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DR.S.CHAKRAVARTY ,MD
 Eicosanoids
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Learning objectives
 Describe the steps and important enzymes in the synthesis of various eicosanoids
 Classify prostanoids and leukotrienes and list the physiological role played by them
 Differentiate COX-1 and COX-2 and their mechanism of action
 Describe how steroids and NSAIDs act like antiinflammatory agents
 Mention the role of aspirin in prevention of stroke and myocardial infarction
 Mention the role of leukotrienes in anaphylaxis and steps in treating a patient with anaphylaxis
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Introduction
 Eicosanoids are derived from 20C polyunsaturated fatty acids mainly Arachidonic acid.
 Considered as local hormones- synthesized by near by cells – paracrine effect.
 Very short half life, cannot be stored.
 Very potent physiological and pathological response mediators acting through G protein coupled receptor.

Page 4
                        

Definition:- They are 20 C compounds ( Greek eikos = twenty) derived from arachidonic acid.
 Types of Eicosanoids :-
 1. Prostanoids , containing A)Prostaglandins (PGs)B)Prostacyclins (PGIs)C)Thromboxanes (TXs)
 2.Leukotrienes (LTs) and Lipoxins
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MEMBRANE PHOSPHOLIPIDS
 ARACHIDONATE
 LEUKOTRIENES AND LIPOXINS
 Phospholipase A2 or C
 CyclooxygenaseLipoxygenase
 PROSTAGLANDINS AND
 THROMBOXANES
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PROSTAGLANDINS They are most potent biologically active substances : (as
 low as one nanogram/ml of PG can cause smooth muscle contraction)
 They have diverse physiological roles – hence called as local hormones .
 Chemical Structure :- All PGs are considered to be derived from 20c cyclic saturated fatty acid , prostanoic acid .The five carbon ring is saturated .All naturally occurring PGs have an alpha oriented OH group at C15.
 PGF2αProstanoic acid
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Classification
 According to the attachment of different substituent group to the ring , PGs are named with capital letters
 such as A, B , E , F, G
 PGF2α is designated as alpha to denote the projection of OH group in naturally occurring PGs.
 - In the same series , depending upon the number of double bonds on the side chains they are denoted by a
 subscript after the capital letter e.g. PGI2
 Series 2 is the most common variety .
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Precursors of Eicosanoids
 Arachidonic acid (ω6)- MAIN Eicosatrienoic acid (g-linolenic acid, ω6) Eicosapentaenoic Acid (ω3)
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Dietary Linoleic Acid (C18: ∆9,12) (from plant oils)
 Elongase
 Desaturase
 Arachidonic Acid (C20: ∆5, 8,
 11, 14)
 Membrane Phospholipids
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Phosphatidyl choline
 Arachidonic acid
 Phospholipase A2 Ca++
 Phosphatidylinositol bisphosphate
 Phospholipase C
 1,2 Diacylglycerol
 Arachidonic acid
 Monoacylglycerol
 DAG lipase
 Arachidonic acid
 MAG lipase
 Arachidonic acid release from membrane lipids
 Stimulus
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Biosynthesis of Prostaglandlins
 Membrane bound phospholipids
 Arachidonic acid
 PG G2
 PGH2
 Cortisol – Epinephrine ++Thrombin +
 Phospholipase A2/C
 Cyclooxygenase( Prostaglandin endoperoxide synthase )
 Peroxidase ( Prostaglandin endoperoxide synthase )SAME ENZYME AS ABOVE
 PGF1α
 TxA2
 PGF2α PGE2 PGD2 TxB2
 isom
 eras
 e
 ADENYL CYCLASE cAMPATPBIOLOGICAL EFFECTS
 Aspirin -
 ThromboxaneSynthase
 Reductase
 isomerase
 isomerase
 PGI2
 Prostacyclin synthase
 USMLE
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Types of Cyclooxygenase
 COX or cyclooxygenase is of two types :-
 COX – 1 CONSTITUTIVE FORM - mediates gastric , renal , platelet and other normal functions.
 COX -2 INDUCIBLE FORM - mediates inflammatory responses i.e at the site of inflammation , synthesis of PG increases .
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BIOLOGICAL ACTIONS
 CVS – PGI2 (prostacyclin) synthesized by vascular
 endothelium – vasodilatation , inhibition of platelet aggregation.
 Any injury to vessel wall inhibits PGI2 synthesis so that platelet aggregation can occur .
 Ovary and Uterus :- PGF2α stimulates uterine contraction & has role in LH- induced ovulation.
 Respiratory tract – PGF2 is a potent bronchoconstrictor
 PGE2 is a potent bronchodilator.
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Inflammation :-PGE 2 & PGD2 produce inflammation by increasing capillary permeability –Erythema and wheal formation.
 PGE2 causes fever and stupor.
 Gastrointestinal Tract :- PGs inhibit gastric secretions and increase motility.
 Metabolic effects :- Most Prostaglandins increase cyclic- AMP levels but PGE2 especially in adipose tissue decreases c-AMP and inhibits Lipolysis.
 PGE2 also increases calcium mobilization from bone and glycogen synthesis.
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Cox-1 Cox-2
 Constitutive - all tissues
 Involved in normal physiological activity – maintenance of gastric epithelium, renal blood flow, vascular homeostasis.
 Induced by inflammatory cells in only some tissues.
 Involved in fever, inflammation, pain etc.
 Cyclooxygenase enzyme:
 Concept!!What happens when you give Ibuprofen(non selective NSAID)
 without an antacid ??
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Prostacyclins: Produced by endotheliumInhibits platelet aggregationVasodilation
 Thromboxanes:Produced by platelets Promotes platelet aggregationVasocontrictionSmooth muscle contraction.
 Opposing effects
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Therapeutic uses
 Induction of labor at term. Induction of labor is produced by:
 infusion of PGF2a or PGE2 (dinoprostone)
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Therapeutic abortion:A.Inducing abortion in the second
 trimester: Infusion of PGF2 a or Administration of vaginal
 suppositories containing PGE2
 B.inducing first-trimester abortion: these prostaglandins are combined
 with mifepristone (RU486)
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Maintenance of ductus arteriosus
 is produced by PGE1 [Prostin VR] infusionPGE1 will maintain patency of the ductus
 arteriosus, which may be desirable before surgery.
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Treatment of peptic ulcer.
 Misoprostol [Cytotec] a methylated derivative of PGE1
 is approved for use in patients taking high doses of nonsteroidal antiinflammatory drugs (NSAIDs) to reduce gastric ulceration.
 DRAWBACK- DIARRHOEA
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Erectile dysfunction: Alprostadil (PGE1) can be injected directly into the
 corpus cavernosum or administered as a transurethral suppository to cause vasodilation and enhance tumescence.
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Omega 3 better than omega six?
 eicosapentaenoic acid (EPA, 20 carbons and 5 double bonds) docosahexaenoic acid (DHA, 22 carbons and 6 double bonds) α-linolenic acid (ALA, 18 carbons and 3 double bonds).
 SOURCE – FISH OILS
 Krill oil (crustaceans) PLANT SOURCES – Linseed Oil, Butternuts, Hempseed etc
 A diet rich in ω3 leads to the incorporation of ω3 into human phospholipid membranes.
 ω3 EPA instead of Arachidonic acid can be released and used for Eicosanoid synthesis
 PG and TX formed from ω3 EPA belong to the 3-series, from Arachidonic acid to the 2-series
 http://en.wikipedia.org/wiki/Eicosapentaenoic_acid
 http://en.wikipedia.org/wiki/Eicosapentaenoic_acid
 http://en.wikipedia.org/wiki/Docosahexaenoic_acid
 http://en.wikipedia.org/wiki/Docosahexaenoic_acid
 http://en.wikipedia.org/wiki/%CE%91-linolenic_acid
 http://en.wikipedia.org/wiki/%CE%91-linolenic_acid
 http://en.wikipedia.org/wiki/%CE%91-linolenic_acid
 http://en.wikipedia.org/wiki/Crustacean
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TXA3 (from ω-3) is less potent than TXA2
 PGI3 has about the same potency as PGI2
 The physiological actions of PGI3 and TXA3
 are shifted in favor of prevention of blood clotting
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Eicosapentanoic acid
 (ω3 )
 Arachidonic acid (w6)
 TXA3 TXA2PGI3 PGI2
 Less potent
 More potent
 Equal potency
 Equal potency
 Favors prevention of blood clotting
 Membrane phospholipids
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Leukotrienes: (SRS-A)
 Produced in leukocytes, platelets and mast cells LT-C4, D4,E4.
 Slow reacting substances of anaphylaxis (SRS-A)Involved in Anaphylaxis – type 1 hypersensitivity
 reaction.Causes vasoconstriction,Broncho-constriction, Smooth muscle contraction and Increase vascular permeability – edema.Antihistamines, Adrenaline and steroids – treatment of
 anaphylaxis.
 LT-B4Chemotaxis, Adhesion of white blood cells.
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Corticosteroids :
 Inhibit phospholipase A2 – inhibits synthesis of Eicosanoids by preventing release of arachidonic acid.
 Anti-inflammatory
 Immunosuppresion – supress T-cell proliferation
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Cox inhibitors:
 Non selective Cox inhibitors:Reversible – Indomethacin, Ibuprofen Phenylbutazone Irreversible – Aspirin
 COX -2 inhibitors :CelecoxibRofecoxib
 Used as anti-inflammatory agents.
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Leukotriene antgonists:
 Zileuton, Monteleukast and zafirleukast – used to treat bronchial asthma.
 They relieve the bronchoconstriction.
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A 58-year-old woman is undergoing a myocardial infarct and is given 162 mg of aspirin, owing to the cardioprotective effects of aspirin during such an incident. Aspirin is a nonsteroidal anti-inflammatory drug that inhibits cyclooxygenase. Cyclooxygenase is required for which one of the following conversions?
 (A) Thromboxanes from arachidonic acid(B) Leukotrienes from arachidonic acid(C) Phospholipids from arachidonic acid(D) Arachidonic acid from linoleic acid(E) HPETEs and subsequently hydroxyeicosatetraenoic acids (HETEs) from arachidonic acid
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The cardioprotective effects of aspirin occur due to the inhibition of the synthesis of which one of the following?
 (A) PGF2α
 (B) PGE2
 (C) TXA2
 (D) PGA2
 (E) PGI2
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A 40-year-old woman has rheumatoid arthritis, a crippling disease causing severe pain and deformation in the joints of the fingers. She is prescribed prednisone, a steroid that exerts its beneficial effects through anti-inflammatory pathways. What is the mechanism of steroidal anti-inflammatory agents?
 (A) Prevent conversion of arachidonic acid to epoxides(B) Inhibit phospholipase A2(C) Promote activation of prostacyclins(D) Degrade thromboxanes(E) Promote leukotriene formation from HPETEs
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