.
4.6 to appreciate the signaling process and the role of JAK kinases in the GH receptor and its related cytokine family of receptors

Hypothalamus

       ↓GHRH

Anterior Pituitary gland   → GHRH receptors are G-protein linked type

        ↓GH
Peripheral cells (GH responsive) → GH receptors are of the cytokine type of  

        ↓IGF-1                                    enzyme-linked receptors without intrinsic  

IGF responsive cells                         enzyme activity
· GH receptor signaling → GH + GH receptors → activated GH receptors → recruits JAK tyrosine kinases → activated JAK protein kinases → phosphorylates STAT transcription factors on specific tyrosine residues → phosphorylated STAT proteins dimerise via reciprocal binding of SH2 domains to phosphorylated tyrosine residues (monomeric STAT = inactive) but STAT dimmers are active as transcription factors. → activated STAT stimulate expression of IGF-1 and other genes.
N.B IGF-1 receptors → growth factor enzyme-linked type



          → contains tyrosine kinases as intrinsic part



          → (binding of IGF-1 → activates TK activity of receptors.

· Related cytokine family of receptors
	GH
	Stimulate growth

	Prolactin
	23kDa protein
PRL regulates mammary development, proliferation & lactogenosis

	Erthropoietin 
	Differentiation and proliferation of blood cells

	Interleukins
	Regulators of immune cells (secreted by WBC)

	Interferons
	Local viral mediator (secreted by infected cells) i.e. shuts down protein synthesis. ( prevents infected cells from helping the virus to replicate
Interferons signal via cytokine-type of receptors → inducing synthesis of anti-viral proteins

	Leptin
	Appetite-related hormone


N.B Different combination of JAKs and STAT mediate signaling by different hormones & cytokines →4 different JAKS and kinases with 6 different STATs. I.e. GH → JAK2 → STAT 5b. Interferon → JAK1,2 → STAT1. Prolactin → JAK2 → STAT5a
4.7 to discuss the broader role of tyrosine kinases in other intracellular signals

· Enzyme-linked receptors with intrinsic enzyme activity i.e. IGF-1 bind to specific receptor with intrinsic tyrosine kinase activity → activate intrinsic kinase → phosphorylate downwards
· Role of JAK tyrosine kinases: i.e. GH + receptors → activates receptor → recruits JAK tyrosine kinases → activated → phosphorylates STAT transcription factors on specific tyrosine residues.
4.8 to appreciate the molecular basis for growth disorders

· Hypothalamus

↓GHRH

Anterior Pituitary gland → GHRH receptors, also contains somatrophs that      

            ↓GH                       secrete GH

Peripheral Cells (GH responsive) → GH receptors


↓IGF-1                                  Genes that produce IGF-1

IGF-1 responsive cells.

Sites of mutation: 1. GHRH receptor gene → GH-producing cells in pituitary     

                                  becomes insensitive to GHRH. ‘

     2. GH gene → results in the production of inactive GH
     3. GH receptor gene → peripheral cells become insensitive to        

         GH
     4. IGF-1 gene →  results in production of inactive IGF-1


N.B Short Stature results from detects in GHSH-GH-IGF-1 axis.
Theme 5: The Posterior Pituitary and Water Balance

5.1 to discuss the neurosecretary process in posterior pituitary secretions

· Hormone synthesis → in rough endoplasmic reticulum of cell bodies of magnocellular neurons from supraoptic and paraventricular nuclei → hormone transport down axons to their endings in the posterior pituitary in secretory granules → secreted in response in response to electrical activity.
· Secretes 2 potent peptides → 1. ADH (vasopressin) 2. Oxytocin
· “Neurophysin 1” is associated with Oxytocin secretion 
· “Neurophysin 2” is associated with ADH secretion
· Stored as secretory granules in posterior pituitary
· Secretions: stimulated by cholinergic excitation & inhibited by noradrenergic activity.
5.2 to list the functions of ADH and to describe its regulation

· Function: 1. Retention of water by kidneys (maintain blood osmolarity) 
    2.↑Blood pressure 
· Regulation : 1. Osmotic regulation → osmoreceptors in hypothalamus respond to                              

                          
↑osmolarity of ECF → stimulate posterior pituitary → ↑        

discharge of neurons → ↑↑ADH → renal conservation of water   

via insertion of water channels in luminal membranes of collecting ducts. →restores normal osmolarity of ECF.  

2. Blood pressure and volume → ↑/↓ in ECF volume → detected 
    by pressure receptors in great veins, right/left atria, pulmonary       

    vessels, carotid sinus, aortic arch → stimulate higher brain centers    

    → ↑AG-II release → ↑ADH
3. Other factors → stress, pain, exercise, morphine → ↑ADH  

    secretion while alcohol ↓ADH secretion. 

5.3 to discuss the role of ADH in water balance

· Water balance: precisely regulated → average water loss ~ 2.5-3L/day
· Thirst regulates fluid uptake → under higher neural influence → active when osmolarity ( 285mosm/kg → stimulated by AG-II → potent stimulus for ADH secretion. 
· ↓blood volume/blood flow → JG cells in kidney →↑renin in blood. Renin acts in AG → forms AGI → passes through lungs → ACE (angiotensin converting enzyme) → changes into angiotensin II → stimulates ADH production from posterior pituitary.
· ↑ADH: 1. Kidneys → insertion of protein water channels in the luminal membranes of collecting tubule (aquaporin-2) → ↑water permeability of collecting duct. → allows simple diffusion of water into the hypertonic interstitium. → thus, more water is reabsorbed → greater concentration of urine is produced. 2. Vascular smooth muscles undergo vasoconstriction → ↑blood pressure.
5.4 to discuss the molecular events involved in signaling via the ADH receptor as a member of the 7TMR family (7 trans-membrane receptor)
· V1 and V2 receptors are 7-TMR

	Vasopressin (ADH)

	V1 receptors (extra-renal tissues)
· ADH + V1 → activates GTP/GDP exchange 

· Trimeric GP dissociates → GTP coupled to αq subunit.

· αq subunit activates phospholipase C which cleaves PIP2 (membrane phospholipids) → IP3, DAG
· IP3 opens ER Ca channels → ↑Ca channels in cytosol → activates calmodulin & calmodulin dpt PK → physiological effects

· DAG activates PK C 
	V2 receptors (in kidneys)
· ADH ​​​​​​+ V2 → activates GTP/GDP exchange 
· Trimeric GP dissociates → GTP coupled to αs subunit
· αs subunit activates adenylate cyclase → generates cAMP → PK A
· In renal cells: PK A → phosphorylates vesicles carrying water channels → induces fusion of vesicles with plasma membrane → ( recruit water channels on plasma membrane.


· V1 receptor → vasoconstriction and glycogenolysis
· V2 receptor → ↑plasma membrane’s permeability to water in collecting tubule.
5.5 to define the role of G-proteins in the signaling process and the second messengers involved
· G-Protein function as a protein molecular switch that transmit extracellular signals into intracellular signals.

· Induction of GTP-GDP exchange → dissociation of subunits i.e. α-subunit coupled GTP, βγ subunit (opens K channels) → subunits diffuse away to activate downstream targets → built-in GTPase activity → GTP → GDP (inactive) → subunits recombine.
· Types of α subunits: αs → activates adenylate cyclase (↑cAMP), αi → inhibits adenylate cyclase, αq → activates phospholipase C (generates IP3 and DAG), αt → activates retinal cyclic GMP phosphodiesterase (hydrolyases cGMP)
· 2nd messengers: intracellular signals from extracellular signals that are transmitted down intracellular signaling cascade → mainly cAMP and Ca.
· Adenylate cyclase → generates cAMP → diffuses into every part of the cell and activates PK A → phosphorylates target protein (inhibited/activated)
· Ca → 3 membrane pumps (maintain a ↓↓↓ cytosolic [Ca]) → PIP2 cleaved into IP3 and DAG by phospholipase C → IP3 opens Ca channel on endoplasmic reticulum. Thus, Ca released from ER → activates Ca PK → induce physio responses.
5.6 to discuss the basis for disordered function of the posterior pituitary

· Defects in GP signaling → disordered function of posterior pituitary gland.
· Due to 1. Chemical modification of GP by bacteria toxins i.e. cholera/whopping cough. 2. Mutation of genes encoding hormones, receptors, GP, or other components of signaling pathway.
· I.e. Diabetes insipidus (impaired water retention) → arises from ↓ secretion of ADH from posterior pituitary (i.e. tumours) and mutations of V2 receptor/post receptor components (i.e. Adenylate cyclase, cAMP, PK A etc) → results in insufficient response to ADH. 
Theme 6: Endocrine Gland Structure
6.1 to discuss the embryological development of the classical endocrine organs namely the thyroid, adrenal, parathyroid and endocrine pancreas

· Thyroid gland(TG) → appears as epithelial proliferation in floor of pharynx between tuberculum impar and copula → this part latter becomes the foramen caecum → thyroid gland descends in front of pharyngeal gut as bi-lobed diverticulum → during migration, TG connected to tongue by narrow canal (thyroglossal duct → becomes solid and disappears) → TG descends in front of hyoid bone and laryngeal cartilage → reaches final position in front of trachea @ 7th week.
· N.B: Parafollicular cells (c-cells) derived from ultimobranchial body) 
· Adrenal gland → developed from 2 components: mesodermal portion → cortex, ectodermal portion → medulla
· At 5th week of development → mesothelial cells between root of mesentery and developing gonads → proliferate and penetrate underlying mesenchyme → differentiate into large acidophil organs → forms fetal/primitive cortex → shortly after, 2nd wave of cells from mesothelium penetrates mesenchyme → surrounds original mass → forms definitive cortex
· While cortex being formed → cells from sympathetic system (neural crest cells) → invade medial aspect → arranged in cords and clusters to form medulla
· Parathyroid glands (PTG) → inferior parathyroid glands derived form 3rd pharyngeal pouch, superior parathyroid gland derived from 4th pharyngeal pouch.
· Inferior PTG → at 5th week → epithelium of dorsal wing of 3rd pouch → differentiates into inferior PTG (N.B: ventral wing forms thymus) → both lose connections with the pharyngeal wall → thymus migrates in caudal and medial direction → pull inf. PTG with it →inf. PTG finally rests on dorsal surface of thyroid gland.

· Superior PTG → epithelium of dorsal wing of 4th pharyngeal pouch → forms sup. PTG → loses contact with pharyngeal wall → attaches to caudally migrating thyroid gland → finally located as superior PTG
· Pancreas → formed from 2 buds originating from endodermal lining of duodenum → when duodenum rotates to the Rt to become C-shaped → ventral p.bud migrates dorsally → finally, ventral p.bud lies immediately below and behind dorsal bud → parenchyma and duct system of both fuse
· Islets of Langerhans → developed from parenchyma pancreatic tissue at 3rd week
6.2 to discuss the gross and microscopic structure of the classical endocrine glands and relate these to their function

· Thyroid glands → gross structure: “butterfly shaped”, located just inferior to larynx, Rt and Lf lobes lie on either side of trachea, isthmus connects 2 lobes (ant. to trachea). ▲-lobe sometimes extend from isthmus → microscopic structure: spherical structures with single layer of cubodial epithelial cells → thyroid follicles → scattered among follicular cells are single secretory cells → parafollicular cells → secrete Calcitonin (regulate Ca homeostasis)
· Adrenal glands → gross structure: lies above kidney, Rt → ▲-shape, Lf → crescent shaped, cortex makes up bulk of gland, surrounds medulla. Microscopic structure: cortex = 1.Zona glomerulosa → cells arranged in arched loops/round balls → secrete Mineralcorticoids (aldosterone), 2.Zona fasciculate → widest zone → cells arranged in long straight cords → secrete glucocorticoids (cortisol), 3.Zona reticularis → cords of cells that branch freely → secretes androgens (DHEA), medulla = closely packed secretory cells → directly innervated by preganglionic nerves of the autonomic system → secrete epinephrine/norepinephrine → ↑heart rate, ↑force of contraction, vasoconstriction of blood vessels, dilate airways, ↓digestion, ↑blood glucose.
· Parathyroid glands → gross structure: attached to posterior surface of lateral lobes of thyroid gland, small rounded masses of tissue, 2 sup, 2 inf. → microscopic structure: 2 types of epithelial cells = 
· Principal/chief cells → ↑↑number. Secretes PTH, prominent nucleus, ↓cytoplasm
· Oxyphil cells → larger and ↓common → tend to occur in clumps → fine granules in cytoplasm 
PTH → ↑blood Ca and Mg, ↓PO4 levels, ↑osteoclastic activity, ↑/↓renal Ca/PO4 renal reabsorption, promotes formation of Calcitonin activity.

· Endocrine pancreas → gross structure: flattened organ, posterior and slightly inf. to stomach, consists of head, body and tail → Microscopic structures: 99% arranged in clusters i.e. acini → produce digestive enzymes that flow to GIT, 1% groups of endocrine cells scattered among acini → islets of Langerhans → α cells: 20% of islets cells, secrete glucagons, β-cells: 70% of islets cells, secrete insulin, δ-cells: 5%, secrete somatostatin (inhibit insulin release → ↓absorption of nutrients from GIT), F-cells: the rest, secrete pancreatic polypeptide (inhibit somatostatin secretion, contracts gallbladder, secretion of pancreatic digest enzyme)   
Theme 7: The Thyroid Gland

7.1 to define the nature, and describe the synthesis, of thyroid hormones

· Nature of hormone: Consists of tyroxine (T4) and triiodothyronine (T3), both contain iodine. T3 biologically > active than T4
· Synthesis of thyroid hormone: 1. Iodine trapping → thyroid follicles trap I-ions via active transport against concentration and electrical gradients via Na, K-ATPase (competitively inhibited by perchlorates and thiocynates) 2. Synthesis of thyroglobulin (TSB) → synthesized by rough endoplasmic reticulum (RER) in follicular cells → modified in golgi apparatus → packed into secretory vesicles → undergoes exocytosis → release TGB into lumen → accumulates to form colloid. 
3. Oxidation of iodine: -ve-ly charged I- can’t bind to tyrosine. (undergoes [O] 1st → 2I- → I2 catalyzed by thyroid peroxidase which is ↑↑concentrated at membrane adjacent to colloid → I- will be oxidized as they pass through membrane into colloid. 4. Iodination of tyrosine: as I2 formed, attaches to tyrosine amino acid on TGB → binding of 1 iodine → monoiodotyrosine (T1), binding of 2 iodine → diiodotyrosine (T2). 5. Coupling of T1 and T2: MIT + DIT = T3 and DIT + DIT = T4. N.B. Each TGB contains 6 T1, 5T2, 1-5T4 and 1T3. (thyroid hormones stored as part of TGB. 6. Pinocytosis and digestion of colloid: droplets of colloid enter follicular cells by pinocytosis → merge with lysosomes → enzyme break down TGB → cleave off T3 and T4 → T1 and T2 removed and deiodinated → iodine reused. 7. Secretion of thyroid hormones → T3 and T4 lipid soluble(diffuse through plasma membrane to enter blood. 8. Transport in blood → 99% of T3 and T4 combined with transport proteins (thyroxine binding globulin) ~ 75%, albumin ~ 5-10%, thyroxine binding pre-albumin ~ 15-20%, 

Thus ~ 0.03%T4 free, ~ 0.3%T3 free. 

· 80-90% of T3 is from peripheral monodeiodination of T4 by deiodinases, 40% of T4 converted to T3 → plays possible regulatory role, rest of T4 excreted. 
7.2 to explain the regulation of thyroid hormone secretion via the hypothalomopituitary axis

Hypothalamus

→ Notes: Normal maintainence of thyroid secretion      

                   ↓TRH                      depends on –ve feedback interplay of thyroid hormone    

            


     with TSH and TRH

Anterior Pit gland       → Cold: ↑TRH and TSH → ↑T3 and T4

       ↓TSH                  → Stress: Inhibits TRH secretion.

Thyroid gland              → Circulating T3 → principal feedback regulator of TSH 

                                          Secretion.     
       ↓T3 and T4        → Response to TRH from anterior pituitary gland depends  

                                         on [thyroid hormones], estrogens, neural effects i.e.  

                                          temp and circadian pulses.




→ Other hormonal influences: ADH (+), somatostatin (-)
1. TRH: secreted by hypothalamus, regulates sensitivity of feedback loop and TSH secretion.

2. TSH: from family of glycoproteins [FSH, LH, TSH → α(identical), β (diff)], stimulate I2 uptake, hormone synthesis and secretion.
7.3 to list the functions of thyroid hormones

· ↑metabolism → ↑↑O2 consumption in all tissues → ↑BMR, ↑heart rate, ↑CO2 production (↑respiration)
· Affects CVS → ↑myocardial contractility, ↑heart rate (tachycardia), affects heart rhythm (atrial fibrillation) N.B: person with irregular pulse rate but no heart disease /hypertension → thyroid problem
· Affects respiration → ↑CO2 production → stimulate chemoreceptors → ↑ ventilation 
· Nutrient uptake → ↑↑carbohydrates absorption from GIT.
· Bones, growth and development → essential for normal growth and skeletal maturation. i.e. In hypothyroidism → bone growth ↓, epiphysial closure delayed, GH secretion ↓↓
· Nervous system → affects brain development, especially CNS in fetus/infants and PNS: ↓reflex time
· Skeletal muscle → effects not clear but muscle weakness in people with hyperthyroidism. 
7.4 to explain the mechanism of thyroid hormone signaling as an example of signal-transduction via family of intracellular receptors
· Hydrophobic hormone receptors mainly intracellular except prostaglandins. Such hormones can diffuse through cell membrane.

· Hydrophobic hormones (HH) + intracellular receptors → bind to DNA and stimulate/inhibit gene transcription. E.g. Thyroid hormone
· Intracellular receptors → 3 main domains: 1. DNA-binding and dimerisation domain. 2.Transactivating domain (part of transcription factor that physically contact general transcription factors → activate them) 3.Hormone-binding domain
· T3 bind to specific receptor in nucleus → 1. zinc finger binds to hormone response element (ERE type: 5’-AGGTCA-3’) on DNA, another undergoes dimerisation with another thyroid hormone receptor’s dimerisation zinc finger → heterodimer functions as transcription factor with RXR receptor (9-cis-retinoic acid)
7.5 to discuss the unique protein binding characteristics of thyroid hormones

· Thyroid hormones have ↑↑ affinity for plasma binding protein. ( slow release of hormones from blood into tissues → T4 release ↓↓↓ ~ 50% released in 6 days, T3 lower affinity. ( ~ 50% released in 1 day → on release into cells. Bind to intracellular proteins → T4 bind strongly than T3 → ( stored in functional cells over days to weeks
· T3 ↑↑ binding affinity to intracellular thyroid receptors ( 90% of thyroid hormones that bind to receptors is T3
· N.B: general effect of thyroid hormone is to cause nuclear transcription of ↑ no. of genes. ( in virtually all cells of body, ↑↑ no. of protein enzyme, structural proteins, transport protein and other substance ↑↑→ net result is generalized ↑in functional activity throughout the body.
7.6 to appreciate the basis for disordered thyroid function

· Hypothyroidism

Hypothalamus               N.B if any point is faulty → substrates accumulate while 

                     ↓TRH                 products are deficient. Causes: Any end result of thyroid  

            Anterior Pit gland         gland disease, 2° to pituitary/hypothalamic failure,  

                     ↓TSH                 Hashimoto’s thyroiditis → autoimmune anti-body attack 

             Thyroid gland              of thyroid gland

                     ↓

T3 and T4

· Hyperthyroidism 

1. Grave’s disease → autoimmune disease that attacks TSH receptors. ( makes thyroid gland overactive. i.e. goiter and exophthalmos

2. TSH secreting tumours of anterior pituitary gland.

· Resistance to thyroid hormone (RTH) 

1. Due to mutations of T3 receptor, RARE and inherited with 600 cases so far.

2. Humans: 2 types of TR genes → 1. Chromosome 17 → TR-α → No mutations here and 2. Chromosome 3 → TR-β → All mutations here, mutated TR-β inactive as it is unable to bind to T3.
3. RTH patients → active TR-α and inactive TR-β coexist but mutant TR-β exerts dominant –ve effect by interfering with function of wild type TR-α
Theme 8: The Adrenal Gland

8.1 to define the nature, and describe the synthesis, of adrenocortical hormones

· Nature of adrenocortical hormone → all hormones of adrenal cortex are derivatives of cholesterol and contain the ‘cyclopentanoperhydrophenanthrene nucleus’ → side-chain vanes
· Synthesis of adrenocortical hormone → stenocogenesis, needs precursor → cholesterol from LDL and acetate → cholesterol esterified and stored as lipid droplets → hydrolysed by cholesterol ester hydrolase → from free cholesterol → transported to mitochondria where enzyme cholesterol desmolase converts it to pregnenolone.
· Acetate → cholesterol → pregnenolone (moves to SER)
















· Zona glomerulosa lacks 17α-hydroxylase and only zone to have alsosterone synthase 
· N.B: ACTH binds ↑-affinity receptors on plasma membrane of adrenocortical cells → activate adenylate cyclase → ↑ cAMP → activate protein kinase A → ↑conversion cholesterol esters →↑pregnenolone production and derivatives. 
8.2 to explain the regulation of adrenal hormones secretion via the hypothalomopituitary axis

· Adrenocorticol hormone secretion controlled mainly by ACTH

· ACTH ↑glucocorticoid secretion and ↑es adrenal sensitivity to subsequent doses doses ACTH
· But mineralcorticoid secretion also subjected to independent control by circulating factors. i.e. AGii ↑↑important factor (role of rennin)
Hypothalamus       ← (+) trauma via nociceptive pathways, emotion via limbic    

                            ↓CRH                 system drive for circulation rhythm, epinephrine from medulla 

Anterior Pit Gland      1) Free glucocorticoid inhibit ACTH secretion


       ↓ACTH              → degree of pituitary inhibition dependent on level of circulating hormone


Adrenal Cortex           → acts on both anterior pituitary and hypothalamus 

                    ↓Cortisol           2) Neuroendocrine control 
            System effects            → Circadian rhythm: ACTH released in irregular bursts throughout day. (peak at 0600-                            

                                                                       0800), suprachiasma nuclei (hypo)




                 → Response to stress → ↑↑ACTH secretion.
8.3 to list the functions of glucocorticoids and mineralcorticoids and to describe their physiological roles

· Glucocorticoids GCC (i.e. 95% activity = cortisol) → regulate  metabolism (water ,carbohydrate, fat and protein) and resistance to stress
· Functions: 1. Protein catabolism → ↑protein (mainly muscle) catabolism → liberate amino acid into blood → used by liver for synthesis of new plasma proteins/ATP production. 2. Gluconeogenesis → ↑rate certain amino acid/lactate conversion to glucose in liver → ↑conc. in blood. 3. Lipolysis → ↑triglyceride breakdown to fatty acids. 4. Resistance to stress → ↑ACTH production → ↑glucose provides ↑↑tissues with ATP to combat stress i.e. exercise, fasting, ↑ altitude, trauma etc. 5. Anti-inflammatory effects → inhibits cells that participate in inflammatory response → ↓no. of mast cells (↓histamine release), stabilize lysosomal membrane (↓release of destructive enzyme), ↓blood capillary membrane permeability, and ↓phagocytosis↓↓connective tissue repair 6. Depression of immune response → esp. ↑↑↑doses → organ transplant.
· Mineralcorticoids (e.g. Aldosterone) → help control water and electrolyte homeostasis
· Functions: 1. ↑re absorption of Na-K-ATPase pump from saliva, urine, sweat, gastric juice 2. Aldosterone acts on epithelium of cortical collecting duct (DCT) → ↑re absorption of Na/Cl/HCO3 and water. 3. Aldosterone also ↑K+ and H+ excretion from collecting duct.         
8.4 to explain the regulation of gulcocorticoid release by ACTH and aldosterone release by the rennin angiotensin system

· Regulation of glucocorticoid (GCC) release
1) ACTH ↑ GCC secretion and ↑sensitivity of adrenal glands to subsequent doses of ACTH

2) Neuroendocrine control → circadian rhythm and response to stress.

3) –ve feedback of GCC on 1.hypothalamus → CRH and 2. Anterior pit gland → ACTH.
· Aldosterone → regulation via angiotensin-aldosterone system (RAA)’

1) RAA: most important control mechanism, triggered by dehydration, Na ↓↓, hemorrhage i.e. conditions that cause ↓↓blood volume and ↓↓ blood pressure.
2) ↓ blood pressure → stimulate juxtaglomerular cells → secrete rennin.

3) Renin converts plasma protein product in liver. AG → AGi

4) AGi → capillaries of lungs → ACE (AG converting enzyme):AGi → AGii  

      (hormone)
	Angiotensin II

	Acts on adrenal cortex → stimulate aldosterone secretion 

         ↓

· ↑Na re-absorption

· Water follows by osmosis

· ↑K excretion → into urine
· ↑blood volume and blood pressure

· Normal levels 
	Arterial smooth muscle

Vasoconstriction
          ↓
↑Blood pressure

          ↓
 Normal levels


· Other regulatory factors: ACTH has transient effects only, atrial natriuretic peptide (ANP) → inhibits renin secretion → ↓responsiveness of zona glomerulosa to AGii→↓ aldosterone production,↑[K] in blood and interstitial fluid → direct stimulation of aldosterone production → allows kidneys to eliminate excess K, Neural control → sympathetic nerves β1.
8.5 to describe the synthesis and secretion of adrenal medullary hormones and explain their relation to the sympathetic system (autonomic nervous system)

· Adrenal medullary hormone (AMH) → catecholamines → norepinephrine, epinephrine, dopamine
· Epinephrine → main catecholamine output via adrenal vein, norepinephrine enters circulation from noradrenergic nerve endings.
· Synthesis: Tyrosine precursor (formed from hydroxylation of phenylalanine)
· Tyrosine → hydroxylation and decarboxylation → norepinephrine
· Norepinephrine → methylation → epinephrine 
· Enzyme required: phenylethanolamine-N-Methyltransferase (PNMT) → found in brain and adrenal medulla, stimulated by glucocorticoids from cortex 
· Clinical: Hypophysectomy → ↓ACTH → ↓GCC → ↓epinephrine synthesis
· Secretion: Norepinephrine and epinephrine → stored in granules with ATP → secretion initiated by acetylcholine (Ach)  released from preganglionic neurons (that innervate the secretory cells) → Ach opens cation channels and Ca from ECF triggers exocytosis ( catecholamines, ATP and proteins in granules → released together.
· Adrenal Medulla formed from neural crest cells → originate from sympathetic system.    
8.6 to explain the basis for catecholamine function and its roles in stress and metabolism

· Basis → epinephrine/norepinephrine mimics noradrenergic nervous discharge (sympathomimetic) → acts via α and β adrenergic receptors.
· Function
1. CVS: ↑force and rate of contraction, mediated by β1-receptors, ↑myocardial excitability → Extra systoles and cardiac arrhythmias
2. Vascular system: Vasoconstriction (↑↑in organs) via norepinephrine effects on α 1-R and vasodilatation (in skeletal muscles and liver) via epinephrine effects on β2-R → Net effect is ↑↑blood pressure. Vasoconstriction predominates.
3. Respiratory system: Dilation of airway (N.B smooth muscles)
4. G.I.T: ↓rate of digestion
5. Mental: Causes alertness i.e. in humans epi usually evokes ↑anxiety and fear
6. Metabolism: ↑blood glucose levels. ↑catecholamines → ↑ glycogenolysis, ↑metabolism rate.
8.7 to appreciate the basis for disordered function

· Hyper function → Glucocorticoid (GCC) excess (Cushing’s syndrome) → causes: administration of ↑↑amounts of exogenous hormone, GCC producing adrenocortical tumours/adrenal hyperplasia, excess ACTH secretion from anterior pituitary gland → c’tics: crescent shaped, trunk obesity, purple abdominal striae, hypertension, osteoporosis, protein depletion, mental abnormalities, and diabetes mellitus → MCC excess → 1. Conn’s syndrome: 1°hyperaldosternonism: excess MCC secretion → K depletion, Na retention → c’tics: No edema, weakness, hypertension, tetany, polysuria, hypokalemic alkalosis (H+ excretion in DCT) → caused by adenoma of zona glomerulosa (ZG) and glucocorticoid-remediable aldosteronism (GRA) from hybrid gene that makes ZG ↑↑sensitive to ACTH →2° hyperaldosterone: ↑↑aldosterone secretion (renin ↑ also due to salt losing form of adrenogenital syndrome i.e. ECF ↓ and renal artery constriction)
· Hypofunction → 1.Pituitary gland → hypophysectomy → ↓ACTH secretion and 2. Adrenal 1° insufficiency (Addison’s disease) → causes: autoimmune disease/destruction of adrenal glands i.e. tuberculosis, C.A → adrenocortical atrophy → c’tics: marked pigmentation, ↓heart size (2° to chronic hypertension and ↓ heart work) → enzyme defects → ↓ renin levels, renal disease.            
Theme 9: Calcium Homeostasis and Bone Physiology

9.1 to list the hormones involved in calcium homeostasis and to define their roles
· Parathyroid hormone (PTH) → secreted by parathyroid gland → mobilize Ca from bones and ↑ urinary phosphate excretion.
· Calcitonin hormone → secreted by parafollicular cells (thyroid cells) → ↓ Ca, inhibits, bone resorption (role relatively minor in humans)
· 1, 25-Dihydroxycholecalciferol → Steroid hormone formed from vitamin D by successive hydroxylation in liver and kidneys → ↑Ca absorption from intestines.
All 3 hormones act together → maintain constancy of Ca level and other body fluids
· Parathyroid hormone-related hormone (PTHrP) → acts on one of the PTH receptors and important in skeletal development in utero. 
· Miscellaneous: Phosphate regulatory hormone, GCC, GH, oestrogens, various growth factors.  
9.2 to discuss the importance of calcium in physiological processed and bone formation

· 99% Ca in skeleton, 1% in soft tissue → normal plasma Ca ~ 10mg/dl
· Free Ca (ionized) in body fluids → acts as vital 2nd messenger → important for blood coagulation, muscle contraction and nerve function
· Ca deficiencies. 
· Hypocalcemic tetany (↓Ca level in ECF) → exerts net excitatory effect on nerve and muscle cell → c’tics: expensive spasms of skeletal muscles i.e. muscles of lower extremity, larynx (laryngospasm → if severe, airway obstruction, fatal asphayxia)
· Effects on blood clotting → defects
· Importance on Ca in bone formation → important in bone calcification → occurs as calcium salts are precipitated onto surface of collagen fibers as hydroxyapatite crystals (CaPO4 complex) → hardness
9.3 to discuss the physiology of bone formation

· Throughout life, bone constantly remodeled and new bone formed, osteoblastic vs. osteoclastic

· Calcification of bone: Initial stage of bone production → secretion of collagen molecules and ground substances by osteoblasts → collagen monomers polymerize rapidly → collagen fibers → resultant tissue called osteoid ‘cartilage-like material’ → Ca salts precipitate on surface of osteoid (hydroxypatite crystals aka CaPO4 complex) → as osteoid formed, osteoblasts trapped and become osteocytes → Ca ↑↑↑important for hardness of bone
· Osteoblasts secrete↑↑alkaline phosphatase when actively depositing bone matrix. ( Blood alkaline phosphatase levels good indication of osteoblastic activity.
· The constant deposition and absorption of bone importance → adjusts bone strength in proportion to degree of bone stress. i.e. Bone constantly resorbed by in presence of osteoclasts (large phagocytic multinucleated cells from monocytes) → secrete proteolytic enzymes and several acids → digests/dissolve matrix, cause solution of bone salts and constantly deposited by osteoblasts.
9.4 to explain the fine regulation of plasma calcium levels by the hormones PTH, Vitamin D and Calcitonin
· Ca and PO4 absorption via bones: 1.Rapid phase (mins-hrs) → PTH causes removal of salts from bone matrix (vicinity of osteocytes/osteoblasts within bone/bone surface) → osteocytic membrane system: Between osteocytic membrane and bone = ‘bone fluid’ → with PTH, osteocytic membrane pumps Ca from bone fluid onto ECF → ‘osteolysis’, as bone fluid Ca↓, CaPO4 salts absorbed from bone 2.Slow phase (days-weeks) → activation of osteoclasts via 2° signals from osteoclasts and osteoblasts →immediate activation of osteoclasts already formed and formation of new osteoblasts. ( Bone reabsorption > bone deposition.
· PO4 and Ca excretion by kidneys: Effects on PO4 → ↓PCT reabsorption (> excretion, effects of Ca →↑tubular (DT/CT/CD) reabsorption (< excretion ( > conserved)
· Activation of vitamin D3 in kidney: Vit D3 must be activated to 1, 25-Dihydroxycholecalciferol → ↑ Ca absorption from GIT mucosa (main action), with PTH → ↑mobilization of CaPO4 from bones (↑plasma Ca and PO4 for bone mineralization. 
Vitamin D3 (Cholecalciferol) → 25-hydrocholecalciferol (in liver)







↓




activates

↓

Parathyroid gland    →→→→→→   1, 25-Dihydroxycholecalciferol







↓

Intestinal epithelium (formation of Ca-binding proteins   

                  ↓                           in intestinal epithelial cells → Ca  

                  ↓                           transport) 





Intestinal adsorption of Ca



-ve feedback



↓






Plasma [Ca] 
· Calcitonin → ↓[Ca] plasma → secretions ↑ linearly with calcium levels (>9mgm/dl, 2.2mmol/l) → restore deposition, ↓osteoclastic activity, kidney → ↑excretion Ca/PO4, inhibit 1α-hydroxylase (enzyme that activates vit. D3), intestines → ↓intestinal absorption of Ca and PO4.
9.5 to describe the role of the gut, bone and kidney in regulating calcium levels
· Gut (small intestine): important in Ca absorption, active transport of Ca out of intestine by sys in brush border of epithelium → involves Ca-dpt ATPase → regulated by 1,25-dihydroxycholecalciferol i.e. Ca intake ↑ → plasma Ca↑
· Bone: 1. readily exchangeable reservoir → small pool, < 1%, regulates plasma Ca 500nmol Ca/mol Ca/day moves in and out. 2. Pool of stable Ca → Large pool, 99%, concerned with interplay between bone resorption and deposition → accounts for 95% of bone formation in adults 
· Kidney: ↑amount of Ca filtered at kidney → 98~99% absorbed → 60% in PCT, 40% in ascending loop of Henle and DCT (regulated by PTH)
9.6 to describe the mechanisms involved in PTH-receptor signaling

	3 Different types of PTH receptors

	hPTH/PTHrP receptor

· Binds hPTH & PTHrP
	PTH 2 receptor

· Binds PTH (in brain, placenta, pancreas)
	CPTH

· Binds with carboxyl terminal of PTH

	hPTH/PTHrP Receptor + hPTH/PTHrP

↓ activates

Trimeric GP with αq subunit

↓activates

Phospholipase C

↓

↑intracellular Ca → activates PK C
	Serpentine Receptors

(PTH + Receptor → activates GP with αs

↓activates

Adenylate cyclase

↓

↑intracellular cAMP

cAMP 2nd messenger 

	


9.7 to discuss the roles of G-protein and cAMP in the signaling process

· GP  → Serves as main molecular switch in the signaling cascade → relays signals allosteric effects (activated PTH-R serve as allosteric activators of GP) and covalent modification (phosphorylation) (GP switched on by allosteric activation via activated PTH receptors and switched off by in-built GTPase within GP

· cAMP → 2nd messenger → transmit intracellular signals to rest of cells → to achieve full physiological effect
9.8 to appreciate the basis for disordered function

· Hypocalcemia
· PTH related: activating mutations of gene for Ca receptors → ↑sensitivity of PTG to plasma Ca
· Vitamin D related: Vit D deficiency → hypocalcemia → protein of new bone does not mineralize: rickets N.B Mutation in receptor for 1,25 DiOH D3
· Hypercalcemia
· 1°hyperparathyroidism → due to hyper-secreting parathyroid tumour
· Malignancy → direct and humoral
· Osteoporosis: Loss of both matrix and mineral, ↓bone mass → bone resorption  
>>> Bone formation → ↑ incidence of fractures N.B ↑↑bone loss @neck of femur and metacarpals. 
Theme 10: The Endocrine Pancreas and Integrative Metabolism
10.1 to list the hormones produced by the endocrine pancreas and define their roles in glucose metabolism

* Endocrine pancreas → islets of Langerhans → 2-3% mass of pancreas, at least 4 types    of cells  
· Hormones secreted

· Glucagon (α): Catabolic, mobilizes glucose/FA/a.a from stores into blood stream

· Insulin (β) Anabolic, ↑storage of glucose/FA/a.a
N.B: Both hormones are reciprocal in their overall action

· Somatostatin (δ): has role in regulation of islets cell secretion, inhibits secretion of insulin and glucagons → slow absorption from GIT
· Pancreatic polypeptide: 1°concern = GI function. I.e. inhibit Somatostatin secretion. Contraction of gallbladder, secretion of pancreatic digestive enzymes. 
10.2 to discuss the interplay of various hormones in the regulation of blood sugar

· Insulin:
· Glucose ↑ resting membrane potential (-60mV → -55mV threshold) of β-cells of islet → ( Action potential causes insulin secretion
· Close link between [glucose] & [insulin] (↑/↓ → ↑/↓)
· Target sites = liver, muscles, adipose tissue
· Insulin binds to glycoprotein receptors → insertion of preformed glucose carriers (i.e. GLUT 1-5) into plasma membrane from intracellular vesicles → ↑↑glucose uptake in insulin-responsive cells
· Absorbed glucose → used for metabolism/converted to glycogen & fat
· GIP & CCK → ↑β-cell response to glucose (sym: ↓secretion)
· Glucagon
· Secreted in response to glucose deficiency ( function to ↑circulating [glucose] 
· Inhibited by insulin and Somatostatin
· Acts on 1.Liver (mainly) → ↑glycogenolysis, ↓glycogenesis, and ↑gluconeogenesis → ↑plasma glucose. 2. Adipose tissue → Lipolytic effect → mobilizes FA and glycerols from adipose tissue → provide ready ss of metabolic substrates.  
· Other hormones: 1. Catecholamines → secreted by adrenal medulla when plasma glucose ↓→ epinephrine:↑glucagon, ↓insulin, ↑glycogenolysis → norepinephrine: ↓insulin secretion (sym stimulation) → lipolytic effect of adipose tissue 2.Thyroid hormone → ↑glycogenolysis, ↑gluconeogenesis, ↑absorption from GIT,↑glucose uptake by cells (esp. muscles), ↑insulin secretion 3. Glucocorticoids → permissive role with glucagons 4. GH → “anti-insulin”, ↓glucose uptake by muscles, stimulate hepatic glycogenolysis, induces lipolysis of adipose tissue.
10.3 to discuss the critical role of pancreatic hormones and other hormones in the generation of general metabolism
· Insulin:
· Regulates plasma glucose concentration, secretion inhibited by ↓food intake and its effects are mediated 1° by epinephrine (from adrenal medulla) which is secreted in response to stress/trauma/extreme exercise: Effects → liver →↓gluconeogenesis &glycogenolysis → muscles and liver → ↑glycogenesis → muscles and adipose tissue → ↑glucose uptake
· ↓triacylglyercides degradation → by inhibiting activity of hormone sensitive lipase via phosphorylation of enzyme, ↑triacylglycerol synthesis → insulin: transport and metabolism of glucose into adipose tissue ( provides glycerol-3-phosphate substrate for triacylglycerol synthesis,↑lipoprotein lipase activity in adipose tissue ( provides FA for etherification
· Insulin stimulate entry of a.a into cells → ↑protein synthesis
· Glucagon
· Glucagon, epinephrine, cortisol and GH → anti-insulin effects → function: catabolic → maintain glucose levels via hepatic gluconeogenesis and glycogenolysis. 
· Actual/potential hypoglycemia → stimulate α-cells → secrete glucagon
· ↓blood glucose (1°stimulus), certain a.a (stimulates both insulin and glucagon), epinephrine (during stress, trauma, extreme exercise) → stimulate glucagon secretion
· ↑blood sugar levels, ↑insulin, somatostatin → ↓glucagon secretion
· Metabolic effects: carbohydrates → breakdown liver glycogen & ↑gluconeogenesis, lipid → ↑hepatic [O] of FA → subsequent formation of ketone bodies from acetyl CoA, proteins → ↑a.a uptake by liver → ↑carbon skeleton for gluconeogenesis.
· Other hormone effects on general metabolism
· Thyroid hormone
10.4 to describe the structure of the insulin receptor and its intracellular signaling pathways as a paradigm for receptor tyrosine kinase signaling

· Insulin receptor: Structure → 2α, 2β subunits → assembled into a tetramer linked by S-S bonds
· β-subunit → span membrane and protrudes into cytosol → cytosolic portion of β-subunit contains tyrosine kinase

· α-subunit → extracellular → contains insulin-binding site
· Insulin + IR (α-subunit) → induces transformational changes → transduced to β-subunits → promotes rapid auto-phosphorylation of specific tyrosine residue on each β (by tyrosine kinase) as well as several enzyme within cytosol → esp. insulin-receptor substrate (IRS-1) → binds to several signal transduction proteins in regions referred to as SH2 domains → responsible for ↑↑ physiological effects of insulin.
10.5 to discuss the basis for disordered function and the mode of action of hypoglycemic drugs

· Basis for disordered function: Type 1 diabetes (IDDM) →β-cell destruction mediated by T-cells usually lead to absolute insulin deficiency (idiopathic/immune-mediated)/interactions between environment and inherited predisposition (virus/polygenic inheritance), Type 2 (NIDDM) → insulin resistance (predominantly)/insulin secretory detect with insulin resistance → usually caused by genetic factors i.e. “thrifty genes” that induce insulin resistance in liver/muscles or environmental factors i.e. excessive energy intake/physical inactivity N.B Defects in type 2 → normal glucose load → fail to terminate hepatic gluconeogenesis, → glucose stored as liver/muscle (GLUT 4 transport problem) glycogen
· Actions of hypoglycemic drugs: Oral hypoglycemic drugs → promotes insulin secretion and response of tissues to insulin, other drugs → acts to stimulate insulin secretion, improve response of tissues to insulin, suppress liver glucose production, improve glucose uptake into skeletal muscles.
N.B. Hypoglycemic: pertaining to/causing hypoglycemia → agents that lowers blood glucose level

Theme 11: How the Body Regulates Temperature

11.1 to define normal body temperature

· Traditional body temp = 37°C, 95% of all young adults → 36.6 -37.1°C ( evening > morning temp)

· Different parts of body → different temp → extremities ↓temp, scrotum carefully regulated @32°C
· Normal human core temp (HCT) → undergoes regulatory circadian fluctuation (0.5-0.7°C)
· Body temp ↑with emotional excitement (unconscious tensing of muscle)/hyperthyroidism
· N.B: Heat is a by-product of metabolism ( mechanisms that tend to ↑cellular metabolism consequently ↑the amount of heat produced.
11.2 to list mechanisms in the body involved in production of heat

· Non-shivering thermo genesis → through actions of calorigenic hormones → 1. Catecholamines (epi/norepi) → stimulate thermo genesis in skeletal muscles + brown adipose tissue (BAT) & stimulation of brown fat metabolism. 2. Thyroid hormone → ↑O2 consumption of ↑↑cells → ↑BMR. 3.Others → glucocorticoids, insulin, glucagon & → BAT → mainly in infants and children → found between scapulas, nape of neck, with great vessels of thorax and abdomen → sym innervation induce lipolysis via norepinephrine to BAT → ↑↑↑mito → ↑metabolic rate
· Shivering thermo genesis → occurs only when peripheral vasoconstriction is inadequate to prevent heat loss → need to ↑metabolic heat production via skeletal muscle contraction → specialized form of muscle activity → energy of contraction become heat production → overall ↑ in muscles tone controlled by signals from somatic/motor neurons from hypothalamus & sustained by processes from proprioceptors and stretch receptors in joints/muscles → main source of heat production.
· Behavior
11.3 to list mechanisms ii nth body responsible for loss of heat

· Insensitive water loss: at rest, water evaporates from skin once its molecules absorb enough energy to escape as gas → water continually being loss from lungs, mucosa of mouth, skin ~ 600ml/day → amount to loss of 390kcal of heat per day
· Vasomotor responses: when core temp ↑> normal, cutaneous vasodilation occur, mediated by autonomic nervous system through ↓of vasomotor tone → heat loss via RCC (radiation, conduction, convection)
· Sweating: Occurs when heat production > heat loss → sweat secreted by glands → cold days ~ 500ml/day. Hot days ~ 1.5-6L/hour → heat loss via evaporation of sweat. N.B: sweating represents potential loss of H2O and NaCl
· Behavior → ↓active, extended body position
11.4 to explain the central and peripheral mechanisms involved in regulation of body temperature

· Central mechanisms

· Temp in body → regulated almost entirely through “temp-regulating centres” (TRC) located in preoptic areas of hypothalamus → centre serves as a thermostatic, for regulation of body temp → contains ↑↑no. of heat and cold sensitive neurons → ↑/↓ their firing rate as temp changes → if arterial blood temp flowing through TRC is > normal, the hypothalamus stimulates heat sensitive neurons to ↑firing, which initiates impulses that to invoke heat loss mechanisms. → If blood flow is < normal, the centre relays impulses that result in heat production.
· Local warm and cold receptors also influence heat loss and producing mechanisms ( temp regulation is determined by global signals initiated by hypothalamus and reflexes by local receptors.
· Peripheral mechanisms
· Vasodilation: ↓body temp invokes the dilation of the skin blood vessels (caused by the inhibition of the sym centers → causes vasoconstriction) → precapillary sphincters open ( ↑blood flow to peripheral tissues and hence ↑ heat exchange
· Shunts: Arteriovenous anastomosis close → direct blood to peripheral tissue ( enable heat transfer → improved blood flow transports metabolics heat from deep tissues to the body’s periphery → (skin is effective “heat radiator” system and the flow of blood to skin is a mechanism of heat transfer from the body core to skin.
· Sweating: ↑rate of evaporation heat loss → stimulated by the sym nervous system
11.5 to explain how sweating and changes in blood flow to the skin regulate heat loss

· Sweating: Sweat removes body heat during evaporation (latent heat of vapourization) (↑/↓ sweat → ↑/↓ heat loss
· Blood flow: ↑/↓ blood flow to peripheral tissues → ↑↑/↓↓ vol. of blood brought close to skin surface ( ↑/↓ heat loss from body surface
Theme 12: What Determines Sex?

12.1 to differentiate between genetic, gonadal, phenotypic and psychosocial sex

· Genetic sex → determined by 2 sex chromosomes (i.e. X and Y chromosomes)
1) Y chromosomes are necessary for → 1. Production of testes 2.SRY (sex-determining region) gene (the gene acts as a transcription factor that initiates the cascade of genes necessary for testicular differentiation, including MIS

2) During meiosis (i.e. Gonadogenesis), gonads yield: Male → ½ X chromosomes and ½ Y chromosomes, female gametes → all with X chromosomes. 


(Genetic male → diploid no. of chromosome (with XY pattern)


(Genetic female → diploid no. chromosome (with XX pattern)

· Gonadal sex → whether the person has 1. Ovary 2. testes

· Phenotypic sex → usually based on observed ext. genitalia

· Note: Male pseudo hermaphroditism → i.e. male genetics and gonads but female ext. genitalia; 1. Androgen resistance disease (i.e. male genetics, male gonads but female genitalia) 2. Leydig cell failure 3. 5α-reductase deficiency.
· Female pseudohermaphroditism → e.g. Adrenal Hyperplasia (excess ACTH) excessive exposure of embryo to androgens, adrenal tumor.

N.B: the importance of 1.Testosterone (T). 2. Dihydrotestosterone (DHT) 3. Mullerian inhibitory substance (MIS) → essential to development of external genitalia. 

· Psychosocial Sex → components include gender 1. Identity 2. Role. 3.Orientation; other determinants include effects of early androgen exposure (in human embryo) → “tom-boy” effect
12.2 to discuss the development of the male and female internal and external genitalia

· Gonadal differentiation
· At 6th week → indifferent gonad (formed from germ cells of yolk sac)
· Development of testes → requires SRY gene
→ 7th week → seminiferous tubules

→ 9th week → Leydig cells and testosterone pdt.
· Development of ovary → 11th week differentiation begins
 → little hormone (H) is produced (i.e. of unknown significance)

· Genital duct differentiations
· At 8th week → there are 2 sets of “primordial ducts” → in both male and females; i.e. the ↓Wolffian and Mullerian ducts
· Wolffian duct → differentiation requires testosterone
· Mullerian duct → regression via apoptosis require MIS (Mullerian inhibitory hormone)
N.B: the fate of ducts depends on the normal functioning testes (i.e. ipsilateral effects)
· External genitalia 
· At 8th week → bipotential primordium e.g. genital tubercle, urethral folds and the labioscrotal folds
· Differentiation → default mode is female one (i.e. experiments of Jost)
→ DHT hormone (required for male ext. genitalia formation)
→ Critical period → fusion of urethral folds must occur before 12th week

· Testicular descend

· Descent occurs at the end of 2nd month; descends from posterior abdominal wall → into inguinal region → scrotum.
12.3 to explain the role of genes and testosterone in sexual development

· Role of genes → SRY gene ( on the Y chromosome) → acts as a transcription factor that initiates the cascade of genes necessary for “testicular differentiation” (inclusive of MIS production)
· Role of Testosterone (T)
· T fosters the differentiation of the Wolffian duct; esp. in the formation of vas deferens, epididymis and related structure e.g. prostate glands, seminal vesicles and male genital ducts
· T → DHT (conversion occurs in some target cells)
· Enzyme → 5α-reductase
· DHT → binds to the same intracellular receptors as T. (except that the binding is > stable) → (action of T. is amplified!! ((very important in ext. genitalia development)
· It also circulates in plasma at a level 10% that of T.
12.4 to discuss the basis for abnormalities in sexual differentiation and development

· Abnormal sexual differentiation
· N.B: importance of 1. (Leydig cells) 2. MIS (Sertoli cells)

· Male pseudohermaphroditism

	Abnormal Development
	Int. genitalia
	Ext. Genitalia
	Effects

	i. Androgen resistance disease e.g. Testicular Feminizing syndrome
	Not Male 

Not Female
	Female
	Full female characteristics

	ii. Leydig cell failure

i.e. No secretions of T
	Not Male

Not Female
	Female
	No development, even after 18 years of age

	iii. 5α-reductase deficiency
	Male

Not Female
	Female
	Masculinization 


N.B: Patients in all 3 conditions got the testes, but it is the development of the Wolffian duct that varies.

· Female pseudohermaphroditism → symptoms include 1.XX Chromosomes. 2. Presence of uterus and ovaries 3. Int. genitalia appear female 4. Ext. genitalia appear male (partial fusion) 5. Child reared as male. 6. Still fertile → but must first repair the physical defects → ( predictions at puberty → menstruation and breast development; causes 1. Adrenal hyperplasia 2.Adrenal tumor → ↑androgen secretions 3. Excessive exposure of embryo to androgens 
· True hermaphroditism → XX/XY true mosaicism → both ovaries and Wolffian testes are present; N.B: male genitalia (due to T. effects) 
Theme 13: The Male Reproductive System

13.1 to describe the structure of the male reproductive system and relate it to its function

	Functions
	Structure
	Duh

	i. Forms spermatozoa
	Testes
	Exocrine → reproductive i.e. seminiferous epithelium

Endocrine → hormonal function i.e. Leydig cells that secrete testosterone. Tunics etc 

	ii. Suspends spermatozoa in secretions of accessory glands  
	Prostate Glands

Seminal Vesicles 

Bulbo-urethral glands of Cowper
	-Ducts open into prostatic urethra 

-Orostatic fluid → stored and expelled during ejaculation.
→ Secretions include: 

-Vitamin C (for sperm nutrition)

-Fructose (provides energy for spermatozoa)

-Prostaglandins (alters contractions of fallopian tube)

-mucous secreting and prepares urethra for ejaculation

	iii. Conducts i and ii to the exterior and to the female reproductive tract 
	-Vasa efferentes

-epididymis

-vas deferens 

-common ejaculatory ducts

-urethra 
	i.e. the genital tracts


N.B: Activities are influenced by hormones, including those produced in the testes.
13.2 to describe the formation of sperms and the factors influencing sperm formation

· Occurs in seminiferous tubules → contains 1.geminal 2.seminiferous epithelium. N.B: stratifies germinal epithelium → two cell types 1. Sertoli cells (i.e. supporting, sustentacular cells/tall with irregular columnar form) 2. cells of spermatogenic lineage 
· Sperm formation → 74 day cycle → initiated by FSH
	i. Spermatogonium 
	-Spheroidal cell lying basally

-divides mitotically 

	ii. 1°Spermatocyte
	-Larger

-divides by 1°meiotic division (diploid → haploid) 

	iii. 2°Spermatocyte
	-small

-2nd meiotic division (chromosome no. maintained)

	iv. Spermatids 
	-small and incompletely separated

	v. Spermatozoa
	-Released from near the apex of the Sertoli

cells into the tubular lumen 


N.B: iv.-v. Spermiogenesis → conversion of Spermatids → spermatozoa; it involves:

· Golgi phase → construction of the Acrosome by the Golgi apparatus (Acrosome contains enzyme that assist in fertilization e.g. hyaluronidase, acid phosphatase, neuraminidase and protease)
· Centrioles → two in all → 1. migrates to form the flagella and the other the collar round the initial part of the tail
· Residual body → phagocytosed and digested by the sertoli cells 
· Mitochondria → migrates to the mid-piece
· Nuclear chromatin → condenses into dense homologous mass without visible substructure 
· Manchette → maintains the shape of the sperm’s head.
· During this process → cytoplasmic bridges hold the cells together → info/comms between each cell ( that were derived from the same spermatogonia → coordinated sequence of events in spermatogenesis
N.B: Spermiogenesis → vulnerable to 1.Heat 2.X-rays 3.dietary deficiencies 4.poisons

· Factors influencing sperm formation

1. FSH → acts indirectly to stimulate spermatogenesis (i.e. stimulate sertoli cells); important for Spermiogenesis

2. Testosterone → stimulate final steps of spermatogenesis; important for growth and division of germinal cells in forming sperm

3. LH → stimulate testosterone from Leydig cells

4. Estrogen → important for Spermiogenesis (formed from testosterone in sertoli cells upon stimulation by FSH)

5. GH → promotes early division of spermatogonia
13.3 to discuss the regulation of secretion and describe the actions of the main male sex hormone, testosterone

· Hypothalamo-Pituitary-Testicular axis → Hypothalamus(Hypt) secretes GnRH → stimulates LH and FSH secretion from anterior pituitary gland (APG) → LH acts on Leydig cells → produces Testosterone → effects: 1.androgenic and anabolic effects 2.effects on sertoli cells 3.negative feedback on hypothalamus and APG //FSH acts on sertoli cells → inhibited by Inhibin’s (produced in the testes) action on APG 
· Ref Ganong fig 23-24 pg 413
· N.B: FSH and Testosterone → act synergistically on sertoli cells → stimulate secretion of androgen binding protein (ABP) into lumen of seminiferous tubules and interstitial fluid around spermatogenic cells → ( [T] is kept near the seminiferous tubules
· Main actions of testosterone 
1) Fetal development → development of Wolffian duct system

2) Inhibitory effect → negative feedback exerted by testosterone on 1. Pituitary LH secretions. 2. Hypothalamus GnRH secretion

3) Maintains 2°sexual characteristics → 1. Penis and scrotum. 2. Seminal vesicles enlarge and secrete fructose 3.Prostate and bulbourethral glands enlarge and secrete 4. Voice changes 5. Hair growth and mental (i.e. > aggressive, active attitude, interest in opposite sex) 6. Body conformation (shoulders broaden, muscles enlarge) 7. Skin → sebaceous glands thickens →↑acne

4) Protein anabolic and growth promoting effect → growth spurt

5) Maintains spermatogenesis (along with FSH)

13.4 to discuss the physiology of the male sexual response

· Human sexual response → similar sequence of physiological and emotional changes experienced by both male and female before and after, during and after intercourse
· Main Stages (common in both sex):
1. Stage 1: Excitement (aka arousal) → physical or psychological stimuli → Parasympathetic reflex → 1.produce relaxation of vascular smooth muscles (allows engorgement with blood of genital tissues) 2. Stimulate secretion of lubricating fluid (mainly in females) // other changes: 1.↑Heart rate 2.↑Blood pressure 3.↑Hyperventilation 4. ↑Skeletal muscle tone
2. Stage 2: Plateau → changes began at excitement are sustained at an intense level (few sec → min)
3. Stage 3: Orgasm → briefest stage (@which male ejaculates); sympathetic → both sexes experience several rhythmic contractions 0.8 apart → accompanied by intense pleasurable sensations ; somatic motor neurons (LS region) → triggers powerful rhythmic contractions of bulbocavernosus, ischiocavernosus muscles and anal sphincter ; N.B: refractory period → time needed for rest b/f the next ejaculation
4. Stage 4: Resolution → sense of profound relaxation: i.e. HR, genital tissues, blood pressure, breathing and muscle tone → normal tone
· Specific male sexual response:
1. Erection → erectile tissue: 1. Corpus cavernosum 2. Corpus spongiosum (both surrounded by fascia) ; vascular phenomenon → 1. ↑arterial inflow 2. relaxation of smooth muscle in trabeculae of erectile tissue 3. ↓venous outflow ; Nervous control: 1.Afferent input (from genitals, higher centers) 2. Integrating center (lumbar spinal cord) 3.Efferent output is parasympathetic → 1. vasodilator (VIP) 2.Ach (↓NE release) 3. NO (from endothelial cells) ; Detumescence → sympathetic response

2. Emission → deposition of semen in the post urethra ; contraction of vasa deferentia and seminal vesicles ; closure of bladder neck → prevents retrograde ejaculation ; mediated by sympathetic (T10-L2)
3. Ejaculation → exposure of semen from urethra (due to contractions of bulbocavernosus and ischiocavernosus muscles) ; mediated by somatic nerves (i.e. Internal Pudendal nerve S2-S4)
4. Orgasm → coincides with 3.
13.5 to appreciate the basis for male sexual dysfunction

· Undescended testis (Cryptorchidism) → testis is normally in the posterior abdominal wall; testicular descent (to inguinal region) → MIS dependent ; risks of malignant tumours ; infertility → due to ↑temperature of abdominal wall that irreversibly damages the spermatogenic epithelium.
· Male Hypogonadism → i.e. testicular deficiency (important of determining whether b/f or after puberty) in adults,
· Testicular disease → circulating Gonadotropin level ↑ e.g. Hypergonadotrophic Hypogonadism)
· 2° to pituitary/Hypothalamus disease → circulating levels of Gonadotropin (FSH/LS) ↓ i.e. Hypogonadotropic Hypogonadism e.g. Kallmann’s Syndrome
· Castration → ↓↓ libido
· Eunuchoidism → due to Leydig cell deficiency → 1. epiphysis remains open 2.female body configuration 3. high pitched voice 
N.B: Loss of testicular endocrine function in adults → not serious, as very little androgen is needed to maintain 2° sexual characteristics once they are established ; cf with voice changes of the larynx at puberty → permanent

· Androgen secreting tumours → androgen secreting Leydig cell tumors are 1. rare 2.causes detectable endocrine symptoms only in pre-puberty boys who develop precocious pseudo puberty. 
Theme 14: The Female Reproductive System

14.1 to describe the structure of the female reproductive system and relate it to its function

· Structure, function and description

	Function
	Structure
	Description

	To produce 

Ova
	Ovaries 
	Ellipsoids and dimensions 4-2-1cm; Hilus contains blood vessels, nerves and lymphatics, medulla (twisting vessels and dense connective tissue stroma) and cortex (with numerous ovarian follicles at various stages of development  ; attached to broad ligament by mesovarium ; lined by germinal (cubodial) epithelium that does not make gametes   

	Transport of Ova
	Oviducts (aka fallopian tubes)
	12 cm long; extends from uterus towards each ovary; main segments: 1.Interstitial portion (attaches oviducts to uterus) 2. Isthmus 3.Ampulla 4.opens into a funnel shaped infundibulum (ciliated fimbriae) 

	Support of developing embryo
	Uterus
	Dimensions(non-pregnant): 6-5-3 cm ; peritoneal organ that lies between the rectum and urinary bladder ; divided into fundus, body and cervix ; wall divided into 1.endometrium (thickens through proliferative and secretory phases) 2.myometrium 3.perimetrium 

	Other components → 1. vagina 2.External genitalia → mons pubis, labia majora, labia minora and clitoris  


14.2 to discuss the menstrual cycle in relation to its hormonal control via the hypothalamic-pituitary-ovarian axis
· Normal menstrual cycle (MC)  → 29 days
· Hypothalamo-Pituitary ovarian (HPO) axis → Ovaries → main controller of the MC and determines the cyclicity (No GnRH also not a prob)
· Follicular (proliferative) phase → FSH stimulation: 1. Follicular growth (i.e. early maturation of about 20 at each time; by this stage, FSH causes enlargement of 2°oocyte) 2. Estrogen → stimulate secretion and production by growing follicles (via aromatase activity) → stimulate thickening of endometrium from 5th day to 14th day.
· Ovulation → by 6th day → selection of dominant follicle that will outgrow the rest and secrete 1.estrogen 2.inhibin → all these ↓FSH secretion → Atresia of the other follicles ; LH → suppressed by negative feedback of estrogen → but 36/48 hrs before ovulation, feedback becomes positive → initiates a burst of LH secretion →ovulation (9hrs after LH peaks) ; FSH peaks too; progesterone is thermogenic and BMR ↑↑
· Secretory phase → formation of Corpus Luteum (i.e. luteinization → formed by both granulose and theca interna cells); main function is progesterone secretion → main effects of progesterone on MC: 
1) Stimulate secretory phase of endometrium 

2) Negative feedback on Hypothalamus (GnRH) and Anterior Pituitary gland (LH) secretions // Pregnant → if YES, → trophoblast produce hCG → supports corpus luteum → allows it to continue secreting progesterone (before 6 weeks), if NO → luteolysis → corpus luteum becomes scar tissue, corpus albicans

· Menstruation → without hCG → progesterone secretion ↓ → entire stratum functionale degenerates → lost along with mucosa and blood → menstruation (N.B: Stratum basale → remains!!)
14.3 to describe the formation of oocytes, and the changes in the ovary and endometrium relevant to fertility

	Primordial germ cells 
	Differentiates into oogonia; at 3rd month undergoes mitosis →clusters; surrounded by a layer of flat epithelial cells ( follicular cells); oogonia continues to undergo mitosis (7m at 5th month) → many become atretic; surviving 1°oocytes → enter 1st meiotic division → but stuck at prophase

	Primordial follicle
	i.e. 1°oocyte + surrounding flat epithelial cells; 1°oocytes enter Diplotene stage; during puberty 5-15 primodial follicles mature and ↑ in size; epithelial become cubodial to form granulose cells, now known as.. 

	1°follicle
	Contains 1.Zona pellucida 2.Theca interna 3.theca externa; development continues → fluid spaces appear between granulose cells  

	2°follicle
	Antrum formed as the spaces coalesce, initially crescent shaped but enlarges with time; granulose cells around the oocyte remains intact → forms cumulus oophorus

	Graafian follicle
	Mature follicle; diameter 10mm; surrounded by 1.theca interna 2.theca externa (merges with ovarian stroma); when follicle matures →LH peak induces 1°oocyte to resume 1st meiotic division (which is completed just before ovulation) → 1.2°oocyte 2.1st polar body

	2°oocyte 
	Discharged by ovulation; cumulus oophorus cells re-arrange themselves around zona pellucida to form corona radiate; proceeds with 2nd meiotic division → but stopped at metaphase (completed only when fertilized)

	Corpus luteum 
	Remnant granulose and theca interna cells


· Changes in the ovary:

1) Maturation of several primodial follicles (5 to 15 a month) → only 1 forms Graafian follicle and the rest become atretic (becomes corpus albicans)

2) FSH and LH → stimulate estrogen secretion

3) Corpus Luteum → stimulate progesterone secretion (to maintain pregnancy)

· Changes in the endometrium → varies from 1 to 7mm throughout menstrual cycle
1) Follicular (proliferative) phase → endometrium ↑↑rapidly in thickness from 

    5-14th day; influenced by estrogen (from developing follicles)
2) Secretory (luteal) phase → occurs after ovulation; endometrium become  

    1.highly vascularized 2.Slightly edematous 3.glands become coiled and  

    tortuous 4.secretes a clear fluid //N.B 1 and 2 are due to Estrogen and 

    Progesterone

3) Menstruation → stratum functionale is shed, basale remains; i.e. occurs when 

    the corpus luteum undergoes luteolysis

14.4 to list the effects of the main female sex hormones estrogen and progesterone, and describe their main physiological functions
· Estrogen → secreted by follicular cells
Main effects:

· Promotes development and maintenance of 1. Reproductive structure → enlargement of breasts, uterus and vagina 2. 2°sexual characteristics → redistribution of adipose tissue in the breasts, abdomen, mons pubis, hips, voice pitch, broad pelvis, pattern of hair growth on head and body.
· Helps control fluid and electrolyte balance → Na+ and water retention if the kidneys (very slight effects)
· ↑protein anabolism → synergistic with hGH → causes slight ↑in body protein
· ↓blood cholesterol → risks of CAD
· Moderate levels of estrogen → inhibit GnRH, FSH and LH
Main Physiological functions:

· Uterus and external genitalia → during puberty → ↑Estrogen secretion (GnRH↑) → (female sex organs (e.g. ovaries, uterus, fallopian tubes, vagina) ↑ in size; Estrogen changes vagina epithelium from cubodial → stratified squamous. (>resistant to trauma and infection)
· Fallopian tubes → causes mucosal lining to be more glandular → ↑secretions to nourish fertilized ovum; ↑no. and activity of ciliated epithelium cells → ↑motility and propulsion
· Breast → causes 1.development of stromal tissue of the breast. 2.Growth of extensive ductile system 3.deposition of fat in the breast
· Progesterone → secreted mainly by the corpus luteum
Main effects:

· Prepares endometrium for implantation (acts synergistically with estrogen)

· Prepares mammary glands for milk secretion → promotes development of breast lobules and alveoli; causes alveoli to proliferate, enlarge and become secretory in nature.
· High levels of progesterone → inhibits secretion of GnRH and LH
Main Physiological functions:

· Uterus → promotes changes in the uterine endometrium during secretory phase → prepares the uterus for implantation: ↓frequency and intensity of uterine contractions → prevents expulsion of the implanted ovum.
· Fallopian tubes → promotes secretory changes in the mucosal lining → secretions necessary for nutrition of fertilized and dividing ovum.
· Breast → see above; causes breast to swell with 1.lobes and alveoli 2.↑fluid in subcutaneous tissue; N.B: it is prolactin (PRL) that stimulates milk secretion   
14.5 to explain the regulation of estrogen and progesterone secretion by the pituitary gland
· Hypothalamo-pituitary-ovarian axis → ref to Ganong fig 23-28 pg 426
· GnRH → stimulate FSH and LH secretion; episodic, pulsatile secretion → important in generating other hormonal changes in menstrual cycle
· LH → GnRH’s episodic bursts → produce circhoral peaks of LH secretions; secretion suppressed by negative feedback of estrogen → BUT 36-48hrs b/f ovulation, feedback becomes positive → initiates a burst of LH secretion → ovulation (9hrs after LH peaks)
· FSH → secretions also peak → stimulate granulose cell proliferation
· N.B: LH acts on both theca cells and granulose cells; FSH acts only on the granulose cells
· Negative feedback (NF) → Estrogen secreted exerts NF on hypothalamus and anterior pituitary gland; Inhibin produced by granulose cells → inhibit FSH secretion.
· N.B: during the luteal phase, secretion of FSH and LH ↓ due to levels of Estrogen, Progesterone and Inhibin. 
· (once luteolysis occurs, estrogen, progesterone and Inhibin level will ↓ → FSH, LH secretions ↑
14.6 to discuss the physiology of the female sexual response

· The 4 phases → excitement, plateau, orgasm and resolution
· Parasympathetic impulses:
· Stimulate release of fluids that lubricate the vaginal walls → transudation (i.e. as vaginal mucosa lack glands, engorgement of its connective tissue with blood during sexual excitement causes lubricating fluid to ooze through capillaries and seep through the epithelial layer; Other sources of lubricating fluid 1.glands within cervical mucosa 2.greater vestibular (Bartholin’s glands)
· Triggers 1. erection of clitoris 2.engorgement of labia 3.relaxation of vaginal smooth muscles. 4. Breast may swell (due to vasoconstriction) 5.erection of nipples
· Last in plateau stage → pronounced vasocongestion of the distal 1/3 of the vagina → swells the tissue and narrows the opening → vagina is able to grip the penis > firmly
· Orgasm → 3-15 rhythmic contractions of 1. Vagina 2.uterus 3.Perineal muscles.
14.7 to appreciate the basis for menstrual disorders and female sexual dysfunction

· Anovulatory cycles → failure to ovulate; but menstruation occurs at fairly regular intervals i.e. rule for 1-2yrs after menarche
· Amenorrhea → absence of menstrual periods
· 1° → when menstrual bleeding never occurred; symptoms in some woman include small breast and failure to mature sexually
· 2° → cessation of cycles in women with previously normal periods; causes include pregnancy, emotional stimuli, environmental changes, Hypothalamus, anterior pituitary gland diseases, 1°ovarian disease, and systemic disease. 
Theme 15: How a Baby is conceived
15.1 to define the requirements for successful fertilization, and describe the ensuing events leading to successful pregnancy

· Importance of coitus, fertilization, implantation, gestation and parturition

· Traveling to meeting place

(1) Sperms take 74 days to mature; wait at caudal end epididymis; deposited in female genital tract via emission, coitus and ejaculation; travels to ampulla of fallopian tubes. Takes around 10mins and only 50-100sperms reach the ovum.

(2) Ovum takes 100 days to mature; released by ovulation; picked up by fimbriated ends of fallopian tubes and travels through it.

· The meeting:

(1) Binding of the capacitated sperms to zona pellicuda; sperm receptor (species specific) → ZP3 protein; acromsome reaction releases various enzyme including acrosin (faciliatates the penetration of sperm through zona pellicuda)

(2) Fusion of sperm plasma membrane with ovum plasma membrane (mediated by sperm surface protein, Fertilin); prevention of polyspermy is achieved through hardening of zona pellucida and inactivation of remaining sperm receptors.

(3) Best time: Ovum is fertilizable up to 36hrs after ovulation; sperms viable up to 72 hrs in female genital tract; best time for coitus is the day before or the day of ovulation. 

· Upon fertilization:

(1) Ovum completes 2nd meiotic division. (i.e. becomes haploid)
(2) Zygote divides

(3) Zygote travels through fallopian tubes in 2-3 days

(4) Floats for another 2-3 days in uterine cavity before implantation.

· Implantation:

(1) Secretory endometrium needed.

(2) Invasion of endometrium (5-7 days after fertilization at 8-16 cell stage)

(3) Maintenance of pregnancy (important P) → hCG from embryo maintains CL (6 weeks gestational age) then placenta takes over in maintaining pregnancy.
15.2 to discuss the changes in female physiology during pregnancy, highlighting the adaptations to fetal and maternal needs

· N.B: Mother-placenta-fetus

· Functions of the placenta:

(1) Link between mother and fetus (i.e. for fetal respiration, alimentation and excretion); N.B: no mixing of blood.

(2) Source of hormones and other substances (i.e. mainly from syncytiotrophoblast)

(3) a. Peptide hormone mainly from syncytiotrophoblast)

· hCG causes CL to enlarge and continue secreting estrogen, progesterone and relaxin. (maintains pregnancy by ↓ myometrial contractions.)

· hCS (human chorionic somatomammotropin); large amounts found in maternal blood; has most of growth hormone’s (GH) actions and they act on the mother. (i.e. ↑ nitrogen, K+ and Ca²+ retention, lipolysis and ↓ glucose utilization {actions divert glucose to the fetus})

     b. Steroid hormone (N.B placenta needs precursor either from mother or fetus)

·    Estrogen is formed in “Fetoplacental unit”; placenta synthesizes pregnenolone that enters fetal circulation. Fetal liver also makes some pregnenolone that serves as substrates for formation of DHEAS (dehydroepiandrosterone sulphate) and 16-OHDHEAS (16-hydroxy DHEA). Both DHEAS and 16-OHDHEAS are transported to placenta, where DHEA forms estradiol and 16-OHDHEAS froms estriol. (main estrogen)

N.B: Mum’s urinary estriol excretion can be used as an index to monitor the state of the fetus.

· Progesterone → placenta becomes its major source from 7-10th weeks onwards. It maintains the pregnancy. 

· Fetal endocrinology

(1) Intrauterine fetal growth is not dependant on pituitary hGH. Other possibilities may be factors.

(2) Development on endocrine system. 

· Hypothalamus-Pituitary-Gonadal axis. Once the testes are developing,                                             testosterone and anti mullerian factor are secreted by Leydig and Sertoli cells. This causes: 1) Development of wolffian duct and external genitalia. 2) Regression of Mullerian duct system respectively. N.B without testosterone, female structures develop from Mullerian ducts. 

· Fetal Adrenal glands. Three main zones: 1) Medulla(secretes catecholamines in response to hypoxic stress and after delivery to cold stress) 2) Fetal zones (important in producing precursors needed for placental synthesis of estrogen.) 3) Function is the synthesis of steroids and converting progesterone to cortisol, especially in the last 3 months of pregnancy. ** Note the importance of fetal cortisol is linked to 1) Production of surfactant by type II alveolar cells. 2) Accei functional differentiation of liver and induces the enzymes that are involved in glycogen synthesis. 3) Important role in triggering parturition.  

· Maternal Endocrine changes
· Pituitary gland → Prolactin (PRL) secretion  ↑ steadily until term → ( PRL + (↑Estrogen and ↑Prolactin) → allows full lobuloalveolar development of breast //N.B: interplay between PIH and PRH on lactotrophs
· Thyroid → TBG ↑ (due to ↑secretion of thyroid hormone); BMR ↑ by 15% in later ½ of pregnancy
· RAA system → 50% ↑absorptive capacity for Na+, Cl- and water → i.e. due to ↑steroid hormone production by placenta and adrenal cortex (aldosterone)
· Glucocorticoids ↑ → e.g. cortisol and CBG → due to stress     
· Other physio changes:
· Marked breast enlargement → prepared for lactation
· CVS → ↑SV(stroke volume), ↑CO, ↑HR, ↑Metabolism and blood volume
· Pulmonary function → added O2 demand of fetus → ↑tidal volume, min volume of respiration → ↓expiratory reserve volume, functional residual capacity → dyspnea
· GIT → ↑appetite; ↓motility → constipation, delay in gastric emptying time, nausea, vomiting and heartburn
· Urinary system → enlarging uterus → presses on bladder → ↑frequency, urgency and stress incontinence; ↑GFR → ↑waste product elimination
· Weight gain → ↑total body water, ↑storage of proteins, triglycerides and minerals
· Skin → Striae
Theme 16: Delivery and the Postpartum Period

16.1 to discuss the physiological changes associated with parturition

· Duration of human gestation = 270 days (fetal age) or 284 days (from 1st day of MP)
· During labour = cervix softens and dilates, body of uterus experiences myometrial contraction and this leads to the expulsion of the fetus.
· Mechanism of labour: The initiating signal is from the fetus. ↑fetal CRH → ↑ACTH (from anterior pituitary gland) → ↑ secretion of androgens (from fetal adrenal cortex) → converted to estrogen in placenta → ↑estrogen in the uterus →causes increase in release of prostaglandins → initiates contractions → uterine contraction start and dilate the cervix → sets up signals via afferent nerves → ↑ Oxytocin secretion (from posterior pituitary) → positive feedback loop. 
· Estrogen also increases the number of oxytocin receptors in the uterus by 100x (also increases uterine distension)  *Spinal reflexes and voluntary contraction (of the abdominal muscles) are also important.

· Oxytocin also 

1) Acts directly on the uterine smooth muscle cells, making them contract.
2) Stimulate formation of prostaglandin in the decidua (N.B prostaglandin enhance oxytocin induced contractions)
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16.2 to describe the roles and biochemistry of prostaglandins in parturition

· Prostaglandin are members of a group of 20-C Eicosanoids that are derived from Arachidonic acid, contains cyclopentane ring

· Lipid soluble

· Not stored in vesicles as secretion is regulated continuously by ↑ or ↓ their rate of synthesis from membrane phospholipids. The synthesis is initiated in response to cell-specific stimulus.
· Synthesis of prostaglandin. Stimuli will activate phospholipases →hydrolyse membrane phospholipids to diacylglycerol which is hydrolysed to arachidonic acid. This may be metabolized by two pathways (i.e. via cyclo-oxygenase to generate prostaglandins)

· N.B: Different cell types produce different kinds of prostaglandin, e.g. Prostaglandin E1 and E2 (relax vascular smooth muscle, ↑ contraction in gut and uterus, bronchodilator.

· Role in Parturition: Causes contraction of the uterine smooth muscles, leading to induction of labour in pregnancy.    
16.3 to describe the formation, structure and functions of the placenta

· Formation: By beginning of 4th month, placenta has 2 portions

(1) Fetal portion (derived from Chorion Frondosum/villus chorion)

(2) Maternal portion (derived from Decidua Basalis)

· Structure

(1) “Intervillous lakes” of maternal blood fills the space between Chorionic and 

      Decidual plates.

(2) Villous trees, i.e. fetal tissue, grows into the maternal blood lakes and are 

      bathed in them.
(3) N.B the fetal circulation is at all times separated from the maternal circulation  

     by syncytial membrane(chorion membrane) and endothelial cells(from fetal  

     capillaries)






(4) N.B: Human placenta = “Hemochorial type


(5) Intervillous lakes of fully grown placenta contains approximately 150ml of  

            maternal blood (refreshed 3-4x) a min; villous area varies from 4-14m².
· Functions:

(1) Exchange of gases

(2) Exchange of nutrients and electrolytes

(3) Transmission of maternal antibodies provides fetus with passive immunity

(4) Production of hormones. E.g. Prostaglandin, estrodiol, estrogen, hCG and  

      sommatomammptropin.

(5) Detoxification (of some drugs)
16.4 to describe breast development in pregnancy and explain the control of breastfeeding and its effect on fertility

· Breast development 

1) At puberty, estrogen is primary responsible for proliferation of mammary ducts. Progesterone develops the breast lobules.

2) At pregnancy, prolactin level ↑ steadily until term. Full lobuloalveolar development of the breast occurs under the influence of 1) Prolactin 2) Estrogen 3) Progesterone.

· Control of breast feeding
(1) Prolactin causes the formation of milk droplets and its secretion into the ducts

(2) Oxytocin causes contraction of myoepithelial cells lining ducts walls → 

     ejection of milk through nipples.

(3) Initiation of lactation after delivery:

1. Breast enlarge (during pregnancy) due to ↑ circulating levels of estrogen, progesterone, prolactin and hCG.
2. After expulsion of placenta at parturition, there is an abrupt drop in circulating estrogen and progesterone. It is the low estrogen levels that initiate lactation.

N.B: Prolactin and estrogen are synergistic in production of breast growth; estrogen is antagonistic to prolactin in milk production of the breast. (I.e. Estrogen injection can stop lactation.)

3. Suckling evokes the “reflex-oxytocin release” (i.e. by touching the nipples and areola) → milk ejection; It also maintains and augments the secretion of milk → due to the stimulating of prolactin secretion production by suckling.
· Effects on fertility:
(1) Statistics: Women who don’t nurse their infants usually have their first  

      menstrual period 6 weeks after delivery while women who nurse regularly  

      have amenorrhea for 25-30 weeks.
(2) Nursing: stimulate ↑ prolactin secretion → that inhibits GnRH secretion → 

      inhibits GnRH’s actions on anterior pituitary gland and antagonizes the action 

      of gonadotropins on the ovaries → ovulation is inhibited (as ovaries are 

      inactive) → Estrogen and progesterone output drops to low levels.
(3) Statistics: only 5-10% of women become pregnant in the suckling period; 

      method of birth control; almost 50% of cycles in the 1st 6 months after 

      resumption of menses are anovulatory. 
16.5 to describe the neonatal adjustments to extrauterine life and contrast this to fetal physiology
· During pregnancy, the embryo is totally dependant on the mother for its existence. Thus at birth, the baby must make some adjustments.
· Respiratory system

(1) Fetal lungs are entirely dependant on mum for oxygen uptake and carbon dioxide elimination; the fetal lungs are either 1) partially filled with amniotic fluid (absorbed by birth) 2) Collapsed; surfactant production by end of 6th month; respiratory system is well developed at least 2 months before birth. (E.g. premature babies at 7th month can both breathe and cry.

(2) After delivery, circulation in baby continues, (without oxygen from mum) → blood carbon dioxide increases. → stimulates respiratory center in Medulla Oblongata → causes respiratory muscles to contract (i.e. baby’s first breath). N.B 1st respiration unusually deep because there is no air in the lungs → baby exhales vigorously and naturally cries (↑breathing rates for 2 weeks after birth at 45 breaths/min →gradually ↓ until normal levels are reached.

· CVS: After the baby’s first inspiration, the CVS has to make some adjustments.

(1) Foramen Ovale: Closes at the moment of birth; closed by 2 flaps of heart tissue thatr fold together and permanently fuse → remnant: Fossa Ovalis (function: diverts oxygen to the lungs for the first time)

(2) Ductus Arteriosus: Closes once lungs begin to form; shuts off by contractions of the smooth muscles in it’s walls and becomes the ligamentum arteriosum; mediated by Bradykinin (released from lungs during initial inflation); If this does not occur, patent ductus arteiosus will occur.

(3) Umbilical Cord is tied off.

· Umbilical arteries are closed; proximal parts become superior vesical artery; distal parts become ligamentum teres (of liver)

· Umbilical veins become medial umbilical ligament.

(4) Ductus Venosus connects umbilical vein directly to the inferior vena cava (IVC), bypassing the fetal liver. When the umbilical cord is severed, blood from fetal viscera goes directly to the heart and IVC. N.B: this shunning of blood occurs within minutes of birth and takes a week of so to complete. Remnants → Ligamentum venosum. (estimated by 8th week after birth.)
(5) CVS: Pulse rate: 120-160 beats/min (up to 180 beats/min with excitation); 

After birth, oxygen use increase, stimulating RBC and Hb production. Increased WBC count at birth drops rapidly by 7th day.
(6) Liver: May not be fully mature and thus unable to control bile pigment production. Complicating factors may lead to temporary jaundice (i.e in 50% of normal newborn that occur about 3rd or 4th day after birth.

Theme 17: Assessment of Endocrine Function

17.1 to discuss the basis for clinical endocrine evaluation

· Clinical endocrine evaluation is based on assessments on

(1) Plasma levels 

(2) Urinary levels

(3) Dynamic testings 

(4) Others

· Plasma Level
(1) Steroids, Thyroid hormone (T3 and T4) and peptide hormone

(2) Assays to determine composition of plasma 

· Chemical

· Bioassay

· Radioimmunoassay

· Immunometric methods

(3) Considerations 
· Pulsatile and diurnal variation (Hypothalamus and biological clock)

· Denatured, non-functioning hormones

· Protein binding (Total vs. Free levels, protein levels)

· Normal range of values

· Hormone pairs (Hormone and it’s controlling hormone)

*Plasma Cortisol (nmol/L) 8am = 140-690, 4pm = 80-330
· Urinary Levels

(1) Easier to obtain

(2) For measuring metabolites and hormones
(3) > averaged results

(4) Reflects production over time (but patient must urine over 24hrs for testing)

(5) Pitfalls (Proper renal function, creatinine levels, others sources of metabolites, other interfering substances from diet)

*Note some hormone like thyroid hormone is mainly secreted in bile.

*Urinary free cortisol = 55-275nmol/day

  Urinary 17-ketosteriods = 24-88μmol/day (men)
· Dynamic Tests 
(1)Useful in less definite or borderline cases

(2)Useful when hormone measurements are imprecise (eg ACTH)

(3)Distinguishes between 1° and 2° endocrine failure

· K Stimulation tests = given when levels are borderline low

· Suppression tests = given when levels are borderline high

· Insulin hypoglycemia = to access pituitary responsiveness

· Others = Radioisotope dilution techniques used to assess rate of production but this is difficult complex and expensive. Basis = *Secretion rate = metabolic clearance rate x plasma level*

· Others
(1) Hormone receptors = molecular techniques, immunhistochemistry, (e.g  

      Vitamin D resistance, androgen resistance and insulin resistance)
(2) Tissue effects = end result of hormone action, the “ideal” test at the functional level is difficult to do due to confounding factors (e.g water deprivation test and posterior pituitary)
(3) Imaging = Direct sampling of blood (CT scan, MRI, radionuclids) *problem of silent lesions.  
17.2 to explain the rationale behind some common endocrine tests and describe their application to the diagnosis of common endocrine conditions

· Endocrine disorders are usually the results of over or under activity of hormones.

· Assessment is directed at elucidating whether a true endocrine problem exists and if so whether the fault lies with the endocrine organ or the “regulating” hormone.

*Paired measurement of endocrine hormone and its regulating hormone can help determine if the problem is 1°or 2°.

· If endocrine secretion is ↑↑, suppression tests will determine if the hormone is suppressible (under regulation) or autonomous.
· If hormone levels are ↓↓, stimulating tests will determine if the gland is still functioning.

· Physiological stress (e.g. hypoglycemia) may be used to determine the responsiveness of hypothalamus-pituitary-axis and its related hormones.

· Example of stimulating tests (ACTH, CRH, TRH)

*i.e to access the functional reserve of the gland..

E.g. 1 = Baseline ACTH<18ρmol/L @8am = rapid ACTH stimulation (by giving ACTH 25units [0.25mgm] i/v) → measure plasma cortisol 30min and 60mins → normal response = cortisol > 500nmol/L (or ↑>200nmol/L above baseline)
E.g. 2 = Baseline TSH 0.4-5mU/L → TRH given 500μg i/v →measure TSH levels at 30 and 60 min (peak 5-25mU/L). This blocks the endogenous production → access the integrity of the hypothalamus-pituitary-endocrine axis
· Example of suppression tests = for borderline ↑, give hormone and assess the degree of suppression via feedback regulator e.g. ACTH

E.g 1 = Pituitary Adrenal suppressibility = 1.overnight dexamethasone suppression test (screen), give 1mg dexa at midnight and measure 8am cortisol (norm < 140nmol/L) 2. Long dexamethasone suppression test, give 0.5mg dexa q6h for 48hrs and measure 24hr urine for 17-hydroxysteriods (<μmol/d), free cortisol (<80nmol/d), measure plasma cortisol (<140nmol/L)

· Insulin hypoglycemia = access pituitary responsiveness, give insulin i/v 0.1U/kg → 50% ↓ in BSL or 40mgm%BSL →measure ACTH, GH, Cortisol, glucagons and epinephrine. 
Theme 18: How it All Fits Together

18.1 to present an integrated view of the role of endocrine function in maintaining normal body function

· Endocrine function has effects on growth, mammary glands, gonads, erythropoiesis, basic metabolic rate (BMR), bones, homeostasis and even CVS. This is important in normal body function.  

18.2 to describe how the endocrine system works with many other organ systems

· Examples of organ systems that work with the endocrine system. For example, heart (Adrenal medulla’s epinephrine and norepinephrine), lungs and kidneys.
18.3 to explain how endocrine dysfunction may affect many physiological systems

· Growth Hormone (GH) excess results in agromegaly (bone deformities caused by excess GH after epiphysis have fused). *could be due to pituitary tumors. If this occurs before puberty, gigantism results.

· Cortisol excess results in Cushing’s syndrome. *could be due to possible tumors in hypothalamus, pituitary gland, adrenal gland or ectopic cortisol releasing hormone secretion. If adrenal cortisol trophic hormone (ACTH) is low, then it is adrenal gland tumor, tests 24hr urine free cortisol. Dexamethasone  is a drug that suppresses ACTH production by pituitary gland. (however, this is ineffective in pituitary tumors)
· Adrenal insufficiency results in excess skin pigmentation. *could be caused by autoimmune destruction of adrenal glands. It may be possible to stimulate the gland administering synthetic drugs, but if no effect is shown, it will be diagnosed as adrenal insufficiency. Patients are using tired if ACTH is deficient.
· Hyperthyroidism results in tachycardia, person will feel hot, sweaty due to increased heat production. Grave’s disease. Tremors of the hand, enlarged thyroid glands. There is usually no need for suppression tests. Tests are conducted on 

(1) Level of free T4 (increased) and 

(2) Level of thyroid stimulating hormone (TSH) (decreased due to T4’s negative                       

     feedback on pituitary gland)
· Hypothyroidism results in the patient feeling cold, weak and constipated. *Hashimoto’s autoimmune disease of the thyroid gland. 1°thyroid disease detected from decreased T4 and increased TSH levels.
· Diabetes insipidus results in the failure of renal tubules to reabsorb water. Recap that anti diuretic hormone (ADH) acts on the collecting ducts to reabsorb water, without it collecting ducts are impermeable to water. Normal 1-2 litres of water, Diabetes insipidus 7-8 litres of water in urine.
To test, stimulate ADH production in the patient by increasing plasma osmolarity (tell the patient to urinate without drinking). This will cause an increase in plasma osmolarity which will in turn stimulate ADH production to regulate urine production back to normal. If urine production is still not normal, it shows that ADH is absent. We then inject ADH to the patient and if this time round the urine is concentrated, it shows that the kidney is okay. If not, we conclude that the kidneys are sick or malfunctioning. (Nephrogenic diabetes) Note that polydipsia is a mental problem leading to the deliberate drinking of water.
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