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Eicosanoids 

• Eicosa = refer to 20 , so eicosanoids ( a group of compounds formed from 20 carbon 

atoms ) 

• It include several classes of signal molecules : ( prostaglandins , thromboxanes and 

leukotrienes ) . 

• Prostaglandins >> its given its name because it was discovered firstly in the prostate 

secretion , and it was thought originally that it is only produced by the prostate but 

later on its found that the prostaglandins produced by many cells in both males and 

females . 

• Thromboxanes>> its related structurally to PGs , and it was discovered in the 

platelets . 

• leukotrienes >> its related to leukocytes and produced by WBCs . 

• so they are produced in almost all tissues , and have wide range of responses, so 

they regulate the cell activities . 
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• They’re considered as local hormones because they are secreted by one cell and 

affect the neighboring cells so their action is locally like hormones , but its not 

secreted by specific glands like hormones . 

• They’re very potent because they act locally and don’t need to be transported and 

diluted in the blood , they are produced in small quantities (pico or nano moles ). 

• they are rapidly degraded (inactivated) so they have short half life . 

• they are not stored ( not considered as storage form ) once they are needed they will 

be produced and released directly. 

1- Arachidonic acid : an omega -6 fatty acid containing 20 carbons with four double 

bonds. 

2- Prostaglandins and thromboxanes , the prostaglandin contains five membered 

ring and the ring is formed by bonds between carbon #8 and #12 , while 

thromboxane’s six membered ring and the ring contain oxygen its hetero cyclic 

because one of the atom is oxygen . 

3- Leukotrienes >> leuco = from leukocytes , tri = three , enes= double bonds , notes 

that even it contains four double bonds its called triene because it is 

characterized by the presence of the three conjugated double bonds that’s 

separated by single , usually the double bonds are not conjugated and are 

separated by CH2. 

➢ In the figure 2 ,all these are PGs , they differ by their functional groups 

like : ketone , hydroxyl ,,, , so given different types of PGs 

➢ You are not required to remember these classes and distinguish between 

them , just to know: 

✓ the differences between them are related to the different 

functional groups . 

✓ the PGs contain five membered ring that contains two side chain 

( R7,R8) with 7 and 8 carbon atoms respectively ( you may ask that 

the last one which is PGI contains R4,R8 , by looking carefully you 

will find that R4 is not attached directly to the ring . 



  

❖ the subscript number indicates the 

number of double bonds in the linear 

portion of the molecule , for example 

( LTA4>> 4 double bonds in the linear 

portion and remember that 3 of them 

are conjugated ). 

 

❖ here just to know that they have 

many functions and affect the 

smooth muscles in the 

arteries , bronchus and 

uterus. 

You don’t need to know which 

One increases and which one 

Decreases. 

 
 
 
 
 
 

➢ The synthesis of eicosanoids starts with the dietary linoleic acid that’s 

converted to arachidonic acid 

➢ Arachidonic acid is incorporated in the phospholipids of the membrane 

specifically phosphatidylinositol at the position #2 of the glycerol ( usually the 

type of FA at carbon 2 of glycerol is unsaturated fA ) and mostly in these cells 

is arachidonic acid. 

➢ The FA at position 2 is released by the action of phospholipase A2 , once it 

gets activated , it releases the arachidonic acid. 

➢ The previous step is considered as the rate limiting step in the synthesis of 

Arachidonic acid , and once its released it will be rapidly converted to PGH2. 

➢ PGH2 forms the other types of prostaglandins and thromboxanes so its 

considered as the parent compound of other types. 

➢ Arachidonic acid also can be converted to leukotrienes and HETE ( Hydroxy 

eicosa tetra enoic acid ) is an eicosanoid and a metabolite of 

 



  

arachidonic acid that has hydroxyl group with 20 carbon atoms and four 

double bonds. 

The synthesis of Arachidonic acid : 
 

✓  The first step involves the cyclooxygenase enzyme that takes 2 oxygen atoms ( 2 O2) 

and adds them to Arachidonic acid forming this “ peroxide bridge” ( bond between 

carbon 8 and 12 ) and because of the formation of ring or cycle its known as 

cyclo and the oxygenase part because it incorporate oxygen and the oxygen is 
incorporated here and at carbon 15 , and the compound is known as PGG2 ( which is 
transient and not released from cox , and its immediate precursor of PGH2 ). 

✓ By the action of peroxidase enzyme the peroxide get converted to hydroxyl 

group , and the enzyme requires the reduced glutathione ( 2GSH) for this 

reduction reaction. 

✓ The formed compound is known as PGH2 which is the parent compound for the 

formation of other eicosanoids . 

✓ From the PGH2 , different PGs are synthesized because of the presence of corresponding 

synthase , like thromboxane synthase or PGE2 synthase , if the enzyme expressed and it 

depends on the cell’s type , the product will be formed ( so different cells may have 

different types of PGs) 
 

 



  

 

✓  The two reactions are catalyzed by 

Cyclooxygenase complex ( COX ) that 

Has two functional activity : 

1- cyclooxygenase ( it forms a ring or a cycle 

by Using oxygen ) 

2- peroxidase (it converts the peroxide 

into hydroxide) . 

 
❖ The cyclooxygenase exists in two forms : 

• COX 1 : 

✓ Its constitutive >> which means that this enzyme found in the same conc 

throughout the life of the cell. 

✓ Its important for the maintenance healthy ( gastric mucosa , kidney , platelets ) 

• COX 2 : 

✓ Its inducible >> which means that the cell will not synthesize it unless its 

induced to do so , specifically in response to inflammation signals. 

✓ Its found in ( monocytes , macrophages , smooth muscle” relaxation >> increase 

the flow of the blood ). 

❖ Eicosanoids can be synthesized from other polyunsaturated fatty acids 
provided that the fatty acid has 20 carbon atoms. 

❖ Here in the figure A , we have arachidonic acid gives PGE2 and PGF2. 
The 2>> refers to the number of double bonds in the linear portion at 5 and 14 , 
And the 8 , 11 double bonds responsible for formation of the ring structure. 
❖ In figure B , we have eicosapentaenoic acid ( eicosa = 20 , penta = 5 , ene = 

double bond ) and its omega -3 >> 20-17=3 , this can be precursor of 
eicosanoids , because it contains one more double bonds than arachidonic acid 
, it gives PGE3 and PGF3 . 

✓ The 3 >> the presence of 3 double bonds in the linear portion . 
✓ This is important because the presence of two or three double bonds give 

different PGs with different actions << for example Thromboxane A2 induces 
platelet aggregation, while thromoboxane A3 inhibits and prevents platelet 
aggregation , so it protects against thrombosis 

✓ It was found that people from south east Asia have lower prevalence of 
myocardial infarction and coronary heart diseases , because their food contain 
large amounts of eicosapentaenoic acid that’s found in see food 

❖ In figure C , eicosatrienoic acid contains 3 double bonds at 8 , 11 ,14 , it gives 
PGE1 and PGF1 . 

 
 
 



  

Figure A 

FIGURE B 
 

FIGURE C 
 
 
 

 
 
 
 
 
 
 



  

Inhibition of prostaglandins synthesis : 

We care about the inhibition because they have an important role in inflammation like 

platelets aggregation , smooth muscle relaxation and increase blood flow . 

❖ Steroidal Anti Inflammatory >> they act by inhibiting the Phospholipase A2 >> 

no release of arachidonic acid >> no production of eicosanoids . 

❖ Nonsteroidal Anti Inflammatory >> like Aspirin>> inhibit cox by Acetylation of 

Cyclooxygenase or Irreversible Binding to the Enzyme . 

How aspirin works ? 

✓ the active cox contain serine that has OH at its side chain , that’s required for its 

activity . 

✓ the enzyme gets inhibited by acetylsalicylate (aspirin) by which the acetyl group is 

transferred to the enzyme and inhibiting it so it becomes acetylated cox . 

✓ another inhibitor is Ibuprofen , which binds irreversibly and strongly to the 

enzyme . 

 

The inactivation of PGs: 
 

✓ Its rapid 

✓ Its achieved by oxidation of hydroxyl group 

at c15 to become a ketone so it becomes no longer active 

✓ Or by reduction of double bond at c 13 . 

Leukotrienes (LT) and Hydroxy eicosatetraenoic 

Acid (HETE) : 

✓ Signal molecules 

✓ Produced from arachidonic acid 

✓ Linear molecules , there is no ring 

✓ LT contain 3 conjugated double bonds 

✓ hence the name triene . 

✓ Lipoxygenase catalyzes the first step 

in converting the arachidonic acid 

into HEPTE (HYDRO PEROXY TETRA 

EONIC ACID ) then to LTA4 . 

✓ LT have a role in allergy. 

✓ Inhibition of its production is done by inhibiting the enzyme ( lipoxygenase) 
 


