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FIGURE 18.14 Model for the assembly of central synapses. Before synapses formation, axons and dendrites contain synaptic vesicles, 
active zone components, and neurotransmitter receptors, respectively. Cell–cell contact is initiated via cell surface adhesion and/or signaling 
molecules (red, t = 0 min). Contact triggers fusion of active-zone precursor vesicles (APV, green) with the plasma membrane (t = 15 min), which 
leads to the deposition of active zone material (black spikes). Subsequently, synaptic vesicles (clear circles) are recruited to the cell–cell contact 
sites (t = 30 min), and postsynaptic scaffolding molecules (black), NMDA-type (blue), and AMPA-type neurotransmitter receptors (red) are 
delivered to the maturing postsynaptic membrane. The surface molecules that mark the insertion sites for APVs are not known and further 
work will be needed to confi rm whether APV fusion represents the main mechanism for active zone assembly. Adapted from Garner et al. 
(2002).
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pathological, and disease-related forms of cell death 
are not included even though we recognize that the 
biochemical and molecular mechanisms used to kill 
cells in these situations may overlap with those 
involved in developmental PCD. This defi nition of 
PCD also makes no a priori assumptions about either 
the morphological or the biochemical pathways by 
which cells die or the stimuli that trigger cell death. 
The use of the word “programmed” refers to the repro-
ducible, spatiotemporally specifi c occurrence of cell 
loss and is not meant to imply that the cell loss is 
genetically predetermined, inherited from precursor 
cells, or inevitable. In fact, PCD is clearly not predeter-
mined in most cases, but instead is critically depen-
dent on extrinsic signals arising from diverse kinds of 
cellular interactions. Finally, and as we discuss in more 
detail later, the term PCD is not synonymous with the 
term apoptosis, which refers only to one specifi c, albeit 
common, mode of cell death.

CELL DEATH AND THE 
NEUROTROPHIC HYPOTHESIS

Early embryological studies of the interactions 
between developing neurons and their peripheral 
targets laid the foundation for the discovery of cell 
death and NTFs (Cowan, 2001). These studies formed 
the conceptual framework for the neurotrophic (“nerve 
feeding”) hypothesis (Fig. 19.1). There is general con-
sensus that the neurotrophic hypothesis and the 
modern history of cell death research began together 
in the mid-1930s (Table 19.1 and Box 19.1).

By 1949, Viktor Hamburger and Rita Levi-
Montalcini had provided compelling evidence to 
support the signifi cance of normal embryonic neuro-
nal death and postulated that target-derived signals 
act to regulate the number of neurons that survive 

embryonic development. In subsequent studies, they 
and their colleagues identifi ed a specifi c protein, nerve 
growth factor (NGF), that infl uenced development of 
the same populations of neurons (sensory and sympa-
thetic) that their earlier studies had suggested were 
regulated by target-derived signals (Table 19.1).

By 1960, the preparation of specifi c antibodies that 
block NGF activity allowed Stanley Cohen, Levi-
Montalcini, and coinvestigators to demonstrate the 
almost total degeneration of sympathetic ganglia in 
vivo following the specifi c deprivation of NGF activity 
(Fig. 19.2; Table 19.1). Only with the evidence from this 
“immunosympathectomy” (the deletion of the sympa-
thetic system by antibody treatment) was NGF con-
sidered to be an endogenous survival or maintenance 
factor for these neurons. Three decades after the origi-
nal discovery that an unknown chemical substance 
produced by tumor cells affects the development of 
sensory and sympathetic neurons, it was fi nally recog-
nized that NGF was the hypothetical target-derived 
trophic signal fi rst postulated by Hamburger and Levi-
Montalcini in 1949 to be involved in regulating the 
number of surviving neurons in these populations 
during normal development (Oppenheim, 1996). His-
torically then, the appreciation of the role of PCD in 
the developing nervous system and the discovery of 
the fi rst target-derived NTF (NGF) were inextricably 
linked.

THE ORIGINS OF PROGRAMMED 
CELL DEATH AND ITS WIDESPREAD 
OCCURRENCE IN THE DEVELOPING 

NERVOUS SYSTEM

PCD has been identifi ed in several species of unicel-
lular eukaryotes, including yeast, as well as in prokary-
otes such as bacteria, one of the oldest forms of life on 

FIGURE 19.1 The neurotrophic hypothesis postulates that developing neurons survive (green neurons) only when they successfully 
compete for target-derived trophic molecules (blue) that are internalized at the nerve terminal and are transported retrogradely along the axon 
(arrow) to the cell body. Neurons that fail to obtain a suffi cient fl ow of trophic molecules from the target die by programmed cell death (black 
neurons with condensed chromatin). Modifi ed from Barde, 1989.
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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).

 2. Deletion of some of the progeny of a specifi c sublineage that are not needed (loss of specifi c 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).

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

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

 7. “Systems”-matching by creating optimal quantitative innervation between interconnected groups of neurons and between neurons and 
their targets (see text and Fig. 19.4).

 8. Systems-matching between neurons and their glial partners by regulated glial PCD (Schwann cells and peripheral axons; see Figs. 19.5 
and 19.15).

 9. 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).

10. Removal of damaged or harmful cells (death of cells with DNA damage).

11. Regulation of the size of mitotically active neural progenitor populations (see text and Fig. 19.4).

12. 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).

13. 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.

some major functions include establishing optimal 
levels of connectivity between neuronal populations, 
eliminating aberrant cells or connections, regulating 
the size of progenitor populations, and serving tran-
sient functional or other needs of immature animals.

MODES OF CELL DEATH IN 
DEVELOPING NEURONS

The specifi c morphological appearance exhibited by 
degenerating neurons can provide insight into the cel-
lular and molecular mechanisms by which the cells are 
destroyed. Historically, pathologists were the fi rst to 
be interested in this issue, and they focused on distin-
guishing different kinds of cell and tissue degenera-
tion following disease, injury, and trauma (Clarke and 
Clarke, 1996). Over 125 years ago, the term necrosis 
was coined to describe what today comprises the major 
form of accidental or pathological degeneration. The 
pathological necrotic death of neurons following injury 
usually involves the degeneration of groups of con-
tiguous cells in a region that initiates an infl ammatory 
response that can be discerned easily in tissue sections 
(Fig. 19.7). At about the same time that necrosis was 
fi rst described, however, another form of cell degen-
eration, called spontaneous cell death, was observed 

in normal adult mammals. Spontaneous cell death 
(now called PCD) was thought to provide a means for 
counterbalancing mitosis in adult tissues in which the 
turnover of cells normally occurs. PCD typically 
involves the sporadic loss of individual cells in a popu-
lation that often degenerate by a different mode from 
necrosis, one that does not involve infl ammation. Early 
steps in the spontaneous PCD cascade leading up to 
when histological signs of frank degeneration fi rst 
occur may take many hours or days. Once that point 
is reached, however, the degenerative process is rapid, 
with individual cells dying and being removed in 
minutes or a few hours. The loss of thousands of 
neurons over several days is the consequence of many 
rapid individual cell deaths that at any moment in 
time represent only a small minority (∼1%) of all the 
cells in the population. For this reason, historically, the 
occurrence and magnitude of even massive PCD can 
(and often did) go unnoticed.

Two different strategies can be used to quantify 
neuron death: One can determine the total number of 
neurons at different stages and quantify the decrease 
(Fig. 19.3), or one can determine an increase in the 
number of dying (pyknotic) cells during the period of 
PCD and determine the timing and (with less preci-
sion) the extent of cell death (Fig. 19.7). The counting 
of neurons originally was done by counting profi les in 
thin sections and application of correction factors to 
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FIGURE 19.4 Schematic illustration of some key steps in neuronal development. Neurons undergoing PCD ( ) are observed during neu-
rogenesis in the ventricular zone, during migration and while establishing synaptic contacts. Schwann cells in deve loping nerves also undergo 
PCD.  Represents peripheral glial (Schwann) cells;  represents CNS glia (astrocytes, oligoden drocytes);  represents surviving, differentiat-
ing neurons (e.g., motoneurons whose targets are skeletal muscle and other neurons in the CNS, with neuronal targets).
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Invertebrate Plan: Unique Circuits Vertebrate Plan: Duplicated Circuits

Development:  Distributed Circuits 
              

Adult:  Unique Circuits
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FIGURE 20.6 A diagram showing differences between the vertebrate and invertebrate synaptic circuits. (A) Invertebrates have small 
numbers (for example sometimes just one motor neuron) of identifi able neurons innervating small numbers of identifi able target cells (e.g., 
sometimes just one muscle fi ber) whereas in vertebrates, pools of similar neurons innervating targets contain hundreds or thousands of similar 
postsynaptic cells (B). The redundancy in the vertebrate nervous system allows a neuron to diverge (fan-out) and innervate many equally 
appropriate target cells (in the neuromuscular system this is called a motor unit), (C). The homogeneity of innervating neurons allows multiple 
axons to converge (fan-in) on each target cell (D). As a result vertebrate circuits contain a substantial amount of fan-in and fan-out (E), at least 
initially. Synapse elimination’s purpose may be to transform such a set of redundant circuits into multiple unique ones by trimming away the 
multiple innervation of target cells (F). The result of the widespread loss of synapses is the generation of thousands of nonredundant circuits 
from an initially much less specifi c innervation pattern. From Lichtman and Colman (2000).

axon to become completely nonoverlapping, and thus 
completely distinct from other axons’ projections (Fig. 
20.6F). From a functional standpoint, once synapse 
elimination is complete, the recruitment of each motor 
axon gives rise to activation of a different set of muscle 
fi bers and consequently a substantive increase in 
tension of the muscle. This stepwise tension increase 
is a necessary aspect of the size principle (Chapter 19).

By parsing highly redundant circuitry into multiple, 
unique, functionally distinct circuits, synapse 
elimination may be an essential maturation step for 
synaptic circuits that begin with considerable redun-
dancy, such as our own nervous systems and those of 
other terrestrial vertebrates. It is possible that this 
paring down strategy is less relevant in other kinds of 
animals.
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  apropiat	
  de	
  connexions	
  
ü  Les	
  cèl·∙lules	
  diana	
  sinte:tzen	
  i	
  secreten	
  factors	
  tròfics	
  apropiats	
  per	
  a	
  neurones	
  en	
  

desenvolupament	
  
ü  La	
  producció	
  de	
  factors	
  tròfics	
  es	
  fa	
  en	
  quan:tats	
  limitades,	
  per	
  la	
  qual	
  cosa	
  la	
  supervivència,	
  

persistència	
  i	
  diferenciació	
  de	
  neurones	
  depèn	
  de	
  competència	
  neural.	
  
	
  
NGF	
  
Factor	
  de	
  creixement	
  nerviós.	
  
Cerca	
  de	
  molècula	
  promotora	
  de	
  supervivència	
  
Transplantament	
  de	
  sarcoma	
  
Glàndules	
  salivals	
  de	
  ratolí	
  mascle	
  
Efectes	
  pràc:cament	
  restringits	
  a	
  SNP	
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 III. NERVOUS SYSTEM DEVELOPMENT

Although a systematic taxonomic survey of all rep-
resentative species with a nervous system has not been 
done, nonetheless, the available evidence is consistent 
with the idea that some PCD of developing neurons 
occurs in all such organisms (Buss et al., 2006). For 
many invertebrate and vertebrate species, the PCD of 
neurons involves virtually all regions and cell types in 
the central and peripheral nervous system. Motoneu-
rons, sensory neurons, autonomic neurons, and both 
long projection and local circuit interneurons in the 
brain and spinal cord all undergo restricted periods of 
PCD (Buss et al., 2006). Although the magnitude of 
neuronal cell death varies from population to popula-
tion, as many as one-half or more of all cells in a popu-
lation will die during development (Fig. 19.3). In some 
special cases, such as the loss of transient neuronal 
structures during insect and amphibian metamorpho-

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 24 h in culture without NGF and (B) experimental ganglion 24 h after 
NGF treatment. Treatment with NGF (100 ng/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.

FIGURE 19.3 Changes in the number of developing lumbar 
spinal motoneurons in the chick embryo (in red) compared to the 
number of dying motoneurons (in blue) during the fi rst half of the 
21 day incubation period. Approximately 50–60% of these motoneu-
rons undergo PCD between Embryonic day (E)6 and E12.
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restores their biological responses to NGF treatment. 
The most convincing evidence for the necessity of trkA 
comes from the analysis of transgenic mice lacking 
functional trkA receptors (Huang and Reichardt, 2001). 
As expected, these mice have a phenotype that is 
similar to that of transgenic animals that have a null 
mutation for NGF (Table 19.3).

The trkB receptor is activated specifi cally by low 
concentrations of BDNF or NT-4/5 and, to a lesser 
extent, by higher concentrations of NT-3. NT-3 acti-
vates the trkC receptor most effectively. All trk recep-
tors contain three leucine-rich motifs, two cysteine 
clusters, and two immunoglobulin-like motifs in the 
extracellular region, a transmembrane domain and a 
tyrosine kinase domain in the cytosolic region (Fig. 
19.11). The unusual combination of extracellular motifs 
makes up the ligand-binding region and places this 
family in a novel class of tyrosine kinase receptors. The 
region of highest sequence homology among family 
members and other growth factor receptors is in the 
kinase domain.

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

Neurotrophic 
factor/receptor 
null mutation Viability

Losses in PNS ganglia Losses in CNS nuclei

Dorsal root 
ganglia

Trigeminal 
ganglia

Nodose 
petrosal 
ganglia

Vestibular 
ganglia

Cochlear 
ganglia

Superior 
cervical 
ganglia

Spinal 
moto neurons

Facial 
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%

CNTFRa Very poor −0% −0% ? ? ? −0% ? −40%

LIFR Very poor ? ? ? ? ? ? −40% −35%

c-ret Very poor −0% ? ? ? ? −100% −50% −30%

GFRa1 Very poor −0% −0% −15% −0% −0% −0% −24% −0%

GFRa2 Poor −0% −0% −0% −0% −0% −0% −24% ?

GFRa3 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.

FIGURE 19.12 Ligand binding preferences of neurotrophins for 
each member of the trk receptor family. Not shown are the truncated 
(kinase deleted) isoforms of trkB and trkC. Other isoforms contain-
ing inserts and deletions also exist, providing a wide variety of 
receptors. NT-4 is also named NT-4/5. K = tyrosine kinase.
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“Neuronal	
  plas:city	
  can	
  be	
  defined	
  as	
  the	
  ability	
  of	
  neurons	
  to	
  react	
  with	
  adap:ve	
  changes	
  to	
  intrinsic	
  
or	
  extrinsic	
  inputs”	
  
	
  
Persistència	
  de	
  plas:citat	
  en	
  desenvolupament	
  postnatal	
  i	
  vida	
  adulta	
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Plas:citat	
  molecular	
  

Plas:citat	
  estructural	
  

Remodelatge	
  neurí:c	
  

Plas:citat	
  neurona-­‐glia	
  

Neurogènesi	
  

Plas:citat	
  sinàp:ca	
  

Tema	
  2	
  
Refinament	
  de	
  connexions	
  sinàp?ques	
  



Plas?citat	
  molecular	
  	
  
Dinàmica	
  molecular	
  sinàp:ca	
  
✓ Dinàmica	
  de	
  proteïnes	
  relacionades	
  amb	
  la	
  
síntesi,	
  empaquetatge,	
  alliberament	
  i	
  recaptació	
  de	
  
neurotransmissors	
  
✓ Dinàmica	
  de	
  receptors	
  de	
  neurotransmissors,	
  
canals	
  i	
  bombes	
  iòniques	
  
✓ Relació	
  de	
  receptors	
  amb	
  proteïnes	
  de	
  la	
  bas:da	
  
sinàp:ca	
  
✓ Modificació	
  per	
  factors	
  tròfics,	
  hormones,	
  
citocines	
  
★ Entrada	
  de	
  Ca2+	
  amb	
  despolarització:	
  
Canvis	
  bioquímics	
  
Inici	
  de	
  programes	
  transcripcionals	
  dependents	
  
d’ac:vitat	
  
	
  
	
  
Canvis	
  estructurals	
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Plas?citat	
  molecular	
  	
  
Plas:citat	
  molecular	
  subjacent	
  al	
  remodelatge	
  
neuronal	
  	
  
	
  
• Regulació	
  de	
  l’expressió	
  de	
  proteïnes	
  de	
  
citoesquelet	
  

• Regulació	
  de	
  l'expressió	
  de	
  proteïnes	
  implicades	
  en	
  
adhesió	
  cèl·∙lula-­‐cèl·∙lula	
  i	
  cèl·∙lula-­‐matriu	
  extracel·∙lular	
  

 
 
 
 
 



Tècniques d’estudi de la plasticitat estructural neuronal 
Anàlisi d’estructura neuronal:  
Tècniques de Golgi/transgènics amb proteïnes fluorescents 
 
 

http://
www.youtube.com
/watch?
v=HWvyd1fYdOI
&NR=1 





Plasticitat en experiències primerenques i períodes crítics 
- Períodes curts i moments molt concrets de desenvolupament postnatal/posteclosió 
 
Tasques sensoriomotores i comportaments més complexos: períodes més llargs 



Períodes	
  crí:cs	
  en	
  desenvolupament	
  visual	
  
Sols	
  ambliopia	
  si	
  privació	
  en	
  3	
  primers	
  mesos	
  de	
  vida	
  en	
  gats.	
  	
  
3-­‐4	
  dies	
  al	
  voltant	
  de	
  període	
  crí:c	
  són	
  suficients.	
  
-­‐	
  Primats:	
  més	
  prolongat	
  	
  6	
  mesos.	
  
	
  
-­‐	
  Teoría	
  de	
  compe:ción	
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Reparació	
  i	
  regeneració	
  del	
  sistema	
  nerviós	
  
1.   Creixement	
  d’axons	
  de	
  ganglis	
  perifèrics	
  o	
  de	
  neurones	
  del	
  SNC,	
  que	
  projecten	
  fora	
  de	
  SNC	
  

	
  Recapitulació	
  de	
  desenvolupament	
  	
  
	
  
	
  
	
  
2.	
  Restauració	
  de	
  neurones	
  de	
  SNC	
  afectades	
  que	
  sobreviuen	
  
Requereix	
  el	
  creixement	
  coopera?u	
  d’altres	
  estructures	
  en	
  un	
  medi	
  molt	
  complex	
  
Reparació	
  molt	
  complicada	
  en	
  mamífers	
  adults	
  
	
  
	
  
	
  
	
  
Neurogènesi	
  adulta	
  i	
  trasplantament	
  neural	
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Neurogenesis in the adult olfactory bulb

Olfactory bulb

Rostral
migratory
stream

Dentate gyrus

C cell  Progenitor cell division
(Expansion)

B cell  “Stem cell” division

A cell

At least two types of new
interneurons in the granular
and periglomerular layer

Type-1 Type-3
Type-2

Migration
(”chain migration”)

Differentiation
(neurite extension),
selection and
survival, maturation

Neurogenesis in the adult hippocampus

Progenitor
cell division
(Expansion)

Migration,
Exit from
cell cycle

“Stem cell”
  division 

New
granule

cells

to CA3

Period of low
threshold for
LTP induction
and high
excitability

Lasting synaptic
input (glutamatergic,

excitatory)
First synaptic
input (tonic,
GABAergic,
excitatory)

Differentiation
(neurite extension),
selection
and survival,
maturation

Simplified sequence of marker expression
GFAP

BLBP

Nestin, Sox2

    DCX, PSA-NCAM

         Calretinin, Tuc4 Calbindin

          NeuN

Simplified sequence of marker expression

New neuron

GFAP     EGFR, Dlx

BLBP, (Pax6)      DCX, PSA-NCAM, Ascl1 Calretinin, (TH)

Nestin, Sox2         NeuN

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

Oligodendrocytic lineage

PDGFRα      Olig2

Adult neurogenesis
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Adult neurogenesis
• is the development of new functioning neurons in the adult brain
• occurs in two neurogenic regions in the dentate gyrus of the

hippocampus and the olfactory bulb
• originates from precursor cells in the subgranular zone (SGZ) in

the dentate gyrus and the subventricular zone (SVZ) of the lateral
ventricles

• has been described for all mammalian species investigated,
including non-human primates and humans 

• might also occur outside the two neurogenic regions (1) in
abortive form (i.e. to the level of the expression of immature
neuronal markers), (2) in reaction to damage and ischemia, and
(3) at very low physiological levels, but available data are often
conflicting and no complete coherent picture has emerged yet.

• was discovered in the 1960s by Josef Altman but attracted
widespread interest only from the 1990s onwards, when the link
to neural stem cell biology had become apparent 

Neural precursor cells
• from the neurogenic regions show stem cell properties (self-

renewal and multipotency) when put into cell culture but usually
show a more limited potential in vivo

• reside within a neurogenic niche resembling other stem cell
niches in the body, e.g. in bone marrow or testes

• have glial features and properties of radial glia
• express characteristic markers such as Nestin or Sox2, but no specific

markers have been found that would allow prospective isolation
• from the two neurogenic regions show different properties ex

vivo but the few available cross-transplantation experiments
suggest a major impact of the niche on the actual differentiation
potential

Regulation of Adult neurogenesis
• decreases with age but appears to remain present at low levels

even at oldest age

• is regulated in response to behavioral stimuli, including physical
activity, exposure to complexity, and learning

• is controlled at different stages of neuronal development:
proliferation of precursor cells, survival, migration, maturation
and functional synaptic integration

• is a polygenic trait with large natural variation

Molecular bases of adult neurogenesis
• Many genes with relevance for cortical neurogenesis in the

embryo are also involved in adult neurogenesis: Pax6,
Neurogenin2, Mash1 (Ascl1), NeuroD1

• Molecular details differ between the two neurogenic regions
reflecting the different lineages of new neurons: glutamatergic
principal neurons (granule cells) in the dentate gyrus and (at
least) two types of interneurons in the olfactory bulb. Prox1, for
example, is only expressed in the SGZ; Olig2 almost exclusively
in the SVZ

Function
New neurons in the adult hippocampus
• might contribute to optimizing the strength of the highly plastic

mossy fiber connection between the dentate gyrus and area
CA3 and are thus exerting a function at a bottleneck in the
hippocampal network

• have been linked to the processing of information in the sense of
forming temporal associations and integrating information into contexts

• also play a role in affective behavior, underscoring the link
between cognition and emotion in the hippocampus

New neurons in the adult olfactory bulb
• have been linked to the maintenance of network integrity in the

face of the high turnover rate of receptor neurons in the olfactory
epithelium and contribute to the variety of olfactory interneurons

• show increased sensitivity to novel odors, including pheromones
• might be involved in the formation of olfactory memories

Medical relevance
Adult neurogenesis in the hippocampus
• has been brought into connection with the pathogenesis of

particular (cognitive aspects of) dementias, major depression
and schizophrenia

• might be relevant for explaining cognitive impairment in aging
due to decreasing plasticity

• might be impaired in the context of various conditions,
explaining hippocampus-dependent cognitive symptoms (e.g.
infection, diabetes,

Adult neurogenesis in the olfactory bulb
• might be impaired in the context of various conditions, explaining

symptoms related to olfaction (e.g. in Parkinson and Alzheimer
Disease)

• might provide precursor cells attracted to the site of pathology,
e.g. after a stroke in the striatum

Note: The goal of this poster is to provide a very first overview on
adult neurogenesis and summarize a few key facts in a simplified
way. No misinterpretation of the work of others was intended.
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Estructura	
  i	
  funció	
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  la	
  neurona	
  i	
  la	
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neurotransmissors	
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  farmacològica.	
  Generació	
  de	
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  (exemples	
  de	
  receptors	
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  neurotransmissors	
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Soma	
  neuronal	
  (z.	
  Recept.)	
  
-­‐	
  Nucli	
  
-­‐	
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Ramificacions	
  
-­‐	
  Dendrites	
  (z.	
  recept.)	
  

	
  Soma	
  -­‐-­‐-­‐>	
  
	
  Es	
  ramifiquen	
  i	
  es	
  fan	
  més	
  primes	
  

-­‐	
  Axó	
  
	
  Soma	
  -­‐-­‐-­‐>	
  (o	
  dendr.)	
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  inicial	
  =	
  con	
  axònic	
  -­‐-­‐>	
  
	
  branca	
  principal	
  -­‐-­‐>	
  
	
  col·∙laterals	
  axòniques	
  -­‐-­‐>	
  
	
  sinapsi	
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Estructura	
  i	
  funció	
  neuronal.	
  Estructura	
  de	
  la	
  neurona	
  i	
  la	
  sinapsi	
  	
  

Morfologia	
  neuronal	
  
	
  
Criteris	
  de	
  classificació	
  
	
  
1)	
  Morfologia	
  de	
  l’arbre	
  dendríMc	
  i	
  nombre	
  de	
  dendrites	
  que	
  ixen	
  del	
  soma	
  

	
  *	
  Unipolars	
  
	
  *	
  Pseudounipolars	
  
	
  *	
  Bipolars	
  
	
  *	
  MulMpolars	
  

2)	
  Presència	
  d’espines	
  dendrít.	
  
	
  *	
  Espinoses	
  
	
  *	
  No	
  espinoses	
  
	
  *	
  Poc	
  espinoses	
  

3)	
  Longitud	
  de	
  l’axó	
  
	
  *	
  Golgi	
  I	
  (llarg)	
  
	
  *	
  Golgi	
  II	
  (curt)	
  

4)	
  Morfologia	
  de	
  l’axó	
  i	
  zona	
  de	
  contacte	
  amb	
  cèl·∙lula	
  postsinàpMca	
  
	
  *	
  Neurones	
  dels	
  cistells	
  (basket	
  cells)	
  
	
  *	
  Neurones	
  canelobre	
  (segment	
  inic.	
  d’axó)	
  



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

Morfologia	
  neuronal	
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  3	
  
Estructura	
  i	
  funció	
  neuronal.	
  Estructura	
  de	
  la	
  neurona	
  i	
  la	
  sinapsi	
  

Morfologia	
  neuronal	
  
	
  



Tema	
  3	
  
Estructura	
  i	
  funció	
  neuronal.	
  Estructura	
  de	
  la	
  neurona	
  i	
  la	
  sinapsi	
  	
  
Ultraestructura	
  neuronal	
  
	
  
Soma	
  
	
  
Nucli	
  
	
  
*	
  Gran,	
  esfèric	
  o	
  ovoide	
  
*	
  EucromaMna	
  ↑↑↑	
  
*	
  Nuclèol	
  (s)	
  ↑	
  
*	
  M	
  nucl.:	
  ↑	
  porus	
  N.	
  
	
  



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

Ultraestructura	
  neuronal	
  
	
  
Soma	
  
	
  
Citoplasma	
  
*	
  RER	
  ↑↑	
  
-­‐-­‐>	
  Grànuls	
  de	
  Nissl	
  
	
  
*	
  Rib.	
  lliures 	
  	
  
	
  
*	
  Golgi	
  ↑↑	
  Proper	
  a	
  nucl.	
  	
  
De	
  vegades	
  en	
  dendr.	
  secundàries	
  
	
  
*	
  Mitoc.	
  ↑↑	
  
	
  
*	
  Lisosomes,	
  cossos	
  
mulMvesiculars,	
  lipofuscina	
  
	
  
*	
  Microtúb.,	
  microfilam.	
  
i	
  neurofilam.	
  (f.	
  intermedis)	
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Estructura	
  i	
  funció	
  neuronal.	
  Estructura	
  de	
  la	
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  i	
  la	
  sinapsi	
  	
  

Ultraestructura	
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Soma	
  
	
  
Citoplasma	
  
*	
  RER	
  ↑↑	
  
-­‐-­‐>	
  Grànuls	
  de	
  Nissl	
  
	
  
*	
  Rib.	
  lliures 	
  	
  
	
  
*	
  Golgi	
  ↑↑	
  Proper	
  a	
  nucl.	
  	
  
De	
  vegades	
  en	
  dendr.	
  secundàries	
  
	
  
*	
  Mitoc.	
  ↑↑	
  
	
  
*	
  Lisosomes,	
  cossos	
  
mulMvesiculars,	
  lipofuscina	
  
	
  
*	
  Microtúb.,	
  microfilam.	
  
i	
  neurofilam.	
  (f.	
  intermedis)	
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Estructura	
  i	
  funció	
  neuronal.	
  Estructura	
  de	
  la	
  neurona	
  i	
  la	
  sinapsi	
  	
  

Ultraestructura	
  neuronal	
  
	
  
Soma	
  
	
  
Citoplasma	
  
*	
  RER	
  ↑↑	
  
-­‐-­‐>	
  Grànuls	
  de	
  Nissl	
  
	
  
*	
  Rib.	
  lliures 	
  	
  
	
  
*	
  Golgi	
  ↑↑	
  Proper	
  a	
  nucl.	
  	
  
De	
  vegades	
  en	
  dendr.	
  secundàries	
  
	
  
*	
  Mitoc.	
  ↑↑	
  
	
  
*	
  Lisosomes,	
  cossos	
  
mulMvesiculars,	
  lipofuscina	
  
	
  
*	
  Microtúb.,	
  microfilam.	
  
i	
  neurofilam.	
  (f.	
  intermedis)	
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  3	
  
Estructura	
  i	
  funció	
  neuronal.	
  Estructura	
  de	
  la	
  neurona	
  i	
  la	
  sinapsi	
  	
  

Ultraestructura	
  neuronal	
  
	
  
Soma	
  
	
  
Citoplasma	
  
*	
  RER	
  ↑↑	
  
-­‐-­‐>	
  Grànuls	
  de	
  Nissl	
  
	
  
*	
  Rib.	
  lliures 	
  	
  
	
  
*	
  Golgi	
  ↑↑	
  Proper	
  a	
  nucl.	
  	
  
De	
  vegades	
  en	
  dendr.	
  secundàries	
  
	
  
*	
  Mitoc.	
  ↑↑	
  
	
  
*	
  Lisosomes,	
  cossos	
  
mulMvesiculars,	
  lipofuscina	
  
	
  
*	
  Microtúb.,	
  microfilam.	
  
i	
  neurofilam.	
  (f.	
  intermedis)	
  



Tema	
  3	
  
Estructura	
  i	
  funció	
  neuronal.	
  Estructura	
  de	
  la	
  neurona	
  i	
  la	
  sinapsi	
  	
  
Ultraestructura	
  neuronal	
  
Dendrites	
  
Espines	
  dendríMques	
  
	
  
*	
  Cap	
  +	
  coll	
  
*	
  Neurones	
  espinoses	
  /	
  no	
  esp.	
  
	
  
*	
  Majoria	
  d’espines:	
  1	
  contacte	
  
*	
  Xarxa	
  d’acMna	
  en	
  cap	
  (forma)	
  
	
  
*	
  Cisternes	
  membranoses	
  	
  
=	
  aparell	
  de	
  l’espina:	
  
REL:	
  acumulació	
  de	
  Ca2+??	
  
	
  
*	
  Cossos	
  mulMvesiculats	
  
i	
  vesícules	
  cobertes	
  	
  
(reciclatge	
  de	
  receptors	
  de	
  MP)	
  
	
  
*	
  Ribosomes	
  -­‐-­‐>	
  sint.	
  prot.	
  in	
  situ	
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  3	
  
Estructura	
  i	
  funció	
  neuronal.	
  Estructura	
  de	
  la	
  neurona	
  i	
  la	
  sinapsi	
  	
  

Ultraestructura	
  neuronal	
  
Axó	
  
*	
  No	
  hi	
  ha	
  ribosomes	
  
*	
  Citosquelet:	
  microtub.	
  extrem	
  +	
  al	
  soma,	
  	
  
extrem	
  menys	
  al	
  terminal	
  axònic.	
  
*	
  Cisternes	
  membranoses.	
  
*	
  Mitocondris	
  



Tema	
  3	
  
Estructura	
  i	
  funció	
  neuronal.	
  Estructura	
  de	
  la	
  neurona	
  i	
  la	
  sinapsi	
  	
  
Ultraestructura	
  neuronal	
  
Axó	
  3	
  parts	
  
#	
  Segment	
  inicial	
  
*	
  ∃	
  Rib.	
  ni	
  Golgi	
  
*	
  Microtub.	
  i	
  neurofilam.	
  
*	
  Mitoc.	
  
*	
  Làmina	
  submembranosa	
  	
  
/	
  Beina	
  de	
  mielina	
  
*	
  Contactes	
  sinàpMcs	
  	
  
(axoaxònics:	
  n.	
  canelobre)	
  
#	
  Segment	
  intermedi	
  
*	
  Sovint	
  mielinitzat	
  
*	
  Mitoc.	
  (crestes	
  longitudinals)	
  
*	
  REL	
  
*	
  Cossos	
  mulMvesiculats	
  
*	
  Feixos	
  de	
  neurofilam.	
  i	
  microtub.	
  
#	
  Segment	
  distal	
  
*	
  No	
  ∃	
  mielina	
  
*	
  Vesícules	
  sinàpMques	
  
*	
  Vesíc.	
  recobertes	
  (endocitosi:	
  reciclatge)	
  
*	
  Ramificacions	
  (botons	
  presinàpMcs)	
  
*	
  Zones	
  ac3ves	
  -­‐-­‐>	
  exocitosi	
  de	
  vesíc.	
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Estructura	
  i	
  funció	
  neuronal.	
  Estructura	
  de	
  la	
  neurona	
  i	
  la	
  sinapsi	
  	
  

Ultraestructura	
  neuronal	
  
Sinapsi	
  
*	
  Unió	
  funcional:	
  2	
  neurones	
  /	
  1	
  neur.:	
  1	
  cèl·∙l.	
  musc.	
  
#	
  Químiques	
  
-­‐	
  Element	
  presinàpMc	
  (vesíc.)	
  
-­‐	
  Element	
  postsinàpMc	
  
-­‐	
  Fenedura	
  
*	
  Tipus	
  
-­‐	
  AxodendríMca	
  
-­‐	
  Axosomàt.	
  
-­‐  Axoaxò.	
  	
  
-­‐  -­‐	
  Dendrodendrít.	
  
-­‐	
  Somatodendrít.	
  
-­‐	
  Somatoaxò.	
  	
  
-­‐	
  Dendrosomàt.	
  
-­‐	
  Somatosomàt.	
  
	
  
#	
  Elèctriques	
  
*	
  Unions	
  en	
  GAP.	
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  3	
  
Estructura	
  i	
  funció	
  neuronal.	
  Estructura	
  de	
  la	
  neurona	
  i	
  la	
  sinapsi	
  	
  
Ultraestructura	
  neuronal	
  
	
  
Contactes	
  sinàp7cs	
  
Per	
  morfologia:	
  
*	
  Tipus	
  1	
  -­‐-­‐>	
  asimètriques:	
  	
  
densitat	
  en	
  elt.	
  postsinàpMc	
  
Axoespinosa	
  
*	
  Tipus	
  2	
  -­‐-­‐>	
  simètriques:	
  	
  
No	
  dens.	
  sinàpt.	
  
Axosomàt.	
  
	
  
	
  
Vesícules	
  sinàp7ques	
  
a)	
  Centre	
  clar	
  
*	
  Esfèriques	
  grans	
  (ACh,	
  Glu)	
  +	
  
*	
  Esfèriques	
  menudes	
  (GABA,	
  Gly)	
  -­‐	
  
*	
  Ovals⎦	
  
b)	
  Granulars	
  
*	
  Nucli	
  dens	
  (pèpt.	
  i	
  catecolamines)	
  



Tema	
  3	
  
Transmissió	
  sinàp7ca,	
  neurotransmissors	
  i	
  receptors:	
  caracterització	
  farmacològica.	
  Generació	
  
de	
  potencials	
  postsinàp7cs	
  excitatoris	
  (exemples	
  de	
  receptors	
  del	
  glutamat)	
  i	
  inhibitoris	
  
(exemples	
  de	
  receptors	
  de	
  GABA)	
  

• Galè:	
  “Els	
  humors	
  viatgen	
  des	
  del	
  cervell	
  fins	
  als	
  músculs	
  a	
  través	
  dels	
  nervis	
  buits”	
  
• 	
  El	
  descobriment	
  de	
  l’electricitat	
  va	
  ser	
  necessari	
  per	
  a	
  entendre	
  la	
  transmissió	
  nerviosa:	
  
ü 	
  Aplicació	
  d’esjmuls	
  elèctrics	
  a	
  nervis	
  i	
  músculs	
  
ü 	
  La	
  conducció	
  d’informació	
  a	
  través	
  de	
  l’axó	
  era	
  deguda	
  a	
  la	
  generació	
  acMva	
  d’un	
  canvi	
  de	
  potencial	
  
denominat	
  potencial	
  d’acció.	
  
ü 	
  Quina	
  era	
  la	
  natura	
  d’aquest	
  potencial	
  d’acció?	
  
ü 	
  Axó	
  gegant	
  del	
  calamar:	
  0.55	
  mm	
  diàmetre	
  (Hodgkin	
  i	
  Huxley,	
  1939).	
  
ü 	
  Els	
  axons	
  en	
  repòs	
  estan	
  polaritzats:	
  Pot	
  en	
  repòs	
  -­‐60	
  mV	
  int.	
  vs	
  ext.	
  
ü 	
  Quan	
  existeix	
  un	
  potencial	
  d’acció,	
  el	
  potencial	
  de	
  repòs	
  es	
  perd-­‐>	
  >0	
  mV	
  
ü 	
  Potencial	
  de	
  repòs	
  en	
  neurones	
  normals	
  semblant	
  al	
  d’axó	
  gegant	
  

	
  	
  

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

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

recorded	
  from	
  the	
  cell	
  body	
  of	
  a	
  neuron	
  from	
  the	
  inferior	
  olive	
  of	
  a	
  guinea	
  pig.	
  This	
  acMon	
  potential	
  has	
  a	
  pronounced	
  plateau	
  during	
  its	
  falling	
  phase.	
  (E)	
  AcMon	
  potenMal	
  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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   Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
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EL	
  POTENCIAL	
  DE	
  MEMBRANA	
  
• 	
  El	
  potencial	
  de	
  membrana	
  és	
  generat	
  per	
  la	
  distribució	
  diferencial	
  d’ions	
  
✦ A	
  través	
  de	
  bombes	
  iòniques	
  i	
  mecanismes	
  de	
  tamponament	
  d’ions	
  
✦ K+	
  acMvament	
  concentrat	
  a	
  la	
  cèl·∙lula	
  
✦ Na+,	
  Cl+,	
  i	
  Ca2+	
  acMvament	
  alliberats	
  a	
  l’exterior	
  
✦ 	
  Però	
  osmolaritat	
  semblant	
  a	
  la	
  de	
  l‘exterior	
  

	
  
	
  

✦ hup://www.sinauer.com/neuroscience4e/animaMons2.1.html	
  

Concentr. (mM) 

Ion Intracel. Extracel. 

Squid neuron 

Potassium (K+) 400 20 

Sodium (Na+) 50 440 

Chloride (Cl-) 40–150 560 

Calcium (Ca2+) 1 10 

Mammal. neuron 

Potassium (K+) 140 5 

Sodium (Na+) 5–15 145 

Chloride (Cl-) 4–30 110 

Calcium (Ca2+) 1 1–2 

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



EL	
  POTENCIAL	
  DE	
  MEMBRANA	
  
• 	
  Forces	
  elèctriques	
  i	
  termodinàmiques	
  determinen	
  la	
  distribució	
  passiva	
  d'ions	
  
• 	
  El	
  moviment	
  d'ions	
  pot	
  causar	
  hiperpolarització	
  o	
  despolarització	
  

	
  
	
  
• Potencial	
  d’equilibri	
  a	
  neurones	
  de	
  mamífers:	
  
✦ +56mV	
  per	
  a	
  Na+	
  
✦ -­‐76mV	
  per	
  a	
  Cl-­‐	
  
✦ +125mV	
  per	
  a	
  Ca2+	
  	
  
Si	
  aquests	
  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	
  determinació	
  del	
  potencial	
  de	
  M	
  en	
  repòs	
  
Si	
  la	
  M	
  sols	
  fóra	
  permeable	
  a	
  un	
  ió	
  i	
  no	
  exisMren	
  bombes	
  iòniques,	
  el	
  pot.	
  de	
  M	
  seria	
  necessàriament	
  el	
  
potencial	
  d’equilibri	
  d’aqueix	
  ió.	
  
Ex.:	
  A	
  l’axó	
  gegant,	
  la	
  M	
  és	
  permeable	
  en	
  repòs	
  a	
  K+,	
  Cl-­‐	
  i	
  Na+	
  (existeixen	
  canals	
  oberts	
  en	
  repòs).	
  Per	
  tant,	
  el	
  
pot.	
  en	
  repòs	
  està	
  entre	
  el	
  que	
  defineixen	
  els	
  tres	
  ions.	
  -­‐-­‐>	
  Equació	
  de	
  Goldman,	
  Hodgkin,	
  Katz.	
  

The GHK voltage equation for N monovalent positive ionic species and M negative:"

"

"
This results in the following if we consider a membrane separating two KxNa1 − xCl-solutions:"
"
"
It is "Nernst-like" but has a term for each permeant ion. The Nernst equation can be considered a special case of the Goldman equation 
for only one ion:"
"

"

"
■ Em = The membrane potential (in volts, equivalent to joules per coulomb)"
■ Pion = the permeability for that ion (in meters per second)"
■ [ion]out = the extracellular concentration of that ion (in moles per cubic meter, to match the other SI units)"
■ [ion]in = the intracellular concentration of that ion (in moles per cubic meter)"
■ R = The ideal gas constant (joules per kelvin per mole)"
■ T = The temperature in kelvins"
■ F = 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	
  Mpus	
  neuronals	
  tenen	
  diferents	
  potencials	
  de	
  repòs	
  
Alguns	
  no	
  en	
  tenen;	
  constantment	
  estan	
  disparant	
  potencials	
  d’acció.	
  
Ex.:	
  Cons	
  i	
  bastonets	
  Pot.	
  repòs	
  -­‐40mV	
  i	
  s’hiperpolaritzen	
  per	
  llum.	
  
Ex.:	
  Neurones	
  piramidals	
  d’escorça	
  visual	
  Pot.	
  repòs	
  -­‐75mV	
  
	
  
Aquests	
  potencials	
  de	
  repòs	
  estan	
  ben	
  regulats	
  i	
  són	
  molt	
  importants	
  per	
  al	
  funcionament	
  de	
  neurones.	
  
	
  
• 	
  Les	
  bombes	
  iòniques	
  mantenen	
  acMvament	
  gradients	
  iònics	
  
★ K+	
  
La	
  bomba	
  Na+/K+	
  està	
  esMmulada	
  per	
  l’elevada	
  [Na+]	
  intracel·∙lular.	
  
Necessita	
  ATP	
  per	
  al	
  seu	
  funcionament.	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Per	
  tant,	
  és	
  hiperpolaritzant	
  =	
  electrògena	
  
	
  
	
  

2K+	
   3Na+	
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★ Ca2+	
  
Existeixen	
  mecanismes	
  intracel.	
  de	
  tamponament	
  (CaBP)	
  
Bomba	
  Ca2+/Mg2+	
  treu	
  Ca2+	
  de	
  cèl·∙lula	
  
Bomba	
  Na+/Ca2+	
  treu	
  Ca2+	
  de	
  cèl·∙lula	
  
Dependents	
  de	
  gradient	
  de	
  Ca2+	
  
	
  
★ Cl-­‐	
  	
  
bomba	
  Cl-­‐/HCO3-­‐	
  
	
  
	
  
	
  
	
  
	
  
	
  
★ 	
  El	
  pH	
  també	
  es	
  troba	
  regulat	
  por	
  bombes	
  Na+/H+	
  

1Na+	
  
1HCO3-­‐	
   1	
  Cl-­‐	
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EL	
  POTENCIAL	
  D'ACCIÓ	
  
	
  Un	
  increment	
  en	
  les	
  conductàncies	
  de	
  Na+	
  i	
  K+	
  genera	
  els	
  potencials	
  d’acció.	
  

	
  

✦ hup://www.sinauer.com/neuroscience4e/animaMons2.3.html	
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EL	
  POTENCIAL	
  D’ACCIÓ	
  
	
  Un	
  increment	
  en	
  les	
  conductàncies	
  de	
  Na+	
  i	
  K+	
  genera	
  els	
  potencials	
  d’acció.	
  

	
  
	
  

	
  

TTX 
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EL	
  POTENCIAL	
  D’ACCIÓ	
  

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



27	
  

EL	
  POTENCIAL	
  D'ACCIÓ	
  

27	
  Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



28	
  

EL	
  POTENCIAL	
  D'ACCIÓ	
  
★ 	
  Conducció	
  saltatòria	
  

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
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EL	
  POTENCIAL	
  D'ACCIÓ	
  
★ 	
  Conducció	
  saltatòria	
  /	
  Esclerosi	
  múlMple	
  



30	
  

EL	
  POTENCIAL	
  D'ACCIÓ	
  
	
  Canals	
  iònics	
  

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
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EL	
  POTENCIAL	
  D'ACCIÓ	
  
★ 	
  Canals	
  iònics	
  /	
  transportadors	
  acMus	
  

hup://www.sinauer.com/neuroscience4e/animaMons4.2.html	
  

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



32	
  

Transmissió de senyal a sinapsis químiques 

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
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Neurotransmissors 
Criteris	
  que	
  defineixen	
  un	
  neurotransmissor	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
+	
  de	
  100	
  neurotransmissors	
  
✓ 	
  Molècules:	
  efecte	
  ràpid,	
  acMvitat	
  poc	
  freqüent	
  
✓ 	
  NeuropèpMds:	
  efecte	
  lent	
  =	
  neuromodulador, acMvitat	
  molt	
  freqüent	
  
✓ 1	
  neurona	
  més	
  d’1	
  neurotransmissor,	
  cotransmissors	
  
	
  
	
  

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
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Control	
  de	
  	
  concentració	
  de	
  neurotransmissor	
  a	
  la	
  fenedura	
  sinàpMca	
  
Regulació	
  de:	
  
✓ 	
  Síntesi	
  
✓ 	
  Empaquetament	
  
✓ 	
  Alliberament	
  
✓ 	
  Degradació/neteja	
  
✓ 	
  Recaptació	
  
	
  
Ej.	
  5HT	
  
	
  
Potencial	
  de	
  acció	
  indueix	
  l’alliberament	
  quànMc	
  de	
  neurotransmissor	
  a	
  
través	
  de	
  la	
  fusió	
  de	
  vesícules	
  sinàpMques	
  

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



35	
  

Reciclatge local de neurotransmissors 
 

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
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Mecanismes moleculars de la secreció de neurotransmissors 
 

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
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Mecanismes moleculars de la secreció de neurotransmissors 
 

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
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Potencials postsinàptics inhibidors i excitadors 
EPSP i IPSP 
 
 
 
 
 
 
 
 
 
Suma de potencials 
 

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
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Receptors postsinàptics 
✓  Ionotròpics: canals dependents de lligam 
Efectes ràpids: mseg (Ex. ACh a unió neuromuscular) 
✓  Receptors acoblats a proteïnes G: metabotròpics 
Efectes lents: centenars de mseg-min 

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
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Neurotransmitter Postsynaptic effecta Precursor(s) Rate-limiting step in 

synthesis 

Removal mechanism Type of vesicle 

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 

(epinephrine, 

norepinephrine, 

dopamine) 

Excitatory Tyrosine Tyrosine hydroxylase Transporters, MAO, 

COMT 

Small dense-core, or 

large irregular dense-

core 

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 

phosphorylation; 

glycolysis 

Hydrolysis to AMP and 

adenosine 

Small, clear 

Neuropeptides Excitatory and inhibitory Amino acids (protein 

synthesis) 

Synthesis and transport Proteases Large, dense-core 

Endocannabinoids Inhibit inhibition Membrane lipids Enzymatic modification 

of lipids 

Hydrolisis by FAAH None 

Nitric Oxide Excitatory and inhibitory Arginine Nitirc oxid synthase Spontaneous oxidation None 

Els	
  	
  neurotransmissors	
  i	
  els	
  seus	
  receptors	
  



Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



Acetilcolina 
Distribució 



Acetilcolina 
Síntesi 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Farmacologia 
http://www.sinauer.com/neuroscience4e/animations6.1.html 

3	
  

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



Glutamat 
Distribució 
 
 



Glutamat 
Síntesi 
 
 
 

hup://www.sinauer.com/neuroscience4e/animaMons6.2.html	
  

Farmacologia 

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



Glutamat 
Farmacologia 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Excitotoxicitat 
 
 



GABA, Glicina 
Síntesi 
 
 

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



GABA, Glicina 
Síntesis 
 
 



GABA, Glicina 
 
 



GABA, Glicina 
Interneurones 
 



Amines biogèniques 
 
 

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



Amines biogèniques 
Dopamina 
 
 

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



hup://www.sinauer.com/neuroscience4e/animaMons6.3.html	
  

Amines biogèniques 
Dopamina 
 
 



Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  







Amines biogèniques 
Dopamina / sistema de recompensa/addicció 
 



Amines biogèniques 
Dopamina/esquizofrènia 
 

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 biogèniques 
Norepinefrina 
Son/vigília 
Atenció 
Comportament alimentari 
 
Neurones ganglionars del sistema simpàtic 
 
 
 
Sistema motor visceral 
http://www.sinauer.com/neuroscience4e/animations6.4.html 
 
 

MAO	
  
COMT	
  

Epinefrina 
Escasses neurones en SNC   

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



Amines biogèniques 
Histamina 
 

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



Amines biogèniques 
Histamina 
 

Control de mareig por regulació de funció vestibular  
 
Antagonistes de receptors H2 en estómac 



Amines biogèniques 
Serotonina 
 
 

hup://www.sinauer.com/neuroscience4e/animaMons6.5.html	
  

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



Amines biogèniques 
Serotonina/depressió 
 
 

hup://www.muyinteresante.com.mx/ciencia/285675/gen-­‐felicidad	
  



Amines biogèniques 
Serotonina/depressió 
 
 



Amines biogèniques 
Serotonina/depressió 
 
 



ATP i altres purines 
Aplicació extracel·lular d’ATP (o AMP i adenosina) a neurones --> resposta elèctrica 
 

ATP neurotransmissor a motoneurones de m. espinal i ganglis sensorials i autònoms 
CNS: algunes neurones HC 
NO neurotransmissor clàssic: no en vesic. sinàpt., exocitosi no induïda per Ca2+ 
Generat per ATP a partir d’enzims extracel·lulars 
  

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



Neurotransmissors peptídics 
Síntesi, empaquetament i alliberament diferents a molècules menudes  
Prepropèptids 
Poden produir més d’un pèptid actiu 
Neuropèptids: generalment s’alliberen juntament amb neurotransmissors menuts. Sinapsis 
peptidèrgiques: senyals complexos 
Destruïts per peptidases a part extracel·lular MP 
1) pèptids cervell/digestius, 2) opioides, 3) pituïtaris, 4) hormones secretades per hipotàlem, 5) altres 
 
 
 
 

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



Neurotransmissors peptídics 
Síntesi, empaquetament i alliberament diferents a molècules menudes  
Prepropèptids 
Poden produir més d’un pèptid actiu 
Neuropèptids: generalment s’alliberen juntament amb neurotransmissors menuts. Sinapsis 
peptidèrgiques: senyals complexos 
Destruïts per peptidases a part extracel·lular MP 
1) pèptids cervell/digestius, 2) opioides, 3) pituïtaris, 4) hormones secretades per hipotàlem, 5) altres 
 
 
 
 

Purves	
  et	
  al.	
  Neuroscience,	
  4	
  ed.	
  



Neurotransmissors peptídics 
Substància P 
cervell/digestiu 
 



Neurotransmissors peptídics 
Opioides 
 
Perspectiva històrica 
 
Opiacis 
 
Opioides sintètics 
 
Opioides endògens 
 
 
 
Distribució 
 
Acció depressora 
 
Receptors 
 
 
 
 
 
 
 
 
 
 
 
 

Name Amino acid sequenceb 

Leucine-enkephalin Tyr-Gly-Gly-Phe-Leu-OH 

Methionine-enkephalin Tyr-Gly-Gly-Phe-Met-OH 

β-Endorphin Tyr-Gly-Gly-Phe-Met-Thr-Ser-Glu-Lys-Ser-Gln- 

Thr-Pro-Leu-Val-Thr-Leu-Phe-Lys-Asn-Ala-Ile- 

Val-Lys-Asn-Ala-His-Lys-Gly-Gln-OH 

α-Neoendorphin Tyr-Gly-Gly-Phe-Leu-Arg-Lys-Tyr-Pro-Lys 

Dynorphin Tyr-Gly-Gly-Phe-Leu-Arg-Arg-Ile-Arg-Pro-Lys- 

Leu-Lys-Trp-Asp-Asn-Gln-OH 



Neurotransmissors no convencionals 
Endocannabinoides 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Neurotransmissors no convencionals 
Òxid nítric 
 
 
 
 
 
 
 
 
 
 
 
 



Tema	
  4	
  
La	
  glia:	
  Paper	
  en	
  el	
  desenvolupament	
  del	
  sistema	
  nerviós,	
  la	
  funció	
  neural	
  i	
  la	
  neurodegeneració	
  



Astròglia	
  
-­‐	
  Cèl.	
  =	
  astròcits	
  
-­‐	
  Cèl.	
  estrellades	
  
-­‐	
  Moltes	
  ramificacions	
  
-­‐	
  Peus	
  perivasculars	
  
-­‐	
  MGLS	
  
*	
  Astròcits	
  fibrosos	
  	
  
-­‐-­‐>	
  Substància	
  blanca	
  	
  
Branques	
  llargues	
  rectes	
  
	
  i	
  llises	
  
	
  
*	
  Astròcits	
  protoplàsmics	
  	
  
-­‐-­‐>	
  Substància	
  gris	
  
Prolongacions	
  radials	
  

	
  +	
  abundants	
  
	
  +	
  curtes	
  
	
  +	
  grosses	
  

	
  
*	
  Marcadors	
  

	
  GFAP	
  
	
  S100	
  
	
  Glutamina-­‐sintasa	
  

	
  
Transformació	
  de	
  glia	
  radial	
  en	
  diferents	
  Lpus	
  de	
  formes	
  astrocitàries	
  





















Ultraestructura	
  d’astròcits	
  
Nucli	
  
-­‐	
  Irregular	
  
-­‐	
  Cromat.	
  ±	
  laxa,	
  ↓	
  grumolls	
  perifèrics	
  
-­‐	
  Nuclèol	
  no	
  patent	
  
-­‐	
  Cisterna	
  perinucl.	
  dilatada	
  
	
  
Citoplasma	
  
*	
  Soma	
  
-­‐	
  Matriu	
  clara	
  
-­‐	
  ↓	
  RE	
  
-­‐	
  ↓	
  Golgi	
  
-­‐	
  Grans	
  mitoc.	
  
-­‐	
  Glucogen↑	
  ↑	
  
-­‐	
  Feixos	
  de	
  filam.	
  interm.	
  
=	
  gliofilam.	
  (GFAP)	
  
	
  
*Ramificacions	
  
-­‐	
  Gliofilaments	
  
-­‐	
  Mitoc.	
  
-­‐	
  Glucogen	
  
-­‐	
  Peus	
  perivasc.	
  
-­‐	
  MGLS	
  
-­‐	
  Revest.	
  somes	
  i	
  dendr.	
  
	
  



Ultraestructura	
  d’astròcits	
  
Nucli	
  
-­‐	
  Irregular	
  
-­‐	
  Cromat.	
  ±	
  laxa,	
  ↓	
  grumolls	
  perifèrics	
  
-­‐	
  Nucleol	
  no	
  patent	
  
-­‐	
  Cisterna	
  perinucl.	
  dilatada	
  
	
  
Citoplasma	
  
*	
  Soma	
  
-­‐	
  Matriu	
  clara	
  
-­‐	
  ↓	
  RE	
  
-­‐	
  ↓	
  Golgi	
  
-­‐	
  Grans	
  mitoc.	
  
-­‐	
  Glucogen↑	
  ↑	
  
-­‐	
  Feixos	
  de	
  filam.	
  interm.	
  
=	
  gliofilam.	
  (GFAP)	
  
	
  
*Ramificacions	
  
-­‐	
  Gliofilaments	
  
-­‐	
  Mitoc.	
  
-­‐	
  Glucogen	
  
-­‐	
  Peus	
  perivasc.	
  
-­‐	
  MGLS	
  
-­‐	
  Revest.	
  somes	
  i	
  dendr.	
  
	
  



Funcions	
  d’astròcits	
  
-­‐	
  Suport	
  estructural:	
  citosq.	
  ↑	
  (glia	
  rad.)	
  
-­‐	
  Reparació	
  i	
  neteja	
  
-­‐	
  Aïllament	
  d’elements	
  mesodèrmics	
  
-­‐	
  Recobriment	
  de	
  superf.	
  no	
  recept.	
  
-­‐	
  Metabolisme	
  de	
  neurotransm.	
  
-­‐	
  Homeòstasi	
  del	
  K+	
  
	
  



Funcions	
  d’astròcits	
  
-­‐	
  Suport	
  estructural:	
  citosq.	
  ↑	
  (glia	
  rad.)	
  
-­‐	
  Reparació	
  i	
  neteja	
  
-­‐	
  Aïllament	
  d’elements	
  mesodèrmics	
  
-­‐	
  Recobriment	
  de	
  superf.	
  no	
  recept.	
  
-­‐	
  Metabolisme	
  de	
  neurotransm.	
  
-­‐	
  Homeòstasi	
  del	
  K+	
  
	
  



Micròglia	
  
-­‐	
  Cèl.	
  d’origen	
  mesodèrmic	
  
-­‐	
  SMF	
  
-­‐	
  Soma	
  fusiforme	
  o	
  estrellat	
  
-­‐	
  1	
  o	
  +	
  ramif.	
  amb	
  branques	
  2aies	
  
-­‐	
  Nucli	
  irregular	
  
-­‐	
  CromaLna	
  en	
  grumolls	
  
-­‐	
  Poc	
  citopl.	
  
*	
  Marcadors	
  

	
  NDPasa	
  
	
  Marcadors	
  de	
  macròfags	
  
	
  LecLnes	
  

*	
  Funció	
  



Micròglia	
  
-­‐	
  Cèl.	
  d’origen	
  mesodèrmic	
  
-­‐	
  SMF	
  
-­‐	
  Soma	
  fusiforme	
  o	
  estrellat	
  
-­‐	
  1	
  ó	
  +	
  ramif.	
  amb	
  branques	
  2àries	
  
-­‐	
  Nucli	
  irregular	
  
-­‐	
  CromaLna	
  en	
  grumolls	
  
-­‐	
  Poc	
  citopl.	
  
*	
  Marcadors	
  

	
  NDPasa	
  
	
  Marcadors	
  de	
  macròfags	
  
	
  LecLnes	
  

*	
  Funció	
  



Oligodendròglia	
  
*	
  Formació	
  de	
  beines	
  de	
  mielina	
  
*	
  Clars-­‐-­‐>	
  Intermedis	
  -­‐-­‐>	
  Obscurs	
  
-­‐	
  Cos	
  cel·∙lular	
  esfèric	
  o	
  poligonal	
  
-­‐	
  Ramificacions	
  curtes	
  
-­‐	
  Nucli	
  ↓	
  
-­‐	
  ↓	
  citoplasm.	
  
	
  
*	
  C.	
  DE	
  SCHWAN	
  -­‐-­‐>	
  SNP	
  
*	
  Marcadors	
  
CNP	
  
(Cyclic	
  nucleoLde	
  diphosphatase)	
  
MBP	
  



Oligodendròglia	
  
	
  



Oligodendròglia	
  
	
  



Oligodendròglia	
  
	
  

Ishiyama, B. 



Oligodendròglia	
  
	
  



Oligodendròglia	
  
	
  



Oligodendròglia	
  
	
  



Oligodendròglia 
 



Oligodendròglia	
  
	
  



Oligodendròglia	
  
	
  



Oligodendròglia	
  
	
  



Oligodendròglia	
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Conducció	
  saltatòria	
  /	
  Esclerosi	
  múlLple	
  
Oligodendròglia	
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