
Lec. 7                                                        LipidMetabolism 

Eicosanoids 

In biochemistry, eicosanoids are signaling molecules made by oxidation 

of twenty-carbon essential fatty acids(arachidonic acid). They exert 

complex control over many bodily systems, mainly in inflammation or 

immunity, and as messengers in the central nervous system. 

      Eicosanoids derive from either omega-3 (ω-3) or omega-6 (ω-6) 

EFAs. The ω-6 eicosanoids are generally pro-inflammatory; ω-3's are 

much less so. The amounts and balance of these fats in a person's diet will 

affect the body's eicosanoid-controlled functions, with effects on 

cardiovascular disease, triglycerides, blood pressure, and arthritis. Anti-

inflammatory drugs such as aspirin and other NSAIDs act by down 

regulating eicosanoid biosynthesis. 

     There are four families of eicosanoids: 

- Prostaglandins. 

- Prostacyclins. 

- Thromboxanes. 

- Leukotrienes.  

They are derived either from an ω-3 or ω-6 EFA.  

Nomenclature: 

"Eicosanoid" (eicosa-, Greek for "twenty") is the collective term for 

oxygenated derivatives of three different 20-carbon essential fatty acids: 

1. Eicosapentaenoic acid (EPA), an ω-3 fatty acid with 5 double 

bonds; 

2. Arachidonic acid(AA), an ω-6 fatty acid, with 4 double bonds; 

3. Dihomo-gamma-linolenic acid(DGLA), an ω-6, with 3 double 

bond. 

    A particular eicosanoid is denoted by a four-character abbreviation, 

composed of: 

 Its two letter abbreviation (above)  

 One A-B-C sequence-letter; and 

 A subscript, indicating the number of double bonds. 
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Examples are: 

 The EPA-derived prostanoids have three double bonds, (e.g. 

PGG3, PGH3, PGI3, TXA3) while its leukotrienes have five, 

(LTB5). 

 The AA-derived prostanoids have two double bonds, (e.g. PGG2, 

PGH2, PGI2, TXA2) while its leukotrienes have four, (LTB4). 

Biosynthesis: 

Two families of enzymes catalyze fatty acid oxygenation to produce the 

eicosanoids: 

 Cyclooxygenase, or COX, generates the prostanoids. 

 Lipoxygenase, or LOX, in several forms. 5-lipoxygenase (5-LO) 

generates the leukotrienes. 
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    Eicosanoids are not stored within cells, but are synthesized as 

required. They derive from the fatty acids that make up the cell 

membrane and nuclear membrane.  

When they are formed? 

   Eicosanoid biosynthesis begins when cell is activated by mechanical 

trauma, cytokines, growth factors or other stimuli. (The stimulus may 

even be an eicosanoid from a neighboring cell; the pathways are 

complex).  This triggers the release of a phospholipase at the cell 

membrane. The phospholipase travels to the nuclear membrane. There, 

the phospholipase catalyzes ester hydrolysis of phospholipid (by A2) or 

diacylglycerol (by phospholipase C). This frees a 20-carbon essential 

fatty acid. This hydrolysis appears to be the rate-determining step for 

eicosanoid formation. 

    The fatty acids may be released by any of several phospholipases. Of 

these, type IV cytosolic phospholipase A2 (cPLA2) is the key actor, as 

cells lacking cPLA2 are generally devoid of eicosanoid synthesis. 

Medical Importance: 
1. Anti-inflammatory drugs like corticosteroids work by inhibiting the 

action of phospholiopase A2. 

2. Drugs like aspirin, indomethican, ibuprofen and phenyl butazone 

work by inhibiting cyclooxygenase action. 

3. Angiotensin II, bradykinin and epinephrine causes increase in 

intracellular Ca2+, which in turn activates phospholipase A2. As a 

result prostaglandin synthesis is increased. 

4. Cyclooxygenase (COX) exist in two or three isoforms. They are 

cyclooxygenase(COX-1) and cyclooxygenase (COX-2). COX-1 is 

a membrane bound haem and glycoprotein with a molecular weight 

of 71 Kilodaltons (Kda). It is a dimmer and constitutive enzyme 

expressed in most tissues. It is involved in prostaglandins that are 

involved in normal cell regulatory activity.COX-2 is an inducible 

enzyme with molecular mass of 70 Kda.   

5. Side effects associated with use of non-steroidal anti-inflammatory 

drugs (NSAIDS) like aspirin, indomethacin or ibuprofen are 

gastrointestinal ulcers and renal disturbances. They are due to 

inhibition of both the isoforms of COX by these drugs. Aspirin 

inhibits by irreversible acetylation where as indomethacin or 

ibuprofen inhibit reversibly by competing with substrate. Since 

COX-2 is expressed in inflammatory conditions selective NSAIDS 

that inhibits only COX-2 are free from side effects. At least two 
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selective COX-2 inhibitors are introduced into market at present 

Nimesulide and Celecoxib are two such selective NSAID that 

work by inhibitingCOX-2. 

6. COX-2 over expression occurs in Alzheimer's disease and 

colorectal cancer. 

  

Structures of Selected Eicosanoids 

 

 

 

Prostaglandin E1. The 5-

member ring is characteristic 

of the class. 

Thromboxane A2. 

Oxygens 

have moved into the ring. 

Leukotriene B4. Note the 3 

conjugated double bonds. 

 
 

Prostacyclin I2. The second ring 

distinguishes it from the prostaglandins. 

Leukotriene E4, an example of a 

cysteinyl leukotriene. 

Role in inflammation: 

The cardinal signs of inflammation have been known as: calor (warmth), 

dolor (pain), tumor (swelling) and rubor (redness). The eicosanoids are 

involved with each of these signs. 

Action of prostanoids: 

    Prostanoids mediate local symptoms of inflammation: 

vasoconstriction or vasodilation, coagulation, pain and fever. Inhibition 

of cyclooxygenase, specifically the inducible COX-2 isoform, is the 

hallmark of NSAIDs (non-steroidal anti-inflammatory drugs), such as 

aspirin. COX-2 is responsible for pain and inflammation, while COX-1 

is responsible for platelet clotting actions. 
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Action of leukotrienes: 

    Leukotrienes play an important role in inflammation. There is a 

neuroendocrine role for LTC4 in luteinizing hormone secretion. LTB4 

causes adhesion and chemotaxis of leukocytes and stimulates 

aggregation, enzyme release, and generation of superoxide in neutrophils. 

Blocking leukotriene receptors can play a role in the management of 

inflammatory diseases such as asthma (by the drugs montelukast and 

zafirlukast), psoriasis, and rheumatoid arthritis. 

Lipid Peroxidation: 
Lipid peroxidation is a chain reaction initiated by the hydrogen 

abstraction or addition of an oxygen radical, resulting in the oxidative 

damage of polyunsaturated fatty acids (PUFA). 

1. Action of atmospheric oxygen on fats results in formation of 

peroxides. 

2. In the body (in vivo) also, lipid peroxidation occurs. 

3. Free radicals initiate lipid peroxidation chain reaction.  

Free radicals can be defined as molecules having unpaired 

electrons in outer orbitals and they are highly reactive. They all 

contain oxygen hence they often called as reactive oxygen species 

(ROS). 
In biological systems, free radicals are generated by 

1. Oxygen radicals. Oxygen radical are involved in lipid 

peroxidation. Hydrogen of methylene (—CH2—) group of PUFA 

is susceptible to extraction due to adjacent double bonds. Hence, in 

presence of oxygen free radical of PUFA is generated by extracting 

a methylene hydrogen from membrane PUFA. Reaction of PUFA 

free radical with O2 forms peroxy PUFA radical, which in turn 

reacts with another molecule of PUFA to form PUFA free 

radical and endoperoxide. Ultimately malondialdehyde (MDA) 

and other small molecules are formed. Usually MDA estimation 

used to assess extent of lipid peroxidation. 

2. Superoxide As such superoxide (.O2–) cannot initiate lipid 

peroxidation. It generates reactive oxygen species (ROS) or free 

radicals like singlet oxygen (
1
O2) and hydroxyl radical (.OH). 

These may initiate lipid peroxidation. 

Apart from the above two systems, light or metals also can generate free 

radical, which in turn can initiate lipid peroxidation. 

Medical Importance 
• Membrane lipids particularly PUFA are in contact with O2 and 

metal rich environment. So, they are susceptible to lipid 

peroxidation which in turn can cause membrane dysfunction. 
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• Lipid peroxidation is associated with several diseases or 

conditions like ageing, diabetes, cancer, necrosis, epilepsy, 

inflammatory or autoimmune disorders and cardiovascular diseases 

like atherosclerosis. 

• Free radical scavenger systems (FRSS) Since free radicals initiate 

lipid peroxidation, body devised ways to remove free radicals. 

a. Enzymatic free radical scavenger system (EFRSS) It consist of 

antioxidant enzymes like superoxide dismutase, glutathione-s-

transferase, catalase, peroxidase and glutathione peroxidase 

b. Non-enzymatic free radical scavenger system (NEFRSS) It 

consist of several compounds, which act as antioxidants. Most of 

them are naturally occurring. They are glutathione, melatonin, 

tocopherol (vit E), ascorbic acid (vit C), lipoic acid, uric acid, 

carotenes, caffeine and bilirubin. 

• Some toxins work by generating free radicals. For example, carbon 

tetrachloride, alloxan and hydroxy dopamine. Mostly they create 

oxidative stress, which results in impaired function of tissues. 

• Radiation damage involves free radical generation. 

 

 
 


