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Submodule 1:



General Topics:



Similarities between the Nervous system and Endocrine system:

Each is basically a system for signaling.

Each operates in a stimulus response manner.

Each transmits signals that can be highly localized or widespread and diverse.

Both neurons and endocrine cells are capable of secreting into the blood stream.

Both endocrine cells and neurons generate electrical potentials and can be depolarized.

the only difference is the method of conveyance:  for endocrine hormones blood stream conveyance is the method, neurotransmitters utilize axonal conveyance.



Means by which the 2 systems work together:

Peptides originally discovered as products of endocrine cells are now found to have neurotransmitter functions as well and vica-versa.

A single cell can produce biogenic amine neurotransmitters and peptide hormone molecules.

A single gene can be transcribed and translated to yield either or both a peptide neurotransmitter and a peptide hormone.

Examples:

A  fall in the plasma glucose to a dangerously low level is sensed in the brain and liver.  The sympathetic nervous system, neurohormones from the hypothalamus, and hormones from the anterior pituitary gland, the adrenal cortex, the adrenal medulla, and the pancreatic islets all act on target cells in liver, muscle, and adipose tissue to restore plasma glucose to normal.

A significant decrease in the circulating blood volume is sensed by baroreceptors, the cardiac atria, the kidney, and the brain.  The sympathetic nervous system, a neurohormone from the posterior pituitary gland, and hormones from the cardiac atria, the adrenal medulla, the adrenal cortex, and the kidney act on target cells in blood vessels and the kidney to restore blood volume.				(B/L 813-814)



Hormone:  chemical messengers produced by ductless glands that are transported in the circulation to target cells.

(G 253)

endocrine:  transmission of a molecular signal from an endocrine cell through the blood stream to a distant target cell.

Neurocrine:  transmission of a molecular signal from a neuron first down its axon and then into the blood stream to a relatively distant target cell.

Paracrine:  transmission of a molecular signal from one cell type to a neighoring different cell type by diffusion through intercellular fluid channels

autocrine: transmision of a molecular signal released into the intercellular fluid back to the cell of origin or to neighoring identical cells.				(B/L 314)



Pheromone:  substances produced by an animal that act at a distance to produce behavorial or other physiologic changes in another animal of the same species.				(G- 234)



major classes of hormones:

amines:  originate from the amino acid tyrosine.  It includes thyroid hormones and catecholamines.



steroids: the steroid hormones are all derivatives of cholesterol and have the same basic structure.

At the core of this structure is the 17-carbon cycloperhydropentanophenanthrene nucleus (the “steroid nucleus”).  

The steroid nucleus is composed of three 6-membered rings (A, B, and C rings) and a single 5-membered ring (D ring).		(Fig. 1, mod. 5)

The core is hydrocarbon.

Specific biological activity of different steroids is conferred by the presence of keto-, hydroxy-, methyl-, etc. groups on the various carbon positions, specific side chains (particularly at C-10, C-11, C-13, and C-17), and the presence of double bonds (particularly at C-10, C-5, and C-6)



proteins and peptides:

includes glycoproteins: proteins which contain 1 or more carbohydrate residues.

The peptide hormones contain a single amino acid chain, and there may be species differences in the amino acid sequence, which may sometimes affect the biological activity of the hormone in humans.

The protein and glycoprotein hormones are composed of two amino acid chains, designated the (-chain and (-chain.

The (-chain is similar in all species and confers biological activity of the hormone.

The (-chain varies from species to species and is treated as a foreign antigen by other species.  This fact makes it possible to produce specific antibodies against protein hormones for use in radioimmunology.

The (- and (-chains must be linked in order for the hormone to express its biological activity.					(module 4-5)

synthesis:  they are synthesized on the rER in the same manner as other proteins.

translation of the mRNA begins with an N-terminal signal peptide sequence.

translation then temporarily ceases until the signal peptide attatches the mRNA to the ER via docking proteins.

preprohormone:  the initial, entire coded peptide sequence.

 prohormone:  formed after cleavage of the signal peptide from the preprohormone. 



Hormone Release:

protein and catecholamine hormones:  they are both stored in secretory ganules.

hormone release involves exocytosis.

secretion involves an increase in intracellular calcium.

movement of the secretory granules involves microtubule and microfilament elements.

specific  vesicle-associated proteins and a GTP binding protein help attatch the secretory granules to the appropriate sites.

In addition to the stimulated release of protein hormones by exocytosis, a low direct basal rate of constitutive secretion of newly synthesized prohormones, partially processed prohormones, or the hormone itself occurs.



thyroid and steroid hormones:  they are not stored in discrete granules.

once the hormones appear in free form within the cytoplasm, they leave the cell by simple transfer through the plasma membrane.					(B/L 816)



TRIGGER CASE No. 1:  A.B. is a 47 year-old white male who is found, when coming to your clinic for treatment of the flu, to be mildly hypertensive, having a blood pressure of 150/94.  Upon two follow-up visits, his blood pressure remained in about the same range.  Otherwise, his health was good.  As part of a routine blood work-up, you request that his plasma renin activity be deterimined, and it is found to be somewhat elevated.  For initial therapy, you prescribe a calcium channel blocker (verapamil) and an ACE inhibitor (captopril).  One week later his blood pressure is 134/80, and his plasma renin activity is within the reference range.		(module 5)



captopril acts by blocking the conversion of Angiotensin I to Angiotensin II, thus inhibiting the hypertensive effects of Angiotensin II.  So, the blood pressure is reduced.



Control of Hormone Secretion:



Factors which determine the circulating levels of a hormone:	(See fig. 2, mod 6)



Input occurs primarily by secretion of the hormone by an endocrine gland:  this is the most variable process in the scheme, and is therefore the factor which contributes most significantly to the circulating level of hormone.

The rate limiting step in this process is the ability of the endocrine gland to synthesize the hormone in the amounts required, and this, in turn, depends upon:

the availability of necessary chemical precursors from cellular stores and/or the diet, and

the functional integrity of the endocrine tissue.



Removal of a hormone is a result of target cell uptake, metabolic degradation, and urinary or biliary excretion.  

The kidney and liver are major sites of hormone extraction and degradation.



The amount of active hormone available is dependent on the amount of free hormone in circulation.

The availability of a circulating binding protein (Pr), represents a sort of temporary removal in that free hormone is not present.

However, as hormone is metabolized or excreted, it may be readily replaced by bound hormone at a rate determined by the affinity the binding protein for the hormone.					(B/L 828, mod. 6-7)



Procedures for assaying hormone levels:



Bioassays:  initially hormones all were measured by measuring an effect that they procuced.  Wether or not a bioassay for a hormone could be developed depended upon wether or not there existed a dose-response relationship between the biological actions of the hormone and the level of hormone.

The advantage of bioassays was that they measured true biological activity.

Disadvantages:

most bioassays worked only with pharmacological levels of hormones, and were therefore too insensitive, and not useful in measuring plasma levels, and

they were subject to considerable biological variability in the responses of the test animals.



Chemical assay:  this method depends upon a chemical colorimetric reaction between a reagent and some component of the hormone, such as a ketone group at a certain position on the molecule.  The optical density of the color generated during the reaction is then measured using a spectrophotometer, and compared with those generated with a standard curve containing known concentrations of hormone.

This procedure is somewhat more sensitive and accurate than bioasssays.

Disadvantages:

there might be several hormones of more or less similar structure having the same reactive group, and the assay did not discriminate betweeen them, and

there were often several extraction and/or separation steps required prior to chemical reaction, and each step involved introduction of error and/or loss of hormone.

Also, these assays were still not sensitive enough to reliably measure circulationg plasma levels of most hormones.



Radioimmunassay:  solved most of these problems.  This technique depends on the fact that the naturally occurring, unlabeled ligand (hormone) and added radioactive ligand compete to bind to an antibody.  This provides much more sensitivity.



Technique:

The sample (plasma, urine, cerebrospinal fluid, or a tissue extract) is incubated with a fixed amount of radioactively labeled hormone (the tracer) and a fixed amount of a specific hormone-binding protein (antibody).

The nonradioactive hormone molecules in the sample compete with the tracer hormone molecules for the binding sites on the protein.  The concentration of binding sites is fixed and limiting.

The bound tracer hormone molecules are separated from those that are free.

The radioactivity in the individual bound and free tracer fractions is counted.

If  the hormone concentration in the sample is relatively high, the percentage of radioactivity remaining in the bound fraction will be relatively low, and vica versa.

The absolute amount of hormone in the sample is calculated by comparison with a standard  curve generated by incubating varying amounts of authentic hormone with the tracer and binding proteins.           (See fig 44-13, B/L 829)



Disadvantages:

Subtle alterations in structure that render a hormone devoid of biological activity may still permit its easy recognition by induced antibodies.  For some hormones, immunoactivity does not correlate with biological activity.

It may not always distinguish completely or sufficiently between similar hormones.  

The process usually involves labeling the hormone samples with I128 , which has the potential of generating a considerable amount of low-level radioactive waste, which is becoming an increasing problem in terms of disposal.  An alternative to this is ELISA, which uses enzymes instead of radioactive elements.				(B/L 828-830, mod 7)



General Mechanisms for Control of Hormone Secretion:



Negative Feedback:  the most common mechanism for control.  This straight forward mechanism dominates the relationship between hormones of the pituitary gland and its target glands.

Down-Regulation:  continued exposure of cells to a high level of hormone results in a decrease in the number of receptors for that hormone.



Positve Feedback:  is less common, it acts to amplify the initial biological effect of the hormone.

Up-Regulation:  an increase in receptor density caused by the presence of a hormone.



Substrate feed-forward inhibition:  there is a direct relationship between the circulating levels of a substance (substrate) and the hormone which regulates its concentration in the blood.

Ie.  Increased secretion of insulin evoked by an increase in blood glucose, and increased secretion of parathyroid hormone seen in response to increase plasma Ca2+.  

Decrease in the circulating concentrations of substrate result in decreases in the rate of secretion of the appropriate hormone.			(See fig. 3, mod 8)



Other control Mechanisms:

Neural control acts to evoke or suppress hormone secretion in response to both external and internal stimuli:  These may result from visual, auditory, olfactory, gustatory, tactile, or pressure sensations.  Pain, emotion, sexual excitement, fright, injury, and stress all can modulate hormone secretion through neural mechanisms.

Many hormones are secreted in distinct pulses:  circadian or daily rhythms can be demonstrated.

Seasonal variation in hormone secretion also occurs:   it may reflect the influence of temperature, sunlight, or tides.					(B/L 817-818)



TRIGGER CASE No. 2:  C.D. is a 28 year-old white female who presents with complaints of “getting fatter in the face, upper back, and shoulders” and of developing heavier facial hair on her upper lip and chin.  Physical exam reveals that she has a full- faced appearance, with a mild increase in her supraclavicular and dorsal fat pads.  Her blood pressure is 150/96.  Plasma hormone analysis shows a 4PM serum cortisol of 22.0 (g/dl (reference range= 2-10), and a serum ACTH of 2.5 pg/ml (ref= 9-50).  An MRI revealed the presence of a tumor in the right adrenal cortex.  The patient was diagnosed with Cushing’s syndrome, resulting from a cortisol-secreting tumor of the adrenal cortex.  She was referred for surgical removal of the tumor.



Looking at fig. 2, mod 6:  the process most responsible for the abnormal circulating levels of ACTH and cortisol would be the synthesis of cortisol by the tumor.

The low levels of ACTH are caused by the increased plasma concentration of cortisol produced by the tumor.  The cortisol provides a negative feedback control for the release of ACTH.		(mod 8)



Actions of Hormones



Scatchard plot:

Plots the ratio of bound hormone to free hormone as a function of bound hormone.

If a constant amount of receptor is incubated in vitro with increasing concentrations of hormone, the amount of bound hormones increases until receptor occupancy is 100%.  As the free hormone concentration approaches infinity and the receptor occupancy approaches 100%, the ratio of bound hormone to free hormone progressively decreases and approaches zero.

The slope of the line equals the negative of the dissociationg constant (Kassoc) for the hormone and its receptor.							(B/L 819-820)

The x-intercept equals the total number of originally available receptor molecules (the receptor capacity).							(See fig. 44-6, B/L 820)



Basic Schemes for hormone receptor interaction:

Extracellular signaling:  

Mainly employed by peptide/protein and catecholamine receptors.

Receptor is located within or adjacent to the plasma membrane of the target cell.

The essential information for triggering the response actually lies in the receptor molecule.

Binding of hormone changes the conformation of the receptor and allows for transmission of the information contained in the receptor

This type of hormone response is elicited within seconds to minutes.



Intracellular signaling:

Mainly employed by steroid and thyroid hormones.

The receptor is located inside the cell.  The hormone must enter the cell, occupy the receptor, and in combination with the receptor interact with DNA in the nucleus to generate a message.

The essential information for triggering a response lies in the hormone and the receptor, coupled together.

This type of hormonal action requires minutes to hours or even days for its expression.																(B/L 818-819)



PLASMA MEMBRANE RECEPTOR SYSTEMS:  peptide and catecholamine receptors.

All of these receptors are glycoproteins.

Hormone binding to these receptors may change their conformation and their distribution within the plasma membrane.  This leads to clustering of the hormone-receptor complexes.

After receptor activation, internalization of the complexes occurs and they are either destroyed or recycled.

Many receptors are coupled to G-proteins:

G-Proteins:  a family of coupling molecules that functionally link various receptors to nearby effector molecules.  The effector molecules generate second messengers that mediate the hormones intracellular actions.

All G-proteins are trimers:  each has a unique (-subunit and a (-( dimer subunit.

The (-subunits bind to receptors, to effector molecules, and to GDP and GTP.

The (-( dimeric subunit may serve to attach the G-protein to the plasma membrane.



In its inactive state the G-protein is bound to GDP.

Binding of hormone causes the adjacent G-protein alpha-subunit to bind to the occupied receptor, then to release its bound GDP and to bind GTP.

Binding of GTP activates the G-protein by causing the (-subunit to dissociate from both the hormone receptor and from its own (-( subunit

The (-subunit-GTP then moves to and binds to a nearby membrane effector molecule such as adenylyl cyclase, an ion channel carrier protein, or Phospholipase-C.  The activity of the effector molecule is either stimulated or inhibited.

The (-subunit then hydrolyzes its bound GTP to GDP and Pi.

The (-subunit then reassociates with its (-(-dimer, reconstituting the original inactive G-protein.

Mg++ is required for the G-protein cycle.			(B/L 821)

See fig. 44-7, B/L 822



Second Messenger (effector) systems

Adenylyl cyclase-cAMP:  the plasma membrane enzyme adenylyl cyclase catalyzes the formation of cAMP from ATP with Mg++ as a cofactor.  A stimulatory G- protein (Gs) would increase intracellular cAMP levels, while an inhibitory G-protein (Gi) would decrease cAMP levels.

An increase in cAMP stimulates the activation of protein kinase A which activates a number of enzymes by phosphorylating their kinases.

cAMP may also act as a hormone 2nd messenger by altering gene expression.  Target DNA molecules have a cAMP regulatory element (CRE) that binds a protein transcription factor known as cAMP response element binding protein (CREB).   cAMP activates protein kinase A, which then phosphorylates CREB.

The actions of cAMP are terminated by hydrolysis catalyzed by phosphodiesterase.

See Fig 44-8, B/L 823					(B/L 821-822)



Calcium-calmodulin system:  an activated G-protein can cause an increase in intracellular Ca2+, which can act as a 2nd messenger.

The increased cytosolic calcium combines with the ubiquitous and specific binding protein, calmodulin.

The different calcium-calmodulin complexes amplify or diminish the activities of a variety of calcium-dependent enzymes.  In this fashion, metabolic levels within the cell are ultimately altered.									(B/L 822,824)

See fig. 44-9, B/L 823



Intermediates of plasma membrane phospholipids:  the key phospholipid is phosphatidylinositol, which undergoes phosphorylation to phosphatidylinositol-4,5-bisphosphate (PIP2).

An activated G-protein activates Phospholipase-C.

Phospholipase-C splits PIP2 to a diacylglycerol and inositol-1,4,5-triphosphate (IP3).



Diacylglycerols are potent activators of protein kinase-C.

Protein kinase-C is a calcium-dependent enzyme which phosphorylates, and thereby activates or  deactivates, enzymes involved in hormone responses.

Subsequent hydrolysis of diacylglycerol yields arachidonic acid, which serves as a substrate for rapid synthesis of prostaglandins. 

Prostaglandins are also capable of modulating hormonal responses.



IP3 triggers mobilization of bound calcium from the endoplasmic reticulum.

Therefore the combined products of PIP2 breakdown greatly enhance protein kinase-C activity.											(B/L 824)

See fig. 44-10, B/L 824



INTRACELLULAR RECEPTOR SYSTEMS:  steroid and thyroid hormone receptors.

They are primarily nuclear receptors and are oligomeric phosphorylated proteins.

Binding of hormone leads to a change in size and conformation of the receptor, that frees the middle domain for interaction with DNA.

The DNA binding fingers of the receptor interact with hormone regulatory elements (HRE) on a target DNA molecule.

Occupancy of the HRE activates various promoter elements on the DNA molecule.

Gene transcription and synthesis of protein products are thereby stimulated or repressed.

See fig. 44-11 B/L 826							(B/L 825)



RESPONSE TO HORMONES:  the dose-response curve  for the action of a hormone is generally complex and often exhibits a sigmoidal shape.  An intrinsic basal level of activity may be observed independent of added hormone.

Threshold:  a certain minimal concentration of hormone is required to elicit a measurable response.

Maximal Response:  the effect that is obtained at saturating doses of hormone.

Sensitivity:  measured by the concentration of hormone required to elicit a half-maximal response.							(B/L 826)



TRIGGER CASE No. 3:  E.F. is a 37 year-old white female who presents with complaints of restlessness, irritability, late-day fatigue, weight loss and a feeling of “always being hungry and constantly snacking”.  She also complains of “sweating more than she used to”, and of being “more effected by heat”.  Physical exam reveals a patient who responds rapidly to your questions and whose movements appear rapid and slightly uncoordinated.  She has a wide-eyed stare and is mildly exophthalmic.  She has a mild tremor of the extremities and her skin is warm and moist.  Palpation of the neck reveals the presence of a diffuse goiter.  In the sitting position, her blood pressure was 134/82, and her pulse rate was 118.  Hormone analysis of blood revealed elevated thyroxine levels and very low levels of TSH.  A test for thyroid-stimulating antibodes was positive.  The patient was diagnosed with Graves disease, and treatment with propylthiouricil was begun.

(mod 9)

In my opinion, this patient has an autoimmune disorder.  She has made antibodies against her TSH receptors on her thyroid gland.  The antibody binds to and activates the receptors, leading to excess production of thyroid hormone.  The increase levels of thyroid hormone suppress the release of TSH.



SUBMODULE 2:  The Hypothalamus and Pituitary Gland

Histology

Adenohypophysis:  the portion of the pituitary that is derived from oral ectoderm.  The 3 parts of the pituitary which arise from oral ectoderm  are composed of cords of polygonal secretory cells.  These 3 parts stain more intensley and unevenly than the posterior lobe.



Pars distalis (anterior lobe):  the cords of hormone secreting cells are surrounded by reticular fibers.  Cells of the pars distalis have been described as chomophobes and chromophils based on their staining affinities.



Chromophobes:  do not stain intensley.  Includes 2 populations of cells.

Follicular chromophobes:  they are few in number and have no secretory granules.

They are small cells which lie at the periphery of the cords and are distinguished by a moderately stained nucleus surrounded by a halo of unstained cytoplasm.

Granular chromophobes:  prevalent cell type.

They contain a few fine granules which may stain with either the acidic or basic stain component.



Chromophils:  granular cells that can be stained with acidic or basic components of the differential stain, they are called acidophils or basophils based on their affinity.



Acidophils: 2 types.

Somatotrops:  they are small and round with a central nucleus.

Mammotrops:  larger, more angular, usually having an eccentric nucleus and have a greater ratio of cytoplasm to nucleus than do the somatotrops.



Basophils:  least numerous cells in the pars distalis.  3 cell types.

Thyrotrops: the largest and moste easily identified due to their size and large amounts of cytoplasm filled with small grey-blue staining granules against which the lightly staining nucleus contrasts sharply.

Corticotrops:  they are the darkest staining of the basophils.  They are much smaller than the thyrotrops and have a dark staining nucleus.  

Gonadotrops:  about the same size as corticotrops but their nucleus and cytoplasm stain more lightly.  Their granules are large enough to give their cytoplasm a distinctly granular appearance.						(J 380, microfiche 1-4)



Pars tuberalis:  funnel shaped region which surrounds the infundibulum of the neurohypophysis. The cells are arranged in cords around the blood vessels and most of them secrete FSH and LH.

It consists of  a small area marked by cords of pale staining basophils arranged in clusters or follicles.



Pars intermedia:  develops from the dorsal portion of Rathkes pouch.  It is a rudimentary region made up of cords of weakly basophilic cells that contain small secretory granules.

The loose cell cords of the pars intermedia appear to penetrate directly into the neural tissue of the pars nervosa.  This loose arrangement of glandular cells within the neural tissue is unique to the human.



Neurohypophysis:  consists of the pars nervosa and the neural stalk.

Pars nervosa:  contains no secretory cells.  It is composed of some 100,000 unmyelinated axons of secretory neurons from the supraoptic and paraventricular nuclei.



Embryology:  during embryogenesis, the hypophysis (pituitary) develops partly from the oral ectoderm and partly from nerve tissue.

The neural component (neurohypophysis) arises as an evagination from the floor of the diencephalon and grows caudally as a stalk without detatching itself from the brain.  It is composed largely of  axons and appears lightly and evenly stained.

The oral component arises as an outpocketing of ectoderm from the roof of the primitive mouth of the embryo and grows caudally, forming a structure called Rathke’s pouch.  Ratchke’s pouch is later reduced to a small fissure.



Blood circulation of the pituitary:  the blood supply of the hypophysis derives from 2 groups of blood vessels that come from the internal carotid artery.

From above, the right and left superior hypophyseal arteries supply the median eminence and the neural stalk.

The super hypophyseal arteries form a primary capillary plexus of fenestrated capillaries that irrigate the stalk and median eminence. 

They then rejoin to form veins that develop a secondary plexus in the adenohypophysis.

This hypophyseal portal system is of upmost importance in regulating hypophyseal function, it carries neurohormones from the median eminence to the adenohypophysis.					(J 379)

From below, the right and left inferior hypophyseal arteries provide blood mainly for the neurohypophysis, with a small supply to the stalk.



Changes in pituitary appearance during disease:

Acromegaly/gigantism: almost all people with acromegaly have a recognizable adenohypophyseal tumor.

Pregnancy:  the pituitary gland enlarges by about a third, a major component of this increase is hyperplasia of lactotrophs in response to high estrogen levels.

Adrenalectomy:  I think it would cause hypertrophy of the pituitary because of the lack of negative feedback from adrenal hormones.

Lactation: ??

thyroidectomy:  I think it would cause hypertrophy because of lack of negative feedback.

Gonadectomy: ???



Hypothalamic Function

Neurosecretion:  the secretion of hormones by neurons.				(G 217)

Neurohemal organs:  areas where substances secreted by neurons enter the circulation. 	(G 556)



HYPOTHALAMIC CONTROL OF POSTERIOR PITUITARY (pars nervosa) SECRETION:  

The hormones of the posterior pituitary gland are synthesized in the cell bodies of the magnocellular neurons in the supraoptic and paraventricular nuclei of the hypothalamus.

The hormones are transported down the axons of these neurons to their endings in the posterior lobe.

They are secreted in response to electrical activity in the endings.		(G 216-217)



HYPOTHALAMIC CONTROL OF ANTERIOR PITUITARY (pars distalis) SECRETION:

Hypophyseotropic Hormones:  chemical agents that control anterior pituitary secretion.

These hypothalamic releasing and inhibiting hormones are secreted from the median eminence of the hypothalamus.

They are carried in the portal hypophyseal vessels from the hypothalamus to the pituitary.

They do not escape into the general circulation.

Most hypophyseotropic hormones affect the secretion of more than one anterior pituitary hormone.

Hypophyseotropic hormones function as neurotransmitters in other parts of the brain, the retina, and the autonomic nervous system.			(B/L 222-224)



The Releasing and Inhibiting (hypophyseotropic) hormones:  there secretion is pulsatile

Corticotropin-releasing hormone (CRH)

large peptide.

stimulates the secretion of ACTH and (-LPH.



Thyrotropin-releasing hormone (TRH):

very small peptide.

stimulates the secretion of prolactin as well as TSH.



Growth hormone-releasing hormone (GRH):

large peptide.

stimulates the secretion of growth hormone.



Growth hormone-inhibiting hormone (GIH):  also called somatostatin.

Intermediate sized peptide.

Inhibits the secretion of TSH as well as growth hormone.



Gonadotropin releasing hormone (GnRH):

intermediate sized peptide.

stimulates the secretion of FSH and LH.



Prolactin-inhibiting hormone (PIH):

It is dopamine.

inhibits the secretion of prolactin.				(G 222-224)                                   

See Table 48-1, B/L 901



Magnocellular cells:  they secrete oxytocin and vasopressin (ADH).

They also generate and conduct action potentials.

Action potentials reaching their endings trigger release of hormone from them by Ca2+ dependent exocytosis.

These cells are silent at rest or discharge at low, irregular rates.

However, their response to stimulation varies:

stimulation of the nipples causes a synchronous, high-frequency discharge of the oxytocin neurons after an appreciable latency.

This results in a synchronous, relatively short, high frequency discharge of oxytocin secreting neurons.



stimulation (hemorrhage) of the vasopressin neurons causes an initial steady increase in firing rate followed by a prolonged pattern of phasic discharge.

This phasic bursting is not synchronous in different neurons and thus provides a mechanism to maintain a prolonged increase in the output of vasopressin. 					(G 217-218)



Neurophysins:  they are parts of the precursor molecules of  oxytocin and vasopressin.

The precursor molecules are cleaved as they are being transported.

After processing, ADH and oxytocin are packaged together, in the same granules, with their respective neurophysins.  

Oxytocin is associated with neurophysin I;  ADH with neurophysin II.

The neurophysins may serve as low-affinity carrier proteins in the process of transport of the neurohormones down the axons.

(B/L 923-924, G 217)

POSTERIOR PITUITARY HORMONES (Pars Nervosa):  two nonapeptides of homologous structure, antidiuretic hormone (ADH), also known as arginine vasopressin (AVP), and oxytocin are secreted by the posterior pituitary gland.



Synthesis and secretion:



Both hormones are synthesized in the cell bodies of hypothalamic neurons.

ADH largely originates in the supraoptic nucleus and oxytocin largely in the paraventricular nucleus of the hypothalamus, although each hormone is synthesized by both sites.

The precursors for each hormone contain a leader sequence (signal peptide), the respective hormone, and a neurophysin.  

Prepropressophysin, the precursor for ADH, contains an additional glycopeptide.

Prepro-oxyphysin, the precursor for oxytocin, is a similar but smaller molecule that lacks the glycopeptide.		See fig 14-11, G 218



The precursor molecules are synthesized in the ribosomes of the cell bodies of the neurons.

They have their leader sequences cleaved in the E.R.

They are packaged into secretory granules, called Herring bodies, in the Golgi apparatus and transported down the axons to the endings in the posterior pituitary.

Cleavage of the precursor molecules occurs as they are being transported.



Release of the hormones occurs when a nerve impulse is transmitted from the cell body in the hypothalamus down the axon.

Depolarization of the secretory granule results in an influx of Ca2+, causing exocytosis.

(G 217, B/L 923-924)



1-deamino-8-arginine-vasopressin (DDAVP):  it is an agonist of oxytocin and vasopressin.

It has very high antidiuretic activity with little pressor activity.    	(G-219)



Actions:



Antidiuretic Hormone (ADH):

it increases the permeability of the collecting ducts of the kidney, so H2O enters the hypertonic interstitium of the renal pyramids.

It is a potent vasoconstrictor in vitro.  In large doses vasopressin elevates arterial pressure by an action on smooth muscle of the arterioles.   But normal amounts of vasopressin do not affect blood pressure.

Vasopressin is a putative neurotransmittter in the brain.

It also causes glycogenolysis in the liver.

It increases ACTH secretion.					(G 218-219)



types of ADH receptors (V1A, V1B, V2):  All 3 are G protein-coupled.

V1A receptor:  

Act through phosphatidylinositol hydrolysis to increase the intracellular Ca2+.

They mediate the vasoconstrictor action of vasopressin.

They are found in blood vessels (including renal vessels), in glomerular mesangial cells, and in the liver and brain.



V1B receptor:

Act through phosphatidylinositol hydrolysis to increase the intracellular Ca2+.

They mediate vasopressin-induced increases in ACTH secretion.

They are located in the anterior pituitary gland.



V2 receptor:

They act through Gs to increase cGMP levels.

They mediate the antidiuretic effect of vasopressin.

They are located on the capillary side of the tubular cells in the distal convoluted tubules and collecting ducts.

They activate adenylate cyclase, resulting in increased intracellular cAMP, resulting in a striking increase in H2O permeability in the luminal membrane.						(G 219, B/L 927)



Control of ADH Secretion:

Factors that increase vasopressin secretion:  

increased ECF osmolality; 

decreased extracellular volume; 

pain, emotion, stress, exercise; 

nausea and vomiting; 

standing 

morphine, nicotine, barbituates; 

chlorpropamide, clofibrate, carbamazepine; 

Angiotensin II.



Factors that decrease vasopressin secretion:

decreased ECF osmolality

increased ECF volume

alcohol

butorphanol, oxilorphan



Osmolar vs. Volume changes:  

ADH is released in response to only a 1-2% change in osmolality while a 5-10% change in blood volume is required.

But, plasma ADH rises to much higher levels in response to hypotension than in response to hyperosmolarity.  	Compare figs. 48-29, 48-28; B/L 925



Osmoreceptors involved in ADH release:

hypothalamic osmoreceptor:  

it is located in the anterior hypothalamus.

They are extraordinarily sensitive.

They are located outside of the blood-brain barrier.



Baroreceptors involved in ADH release (stretch receptors):

Low-pressure receptors:  located in the great veins, right and left atria, and pulmonary vessels.							(G 219-220, B/L 925)

High pressure receptors:  located in the carotid sinus and aortic arch.	



Severe Hypovolemia:

Under circumstances of marked hypovolemia baroregulation overrides osmotic regulation and ADH secretion is stimulated, even if plasma osmolality is low. 		(B/L 926)



Transport and metabolism of ADH:

Circulating ADH has a biological half-life of 18 minutes, its effects on the kidney develop rapidly but are of short duration.

ADH is metabolized and inactivated in the liver and kidneys.			(G 219)



Clinical Considerations:

Diabetes insipidus: syndrome that results when vasopressin deficiency develops.

Symptoms:

polyuria:  passage of large amounts of dilute urine

polydipsia:  drinking large amounts of water.



Nephrogenic diabetes insipidus:  caused by defect in the kidneys.

Caused by an inability of the kidneys to respond to vasopressin.  Vasopressin fails to increase renal cAMP.



Syndrome of inappropriate hypersecretion of  ADH (SIADH):  

This occurs in patients with cerebral disease (“cerebral salt wasting”) and pulmonary disease (“pulmonary salt wasting”).

These conditions can lead to the inappropriate hypersecretion of vasopressin (ie. Lung tumors can secrete vasopressin).

Symptoms:

dilutional hyponatremia

loss of salt in the urine, because water retention reduces aldosterone secretion.					(G-221)



Psychogenic Polydipsia: I think this is a disease where you obsessively drink water.





ANTERIOR PITUITARY HORMONES (Pars Distalis)



(tropic) hormones secreted by the anterior pituitary:  they are secreted by 5 different cell types.   Tropic hormones:  they stimulate secretion of other hormonally active substances by other endocrine glands or other tissues.



Thyroid stimulating hormone (TSH or thyrotropin):  secreted by thyrotrope cells.

Adrenocorticotropic hormone (ACTH):  secreted by corticotropes.

Luteinizing hormone (LH):  secreted by gonadotropes.

Follicle stimulating hormone (FSH):  secreted by gonadotropes.

prolactin:   secreted by lactotropes (mammotropes),  prolactin is not a tropic hormone.

Growth hormone (hGH):  secreted by somatotropes.				(G 362)



Pituitary glycoprotein hormones:  LH, FSH, and TSH.

They are made of 2 subunits: an ( and ( subunit.

The (-subunits are remarkably interchangeable.

The (-subunits differ in structure and confer hormonal specificity.



Pituitary polypeptide and protein hormones:  ACTH, prolactin, and hGH.



Adenohypophyseal hormones derived from Pro-opiomelanocortin (POMC):  ACTH, (-LPH, (-endorphin, and (-MSH.

Intermediate lobe cells and corticotropes of the anterior lobe both synthesize a large precursor protein that is cleaved  to from a family of hormones.

After removal of the signal peptide this prohormone is known as POMC.

It is hydrolyzed to ACTH; (-LPH; a small amount of (-endorphin; and (-MSH.

POMC is further hydrolyzed to (MSH, and corticotropinlike intermediate-lobe peptide (CLIP).

Since the intermediate lobe is rudimentary in adults, neither (-MSH or (-MSH is secreted in adults.		See fig. 22-3, G-364					(G 363)



Growth Hormone:

molecular weight is 22,000.

There is considerable variation in the structure of growth hormone from one species to another.

Bovine or porcine hGH do not even have a significant transient effect on growth in humans or monkeys.

Monkey and Human growth hormones are fully active in both monkeys and humans.

The half life of growth hormone in humans is 6-20 minutes and it is at least in part metabolized in the Liver.



Regulation of GH secretion:

GHRH (GRH):  it is a specific hypothalamic releasing hormone.

It stimulates the synthesis and secretion of GH.

Somatostatin:  it is a hypothalamic peptide.

It is a powerful inhibitor of GH release.

It is a noncompetitive inhibitor of GHRH.



A fall in the plasma levels of either of the major energy-yielding substrates (glucose or free fatty acids): produces and increase in GH.

Estrogens: also stimulate GH secretion.

Stress: causes increased GH secretion.

Sleep:  a regular nocturnal peak occurs 1 hour after the onset of deep stage 3 or 4 sleep.  This is preceded by a nocturnal peak in HGRH.		(B/L 915-916)



Actions of Growth Hormone

Growth Hormone and Somatomedin C (IGF-I):

Secretion of GH stimulates the secretion of Somatomedin C (insulin-like growth factor I).

Somatomedin C has pronounced growth-stimulating activity.

Direct actions of GH:  promotion of growth by the direct action of GH on tissues.

Indirect actions of GH: promotion of growth by the action of IGF-I on tissues.  The growth promoting effects of GH can be largely accounted for by the somatomedins.			(G 367-368, B/L 918-919)



Actions of Somatomedin C on bone:  Somatomedin C causes epiphyseal growth in bones.  Its main role is to promote skeletal and cartilage growth.



Effect of GH on electrolyte metabolism

It is a protein anabolic hormone and produces a positive nitrogen and phosphorus balance, a rise in plasma phosphorus, and a fall in blood urea nitrogen.

GI absorption of Ca2+ is increased.

Excretion of Na+ and K+ is reduced.



Effect of GH on carbohydrate metabolism

Growth hormone is diabetogenic because it increases hepatic glucose output and exerts an anti-insulin effect in muscle.

GH is ketogenic because it increases circulating free fatty acid (FFA) levels, providing energy for tissues during hypoglycemia, fasting, and stress.

GH increases the ability of the pancreas to respond to insulinogenic stimuli such as arginine and glucose.			(G 367)



Control of GH secretion

Hypothalamic hormones that influence GH secretion:

GHRH:  stimulates GH release.

Somatostatin:  inhibits GH release.



categories of stimuli that increase GH secretion:

Deficiency of energy substrate:  hypoglycemia, exercise, fasting.

Increased amounts of certain amino acids in the plasma:  protein meal, infusion of arginine or other amino acids.

Stressful stimuli

Others:  glucagon, sleep, dopamine agonists, estrogens, and androgens.



Stimuli that inhibit GH secretion:

REM sleep, glucose, cortisol, FFA, Medroxyprogesterone, and growth hormone.						(G 369)



Secretion of GH and insulin under dietary conditions: 

Both GH and insulin augment the production of somatomedins.

Somatomedins stimulate the increase in lean body mass.

GH has an antagonistic effect on the increased carbohydrate metabolism caused by insulin.



Amino Acid Load:  stimulates both GH and insulin.

Together they augment production of somatomedins, stimulating growth of lean body mass.

GH blocks the carbohydrate metabolizing effects of insulin, preventing hypoglycemia.



Carbohydrate Load:  stimulates insulin, suppresses GH.

No acceleration of somatomedin production, protein anabolism is not advantageous in the absence of amino acid flow.

Insulin action permits efficient storage of excess carbohydrate calories.

Fasting:  insulin secretion falls, GH secretion rises.

Somatomedin levels fall because of calorie deficit and decrease in insulin.  This is appropriate in a situation where an increase in protein anabolism is disadvantageous and protein catabolism is essential.					(B/L 919)

GH decreases glucose use and increases glucose production.          See Fig. 48-22, B/L 920



Physiology of Growth.



Growth is a complex phenomenon affected by many hormones.  It involves accretion of proteins and increase in length and size.



The Growth Curves for 4 different types of tissues varies:

Lymphoid tissue:  there is sharp growth until the age of  12 and then there is a sudden decline.

Brain and Head:  there is rapid growth until the age of 7, and then it levels off.

Body and most visceral organs:  there is rapid growth until the age of 5, then a gradual growth until the age of 12, followed by a rapid growth spurt lasting until the age of 19.

Reproductive organs:  there is slight growth until the age of 2, then a plateau until the age of 14 when there is a rapid rise in growth.				       See Fig. 22-13, G 371



Catch-up growth:  following an illness in children there is a period where growth may be as much as 400% above normal.

The acceleration continues until the previous growth curve is reached.	 (G 370)



Clinical Considerations:

Isolated GH deficiency (dwarfism):  often due to GRH deficiency.

The GH response to GRH is normal.				(G 371)



Laron dwarfism (GH insensitivity syndrome):  there is end-organ unresponsivesness to GH.

Plasma GH is normal or elevated.

There are congenital abnormalities in the GH receptor and decrease levels of growth factors (IGF-I).

The level of  high-affinity GH-binding protein is low and IGF-I is not secreted in adequate amounts.						(G 372)



Sheehan’s syndrome:  also known as post-partum pituitary necrosis.

This syndrome results from sudden infarction of the anterior lobe of the pituitary.

The most common cause is pregnancy:

During pregnancy the anterior pituitary enlarges to almost twice its size, causing compression of the vascular supply.

Sudden systemic hypotension precipitates ischemic necrosis of much or all of the anterior lobe.  The posterior lobe is less vulnerable to hypoxia.

The syndrome can be seen in nonpregnant females and males as well.

Symptoms are a result of deficiency in anterior pituitary hormones.	(not in book)



Acromegaly:  hypersecretion of GH in adults.

Can be caused by extrapituitary or intrapituitay GH-secreting tumors.  Hypothalamic tumors that secrete GRH can also cause acromegaly.

Patients have enlargement of the hands and feet (acral parts), protrusion of the lower jaw (prognathism), and overgrowth of facial bones.

Gigantism:  hypersecretion of GH in children.

Individual grows very tall and has long arms and legs.



SUBMODULE 3:  The Thyroid Gland.

Histology:  the structure of the thyroid is highly variable as a result of differences between individuals and a reflection of the functional state.  

The thyroid gland:  is composed of 2 lobes united by an isthmus.

Thyroid tissue is composed of follicles (spherical sacs) that consist of a simple epithelial sphere whose lumen contains colloid, a gelatinous substance.

Thyroid follicles:  the epithelium lining them varies from simple squamous to simple columnar depending on its functional state.

Small vacuoles adjacent to the epithelium are thought to be indicative of active reabsorption of the colloid by the follicular epithelium.

The gland is covered by a loose connective tissue capsule that sends septa into the parenchyma.  These septa gradually become thinner;  they reach all the follicles, separating one from another by fine irregular connective tissue composed mainly of reticular fibers.

The thyroid gland is an extremely vascularized organ.  As in other endocrine glands, endothelial cells of the capillaries are fenestrated.



Functional states of thyroid follicle:

dark staining cells are actively producing colloid.

Vacuoles adjacent to the epithelium are indicative of active reabsorption of the colloid.

The gland is considered hypoactive when the follicle is composed of mostly squamous cells.

When stimulated, the follicular epithelium increases in height and there is a decrease in the quantity of colloid and a decrease in the size of the cell.								(J 399, microfiche 4)



Parafollicular cells (clear or c-cells):  they are found as part of the follicular epithelium or as isolated clusters between thyroid follicles.  

These cells are responsible for the secretion of calcitonin.



Stuctural changes as a result of disorders:

Iodine deficiency:  causes hypertrophy of the thyroid gland.

Hypophysectomy:  I think this would cause the thyroid to atrophy because of lack of TSH.

Excess dietary iodine:  I think it would just be excreted

pituitary adenoma:  I think this would cause hypertrophy because of increased TSH.



Thyroid Hormones:  Structure, synthesis, and secretion.



The principal hormones secreted by the thyroid gland are thyroxine (T4) and triiodothyroxine (T3).

Draw the structures of T3 and T4:  See fig. 18-4, G 289.



















Thyroid Stimulating Hormone (TSH):  it is a glycoprotein with a molecular weight of 28,000 and contains 15% carbohydrate bound covalently to the peptide chain.		(B/L 903)

It is composed of 2 subunits: ( and (. 



Iodide:  a raw material essential for thyroid hormone synthesis.

Ingested iodine is converted to iodide and absorbed.

Inadequate Iodide leads to hypothyroidism.				(G 288)



Hypothalamic-pituitary gland control of  T3 and T4 synthesis and release.

Thyroid function is regulated primarily by variations in the circulating level of pituitary TSH.  

TSH secretion is increased by the hypophyseotropic hormone TRH.

TSH secretion is inhibited in a negative feedback fashion by free T3 and T4, which also inhibit TRH release.	See fig. 18-14, G 297			(G 297)



TSH activates adenylate cyclase through Gs, and cAMP is the 2nd messenger for many of the hormone’s effects on thyroid hormone synthesis and release and on thyroid cell growth and differentiation.



TSH actions:

increase iodide binding

increased synthesis of T3, T4, and iodo tyrosines

increased secretion of thyroglobulin into the colloid

iodide trapping is increased

blood flow increases.						(G 296)



Iodide uptake by follicular cells:  the thyroid concentrates iodide by actively transporting it from the circulation to the collid.  The mechanism is called the “iodide trapping mechanism” or the “iodide pump”.

Iodide is pumped into the thyroid cell at its base against an electrical gradient.

The iodide then diffuses down the electrical gradient into the colloid.

Inside the cell iodide (I-) is rapidly oxidized to iodine (I) and bound to tyrosine.

T/S ratio:  The ratio of thyroid free iodide to plasma free iodide.

Despite iodide binding to tyrosine, this ratio is normally greater than 1.

The tyrosine molecules are not free in solution, but exist in peptide linkages as components of thyroglobulin.



Thyroglobulin:  it is a glycoprotein made of 2 subunits and contains 123 tyrosine residues.  Only 4-8 of these residues are normally incorporated into thyroid hormones.

It is synthesized on the rER as 2 separate peptide units.

The 2 units combine and carbohydrate moieties are added.

The completed protein is incorporated into small vessicles (granules) that also contain thyroid peroxidase.

The vessicles move to the apical plasma membrane and then into the adjacent lumen of the follicle.

Just within the follicle thyroglobulin is iodinated to form both monoiodotyrosine (MIT) and diiodotyrosine (DIT).					(B/L 934, G 288)

See Fig. 49-4, B/L 936



Thyroid Hormone Synthesis:

Thyroid peroxidase: enzyme responsible for the oxidation and binding of iodide, with hydrogen peroxide accepting the electrons.

In the thyroid gland, iodide is oxidized to iodine and bound in a matter of seconds to the 3 position of tyrosine molecules attatched to thyroglobulin.

Coupling reactions:

DIT molecules are coupled to form T4.

90% of thyroid hormone is in this form.

1 MIT and 1 DIT molecule are coupled to form T3.	(B/L 934, G 289)

This is the much more active form of thyroid hormone.



Thyroid Hormone Storage:

Once thyroglobulin has been iodinated it is stored in the lumen of  the follicle as colloid.

The thyroid normally stores a 3 month supply of thyroid hormone.  		(B/L 935)



Release of T3 and T4:  caused by TSH secretion.

Thyroid cells ingest colloid by endocytosis.  This chewing away at the edge of the colloid produces the reabsorption lacunae seen in active glands.

In the cells, these globules of colloid merge with lysosomes.

Proteases in the lysosomes break the peptide bonds between the iodinated tyrosine residues and the thyroglobulin.

T4, T3, DIT, and MIT are liberated into the cytoplasm.

Iodotyrosine dehalogenase:  deiodinates the iodinated tyrosines (MIT, DIT), it does not affect iodinated thyronines (T3, T4).

T3 and T4 leave the cell through the basal plasma membrane and enter the circulation.

(G 290, B/L 935)



Thyroid Stimulating Immunoglobulins (TSI):  production of antibodies against the TSH receptors.

These antibodies activate the receptors, producing hyperthyroidism.

this produces high levels of T3 and T4, which inhibit TSH.		(G 298)



Transport and degradation of Thyroid hormones.



The normal total plasma T4 level is 8(g/dL (103 nmol/L) and the plasma T3 level is 0.15(g/dL (2.3 nmol/L).  Large amounts of both are bound to plasma proteins.

The free thyroid hormones in plasma are in equilibrium with the protein-bound thyroid hormones in plasma and tissues.

Free thyroid hormones are added to the circulating pool by the thyroid gland.

It is the free thyroid hormones in plasma that are physiologically active and that inhibit pituitary secretion of TSH.



Plasma Proteins that bind Thyroid hormone:  increase the half life of thyroid hormone.

Albumin:  has the largest capacity to bind T4.

thyroxine-binding prealbumin (TBPA)

thyroxine-binding globulin (TBG):  has the smallest capacity to bind T4.  But, its affinity is such that most of the circulating T4 is bound to TBG.



T4:  99.98% of plasma T4 is bound. 

It is strongly bound to plasma proteins and has a long biological half-life (6-7 days).



T3:  only 99.8% of plasma T3 is bound.

The lesser binding of T3 correlates with the facts that T3 has a shorter half-life and its actions on tissues are much more rapid.						(G 291)



Protein Bound Index (PBI):  it is an index of the circulating level of thyroid hormone.  	(G 290)



Functions of thyroid binding proteins:

It maintains a large circulating reservoir of T4, which buffers against acute changes in thyroid gland function.

The binding of T3 and T4 to proteins prevents loss of these relatively small hormone molecules into the urine and thereby helps conserve iodide.				(B/L 939)



Metabolism of T3 and  T4:  T4 and T3 are deiodinated in the liver, kidney, and many other tissues.

33% of circulating T4 is normally converted to T3, 45% is converted to reverse triiodothyronine (RT3), RT3 is inactive.

Only 13% of circulating T3 is secreted by the thyroid, 87% is formed by deiodination of T4.

T3 and RT3 are then converted to various diodothyronines.



Fasting for 24 hours:  Reduces T3 by 50%, with a corresponding increase in RT3.  Bound and free T4 levels remain normal.

During more pronounced starvation:  RT3 returns to normal, but T3 remains depressed.  The decline in T3 conserves calories and protein.  See fig. 18-10, G 293		(G 292-293)



Actions of Thyroid Hormone:



Calorigenesis:  stimulation of O2 consumption by T3 and T4.

T3 and T4 increase the O2 consumption of almost all metabolically active mammalian tissues except:  

the adult brain, testes, uterus, lymph nodes, spleen, and anterior pituitary.

Mechanism of Calorigenesis (calorigenic action):  

Thyroid hormones enter cells and T3 binds to receptors in the nuclei.  

T4 can also bind, but not as avidly.  

In addition, much of the T4 is converted to T3.  In that sense T4 acts as a prohormone to T3.

The thyroid hormone-receptor complex then binds to DNA and increases the expression of specific genes.

The resultant mRNAs trigger the production of various enzymes that alter cell function.

In most of these actions, T3 acts more rapidly and is 3-5 times more potent than T4.							(G 293)



Effects of thyroid deficiency on the Nervous System:

Thyroid hormones have a marked effect on brain development.

In hypothyroid infants:  synapses develop abnormally, myelination is defective, and mental development is seriously retarded.

In adults with hypothyroidism:  mentation is slow and the CSF protein level elevated.

Thyroid homone also effects the peripheral nervous system:

The reaction time of stretch receptors is shortened in hyperthyroidism and prolonged in hypothyroidism.						(G 294)



Effects of thyroid hormones on cardiac muscle:

thyroid hormone increase the number and affinity of (-adrenergic receptors in the heart and consequently increases its sensitivity to the effects of catecholamines.

thyroid hormone also effects the type of myosin found in cardiac muscle:

It increases the level of myosin containing (-MHC (myosin heavy chain) and decreases the level of (-MHC.  The myosin containing (-MHC has more ATPase activity than the myosin containing (-MHC.



Effects of thyroid hormones on skeletal muscle:

Muscle weakness occurs in most patients with hyperthyroidism.  

The muscle weakness may be due in part to increased protein catabolism.

Hypothyroidism is also associated with muscle weakness, cramps, and stiffness.  (G 294-295)



The actions of thyroid hormones and the catecholamines norepinephrine and epinephrine.

Epinephrine increases the metabolic rate, stimulates the nervous system, and produces cardiovascular effects similar to those of thyroid hormones.

Thyroid hormones increase the number and affinity of (-adrenergic receptors in the heart and possibly in some other tissues.

The cardiovascular effects, tremulousness, and sweating produced by hyperthyroidism can be abolished by sympathectomy.

(-blockers (propranolol):  can also reduce or abolish these symptoms.  They block (-adrenergic receptors.					(G 295)



Thyroid hormone increase the rate of absorption of carbohydrate from the GI tract.



Effects of T3 and T4 on metabolism of carbohydrates, fats and protein:  many of these actions are produced by the potentiation of the effects of epinephrine, norepinephrine, glucagon, cortisol, and growth hormone.



Carbohydrates:  The increase in carbohydrate absorption causes the blood glucose level to rise rapidly following a carbohydrate rich meal.  Thyroid hormones also promote gluconeogenesis.



Proteins:  thyroid hormones promote the proteolysis of the labile protein pool.  (B/L 943)

Lipids:  thyroid hormone promotes lipolysis.

Thyroid hormone also causes a decrease in the body pool and plasma level of cholesterol.



Thyroid Hormone effects on growth and development: 

Thyroid hormones are essential for normal growth and skeletal maturation.

In hypothyroid children, bone growth is slowed and epiphyseal closure delayed.

In the absence of thyroid hormone, growth hormone secretion is also depressed.  								(G 296)

T3 and T4 receptors:  they are located in the cell nucleus.

Thyroid hormones enter cells and bind to the receptors in the nuclei.  (T3 binds with more avidity than T4).

This changes the conformation of the receptor, exposing a DNA-binding domain.

Binding of the receptor-hormone complex to DNA increases the transcription of mRNAs encoded by the gene to which it binds.  See fig 1-31, G 33		G 293, 33.



CLINICAL CONSIDERATIONS

Cretinism:  children who are hypothyroid at birth are called cretins.

They are dwarfed and mentally retarded and have potbellies and enlarged, protruding tongues.

Causes:

Before the use of iodized salt, the most common cause was maternal iodine deficiency.

Congential abnormalities of the hypothalamo-pituitary-thyroid axis that cause goiter can also cause congenital hypothyroidism with cretinism.

T4 crosses the placenta, and unless the mother is hypothyroid, growth and development are normal until birth.			(G 298)

Treatment must be started soon after birth to prevent mentat retardation.



Myxedema:  the syndrome of adult hypothyroidism.



Symptoms:

BMR (basal metabolic rate) falls to about -40.

The hair is coarse and sparse.

The skin is dry and yellowish (carotenemia).

Cold is poorly tolerated.

The voice is husky and slow.

Mentation is slow and memory is poor.

In some patients there are severe mental symptoms (“myxedema madness”)

Plasma cholesterol is elevated.



Causes:

May result from diseases of the thyroid gland.

There is no response to a test dose of TSH.

May result secondarily to pituitary failure (pituitary hypothyroidism).

The thyroid responds to a test dose of TSH.

There is no response to a test dose of TRH.

May result secondarily to hypothalamic failure (hypothalamic hypothyroidism).

The thyroid responds to a test dose of TSH.

A test dose of TRH will cause a rise in TSH.		(G 297)



Graves Disease:  autoimmune disease that causes hyperthyroidism.

Symptoms:

Hyperthyroidism:  nervousness; weight loss; hyperphagia; heat intolerance; increased pulse pressure; a fine tremor of the outstretched fingers; a warm, soft skin; sweating; and a BMR from +10 to as high as +100

Exophthalmos:  protrusion of the eye balls.

The thyroid is diffusely enlarged and  hyperplastic.



Causes:  

T lymphocytes activated by antigens in the thyroid gland stimulate B lymphocytes to produce circulating antibodies against the antigens.

Some of these antibodies are formed against components of the TSH receptor.  These antibodies are called thyroid-stimulating immunoglobulins (TSI) and they activate the receptors.



Hashimoto’s thyroiditis:  autoimmune disease.

Some of the antibodies formed can damage the thyroid, leading to this condition rather than Graves disease.

This condition can progress to hypothyroidism.			(G 298)



Effects of excess I- on thyroid funcion:

Iodide can itself inhibit thyroid function.

Wolff-Chaikoff effect:  large doses of iodides act directly on the thyroid to produc a mild and transient inhibition of organic binding of iodide and hence of hormone synthesis.  (G 301)



Effects of compounds which inhibit iodide uptake:

A number of monovalent anions compete with iodide for active transport into the thyroid and therefore inhibit uptake:

The anions include:  chlorate, pertechnetate, periodate, bi-iodate, nitrate, perchlorate, and thiocyanate.

These interfere with iodide trapping:

TSH secretion is stimulated by the decline in circulating hormones.	(G 300)

As a result of increased TSH secretion, the thyroid hypertophies, producing a goiter.



Effects of Thiocarbamides:

Thiocarbamides (propylthiouracil, methimazole):  they inhibit the iodination of monoiodotyrosine (organic binding of iodide) and block the coupling reaction.

They do not block iodide trapping.

TSH secretion is increased.					(G 300)



Effects of Goitrogens in vegetables:

Vegetables of the Brassicaceae family (rutabagas, cabbage, and turnips) contain progoitrin and a substance that converts this compound into goitrin, an active antithyroid agent.

The progoitrin activator in vegetables is heat-labile, but because there are activators in the intestine, goitrin is formed even if the vegetables are cooked.

The goitrin intake on a normal mixed diet is usually not great enough to be harmful, but in vegetarians and food faddists, “cabbage goiters” do occur.			(G 301)



The distribution of an oral dose of 123I in different thyroid states.

Euthyroid:  

Plasma: radioactive iodine concentration peaks rapidly and then rapidly declines, finally leveling off at a low concentration.

Urine:  radioactive urine concentraiton rises rapidly following the plasma peak.  The concentration levels off at a high concentration.

Thyroid:  uptake of radioactive iodine is gradual and the concentration rises slowly.



Hyperthyroid: 

Plasma:  radioactive iodine concentration peaks and then drops to an even lower level than in the euthyroid state.  This is caused by increase uptake by the thyroid.

Urine:  The urine concentration rises rapidly following the plasma peak, but levels off at a lower concentration.

Thyroid:  concentration in the thyroid increases rapidly and levels off at a very high concentration.  Iodine is rapidly incorporated into T3 and T4.



Hypothroidism;

Plasma:  radioactive iodine concentration peaks rapidly but declines more gradually because of the decreased uptake by the thyroid.

Urine:  concentration rises slowly but continues to rise rather than leveling off.

Thyroid:  radioactive iodine concentration is virtually 0.

See Fig. 18-18, G 300.





SUBMODULE 4.  Adrenal Medulla



Histology:  



Adrenal Glands:  they are paired organs that lie near the superior poles of the kidney.

The gland consists of 2 cocentric layers:

the adrenal cortex:  a yellow peripheral layer.

The adrenal medulla:  a reddish-brown central layer.

Adrenal medulla:  it is composed of polyhedral parenchymal cells arranged in cords or clumps and supported by a reticular fiber network.  These cells can be regarded as modified sympathetic postganglionic neurons that have lost their axons and dendrites.

These medullary parenchymal cells are the cells of origin for epinephrine and norepinephrine.

I think hypophysectomy would lead to atrophy of the adrenal gland because of a lack of stimulating hormones.



Catecholamines:

Draw structures of dopamine, norepinephrine (NE), and epinephrine (E).  See Fig. 50-22, B/L 972



















Enzymatic pathway for NE and E synthesis:  they are formed by hydroxylation and decarboxylation of the amino acids phenylalanine and tyrosine.



Phenylalanine hydroxylase:  found primarily in the liver.

It converts phenylalanine to tyrosine.

Tyrosine is transported to adrenal medullary cells (chrommafin cells).



Tyrosine hydrolase:  located in cytoplasm of adrenal medullary cells.

Catalyzes the conversion of tyrosine to dihydroxyphenylalanine (dopa).

This is the rate limiting reaction of NE and E synthesis.

it is subject to feedback inhibition by dopamine and norepinephrine.

Dopa Decarboxylase:  

Converts dopa to dopamine.

Dopamine thus formed in the cytoplasm, must be taken up by the granulated vessicles (chromaffin granule) before it can be acted on further.



Dopamine (-hydroxylase:   only present in the granules.

Catalyzes the formation of norepinephrine from dopamine.

In 15% of granules, the sequence ends here, in the rest the following reaction takes place.

Phenylethanolamine-N-methyltransferase (PNMT):  located in cytoplasm of the cell.

Catalyzes the conversion of norepinephrine to epinephrine.

It is induced by glucocorticoids.

Norepinephrine must diffuse back into the cytoplasm for this reaction to take place.					(G 88, B/L 971-972)

See Fig 50-22 B/L 972



Regulation of NE and E synthesis:



Acute sympathetic stimulation:

activates tyrosine hydroxylase.

Chronic stimulation of the preganglionic fibers:

induces increased concentrations of both tyrosine hydroxylase and dopamine (-hydroxylase.  This helps to maintain catecholamine output in the face of continuous demand.



ACTH:  secreted from anterior pituitary.

Helps to sustain the levels of tyrosine hydroxylase and dopamine-(-hydroxylase under stressful conditions.

Cortisol:  glucocorticoid secreted from the adrenal cortex.

Specifically induces the N-methyltransferase and therefore selectively stimulates epinephrine synthesis.						(B/L 972)

How Glucocorticoids access the medullary cells:

Arterial blood entering the Adrenal gland first enters sinusoidal capillaries in the cortex.  This blood, now enriched with glucocorticoids, then drains into medullary venules.

The cortex comprises 80-90% of the Adrenal gland, while the medulla comprises the other 10-20%.				(B/L 949)



Catecholamines are considered hormones rather than neurotransmitters:

The neuronal cell bodies of the medulla do not have axons;  instead they discharge their catecholamine hormones directly into the bloodstream, thus functioning as endocrine rather than nerve cells.								(B/L 971)



Secretion from the adrenal medulla forms an integral part of the “fight or flight” reaction evoked by stimulation of the sympathetic nervous system.



Perception or anticipation of danger or harm, trauma, pain, hypovolemia from hemorrhage or fluid loss, hypotension, anoxia, extremes of temperature, hypoglycemia, and severe exercise cause rapid secretion of epinephrine (and probably norepinephrine) from the adrenal medulla.

These stimuli are sensed at higher levels in the sympathetic nervous system and responses are initiated in the hypothalamus and brainstem.   

Usually, activation of the adrenal medulla follows activation of the sympathetic nervous system and is evoked when stimuli are more intense.



Final Common Effector Pathway:  Stimulus-Secretion Coupling.

Consists of cholinergic preganglionic fibers in the greater splanchnic nerve.

On stimulation, acetylcholine is released from the nerve terminals.

Neurotransmitter binding depolarizes the chromaffin cell membrane by increasing its permeability to Na+.

Depolarization induces an influx of Ca2+ ions.

Calcium stimulates exocytosis of secretory granules, releasing norepinephrine, epinephrine, and other granule contents.				(B/L 973)



TRANSPORT AND DEGRADATION:



Epinephrine and Norepinephrine have extremely short life spans in the circulation, allowing rapid turnoff of their dramatic effects.  Their half-lives are in the range of 1-3 minutes.	(B/L 972)



Basal Plasma epinephrine level:  25-50 pg/ml   (norepinephrine= 228 pg/ml)

Causes of increased plasma norepinephrine:

Upright position:  (standing upright raises plasma epinephrine to 73 pg/ml).

( plasma glucose:  (raises plasma epinephrine to 230 pg/ml).

Severe hypoglycemia:  (raises plasma epinephrine to 1500 pg/ml).

Diabetic ketoacidosis:  (raises plasma epinephrine to 510 pg/ml).



The increase in epinephrine concentration in these conditions are sufficient to produce relevant biological actions.  Thus epinephrine functions as a true hormone in all of these situations.

Norepinephrine levels do not generally increase to levels sufficient to produce relevant biological actions.  Therefore, norepinephrine does not usually function in an endocrine fashion.									(B/L 974)



Re-uptake of Catecholamines:

Some of the norepinephrine in nerve endings is manufactured there, but some has been secreted and then taken up again into the the noradrenergic neurons.

Circulating norepinephrine and epinephrine are also picked up in small amounts by noradrenergic neurons in the autonomic nervous system.

Noradrenergic endings contain monoamine oxidase (MOA), so that some norepinephrine is constantly being deaminated in noradrenergic endings.			(G 89)



The Other Primary Location for metabolism of catecholamines:  the vast majority of epinephrine is metabolized within the adrenal medullary chromaffin cell when synthesis exceeds the capacity for storage.



Metabolism of Catecholamines:  O-methylation and oxidative deamination can be carried out in either order, giving rise to several products that are then excreted.   See Fig. 50-23, G 973.

Key Enzymes:

Combination of Monamine oxidase (MAO) and aldehyde oxidase (AO): deamination.

Catecholamine O-methyltransferase (COMT): O-methylation.



Primary  Urinary metabolites of catecholamines:

metanephrine and normetanephrine:  from O-methylation alone.

Vanillylmandelic acid (VMA) and methoxyhydroxyphenylglycol (MOPG):  common deaminated products.

The majority of VMA and MOPG are derived from norepinephrine and largely reflects activity of the sympathetic nervous system.



Actions of Catecholamines:



classes of receptors:  ( ((-1, (-2) and ( ((1, (2, (3)

Epinephrine reacts well with (-1 and (-2 receptors, but its potency is less with (-receptors.

Norepinephrine reacts predominantly with (-receptors.



(-1 and (-2 receptors:  

They are coupled to (through Gs) and stimulate adenylyl cyclase

cAMP is the 2nd messenger.

Protein kinase A is activated and a cascade of changes in enzyme activities follows.



(-2 receptror:

it is coupled with an inhibitory G protein (Gi).

binding of hormone decreases cAMP levels and protein kinase A activity.



(-1 receptor:

it is coupled to the phosphatidylinositol membrane system.

Protein kinase C, along with Ca2+, mediates the hormonal effects.		(B/L 974)



Effects of catecholamines on pancreatic alpha and beta cells:

Catecholamines stimulate insulin secretion by beta cells ((-2 receptors).

Catecholamines inhibit insulin secretion ((-2 receptors).			(B/L 975, G 326)



The “fight or flight” response associated with sympathoadrenomedullary discharge:  Norepinephrine is released in emergency situations and results in the following:

it dilates the pupils

it accelerates the heartbeat and raises blood pressure

it constricts the vessels of the skin

it leads to low thresholds in the reticular formation (reinforcing the alert, aroused state).

It leads to elevated blood glucose and free fatty acids.



Catecholamines increase blood volume:

catecholamines increase renin release ((-receptors)

this increases aldosterone secretion, which enhances Na+ retention.

This action is augmented by local catecholamine effects on renal circulation.

Catecholamines may either stimulate or inhibit ADH secretion.  		(B/L 976)



The use of epinephrine to treat anaphylactic shock:

I think the cardiovascular consequences of epinephrine benefit the individual.

Restoration of adequate arterial pressure to maintain coronary blood flow.

Constriction of dilated vessels (decreases edema)



Smooth Muscle response to epinephrine induced “fight or flight” response:

relaxation of bronchioles, constriction of cutaneous vessels, inhibition of gastrointestinal and genitourinary motor activity, dilation of pupils.				(B/L 976)



Epinephrine’s effect on muscle cells and adipose cells:

It stimulates muscle glycogenolysis

it inhibits insulin-mediated glucose uptake by muscle and adipose tissue.

Epinephrine activates adipose tissue lipase, thereby increasing plasma free fatty acids.

It stimulates FFA (-oxidation in muscle and liver.

It also promotes ketogenesis.						(B/L 975)



Epinephrine raises blood sugar:  it stimulates glucose production and inhibits glucose use.  Epinephrine increases plasma glucose, free fatty acids, and ketoacids.

Epinephrine causes increased glycogenolysis.

It causes increased lipolysis and ketosis.

It causes decreased glucose utilization.

It causes increased secretion of both glucagon and insulin.

It decreases insulin-stimulated glucose uptake.

It also increases the metabolic rate.

See Fig. 50-24, B/L 975

See Table 50-5, B/L 975



Response to Stress:  involves the adrenal medulla and adrenal cortex.



Major stresses activate both corticotropin-releasing hormone (CRH) neurons and adrenergic neurons in the hypothalamus.

Activation is mutually reinforcing because norepinephrine increases CRH release and CRH increases adrenergic discharge.



Together these hormones increase glucose production:

epinephrine does so rapidly by activating glycogenolysis.

Cortisol does so more slowly by providing amino acid substrate for gluconeogenesis.

Together cortisol and epinephrine shift glucose utilization toward the central nervous system and away from peripheral tissues.



Epinephrine also rapidly augments free fatty acid supply to the heart and to muscles.



Both hormones raise blood pressure and cardiac output and improve delivery of substrates to tissues that are critical to the immediate defense of the organism.



Norepinephrine and CRH can produce other adaptive responses to stress:

Adrenergic stimuli to the appropriate brain centers  results in a general state of arousal and vigilance,  an activation of defensively useful behavior, and appropriate aggressiveness.

CRH input to other hypothalamic neurons inhibits GH and gonadotropin (growth and reproduction are not useful functions during stress).

Cortisol also suppresses growth and ovulation.

CRH inhibits sexual activity and feeding.



The response to stress represents a prime example of the integration of the nervous system and the endocrine system.							(B/L 977)



Clinical Correlations:



Pheochromocytoma (tumor of chromaffin cells):  hypersecretion of epinephrine and norepinephrine.

Dramatic clinical episodes are produced by sudden spurts of catecholamines, these can result from any stress or from a rapid change in posture.

Sudden severe headache, palpitations, chest pains, extreme anxiety with a sense of impending death, cold perspiration, pallor of the skin caused by vasoconstriction, and  blurred vision may occur.

Blood pressure may be extremely high (250/150)

if norepinephrine is the predominant hormone, heart rate will be decreased.

If epinephrine is the predominant hormone, heart rate will be increased.

Chronic catecholamine excess may produce:

weight loss:  as a result of increased metabolic rate,

hyperglycemia: as a result of inhibition of insulin secretion.		(B/L 976)



SUBMODULE 5:  The Adrenal Cortex



Corticosteroids:



Draw the Structure of cortisol and aldosterone:  See figs.  50-7, 50-8,  B/L 954, 955.





























Glucocorticoids:  they are steroids with widespread effects on the metabolism of carbohydrate and protein.

Cortisol is the dominant glucocorticoid for humans.

Corticosterone can be produced as a side product of either the glucocorticoid or the mineralocorticoid pathways. 

It has much more mineralocorticoid activity than glucocorticoid activity.

If glucocorticoid synthesis is blocked but the corticosterone pathway is open, the corticosterone can provide the necessary glucocorticoid activity.   (B/L 950)



Aldosterone:  the major mineralocorticoid.

Potent mineralocorticoids require an oxygenated carbon at the 18 position.



The adrenal cortex has 3 layers:  each layer or zone mainly secretes one of the 3 types of corticosteroids.									(B/L 949-950)

Zona Glomerulosa:  very thin, outtermost layer.

Aldosterone synthesis is carried out exclusively in this layer.		(B/L 954)



Zona Fasciculata:  widest zone.

Glucocorticoid (cortisol) synthesis occurs largely within this zone.  		(B/L 950)



Zona Reticularis:  innermost layer.

Sex steroid precursor (androgens, estrogens) synthesis occurs largely in this layer.

This layer also contributes a small amount of glucocorticoid synthesis.        (B/L 953)



Pneumonic: to remember layers and hormones secreted in each layer:

G (glomerulosa): 	salt  (aldosterone)

F (fasciculata):	sugar (cortisol)

R (reticularis):	sex (androgens, estrogens)



Cholesterol:  the precursor for all adrenocortical hormones.

Normally, free cholesterol from plasma is the major source used for hormone synthesis.

All hormones of the adrenal cortex represent modifications of the steroid  nucleus.  (B/L 950)



Cortisol synthesis:  conversion of cholesterol to cortisol in the zona fasciculata.



P450SCC (20,22 desmolase):  side chain cleavage enzyme.

It catalyzes the initial reaction converting cholesterol to (5-pregnenolone

This occurs in the mitochondria.



This same intramitochondrial complex carries out successive hydroxylations followed by cleavage of the cholesterol side chain.

This step limits the rate of adrenal steroidogenesis in general.



(5-pregnenolone then moves to the endoplasmic reticulum and is converted first to 17-OH progesterone and then to 11-deoxycortisol.

An alternate reaction can occur in which (5- pregnenolone is converted first to progesterone and then to 11-deoxycorticosterone.



11-deoxycortisol is transferred back  to the mitochondria and is hydroxylated in the 11 position, forming cortisol.

This critical 11-hydroxylation is very efficient in humans.	(B/L 950)

11-deoxycorticosterone is converted to corticosterone.

See figs 50-3, 50-4 B/L 951, 952



Aldosterone synthesis:  occurs in the zona glomerulosa.



The sequence from cholesterol to corticosterone is identical to that in the zona fasciculata.



P450 (corticosterone 18-methyl oxidase):  a mitochondrial oxidase

the C18 methyl group of corticosterone is hydroxylated to yield aldosterone.

18-hydroxycorticosterone is a byproduct of the reaction.	(B/L 954)

See figs.  50-3, 50-7  B/L 951, 954



Androgen and Estrogen synthesis:  occurs in the zona reticularis.



17-hydroxylated derivatives of (5-pregnenolone and progesterone are the starting points for androgen and estrogen synthesis.



P450C17:  catalyzes the removal of the C20-21 side chain , yielding dehydroepiandrosterone (DHEA) and androstenedione.

This microsomal desmolase-like reaction is the key step.



Sulfotransferase:  sulfates DHEA forming Dehydroepiandrosterone sulfate (DHEA-S).



DHEA-S and androstenedione are the major androgenic products of the adrenal glands.

Although they are rather weak androgens, they are converted to the potent androgen, testosterone, in peripheral tissues.	 See Fig. 50-6, B/L 953		(B/L 953)



18-hydroxylase is limited to the zona glomerulosa.

It is essential for synthesis of mineralocorticoids.



General structure of hypothalamic corticotropin-releasing hormone (CRH):

it is a peptide with 41 amino acids.

It stimulates the release of ACTH.						(B/L 906)



General Structure of pituitary ACTH:

it is a peptide with 39 amino acids.

It regulates the growth and function of the adrenal cortex.			(B/L 905)



Proopiomelanocortin (POMC):

in synthesis of ACTH, this large polypeptide is first synthesized.

Sequential processing of POMC yields ACTH along with several other products that are co-secreted into plasma:

(-lipotropin, (-lipotropin, (-endorphin, and MSH activity are also contained within the peptide.



Transport and Degradation of Aldosterone and Cholesterol



Cortisteroid Binding Gobulin (CBG):  a corticosteroid binding protein formerly called transcortin.

Binds 75-80% of circulating cortisol.

An additional 15% of cortisol is bound to albumin, leaving 5-10% free.

The bound cortisol functions as a circulating reservoir of hormone that keeps a supply of free cortisol available to the tissues.

The plasma half life of cortisol is about 70 minutes.			(B/L 955, G 332)

Total plasma cortisol levels are normally 13.5 (g/dL.



Aldosterone:  is bound to protein to only a slight extent, and its half life is short (20 minutes).

Total plasma aldosterone levels in humans is only .006 (g/dL (compare with cortisol).  (G 334)

aldosterone binds to a specific aldosterone binding globulin, to CBG, and to albumin.



Metabolism of cortisol:  cortisol is in equilibrium with its 11-keto analog cortisone.

11(-ol-dehydrogenase:  catalyzes the interconversion of cortisol and cortisone in the liver and other tissues.  Metabolism occurs in the liver.

The glucocorticoid activity of cortisone is dependent on its conversion to cortisol.

The vast majority of cortisol and cortisone are metabolized in the liver.

Cortisol is reduced to dihydrocortisol and then to tetrahydrocortisol.

Tetrahydocortisol is then conjugated to glucouronic acid by the same glucouronyl transferase system responsible for the formation of glucouronides of bilirubin and a number of hormones and drugs.

There is competitive inhibition between these substrates.



Cortisone:  it is not secreted in appreciable quantities by the adrenal glands.  

Little if any of the cortisone formed in the liver enters the circulation because it is promptly reduced and conjugated to form tetrahydrocortisone glucouronide.



These reactions of cortisone and cortisol serve to solubilize these lipid soluble compounds in aqueos media.    The tetrahydroglucuronide derivatives of cortisol and cortisone are freely soluble.							(G 333, B/L 955)

See fig. 50-8 B/L 955



Metabolites of cortisol and cortisone metabolism:

17-ketosteroid derivatives of cortisol and cortisone:  about 10% of secreted cortisol is converted to these derivatives in the liver. 

The ketosteroids are conjugated to sulfate and then excreted in the urine.

20-hydroxy derivatives are also formed.

Tetrahydrocortiso and tetrahydrocortisone:  these so called “17-hydroxycorticoids” represent up to 50% of total daily cortisol secretion.

Measurement of these urinary metabolites provides a reliable index of cortisol secretion as long as renal and hepatic functions are in tact.



Metabolism of aldosterone:  90% of aldosterone is cleared by the liver in a single pass.

In the liver, aldosterone is reduced to tetrahydroaldosterone.



Aldosterone metabolites:

tetrahydroglucouronide derivative

18-glucouronide

3-glucouronide:  the major metabolite that is excreted in the urine.  (B/L 956, G 334)



Conditions in which steroid metabolism is modified:

Liver disease.

Surgery and other stresses.

Pregnancy

Adrenal abnormality.



Enterohepatic circulation of  steroid hormones:

there is an enterohepatic circulation of glucocorticoids, and about 15% of the secreted cortisol is secreted in the stool.

Tetrahydroglucouronides are freely soluble, they can enter the circulation, where they do not bind to protein, and they are rapidly excreted in the urine.	(G 334, 333)



Actions of Steroid Hormones:



Aldosterone and mineralocorticoids:



Sites of aldosterone action:

Kidney: is the major site of action.

Aldosterone stimulates active reabsorption of Na+ from the tubular urine by cells of the collecting ducts and late distal convoluted tubules.  H2O is passively reabsorbed with Na+.

Colon:  the hormone stimulates Na+ reabsorption while enhancing K+ excretion in the feces.

Perspiration and Saliva:  aldosterone decreases the ratio of Na+ to K+.       (B/L 969)

Aldosterone affects Na+ and K+ exchange between the ECF and  intracellular fluid. 



Mechanism of action on the distal nephron:

aldosterone binds to the mineralocorticoid receptor:

this is one of a family of intracellular steroid receptors.

This exposes the DNA binding domain of the receptor:

subsequent binding to DNA promotes the formation of mRNAs that in turn form new proteins.

Proteins formed:

Na+-K+ ATPase is the principal new protein that is formed.

Na+ channels

pumps

Na+-H+ antiports

A lag of 1-2 hours is required for the actions of aldosterone.              (G 341, B/L 968)



Cortisol and Glucocorticoids:

Metabolic actions of Glucocorticoids:  they have peripheral catabolic and hepatic anabolic effects.

The most important overall reaction of cortisol is to facilitate the conversion of protein to glycogen.

Cortisol enhances the mobilization of muscle protein for gluconeogenesis by accelerating protein degradation and inhibiting protein synthesis.

Cortisol further stimulates the transformation of the proteolytically derived amino acids into glucose.

Glucocorticoids cause increased hepatic glycogenesis and gluconeogenesis.

Glucocorticoids exert an anti-insulin action in peripheral tissues, however, the brain and the heart are spared.  So, the increase in blood glucose provides extra glucose to these vital organs.					(G 335, B/L 959)



Permissive actions of glucocorticoids:  small amounts of glucocorticoids must be present for a number of metabolic reactions to occur, although the glucocorticoids  do not produce the reactions by themselves.  For example,

Cortisol augments the stimulation of glycogenolysis by glucagon.

Cortisol and glucagon individually increase the activity of the enzyme phospoenolpyruvate carboxykinase.  Their combined effect on this important step of gluconeogenesis is synergistic rather than just additive.

The enzyme tyrsoine kinase is inducible by cortisol, and cortisol is necessary to allow the enzyme’s substrate, tyrosine, to induce the enzyme.	(G 959, G 335)



Effects of corticoids on vascular reactivity:  the ability of vascular smooth muscle to respond to norepinephrine and epinephrine requires the presence of glucocorticoids.

The hormone permits the normal responsiveness of arterioles to the constrictive action of catecholamines and may decrease production of vasodilator prostaglandins.



Effects of glucocorticoids on the renal handling of  water:  the ability to excrete a water load requires the presence of glucocorticoids.

Cortisol increases GFR in the kidney.

In the absence of cortisol, the secretion of ADH and its action on the renal tubule are enhanced.  So, free water clearance is diminished.		(G 335, B/L 963)



Effects of glucocorticoids on the CNS:  the absence of cortisol causes the appearance of electroencephalographic waves slower than the normal rhythm, personality changes, and increased sensitivity to olfactory and gustatory stimuli.

Cortisol also decreases REM sleep but increases both slow wave sleep and time awake.

Glucocorticoids dampen acuity with regard to gustatory, olfactory, auditory, and visual stimuli.



Effects of cortisol on levels of blood cells:  the complex set of reactions (ie. The inflammatory response) evoked by tissue trauma, chemical irritants, foreign proteins, or infection are profoundly inhibited by cortisol.

Glucocorticoids decrease the number of circulating eosinophils by increasing their sequestration in the spleen and lungs.

Glucocorticoids lower the number of basophils in circulation.

Glucocorticoids increase the number of neutrophils, platelets, and red blood cells.

Glucocorticoids decrease the circulating lymphocyte count and decrease the size of lymph nodes and the thymus by inhibiting lymphocyte mitotic activity.

Their primary action is to inhibit production of IL-2 by T-lymphocytes.



The use of glucocorticoids in the treatment of inflammation and allergies:

In large doses glucocorticoids inhibit the inflammatory response to tissue injury and suppress manifestations of allergic disease that are due to release of histamine from tissues.

But large doses of  glucocorticoids inhibit ACTH secretion to the point that severe adrenal insufficiency can be a dangerous problem when therapy is stopped.

Also, if glucocorticoids are administered for very long, they may increase the susceptibility to infections or prevent normal wound healing after injury.								(G 336, B/L 966)





Regulation of Adrenocortical Function:



ACTH’s interaction with plasma membrane receptors:  

ACTH binds to high affinity receptors on the plasma membrane of adrenocortical cells.

Binding activates adenylyl cyclase via GS.

Increased intracellular cAMP activates protein kinase A.

Protein kinase A phosphorylates cholesterol ester hydrolase:  conversion of cholesterol esters to free cholesterol is increased.

This leads to a prompt increase in the formation of pregnenolone and its derivatives.

P450 enzymes are activated.

All steps in corticosteroid synthesis are activated.			(G 331, B/L 957)



ACTH also stimulates aldosterone secretion.			(B/L 967)



Clinical significance of the circadian rhythm in CRF, ACTH, and cortisol secretion:

ACTH secretion, and thus cortisol secretion, exhibits a distinct diurnal (circadian) rhythm.

This consists of a peak just before the subject awakes and a nadir or near zero just after the patient falls asleep.



The nocturnal ACTH peak is primarily generated in the hypothalamus by CRH release and does not  depend on negative feedback from the adrenal gland.		(B/L 906)



There is a pulsatile pattern superimposed on this diurnal pattern:

There are about 7 to 13 pulses of secretion per day.

The reason for these day time bursts is unknown. 



See Fig 48-8, B/L 906;  Fig. 20-21, G 340.  Draw the diagram of the feedback regulation of cortisol secretion (the hypothalamic-pituitary-adrenal axis)



Regulation of Aldosterone Secretion:  aldosterone secretion is stimulated by angiotensin II and K+.

A fall in ECF causes a decrease in renal blood flow and pressure.

The juxtaglomerular cells respond by secreting renin.

Renin converts angiotensinogen to angiotensin I.

Angiotensin I is converted to Angiotensin II, which stimulates aldosterone secretion.

Na+ deprivation induces aldosterone secretion via renin and angiotensin.

Increased sympathetic neural activity enhances renin release.

Certain local prostaglandins also increase renin release, therefore prostaglandin synthesis inhibitors (NSAIDS) reduce aldosterone responses.



Angiotensin II exerts negative feedback on renin release, but there is no direct negative feedback by aldosterone.



K+ is an important stimulator of aldosterone secretion:

a major function of aldosterone is to facilitate the clearance of potassium from ECF.

ACTH also stimulates aldosterone secretion.				(B/L 966-967)



Atrial natriuretic peptide:  In response to volume expansion, atrial myocytes release ANP (atrial natriuretic peptide), which binds to specific receptors in the zona glomerulosa and inhibits the synthesis and release of aldosterone.							(B/L  966-967)



Clinical Considerations:



Adrenogenital syndrome:

Endocrine abnormalities:  deficiencies in the pathways for adrenocortical hormone synthesis.

These deficiencies include:  21-hydroxylase, 11-hydroxylase, 17-hydroxylase, 18-hydroxylase, and desmolase deficiencies.



Clinical manifestations:  

Female fetuses have a masculinized pattern of development of there external genitalia caused by  high adrenal androgen levels.

Thus they have penile like clitorises and scrotum like labia, which can lead to incorrect gender assignment.

Early acceleration of linear growth and early appearance of pubic and axillary hair, but suppression of gonadal function and reproduction in both genders, also caused by androgen excess.

The individual is short because of premature closure of the growth centers in the bone.

Cortisol and aldosterone secretion may be so impaired as to cause episodes of adrenal crisis.



Causative factors:  21-hydroxylase serves as a good example.

Plasma cortisol and 11-deoxycortisol tend to be low, whereas levels of the immediate precursor, 17-hydroxyprogesterone, are greatly elevated.			See fig 50-3, B/L 951.

The block in cortisol synthesis leads to increased ACTH secretion.

This stimulates and causes hyperplasia of the zona fasciculata and zona reticularis, causing increased androgen secretion.

Also, 17-hydroxyprogesterone serves as the major precursor for adrenal androgens, therefore androgens are secreted in great excess.  See Fig 50-6 B/L 953						 	(B/L 971, G 332)



Addison’s disease:  destruction of the adrenal cortex.



Endocrine abnormalities:  glucocorticoid, adrenal androgen, and mineralocorticoid deficiencies.



Clinical manifestations and causative factors:

cortisol deficiency leads to loss of appetite with weight loss, malaise, fatigue, lethargy, muscle weakness, nausea, vomiting and abdominal pain, fever, poor tolerance of minor medical or surgical stress, fasting hypoglycemia, and an increase in circulating lymphocytes and eosinophils with a reduction in neutrophils.



Adrenal androgen deficiency may contribute to anemia and, in females, a reduction in pubic and axillary hair.



Aldosterone deficiency is marked by polyuria (caused by natriuresis), dehydration, hypotension, hyperkalemia, hyponatremia, and metabolic acidosis.



Elevated ACTH and proopiomelanocortin produces striking hyperpigmentation of skin caused by its melanocye-stimulating activity.			(B/L 970)



Cushing’s syndrome:  caused by prolonged increases in glucocorticoids.



Causative Factors:  

administration of large amounts of exogenous hormones.

Glucocorticoid-producing adrenocortical tumors.



Adrenal hyperplasia: caused by

circulating adrenal-stimulating immunoglobulins

hypersecretion of ACTH from:

small pituitary tumors (microadenomas)

hypersecretion of CRH



tumors of nonendocrine tissues that secrete ACTH (ectopic ACTH syndrome) or CRH.



Clinical manifestation:

patients are protein depleted as a result of excess protein catabolism. 

The skin and subcutaneous tissues are therefore thin and the muscles are poorly developed.

Wounds heal poorly and minor injuries cause bruises and ecchymoses.

The hair is thin and scraggly.



Body fat is distributed in a characteristic way:

the extremities are thin, but fat collects in the abdominal wall, face, and upper back, where it produces a buffalo hump.

Stretching of the thin skin of the abdomen produces striae, reddish purple scars caused by damage to subdermal tissues.



Hyperglycemia, from production of glucose from protein, and decreased peripheral utilization of glucose may be sufficient to precipitate insulin-resistant diabetes mellitus.



The glucocorticoids are so elevated that they exert a significant mineralocorticoid action.

The salt and water retention plus facial obesity cause the classic plethoric, rounded “moon faced” appearance.

There may be k+ depletion and weakness.

Excess glucocorticoids decrease bone formation and increase bone resorption leading to osteoporosis and bone dissolution.



Glucocorticoids in excess accelerate the basic electroencephalographic rhythms and produce mental aberrations ranging from increased appetite, insomnia, and euphoria to frank toxic psychoses.						(G 336-337)



Primary Hyperaldosteronism:  seen in patients with aldosterone-secreting tumors of the adrenal cortex.

Clinical manifestations:

patients are severely K+-depleted.

They are hypertensive and their ECF volume is expanded.

Escape phenomenon:  when ECF expansion passes a certain point, Na+ excretion is usually increased in spite of the continued action of mineralocorticoids on the renal tubules.

So these patients are not edematous or markedly hypernatremic.

Prolonged K+ depletion damages the kidneys, resulting in a loss of concentrating ability and polyuria (hypokalemic neuropathy).

depletion also causes muscle weakness and metabolic alkalosis.

Alkalosis lowers the plasma Ca2+ level to the point where latent or even frank tetany is present.

depletion causes a minor but detectable decrease in glucose tolerance. (G342-343)



Secondary Hyperaldosteronism:  increased aldosterone secretion caused by elevated levels of renin and angiotensin II.

Causative factors:

Congestive heart failure, nephrosis, or cirrhosis of the liver cause increase renin and angiotensin levels in many patients.

Individuals with the salt losing form of adrenogential syndrome have increased renin secretion because their ECF is low.

Renal artery constriction can cause increase renin secretion in some patients, leading to increased aldosterone.						(G 346)



Isolated Aldosterone deficiency:

Clinical manifestations:

Na+ is lost in the urine, K+  is retained, and plasma K+ rises.

Salt loss exceeds water loss and the plasma Na+ falls.  

The plasma volume is also reduced, resulting in hypotension, circulatory insufficiency, and eventually, fatal shock.				(G 342)



Congenital Adrenal hyperplasia:

Causative factors:

It is a congenital disorder in which a deficiency exists in any of the 5 enzymes necessary for the synthesis of cortisol.

The defect in cortisol synthesis results in increased levels of ACTH.

Increased levels of ACTH overstimulate the pathways for production of adrenal androgens.  	(taken from pathophysiology by Carol Porth)	(G 331)



SUBMODULE 6:  The Endocrine Pancreas



Histology:  

Islets of Langerhans:  they are multihormonal endocrine microrgans of the pancreas;  they appear as rounded clusters of cells embedded within exocrine pancreatic tissue.  There are more than 1 million islets in the pancreas.

Each islet consists of lightly stained polygonal or rounded cells arranged in cords separated by a network of fenestrated capillaries.

A fine capsule of reticular fibers surrounds each islet, separating it from the adjacent exocrine pancreatic tissue.

types of cells located in the islets:

( cells:  stain with acidic components of dyes.  They appear heavily stained in contrast to the light, pale staining (-cells.  They produce glucagon.

They have regular granules with a dense core surrounded by a clear region bounded by a membrane.  The granules are larger and darker than (-cells.

( cells:  stain with acidic components of dyes.  They are light, pale staining.

They have irregular granules with a core formed by irregular crystals of insulin complexed with zinc.  They produce insulin.

( cells:  stain with the basic components of the stain.

Neural relationships of the islet cells:  Both sympathetic and parasympathetic nerve endings have been found in close association with about 10% of the A,B, and D cells.  Gap junctions presumably serve to transfer the ionic changes associated with autonomic discharge to other cells.								(J 396-397)



Pancreatic Hormones:



Insulin:



Cells of origin:  Insulin is synthesized in the ( cells of the islets of Langerhans in the Pancreas.



Chemical Structure:  insulin is a poypeptide containing 2 chains (A and B chain) of amino acids linked by disulfide bridges.



Biosynthesis:  insulin is synthesized in the endoplasmic reticulum of the ( cells.

Preproinsulin:  Insulin is first synthesized as part of this larger preprohormone.

It has a 23-amino-acid signal peptide.

Proinsulin:  the signal peptide is removed as it enters the endoplasmic reticulum.  The remainder of the molecule is then folded, and the disulfide bonds are formed to make proinsulin.

Proper folding and disulfide formation is dependent on the presence of a peptide segment (C-peptide)  connecting the A and B chains.

C-peptide (connecting peptide):  the peptide segment is normally detatched in the granules before secretion.  

This peptide remains in the granules, in addition to insulin, after the connection is severed.



Blood insulin levels are higher when measured by bioassay than when measured by radioimmunoassay.

This is because the plasma contains a variety of substances (IGF-I, IGF-II) with insulin-like activity in addition to insulin.				(G 303-304)



Insulin circulates unbound to any carrier protein.				(B/L 859)



Insulin is degraded largely in the liver and kidney.

Insulin degradation also occurs in association with its plasma membrane receptor after internalization by target cells.

Insulin binds to insulin receptors and is internalized;  it is destroyed in the endosomes formed by the endocytotic process.

Insulin protease:  is the principal enzyme involved.

It is located on the cell membrane and is internalized with the insulin.(G 304)



The insulin receptor:  it is a tetramer made up of 2( and 2( glycoprotein subunits bound to each other by disulfide bonds.

The (-subunits bind insulin and are extracellular.

The (-subunits span the membrane and their  intracellular ends  have tyrosine kinase activity.



Insulin responsive tissues:  virtually all tissues.  See Table 19-4 G 306

Tissues in which insulin does not facilitate glucose uptake:

Brain

kidney tubules

intestinal mucosa

red blood cells.



Rapidly induced effects of insulin on responsive tissues:

increased transport of glucose, amino acids, and K+ into cells.

The net effect of the hormone is storage of carbohydrate, protein, and fat.



The major difference in insulin’s action on the liver and its action on muscle, adipose tissue and connective tissue:  insulin does not cause the increased uptake of glucose into the liver but does cause increased glucose uptake in all of the other tissues.



Phases of insulin secretion:  insulin secretion inhibits a biphasic response to a continuous glucose stimulus.

Within seconds of exposure to glucose, there is an immediate pulse of insulin release, peaking at 1 minute and then returning toward baseline.

After 10 minutes of continuous stimulation, a 2nd phase of secretion begins with a slower rise of insulin to a plateau that can be maintained for many hours.  (B/L 858)	See fig. 46-8, B/L 858



GI hormones effect insulin secretion:  orally administered glucose and amino acids exert a greater insulin-stimulating effect than does intraveinously administered glucose and amino acid.

Glucagon, secretin, CCK, gastrin, and Gastric inhibitory peptide (GIP) all stimulate insulin secretion.

It appears that GIP is the physiological “gut factor” that normally stimulates insulin secretion, since this factor produces its effects at physiologic levels.							  (G 315)





Glucagon:



Cells of origin:  ( cells of the pancreatic islets of Langerhans.



Chemical Structure:  human glucagon is a linear polypeptide containing 29 amino acid residues.



Total pancreatectomy does not reduce circulating glucagon to zero:  glucagon is also secreted in the gastrointestinal mucosa.						(G 316)



Glucagon circulates unbound in plasma.					(B/L 869)



Glucagon is degraded by many tissues but particularly by the liver.

Since glucagon is secreted into the portal vein and reaches the liver before it reaches the peripheral circulation, peripheral blood levels are relatively low.

In patients with cirrhosis, there is an exaggerated rise in blood glucagon produced by excitatory stimuli because of decreased degradation of the hormone.			(G 317)



Primary target organ:  the Liver.  Its actions on adipose tissue and muscle are minor unless insulin is virtually absent



Actions:  the actions of glucagon are exactly opposite to those of insulin.  Glucagon promotes mobilization rather than storage of  fuels, especially glucose.



GI hormones affect glucagon secretion:  the glucagon response to orally administered amino acids is greater than its response to intraveinous infusion of amino acids.

CCK and gastrin increase glucagon secretion.

Secretin inhibits glucagon secretion.				(G 318)





Somatostatin and Pancreatic polypeptide:



somatostatin structure:  most of it is a 14-amino acid product (somatostatin 14), there is also a 28-amino acid peptide (somatostatin 28) with an N-terminal extension.	(G 318)



Cells of origin:  somatostatin is formed by the (-cells of the pancreatic islets.

It is also secreted by intestinal cells and the hypothalamus.		(B/L 871)



pancreatic somatostatin can be released locally and act in a paracrine fashion to limit insulin and glucagon responses to meals.  (The cells that secrete somatostatin are located near to the cells which secrete insulin and glucagon)					(B/L 871)



Pancreatic poypeptide structure:  it is a linear peptide containing 36 amino acid residues.



Actions of pancreatic hormones on liver, adipose tissue, and muscle during fasting and feeding.



During fasting or prolonged exercise:  there is decreased insulin and increased glucagon secretion.

A low insulin/glucagon ratio tries to maintain glucose supply for the CNS by:

increased glycogenolysis, 

increased amino acid mobilization

increased gluconeogenesis.

Lipolysis is also enhanced, increasing free fatty acid (FFA) flow to muscle and liver for oxidation.



During feeding: there is increased insulin.

The  high insulin/glucagon ratio causes:  enhanced glucose uptake, oxidation, and conversion to muscle and liver glycogen.  At the same time it suppresses unneeded proteolysis and lipolysis.						(B/L 871)



Regulation of islet cell secretory activities:  the islets function as secretory units in the regulation of nutrient homeostasis.

Hormones in the pancreatic islets affect the secretion of other islet hormones.

Somatostatin inhibits the secretion of insulin, glucagon, and pancreatic polypeptide.

Insulin inhibits the secretion of glucagon.

Glucagon stimulates the secretion of insulin and somatostatin.

( and (-cells and pancreatic polypeptide secreting cells are located around the periphery, with the (-cells in the center.

The islet hormones released into the ECF probably diffuse to other islet cells and influence their function.						(G 319)



Integrated Endocrine Regulation of Carbohydrate Metabolism:



Blood sugar must be maintained above hypoglycemic levels to maintain glucose delivery to the central nervous system.									(B/L 863)



Role of hormones in Carbohydrate metabolism:  these hormones function together to carefully regulate carbohydrate metabolism.



catecholamines:  activate phosphorylases in liver and muscle.

Hepatic glucose output is increased, producing hyperglycemia.

In muscle, glucose is catabolized to pyruvate and large amounts of pyruvate are converted to lactate.

Lactate diffuses away from the muscle and is oxidized, in the liver, to pyruvate and converted to glycogen.



As a result, there is an initial glycogenolysis followed by a rise in hepatic glycogen content.							(G 319)



Thyroid hormones:  they exacerbate the effects of diabetes and in some cases can cause diabetes (metathyroid diabetes).

The principal diabetogenic effect of thyroid hormones is to increase absorption of glucose from the intestine.

The hormone also causes some degrees of hepatic glycogen depletion.

Glycogen-depleted liver cells are easily damaged.

When the liver is damaged, the glucose tolerance curve is diabetic because the the liver takes up less of the absorbed glucose

Thyroid hormones may also accelerate insulin degradation.



All of these actions have a hyperglycemic effect and, if the pancreatic reserve is low, may lead to ( cell exhaustion.					(G 320)

Glucocorticoids:  they elevate blood glucose and cause a diabetic type of glucose tolerance curve.

They are gluconeogenic, but their role is mainly permissive:

glucorticoids are necessary for glucagon to exert it’s gluconeogenic action.

They are diabetogenic.  The major diabetogenic effects are:

an increase in protein catabolism with increased gluconeogenesis in the liver.

Increased hepatic glycogenesis and ketogenesis

a decrease in peripheral glucose utilization.



Growth hormone:  it contributes to the diabetogenic effect of anterior pituitary hormones.  It makes clinical diabetes worse.

GH mobilizes FFA from adipose tissue, thus favoring ketogenesis.

It decreases glucose uptake into some tissues (anti-insulin action).

It increases hepatic glucose output, and may decrease tissue binding of insulin.

GH hormone does not stimulate insulin secretion directly, but the hyperglycemia it produces may secondarily stimulate the pancreas and may eventually exhaust the (-cells.



These hormones act at “directional flow valves in carbohydrate metabolism.	(G 319)

Directional flow valves:  these are irreversible reactions in the intermediary  metabolism of carbohydrates in which the reaction proceeds in one direction under the influence of one enzyme or transport mechanism and in the opposite direction under the influence of another.				(G 262)



Clinical Considerations:



The glucose tolerance test:  the patient is given a standard test dose of glucose, the blood glucose is tested before the glucose administration and the first and second hour following the administration of glucose

it is used in the clinical diagnosis of diabetes

diabetes is present if any of the glucose values are greater than 200 mg/dL.  (G 309)

See fig 19-8, G 309



The effects of Insulin deficiency on metabolism:



Carbohydrate metabolism:  very high plasma glucose levels are reached.

Glucose production is augmented, there is increased liberation of glucose into the circulation from the liver (increased hepatic gluconeogenesis).

The efficiency of peripheral glucose use is reduced.

Therefore there is an extracellular glucose excess, while in many cells there is an intracellular glucose deficiency.		(G309, B/L 872)



Fat metabolism: fat catabolism is increased and the body is flooded with triglycerides and FFA.  There is increased formation of ketone bodies.

Accceleration of lipid catabolism:  increased lipolysis elevates plasma FFA and body fat decreases.  The FFA levels parallel the glucose levels in diabetes.

decreased synthesis of fatty acids and triglycerides:  normally a large portion of an ingested carbohydrate load is converted to fat, but with insulin deficiency very little is converted to fat and blood glucose increases.

Increased ketogenesis from breakdown of lipids and decreased peripheral ketoacid use elevates levels of acetoacetic acid and (-OH butyric acid (acidosis).									(G 310-311, B/L 872)



Protein metabolism:  they are broken down and converted to glucose.

Uninhibited proteolysis:  muscle anabolism is correspondingly reduced.

The net effect of accelerated protein catabolism and diminished protein synthesis is a markedly negative Nitrogen balance, protein depletion, and wasting.

Amino acids are converted to glucose in the liver.



Diabetes Mellitus:  it is always caused by a deficiency of the action of insulin at the tissue level.



Complications:  most of these are associated with hyperglycemia or the formation of glycosylated end product that cross-link matrix proteins.



It sometimes causes acidosis and coma.

Diabetic retinopathy:  proliferative scarring of the retina.

Diabetic nephropathy: renal disease.

Diabetic neuropathy:  loss of nerve function, particularly in the autonomic nervous system.

Accelerated atherosclerosis:  leads to circulatory insufficiency in the legs, with chronic ulceration and gangrene; and an increased incidence of stroke and myocardial infarction.



Maturity onset diabetes (Type II diabetes):  non-insulin dependent diabetes mellitus (NIDDM).

Usually develops after the age of 40 and is not associated with total loss of the ability to secrete insulin.

Rarely associated with ketosis and is usually associated with normal (-cell morphology.

Impaired insulin secretion:  there is an exaggerated, prolonged insulin response to glucose secondary to an inadequate early ( cell response which does not suppress glucose output from the liver to a normal degree.

The hyperglycemia caused by the inadequate early response causes the large, late insulin response.

Patients with NIDDM also have a deficiency of a GLUT 4 glucose transporter.  There is a very strong genetic component to this disease.			(G 321-322)



Juvenile diabetes (Type I diabetes):  insulin -dependent diabetes mellitus (IDDM).

Usually develops before the age of 40 but can develop at any age.

Characterized by (-cell loss with eventual absence of insulin in the circulation.

It is not associated with obesity and is commonly complicated by ketosis and acidosis.

10% of  diabetics have this form.

It is probably an autoimmune disease with anti-(-cell antibodies causing destruction of (-cells.

An environmental factor as well as a genetic component is involved.    (G 322)



??Effects of acidosis on the insulin response:  severe acidosis can cause insulin resistance.



Pathophysiology of diabetic acidosis:

insulin deficiency causes excessive breakdown of adipose stores, resulting in increased levels of FFA.

Oxidation of FFA within the liver produces ketone bodies ((-hydroxybutyric acid, aceotacetate).

Most of the H+ ions from these ketone bodies are buffered, but severe metabolic acidosis still develops.

Low plasma pH produces a rapid, deep breathing called “air hunger”.

The kidneys are overwhelmed and cannot replace the cations accompanying the organic anions, Na+ and K+ are lost in the urine.

The electrolyte and water losses lead to dehydration, hypovolemia, and hypotension.

Finally, the acidosis and dehydration depress the consciouness to the point of coma.

(G 312)



Hemoglobin A1c can be used to assess the degree of blood sugar control in a diabetic:

When plasma glucose is episodically elevated over time, small amounts of Hemoglobin A are non-enzymatically glycosylated to form HbA1c.

Careful control of the diabetes with inulin reduces HbA1c levels.

Consequently,  HbA1c concentration is measured clinically as an integrated index of  diabetic control.							(G 310)



Effects of physical activity on the insulin requirements of a juvenile diabetic:

The entry of glucose into skeletal muscle is increased during exercise.

Glucose entry into cells is increased during anaerobic conditions (exercise).

Exercise also increases the affinity of the insulin receptor in muscle.

For these reasons, exercise can precipitate hypoglycemia in diabetics taking insulin.

Also, absorption of injected insulin is more rapid during exercise.

Patients with diabetes should take in extra calories or reduce their insulin dosage when they exercise.							(G 315)



Hypoglycemia:  glucose is the only fuel used in appreciable quantities by the brain, and the carbohydrate reserves in neural tissues is very limited.



Abnormalities that may result in hypoglycemia:  elevated insulin is the major cause.

An insulin-secreting tumor (insulinoma) or hyperplasia of the (-cells.

Large malignant tumors that do not involve the pancreatic islets:  the hypoglycemia in these cases is due to excess secretion of IGF-II.

Autoimmune disorders producing antibodies to insulin:  they can bind appreciable amounts of the hormone, then release free hormone at irregular intervals.	(G 231)



Hypoglycemia triggers increased secretion of 5 counterregulatory hormones that antagonize the fall in the blood glucose level:  

norepinephrine, epinephrine, glucagon, growth hormone, and cortisol increase the hepatic output of glucose

norepinephrine, epinephrine, and glucagon increase glycogenolysis.

Growth hormone decreases the utilization of glucose in various peripheral tissues, and cortisol has a similar action.

The keys to counterregulation appear to be epinephrine and glucagon:

if the plasma concentration of either increases, the decline in the blood glucose level is reversed.

If they fail to increase, there is little if any compensatory rise in the blood glucose level.						(G 313)



Actions of glipizide and glyburide:  they are oral hypoglycemic agents.

They increase insulin release by closing the ATP sensitive K+ channels on B cells.

(G 315)



SUBMODULE 7:  Parathyroid Hormone, Calcitonin, Vitamin D, and the Regulation of Calcium homeostasis.



Histology:  

Parathyroid glands:  they are four small glands situated behind the thyroid gland.

Each gland is contained within a connective tissue capsule.  These capsules send septa into the gland, where they merge with the reticular fibers supporting elongated cordlike clusters of secretory cells.

The parathyroid glands are derived from the pharyngeal pouches:

the superior glands are derived from the fourth pouch.

The inferior glands are derived from the third pouch.

The parenchyma of the parathyroid glands consists of 2 types of cells:

chief (principal) cells:  small and more numerous.

They are characterized by a pale staining, acidophilic cytoplasm and a central nucleus.

These cells produce parathyroid hormone (PTH).

Oxyphil cells:  they are scattered singly or in clumps among the chief cells.

They are several times larger than the chief cell.

Their cytoplasm stains intensely with eosin and often appears granular due to a large number of mitochondria present.

They are absent at birth and only appear after puberty.

No known function.

Age related structural changes of the parathyroid gland:  

the parathyroid gland continues to grow until puberty.

The oxyphil cells increase with maturity.

With advancing age, fat cells appear and their numbers increase in the septa.  With increasing age secretory cells are replaced by adipocytes.  (J 404, microfiche 11)







Calcium and Phosphate metabolism:



Calcium:  99% of Ca+2 is in the skeleton and teeth.  

Extracellular Ca+2 concentration is much higher than intracellular.

Plasma Ca+2:  normal range is 8.6 to 10.6 mg/dl.

50% of plasma Ca+2 is in ionized, biologically active form.

10% is complexed in nonionic but ultrafilterable forms.

40% is bound to plasma protein, mainly albumin.

Intracellular Ca+2 that is present in bound form in the E.R., mitochondria, and the plasma membrane.								(B/L 876)



It is the free, ionized Ca+2 is the physiologically active form.  It is a vital 2nd messenger and is necessary for blood coagulation,  muscle contraction, and nerve function.

A low Ca+2 level has an excitatory  effect on the nerve and muscle cells at a myouneural junction, resulting in hypocalcemic tetany.

Hypocalcemic tetany:  it is due to increased activity of nerve fibers.

This condition is characterized by extensive spasms of skeletal muscle, involving especially the muscles of the extremities and the larynx.

Laryngospasm becomes so severe that the airway is obstructed and fatal asphyxia is produced.					(G 348)

Severe vomiting can prevent the absorption of dietary Ca+2 and lead to tetanus.



Calcium Metabolism (homeostasis):  the adult human body contains about 1100g of calcium.

Normal dietary intake of Ca+2 ranges from 200 to 2000 mg.

The percentage absorbed from the gut is inversely related to intake, and there are adaptive increases or decreases in Ca+2 absorption in order to maintain normal body calcium levels.



Sources of Calcium to extracellular fluids:

Plasma proteins:  the extent of calcium binding by plasma proteins is proportionate to the plasma protein level.

Calcium in bone:  2 types

a readily exchangeable reservoir and a much larger pool of stable calcium that is only slowly exchangeable.



Calcium is excreted by the kidneys and intestines:

kidneys normally reabsorb 98% of filtered Ca+2.

Intestines secrete calcium back into the stools and excrete it in addition to the unabsorbed fraction from the diet.				(G 348, B/L 877)



Regulation of inorganic phosphate (Pi):  not as finely regulated as Ca+2 metabolism.

Unlike for calcium, the amount of Pi absorbed from the diet is relatively constant.

Net absorption is linearly related to intake and adaptive regulation is not significant.

Urinary excretion provides the main mechanism preserving phosphate balance.

Renal reabsorption can range from 70-100% (avg. 90%)

Normal plasma Pi is 2.5 to 4.5 mg/dl:  85-90% of it is in the skeleton.

Soft tissue stores of phosphate, such as in the muscle mass, are large:  rapid transfer between these stores and the ECF is an important factor in minute-minute regulation of plasma phosphate concentration.



Bone Dynamics and Metabolism:



Bone Compartments:

Trabecular (spongy) bone: made up of bone spicules separated by spaces.  Comprises 20% of bone mass.

Though it has less mass, trabecular bone has five times as much total surface area as cortical bone and is disproportionately important in calcium dynamics.



compact bone:  comprises 80% of the bone mass.  It consists of the dense, cocentric outer layers of appendicular skeleton (long bones) and the thinner outer layer of the flat bones.

Compact bone is much denser and is less active metabolically. (G 350, B/L 378)

bone fluid ????



Components of Bone:  it is a specialized connective tissue made of a collagenous matrix that has been impregnated with mineral salts, especially phosphates of calcium.

Protein in bone is mostly type I collagen.

Mineral is mostly in the form of hydroxyapetite crystals.

Sodium, and small amounts of magnesium and carbonate are also present in bone.  (G 350)



Types of bone cells:



osteoblasts:  carry out bone formation.

They synthesize and extrude collagen into the adjacent extracellular space, forming a matrix around themselves which then calcifies.

Osteoclasts:  multinuclear cells that erode and resorb previously formed bone.

Osteocytes:						(G 350, B/L 879)





Vitamin D:  1,25-dihydroxycholecalciferol:  (1,25-(OH)2D3)

There are 2 precursors of 25-OH-Vitamin D3:  7-dehydrocholesterol, vitamin D3.

The most important dietary sources are fish, liver, and irradiated milk.





Vitamin D3 synthesis occurs primarily in keratinocytes, cells in the epidermis of the skin.

Under the influence of UV radiation 7-dehydrocholesterol is photoconverted to previtamin D3.  

Previtamin D3 is then spontaneously converted over 3 days to vitamin D3 in a reaction driven by thermal energy from sunshine.  

In sunlight poor climates, this vitamin D3 must come from the diet. (B/L 881)



Vitamin D has very little intrinsic biological activity, it must undergo successive hydroxylations in order to act as a hormone.

In the liver it is hydroxylated by a microsomal and mitochondrial enzyme to 25-OH-D3 in a reaction dependent on NADPH and O2.  25-OH-D3 is 2-5 times more potent than vitamin D3.

25-OH-D3 is then transported from the liver to the kidney.

Hydroxylation in the 1 position  forms 1,25-(OH)2-D3 occurs in the mitochondria of the proximal convoluted tubule and the strait tubules.  

1,25-(OH)2-D3 is 10 times as potent as vitamin Din vivo.  It is the metabolite that expresses most, if not all, the activity of the vitamin.

Alternately, 25-OH-D3  may be hydroxylated in the 24 position to 24,25-(OH)2-D3 in a mitochondrial reaction that again requires NADPH and O2.

24,25-(OH)2-D3 has only one twentieth the potency of 1,25-(OH)2-D3.

See Fig. 47-6, B/L 882					(B/L 883)



Transport of 1,25-(OH)2-D3 in blood:

Vitamin D3, 25-OH-D3, 1,25-(OH)2-D3, and 24,25-(OH)2-D3 all circulate bound to an (2-globulin [vitamin D-binding protein (DBP)].

1,25-(OH)2-D3 has by far the lowest concentration and shortest half-life of the four.

1,25-(OH)2-D3 concentration is ordinarily independent of 25-OH-D3.

Except in severe vitamin D-deficiency or toxicity states, the regulatory factors maintain the appropriate concentration of active metabolite irrespective of the supply of the precursor.		(B/L 884)

1,25-(OH)2-D3 is a steroid hormone.



Actions of 1,25-(OH)2-D3:



The major action of 1,25-(OH)2-D3 is to stimulate absorption of calcium from the intestinal lumen against a concentation gradient.

Ca+2 entry from the intestinal lumen is rapidly stimulated.

1,25-(OH)2-D3 increases the transcription of calbindin, which are Ca+2 binding proteins.

Hours later, calbindin concentration rises and these molecules act to transport and buffer calcium across the intestinal cell.

Finally, calcium is extruded from the opposite side of the cell and enters the bathing capillary blood.

This action of 1,25-(OH)2-D3 is responsible for adaptation, described previously, whereby calcium absorption adusts to alterations in dietary calcium.

Active absorption of magnesium and phosphate across the intestinal cell membrane is also stimulated by 1,25-(OH)2-D3.				(B/L 884)



Another major target of 1,25-(OH)2-D3 is bone, where it stimulates bone resorption.

Osteoblasts, but not osteoclasts, have 1,25-(OH)2-D3 receptors.

Nonetheless, 1,25-(OH)2-D3 in high concentrations directly stimulates bone resorption.

This probably occurs by stimulating a paracrine signal originating in the osteoblast cell.

1,25-(OH)2-D3 increases the recruitment, differentiation, and fusion of precursors to active osteoclasts, which carry out their resoptive missions.



On the other hand, normal mineralization of newly formed osteoid along a calcification front is also critically dependent on vitamin D.



1,25-(OH)2-D3 has a weak stimulatory effect on renal calcium reabsorption.  (B/L 884-885)



Mechanism of 1,25-(OH)2-D3:  it acts through the general nuclear mechanism for steroid hormones.

After combination with its receptor, the hormone-receptor complex stimulates or inhibits transcription of target DNA molecules to messenger RNA molecules.

These actions require up to 24 hours to become manifest.

In addition via its receptor, 1,25-(OH)2-D3 rapidly stimulates an increase in cGMP and intracellular Ca+2 levels.						(B/L 884)



Parathyroid Hormone (PTH):  the major regulator of Ca+2 metabolism.  Its paramount effect is to increase plasma Ca+2 levels.



Parathyroid glands:  2 types of cells.

Chief cells:  present throughout life.

They synthesize and secrete PTH.

Oxyphil cells:  present after puberty

their function is unknown.					(B/L 885)



PTH synthesis:  it is a single chain protein with a molecular weight of 9000, containing 84 amino acids.

Synthesis begins with Prepro-PTH, a 115 amino acid protein that contains all the information encoded in the gene for PTH.

As the peptide chain of prepro-PTH grows to its complete length on the ribosomes, first 2 and then 23 amino acids of the N-terminal signal sequence are enzymatically removed, leaving  pro-PTH.  

Pro-PTH, a 90 amino acid molecule, is then transported to the Golgi apparatus.

In the golgi apparatus, another 6 amino acids are removed.

Processing of pro-PTH to PTH is normally very efficient.

The biological activity lies in the N-terminal portion of the molecule.



PTH:  there is no evidence for protein binding of circulating PTH or its metabolites.

The plasma half-life of the intact homone is 20-30 minutes.



Metabolism of PTH:

PTH undergoes rapid metabolism in peripheral tissues.

The hormone is predominantly split in the liver.

Kupffer cells in the liver split it into 2 polypeptides, a biologically inactive C-terminal fragment (M.W.= 7000) and a biologically active N-terminal fragment (M.W.= 2500).

Further metabolism occurs more slowly.		(B/L 887)



Actions of PTH on bone:  it acts to increase bone resorption.

PTH actions on bone involve activation of adenylyl cyclase by way of a membrane receptor and a Gs, with increased formation of cAMP in the affected cells.



PTH accelerates removal of Ca+2 from bone by 2 processes:



Its initial effect is to stimulate osteolysis:

this process causes transfer of calcium from the bone canalicular fluid into the osteocyte and then out the opposite side of the cell into the ECF.

Replenishment of calcium in the canalicular fluid probably then occurs from the surface of partially mineralized bone.

Phosphate does not appear to be mobilized with calcium in this process.



A 2nd, more slowly developing effect of PTH is to stimulate the osteoclasts to resorb completely mineralized bone.

In this process both calcium and phosphate are released for transfer into the extracellular fluid and the organic bone matrix is hydrolyzed.	(B/L 888)

As in the case of 1,25-(OH)2-D3, there are no PTH receptors on osteoclasts.



Actions of PTH on the kidney:  These actions are mediated by the activation of adenylyl cyclase and the resulting increase in cAMP.



It increases Ca+2 reabsorption from the distal tubule

PTH stimulates cAMP production at the capillary surface of the renal tubular cell.

cAMP activates unidentified protein kinases that are located in the brush border and are involved in calcium reabsorption.

As a result, the relationship between urinary calcium excretion and plasma calcium concentration is shifted to the right by PTH.  See Fig. 47-11, B/L 889.

So, less calcium is excreted at any given plasma Ca+2 level.

This helps prevent hypocalcemia by causing a greater fraction of the filtered calcium to be reabsorbed.

However, because of its effects on bone, prolonged excess of PTH elevates plasma calcium leading to a greater filtered load.

The absolute amount of calcium in the urine is elevated. 



The most dramatic effect of PTH on the kidney is to inhibit the reabsorption of phosphate in the proximal tubule.

Within minutes, PTH increases urinary Phophate excretion.

This allows the excretion of the extra  phosphate released by PTH-stimulated bone resorption.



PTH also inhibits the reabsorption of sodium and bicarbonate in the proximal tubule.

In addition, PTH stimulates reabsorption of magnesium by the renal tubules.



A most important action of PTH in the kidney is to stimulate the synthesis of 1,25-(OH)2-D3.

This is caused by increased cAMP.

Protein kinase A  phosphorylates and activates a protein phosphatase, which dephosphorylates ferroprotein renoredoxin.

Renoredoxinis are essential for the activity of the enzyme 1-hydroxylase.

1-hydroxylase: enzyme which causes 1-hydroxylation of 25-dehydroxycholecalciferol to form 1,25-(OH)2-D3.					(B/L 889)



Effects of total parathyroidectomy:  PTH is essential for life.

Following parathyroidectomy, there is a steady decline in the plasma calcium level.  Signs of neuromuscular hyperexcitability appear, followed by full blown hypocalcemic tetany.

Plasma phosphate levels usually rise as the plasma calcium falls after parathyroidectomy.



Tetany is most often due to inadvertant parathyroidectomy during thyroid surgery.

Symptoms usually appear 2-3 days postoperatively but may not appear for several weeks.



Signs of tetany in humans include:

Chvostek’s sign:  a quick contraction of the epsilateral facial muscle elicited by tapping over the facial nerve at the angle of the jaw.

Trousseau’s sign:  a spasm of the muscles of the upper extremity that cause flexion of the wrist and thumb with extension of the fingers.		(G 357)

latent and overt tetany





Regulation of PTH secretion:

the dominant regulator of PTH secretion is the plasma Ca+2 concentration.

Mg+2 exerts an inhibitory effect on PTH secretion,  a decrease in pasma magnesium stimulates PTH secretion.

High serum phosphate, from renal disease, causes an immediate fall in ionized Calcium levels which in turn stimulates PTH secretion.

There is no direct effect of phosphate on the parathyroid glands.  (B/L 887)



Calcitonin (CT):  it is secreted by parafolicular (C) cells of the thyroid gland.  It acts to lower plasm Ca+2.



The gene for calcitonin illustrates the significant relationship between the endocrine and nervous systems.

In some cells the primary RNA transcript is processed to a mRNA that encodes for preprocalcitonin and direct synthesis of calcitonin.

In other cells, however, the precursor directs the synthesis of calcitonin gene related peptide (CGRP).

CGRP also circulates in human plasma and probably arises from perivascular nerves.

CGRP is a potent vasodilator and cardiac inotropic agent.



Calcitonin is a straight chain polypeptide composed of 32 amino acids.  Its molecular weight is 3400.



The major stimulus for calcitonin secretion is a rise in plasma calcium.

GI hormones (gastrin, CCK, glucagon, and secretin) also stimulate calcitonin secretion, so ingestion of food stimulates  calcitonin secretion without elevated Ca+2 levels.

Gastrin is the most potent stimulator among the GI hormones.

The half-life of circulating calcitonin is less than 1 hour.  It is largely degraded and cleared by the kidneys.								(B/L 891)



Actions of calcitonin:

Receptors for calcitonin are found in the bone and the kidneys.



Calcitonin lowers the circulating calcium and phosphate levels.

In bone, it acts on osteoclasts to inhibit bone resorption.

In the kidney, calcitonin increases the amount of Ca+2 in the urine.



There is general agreement that calcitonin has little long term effect on the plasma Ca+2 in adult humans.

More hormone is secreted in the young, and it may play an important role in skeletal development.

In addition, it may protect the bones of the mother from excess bone loss during pregnancy.

Bone formation in the infant and lactation are major drains on calcium stores, and plasma levels of 1,25-dihydroxycholecalciferol are elevated during pregnancy.

This would cause bone loss in the mother if bone resorption were not simultaneously inhibited by an increase in the plasma calcitonin level.					(B/L 892, G 358-359)



Integrated endocrine regulation of bone metabolism and Ca+2 homeostasis:



A complex interplay of several hormones acting on a number of tissues is responsible for maintenance of normal concentrations of calcium and phosphate in body fluids.



Hypocalcemia:  it primarily stimulates PTH secretion.

PTH secretion increases urinary phosphate excretion, thereby decreasing plasma phosphate level.

Hypocalcemia, excess PTH, and hypophosphatemia all act to stimulate the production of 1,25-(OH)2-D3.

1,25-(OH)2-D3 raises plasma calcium levels towards normal by increasing absorption of calcium from the GI tract and, in concert with PTH, by increasing osteocytic and osteoclastic bone resorption.

PTH further acts to return calcium to the plasma by increasing its reabsorption from the renal tubular urine.

The recovery of plasma calcium concentration to normal will shut off PTH hypersecretion by negative feedback.

1,25-(OH)2-D3 synthesis will then decline, 24,25-(OH)2-D3 synthesis will increase.

If the rise in calcium concentration exceeds normal, stimulation of calcitonin acts as a safety valve.  24,25-(OH)2-D3 is the major metabolite when Ca+2 levels are high.



Hypophosphatemia:  it directly stimulates 1,25-(OH)2-D3 production.

1,25-(OH)2-D3 increases the flux of phosphate into the extracellular fluid by stimulating its absorption from the gut and by stimulating bone resorption.

The extra calcium that enters simultaneously raises plasma calcium and the increase in plasma calcium suppresses PTH secretion.

The absence of PTH causes tubular reabsorption of phosphate to increase, conserving urinary phosphate and aiding in the restoration of plasma phosphate levels to normal.

As plasma phosphate levels return to normal 24,25-(OH)2-D3 production is favored and 1,25-(OH)2-D3 levels decline.



Phosphate has a direct inhibitory effect on 1(-hydroxylase.  Ca+2 also inhibits the formation of 1,25-(OH)2-D3.

PTH stimulates the formation of 1,25-(OH)2-D3.		(B/L 892)



Hormonal regulation of 1(-hydroxylase during lactation:  prolactin increases the activity of 1(-hydroxylase and 1,25-(OH)2-D3 is increased during lactation.	(G 354-355)



Clinical Correlations:



Paget’s disease:  condition in which increased osteoclastic activity triggers compensatory formation of disorganized new bone.

Calcitonin administration in this condition as well as in severe hypercalcemia can have beneficial effects. 						(G 359)



Osteoporosis:  a decrease in bone mass with preservation of the normal ratio of mineral to matrix.  It can be caused by increased bone resorption or decreased bone formation.



Rickets (osteomalacia):  caused by vitamin D deficiency.

Rickets: in children the endochondrial ossification centers at the epiphyseal plates are most critically affected,  producing growth failure and characteristic deformities.

Osteomalacia:  in adults there is softening and bending of long bones, with fracture lines along nutrient arteries. 

If lack of sunllight or dietary vitamin D is the cause, plasma 25-OH-D3 levels are low.

If  resistance to vitamin D action is the cause:  25-OH-D3 and 1,25-(OH)2-D3 levels are elevated.

If kidney failure is the cause:  25-OH-D3 is high and 1,25-(OH)2-D3 levels are low.

In general plasma Ca+2 is reduced, phosphate is reduced, and PTH is elevated.  (B/L 894)



Hyperperparathyroidism:  the disease of bones, stones, and abdominal groans.  It results from enlargement of one or more parathyroid glands.

Hypercalcemia depresses neuromuscular excitability.  This produces dulled mentation, lethargy, anorexia, constipation, and muscle weakness.

If urinary excretion of calcium is excessive, renal stones may form.

With marked chronic hypersecretion of PTH, massive bone resorption causes weakening of bones, pain, fractures, and deformities.



Hypoparathyroidism:  

most often it is caused by autoimmune atrophy or inadvertent surgical removal.. 

Defective synthesis of 1,25-(OH)2-D3 leads to diminished calcium reabsorption from the gut and there is also decreased bone resorption.

The resultant hypocalcemia increases neuromuscular excitability.

This produces hyperactive reflexes, spontaneous muscle contractions, convulsions, and laryngeal spasm with airway obstruction.

Low plasma calcium and elevated plasma phosphate levels are essential for diagnosis.

PTH levels are low.



In rare cases it is caused by end-organ resistance to PTH action due to a mutant G protein and deficient generation of cAMP in target cells.  This is called pseudohypoparathyroidism.

PTH levels are elevated.				(B/L 894-895)
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