ENDOCRINE SYSTEM

“For the message of the cross is foolishness to those who are perishing, but to us who are being saved it is the power of God.”  1Corinthians 1:18

Hormones

· animals coordinate activities of specialized parts; endocrine system is a major source of messages in the form of chemicals called hormones wherein messages must travel over greater distances

· endocrine system's effects are slow to initiate and prolonged in response, lasting from a few hours up to weeks 

· hormone:  from the Greek word “hormon” meaning excite; specific molecule synthesized and secreted by a group of specialized cells referred to as an endocrine gland; endocrine glands are ductless glands

· released by these cells directly into the circulatory system

· travels to another area of the body where it elicits specific biological responses from selected target cells

· receptors:  proteins within the target cell or on its surface which determine much of the specificity and action ascribed to hormones

· endocrinology - study of hormones; >50 different hormones in the human body

· three classes (based on chemical structure, not function):

1)  steroid hormones – sex hormones (fashioned from cholesterol)

2)  hormones derived from amino acids – include “fight or flight” epinephrine

3)  peptides – amino acid chains

· mechanism by which a hormone triggers specific changes in a target cell:

1)  (steroids) enter the nucleus of the target cell and influence the expression of the cell's genes

· 2)  (non steroid) – attach to the cell surface and influence activity through second messengers

Glands

· brain (not part of the endocrine system) is one of the main regulators; part of the lower brain; function in the endocrine system is to control the pituitary gland

· pituitary gland sits right below the hypothalamus in the brain; hormones it produces and puts into the bloodstream control many other endocrine glands in the body:

HGH (human growth hormone) – essential for proper skeletal development

endorphin – natural pain reliever

ADH (antidiuretic hormone) – controls amount of water reabsorbed by kidneys

TSH (thyroid stimulating hormone) – controls activity of thyroid gland

· thyroid gland affects basal metabolic rate; thyroxine speeds up rate at which cells burn nutrients

· thymus gland releases thymosin which stimulates development of T-cells

· adrenal glands release adrenocorticotropic hormone (ACTH) which controls how the adrenal glands produce cortisol which causes the liver to release more glucose so there is plenty of energy for the body; also produce epinephrine/norepinephrine

· pancreas produces insulin hormone which enables glucose to enter the cells

Other systems

· alimentary:  stomach, duodenum, liver, pancreas, kidney

· reproductive

· Ca regulation: skin, parathyroid

· adipose tissue

· heart

· bone marrow

Negative feedback

Production of hormones to control blood sugar levels

A small proportion (1-2 per cent) of the pancreas is made up of other types of cells called islets of Langerhans. These cells sit in tiny groups, like small islands, scattered throughout the tissue of the pancreas. The islets of Langerhans contain alpha cells which secrete glucagon and beta cells which secrete insulin. 

Insulin and glucagon are hormones that work to regulate the level of sugar (glucose) in the body to keep it within a healthy range. Unlike the acinar cells, the islets of Langerhans do not have ducts and secrete insulin and glucagon directly into the bloodstream. 

Depending on what you’ve eaten, how much exercise your muscles are doing, and how active your body cells are, the amount of glucose in your bloodstream and cells varies. These 2 hormones have the job of keeping tight control of the amount of glucose in your blood so that it doesn’t rise or fall outside of healthy limits. 

How insulin works

Insulin is released from the beta cells in your pancreas in response to rising glucose in your bloodstream. After you eat a meal, any carbohydrates you’ve eaten are broken down into glucose and passed into the bloodstream. The pancreas detects this rise in blood glucose and starts to secrete insulin. 

Insulin works by improving the uptake of glucose from the blood across cell membranes and into the cells of the body, and so takes glucose out of the bloodstream. Once in the cells, the glucose is used as the energy to fuel the cells doing their different jobs or is stored in the liver or muscle cells as glycogen. This results in the glucose level of the blood dropping, which then triggers the pancreas to switch off the release of insulin. 

The problem in people with diabetes is that either they don’t produce enough insulin, or the insulin they do produce doesn’t work properly, or their cells don’t respond properly to insulin. The net result is that glucose isn’t cleared from their bloodstream and they have high blood glucose levels which the body tries to clear by various compensatory methods, such as increased urination. 

How glucagon works

Glucagon has an opposite (antagonistic) effect to insulin. When your blood glucose level falls, for example during exercise when your muscles are using glucose for fuel, your pancreas detects the drop in blood glucose. This prompts the pancreas to slow down the secretion of insulin, but increase the output of glucagon. 

The role of glucagon is to break down glycogen (the stored form of glucose) in the liver. Then the liver releases glucose into the bloodstream. This results in a rise in the blood glucose level to bring it back to a healthy level, which in turn signals the pancreas to switch off glucagon release. 

The control of blood glucose levels operates by what is known as a negative feedback mechanism. Here is a summary of the 2 control loops. 

When the blood glucose level goes up

· Blood sugar (glucose) rises; 

· The pancreas detects the rise; 

· The pancreas pumps out insulin into the blood; 

· Insulin helps the uptake of glucose into muscles and other cells; 

· This causes the blood glucose level to fall to its normal set point; and 

· The pancreas detects the fall and switches off insulin production. 

When the blood glucose level goes down

· Blood sugar (glucose) drops; 

· The pancreas detects the drop in blood sugar; 

· The pancreas switches on the output of glucagon into the blood; 

· Glucagon signals the liver to break down glycogen into glucose; 

· The liver releases glucose into the bloodstream; 

· Blood glucose goes up to its normal set point; and 

· The pancreas detects the rise in blood sugar and switches off glucagon release. 

Activity

Complete negative feedback loop

Homework

p. 386 – questions 1, 5, 13-20

Feedback mechanism worksheet

