Unit IV-D – Regulation


Unit Outline

III.  Chemical Regulation - Chapter 16

        The endocrine system releases chemicals directly into the bloodstream.  The founding of this discipline occurred in 1902 with the work of Baylis and Starling on a substance which stimulated production of digestive enzymes by the pancreas.



A.  Glands and Hormones

                                         1.  Chemical vs. Nervous Regulation
                                              a. nervous system sends electrochemical impulses through nerve fibers

                                              b. neurotransmitters bridge synapses between adjacent neurons

                                              c. nervous system acts quickly and directs messages to specific parts of body

                                              d. endocrine system maintains homeostasis, regulates metabolism, growth, and reproduction through chemicals released into the bloodstream

                                              e. endocrine system is slower than the nervous system in producing effects since it takes time for chemicals to reach the correct target organ

                                              f. endocrine effects last for hours, days, or even years

                                              g. endocrine and nervous systems work together  

                                         2.  Glands are organs made of epithelial cells that specialize in secretion of substances needed by the organism
                                               a. exocrine glands discharge secretions into ducts which carry them to their site of use

                                               b. endocrine (ductless) glands release secretions directly into the bloodstream

                                               c. endocrine secretions are called hormones
                                         3.  Hormones
                                              a. exert their effect elsewhere than the site of secretion “chemical messengers”

                                              b. only recognized by “target” tissues, that which will be regulated by the hormone, either increasing its activities, or decreasing its activities

                                              c. act through some intermediate cellular process

                                              d. two classes

                                                  1. protein-type are chains of amino acids or related compounds, cannot pass through the cell membrane

                                                  2. steroid hormones are lipid-like, carbon-ring compounds that ar able to pass through the cell membrane

                                               e. prostaglandins are “local hormones” produced by nearly every cell in the body in response to injury or other hormones, influence many metabolic activities                                    

                                         4.  Regulation of Hormone Secretion

                                              a. rate of hormone secretion varies with the needs of the body

                                              b. nervous impulse may cause a gland to change rate of production

                                              c. in most cases, chemical stimuli, regulate the endocrine secretions through feedback, a system which operates as a cycle in which the last step affects the first step
                                                  1. negative feedback occurs when an activity alters a condition and this in turn triggers a series of events that reverses the altered condition; opposes change; tends to keep a variable close to some value (the set point)

                                                 2. positive feedback occurs when a change initiates a response and that response intensifies the original change               

                                         5.  Mechanisms of Hormone Action

                                              a. steroid hormones enter most of the cells of the body but produce their effects only in target cells; in target cells, receptor proteins recognize the particular hormone and react with it forming a hormone-receptor complex which enters the nucleus and binds to DNA, directly acting on the DNA , thereby affecting gene expression and producing changes in cellular function

                                               b. protein-type hormones (first messenger) act without entering the target cells by binding to receptor proteins located on the surface of the target cell membrane, activating an enzyme inside the cell membrane to produce second messenger molecules which may be calcium ions, cyclic AMP, or GMP which actually trigger the response that alters cell function
       

B.  Human Endocrine System

                                         1.  Functioning of the Endocrine Glands regulates a wide range of activities; improper functioning leads to disease or disorder
                                               a. hypersecretion, an excess of a hormone

                                               b. hyposecretion, a deficiency of a hormone

                                         2.  Glands

                                              a. pituitary (hypophysis)  - “master gland”  is found attached to the brain, controls the activity of a number of other glands; intermediate zone does not function in humans but does in other animals

                                                   1. anterior or front lobe 

                                                      a. is larger than the back or posterior lobe

                                                      b. is stimulated to produce hormones by the hypothalamus’ releasing hormones (or releasing factors) produced in the ends of specific neurons and carried to the anterior pituitary by blood; specific factor for each type of hormone

                                                      c. hormones:

                                                         i. TSH (thyroid-stimulating hormone) stimulates production and release of thyroxine by the thyroid gland

                                                       ii. ACTH (adrenocorticotropic hormone) stimulates production and release of hormones from the adrenal cortex; used in treatment of arthritis, asthma, and allergies

                                                     iii. GH (growth hormone) indirectly affects growth of bone and cartilage by regulating production of another factor; directly affects protein, carbohydrate, and fat metabolism; artificial growth hormone has been produced through recombinant DNA techniques
                                                            aa. hypersecretion produces gigantism, acromegaly

                                                           bb. hyposecretion produces dwarfism                            
                                                      iv. FSH (follicle stimulating hormone) stimulates the development of egg cells in ovaries and production of sperm cells
                                                       v. LH (luteinizing hormone) causes the relese of egg cells from human ovaries; controls production of sex hormones in males and females

                                                      vi. Prolactin stimulates the secretion of milk after birth; normally inhibited by a factor secreted by the hypothalamus

                                                    2. posterior lobe

                                                        a. directly connected to the hypothalamus via two tracts of nerve endings

                                                        b. nerve endings produced oxytocin and vasopressin in the hypothalamus which are then stored and eventually released from the posterior pituitary

                                                           i. oxytocin stimulates contractions of the smooth muscles of the uterus during childbirth

                                                          ii. vasopressin (or ADH, anti-diuretic hormone) controls the reabsorption of water by the nephrons of the kidney by increasing permeability of tubules to water

                                                b. hypothalamus is part of the brain that is connected to the pituitary, acting like an endocrine gland and controlling the release of hormones from the pituitary, it receives information from the nervous system thereby acting as a major link between the two regulating systems

                                                 c. thyroid gland, located in the neck just below the larynx and in front of the trachea

                                                      1. secretes iodine-containing thyroxine 

                                                         a. regulates the rate of metabolism is the body

                                                         b. needed for normal mental and physical development
                                                         c. hypersecretion produces hyperthyroidism, often accompanied by goiter and exopthalmia

                                                         d. hyposecretion produces cretinism, hypothyroidism

                                                         e. negative feedback control    
                                                      2. secretes calcitonin which is involved in regulation of blood calcium level

                                                  d. parathyroid glands, embedded in the back of the thyroid

                                                      secrete parathormone which regulates calcium and phosphate metabolism

                                                     1. causes release of calcium from bone into plasma if circulating calcium level drops

                                                      2. hyposecretion results in low blood calcium levels, can cause tetany

                                                      3. hypersecretion results in removal of calcium from bones to the point where they become brittle and break easily

                                                  e. adrenal glands cap the kidneys

                                                      1. adrenal medulla releases hormones that handle sudden stress

                                                         a.  80% epinephrine (adrenalin)

                                                         b.  20% norepinephrine (noradrenalin)

                                                         c. nerves of symphathetic nervous system regulate the secretion of hormones, effects the same, but more long-lasting

                                                         d. “fight or flight” “emergency response” 

                                                     2. adrenal cortex releases hormones that handle long-term stress

                                                         a. corticosteroids are all synthesized from cholesterol, more than 30 separate compounds

                                                         b. cortisol or hydrocortisone affects metabolism; major action involves synthesis of glucose in liver and regulates the glucose level in the blood; cortisone is a synthetic compound similar to cortisol used to treat arthritis and allergies
                                                         c. aldosterone maintain the normal mineral balance in the blood, increasing both the reabsorption of sodium and excretion of potassium by the kidney tubules which in turn controls the volume of intercellular fluid and of blood.

                                                         d. male and female sex hormones (amount of female is slight)

                                                          e. hypersecretion produces Cushing’s disease characterized by excess fat deposits and a high blood glucose level and decrease immunity

                                                          f. hyposecretion produces Addison’s disease where normal blood glucose level cannot be maintained, tolerance to stress is reduced; untreated is fatal

                                                    f. Islets of Langerhans are clusters of hormone-secreting cells scattered throughout the pancreas containing two types of cells

                                                        1. ( (alpha) cells secrete glucagons which is antagonistic (opposite) to insulin (see below); raises blood glucose level by promoting the conversion of glycogen to glucose in the liver, and then the conversion of amino acids and fatty acids to glucose
                                                             a. hypersecretion produces abnormally high blood glucose level similar to diabetes

                                                             b. hyposecretion produces abnormally low blood glucose level known as hypoglycemia         
                                                       2. ( (beta) cells secrete insulin which increases the rate at which glucose is moved through cell membranes, lowering blood glucose levels, promoting the change of glucose to glycogen and glucose to fat and increasing the rate of oxidation of glucose; controlled by negative feedback

                                                             a. hypersecretion produces diabetic shock with blood glucose level falling dangerously

                                                             b. hyposecretion results in diabetes with an abnormally high blood glucose level, with excess excreted in the urine

                                                      g. Gonads or sex glands

                                                           1. ovaries 

                                                               a. estrogen stimulates development of the female reproductive system, promotes the development of secondary sex characteristics, and regulates menstrual cycle

                                                               b. progesterone assists estrogen in menstrual cycle regulation

                                                           2. testes secrete androgens, the most important of which is testosterone which stimulates development of male reproductive system, promotes development of secondary sex characteristics; anabolic steroids are derived from this hormone

                                                         h. Thymus is located in the upper chest near the heart

                                                              1.  large in infants, shrinks after start of adolescence, appears to serve no function in adults

                                                              2.  helps in processing T lymphocytes through what is believed to be a hormone called thymosin
                                                         i. Pineal is attached to base of brain produces melatonin which acts on pigments cells in ectotherms; involved in daily cycles rising at night and lowering during the day

                                                         j. Stomach and Small Intestine each have hormones which stimulate production of digestive juices

                                                             1. gastrin stimulates the flow of gastric juice

                                                             2. secretin stimulates the flow of pancreatic juice                                                              

