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540 Dendritic spines

gated) are accompanied by an increase in citosolyc Ca*.
Part of this ion, sometimes to a large extent, comes from
intracellular stores (where it is originally in a bound form).
And what is more fascinating is that these Ca>* seem to move
away from the site of the synapses, thus possibly forming
some kind of dendritic gradient (we don’t know yet if this
is done by an active or passive process). Since an increase
in intracellular Ca?* will affect the properties of synaptic
receptors as well as the electrical properties of the membrane,
these findings obviously implicate the citosol in what has
been considered up to now basically a membrane process,
i.e., Neuronal Integration. On the other hand, due to the
enormous and complementary interaction of active membrane
properties and synaptic processes, it is obvious one cannot talk
here of “hard-wiring” but that dendritic properties will bring
instead a considerable amount of “plasticity” to this part of
the neuron. Furthermore, the overwhelming complexity implied
by these experimental facts indicates that some radically new
theoretical ideas will be needed before a formal approach is
again attempted.

Another important aspect of dendritic physiology is its rela-
tion to the electroencephalogram. Although the intimate mech-
anism of the latter is far from being clearly understood, it has
been accepted for some time that PSPs, rather than spikes, are
the main electrical events behind its genesis. One should add,
in the light of what has been said about dendritic responses,
that most of these “dendritic PSPs” should be considered the
result of active dendritic responses and not just simple cable
propagated potentials. The great wealth of dendritic electrical
responses and the variety of dendrodendritic contacts that have
been described (e.g., chemical synapse, tight junction, recipro-
cal synapses, dendritic bundles), raise the possibility of den-
dritic ensembles working together. In this context it is im-
portant to state that the role of extracellular current fields in
the functioning of dendrites is still an open question, but it
would seem to be the obvious mechanism in operation for the
case of dendritic bundles. It is known that artificially applied
weak DC fields can affect dendritic potentials without neces-
sarily changing spike discharges. On the other hand, changes
in firing patterns of neocortical mammalian cells, produced
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1. Introduction

Around the turn of the century Ramon y Cajal (1893) first
discovered the tiny protrusions called “dendritic spines” that
stud the surfaces of neurons throughout the brain. He and his
contemporary, Tanzi, postulated that changes in spine structure
or number would be important factors in synapse formation
during development and synapse modification during learning
and memory in the mature nervous system. Later, Gray (1959)
discovered with electron microscopy (EM) that dendritic spines
are indeed the key postsynaptic targets of excitatory axons
in most brain regions. Results from numerous studies are
beginning to show evidence for alterations in dendritic spines
during development, with learning and memory, and also with
long-term potentiation, a physiological model that is widely
studied as a candidate cellular mechanism of some forms of
learning and memory.

by stronger fields, can become long-lasting (sometimes longer
than 3 h) when the DC field is applied for some time (10 to
20 min). A long-lasting dendritic gradient of some type is per-
haps the mechanism behind these otherwise puzzling phenom-
ena. Whether these field effects occur under normal conditions
is not known, but the extracellular current values needed to ob-
tain them are likely to be produced in physiological conditions
requiring a degree of synchronization, as is the case for some
stages of learning.

Further reading

Llinas RR, Sugimori M (1980): Electrophysiological properties of
in vitro Purkinje cell dendrites in mammalian cerebellar slices.
J Physiol (Lond.) 305:197-213

Llinas RR (1988): The intrisic electrophysiological properties of
mammalian neurons: Insights into central nervous system function.
Science 242:1654-1664

Lorente de No R, Condouris R (1959): Decremental conduction in
peripheral nerve: Integration of stimuli in the neuron. Proc Narl
Acad Sci USA 45:592-617

Midtgaard J (1994): Processing of information from different sources:
Spatial synaptic integration in the dendrites of vertebrates CNS
neurons. Trends Neurosci 17:166-173

Murphy TH, Baraban JM, Wier WG, Blatter LA (1994): Visualization
of quantal synaptic transmission by dendritic calcium imaging.
Science 262:529-531

Rall W (1977): Core conductor theory and cable properties of neurons.
In: Handbook of Physiology, Section 1: The Nervous System, vol.
I, Part I, Kandel ER, ed. Bethesda, MD: American Physiological
Society, pp. 39-97

Regehr WG, Tank DW (1994): Dendritic calcium dynamics. Curr Opin
Neurobiol 4:373-382

Sobel EC, Tank DW (1994): In vivo Ca2* dynamics in a cricket
auditory neuron: An example of chemical computation. Science
263:823-826

Spencer W. (1977): The Physiology of supraspinal neurons in mam-
mals. In: Handbook of Physiology, Section I1: The Nervous System,
vol. I, Part I, Kandel ER, ed. Bethesda, MD: American Physiologi-
cal Society, pp. 969-1021

See also Dendrites, dendrodendritic interactions; Neuronal mor-
phology; Neuron, cable properties; Purkinje cell electrophysiology;
Synaptic transmission: facilitation etc.

2. Structure and composition of dendritic spines
2.1. Spine shapes

Dendritic spines assume striking differences in size, shape, and
subcellular composition both within and across brain regions
(Figure 1). Most spines are unbranched protrusions that can be
classified by their stubby, thin, or mushroom shapes (Figure 2).
Branched spines have multiple heads which in some brain
regions are all innervated by a single axonal bouton (e.g.,
hippocampal area CA3) (Chicurel and Harris, 1992); in other
brain regions the different heads of a branched spine are
innervated by different axons (e.g., hippocampal area CAl
(Harris et al., 1992), Figure 2); and in rare cases some of
the heads have no presynaptic partners while other heads are
innervated by different axons (e.g., cerebellar Purkinje spiny
branchlets) (Harris and Stevens, 1988).






