Signaling
· Intracellular communication 

· In endocrine signaling, hormones secreted into extracellular fluid by endocrine cells reach target cells via the bloodstream or hemolymph. 
· Local regulators are molecules that act over short distances and reach their target cells solely by diffusion. 

· In paracrine signaling, the local regulator targets cells that lie near the secreting cell.

· In autocrine signaling, the local regulator targets the secreting cell itself. 

· In synaptic signaling, neurons form specialized junctions called synapses with target cells, such as other neurons and muscle cells.

· At most synapses, neurons secrete neurotransmitters. 

· In neuroendocrine signaling, specialized neurons called neurosecretory cells secrete neurohormones, which diffuse from nerve cell endings into the bloodstream. 

· Members of a particular animal species sometimes communicate with each other via pheromones, chemicals that are released into the external environment. 

· Types of local regulators 
· Prostaglandins are local regulators that promote inflammation and the sensation of pain in response to injury. They are modified fatty acids. 
· Cytokines and growth factors are typically local regulators. 
· Nitrous oxide (NO) is a gas that functions as a local regulator and a neurotransmitter. 

· When the level of oxygen in the blood falls, endothelial cells in blood vessel walls synthesize and release NO. 

· NO causes vasodilation, which increases blood flow to the tissues. 

· Classes of hormones 
· Hormones are transported throughout the body in blood. A small amount generates a large impact. They tend to have slower effects. 

· Many hormones elicit more than one type of response in the body. 

· These molecules bind to receptors that are highly specific to their structure. 

· Some hormones have receptors on almost all cells, some have receptors only on specific tissues. 
· Peptide hormones are synthesized in the rough ER as a larger preprohormone (precursor to one or more prohormones), cleaved in the ER lumen to a prohormone (committed precursor of a single hormone) and then cleaved again (and possibly modified with carbs) in the golgi body to the final form. 
· Includes: FSH, LH, ACTH, HGH, TSH, prolactin, ADH, oxytocin, PTH, glucagon and insulin 

· They are water-soluble hormones, so they cannot diffuse through the plasma membrane.

· They attach to a membrane receptor and initiate signal transduction pathways.  Secondary messengers are created along the pathways; which create the actual effects. This is indirect stimulation.
· Steroid hormones are synthesized from cholesterol in the smooth ER. 
· Includes: glucocorticoids, mineralocorticoids, cortisol, aldosterone, esterogen, progesterone, and testosterone.

· They are lipid-soluble hormones, so they are able to diffuse through the plasma membrane.

· Steroid hormones attaches to a receptor in the cytoplasm or the nucleus. The hormone+receptor binds to an active portion of DNA and alters the transcription rate. This is an example of direct stimulation since the hormone itself is generating the effects.
· Tyrosine derivatives are formed by enzymes in the cytosol or on the rough ER. 
· Includes: catecholamines, T3, T4

· They are either water-soluble or lipid-soluble.
Feedback regulation and coordination with the nervous system
· Simple pathways 

· In a simple endocrine pathway, endocrine cells respond directly to an internal or environmental stimulus by a secreting a particular hormone. The hormone will travel in the bloodstream to the target cells, where it will elicit the appropriate responses. 

· In a simple neuroendocrine pathway, the stimulus is received by a sensory neuron, which stimulates a neurosecretory cell. The neurosecretory cell then secretes a neurohormone, which will diffuse into the bloodstream and travel to target cells. 

· Feedback regulation 

· Regulation often involves negative feedback, in which the response reduces the initial stimulus. 
· Positive feedback reinforces a stimulus, leading to an even greater response. 
Organs of the endocrine system
· Endocrine glands vs. exocrine glands 
· Endocrine glands synthesizes and secretes hormones into the bloodstream. 
· Exocrine glands secrete substances by way of a duct to the exterior of the body. 

· Hypothalamus

· The hypothalamus monitors the external environment and internal conditions of the body. 

· Contains neurosecretory cells that link the hypothalamus to the pituitary gland. 
· Synthesizes ADH (vasopressin) and oxytcin to be stored in the posterior pituitary. 
· Synthesizes releasing and inhibiting hormones to regulate the anterior pituitary. 
· Synthesizes gonadotropin releasing hormone (GnRH) from neurons, which stimulates the anterior pituitary to secretes FSH and LH. 

· Anterior pituitary 

· The anterior pituitary mainly regulates hormone production by other grands.

· The anterior pituitary is regulated by the hypothalamus. 
· Releasing hormones are produced by neurosecretory cells in the hypothalamus and are secreted into the blood. This blood flows directly into the anterior pituitary, where the releasing hormones stimulate the release of tropic or direct hormones produced/stored and secreted in the anterior pituitary. 
· Direct hormones directly stimulate target organs. Types of direct hormones produced/stored in the anterior pituitary: 
· Somatotropin (HGH), which stimulates bone and muscle growth. 
· Prolactin stimulates milk production in females. 
· Endorphins inhibit perception of pain (technically a neurohormone). 
· Tropic hormones stimulate other endocrine glands. Types of tropic hormones produced/stored in the anterior pituitary: 
· Adrenocrticotrophic hormone (ACTH) stimulates the adrenal cortex to release glucocorticoids, which are involved in regulation of metabolism of glucose. 
· Thyroid-stimulating hormone (TSH) stimulates the thyroid gland (increases size and cell number) to release thyroid hormone. 
· Lutenizing hormone (LH) in females stimluates the formation of the corpus luteum. In males, leutinzing hormone stimulates leydig cells of the testes to produce testosterone. 
· Follicle-stimulating hormone (FSH) in females stimulates maturation of ovarian follices to secrete estrogen. In males, FSH stimulates sertoli cells to help mature sperm cells. 

· Posterior pituitary 

· The posterior pituitary does not synthesize hormones, it stores hormones produced by the hypothalamus. Hormones that it stores/secretes:
· Antidiuretic hormone (ADH/vasopressin) increases the reabsorption of water by increasing the amount of aquaporins in the epithelium cells in the collecting duct. 

· Coffee and alcohol blocks ADH.
· Oxytocin is secreted during childbirth. It increases the strength of uterine contractions and stimulates milk ejection. 

· Pineal gland 
· Pineal gland secretes melatonin, a hormone that participates in regulation of biological rhythms. 

· Thyroid 
· Thryoid glands are located on the ventral surface of the trachea. Hormones that it produces/secretes:
· Achondroplasia is dwarfism of the thyroid. 
· Progeria is premature aging of the thyroid. 
· Thyroxine (T4) and Triiodothyronine (T3) are necessary for the growth and neurological development in children and increase basal metabolic rate in body. 

· Provide a negative feedback on TSH, meaning high amounts of T3 and T4 will decrease production of TSH. 
· Hypothyroidism means undersecretion of T3 and T4; results in low heart and respiratory rate. 
· Hyperthryoidism means oversecretion of T3 and T4; results in increased metabolic rate and sweating.

· Hypo- and hyperthyroidism lead to goiter, the abnormal enlargement of the thyroid gland. 
· Calcitonin “tones down” Ca2+ in blood. 

· It decreases plasma Ca2+ by inhibiting its release from bone 

· Decreases osteoclast activity and number.

· Parathyroid 

· The Parathyroid is four pea-shaped structures attached to the back of thyroid. Hormones that it produces/secretes:
· Parathyroid hormone (PTH) is antagonistic to calcitonin. 

· Raises Ca2+ concentrations in the blood by stimulating release from bone. 

· Increases osteocyte absorption of Ca + P from bone; stimulates osteoclast proliferation 

· Increases renal Ca absorption 

· Thymus 
· Thymus is involved in the immune response. Hormones that it produces/secretes: 
· Thymosins stimulate lymphocytes (WBCs) to become T-cells 

· Adrenal gland 
· Adrenal gland is located on the top of kidneys and consists of two main parts:
· Adrenal cortex secretes only steroid hormones. Hormones that it produces/secretes: 
· Glucocorticoids (cortisol and cortisone) raise blood glucose levels (stimulates gluconeogenesis in liver); affect fat and protein metabolism; stress hormones 
· Mineralocorticoids (aldosterone) increaes reabsorption of Na+ and secretion of K+. Causes passive reabsorption of water in the nephron, which will cause a rise in blood volume/pressure. 
· Androgenic steroids – these hormones are converted elsewhere in the body to form estrogens and androgens; however, these steroid hormones are produced in much larger amounts by the gonads.
· Adrenal medulla. Hormones that it produces/secretes: 
· Epinephrine and norepinephrine – “fight or flight” hormones. 

· These hormones are catecholamines – they are water soluble, bind to receptors on target tissue membranes, and mainly act via a second messenger. 

· Glycogen → glucose, vasoconstrictor to internal organs and skin but vasodilator to skeletal muscle, increased heartbeat. 

· Pancreas 
· Pancreas (exocrine and endocrine) has bundles of cells called islets of Landerhans which contains two cell types:

· Alpha cells secrete glucagon: catabolic, released when energy charge low; raises blood glucose levels. Stimulates liver to break down glycogen into glucose. 

· Beta cells secrete insulin: anabolic, released when energy charge is high; lower blood glucose levels. Stimulates liver and most other body cells to absorb glucose. Provokes liver and muscles to turn glucose into glycogen and fat cells to turn glucose into fat. 
· Somatostatin is released by delta cells of pancreas; inhibits both insulin and glucagon. Possibly increases nutrient absorption time 

· Testis and Ovaries 
· Testis produces and secretes testosterone, a hormone that induces spermatogenesis and secondary male sex characteristics. 
· Ovaries produces and secretes estrogen and progesterone: 
· Estrogen is involved in the menstrual cycle and produces secondary female sex characteristics.
· Progesterone is involved in the menstrual cycle and pregnancy. 

· Gastrointestinal hormones
· Gastrin secretes stimulation of HCl when food is in the stomach. 
· Secretin, secreted from the small intestine, neutralizes the acidity of chyme by enhancing the secretion of alkaline bicarbonate. 
· Cholecystokinin, secreted from the small intestine, causes the contraction of the gallbladder to release bile in the presence of high fatty food. 
