Endocrine I and II Histology
· The parathyroid and thyroid glands make three endocrine hormones: thyroxine, calcitonin and parathyroid hormone.  

· Thyroid gland contains thyroid follicles and makes thyroid hormone.  It develops from a sac between the first and second pharyngeal pouches.  C cells (parafollicular cells), next to thyroid follicles, make calcitonin.  They are not functionally connected to the thyroid gland hormones; they originate from cells that migrate there from the 5th pharyngeal pouch.

· The parathyroid glands make PTH, and are in the posterior surface of the thyroid, developing from the 3rd and 4th pharyngeal pouches.  

· PTH and calcitonin influence calcium ion concentration in tissues and in the blood.  
· Parafollicular cells (C cells – which appear clear and are less numerous than follicle cells) secrete calcitonin (32 AA peptide), which lowers serum calcium by inhibiting bone resorption.  It inhibits osteoclast activity, and it also enhances renal excretion of Ca from the thick ascending limb and distal tubule.  Increased [Ca] in the blood stimulates its secretion.  Parafollicular C cells are related to APUD cells, and can autofluoresce after treatment with formaldehyde.  Calcitonin is being used to treat osteoporosis, since it inhibits osteoclasts and bone resportion.
· Parathyroid glands are paired, and there are usually 4 in the posterior surface of the thyroid, but their positions are quite variable.  Some may not even be associated with the thyroid.  Parathyroid glands secrete PTH (84 AAs) when blood [Ca] is low, and the secreted PTH raises blood [Ca].  Ca homeostasis is mainly controlled by the parathyroids.

· In the parathyroid glands, cells are arranged in clumps or cords of chief/principal cells.  There is an extensive capillary network between these cells.  The chief/principal cells are the secretory cells, though the cells are smaller than most endocrine cells so the nuclei look closer together.  These cells have relatively few secretory granules stored in the cytoplasm.  
· PTH stimulates proliferation and activity of osteoclasts to break down bone and release Ca.  PTH promotes calcium reabsorption from the kidney’s distal tubule and increases phosphate excretion in the proximal tubule (this increases the dissociation of calcium phosphate into calcium ions and phosphate ions).  PTH stimulates renal proximal tubule synthesis of the active form of vitamin D; this promotes calcium absorption in the gut, because vit. D leads to upregulation of Ca-binding protein calbindin-D in the intestinal absorptive cells.  

· Parathyroid glands also contain oxyphil cells (larger and pinker than principal cells), and their functions are unknown.  They tend to be present in groups or islands.  They have lots of mitochondria.  They appear at puberty and increase in number with age.

· The thyroid gland is the largest of the endocrine glands, and it has a rich blood supply.  It lies over the 2nd and 3rd cartilage rings of the trachea.  It has two lobes connected by an isthmus.  The structural unit of the thyroid gland is the thyroid follicle.  Follicle cells are low and cuboidal when inactive, but high and columnar when active.  Active and inactive follicles can be nearby.  Capillaries are extensive and fenestrated (as with all endocrine glands).  
· There are thousands of follicles in each lobe of the thyroid.  Epithelial cells sit on a basement membrane on the outsides of the follicles have tight junctions and enclose the follicular cavity.  Follicles are filled with a gel-like colloid containing thyroglobulin, the hormone precursor (a large glycoprotein).  Between follicles are fenestrated capillaries, fibroblasts and collagen fibers.  The thyroid gland is the only one of the endocrine glands that stores a precursor of its active product extracellularly (thyroglobulin).  

· Follicle cells are low/cuboidal when inactive.  When active and stimulated by thyroid stimulating hormone from the pituitary, it’s high/columnar.  One function of the follicle cell is to concentrate iodide from the blood.  Other functions include responding to TSH, makes thyroglobulin (which it stores extracellularly in the follicle), and when you need thyroxine the cells take in thyroglobulin and intracellularly degrades it to T3 and T4 (thyroxine).

· T3 (tri-iodothyronine) and T4 (tetraiodothyonine/thyroxine) both come from tyrosine.  T3 is a precursor of T4.  
· To make T3/T4:  Synthesize thyroglobulin at RER and add carbohydrates in the golgi.  It gets secreted into the follicle for storage.  Tyrosines in the thryoglobulin are iodinated to MIT or DIT.  On the apical microvilli of the follicle cells, an MIT and DIT are coupled to form T3 or T4, which at this point is still attached to the thyroglobulin backbone.  With TSH stimulation, the follicle cell takes in thyroglobulin via pinocytosis and breaks it down to release T3 or T4 within the follicle cell.  From here, they are released into capillaries outside of the follicles.  

· Thyroxine is a primitive hormone, evolutionarily originating from an exocrine gland.  Protocordates take up iodine and secrete an iodinated glycoprotein into its primitive digestive tract.  This is attacked by the organism’s digestive enzymes to liberate T3 and T4.  It’s like our thyroid gland lost its connection to the GI tract, and makes the modifications itself.  

· Physiological effects of T3/T4:  They affect maturation and growth (particularly of the brain – hypothyroidism can cause mental retardation), increase oxygen consumption and heat production, and stimulate gut motility.  
· TSH effects on follicle cells:  inactive = low cuboidal.  Active = small follicle with columnar cells.  With TSH, cells increase in size, microvilli increase, cells go from cuboidal to columnar, cells increase iodination of thyroglobulin, increase lysosomes, and increase uptake of iodinated thyroglobulin from the follicle (which makes the follicle smaller).

· Thyroid gland facts:  Goiter incidence in the US has decreased 100 fold since table salt was iodized.  Iodide in the diet is important; deficiency leads to enlargement of the thyroid gland (goiters).  

· The endocrine system includes a diverse group of tissues that all produce chemical stimuli for other tissues that get secreted into the circulation.  Only the target organs with receptors will respond.  Organs of the endocrine system are glandular, and hormones pass into fenestrated capillaries or sinusoids.  They may be stored in glands.  These glands are ductless.  Only low concentrations of hormones are necessary.  

· The pituitary gland is small, red/grey, ovoid, lodged in the sphenoid bone.  It increases in weight during pregnancy.  It occupies a key position in the relation between the nervous and endocrine systems.  Removal of this gland causes cessation of growth, atrophy of adrenals/thyroid/testes/ovaries, metabolic disturbances in carbs, proteins, lipids, as well as water/salt balance.  It’s called the master gland

· The large, dark portion is the adenohypophysis, and the smaller, light portion is the neurohypophysis.  These two sections orginate from different places.  The adenohypophysis comes from an outpocketing of the pharynx epithelium.  The neurohypophysis comes from a down-growth from the base of the brain.
· Adenohypophysis:  pars tuberalis (collar of cells around neural stalk), pars intermedia, and pars distalis (anterior lobe, makes up 75% of the pituitary).  It almost encircles the neurohypophysis.  Adenohypophysis looks glandular.
· Neurohypophysis:  pars nervosa (posterior lobe), and neural stalk (infundibular stem, and median eminence). 

· Pituitary is intimately related to the brain.  Endocrine glands must release products into the blood by fenestrated capillaries, but we also know there’s a blood-brain barrier of continuous capillaries.  How is this problem solved?  The pituitary has a blood supply separate from the brain.  Superior and inferior hypophyseal arteries bring blood into the pituitary, and hypophyseal veins carry blood out, with fenestrated capillaries in between.  

· The adenohypophysis:  it has cords and clusters of cells surrounded by thin CT septae.  The neurohypophysis:  it has lots of unmyelinated axons with a fibrous look.  Nerve cells bodies are higher up in the hypothalamus.  Nuclei we see here belong to pituicytes (neuroglia-like cells).  

· The stem region:  pars tuberalis looks like the adeno, while the stalk appears like the neurohypophysis.  

· The intermediate lobe between the two major lobes includes colloid filled follicles, whose functions are unknown.  They are remnants of the embryological Ratke’s (sp?) pouch.
· Adenohypophysis:  it has cords and clusters of cells surrounded by thin CT septae (stain blue in azan).  Cells may be chromophils or chromophobes.  Chromophils may have secretory granules that stain brighter/red (acidophils) in comparison to darker basophils.  Smaller acidophils have a small, dark, round nucleus, whereas basophils have a paler nucleus and more purple cytoplasm.

· Which cells produce which hormones?  To figure it out, looked at pathological states.  Saw excess acidophils (tumors) result in gigantism (growth hormone).  Negative feedback was also used to figure this out.  Inducing negative feedback – ex: increase in thyroxine would cause degeneration of basophils, so basophils must stimulate the thyroid gland.  Removing negative feedback – by adrenalectomy or castration, resulted in tumors or hypertrophy in cells that make ACTH or gonadotrophs.  

· 2 types of acidophils in the adenohypophysis:  somatotrophs make growth hormone.  Mammotrophs make prolactin.  These hormones are similar in AA sequence.  Granules stain brilliant red, and are PAS negative.

· Somatotrophs:  secrete GH (somatotropin).  The pituitary has high secretion rates of GH, even in adults.  It stimulates growth in all tissues of the body.  In most tissues, the effect is direct, but in cartilage and bone the effects are indirect and make somatomedin (IGF1) which carries out the effects. 
· Mammotrophs secrete prolactin, which stimulates lactation in the mammary glands.  This acts synergistically with estrogen, insulin and glucocorticoids.  

· Basophils are also in the adenohypophysis, and stain blue with methylene blue and are PAS +.  There are 3 types of basophils:  

· Thyrotrophs – produce TSH, which stimulates thyroxine secretion.

· Gonadotrophs – produce LH and FSH.  FSH stimulates ovarian follicle growth and secretion of estrogen from ovaries in females.  In males, FSH promotes seminiferous tubule development.  LH produces final ripening of the ovarian follicles and ovulation, in addition to progesterone secretion in females.  In males, LH stimulates Leydig cells and testosterone secretion.

· Corticotrophs – produce a glycoprotein (POMC) precursor of several hormones.  It can be processed differently by cleavage in different sites to make different products.  The major breakdown product of POMC is ACTH, which acts on the zona fasciculata and reticularis of the adrenal cortex to increase the rate of synthesis of glucocorticoids.  POMC is also broken down to melanocyte stimulating hormone (MSH), which stimulates melanocytes to release melanosomes.  MSH is an anorexigenic peptide that decreases appetite, so mutations in the receptor can lead to morbid obesity.

· TSH, LH and FSH are all glycoproteins with a common alpha subunits and specific beta subunits. 

· Looking at adenohypophysis cells in EM, we see that each cell has its own type and size of granule.  

· Pituitary showed relationships to the hypothalamus very early in the study of these systems.  Ex:  hypothalamic tumors caused atrophy of pituitary targets.  If you remove the connection between the two, you hypopituitary symptoms.  If you transport the pituitary elsewhere, it doesn’t secrete.  So clearly there’s an intimate relationship between hypothalamus and pituitary.  Nerve cell bodies in the hypothalamus produce releasing/inhibiting polypeptides which pass down hypothalamic axons and are released into the primary capillary plexus in the median eminence and infundibular stem.  Hypophyseal portal veins lead from this capillary plexus, carrying neurosecretions to the anterior lobe where they enter the fenestrated capillaries.  The neurosecretions carried stimulate or inhibit release of anterior pituitary hormones from acidophils or basophils.  
· The neurohypophysis:  includes a bunch of unmyelinated nerve fibers, with their cell bodes in the hypothalamus.  Cell bodies synthesize oxytocin and ADH/vasopressin, axons deliver these to the fenestrated capillaries in the neurohypophysis.  

· Vasopressin/ADH conserves body water by reducing water excretion and increasing water reabsorption by the kidney.  Its prime target is the principal cells of the collecting ducts, where it acts to stimulate the formation of aquaporin water channels, thus making the cells more water permeable.  

· Oxytocin causes milk let-down by stimulating contraction of myoepithelial cells surrounding the secretory alveoli and ducts of the mammary glands.  It also causes uterine muscle contraction at parturition.  

· Oxytocin and vasopressin are made in the hypothalamus, and are only stored in the neurohypophysis is the swollen ends of the axons.  You can stain for them, and they appear as dark Herring bodies.  

· Summary:  Pars distalis (acidophils – prolactin, GH; basophils – TSH, ACTH, FSH, LH), pars intermedia (basophils – ACTH MSH), pars nervosa (ADH, oxytocin).

· Adrenal glands:  triangular yellowish glands on the upper pole of each kidney.  The cortex is of mesodermal origin, and the medulla is from ectodermal cells that migrate from neural crests.  

· In the cortex, glucocorticoids and mineralocorticoids and synthesized, while in the medulla catecholamines (epi and norepi) are synthesized.

· The cortex has 3 layers with large cuboidal cells and fenestrated capillaries between them:  the zona glomerulosa, fasciculata, and reticularis.  

· Zona glomerulosa:  immediately beneath capsule, with cells in clusters.  Makes up 15% of adrenal cortex.  Produces aldosterone.  Angiotensin II stimulates aldosterone release.  Aldosterone helps control Na and K balance by acting on distal tubule and collecting duct cells.

· Zona fasciculata:  thickest layer.  Cells arranged in straight cords.  Makes up 78% of cortical volume.  Cells here have lots of smooth ER and mitochondria with tubular cristae.  The hormones aren’t stored in the cytoplasm, rather synthesized on demand from lipid droplet precursors.  This occurs in all steroid producing cells.  
· Zona reticularis is between the z. fasciculata and the medulla.  Cords run in various directions.  This zone makes up 7% of cortical volume.

· Cortisol is the most important glucocorticoid, and is formed mostly in the zona fasciculata (some in the reticularis).  Its secretion is under control of ACTH from the pituitary.  Cortisol causes accelerated gluconeogenesis from protein, deposition of glycogen in the liver, and increased release of fatty acids from adipose tissue.  Very importantly, it is anti-inflammatory and anti-lymphocytic.  

· Sex steroids are made mostly in the zona reticularis.  The androgens are of low physiological potency.  In excess, they can produce virilization in women.  

· The medulla is below the three layers of the cortex.  It functions to make, store and secrete epi and nepi.  Epi is the most abundant product (90%).  Both of these hormones increase heart rate, vasoconstrict, and increase glycogenolysis. 

· The adrenal medulla cells are equivalent to post-ganglionic sympathetic neurons, except they release their products into the fenestrated capillaries rather than into a synapse.  Epi producing cells are light, and Nepi cells are darker.  
· Both epi and nepi are derived from tyrosine.  Nepi is converted to epi by a methyl transferase.  

· Two important patterns of blood distribution in the adrenals:  

· the cortical sinusoids supply the cortex and then drain into the fenestrated medullary capillaries.  They are rich in corticosteroids, important in maintaining medullary cells and stimulating production of trans-methylase needed to convert nepi to epi

· Medullary arterioles branch directly from the capsular artery and bring oxygen rich blood directly to the medulla to supply it.

