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Fatty acids, eicosanoids
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Fatty acids are straight chain monocarboxylic acids, having short, medium or long chain: C1-26 in nature
 can be: saturated or unsaturated, cis or trans
 Source saturated and trans unsaturated FA
 we synthesize: palmitic acid and elongate itdomesticated animal fat : mainly saturatedmilk fat and margarine: trans unsaturated
 Fate of saturated and trans unsaturated FA
 1.) FA β-oxidation → n AcCoA + n-1 NADH + n-1 FADH2 → 5(n-1)-2 ATP or less
 2.) palmitic acid → palmitoleic acid↓elong. TAG synth.
 stearic acid → oleic acid
 3. ) phospholipid synthesis: C1 position
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c.) cis unsaturated Δ9 Δ6 Δ5
 ω9 18:0 → 18:1 → 18:2 → 20:2 → 20:3stearic acid Δ6 Δ5
 ω6 18:2 → 18:3 → 20:3 → 20:4linoleic acid arachidonic acid Δ6 Δ5 Δ4
 ω3 18:3 → 18:4 → 20:4 → 20:5 → 22:5 → 22:6linolenic acid eicosapentaen. a.docosahexaenoic a.
 in animals and human: Δ 9,6,5,4 desaturases are foundin plants: Δ 6,9,12,15 desaturases
 essential fatty acids: linoleic acid : Δ 9,12 (mainly in plant oils)linolenic acid Δ 9,12,15 (mainly in creatures living in see)
 Fate of cis unsaturated fatty acids:
 1.) degradation in beta-oxidation to yeald energy2.) desaturation and elongation to form highly unsaturated/polyunsaturated fatty acids
 (HUFA, PUFA)
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PUFA conc. increasing in membranes → molecule is more bent → less interaction
 between FA side chains → membrane becomes more fluid → speed of
 membrane transport processes and vesicular transport increases
 3.) Some of the PUFAs have regulatory role:
 they elevate: beta-oxidation, ketone body production, some antioxidant and
 immune protein synthesis
 they decrease: synthesis of FA, TAG, cholesterol, gluconeogenesis,
 production of ROS (reactive oxigen species), formation of iNOS
 (induced nitric oxide synthase), atherosclerosis
 4.) arachidonate is a starting material to form hydroxylated products: HETE, lipoxins
 inhibitory role in inflammation, vasoconstriction
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5.) From some PUFA, prostaglandins, tromboxanes are formed,
 having role in the regulation of all kind of processes
 6.) From some PUFA, leukotrienes are formed,
 they have role in inflammation and anaphylaxis
 7. ) in oxidative stress ROS: free radicals, lipid radicals are produced from PUFA to
 take part in lipid peroxidation, destruction of the membranes
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membrane phospholipids PLwater
 phospholipase =PLA2lisophopholipid
 arachidonate= AA (or 20:3 and 20:5 PUFA)
 cyclooxigenase = COX LO = lipooxigenase
 prostanoids = PG HPETE HETE
 LT = leukotriének LX=lipoxinok
 The 20 C-atomcontainig products are the eicosanoids.
 They are formed according to the demand, and secreted, but not stored,
 they are degraded quickly extracellularly, can act only in neighbourehood:
 they are autocrin, paracrin hormons
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Phosholipase A2 (19 kind of)
 1.) low molecular weight, some mM Ca2+ activated, extracellular, secreted (10 kind of ) :
 nonspecific for arachidonate
 are induced by inflammatory mediators
 they take part in protection of the body
 2.) high molecular weight, 100 nM Ca2+ activated, intracellular (3 kind of):
 specific for arachidonate
 activation: a.) adrenalin, angiotensin, thrombin, serotonin etc. → Ca2+ ↑→
 PLA2 translocation to plasma membrane → activation
 b.) growth factors → tyrosin kinase receptors → MAP kinase phosphorylates
 PLA2 → activation
 inhibited by glucocorticoids

Page 9
                        

= non steroid antiinflammatorydrugs are inhibitors

Page 10
                        

Cyclooxigenase isoenzymes (PGH2 synthase, PG endoperoxidase)
 COX1
 constitutively expressed in ER almost everywhere
 can be little bit induced by cytokines
 inhibited by classical, old pain killer antipyretic drugs: acetylsalicylate,
 indometacin
 COX2
 usually formed only by induction by neurotransmitters, cytokines (IL, TNFα ),
 growth factors, peptid hormons, Ca2+
 in nuclear membrane
 constituvely expressed in CNS, kidney, endothel
 selective inhibitors: flosulide, celecoxib, rofecoxib.
 Adventage of these drugs: less ulcerative effect
 Disadventage of these drugs: can cause renal failure and
 thrombosis
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signal, inducer, hormon in blood or interstitium
 prostaglandin synthesis in membranes
 prostaglandin liberation from cell to interstitium
 prostaglandin binding to its own receptor on the same cell or on neighbouring cell
 signal transduction in the cell by different mechanism
 biological effect only in cells bearing the proper receptor
 But! The same prostaglandin molecule can bind to several other prostanoid receptor
 as well by different affinity.
 Different prostanoid receptors have different signal transduction leading to opposite
 biological effect depending on the concentration of the prostanoid.
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neurotransmitters, hormons, growth factors cytokines, endotoxin
 PLA2 translocation to plasmamembrane and activation / COX induction
 arachidonic acid liberation / PGH2 synthesis
 different synthases and isomerases lead to different prostanoid in different cells:
 thrombocyte eyes GI tract blood endothel mastocyteuterus hypothalamus nociceptor T-lymphoc.
 respiratory syst.
 TXA2 PGF2 PGE2 PGI2 PGD2
 TP FP EP IP DP receptors
 The binding is not totaly specific to the receptors, one cell can have different rec. types
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TXA2 PGF2 PGE2 PGI2 PGD2
 TP FP EP1 EP3 EP2 EP4 IP DP1 DP2Thc uterus smooth m. HT uterus adrenal gl. thc monoc.vessel ovarium stomach trachea … pain neur leucoc. respir. tractsm. muscl vessel sm. m.
 Shc-Grb- Gqα Giα Gsα-SOS-ras
 MAPKKK PLC AC
 MAPKK IP3 cAMP
 MAPK Ca2+ PKA CREB-P
 DAG
 PKC
 ///
 /
 mitogenezis VASOCONSTR. VASODILAT.hyperthrophia smooth muscle contraction cell proliferat. inhib.
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site of synthesis PG
 type
 recep-tortype
 signaltransducer
 biological answer
 thrombocyte TXA2 TP Ca2+ thromboc. activation, thrombus formation
 bl. endothel PGI2 IP cAMP thromboc. inhibition, fluid blood
 ovarium PGF2 FP Ca2+ ovulation
 uterus PGE2 EP2 cAMP implantation
 uterus PGE2 EP3 cAMP ↓ contraction
 uterus PGF2 FP Ca2+ menstruation, abortus, labor
 hypothalamus PGE2 EP3 fever
 dorsal ganglion PGI2 IP cAMP pain sensation increased
 lung TXA2 TP Ca2+ bronchoconstriction
 lung PGE2 EP4 cAMP bronchorelaxation
 lung PGI2 IP cAMP bronchorelax.
 lung mastocyte PGD2 DP cAMP bronchorelax.
 Biological effect of the prostanoids
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stomach PGE2 EP4 cAMP HCl secretion ↓ and mucus secretion ↑
 stomach PGI2 IP cAMP HCl secretion ↓ and mucussecretion ↑
 kidney TXA2 TP Ca2+ glomer. vasoconstr. → GFR ↓(glomerular filtration rate)
 kidney PGE2 EP1 Ca2+ Na+, Cl-, H2O reabsorption ↓
 kidney PGE2 EP4 cAMP glomerular resistance ↓, renin ↑
 kidney PGI2 IP cAMP affer. arteriol. resist. ↓, renin
 Prostanoids protect the wall of the stomach:
 Prostanoids constantly expressed in kidney and take part in regulation of many
 processes.
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