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Preface

The brain, the most complex organ in the known universe,
is the seat of our thoughts, emotions, and actions. It results from
sophisticated evolution, a finely chiseled architecture in which
each structure and connection plays an essential role.
Understanding this architecture, this neuroanatomy, is the key to
deciphering the mysteries of the healthy brain and shedding light
on the pathologies that strike it.

This book is an invitation to explore the depths of the
brain, its timeless structure, and evolutionary dynamics. We will
begin with a journey through neuroanatomy, revealing the
cerebral regions, their functions, and their interactions. This
exploration will lay the foundations for understanding the

complex mechanisms underlying health and disease.

In the second part, we will focus on neurodegenerative
diseases, those insidious conditions that progressively erode the
brain's capabilities. From Alzheimer's disease to Parkinson's
disease, we will examine the neuroanatomical alterations and the

pathological mechanisms involved.

Finally, we will address neurodevelopmental diseases that
emerge in childhood, sometimes even before birth. From autism
to attention deficit disorders, we will explore the
neuroanatomical anomalies, the genetic and environmental

factors involved, and the issues of early care.



This book is not intended to be exhaustive but aims to
provide a clear and accessible vision of neuroanatomy and its
links with neurological pathologies. It is designed for students,
healthcare professionals, and anyone curious to understand the

workings of the brain, this marvel of nature.

May these pages illuminate your path through the
fascinating labyrinth of the brain and give you the tools to

understand better, better support, and better care.
Amina BELHADJ

Sarah MELLALI



TABLE OF CONTENTS

PREFACE ... eeetttccetrrceescceeseseesesseesssssesesasssssssesssanesssnsenns
LIST OF FIGURES ...ttt e sccaeesccneesssneessneeees
INTRODUCTION ...ttt sscseesesseessssessssnsesssnssssnees 1
FUNDAMENTALS OF NEUROSCIENCE ......ccocceveveeecnnenne 5
1 NEUROANATOMY ..iiiiercreercreescneescsssesssseesssssssesnns 7
1.1 DEFINITION OF NEUROSCIENCE ....c.cccoviiiiiriiieeeeeeeeecinnnnes 7
1.2 CONSTITUENT DISCIPLINES OF NEUROSCIENCE............... 8
1.3 HISTORY OF NEUROSCIENCE.........ceeeiiiiieeeeiirireessineeeeaans 11
1.4 ORGANIZATION OF THE NERVOUS SYSTEM ......ccccuvveenns 13
1.4.1 STRUCTURE OF THE CENTRAL NERVOUS SYSTEM ........... 15
1411 TheBraiN....icciec e 17
1.4.1.2 The Spinal Cord .........cccoeviiieeie e 23
1.4.1.3 Protection Mechanisms of the CNS .........c..ccoe e, 27
1.4.2 STRUCTURE OF THE PERIPHERAL NERVOUS SYSTEM....... 30
1421 NEIVES. ..ottt ettt ebrae e 31
1422 Ganglia......ccoooiiiiiiiiiccee s 34
1.4.2.3 Functional Classification of the PNS ......................... 35
1424 Nervesof the PNS ..., 37
1.4.25 Cranial Nerves.......cccocccoveeiiiiciiee e 38
1.4.2.6 Spinal (Spinal) NErVeS .........cccccoviiiriniiienese e 40
1.4.2.7 Organization of a spinal Nerve ..........cccoceveveienennnnn 45
1.4.2.8 Protective ENVEIOPES .......ccvvvveiieiieieee e 47
1.5 NERVE CELLS ..cciiiiiitiie e ctee et e st e e e e 47
151 INEURONS ....ooitictietecteeteete ettt ettt ettt e eane e 49

1.5.1.1 The cell body (SOMA)......cccccuerverieiierieiesieseeie e 49



1.5.10.2 T8 AXON e 50

1.5.1.3  DENAIITES ..oveiviiiiiieiieieie e 51
1.5.1.4 Classification of NEUIONS...........cccceevveierienencnenenien 54
1.5.1.5 Propagation of the nerve impulse............c.cccccocvrnnene. 62
1.5.2  GLIAL CELLS. .ottt et 63
1.5.2.1 General roles of glial cells...........ccooviiiininiiiiin 63
1522 Typesofglial cells ... 64
1.5.2.3 Importance of glial cells in neurological diseases......68

2 CELLULAR AND MOLECULAR NEUROBIOLOGY 69

2.1 MOLECULAR MECHANISMS OF NEURONAL EXCITABILITY .

.......................................................................................... 69
2.1.1 IoN CHANNELS AND THE GENERATION OF ACTION
POTENTIALS ..cvvitutrerttesesesesessse ettt st bbb et 70
2.1.1.1 Voltage-gated sodium channels (VGSCs).................. 70
2.1.1.2 Voltage-gated potassium channels (VGKCs) ............ 72
2.1.1.3 Voltage-gated calcium channels (VGCCS) ................ 75
2.1.1.4 Regulation of ion channels...........cccccoeiinncicinnnnn. 80
2.1.1.5 The Hodgkin-Huxley model...........ccocooininininnnnnnn. 89
2.1.2 IoN CHANNEL DYSFUNCTIONS AND NEUROLOGICAL
DISORDERS......cututututaerteeresesesessesssssesesesesesesesssesenssesenssssssssssssssssssssns 92
2.1.2.1 Epilepsy and sodium channels ..........cccccocevervnnnnnnn 93
2.1.2.2 Migraines and sodium channels...........c.ccoccoeeverennnne 93
2.1.2.3 Channelopathies and potassium channels .................. 94
2.1.2.4 Calcium channels and neurological disorders............ 95
2.1.2.5 Other neurological disorders associated with ion
channel dysfunctions..........cccceviieiii s 95
2.2 SYNAPTIC PLASTICITY: MOLECULAR AND CELLULAR
BASES ...tttk ettt 96
2.2.1 MECHANISMS OF LONG-TERM POTENTIATION (LTP) AND
LONG-TERM DEPRESSION (LTD) ..covviiiiieirisce e 97

2.2.1.1 Long-Term Potentiation (LTP) ......ccccovevveievierirennn 97



2.2.1.2 Long-term depression (LTD) ....cccccovevvevvcvieiieiiecenn, 98

2.2.1.3 Balance between LTP and LTD .......ccccevvvieiieiiennnnne 99
2.2.1.4 Role of signaling pathways in LTP and LTD .......... 100
2.2.1.5 Synaptic plasticity and learning ..........cc.cceeceevvernenne. 101
2.2.2 STRUCTURAL PLASTICITY OF SYNAPSES......ccceotrerereerenenes 101
2.2.2.1 Remodeling of dendritiC SPINES.........cccocvrvrirrrinnne. 101
2.2.2.2 Role of neurotrophic factors (BDNF, NGF) ............ 103
2.2.2.3 Synapse formation and elimination...............c.c....... 105
2.2.2.4 Synaptic pruning and circuit refinement .................. 106
2.3 INTRACELLULAR SIGNALING IN NEURONS ......ccccovvrrnnne 108
2.3.1 KEY SIGNALING PATHWAYS.....coceeurrriririrrreeererreseeneeesesens 108
2.3.1.1 CAMP/PKA pathWay .........cccoovvieiiiiieniic e 109
2.3.1.2 MAPK/ERK pathway..........ccccceeverierereiercsesraennes 110
2.3.1.3  Calcium signaling.........ccoovvvrininicienene e 111
2.3.1.4 PI3K/AKt pathway ..........cccevviiiiieecieceece e 112
2.3.1.5 NF-kB pathway ..........cccccevveviiiiiiiciece e 113
2.3.2 MODULATION OF GENE EXPRESSION......c.coururueuenerereenenens 114
2.3.2.1 Transcription factor activation .............c.ccoeevenvninnne. 114
2.3.2.2 Epigenetic regulation............cccccevveviiiieiiene e, 116
2.3.2.3 Activity-dependent gene expression ...............c........ 118
2.3.2.4 Post-transcriptional regulation ...........c.c.ccceevevernnnen. 119
2.3.2.5 Long-term changes in synaptic strength................... 120
2.4 ROLE OF GLIAL CELLS IN NEURONAL COMMUNICATION....

........................................................................................ 121
2.4.1 ASTROCYTE-NEURON INTERACTIONS ....ccoovrvrreririrerrenenenns 121
2.4.1.1 Regulation of synaptic transmission ..............ccc.c..... 122
2.4.1.2 MetaboliC SUPPOIt........cccoviiiiiiieieeee e 123
2.4.1.3 10N HOMEOSIASIS ....vvevvecveeieenie et 124
2.4.1.4 Synaptic PlastiCity .........ccocervirieriiniiieese e 125
2.4.2 MICROGLIA AND BRAIN IMMUNITY ...cooeuiininieriirienenenenns 126
2.4.2.1 Immune surveillance ... 127
2.4.2.2 Phagocytosis and Clearance..........ccccoceviverveveseene. 128

2.4.2.3 Inflammatory reSPoNSe ........ccecvvevvereesieeseerieeie s 129



2.4.2.4 Neuroprotection and repair..........cccccvevverivereerieseennn 130

2.4.3 GLIAL CELLS AND NEUROLOGICAL DISEASES .........c....... 131
2.4.3.1 Neurodegenerative diSases ..........cccvrvververreervernenne 131
2.4.3.2 Neuroinflammatory disorders ............ccccoevvevernenne. 132
2.4.3.3  Synaptic dysfunction...........ccccccevveveniesieene e 133
2.4.3.4 Therapeutic targeting of glial cells.............c..cccue.... 133

NEURODEGENERATIVE AND DEVELOPMENTAL
DISEASES: WHEN NEURONS REVOLT .......ovveruenene 135

3 NEURODEGENERATIVE DISEASES..........cccvevunen. 139

3.1 ALZHEIMER'S DISEASE AND RELATED DISORDERS ....... 139

3.1.1 DEFINITION AND RISK FACTORS ...c.ccvvrurirrrerrenrrereenneneenen. 139
3.1.2 THEPATHOLOGICAL MECHANISMS OF AD .......ccceeunee. 141
3.1.2.1 The amyloid cascade: a multi-step process.............. 141
3.1.2.2 Therole of tau protein.........ccccccevveviiiieveene e, 145
3.1.2.3 The interaction between the two processes.............. 147

3.1.3 CURRENT AND FUTURE THERAPEUTIC STRATEGIES........ 147
3.2 PARKINSON'S DISEASE AND ASSOCIATED CONDITIONS. 148

3.2.1 DEFINITION AND RISK FACTORS .....ccocoveueereiresieeeeeeeneeneas 148
3.2.2 THE PATHOLOGICAL MECHANISM OF PARKINSON'S
DISEASE ....ovieeeveeeteeteteeteteetese et e tee et esete s ebeeseae et esseseaseseneetenseteneetenes 150
3.2.2.1 Alpha-synuclein: a central player...........ccccoccoovnunne. 150
3.2.2.2 The degeneration of dopaminergic neurons............. 153
3.3 OTHER NEURODEGENERATIVE DISORDERS OF THE
NERVOUS SYSTEM ...cciiiiiiiieeiitiieeeesitreeeessrteeeessateeeessnseeeesannneeaas 155
3.3.1 HUNTINGTON'S DISEASE ......ccueiieureteeteereeteeteereciesieeeeeneeneas 155
3.3.1.1 What is its evolution?..........cccoveevveiiiieecceee e, 157
3.3.1.2 How to explain the symptoms? ..........cceoveverinrnennn. 157
3.3.1.3 Can this disease be detected in at-risk individuals
DEFOre It OCCUIS? .. 158

3.3.1.4 What are the risks of transmission to children? ....... 159



3.3.2 HEREDITARY ATAXIA (HA) .o 161

3.3.2.1 Hereditary ataxia classification ..............ccccccceverunnne. 162
3.3.2.2 Pathological mechanisms of HA ...........cccccoveieiinnee. 165
3.3.3 AMYOTROPHIC LATERAL SCLEROSIS .....cvveverreririreereennn. 173
3.3.3.1 Pathological mechanisms of ALS ..........ccccceevvrnnee. 174
3.3.4  MULTIPLE SCLEROSIS ...covrueiriirieeeeieeeererensseessesseseenseesesenns 180
3.3.4.1 Pathological mechanisms involved ...............ccccue.... 181
4 GENETIC PLEIOTROPY AND
NEURODEVELOPMENTAL DISORDERS: THE CASE
OF SCHIZOPHRENIA AND AUTISM.....ccecveererrerernennes 185

4.1 AUTISM SPECTRUM DISORDERS (ASD): CLINICAL

CHARACTERISTICS AND NEUROBIOLOGICAL BASES............... 186
4.1.1 CLINICAL CHARACTERISTICS ....covevereeeereereereetesreseeeeneeneas 187
4.1.2 NEUROBIOLOGICAL BASES.....cccecueieeereeteereeresresreseeeeeeneas 188
4.1.3 A COMPLEX GENETIC PUZZLE ...cocoveurereerrereereeresieeeeeneeneas 190
4.1.4 RISKFACTORS ...oeiteeieietietestestestesseteeesesseese e ssessesseseeseesens 191
4.2 SCHIZOPHRENIA: CLINICAL CHARACTERISTICS AND

NEUROBIOLOGICAL BASES .....ciiiiiitieeeeiiiieeeeeiiteee e e sineeeesnnneeens 193
4.2.1 CEREBRAL ABNORMALITIES ...oooveveneeeieteereereereseeseeeeneeneas 194
4.2.2 MOLECULAR MECHANISMS......c.ccveierrereereereereitesieseeeeseeneas 194
4.2.3 UNDERLYING MOLECULAR MECHANISMS.....c.ccoeveverenens 197

4.2.4 ANALYSIS OF THE VENN DIAGRAM REPRESENTING THE
GENES ASSOCIATED WITH VARIOUS NEURODEVELOPMENTAL
DISORDERS ... e etteetteetteeeesee et eeeeeeeeeesseeseeeseseesseeseeseesseeseeeesseenseens 198

CONCLUSION. ..ottt snees 203

REFERENCES ...t 205






List of Figures

Figure 1: Organization of the nervous system ............cccceeuenee. 14

Figure 2: Organization of the central and peripheral nervous

SYSTRIM ..ttt 15
Figure 3: The Central Nervous System..........ccccceevverecviesneennn. 17
Figure 4: The human brain............cccooveieiiiiicic e, 18
Figure 5: External lobes of the human brain..............ccccccooenee. 19

Figure 6: Illustration of the different lobes of the cerebellum ..21
Figure 7: The Brain Stem........c.cccoovveveeie i 23
Figure 8: Structure and segmentation of the spinal cord........... 24

Figure 9: The white matter and gray matter of the spinal cord .27

Figure 10: Structure of the meninges ..........cccocvvveivriircienennen, 29
Figure 11: Cerebrospinal fluid flow ............cccooveviiiiiiiiii. 29
Figure 12: Sensitive nerves and motor Nerves ...........ccceeeveenen. 33

Figure 13: Illustration of a nerve with myelinated axons and

UNMYEHNALEA BXONS......viviiiiiiieieie et 34
Figure 14: Sensory and autonomic ganglia...........cccccceeveeveennen. 35

Figure 15: The differences between the somatic and autonomic

NEIVOUS SYSTEIMS.....eeiiiiiieiiiie ittt 36

Figure 16: Sympathetic and parasympathetic nervous systems 37



Figure 17: Cranial and spinal Nerves...........cccocvevvvvevvcvieseene. 38

Figure 18: Cranial NEIVES ..........ccoveiiiiniiieeeee s 40
Figure 19: SpIiNal NEIVES.........cccooiiiiiiiicieeee s 42
Figure 20: Intercostal plexuses and Nerve.........cccccocveeveivesieenne. 44
Figure 21: Organization of a spinal nerve...........cccccceovevveinnen. 46
Figure 22: Anatomy of the peripheral nerve ..............ccccoovenenne. 47
Figure 23: Structure of the Neuron ..., 52

Figure 24: Role of the synapse in neuronal communication.....53
Figure 25: Structure of the Synapse..........cccocvevveveivece e s, 53

Figure 26: Classification of neurons according to structure .....56

Figure 27: Types of a multipolar neuron..........ccccceecvvenciviene. 58
Figure 28: Functional classification of neurons........................ 61
Figure 29: Types of glial cells..........cccovviiiiiiiiiece, 64

Figure 30: Processing of amyloid precursor protein (APP) ....142

Figure 31: A) The aggregation pathway of beta-amyloid peptide
monomers into globular oligomers followed by amyloid fibrils.
B-D) Liquid-phase electron microscopy images of A) monomers
or small oligomers (B), a large oligomer (C), and a fibril (D).
These structures are fully hydrated and unstained .................. 143

Figure 32: Tau and Alzheimer's diS€ase..........ccccovrvrervrnnnnns 146

Figure 33: a-Synuclein and Parkinson's disease ..................... 152



Figure 34. Structure and pathological characteristics of a-

SYNUCIBIN. .o 154

Figure 35: SOD1 (Superoxide Dismutase 1), TDP-43 and ALS

Figure 36: Physiologic versus excitotoxic synaptic glutamate

transmission and re-Uptake..........occoovveriiinieieicnec e 178
Figure 37: Lymphocytes T attacking myelin in the brain ....... 182

Figure 38: Venn diagram: evidence for genetic overlap in

neurodevelopmental diSOrders...........cccooveveeieieevrece e 198






Introduction

This book provides a comprehensive exploration of
neuroscience, bridging the gap between foundational principles
and the profound impact of neurological disorders. It is

structured into two main sections.
Part One: Fundamentals of Neuroscience

The first section lays the groundwork for understanding
the nervous system. It begins with an overview of
neuroanatomy, examining the intricate organisation of the
central and peripheral nervous systems, the cellular
components—including neurons and glial cells—and the
historical evolution of neuroscience. This section further delves
into the cellular and molecular mechanisms underlying neuronal
excitability, synaptic plasticity, intracellular signaling, and the

essential role of glial cells in neural communication.

A thorough understanding of these fundamental
processes—the precise movement of ions across neuronal
membranes, the intricate interplay of neurotransmitters at
synapses, the coordination of intracellular signaling pathways,
and the dynamic role of glial cells—is crucial for deciphering
the complexities of neurological disorders. These mechanisms,
which function seamlessly in a healthy nervous system, are

often the primary sites of dysfunction in neurological diseases.



