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I. Hormones, distinct chemical messengers, transmit information from one cell to another to coordinate homeostatic adaptations, growth, development and reproduction
a. Hormones, a word derived from greek meaning “excite” or “set in motion,” bind with high affinity and specificity to receptors, which are allosteric proteins

b. Hormones are very promiscuous, they will do any cell they can. But some cells are refractory to certain hormones. Hormones can only bind to certain receptors. So which is more important receptors or hormones. Both: low receptors, low hormone is the same thing. 

c. Many electronic devices have a “gain” a course and fine. The endocrine system has about five of those, to get a very fine tuning. This also opens up several opportunities for failure. Some diabetics pump out plenty of insulin, but they may not have enough receptors. 

d. Hormone receptors are allosteric proteins – hormones are not!
e. A hormone receptor is a protein that has a mirror image of a hormone, they bind and it changes. It has 2 functions: 1 – binds a hormone, 2 – transmits a signal and stimulates the cell. 

f. This is already 2 points of failure

i. You don’t have receptors = problem

ii. You have the receptor but it doesn’t bind the protein = problem

iii. You have a receptor, it binds the protein but it doesn’t transmit the signal = problem

II. Interaction of hormones

a. Hormones are involved in many aspects of homeostasis

b. One hormone: multiple actions

i. One hormone may have multiple actions

ii. Testosterone

1. Fusion of labioscrotal fold im male embryo

2. growth of the male UG tract

3. induction of spermatogenesis

4. growth of body hair

5. promotion of mm growth

6. retention of nitrogen

7. synthesis of erythropoietin

a. this is why women have more HGB and 

8. hyperplasia of sebaceous gland

c. How does one hormone affect so many different actions

i. The diverse action of the hormone are not due to different mechanisms, but rather due to differences in target cell response. 

d. One action: multiple hormones

i. one action may be influenced by many hormones

ii. Glucose maintenance
1. Insulin: hepatic glucose production and enhances glucose uptake. 

a. If you have diabetes you have a build up of glucose in the blood stream. You can’t use it for energy, so what do you use then? Fat, but it’s like burning coal, it has a high return but it pollutes. When you burn fat you end up with ketones, if you build them up faster than you can get rid of them and you end up with ketoacidosis. Then these ketones are breaking down proteins and enzymes. 

b. Because of this we have several back up mechanisms

2. glucagon: stimulates glucose production in the liver (gluconeogenesis). 

3. epinephrine: back up stimulators of glucose production

4. Norepinephrin: back up stimulators of glucose production

5. cortisol: back up stimulators of glucose production

6. Thyroxine: stimulates appetite. \

iii. So which is worse hyper or hypoglycemia: hypoglycemia, you could have 4x hyper and not even notice it. 

III. Hormones

a. Peptide hormones

i. Examples

1. Complex peptides=LH, HCG

2. Intermediate peptides = insulin, glucagon

3. Small peptides = thyrotropin releaseing hormone

4. Dipeptides = thyroxine

5. Single amino acid derivatives = serotonin, histamine

ii. General

1. really just a chain of proteins

b. Steroid hormones
i. Intact steroid nucleus = adrenal hormones

ii. Broken steroid nucleus = vitamin D

c. Most hormones will fit into these 2 categories

i. Peptides are very different from steroids not only in structure but also in biological function. 

IV. Hormones are present in small amounts

a. examples

i. Grams

albumin, hemoglobin

ii. Mg (10​​-3) 
glucose, cholesterol
iii. μg

T4, cortisol

iv. ng

T3

v. pg

ACTH

vi. fg

endophins

b. until radionuclide assay was invented we could really measure anything under a milligram.  
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I. hormones are present in small amounts continued

a. this may not be the case in teenagers

II. Hormone Transport

a. Steroids are not soluble, so how does it get from where it is produced to where it is effective. So how are they solublized.

i. They are bound by proteins

1. Lipoprotine: lipid combined with a protein

2. Cholesterol: the protein part of cholesterol the Apo-protein. There are 3 varieties 

a. A – can deposit its lipid
b. B 
c. C – can pick up lipids in the blood cell

d. Indigenous Eskimos have naturally high cholesterol, but most of it is Apo-C

b. Water Soluble (peptide) hormones require no transport proteins

c. Water insoluble hormones require protein transporters

III. Transport proteins

a. General = albumin or prealbumin

b. Specific = 

i. thyroxine binding globulin 

ii. Cortisol binding globulin

c. The specific transport proteins are not exclusive in that a specific hormone can be transported by a general transport protein
i. Abidity = affinity.

IV. Feedback relationships

a. Distinguishing feature of endocrine system

i. The body uses concentration equilibrium systems as a way to balance hormones. This is a potential point of failure.

ii. Lets assume someone has hyperthyroidism, you draw blood and find that the amount of hormone they have is normal. It doesn’t explain the imbalance. Unfortunately when you draw that blood you are measuring the total, the hormone that is bound and unbound but what if that balance is off. If you usually only have 1% of thyroid hormone unbound and active, and suddenly you have 2% it doesn’t seem like a big deal but this is a doubling of the amount of hormone in the system. This is a big deal!

iii. So a protein transporter defect could cause a large amount of active hormone in they system. 

b. Classic model is the hypothalamic-pituitary- thyroid axis

V. Hypothalamic – pituitary – thyroid axis

a. Primary, secondary and tertiary hypothyroidism

b. How do you determine which? Pt A, B & C, they all happen to be female and hyperactive. You draw some blood and check thyroid hormone levels All 3 had elevated hormones why?

i. One has a functional thyroid tumor. It is metabolically active (primary)
ii. One has a functional pituitary gland tumor (secondary)
iii. One has a functional hypothalamus tumor (tertiary)
iv. We can use these feedback systems to figure it out

v. Results

1. A has elevated T3/4, low TSH, low TRH. There is too much thyroid hormone and it is inhibiting production of TRH and TSH isn’t being made (primary)
2. B has elevated TSH and T3/4 low TRH, the TSH is driving the thyroid to produce T3/4 and is inhibitng the hypothalamus (secondary)

3. C has Elevated TRH, TSH and T3/4 are elevated (tertiatry)

c.  Insert illustration

VI. How Hormones work. 
a. Peptides hormones are synthesized as parts of larger protein molecules and processed as secretory proteins

b. They act via receptors located in the cell membrane with the recognition/binding site exposed on the cell surface and the activity domain facing the inside of the cell. 

c. There are a number of ways that a receptor can deliver its chemical message to the cell. 

VII. Receptor illustration

a. They say receptors have 2 domains one outside the cell and one inside. The binding of a protein on the outside domain changes the formation of the receptor on the inside sending a message to the inside of the cell

VIII. The initial event in hormone action is thus a bimolecular reaction dependent on the concentration of hormone, the concentration of receptor and the affinity of receptor for hormone.

a. The probability a hormone will induce a change is a function of the amount of hormone and the amount of receptors for that hormone

i. [Hormone] + [Receptor] ↔ [Hormone + Receptor]

IX. Factors that control the concentration of both hormone and receptor determine biological responses of cells, of organs and of the whole organism

X. Receptors illustrations

a. These receptors have a pretty complex tertiary formation

XI. Receptor Regulation

a. Up regulation

i. There is usually an inverse relationship between hormone production and receptor production

XII. Up regulation

a. Low hormone concentration

b. Increased receptor number

c. This increases the chances of the fewer hormone molecules finding a receptor. 

d. Receptors can undergo cycling, they can internalize themselves and hide their  binding sites

e. The average cell is rarely exposing all of its receptor binding sites, but as the number of hormones goes down they start exposing more sites

f. Now there is a limit to receptor expression

XIII. Down regulation

a. High hormone concentration

b. Low receptor number

XIV. Endocrine pathology

a. Side note: binding abidity
i. These receptors can change its affinity to the specific hormone.

XV. Illustration: hyper/hypofunction

XVI. Biological amplification

a. One protein molecule binds to one receptor and hundreds of cAMP molecules are produced
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