Tema 2
Neurotrofines, sinaptogéenesi, supervivencia i mort neuronal. Paper en el desenvolupament, la
degeneracid i en la neurotoxicitat

Esdeveniments clau després de posicionament final de neurones

v’ Creixement axonic

v’ Establiment de mapes topografics

v' Connexions sinaptiques adients: dianes pre- i postsinaptiques

v Regulacié de nombre de connexions

El con de creixement axonic
Migracions de mm o cm
Harrison, RG (1910)
Extensio dendritica

» Elevada motilitat

» Exploracié medi extracel-lular

» Determinacio de direccid de creixement
» Lamel-lipodis i filopodis

» Canvis de direccié a “punts de decisio”

©

Neuroscience, Purves et al., 4 ed.
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Tema 2
Bases moleculars de motilitat de con de creixement axonic

v Microfilaments: lamel-lipodis i filopodis
v Microtubuls: elongacié

http://www.sinauer.com/neuroscienced4e/animations23.1.html

A Microspikes

A

Growth cone

25 um

Developmental Biology, Gilbert et al., 6 ed.
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Tema 2

Participacio de senyals no difusibles en guia axonica

v’ Pistes per a guia

v Receptors i mecanismes de transduccio de senyal que responguen a pistes

-2 Inici de cascades intracel-lulars = canvis en actina/tubulina

v" Molécules relacionades amb adhesié cel-lular i reconeixement cél-lula-cél-lula
* ECM i els seus receptors d’integrines
* CAMSsS no dependents de Ca2+, cadherines

Molecules d’'ECM
Laminina, col-lagena, fibronectina

Kinases/other
signaling
molecules

Kinases/other
signaling

molecules

Paper més clar en SNP

Integrin
receptors

Further signal
transduction

CAMSsS no depS Ca2+, cadherines
relacionades amb desordres de
neurodesenvolupament (ex. :
agenesi de cos callés)

(D) Netrin/slit family
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Tema 2

Participacio de senyals difusibles en guia axonica. Senyals canonics

» Cajal
» Quimioatraccid i quimiorepulsié
» Molecules tropiques i trofiques
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Tema 2

Participacio de senyals difusibles en guia axonica. Senyals canonic

SEMAFORINES

On cal no anar!

Repel-lents junt a Slit/Robo

e NogoA (mielina, regeneracid axonica)
e Semaforines

Localitzacio en cél-lules o ECM

(E) Semaphorins

bj

Neuroscience, Purves et al., 3 ed.
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Tema 2

Participacio de senyals difusibles en guia axonica. Senyals canonics
EFRINES
No difusibles

Formacio de mapes topografics

(A)

Anterior

RETINA

Dorsal

Ventral

Posterior

TECTUM

(F) Ephrins

Kinases/other

signaling
molecules

Eph (tyrosine
_/ kinase receptor)
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Tema 2

Participacio de senyals difusibles en guia axonica. Senyals canonics
Morfogens i factors de creixement

MORFOGENS: Proteines que especifiquen destinacié cel-lular
També implicades en guia axonica

» Hh

> BMP

» Wnt

FACTORS DE CREIXEMENT O TROFICS
Implicacio en supervivencia neuronal
També implicats en guia axonica

» HGF

» FGF

» GDNF

» BDNF + NT3

Alguns relacionats amb fasciculacié axonica



Tema 2

Formacio selectiva de sinapsi

Arribada d’axé a regid/cél-lula diana = DECISIONS:

v’ Estabilitzacio de contactes sinaptics

v’ Retraccid i innervacio d’una altra cél-lula

v’ Errada en la formacio de sinapsi = degeneracid, PCD

Molecules relacionades amb guia axonica també contribueixen a identificacié i estabilitzacié de
sinapsi.
* Cadherines importants per a reconeixement de lloc sinaptic a dendrita, soma, muscul...

Con de creixement Lloc postsinaptic naixent

Estabilitzacio de
Contactes amb
filopodis

- * Agrupament (clustering) de vesicules sinaptiques
* Construccié de PSD



Tema 2

Formacio selectiva de sinapsi

Participacié de neurexines i neuroligines

v" Promoci6 d’adhesié

v" Domini intracitoplasmic de neuroligina localitza
vesicules sinaptiques i les proteines d’ancoratge
(docking) i molecules relacionades amb fusio.

v Neuroligina funcié similar a element postsinaptic
Agrupament (clustering) de receptors i canals

Com generar diversitat de sinapsis amb

poques molecules?

“If you can’t be with the one you love, love the one
you are with”
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Tema 2

Formacio selectiva de sinapsi

Participacié de neurexines i neuroligines

v" Promoci6 d’adhesié

v" Domini intracitoplasmic de neurexina localitza
vesicules sinaptiques i les proteines d’ancoratge
(docking) i molecules relacionades amb fusio.

v Neuroligina funcié similar a element postsinaptic
Agrupament (clustering) de receptors i canals

Com generar diversitat de sinapsi amb

poques molecules?

“If you can’t be with the one you love, love the one
you are with”
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Tema 2
Interaccions trofiques
Dependeéncia a llarg termini de cel-lules postsinaptiques

= Interaccio trofica
Q;Q\ Re!rogr::i'_l’ransport é@
o0 @ S

Innervating Neurons Target Cells

Factors neurotrofics o neurotrofines Fundamental Neuroscience Squire et al. 3 ed.

e Derivats de cel. diana

e Regulen diferenciacio, creixement i supervivencia en cel-lules veines

Per que les neurones depenen tant de les seues

cel-lules diana?

e Escala de SN canviant durant desenvolupament

e Necessitat de fer coincidir el nombre de neurones amb nre. de cel-lules diana

— Produccioé d’un excés (2-3) de neurones > Eliminacid, PCD, regulada per neurotrofines

(A) B) (<) (D)

Limb bud ablation

Neuroscience, Purves et al., 3 ed.



TABLE 19.2 Some Possible Functions of Developmental PCD in the Nervous System*

1. Differential removal of cells in males and females (sexually dimorphic spinal motor nucleus in many mammals).

. Deletion of some of the progeny of a specific sublineage that are not needed (loss of specific progeny of the AB blastomere that is

involved in generating ring ganglia in C. elegans).

3. Negative selection of cells of an inappropriate phenotype (ligand/receptor-induced cell death in the early chick embryo retina?).

4. Pattern formation and morphogenesis (neurulation/neural tube closure; differential thickness of cortical layers).

10.
11.
12.

13.

. Deletion of cells that act as transient targets or that provide transient guidance cues for axon projections (death of pioneer neurons/glia

in insects).

. Removal of cells and tissues that serve a transient physiological or behavioral function (loss of Roh-Beard sensory neurons during

metamorphosis in frogs).

. “Systems”-matching by creating optimal quantitative innervation between interconnected groups of neurons and between neurons and

their targets (see text and Fig. 19.4).

. Systems-matching between neurons and their glial partners by regulated glial PCD (Schwann cells and peripheral axons; see Figs. 19.5

and 19.15).

. Error correction by the removal of ectopically positioned neurons or of neurons with misguided axons or inappropriate synaptic

connections (loss of ipsilaterally projecting retinal ganglion cells).
Removal of damaged or harmful cells (death of cells with DNA damage).
Regulation of the size of mitotically active neural progenitor populations (see text and Fig. 19.4).

The production of excess neurons may serve as an ontogenetic buffer for accommodating mutations that require changes in neuronal
numbers in order to be evolutionary adaptive (evolutionary increases in limb size may require increased sensory and motoneuron
survival).

Regulated survival of subpopulations of adult-generated neurons as a means of experience-dependent plasticity (see text and Fig. 19.18).

*For references see Buss et al., 2006; Oppenheim et al., 2001.

Fundamental Neuroscience Squire et al. 3 ed.



Tema 2

Refinament de connexions sinaptiques
v" Innervacio polineuronal

v" Eliminacio sinaptica

v Convergencia i divergencia
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Tema 2

Bases moleculars d’interaccions trofiques

v’ Les neurones depenen d’un minim de factor trofic per a sobreviure = consequéncies

per a nombre apropiat de connexions

v’ Les cél-lules diana sintetitzen i secreten factors trofics apropiats per a neurones en
desenvolupament

v’ La produccié de factors trofics es fa en quantitats limitades, per la qual cosa la supervivéncia,
persistencia i diferenciacié de neurones depén de competéncia neural.

NGF

Factor de creixement nervios.

Cerca de molecula promotora de supervivencia
Transplantament de sarcoma

Glandules salivals de ratoli mascle

Efectes practicament restringits a SNP

(A) (B)

Neuroscience, Purves et al., 3 ed. Rita Levi-Montalcini & Viktor Hamburguer



Tema 2

Bases moleculars d’interaccions trofiques
NEUROTROFINES

Yves Barde & Hans Thoenen

Purificat de SNC

16 purificacid necessaria

FIGURE 19.2 Biological activity of nerve growth factor (NGF). Explanted sensory and sympathetic ganglia or dissociated neurons were
used in bioassays detecting neurotrophic activity. (A) Control ganglion 24h in culture without NGF and (B) experimental ganglion 24 h after
NGF treatment. Treatment with NGF (100ng/ml) causes the formation of a “halo” of axonal growth from sensory neurons in the ganglion. Why
the factor was named NGF is obvious. Reprinted with permission from Levi-Montalcini. (C and D) Experimental immunosympathectomy.
Antibodies that selectively block NGF activity were administered to newborn mice to deprive the developing animals of endogenous factor.
Sympathetic ganglia were examined several weeks after the treatment. Note the marked atrophy of the entire sympathetic chain ganglia (lower
in C) and the almost complete loss of sympathetic neurons in a histological section of a single ganglion (right side in D) after antibody treatment.
Controls are in the upper part of C and on the left in D. Photographs kindly provided by Viktor Hamburger and Rita Levi-Montalcini.

TrkA receptor TrkB receptor TrkC receptor
Neuroscience, Purves et al., 3 ed.



TABLE 19.3 Percentage of Neurons Lost in Neurotrophic Factor or Receptor Deficient Mice*

Losses in PNS ganglia

Losses in CNS nuclei

Neurotrophic Dorsal root Trigeminal Nodose Vestibular Cochlear Superior

factor/receptor ganglia ganglia petrosal ganglia ganglia cervical Spinal Facial

null mutation Viability ganglia ganglia moto neurons moto neurons
TrkA Poor —70-90% -70-82%  ? —0%? —0%? —95% —0%? ?
NGF Poor —70% —75% —0-15%  ? —0% —82-95% —0%? ?
TrkB Very poor  —0-41% -39-60%  —90-94% —-56-85%  —-15-20% —0% —0%** —0%**
BDNF Moderate —0-44% —0-45% -39-66% —82-87% 7% —0% —0% —0-3%
NT-4 Good —0-14% —0-5% —40-59%  —0-21% ? —0% —0% —0-8%
BDNF/NT-4 Good —0% —9-34% -79-90% —-82-90%  ? —0% —0% —0-11%
TrkC Moderate —17-38% —21-48%  -14-18% -15-29%  -50-85%  —0% —0% —0%
NT-3 Very poor  —36-79% —61-68%  —30-47% -15-34%  —85% —48-53% ? —0%
TrkB/TrkC Very poor  —41% ? -95% -58-100% —61-100% —0-4% -0-5% -0-5%
BDNF/NT-3 Very poor  —84% —74% —62% -99% -100% ? ? ?
BDNF/NT-4/NT-3 Very poor  —92% —88% —96% —-100% ? —47% —20% —22%
gp130 (IL receptor) Very poor —21% —41% -31%
CNTFRo Very poor —-0% —-0% ? ? ? —0% ? —40%
LIFR Very poor ? ? ? ? ? ? —40% -35%
c-ret Very poor  —0% ? ? ? ? -100% -50% -30%
GFRol Very poor  —0% —0% -15% —0% —0% —0% —24% —0%
GFRo2 Poor —0% —0% —0% —0% —0% —0% —24% ?
GFRo3 Good —0% —0% ? ? ? -50-95% ? ?
GDNF Very Poor  —0-23% ? —0-40% 0% ? -35% —22-37% —18%
Neurturin Good —0% ? —0% ? ? —0% —0% ?

*For references to original studies, see Huang and Reichardt, 2001; Airaksinen and Saarma, 2002; von Bartheld and Fritzsch, 2006.

**Losses reported by Klein et al., 1993 (Cell 75, 113-122) could not be replicated.



Tema 2

Plasticitat neuronal

20



Tema 2
Refinament de connexions sinaptiques

“Neuronal plasticity can be defined as the ability of neurons to react with adaptive changes to intrinsic
or extrinsic inputs’

Persisténcia de plasticitat en desenvolupament postnatal i vida adulta

Plasticitat neurona-glia >




Plasticitat molecular

Dinamica molecular sinaptica

v Dinamica de proteines relacionades amb la
sintesi, empaquetatge, alliberament i recaptacio de
neurotransmissors

v Dinamica de receptors de neurotransmissors,
canals i bombes ioniques

v Relacié de receptors amb proteines de la bastida
sinaptica

v Modificacié per factors trofics, hormones,
citocines

¥ Entrada de Ca2+ amb despolaritzacié:

Canvis bioquimics

Inici de programes transcripcionals dependents
d’activitat

Canvis estructurals

A

An action potential invades
the presynaptic terminal

il Transmitter is synthesized \ A
and then stored in vesicles causes opening of
ated Ca?* channels

Transmitter!
molecules
‘s

Postsynaptic
current flow

Fundamental Neuroscience Squire et al. 3 ed.



Plasticitat molecular
Plasticitat molecular subjacent al remodelatge

neuronal

*Regulacio de I'expressio de proteines de
citoesquelet

*Regulacié de |'expressié de proteines implicades en
adhesiod cel-lula-cel-lula i cél-lula-matriu extracel-lular




Tecniques d’'estudi de la plasticitat estructural neuronal
Analisi d’estructura neuronal:
Tecniques de Golgi/transgenics amb proteines fluorescents
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Plasticitat en experiencies primerenques i periodes critics

- Periodes curts i moments molt concrets de desenvolupament postnatal/posteclosio

Tasques sensoriomotores i comportaments més complexos: periodes més llargs

TABLE 1 Known critical periods and molecular mechanisms across systems (see text for references)

System Age Confirmed regulators Delay* Species®

Neuromnuscular junction <PI12 ACh . mouse

Climbing fibers (CBL) P15-16 NMDA, mGluR 1, G, PLCS, PKCy nd mouse

LGN layers <P10 Retinal ACh, cAMP; MAO-A, nd mouse, ferret, cat
NO, MHC-1, CREB

Ocular dominance P3 weeks-months  GABA, NMDA, PKA, ERK, CaMKII, CREB, BDNF, + cal, ral, mouse,
tPA, protein synthesis, NE, ACh ferret

Orientation bias <P28 NRI1, NR2A, PSDY5 + cal, mouse

Whisker barrel map <P7 NR1, MAOA, SHT y, cAMP nd mouse

formation mGluRS, PLCS, FGF8

Whisker RF tuning Pla-16 nd rat

Tonotopic map (cortex)  PI16-50 ACh + rat

Absolute pitch <7 yoan nd human

Taste/ollaction none GABA, mGluR2, NO, neurogenesis + mouse

Imporinting 14-42 by Catecholamines + chick

Stress/anxiety P2\ Hormones, SHT, nd ™, mouse

Show-wave sleep P40-60 NMDA + <Ml, mouse

Sound localization <200 GABA, NMDA + bam owl

Budsong <P100 GABA, hormones, newrogenesis + zebrafinch

Human language 012 years nd haman

"Pricary species for ehcid

*Potennal for critical pemod delay by alicred cxpersence. +, yes. nd. not desenmaned



Periodes critics en desenvolupament visual

Sols ambliopia si privacié en 3 primers mesos de vida en gats.
3-4 dies al voltant de periode critic sén suficients.

- Primats: més prolongat 6 mesos.
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Plasticitat funcional de I’escorca cerebral adulta

(A) Owl monkey brain

(B) Normal hand representation (C) Hand representation two months
after digit 3 amputation

Lateral

1eTPaN

cortex representation

Before differential After differential
stimulation stimulation

Neuroscience, Purves et al., 3 ed.



Tema 2
Reparacid i regeneracio del sistema nervios

1. Creixement d’axons de ganglis periféerics o de neurones del SNC, que projecten fora de SNC
Recapitulacié de desenvolupament

2. Restauracio de neurones de SNC afectades que sobreviuen
Requereix el creixement cooperatiu d’altres estructures en un medi molt complex
Reparacio molt complicada en mamifers adults

Neurogeénesi adulta i trasplantament neural



Neuron in CNS or 'NS

Peripheral target

Central or
peripheral target

©

Central or
peripheral target

Pre-injury Injury Post-recovery (A) (B) ©

Nerve
cut\ e

Perineurium: \

Nerve cut—a \. -

/@
©

AL Growth

Epineurium cone

A

Macrophages
and axonal debris

CNS source

Pre-injury Post-recovery

CNS source

Fundamental Neuroscience Squire et al. 3 ed.

Nerve crushed



(A) Peripheral nervous system
Proximal to injury Distal to injury

Injury to
peripheral nerve |

Time

(B) Central nervous system
Proximal to injury Distal to injury
A A

Inhibitory factors
disrupt axon extension

Fundamental Neuroscience Squire et al. 3 ed.



By Gerd Kempermann*
and Abcam

Adult neurogenesi

Neurogenesis in the adult olfactory bulb

0000e®
\.

Differentiation Rostral
(neurite extension), migratory
selection and stream ~

survival, maturation Dentate gyrus

Olfactory bulb

Migration
("chain migration”)

—

At least two types of new
interneurons in the granular

. Acell
and periglomerular layer

Simplified sequence of marker expression
— @ —
GFAP  [EGFR,DIx

BLBP, (Pax6) DCX, PSA-NCAM, Ascl1 | Calretinin, (TH)
Nestin, Sox2 NeuN

Note: not all marker combinations are present in all cells.
Oligodendrocytic lineage

PDGFRa Olig2
-

C cell Progenitor cell division
(Expansion)
New neuron

[

B cell “Stem cell” division

Neurogenesis in the adult hippocampus

Progenitor
cell division
(Expansion)

Exit from

“Stem cell”  First synaptic
division input (tonic,
GABAergic,
excitatory)

Migration,

cell cycle

Differentiation
(neurite extension),
selection

and survival,
maturation

Period of low Lasting synaptic
threshold for |{ input (glutamatergic,
LTP induction excitatory)
and high

excitability to CA3

Simplified sequence of marker expression

GFAP
BLBP
Nestin, Sox2

Suggested readings (recent Review articles only):
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Ehninger D, G. is in the adult hi Cell
Tissue Res. 2008; 331(1):243-50. PMID: 17938969
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Wadiche LS. Adult neurogenesis, mental health, and mental iliness: hope
or hype? J Neurosci. 2008 12; 28(46):11785-91. PMID: 19005040

Fabel K, Kempermann G. Physical activity and the regulation of
neurogenesis in the adult and aging brain. Neuromolecular Med. 2008;
10(2):59-66. PMID: 18286387

Gould E. How widespread is adult neurogenesis in mammals? Nat Rev
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Tema 3
Estructura i funcié neuronal. Estructura de la neurona i la sinapsi. Transmissio sinaptica,

neurotransmissors i receptors: caracteritzacié farmacologica. Generacid de potencials
postsinaptics excitatoris (exemples de receptors del glutamat) i inhibitoris (exemples de
receptors de GABA). Amines biogéniques, ATP, neurotransmissors peptidics. Neurotransmissors
no convencionals: oxid nitric i endocannabinoides. Produccio, degradacio i recaptacio dels
neurotransmissors: potencial farmacologic. Les dues cares dels farmacs neuroactius: morfics,

analgesia i addiccid
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Estructura i funcié neuronal. Estructura de la neurona i la sinapsi

Soma neuronal (z. Recept.)
- Nucli
- Pericari

Ramificacions
- Dendrites (z. recept.)
Soma --->
Es ramifiquen i es fan més primes
- Ax6
Soma ---> (o dendr.)
Segment inicial = con axonic -->
branca principal -->
col-laterals axoniques -->
sinapsi

dend rnes

synapses -——

nucleus

Dt AXONS from
other neurons

cell bedy

axon hillock

terminal fibers

terminal button

Porcion efectora

Porcion receptora Porcion conductora
f : R
Aferencia
a través Efector
de axones (musculo esqueiético)
de otras
newonas SA
= Céluta de Schwann
Dendritas no mielinizante
\ > % Cuerpos
" del Nissl
il Cono axdnico Segmento
Rama colateral  inicial Nudo Céiula

Tdel axon ,del axén deRanrv-er

Direccion
del impuiso
nervioso

de Schwann

=




Tema 3

Estructura i funcié neuronal. Estructura de la neurona i la sinapsi

Morfologia neuronal

Criteris de classificacio

1) Morfologia de I'arbre dendritic i nombre de dendrites que ixen del soma

* Unipolars
* Pseudounipolars
* Bipolars
* Multipolars
2) Presencia d’espines dendrit.
* Espinoses
* No espinoses
* Poc espinoses
3) Longitud de I'axé
* Golgi | (llarg)
* Golgi Il (curt)

A Unipolar cell B Pseudo-unipolar cell

{ ~~ Dendrite “ — Central
” axon
7 1 Single
|— Aon / process
\
r*(d) —Cell
ﬂ body

I
' T to skin and
@ — Cell body " Muscle
nvertebrate neuron Dorsal root ganglion cell
andel, Schwartz, and Jessell, Figure 2-2

Peripheral axon

C Bipolar cell

¥y s y—Dendrites
'J

‘l
|

@—s::,

| — Axon

.1‘
< -_"L

Retinal bipolar cell

4) Morfologia de I'axé i zona de contacte amb cel-lula postsinaptica
* Neurones dels cistells (basket cells)
* Neurones canelobre (segment inic. d’axo)



Tema 3
Estructura i funcié neuronal. Estructura de la neurona i la sinapsi

Morfologia neuronal

Spmdleﬁ M
Shaped Cell

Pyramidal Cell
Infenor
Olivary
PDoub}e | Nucleus
yramida Neuron o nid Gell
Small Reticular
Large Cell Formation
of Spinal
Trigeminal
Nucleus
gma!l
Gelatinosa Cell NeUon F1oMm

Putamen of
Lentiform Nucleus

Granule Cell

Purkineje Cell

Globus Pallidus
Cell

Large
Reticular

Formationy




Tema 3
Estructura i funcié neuronal. Estructura de la neurona i la sinapsi

Morfologia neuronal

Component  Sensary Motor Local Promction Neuroandochng
Nauron neuron intemauron intarmeuron cell
o (o)
N
Capltary
Kandel, Schwartz, and Jessell, Figure 2.7




Tema 3

Ultraestructura neuronal

Soma
Nucli

* Gran, esferic o ovoide
* Eucromatina 111

* Nucleol (s) 1

* M nucl.: | porus N.




Tema 3

Ultraestructura neuronal

Soma

Citoplasma
*RER 11
--> Granuls de Nissl

* Rib. lliures

* Golgi 11 Proper a nucl.
De vegades en dendr. secundaries

* Mitoc. 11

* Lisosomes, cossos
multivesiculars, lipofuscina

* Microtub., microfilam.
i neurofilam. (f. intermedis)




Tema 3

Estructura i funcié neuronal. Estructura de la neurona i la sinapsi

s RPL A TN [
Ultraestructura neuronal "t e,
Soma

Citoplasma

*RER 11
--> Granuls de Nissl

* Rib. lliures

* Golgi 11 Proper a nucl.
De vegades en dendr. secundaries

* Mitoc. 11

* Lisosomes, cossos
multivesiculars, lipofuscina

* Microtub., microfilam.
i neurofilam. (f. intermedis)




Tema 3
Estructura i funcié neuronal. Estructura de la neurona i la sinapsi

Ultraestructura neuronal

Soma

Citoplasma
*RER 11
--> Granuls de Nissl

* Rib. lliures

* Golgi 11 Proper a nucl.
De vegades en dendr. secundaries

* Mitoc. 11

* Lisosomes, cossos
multivesiculars, lipofuscina

* Microtub., microfilam.
i neurofilam. (f. intermedis)




Tema 3

Ultraestructura neuronal

Soma

Citoplasma
*RER 11
--> Granuls de Nissl

* Rib. lliures ,.' ; GRS T N DS

Sl

e

* Golgi 11 Proper a nucl.
De vegades en dendr. secundaries

* Mitoc. 11

* Lisosomes, cossos
multivesiculars, lipofuscina

* Microtub., microfilam.
i neurofilam. (f. intermedis)




Tema 3
Estructura i funcié neuronal. Estructura de la neurona i la sinapsi

Ultraestructura neuronal
Dendrites
Espines dendritiques

* Cap + coll
* Neurones espinoses / no esp.

* Majoria d’espines: 1 contacte
* Xarxa d’actina en cap (forma)

* Cisternes membranoses
= aparell de I'espina:
REL: acumulacié de Ca2*??

* Cossos multivesiculats
i vesicules cobertes
(reciclatge de receptors de MP)

* Ribosomes --> sint. prot. in situ




Tema 3
Estructura i funcioé neuronal. Estructura de la neurona i la sinapsi

Ultraestructura neuronal

Axo

* No hi ha ribosomes

* Citosquelet: microtub. extrem + al soma,
extrem menys al terminal axonic.

* Cisternes membranoses.

* Mitocondris




Tema 3
Estructura i funcié neuronal. Estructura de la neurona i la sinapsi
Ultraestructura neuronal

AXx0 3 parts
# Segment inicial

* 3 Rib. ni Golgi
* Microtub. i neurofilam.
* Mitoc.

* Lamina submembranosa

/ Beina de mielina

* Contactes sinaptics

(axoaxonics: n. canelobre)

# Segment intermedi

* Sovint mielinitzat

* Mitoc. (crestes longitudinals)

* REL

* Cossos multivesiculats

* Feixos de neurofilam. i microtub.

# Segment distal

* No d mielina

* Vesicules sinaptiques

* Vesic. recobertes (endocitosi: reciclatge)
* Ramificacions (botons presinaptics)
* Zones actives --> exocitosi de vesic.
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Estructura i funcié neuronal. Estructura de la neurona i la sinapsi

Ultraestructura neuronal
Sinapsi

* Unid funcional: 2 neurones / 1 neur.: 1 cel-l. musc.
# Quimiques

- Element presinaptic (vesic.)
- Element postsinaptic

- Fenedura |
*Tipus | |
- Axodendritica | |
- Axosomat. plasma membrane
_ Axoaxd. // / \\\ of axon ending
- - Dendrodendrit. /”" / N
- Somatodendrit. / ...// synaptic \ Y plasig

[ vesicles membrane of
- Somatoaxo. .. i __\\‘;;;..,‘ postsynaptic
- Dendrosomat. | EEE ) &R | cell
- Somatosomat. "
# Electriques - __ an, 200 -1@ 0a - synaptic cleft
* Unions en GAP. P o S St o p

neurotransmitter receptors
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Estructura i funcié neuronal. Estructura de la neurona i la sinapsi

Ultraestructura neuronal

Contactes sinaptics

Per morfologia:

* Tipus 1 --> asimetriques:
densitat en elt. postsinaptic
Axoespinosa

* Tipus 2 --> simeétriques:
No dens. sinapt.

Axosomat.

Vesicules sinaptiques

a) Centre clar

* Esferiques grans (ACh, Glu) +

* Esferiques menudes (GABA, Gly) -
* Ovals|

b) Granulars

* Nucli dens (pept. i catecolamines)




Tema 3
Transmissio sinaptica, neurotransmissors i receptors: caracteritzacio farmacologica. Generacio

de potencials postsinaptics excitatoris (exemples de receptors del glutamat) i inhibitoris
(exemples de receptors de GABA)

*Galé: “Els humors viatgen des del cervell fins als musculs a través dels nervis buits”

* El descobriment de I'electricitat va ser necessari per a entendre la transmissié nerviosa:

v’ Aplicacié d’estimuls eléctrics a nervis i musculs

v’ La conduccioé d’informacié a través de I'axé era deguda a la generacié activa d’un canvi de potencial
denominat potencial d’accié.

v/ Quina era la natura d’aquest potencial d’accié?

v’ Ax6 gegant del calamar: 0.55 mm diametre (Hodgkin i Huxley, 1939).

v’ Els axons en repos estan polaritzats: Pot en repds -60 mV int. vs ext.

v/ Quan existeix un potencial d’accid, el potencial de repos es perd-> >0 mV

v’ Potencial de repos en neurones normals semblant al d’axé gegant

(B) (C) (D) (E)

- e ———

Membrane potential 3
(mV)

0 2 + 6 § 0 10 20 30 40 0 50 100 130
[ime {ms)

A) The phases of an action potential of the squid giant axon. (B) Action potential recorded from a myelinated axon of a frog motor neuron. (C) Action potential recorded from the cell body of

a frog motor neuron. The action potential is smaller and the undershoot prolonged in comparison to the action potential recorded from the axon of this same neuron (B). (D) Action potential

recorded from the cell body of a neuron from the inferior olive of a guinea pig. This action potential has a pronounced plateau during its falling phase. (E) Action potential recorded from the
cell body of a Purkinje neuron in the cerebellum of a guinea pig. Purves et al. Neuroscience’ 4 ed.
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(<€)

Squid giant axon = 800 um diameter

Giant axon

1) —Stellate
Lot nerve

Smaller axons

Mammalian axon = 2 um diameter

v

Purves et al. Neuroscience, 4 ed.



EL POTENCIAL DE MEMBRANA

* El potencial de membrana és generat per la distribucié diferencial d’ions
+A través de bombes ioniques i mecanismes de tamponament d’ions

+K+ activament concentrat a la cel-lula

+Na+, Cl+, i Ca2+ activament alliberats a |'exterior

+ Pero osmolaritat semblant a la de I‘exterior

Concentr. (mM)
ION TRANSPORTERS = ° ION CHANNEL e
o °® e}
e Uy Mikns o?® .. e® e Twigmusee ka lon Intracel. |Extracel.
o o o o
L .
Squid neuron
o
Potassium (K*) 400 20
Sodium (Na*) 50 440
Inside
£ ® o A\ Chloride (CI) 40-150 (560
- lon transported lon diffuses
binds across membrane ® through channel Calcium (Ca?*) 1 10
lon transporters Ion channels
—Actively move ions against —Allow ions to diffuse down Mammal. neuron
concentration gradient concentration gradient
—Create ion concentration —Cause selective permeability
gradients to certain ions Potassium (K*) 140 5

Sodium (Na*) 5-15 145
Chloride (ClI) 4-30 110
Calcium (Ca#) 1 1-2

1 i . ) ) .
*h%tp://www.anauer.com/neurosuence4e/an|mat|on52.1.htm| Purves et al. Neuroscience, 4 ed.




EL POTENCIAL DE MEMBRANA
® Forces electriques i termodinamiques determinen la distribucié passiva d'ions
* El moviment d'ions pot causar hiperpolaritzacié o despolaritzacio

K+ L «
o+ CI”
Na+ PR s Na+

+ +
Inside Outside
cell cell

*Potencial d’equilibri a neurones de mamifers:

++56mV per a Na+

+-76mV per a Cl-

++125mV per a Ca2+

Si aguests canals s’obrin, la membrana tendeix a arribar a aqueixos valors de potencial de M.



EL POTENCIAL DE MEMBRANA

®* Na+, K+, y Cl- contribueixen a la determinacié del potencial de M en repos

Si la M sols fora permeable a un id i no existiren bombes ioniques, el pot. de M seria necessariament el
potencial d’equilibri d’aqueix id.

Ex.: Al'axd gegant, la M és permeable en repos a K+, Cl- i Na+ (existeixen canals oberts en repo0s). Per tant, el
pot. en repos esta entre el que defineixen els tres ions. --> Equacio de Goldman, Hodgkin, Katz.

The GHK voltage equation for N monovalent positive ionic species and M negative:
N M 44—
E RT 1 D PM;-* [*‘”ﬂout + Zj ]DA_,-_ [‘_lj Jin
m — = 11 N 7 _
' Z;\ PM;* (M i + Z;I PA; [45 Jout

F
This results in the following if we consider a membrane separating two KxNa; - xCl-solutions:
Bk, Nay o1 = RT In (PNa+ [A’rfl-*_]out + P+ [I§’+]out + Por- [Cl_]in>
e F Pyat [Na*|in + Pr+ [K|in + Por- [CU [out
It is "Nernst-like" but has a term for each permeant ion. The Nernst equation can be considered a special case of the Goldman equat
for only one ion:

RT Pra+ [Nat]out RT [Nat]out
EmNa=—1n - = —In | —/—7F—
~ F Pna+[Nat]in F [Na*]in

mEm = The membrane potential (in volts, equivalent to joules per coulomb)

mPi.» = the permeability for that ion (in meters per second)

m[ion]ou = the extracellular concentration of that ion (in moles per cubic meter, to match the other Sl units)

m[ion]in = the intracellular concentration of that ion (in moles per cubic meter)

mR = The ideal gas constant (joules per kelvin per mole)

m1 = The temperature in kelvins

mF = Faraday's constant (coulombs per mole)

The first term, before the parenthesis, can be reduced to 61.5 mV for calculations at human body temperature (37 °C)




EL POTENCIAL DE MEMBRANA

* Diferents tipus neuronals tenen diferents potencials de repos
Alguns no en tenen; constantment estan disparant potencials d’accio.
Ex.: Cons i bastonets Pot. repos -40mV i s’hiperpolaritzen per llum.
Ex.: Neurones piramidals d’escorca visual Pot. repos -75mV

Aquests potencials de repos estan ben regulats i sén molt importants per al funcionament de neurones.

® Les bombes ioniques mantenen activament gradients ionics
* K+

La bomba Na+/K+ esta estimulada per I'elevada [Na+] intracel-lular.
Necessita ATP per al seu funcionament.

3Na+

Per tant, és hiperpolaritzant = electrogena



* Ca2+

Existeixen mecanismes intracel. de tamponament (CaBP)
Bomba Ca2+/Mg2+ treu Ca2+ de cél-lula

Bomba Na+/Ca2+ treu Ca2+ de cel-lula

Dependents de gradient de Ca2+

*Cl-
bomba CIl-/HCO3-

1 Cl-

% El pH també es troba regulat por bombes Na+/H+

ATPase PUMPS ION EXCHANGERS
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» lon Distribution Across the Neural Membrane




EL POTENCIAL D'ACCIO

Un increment en les conductancies de Na+ i K+ genera els potencials d’accid.

>

Voltaje de membrana (mV)

w

2z
e

brana (mV)

'~
i

VOltaJe de mem

c
Pico e
400c ¢ o o » n e oeoeoeow
o
(3]
x
Q
&
(8] J - = . - = D - O - = - = =
€
P 2 3
¥ 2
@ [
P 2
55 Umbral Inicios | ®
: fallidos
.70 / Potencial de reposo
Estimulo e refractaria

L2 3 4 5
Tiempo {ms)
Potencial de accion (esquematico)

Fase ascendente
a}uﬁpUBDSap ases]

Umbral
Estﬁ-ulo A
insuficiente Potencial de reposo
.|‘. A A A . ':J ' A . ' ‘33
Tiempo (ms)

Potencial de accion {real)

+http://www.sinauer.com/neuroscienced4e/animations2.3.html
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EL POTENCIAL D’ACCIO
Un increment en les conductancies de Na+ i K+ genera els potencials d’accid.

TTX

More Sodium Channels

Open
Sodium Channels
Close .
Sodium Channels Potassium Channels
Open Open
\ Potassium Channels
Close
+30 mV¥Y-
0 mV -

-70 mV | L

Time [ms) | |

1 ms

25



EL POTENCIAL D’ACCIO

(A)

Current

........................................................................

Potential
recording
(B) electrodes

Record Record

- 0
B *
EEE -%0 = e ; ||
0 2 468 0 2 4 68 02 4 68 02 4 68 02 4 6 8 02 4 68 02 4 6 8
ms ms ms ms ms ms ms

Purves et al. Neuroscience, 4 ed.
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EL POTENCIAL D'ACCIO

Na' channels locally open in Some depolarizing current
response to stimulus, generating passively flows down axon
an action potential here

=17
Point A Point B Point C
Local depolarization causes neighboring
Na' channels to open and generates an
. action potential here
s K
Lidmi

Upstream Na™ channels mactivate, while
K* channels open. Membrane potential
repolarizes and axon 1s refractory here

The process is repeated, propagating
the action potential along the axon

Point A Point B Point ©

27 27 .
Purves et al. Neuroscience, 4 ed.



EL POTENCIAL D'ACCIO
% Conduccid saltatoria

(A) Myelinated axon

Noxde of Oligodendrocyte

=l

28 .
Purves et al. Neuroscience, 4 ed.



EL POTENCIAL D'ACCIO
% Conduccid saltatoria / Esclerosi multiple

29
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EL POTENCIAL D'ACCIO
Canals ionics

VOLTAGE-GATED CHANNELS LIGAND-GATED CHA

30 .
Purves et al. Neuroscience, 4 ed.



EL POTENCIAL D'ACCIO
% Canals idnics / transportadors actius

ATPase PUMPS ION EXCHANGERS

Purves et al. Neuroscience, 4 ed.

http://www.sinauer.com/neuroscienced4e/animations4.2.html
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Transmissio de senyal a sinapsis quimiques

Tr itter is synthesized
and then stored in vesicles

] Retrieval of vesicular
membrane from plasma [T
membrane

An action potential invades
the presynaptic terminal

& Depolarization of presvnaptic

Postsynaptic current causes
excitatory or inlubitory
postsynaptic potential that
changes the excitability of
the postsynaptic cell

32

f

Opening or closing of
postsynaptic channels

terminal causes c?emng
voltage-gated Ca®’ channels

through channels

&l Ca' causes vesicles to fuse
with presynaptic membrane

[J Transmitter is released
into synaptic cleft via

@ Transmitter binds to
receptor molecules in
postsynaptic membrane

Purves et al. Neuroscience, 4 ed.



Neurotransmissors
Criteris que defineixen un neurotransmissor

(1

”2 Neurotransmitter | el Neurotransmitter
receptors activated

+ de 100 neurotransmissors

‘/ Molécules: efecte rapid, activitat poc freqiient

J Neuropeptids: efecte lent = neuromodulador, activitat molt freqient
v 1 neurona més d’1 neurotransmissor, cotransmissors

33 .
Purves et al. Neuroscience, 4 ed.



(A)
Stimulate
axon

Control de concentracié de neurotransmissor a la fenedura sinaptica
Regulacio de:

v Sintesi posams
v Empaquetament
v’ Alliberament

v’ Degradacié/neteja

Muscle cell

(B) Stimulate
v Reca ptacio . motor axon
g
%
. g =
Ej. 5HT H -
£Z
. - 7 . . . \ . . 8
Potencial de accid indueix I'alliberament quantic de neurotransmissor a - 2 4 6
pe .7 s « N . Time (ms)
través de la fusid de vesicules sinaptiques :
<)
5~
(A) ®) e
s A0 < . - 2.2
6000 (R £z
ABEbh £E
5000 55 s g . E
ARl _ULW“WWAg Time (ms)
(D) Stimulate

Number of vesicles fusing
S
=

motor axon
t
1mV
= ——

0 20 40 60 80 100
Time (ms)

0 ;
0 1000 2000 3000 4000 3000 6000
Number of quanta released

Postsynaptic membrane
potential {mV)

Purves et al. Neuroscience, 4 ed.



Reciclatge local de neurotransmissors

(A) (B) () (D)
Wash away
extracellular HRP;
Briefly > wait 5 minutes - 1 hour later
stimulate

presvnaptic
terminal, &

&l Endosome

4 Coated pits and
contains HRP

% coated vesicles

contain HRP

FY Synaptic vesicles
contain HRP

Horseradish peroxidase (HRP)

(E)

35 .
Purves et al. Neuroscience, 4 ed.



Mecanismes moleculars de la secrecid de neurotransmissors

: Ca®*-binding proteins : Proteins that form channels, transporters, or receptors
- SNARE-associated proteins |:| GTP-binding proteins
| Proteins involved in endocytosis [ Miscellaneous important proteins

Ca?t fCaM-

dependent protein

kinase I1

Synaptic Synaptic vesicle
vesicle membrane

Synap;otagmin

& \ SJ Synaphophvsm
ynaptobnevm

i
/%//”'Nn il \M\/
/\2/ “HI\“ 7

. oisaa .
Purves et al. Neuroscience, 4 ed.



Mecanismes moleculars de la secrecid de neurotransmissors

(A) (B) (1) Vesicle docks

<)

(3) Entering Ca®* binds to synaptotagmin

@) Caz;-ﬂl:oumd ynaptotagmin cataly
me: rane on

37 .
Purves et al. Neuroscience, 4 ed.



Potencials postsinaptics inhibidors i excitadors
EPSP i IPSP

A C D
ENaﬁO“ (B) (©) (D)

Suma de potencials

— 4
Excitatory (E1)

Inhibitory (1)

Excitatory (E2)
Cell

B)

&

Postsynaptic membrane
potential (mV)
8

|
5

|
g

38

Purves et al. Neuroscience, 4 ed.

Time (ms) ——
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Receptors postsinaptics

v lonotropics: canals dependents de lligam
Efectes rapids: mseg (Ex. ACh a unié neuromuscular)

v Receptors acoblats a proteines G: metabotropics
Efectes lents: centenars de mseg-min

(A) Ligand-gated ion channels (B) G-protein~coupled receptors

1§ Neurotransmitter
binds

Neurotransmitter |
binds :

G-protein is
activated

[ ]
lons flow
across membrane

T G-protemn subunits or

intracellular messengers
modulate ion channels

Purves et al. Neuroscience, 4 ed.



Els neurotransmissors i els seus receptors

Neurotransmitter Postsynaptic effect2 Precursor(s) Rate-limiting step in Removal mechanism Type of vesicle
synthesis
ACh Excitatory Choline + acetyl CoA CAT AChEase Small, clear
Glutamate Excitatory Glutamine Glutaminase Transporters Small, clear
GABA Inhibitory Glutamate GAD Transporters Small, clear
Glycine Inhibitory Serine Phosphoserine Transporters Small, clear
Catecholamines Excitatory Tyrosine Tyrosine hydroxylase Transporters, MAO, Small dense-core, or
(epinephrine, COMT large irregular dense-
norepinephrine, core
dopamine)
Serotonin (5-HT) Excitatory Tryptophan Tryptophan hydroxylase |Transporters, MAO Large, dense-core
Histamine Excitatory Histidine Histidine decarboxylase [Transporters Large, dense-core
ATP Excitatory ADP Mitochondrial oxidative [Hydrolysis to AMP and  |Small, clear
phosphorylation; adenosine
glycolysis
Neuropeptides Excitatory and inhibitory [Amino acids (protein Synthesis and transport |Proteases Large, dense-core
synthesis)
Endocannabinoids Inhibit inhibition Membrane lipids Enzymatic modification |Hydrolisis by FAAH None
of lipids
Nitric Oxide Excitatory and inhibitory [Arginine Nitirc oxid synthase Spontaneous oxidation |None

40



A S T

Receptor Class] [GABAGR® D1, =~ o | HI 5HT1 Atype M1
subtype o2 5-HT2 M2
5-HT3
5-HT 4
5-HT 5
5-HT6
5-HT7

Purves et al. Neuroscience, 4 ed.



Acetilcolina
Distribucio

major cholinergic projections

maceus

Bazads

padunculopontiner ™
maieus

Nucleus basalis projects to the neocortex
PPN projects to the thalamus

ACETYLCHOLINE
Neocortex
‘ 3-

Cranial
Motoneurons

Spinal
Mgotoneurons

Autonomic
Preganglionics

tegmental nuclei
0 Neocortex
| S =
—

Cingulate Gyrus

Tectum Olfactory
‘ Hippocampus, bulb
Medial Q
- ! habernula —
- -~y
Locus 4 Thalamus %
coeruleus™ : 3>
Vestibular ”:T;‘::“a‘ i odels
a8
M‘-’:‘U"lafy "U‘Cy letoral midsagittal
reticular
formation Pontine Iypothalamus septum
Raphe nuclei reticular caudate nucleus,
nucleus puatmen, and

formation v
basalis nucleus accumbens

l A midsagittal view of cholinergic
pathways in the rat brain.

caudate

nucleus
N

/
cerebral
cortex

AN
nucleus of
meynert

amygdala

%

hippocampus
thalamus PP P

brainstem
nuclei




Acetilcolina
Sintesi

Presynaptic
terminal

Purves et al. Neuroscience, 4 ed.

Farmacologia
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CREB CaMKII /
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Receptor Class] [GABAGR® D1, =~ o | HI 5HT1 Atype M1
subtype o2 5-HT2 M2
5-HT3
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Benzodiazepine

subunit
Channel
pore
Barbiturates
PRS- Steroids
Picrotoxin

composition:
ClI*  al,a2ad.ad,af.af BLAZAYL YLY2¥3 & & =

a High [CI]; (immature)
Depolarization

b Low [CIT]; (mature)
Hyperpolarization

GABAA NKCC1 GABAA Nat/K*+
2CI NKCC1
2Cr
ﬁ
Development
082'
Excitatory Inhibitory
Net Ci- accumulation @ Net CI- extrution
from Ec; = RMP clery=7mm  from Egy = RMP

e
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Amines biogéniques
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Amines biogéniques (A) Dopamine
Dopamina

Corpus callosum

Cerebral

Medulla

“'Purves et al. Neuroscience, 4 ed.

cord

» Schematic Midsagittal Section of a Rat Brain, Showing the Locations
of the Most Important Groups of Dopaminergic Neurons and the
Distribution of Their Axons and Terminal Buttons
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Nucleus ,
accumbens

Mesolimbic and
mesocortical systems

tegmental
area /

Nigrostriatal system



Amines biogéniques
Dopamina

http://www.sinauer.com/neuroscience4e/animations6.3.html
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Sustancia negra

Seccion de corte de
la parte media del
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New step in Parkinson’s treatment

Preliminary evidence suggests that an experimental gene therapy
procedure could ease Parkinson’s symptoms with no side effects.

Treatment /[ . Atube about the width of a hair is threaded
procedure through the brain to one of two subthalamic nuclei ,
" where an engineered virus is injected. \ §,\
/ Thaiamus l,/ virgs | Thevirus enters a brain —A\\
: Vool cell and delivers a gene ; ~ e
9 . ©  that prompts the cell pig neurons." ventricle
{ | r— to create a substance
. ¥ called glutamic acid
\ Brain cel decarboxylase — 5 caudat

or GAD. striatumqSiitame

Subthaiamic
nucleus /
\ / it GAD gene

P ~ ° globus pallidus

] o
GAD promotes the creation of a chemical GAOBA 5
called GABA, an inhibitor that quiets excessive substanti
neural activity associated with Parkinson’s. CROSS SECTION nigra
SOURCE: NewYork-Presbytenan Hospital-Wei! Comell Medical Center AP

I Tuning Parkinsonian circuitry with light | @

@ Blue light is pulsed,
exciting activity in neurons
{green & purple structures)
in STN & cortex

Loss of dopaminergic input to striatum

striatum

l Disregulated output to globus pallidus

l transplantation of
pig neurons

Restoration of dopaminergic input to striatur]

l Normalized output to globus pallidus

-




Amines biogéniques
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Amines biogéniques
Dopamina/esquizofrénia

to basal ganglia to striatum
Dopamine theory — e
The dopamine (DA) theory was proposed in 1965 .
(Merzer & Stahl 1976), and is supported by a good Haldol
eal of indirect evidence. The best evidence comes —
from pharmacological observations in man and HALOPERIDOL
experimental animals. WPy
Amphetamine releases DA in the brain, and can produce 2 mg per ml
in man a behavioral syndrome indistinguishable from —
an acute schizophrenic episode — very familiar to ~———
doctors who treat drug-users. —————
frontal In animals DA release causes a specific pattern of ':.'23_.’}"..‘.‘.’
cortex stereotyped behavior, which resembles the repetitive e ——
behaviors often seen in schizophrenic patient. _
mesolimbic Potent D2- receptor agonists (e.g. apomorphine and
system bromcriptine produce similar effects in animals, and

these drugs, like amphetamine, exacerbate the

. tubero- symptoms of schizophrenic patients.
posterior infundibular =
hypothalamus system

ventral

tegmental
area Thalsmus
substantia Pratroreal
nigra conex
Nuckaus

 accumbens

The image above shows regions of the brain involved in learning and memory. People with schizophrenia have fewer and more poorly functioning nicotinic receptors in some of these regions, especially the hippocampus,
cortex, and cells that wrap the thalamus. Research indicates that nicotine may improve cognitive and sensory deficits of schizophrenia by increasing deficient levels of the chemical dopamine in areas of the brain like the
nucleus accumbens and prefrontal cortex.



Amines biogéniques ) Noeepinephrine Corpus callosum

Norepinefrina Cercbral o A
Son/vigilia j )
Atencio | % ({ ;i
Comportament alimentari \'F ;

!
Neurones ganglionars del sistema simpatic l

&

~\\ I Cerebellum
Pons \\]\ To -_-Pin(l]

Medulla cord

Sistema motor visceral
http://www.sinauer.com/neuroscience4e/animations6.4.html

Adrenalin,
Noradrenalin

N e o
Reuptake Inhibition: — \
Norepinephrine

Norepinephrine Neuron Postsynaptic Neuron G G, G,

-0

<
e |
. .

Smooth muscle Inhibition of Smooth Heart muscle
contraction transmitter muscle contraction,
release contraction smooth muscle
relaxation,

glycogenolysis

Epinefrina
Escasses neurones en SNC
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Amines biogéniques ( ~

. . FIGURE 4. f
FIGURE 5.
Histamina ; ;
Produc.hon and degradation of Histamine receptors
(C) Histamine X hlstamme
" (.nr}\us callosum histamine glutamate
o A B reuron etron
Cerebral Histamine is Produced Histamine Action is Terminated

H3 autoreceptor,

@<

‘Nkllnv.y'\ne'; receptor NMD‘A moum:mv
recoptor
Cerebellum N-MIAA=N-methyl indole acetic acid; E=enzyme; MAQ-B=monoamine
Tuberomammillary Pons \\3\Tu spinal oxidase B; HA=histamine; Me=methyl; HIS=histidine; HDC=histidine decar- H=histamine; glu=glutamate; HA=histamine; NMDA=N-methyl-o-aspartate.
nucleus of hypothalamus Medulla T boxylase; NMT=N-methyltransferase.

L Stahl SM. CNS Spectr. Vol 13, No 12. 2008.

L Stahl SM. CNS Spectr. Vol 13, No 12. 2008.

Purves et al. Neuroscience, 4 ed.

\

[ FIGURE 3. Direct Histamine Actions in Arousal

Arousal spectrum of sleep and wake-

fulness Histamine H, Receptors
\ 4

Histamine H, and H,
Receptors

LH = lateral hypothalamus

TMN = tuberomammillary nucleus

deficient arousal oxcossive arousal VLPO = ventrolateral preoptic nucleus

LDT/PPT = laterodorsal/peduncolopontine tegmental nuclei
DRN = dorsal raphe nucleus

HA=histamine; DA=dopamine; ACh=acetylcholine; 5-HT=serotonin; LC = locus coeruleus

NE=norepinephrine. Mo

Stahl SM. CNS Spectr. Vol 13, No 12. 2008.




Amines biogéniques
Histamina

FIGURE 1.
Cortical Arousal

Alpha 1 receptors
H, receptors

S5HT,.c receptors

T=thalamus; Hy=hypothalamus; ACh=acetylcholine; HA=histamine; BF=basal
forebrain; NE=norepinephrine; 5-HT=serotonin; M=muscarinic; H=histamine.

Stahl SM. CNS Spectr. Vol 13, No 12. 2008.

FIGURE 2.
Sleep-promoting GABA system

GABA=[]-aminobutyric acid; Hy=hypothalamus; BF=basal fore-
brain; LDT=laterodorsal tegmental; PPT=peduncolopontine tegmental;
TMN=tuberomamillary nucleus; VLPO=ventrolateral preoptic nucleus;
LC=locus coeruleus; DRN=dorsal raphe nucleus.

Stahl SM. CNS Spectr. Vol 13, No 12. 2008.
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Amines biogéniques
Serotonina
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Amines biogéniques
Serotonina/depressio
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Amines biogéniques
Serotonina/depressio

FIGURE 1.
Incidence of depression in women across

the lifecycle’
Percentage of
Estrogen

Production

ot
o
o T T T T T T T T T T
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Age of Onset (years)

*As estrogen levels nse S0 does the risk of depression. When estrogen
e risk of dspmsslon is also

levels fall in conj
reduced. During childbearing vears, the risk of depression is 2-3 times

higher than in men of the same age.®
Stahl SM Sex speclﬁc and sexua| function-related psychopharmacol-
logy. 2nd ed. New York, NY: Cambridge

ogy. In: E:
University Press; 200053956&
Wise DD, Felker A, Stahl SM. CNS Spectr. Vol 13, No 8. 2008.

FIGURE 3.

The risk of depressive symptoms in
women is affected by several occur-
rences: puberty, menstrual cycles, post-
partum period, and perimenopause’

Menstrual
pMs Magaficaton
Greatest

=\ 7] T /

Estrogen

-

51100

Bath  Puberty P Pestpartum P
Agefywarsl  10-M4 18-40 3755
means51
* Puberty may be associated with first episodes of depression in women,
whereas the greatest risk of depression may occur during postpartum

period and perimenopause.?
PMS=premenstrual syndrome; ERT=estrogen-replacement therapy.

Stahl SM. Sex-specific and sexual function-related psychopharmacol-

FIGURE 4.

(A) Estrogen binds to estrogen receptors,
modulating gene expression. Unlike neu-
rotransmitter receptors, estrogen recep-
tors are located in the neuronal cell nucle-
us. Thus, the receptor is near the gene.

FIGURE 7.

Estrogen exerts generally positive effects
on serotonergic raphe neurons and on
their cortical postsynaptic targets’

Estrogen increases

(B) Estradiol activation of genes requires
dimerization to initiate transcription. (C)
Gene products expressed by this process 3
ulating proteins Serotonin serotonin synthesis
Neuron

include monoamine-
and brain-derived neurotrophic factor®

~
Estrogen

Estrogen response receptor
element (gene) ~
Estradiol

Estrogen
receptor

Cell nucleus

Estrogen response
element (gane)
wo estrogen receptors

bmd together and form
an activated
Cc

Geneis expressed

,_

Estrogen
increases

3 firing
Estrogen
downregulates
5-HT,A autoreceptors {

{removes inhibition)

Estrogen upregulates
5-HT,4 receptors
enhances cognmon
Cortical
receptive
synapse

* TpH is the key synthetic enzyme for 5-HT.

TpH=tryptophan hydroxylase; 5-HT=serotonin
Wise DD, Felker A, Stahl SM. CNS Spectr. Vol 13, No 8. 2008.

E,=estradiol.
Stahl SM Sex-specaf c and sexual f jon-related psy
fogy. 2nd ed. New York

NY: Cambndga

ogy. In:
University Press; zooo 539-568.

ogy. In: Es.sential Psychopharmacology. 2nd ed. New York, NY: Cambridge
University Press; 2000:539-568.
Wise DD, Felker A, Stahl SM. CNS Spectr. Vol 13, No 8. 2008

Wise DD, Felker A, Stahl SM. CNS Spectr. Vol 13, No 8. 2008.
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Serotonina/depressio
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Source: Katzung BG, Masters SB, Trevor AJ: 8asic & Clinics! Pharmmacology,
21th Edition: http:ffwww,.accessme dicine.com
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ATP i altres purines
Aplicacio extracel-lular d’ATP (o AMP i adenosina) a neurones --> resposta eléctrica

PURINES

NH,
N

ATP / \N

o o o |

o0 A

‘—lI’—O—li’—O—ll’—O—CHz O N N
o o O
H H .
OH OH Purves et al. Neuroscience, 4 ed.

ATP neurotransmissor a motoneurones de m. espinal i ganglis sensorials i autbnoms
CNS: algunes neurones HC

NO neurotransmissor classic: no en vesic. sinapt., exocitosi no induida per Ca2+
Generat per ATP a partir d’enzims extracel-lulars =

Receptor ~AMPA  NMDA  Kainate GABA  Glyeine nACh

Subunits GluRlI | NR1  GluR5 o 4

al o 4
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2+ 7 e
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P13
(B)
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A subtype iR ICABARRS Dl 2 H2 5-HT2 Al M2
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Neurotransmissors peptidics

Sintesi, empaquetament i alliberament diferents a molécules menudes

Prepropéptids

Poden produir més d’un péptid actiu

Neuropéptids: generalment s’alliberen juntament amb neurotransmissors menuts. Sinapsis
peptidérgiques: senyals complexos

Destruits per peptidases a part extracel-lular MP

1) péptids cervell/digestius, 2) opioides, 3) pituitaris, 4) hormones secretades per hipotalem, 5) altres

(A)

Signal
peptide Pre-proopiomelanocortin
Pre-propeptide
Proopiomelanocortin ‘
Propeptide
ACTH B-lipotropin
Active peptide QD CEEIIIINENED
ylipotropin - Brendorphin
Active peptides CEIIIIED D
(B) Signal
peptide Pre-proenkephalin A
Pre-propeptide (I | — »
Proenkephalin A *
Propeptide [T 1] 1] || D
Adivepeptides @@ @ @ @ o
— Met-enkephalin

Met-enkephalin  Leu-enkephalin

Purves et al. Neuroscience, 4 ed.



Neurotransmissors peptidics

Sintesi, empaquetament i alliberament diferents a molécules menudes

Prepropéptids

Poden produir més d’'un péptid actiu

Neuropéptids: generalment s’alliberen juntament amb neurotransmissors menuts. Sinapsis
peptidérgiques: senyals complexos

Destruits per peptidases a part extracel-lular MP

1) péptids cervell/digestius, 2) opioides, 3) pituitaris, 4) hormones secretades per hipotalem, 5) altre:

Leucine enkephalin mo@
Methionine enkephalin m@c‘:
a-Endorphin (PO ODOODDODOOD
B-Endorphin  @QEXNDCECEWDEOEEEDLD D Val, Thr Phel Lys Asn AiaLile SVal Lys Asn fla) His Lys, Ely 6in

Substance P ((GEOEDEOENE “4;:@@:.
Somatostatin-14 (OEDEDED Asn
Thyrotropin releasing
hormone (TRH) W

Leutinizing hormone-

releasing hormone (LHRH) @GN EQGN D) @® Hydrophobic
Angiotensin-ll (PODOOODD @ Polar, uncharged
. Acidic
Oxvtocin GG DCRED @D

Cholecystokinin W
octapeptide (CCK-8) DO d

Amino ac '.l,l I,Tl‘l":,'\‘.'t’.k' -]

Vacnactive inte =
i sn'n;‘.l mc Thr Asp, Asa, Tyr, Thr Arg Jbeul Arg] Lys, Gin MeB MatVall Lys, Lys, Tyr JLewl Asn; Ser} e JLeul Asn
peptide (VIP)
ANCTTTSRI SRS Ty 1Pro Ser_Lys IProLAsp, Asn.Pro) Gly  GluyAsp) AlayProLAlay Giu AspiLeut Ala) Arg. Tyr | Tyr \Ser (s Leu Arg, His  Tyr Il Asn\Lew lie) Thr Arg. Gin Arg. Tyr

Neurotensin OEOUDENEEDGEOUAE DD
Bombesin (BBS-14)  (DEDEDOEOEIEENOEENDTEN

Purves et al. Neuroscience, 4 ed.



Neurotransmissors peptidics

Substancia P
cervell/digestiu

Distal Colon
Circular Longitudinal
— Muscle \ Muscle
Inferior
Mesenteric
Ganglion
Colonic
=LA

La.L3.lg




Neurotransmissors peptidics

Opioides
IName Amino acid sequence®
Per iva histori
© SpeCt a historica ILeucine—enkephaIin Tyr-Gly-Gly-Phe-Leu-OH
iaci IMethionine-enke halin Tyr-Gly-Gly-Phe-Met-OH
Opiacis B ooy fentanyl
lB—Endorphin Tyr-Gly-Gly-Phe-Met-Thr-Ser-Glu-Lys-Ser-GIn- /N
Opioides sintétics CH.CH.C
Thr-Pro-Leu-Val-Thr-Leu-Phe-Lys-Asn-Ala-lle- H) N
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Neurotransmissors no convencionals
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nNOS Signaling at Neuronal Synapses
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Astroglia

- Cel. = astrocits

- Cel. estrellades

- Moltes ramificacions

- Peus perivasculars

- MGLS

* Astrocits fibrosos

--> Substancia blanca
Branques llargues rectes
i llises

* Astrocits protoplasmics
--> Substancia gris
Prolongacions radials
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+ grosses
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GFAP
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Glutamina-sintasa
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Transformacioé de glia radial en diferents tipus de formes astrocitaries
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Ultraestructura d’astrocits
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Funcions d’astrocits
- Suport estructural: citosq. 1 (glia rad.)
- Reparacid i neteja

- Aillament d’elements mesodermics

- Recobriment de superf. no recept.

- Metabolisme de neurotransm.

- Homeostasi del K+
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Funcions d’astrocits

- Suport estructural: citosq. 1 (glia rad.)
- Reparacid i neteja

- Aillament d’elements mesodérmics

- Recobriment de superf. no recept.

- Metabolisme de neurotransm.

- Homeostasi del K+
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New roles for astrocytes: The nightlife
of an “astrocyte’. La vida loca!

Philip J. Horner' and Theo D. Palmer?®
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Oligodendroglia

* Formacio de beines de mielina
* Clars--> Intermedis --> Obscurs
- Cos cel-lular esferic o poligonal
- Ramificacions curtes

- Nucli |

- | citoplasm.

* C. DE SCHWAN --> SNP

* Marcadors

CNP

(Cyclic nucleotide diphosphatase)
MBP




Oligodendroglia

» Myelination of PNS and CNS Axons

i
Myelination in the Peripheral Myelination in the Central
Nervous System Nervous System




Oligodendroglia
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Oligodendroglia

Oligodendrocyte =
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Oligodendroglia
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Oligodendroglia
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Oligodendroglia
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Oligodendroglia
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Oligodendroglia

» Formation of Myelin

Schwann cell

(a)

Oligodendrocyte
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