· Introduction
· Endocrine System produces hormones
· Hormone Types:

1. Peptides, proteins, & glycoproteins

· Produced in rER, 
· Packaged in Golgi 
· Stored in secretory vesicles

· Released at cell surface then exert effects through 2o messenger systems
2. Steroids

· Produced by cooperative axn of sER and mitochondria enzymes on substrates found in lipid droplets

· Transport in blood requires binding to plasma proteins or specialized carriers

· Enter nucleus & bind their DNA causing production of new proteins & hormone- specific response

3. Amino Acid analogs and derivatives including catecholamines


· Endocrine Organs (organization facilitates product release):

· No duct system

· Clumps or cords of cells surrounded by dense plexus of fenestrated capillaries

· Two methods of Axn:
· Hormones carried thru vasculature to distant site to influence cells and organs

· Hormones diffuse and function locally in a paracrine manner
· Pituitary Gland (HYPOPHYSIS)
· Relationships:

· Attached at base of brain by infundibular stalk 

· Lies with sella turcica, a depression of sphenoid bone

· Covered partly by diaphram sellae (which is part of dura mater)

· Development:

· Adenohypophysis (Rathke’s pouch)  --  anterior
· An invagination of the oral ectoderm
· Components:

· Pars distalis

· Pars tuberalis

· Pars intermedia

· Neurohypophysis   --  posterior
· Down growth of diencephelon floor (neural ectoderm)

· Components:

· Pars nervosa

· Infundibulum
· Hypothalamo-Hypophyseal Tract = Nerve connexn from hypothalamus to hypophysis

· Neurohypophysis Control:  Supraoptic & Paraventricular Nuclei 

· To pars nervosa (mostly) & infundibular stem (some)

· Adenohypophysis Control:  Tuberal Nuclei

· Terminate in infundibular stalk/median eminence (neurohypophysis)

· Give off releasing factors 

· Carried from neurohypophysis to adenophyophysis via hypophyseal portal system
· Blood Supply:

· Inferior hypophyseal arteries, 
· Branches of internal carotids 
· Supply mainly Pars Nervosa

· Give rise to fenestrated capillaries (
· drain into hypophyseal veins ( empty into cavernous sinus 

· Superior hypophyseal arteries, 
· Branches of internal carotids & Circle of Willis 
· Supply for hypophyseal portal system:
· 1o plexus (neurohypophyis)
· = looped capillary plexus, which drains into portal veins
· Supply median eminence & infundibulum (both neuryohypophysis) 

· Portal vessels (adenhypophysis)
· Drain 1o plexus to 2o plexus

· Supplies pars tuberalis (adenohypophysis)

· 2o Plexus (adenohypophysis) 
· Supplies Pars Distalis (adenohypohysis) 
· B/c Pars Distalis generally has no direct arterial supply
· Consists of wide sinusoids w/ fenestrated endothelium 
· Drain to hypophyseal veins to cavernous sinus

· Adenohypophysis
· Pars distalis
· 75% of pituitary
· Anastomosing cords of cells separated by fenestrated capillaries w/wide lumen
· Cell types:

· Acidophils

· Basophils 
· Chromophobes (inactive or depleted cells)

· I.D. by stain characteristics (LM) & granule morphology (EM)

· Pars tuberalis

· Pars intermedia
· Poorly developed in humans (may show remnant of Rathke’s pouch) fx in Humans unknown
· Contains colloid-filled cysts, chromophobes, basophils

· Regulation of Adenophyophysis by Hypothalamus:
· Regulating factors 

· Produced by hypothalamo-hypophyseal tract

· Carried by hypophyseal portal system (neurohypophysis to adenohypophysis)

· Bind to receptors of appropriate cell

· Release hormone (if regulating factor is “releasing” factor)

· Inhibit hormone release (if regulating factor is “inhibiting” factor)

· Feedback system control based on hormone levels or its metabolite which either:

· Direct:  Act on anterior pituitary cells (adenohypophysis)

· Indirect:  Act on hypothalamic cells which regulate anterior pituitary cells

	CELL CLASS
	CELL TYPE
	HORMONE PRODUCED
	ACTION
	HYPOTHALAMIC REGULATORS

	Acidophil
	Somatotrope--50%
	GH (growth hormone) somatotrophin
	stimulates growth through insulin like growth factor (IGF-1)
	GHRH (+) somatostatin (-)

	Acidophil
	Lactotroph or Mammotroph--20%
	PROLACTIN
	Stimulates mammary gland development & milk production
	TRH (+) Dopamine (-)

	Basophil
	Thyrotrope--5%
	TSH (Thyrotropic Hormone)
	Stimulates production of thyroid hormone
	TRH  

	Basophil
	Gonadotrope--10%
	FSH & LH
	Stimulates follicle development in ovary and spermatogenesis in testes
	GnRH

	Basophil
	Corticotrope--15%
	ACTH (Adenocorticotropic hormone) 
	Stimulates production of glucocorticoids and gonadocorticoids in adrenal cortex
	CRH


· Neurohypophysis
· Neurosecretory site for hypothalamic supraoptic & parventricular nuclei cell bodies

· Separate populations of neurons in supraoptic and paraventricular nuclei produce oxytocin and antidiuretic hormone

· Nerve fibers and H-H tract terminals contain secretory material which aggregate in dilations called Herring bodies

· Hormones packaged in vesicles containing:

· ATP 

· neurophysin (produced w/ hormone but cleaved in route to axon terminal release site)
· Major cell type = pituicytes (resemble astrocytic neuroglia)

· Divisions

· Pars nervosa

· Infundibulum
	NEUROSECRETION
	TARGET ORGAN
	TRIGGERING AGENTS

	Oxytocin
	Uterine smooth musc., mammary gland myoepithelial cells
	Neural stimuli to hypothalamus

	Antidiuretic hormone (ADH;Vasopressin)
	Distal tubules and collecting ducts of kidney for increased water reabsorption
	Increase in plasma osmolality and decrease in blood volume


· Pineal Gland (EPIPHYSIS CEREBRI)
· Relationships & Development:

· Dorsal extension of posterior roof of diencephalon

· Lumen is obliterated as wall thickens w/age

· Remains attached to roof of third ventricle

· Covered by capsule (continuous w/ pia mater) which extends into gland as septa and trabeculae

· Contents:

· Pinealocytes: Large cells w/deeply creased nuclei, prominent nucleoli, long cytoplasmic processes w/club-shaped terminations.

· Glial Cells: (5%) long cytoplasmic processes form supporting network assoc w/blood capillaries (neurocrine activity??)

· Corpora arenacea brain sand, or acervuli: 
· clumps of calcium phosphate salts in area of glia or stroma
· increased w/age
· Pinealocyte Functions:

· Produce SEROTONIN, MELATONIN, & SPECIFIC PEPTIDES
· Role in regulating gonadal fx, b/c tumors =early onset of puberty

· Photosensitive 

· Due to connexns w/retina via retinohypothalamic tract
· Light inhibits melatonin production, influencing circadian daily body rhythms
· Adjusting to changes in day length –jet lag
· Adjusting to seasonal changes—Seasonal Affective Disorder (SAD)
· Thyroid Gland
· Relationships:

· Two lateral lobes connected by isthmus
· At level of larynx/upper trachea

· 40 grams

· CT stroma - CT capsule covering, extending into gland creating lobes

· Follicular organization

· Arranged into spherical follicles ranging in size up to 1mm diameter

· Lumen filled w/ colloid (stored secretory product of follicular cells)
· Lined w/ simple cuboidal epithelium on Basement Membrane

· Network of fenestrated capillaries surround each follicle

· Blood Supply:

· Superior & Inferior thyroid arteries

· Veins in gland form rich plexus

· Good lymphatic drainage

· Cell Types:

· Thyroid Follicular Cells: 
· Epithlium:

· Simple cuboidal epithelium, height varies w/ activity
· Rests on BM, surrounded by fenestrated capillaries
· Only endocrine cell that provides extracellular storage of secretory product
· Follicular cells Produce THYROXIN (T4) & TRIIODOTHYRONINE (T3)
· [  ]’s  I- 30x that of blood (via ATP-dependent I- transporters)
· rER:

· Synthesizes thyroglobulin polypeptides

· Adds mannose & glucosamine
· Golgi:

· Condenses protein 
· Adds galactose, fructose, & mannose
· Vesicle

· Thyroglobulin packaged

· Thyroid peroxidase (also produced by follicular cells)

· Vesicle exocytosis

· Throglobulin released into the lumen

· Thyroid peroxidase into apical membrane

· Oxidation of iodide (I2) to free iodine (I-)

· Iodination of thyroglobin

· I- coupled to tyrosine groups in thyroglobulin, forming:
· Monoiodothyronine (MIT)
· Diiodothyronine (DIT)
· MIT + DIT = T3   

· DIT  + DIT = T4    
· T4:T3 production ratio = 20:1

· T3 = 5x more active (made from T4 in kidney, liver & heart)

· COLLOID = Iodinated thyroglobulin (T1 – T4) stored in lumen until  endocytosed by follicular cells
· Colloid is hydrolyzed by lysosomal enzymes 
· T3 & T4 released into blood & transported by serum carrier proteins
· MIT  & DIT forms recycled
· T3 &T4 Fxns:
· Regulate tissue basal metabolism of CHO’s, proteins & fats
· Heat production
· Body and tissue growth and development
· Parafollicular Cells: 
· Large, poorly staining cells
· Included w/in BM, but do NOT contact lumen
· Contain secretory granules close to surrounding capillaries
· Produce CALCITONIN (thyrocalcitonin)
· Not required for life

· Direct (fast):  Inhibit osteoclast axn (by binding membrane receptors) t/f ↓ [Ca2+]
· Increase rate of osteoid calcification 
· Calcitonin secretion is directly regulated by [Ca2+] (negative feedback)
· Parathyroid Glands - (PTH essential for life)
· Relationships:

· 2 pea-shaped & pea-sized glands on ea. dorsal lobal side (4 total) of  thyroid gland

· Delicate CT capsule extending incomplete trabeculae into gland 

· Fat cells and CT increase w/age

· Cells arranged in clumps w/in vascular network

· Contents:

· Principal (CHIEF) cells: 
· Small basophilic cells w/large nuclei

· PRODUCE PARATHYROID (PTH)
· Axn indirect = slower axn 
· opposite of calcatonin
· ↑ [Ca2+]:
· Indirect (slow):  Low [Ca2+], PTH binds osteoblasts ( axn on osteoclasts ( ↑ [Ca2+]

· Stimulates reabsorption/absorbtion of Ca2+ by kidneys/intestines

· Oxyphil cells: 
· Larger acidophilic cells w/ small nuclei & many mitochondria
· Appear at age 4-7 & increase w/ age

· Fxn unknown; may come from chief cells (traces of PTH)







