Contents

1 Metabolism and Roles of Eicosanoids in Brain................c..ccoccooee.
L1 IrOAUCHION . ..c.ueetiiiiiciteiteieecetercete ettt
1.2 Multiplicity of Cyclooxygenases, Lipoxygenases,

and Epoxygenases in the Brain ..........ccecceeveevvieiiiiniiinnienieeiesiee
1.2.1 Cyclooxygenases (COXS) ....cccervierreeriierneerieenieenieenieenneenne
1.2.2  Lipoxygenases (LOXS) ..ccccvevieriernienieeiienieereenie e
1.2.3  Cytochrome P450 Epoxygenases (EPOXS) ......cccccoevvernennne
1.3 Eicosanoids and Their Receptors in Brain.........c.cccoecvevveeeniervvennnnn.
1.4 Interplay Among COX, LOX, and EPOX-derived Products,
and Relationship to Upstream PLA  Isoforms...........ccccoevninininnnn.
1.5 Roles of Eicosanoids in the Brain........cc.cccecceevvieriieenieniieenienienneen.
1.5.1 Eicosanoids in Neuroinflammation..........cc.ccceeceevcveeneennennne
1.5.2 Eicosanoids in Neurodegeneration...........ccecceeveerveenveennennne
1.5.3 Eicosanoids in Nociception (Pain State)..........cccecvevvvennenne
1.5.4 Eicosanoids in Synaptic PIastiCity .........cccceeeeveerivirnveniuennne
1.6 Eicosanoids in Neurotraumatic DiS€ases........cceecvververceeereerveennnen.
1.6.1 Eicosanoids in Ischemic Injury .......cccccceeeeveieenienciinneenciennne
1.6.2 Eicosanoids in Spinal Cord Trauma............cceevceevveenieennenne
1.6.3 Eicosanoids in Traumatic Brain Injury .........ccccceeevvvniennnne
1.6.4 Eicosanoids in EPilepsy ......ccccoeeuerviieniieenieniieienieeieesieenne
1.7 Eicosanoids in Neurodegenerative DiS€ases........cccevvercveerueerveennen.
1.7.1 COX, LOX, EPOX, and Eicosanoids in AD ............ccc........
1.7.2 COX, LOX, EPOX, and Eicosanoids in PD.............cc..........
1.7.3 COX, LOX, EPOX, and Eicosanoids in Amyotrophic

Lateral SCIErOSIS.....ccvvviiiiieeiieeee et eeeee e e eeeaaees

1.7.4 COX, LOX, EPOX, and Eicosanoids
in Creutzfeldt-Jakob Disease (CID)......ccccccevvveevrveeenreeennenn.
1.8 CONCIUSIONS ....uvviiiiiieeciiie et ettt e et e et eree e e ere e etvee e sereeeseseeeaaneas
RETIENCES .....vvieieiiieeiee et et e e e e e

11
13
15

22
25
25
27
28
28
29
30
31
31
32
32
33
35

35
36

37
37

XVii



Xviii

2

Contents

Recent Development on the Neurochemistry of Docosanoids............. 49
2.1 INrOAUCHION....c..eiiiiieiieieiteterteeter ettt 49
2.2 Importance of n-3 Polyunsaturated Fatty Acids in the Brain........... 50
2.3 EPA-Derived Lipid Mediators in the Brain........c..ccccceceeeerviencenncnne 52
2.4 DHA-Derived Lipid Mediators in the Brain..........cccceceeeriencenncnne 58
2.4.1 17S D Series ReSOIVINS ....c..cocueveeiineeniineeniniencnieneeieene 60
2.4.2  Protectins and NeuroproteCtin........coocveeeveereervreereerveeneennnes 60

2.5 CONCIUSION «..outiiriiieiiieitett ettt 68
REfEIEINCES ..ottt e 68

Metabolism, Roles, and Involvement of Lyso-glycerophospholipids

in Neurological Disorders...............ccoccoeciieniiniiiiniiniecie e 73
3.1 INErOAUCHION.....coiiiiiiiniieieeitetcrt ettt 73
3.2 Deacylation/Reacylation Cycle (Land’s Cycle)
and Its IMPOTTANCE.......cevvveiiiieiieriieiteeie ettt 74
3.2.1 Acyl-CoA Synthetases in the Brain ...........ccceceevverveennnennee. 75
3.2.2 Acyl-CoA: Lyso-phospholipid Acyltransferase
1N the Brain....c..coceviiiiiniiniiiccccceccseeeeeee 77
3.2.3 Phospholipases A, (PLA,) in the Brain...........c.c.cccccooeiii. 78
3.2.4 Long-Chain Acyl-CoA Hydrolase or Thioesterases
1N the Brain....c..coceviiiiiniiiiiiniiicccceecseeeseeee 80
3.2.5 CoA-independent Reacylation in the Brain ........c..ccccceuen.ee. 81
3.3 Effects of Lysophospholipids on Neural Membrane
MEtabOliSIN. c..couviriiiiiriieiirieeetereeteeete ettt 82
3.3.1 Lysophosphatidylcholine (Lyso-PtdCho).........cccccecveeueennee. 82
3.3.2 Lyso-phosphatidylethanolamine (Lyso-PtdEtn)................... 85
3.3.3 Lyso-phosphatidylserine (Lyso-PtdSer).........ccccecvevivenunenee. 86
3.3.4 Lyso-phosphatidylinositol (Lyso-PtdIns).........ccccccecveeueenee. 87
3.3.5 Lyso-cardiolipin (Lyso-Ptd,Gro).......c.ccccoeeuinieiiiiiininininannas 88
3.3.6 Lyso-ethanolamine and Choline Plasmalogens
(Lyso-PIsEtn and Lyso-PISChO) ........cccceveveenienciennieenieeenne 89
3.3.7 Lyso-phosphatidic Acid (Lyso-PtdH) .........ccccceeeevvirnnnnennee. 90
3.4 Lyso-phospholipids in Neurotraumatic and Neurodegenerative
DISEASES ...ttt s 93
3.4.1 Lyso-phospholipids in Ischemic Injury........c.ccceeeverveenunenee. 94
3.4.2 Lyso-phospholipids in Alzheimer Disease..............ccceoueen.... 95
3.4.3 Lyso-phospholipids in MS and EAE...........cccccoeviiniinnnnnnee. 96
3.4.4 Lyso-phospholipids in NCL.......ccccceeviveiiiinirnieenienieeeene, 97
3.5 CONCIUSION ..onviiiiiieniiriieiectc ettt 97

RETEICNCES .. eieiiieiieieeeeeeeee et e e et 97



Contents Xix

4 Platelet-Activating Factor in Brain: Its Metabolism, Roles,

and Involvement in Neurological Disorders ................cccccceevvriveneennn. 107
4.1 INtrOAUCHION. ..cotiriiiiiriieicitecetert ettt s 107
4.2 PAF Biosynthesis in the Brain ..........ccoceeeeeniennenniienneenienieeeeee, 108
4.2.1 De Novo Synthesis Of PAF .........ccccoovvviiniiiniiniiieeieeene 109
4.2.2 Remodeling Pathway for PAF Synthesis ......c.cccccoeereennnne. 111
4.2.3 Oxidative Fragmentation Pathway for PAF Synthesis......... 114
4.3 Catabolism of PAF in the Brain ........ccocceevevniiniiiniieiecieeieeeeee, 114
4.4 PAF Receptors in the Brain.........cceceevvieeciieniennieinienieeee e, 116
4.5 PAF in Neurological and Visceral Disorders.........c..ccccceveeveereenncnne. 118
4.5.1 PAF in Neurological DiSOrders ...........coccecveveevueneenecneenncnne. 118
4.5.2 PAF in Visceral DisOrders.........ccccevvueeveenieeneeniiennieenveeneens 123
4.5.3 PAF in Kainic Acid NeurotoXiCity ........cceceereercuerrreersveennnens 124
4.6 Molecular Mechanism Associated with PAF-Mediated
NEUTal INJUIY c.eeeeiieiieeieee ettt s 124
4T CONCIUSION ettt ettt s e 125
REfEIOINCES...c..veiieiieiieiieee e e 126

5 Cannabinoids in the Brain: Their Metabolism, Roles,

and Involvement in Neurological Disorders ................ccccccevvvriveneennn. 133
5.1 INrOAUCHION. ..c.eiiiiieiieieit ettt e 133
5.2 Cannabinoid Receptor-Mediated Signaling in the Brain................. 136
5.3 Occurrence and Synthesis of Endocannabinoids in the Brain ......... 137
5.3.1 Metabolism of 2-Arachidonylglycerol in the Brain............. 139
5.3.2 Metabolism of Anandamide in the Brain......c...cc.ccccceeennenne. 142

5.4 Interplay Among Cannabinoid, Glutamate,
and Dopamine Receptors in the Basal Ganglia............cccecveevuvennenne 143
5.5 Endocannabinoids and Neurological Disorders........c..ccocceeuerueennenne. 144
5.5.1 Endocannabinoids in Neurotraumatic Diseases................... 145
5.5.2 Endocannabinoids in Neurodegenerative Disorders ............ 147
5.6 Use of FAAH and MGL Inhibitors for Inflammatory Pain.............. 149
5.7 CONCIUSION ..ottt e 150
REfEIEINCES...c..eeiiiiiiiieieeeeec e e 151
6 Neurochemical Aspects of 4-Hydroxynonenal .................ccocvernennnnn. 159
6.1 INrOAUCHION. ..c..eiiiiieiieiiii ettt 159
6.2  Synthesis of 4-HNE in the Brain ........cccccccevveeniiiniieniiieienieeeeee, 160
6.3 Metabolism of 4-HNE in the Brain.........cccccoceeveniininiincnncncence. 161
6.4 Effect of 4-HNE on Enzyme ACtiVIties ........ccoeceevvierirerreenieenieennnn. 163
6.4.1 Modulation of Kinases by 4-HNE ...........cccccoevvieriiinieninnnnne 164
6.4.2 Modulation of Caspases by 4-HNE .........cccccevvieviiiiniencnnnnne 166

6.4.3 Modulation of Glutathione S-Transferases



XX

Contents

6.4.4  Modulation of ATPases by 4-HNE.........ccccececuvvrirrvuennnnn. 169

6.4.5 Modulation of Other Enzymes and Cell Cycle
bY 4-HNE......coiiiiiiiieeeeeeceeeeese e 170
6.4.6  Modulation of Heat Shock Response by 4-HNE.............. 170
6.5  Modulation of NMDA Receptor by 4-HNE .........ccccceeviirivninennen. 171
6.6  Modulation of Gene Expression by 4-HNE...........ccccceevvrivennnnnen. 172
6.7  Modulation of Peroxisomes by 4-HNE...........ccccccevvirvinrivenennen. 173
6.8  Modulation of Nucleic Acid Metabolism by 4-HNE..................... 173
6.9  Modulation of Phospholipid Metabolism by 4-HNE..................... 175
6.10 Modulation of Blood-Brain Barrier by 4-HNE ...........c.cccueenneenee. 175
6.11 4-HNE in Neurological DiSOTders ..........ccecceerverriienrersreenieenieennnn. 176
6.11.1 4-HNE in Alzheimer Diseases........c.ccoecvvrrvercueenieeriueennnen. 176
6.11.2 4-HNE in Parkinson Disease .........ccccceecvvereencueenieeniveennen. 177
6.11.3 4-HNE in Amyotrophic Lateral Sclerosis ......c...c..ceceeuueeue 178
6.11.4 4-HNE in Prion DiSeases..........ccecververciieniencieenieesieeneens 179
6.11.5 4-HNE in Ischemia......c..ccccovveeviniineniencniincnicienecene 179
6.11.6 4-HNE in Spinal Cord Injury ........ccecceeeveenvencienneeniieennnn. 180
6.11.7 4-HNE in Traumatic Brain Injury.........cccceceveueevvernieennnn. 181
6.11.8 4-HNE in Kainic Acid Neurotoxicity.........ccecceervervueenenne 183
6.12  4-Hydroxyhexenal (4-HHE) .......c.cccocoevviiiiiiniiiieneceeeieeeeee, 183
6.13  CONCIUSION ..ouiiriiieiiieiieit ettt e 184
REfEIOINCES...c..veniieiiiiieiceetc e e 184

Isoprostanes and Other Nonenzymic Polyunsaturated

Fatty Acid-Derived Lipid Mediators in the Brain .............................. 193
7.1 INtrodUCHION.c..couiiiieiieiieic ettt 193
7.2 Generation of IsoPs in the Brain........c..ccoccecvevenicninicncnncncencne. 194
7.3  Degradation of IsoPs in the Brain.......cc.cccoccevvieriieniiennienieeneenen. 195
7.4 TIsoPs and Signal Transduction Processes .........ccccevvveevieerveenueennen. 198
7.5  IsoPs in Neurodegenerative DiS€ases.........cccevverruierversieerieenieennne. 202
7.6 IsoPs in Neurotraumatic DiS€ases.........ccocceeevuervenieneenieneeneennenne 204
7.7 NPs in Neurological DiSOTders ..........cceecvervveereernieeriieesieenieenieennnes 204
7.8  Isoketals (Isolevuglandins) in Neurological Disorders.................. 206
7.9  Neuroketals in Neurological Disorders............ceceeeevcuenvernuencenncnne. 207
7.10 Isofurans in Neurological DisoOrders.........c..cceceevvevienucnvenneeneennenne. 208
7.11 Neurofurans in Neurological Disorders...........ccccceervverrieerveenueennen. 209
7.12  TsoPs in Kainic Acid NeurotoXiCity .......cceevveereverrieeriveriveenieenieenne. 209
713 CONCIUSION ..outiiiiieiiieieeicetere ettt e 210
REfEIOINCES...c..veiieiieiieiiee e e 211
Ceramide and Ceramide 1 Phosphate in the Brain............................. 217
8.1 INtrOdUCHION .....eoveiiiriieiiiieerteeet ettt 217
8.2  Synthesis of Ceramide and Ceramide 1-phosphate

1N the Brain.....ooceiiiiiniiiiiiicccecceecec e 221

8.3  Degradation of Ceramide and Ceramide 1-phosphate
1N the Brain.....ooceiiiiiniiiiiiicccecceecec e 227



Contents

10

xxi
8.4  Roles of Ceramide and Ceramide 1-phosphate in the Brain.......... 228
8.5  Ceramide in Neurological DiSOrders.........c..ccoceecveveevieneeneencenncnne 229
8.5.1 Ceramide in Ischemic INjury ..........cccoeceevviienienciveniennenns 231
8.5.2  Ceramide in Alzheimer Dis€ase.......c.ccceeveervercueeneenuennns 232
8.5.3 Ceramide in Parkinson Disease ..........ccceceervercueeneennennns 234
8.5.4  Ceramide in Amyotrophic Lateral Sclerosis .................... 234
8.5.5 Ceramide in Multiple SCIEIOSiS ........cevveererierverrrenrenieene 235
8.5.6  Ceramide in HIV-1 .....ocociiiiiiiiiiiiniiiineeecceee 235
8.5.7 Ceramide in Batten Disease.........ccccceceevuereeveineenuencenncnne. 236
8.5.8  Ceramide in Major Depressive Disorders...........ccccueeuuennee 236
8.5.9 Ceramide in Kainic Acid Neurotoxicity........cceccververuennne 236
8.0 CONCIUSION...c.eimuiiiiiieiiriiete ettt 237
REfEI@INCES...c..veiieiiiiieiiee e 238
Sphingosine and Sphingosine 1 Phosphate in the Brain...................... 245
0.1 INtrodUCHON ..cuveiiiiiieiieieeiieieeitee ettt 245
9.2 Sphingosine Kinases in the Brain ............cccocevveeriienieniieenieniennns 248
9.3  Sphingosine 1 Phosphate Receptors in the Brain.............ccccceeueenne 251
9.4 Sphingosylphosphorylcholine in the Brain...........cccoeceevvviniennnnns 254
9.5 FTY720 and Its Neurochemical Effects.........ccccceeueevveniiinniennnnnnns 255
9.6  Sphingosine 1 Phosphate in Neurological Disorders..................... 257
9.6.1  Sphingosine 1 Phosphate in Ischemia ..........c.ccoccveeunennee. 257
9.6.2  Sphingosine 1 Phosphate in Traumatic Brain
and Spinal Cord INJUries.......cccecverierrieenieiiieenee e, 259
9.6.3  Sphingosine 1 Phosphate in Alzheimer Disease .............. 259
9.6.4  Sphingosine 1 Phosphate in Multiple Sclerosis................ 260
9.6.5 Sphingosine 1 Phosphate in Kainic Acid
INEUIOLOXICILY vveenvreenrieriieeieenieeteeniteeieesiresreesieesereenaeesanes 261
0.7 CONCIUSION. c..eeutiiieitiiieieeitete ettt ettt sttt ettt st seee e 261
REfEIENCES...c.ueeieiiiiiieiiieee e e 262
Cholesterol and Hydroxycholesterol in the Brain............................... 267
10.1  INtrodUCHiON....covevuiiiieiieiieieeteeteree ettt 267
10.2  Synthesis of Cholesterol and Hydroxycholesterols
1N the Brain....cooooiiiiiiiiiiiceeeeeec e 269
10.3  Degradation of Cholesterol in the Brain..........ccccoevevevcivenienciennenn. 275
10.4 Roles of Hydroxycholesterols in the Brain..........c..ccccceevveencencnne 271
10.4.1 Hydroxycholesterols in Neural Cell Differentiation ........ 278
10.4.2 Hydroxycholesterols in EXOCYtOSIS ........ccovverveerieerueennnnn. 279
10.4.3 Hydroxycholesterols in APOPLOSIS .....ccceeruvercveerreersuernnnens 279
10.5 Cholesterol and Hydroxycholesterols in Neurological
DISOTAETS ...ttt 281
10.5.1 Cholesterol and Hydroxycholesterol
in Alzheimer DiSease.........covveevveerieerieenienieenee e 282

10.5.2 Cholesterol and Hydroxycholesterol in Parkinson
DISEASE....ccviiviiiriiiiierieictctee e 284



XXii

11

Contents
10.5.3 Cholesterol and Hydroxycholesterol in Huntington
DISCASE....eeuveriienieriieieeiteeet ettt 285
10.5.4 Cholesterol and Hydroxycholesterols in Niemann-Pick
TYPE Ceeeee ettt 286
10.5.5 Cholesterol and Hydroxycholesterol in Multiple
SCIETOSIS ..ttt ettt ettt 287
10.5.6 Hydroxycholesterol in Traumatic Brain Injury ................ 288
10.5.7 Cholesterol and Hydroxycholesterols
in Cerebrotendinous Xanthomatosis.........c..ccecceceerernennen. 288
10.6  Cholesterol and Hydroxycholesterols in Kainic
ACIA NEUTOTOXICILY c.vvevreenrierieeiiesieeitenteeieesreebeesveeieesreenseenanas 289
10.7  CONCIUSION vttt sttt 290
REfEIOINCES...c..veniieiiiiieiceetc e e 291
Perspective and Direction for Future Studies
on Lipid Mediators ............cccooviiiviiiiiiiniieiieieceeee e 299
11,1 INtroduCtion....ccc.eeuieiieiieriinienieetenceeseeese et 299
11.2 Lipid Mediators in the Brain..........cccccoeceevviieniieniiienienieenieeieeeene 300
11.3 Interactions Among Phospholipid-, Sphingolipid-,
and Cholesterol-Derived Lipid Mediators in the Brain.................. 303
11.4 Detection and Levels of Lipid Mediators in Neurological
Disorders by LipidOmiCS ........ceeveervieriieniieniienieeiiesieeiee e eseeenenes 306
11.5 Modulation of Lipid Mediators by Diet........cccecuververcienneerirennnnn. 308
116 CONCIUSION ..ouineiiniieiiiiieiieiceieetestcet ettt 309
REfEIOINCES...c.uveiieiiiiieiceete et e 310
IIAEX ...ttt 315



2 Springer
http://www.springer.com/978-1-4419-9939-9

Lipid Mediators and Their Metabolism in the Brain
Faroogqui, AA

2011, XXV, 327 p., Hardcover

ISBN: 978-1-4419-0939-0



	Contents

