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The endocrine system is a collection of ductless glands that secrete chemical 

messengers into the blood called hormones. 

Some tissues can also secrete hormones (like kidneys, liver and heart) except that 

they aren’t considered as endocrine glands. 

Endocrine means internal secretion of biologically active substances 

Exocrine means secretion outside of body (e.g. sweat glands) 

Hormones are chemical substances released by endocrine glands and maybe 

some other tissues and must be transported via bloodstream to tissues where 

they can act to regulate specific functions. 

*The word “hormone” is derived from the Greek word “hormao” meaning I excite or arouse 

Till now we have less than 50 known hormones but we are discovering more of 

them by human genome project. 

 

In order for hormones to be effective, they have to bind to receptors which 

means that hormones can’t act by themselves except for NITRIC OXIDE, more details 

in third yead . 

Hormone classification 

Bases of classification are Solubility (and transport), Chemistry, Synthesis, 

Processing and modification, Pharmacology-based. 

• Hormones are classified into two types according to receptors they bind or 

solubitily:- 

 

1) Lipid soluble such as steroids, thyroid hormones, and nitric oxide. 

These hormones are not soluble in water thus need a carrier in the blood 

(globulin and albumin), they can diffuse through plasma membrane into a cell 

and then bind to its receptor, the receptor-hormone complexes bind to DNA 

regions and act as TRANSCRIPTION FACTORS. 
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2) Water soluble such as modified amino acids, proteins or peptides, and 

eicosanoids. 

These hormones travel by themselves in the blood and bind to a receptor that 

is present on the cell surface then TRANSDUCING (transmitting) a signal into 

the cell which will finally lead to the needed action. 

➢ Free hormones and bound hormones are always in equilibrium. 

➢ Free (active) hormone is the important one for action, response and 

measurement although it is dificult to measure it. 

➢ Free hormones have less half life than bound ones which are protected 

from any enzymatic modification or clearence. 

e.g catecholamines (half life =seconds), proteins and peptides (half 

life=minutes) while steroids and thyroid hormons (half life = hours or days). 

 

• hormones can be also classified according to their origin into:- 

1)True hormones: secreted into the blood by endocrine glands  

e.g thyroxine, epinephrine (adrenaline), estradiol, insulin 

2)Neurohormones: chemicals that are secreted by nerve cells and can 

affect other organs like muscles. 
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These neurohormones can act as hormones or neurotransmitters or both 

depending on: from which cell they are released, which cell they affect, 

where they are secreted. 

➢ If they are secreted in the vicinity (near by), they are neurotransmitter. 

➢ If they are secreted into the blood, we can consider them as hormones. 

Sometimes, the same molecule has different actions depending on the target 

cell, e.g Catecholamines are neurotransmitters in one tissue and hormones in 

another. 

 

Many classic neurotransmitters (catecholamines, dopamine, acetylcholine, 

etc.) are similar to classic hormones with regard to synthesis, release, 

transport, and mechanism of action. From the slide 

know the names of the hormones only 
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• Chemical classification of hormones (chemistry of hormones)  
the Dr only mentioned examples  

1) Peptides 

✓ peptides or polypeptides (3 to 100 aa).  

✓ insulin, glucagon, adrenocorticotrophic hormone (ACTH)  

2) Amino acid derivatives. 

✓ directly derived by modification of an amino acid.  

✓ epinephrine and thyroxine (made from tyrosine), and serotonin (5-

hydroxytryptamine; made from tryptophan)  

3) Steroids.  

✓ derived from cholesterol by modification of the cholesterol ring system. 

✓ estradiol, cortisol, calciferol (Vitamin D), and testosterone  

4) Eicosanoids. 

✓ derivatives of the unsaturated fatty acid, arachidonic acid. 

✓ prostaglandins, leukotrienes, and thromboxane B  

5) Gases.  

✓ produced and released by endothelial cells, synthesized by NO synthase 

(NOS), which catalyzes NAPDH-dependent oxidation of l-arginine. Also, CO. 

✓ nitric oxide (NO)  

 

• pharmacological classification (not important) 

1) Agonists.  

glucagon and epinephrine  

2) Antagonists.  

insulin and glucagon  

3) Partial agonists-partial antagonists. 

4) Mixed agonists-antagonists. 
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A major challenge  

The amount of hormones that exist in blood stream is really MINIMAL (Atto- to 

nano-molar range: 10^–18 to 10^–9 mol/L) compared to similar molecules such as 

sterols, amino acids, peptides, and proteins (10^–6 to 10^–3 mol/L). 

So, in order for this amount to exert a strong and effective action in the body, 

binding must be: 

➢ SPECIFIC (little inaccuracy or imprecision in binding). 

➢ SATURABLE (certain number of receptors that can bind to hormone level, if the 

hormone level goes up, no more action takes place). 

           

 

 

 

 

 

 

  

 H + R  K+1 H-R 

 K-1 

Kd (dissociation constant) = free molecules{[H]*[R]} / hormone-receptor complex 

[H-R] 

(Kd: concentration of hormones that occupies 50% of receptors) 

➢ Hormones need to be 20-folds more than their Kd to saturate receptors, 

since they are not, receptors are never saturated.     

➢ Kd values = 10^–9 to 10^–11 M 
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• In the endocrine system, we have a huge amount of regulation and on many 

levels such as: release, synthesis, transport in circulation, metabolism, delivery 

to the surface or interior of target cells, and intracellular signaling. 

 

• Another level is the location of the gland; glands are organized in a certain 

way for a certain reason rather than being randomly distributed. This is 

important to minimize the dilution effect of hormones in the body, and here 

are some examples: 

 

A. Spermatogenesis occurs in the seminiferous tubules that are next to the 

Leydig cells, which produce testosterone that is required for this process. 

B. Hepatic production of glucose is regulated by the insulin/glucagon ratio; 

the pancreas, which produces both of them, is in close proximity to the 

liver. 

C. Hypothalamus and anterior pituitary are in close proximity so that high 

concentrations of hypothalamic-releasing hormones can reach the pituitary 

target via a special portal vascular system.  

D. Adrenal cortex produces cortisol, which is required in the adrenal medulla 

for catecholamine synthesis, reaches the medulla by a special portal 

vascular system. 

 

Nervous vs./& endocrine systems 

 
• Endocrine works in parallel and conjunction with the nervous system, so the 

nervous system is affecting and regulating the endocrine system and vice 

versa. 

the nervous system is affecting the Hypothalamus which produces a lot of 

hormones, these hormones can affect the anterior pituitary gland producing 

many other hormones which affect many organs. 
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Feedback circuits 

➢ Most common mechanism in regulating the release and secretion of 

hormones. 

➢ The final hormones would control the release of early hormones. 

 

➢ Simple feedback  

• Glucose and insulin. 

• The level of glucose can regulate how much insulin is released, more 

glucose – more insulin—glucose into cells. 

When the glucose level goes down, no 

more stimulus for insulin release so insulin 

decreases. 

➢ More complex feedback as in the picture above  

The hormones released from pituitary gland (in 

response to hypothalamic stimulus) can regulate 

hypothalamus hormones. At the same time, 

peripheral gland hormones can regulate 

pituitary and hypothalamic hormones. 
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important table, read carefully 

 

 

RESPONSES 

The type of response differs according to the hormone and the target cell. 

Communication between cells using hormones can be classified into: 

1)endocrine mechanism 

Hormone is released into the blood stream, travels long distance relatively 

affecting a target organ that is far away from the hormone-producing organ. 

2)Paracrine mechanism 

Two different cell types, one is producing the hormone and the other is the target 

cell, both are at the same region (no blood transport). 

3)Autocrine mechanism 

The released hormone affects the same cell that produced that hormone, or a 

nearby cell of the same type. 
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4)Neuroendocrine mechanism  

Chemical communication between nerve cells and distant target cells. 

Other less common mechanisms: 

5)Intracrine mechanism 

The hormone doesn’t get released but acts within 

the cell itself. 

6)Juxtacrine mechanism  

Hormone is bound to the cell surface of one cell and interacts with the receptor 

on a neighboring, juxtaposed cell. 

7)Pheromonal mechanism 

Common in yeast but also exists in humans. 

It controls sensation and responses in different organisms rather than between 

cells. 

➢ when a person produces a certain pheromone with a certain smell it will 

affect another human being. 
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The target cell concept 

It is the cell in which the hormone (ligand) binds to its receptor, regardless of the 

action. 

➢ In our bodies, we have almost 200 types of differentiated cells, but only few 

produce hormones. 

➢ All of 75 trillion cells in a human are targets (can respond) to one or more 

of the produced hormones. 

So there is a lot of diversity that has to be regulated very well. 

➢ One hormone can affect several cell types.  

➢ One cell type can be affected by several hormones producing several 

behaviors. 

➢ One hormone can have several effects depending on: intracellular 

molecules that transmit the signal “mainly” and the receptor and the cell 

type it binds to. 

 

Factors affecting the concentration of the hormone at the target cell 

1. The rate of synthesis and secretion of the hormone. 

2. The rate of delivery (Proximity): How close the target cell is to the cell that 

produces the hormone (dilution factor). 

      More distance =less effect (diluted effect) 

3. Kd of the hormone-receptor complex (dissociation constant which 

measures affinity). 

4. The rate of conversion of inactive form to the fully active form. 

5. The rate of clearance from the plasma. 

6. The rate of degradation and elimination: Hormones are metabolized and 

excreted from the body through several routes. Shutting off secretion of a 

hormone that has a very short half-life causes circulating hormone 

concentration to drop. 

7. Changes in binding proteins. 

8. Reproductive status. 

9. Stage of temporal rhythm. 
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10.  Age and Gender (you can notice that there are different ranges for males 

and females). 

11.  Developmental stage. 

 

Factors affecting the target cell response 

1) The number, relative activity (affinity), and state of occupancy of receptors 

(saturation). 

2) The metabolism (activation / inactivation) of the hormone in the target cell. 

➢ steroid is modified inside the cell 

3) The presence of factors within target cells necessary for the response (second 

messenger). 

4) Number of receptors (Up- or down-regulation upon interaction with ligand). 

➢ Desensitization: if we increase the number of hormones, 

internalization happens which means that there are no more available 

receptors on the cell surface. 

 

Mechanisms of hormones release 

1-Pulsatile secretion 

The release of hormones isn’t continuous, rather it 

occurs in pulses, the main reason for that is to 

prevent desensitization and to reactive the 

signaling pathways of these cells. 

Being unsaturated all the time as we mentioned, is 

another way to prevent desensitization. 

 

2- Nerve impulses to adrenal medulla control the release of epinephrine. 

3-Blood Ca++ regulates the secretion of parathyroid hormone. 

4-ACTH (hormone from anterior pit. gland) stimulates the release of cortisol by 

the adrenal cortex. 
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Processing and modification of hormones by different ways 

1)Synthesized and secreted in final form  

➢ Aldosterone, hydrocortisone, estradiol, catecholamines (epinephrine & 

norepinephrine). 

2)Modified directly in the target tissue 

➢ Insulin (synthesized as proinsulin and partially processed to insulin in 

the pancreas). 

➢ An extreme example is the products of the proopiomelanocortin 

(POMC) gene. 

3)Modified indirectly by non-target tissue  

➢ Thyroxine T4 to T3 in the liver and pituitary. 

➢ Testosterone is released and converted to dihydrotestosterone (secondary 

sex tissues) in non-target cells, then released to target cells. 

➢ Vitamin D3 (skin) is converted to 25-hydroxycalciferol (liver), then to 1,25-

dihydroxycholecalciferol (kidney). 

 

Hormone synthesis is different according to its type 

1)Protein and peptide hormones can be synthesized by: 

a-Alternative splicing  

b-Post-translational modification 

• As a result of alternative splicing of exons and posttranslational 

modifications of the original amino acid sequence, more than one pro-

hormone may be derived from a single gene. 

• Alternative splicing and post-translational modification are typically 

tissue-specific. 

c-synthesis of Preprohormone that needs to be activated. 
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some examples:- 

➢ Vasopressin and oxytocin (9-amino 

acid hormones), they have almost 

identical primary structures except 

for 2 positions (3 and 8) and they 

are produced by different genes in 

hypothalamic neurons. 

➢ calcitonin and calcitonin-gene related peptide are produced from the same gene, but 

they are alternatively spliced at the RNA level. 

 

 

 

 

 

 

 

 

C1+C2 are shared exons but there is a difference in the third exon which makes different 

hormones. 

➢ Pro-opiomelanocortin 

Post-translational processing of a pro-hormone may result in the formation of different 

biologically active peptide fragments, each with a certain action. 
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➢ Insulin and glucagon are 

produced on the surface of the 

ER, once they enter the ER, the 

pre-region is cleaved producing 

prohormone, this prohormone 

can then be cleaved or 

enzymatically modified to 

become active. 

*Notice that c portion is removed to 

form the mature insulin 

Remember that in cloning we can clone 

different portions of the genes in different 

bacteria and then combine different peptides to get the 

final mature form.  

 

Don’t memorize the numbers, only know the 

comparison in size between different hormones .  

 

 

 

 

2)steroid synthesis 

It requires cholesterol and happens in mitochondria and smooth endoplasmic 

reticulum. 

It requires specific sequential enzymes to be produced, these enzymes are 

expressed in different cell and controlled by different hormones. 

3)Amine hormones  

➢ catecholamines, melatonin and serotonin are formed by side-chain 

modifications of either a single tyrosine or tryptophan molecule.  

4)Eicosanoids 

➢ prostaglandins (PGs), thromboxanes (TXs) and leukotrienes (LTs). 

➢ produced from unsaturated C20 fatty acid (arachidonic acid). 
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Hormone Interactions 

➢ Hormones rarely act alone to maintain homeostasis; they work as a team. 

➢ Homeostasis usually involves several hormones working together in complex ways to 

regulate metabolic levels, the way hormones communicate with each other can be 

classified into: 

a-Synergistic effect 

➢ Hormones tend to cause the same final effect. 

➢ ADH & aldosterone. 

➢ Ovaries need both estrogen and FSH hormones for oocytes to develop. 

 

b-Antagonistic effect 

➢ Hormones produce opposite effects. 

➢ An example is insulin, which promotes synthesis of glycogen by liver cells, and glucagon, 

which stimulates the breakdown of glycogen in the liver resulting in an increased 

glucose level. 

 

c-Permissive effect (Hormones only affect “preprimed” tissues) 

➢ We need a hormone to prepare the organ for the action of another hormone or 2 

hormones acting together to amplify the needed result. 

➢ This effect can be achieved by stimulating the appearance of more receptors for another 

hormone or stimulating the synthesis of an enzyme needed for the expression of other 

hormones. 

➢ Epinephrine acts on fat cells to stimulate the breakdown of triglycerides for energy, it 

doesn’t have a huge effect; but if small amounts of thyroid hormone T3 and T4 are also 

present then the same amount of epinephrine has a much bigger effect. 

 

d-Integrative effect 

➢ Hormones produce complementary effects on different tissues, and they have the same 

end result. 

➢ PTH and calcitriol both increase ECF calcium. 


