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“Men ought to know that from the brain, and trom the brain only,
arise our pleasures, joys, laughters and jests,
as well as our sorrows, pains, griefs and fears.
Through it, in particular, we think, see,

hear and distinguish the ugly from the beautitul,
the bad from the good,
the pleasant from the unpleasant”

Hippocrates- 5th Century B.C.
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(a) The mirror-tracing task

(b) Performance of H.M. on mirror-tracing task
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17.1 Brain Tissue Removed from Patient H.M.
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List of unsolved problems in neuroscience

From Wikipedia, the free encyclopedia

This article relies largely or entirely on a single source. Relevant discussion may be found on the
talk page. Please help improve this article by introducing citations to additional sources. (August 2012)

There are yet unsolved problems in neuroscience, although some of these problems have evidence supporting a e iR pomI§
hypothesized solution, and the field is rapidly evolving. These problems include:

« Consciousness: What is the neural basis of subjective experience, cognition, wakefulness, alertness, arousal, and attention? Is there a "hard
problem of consciousness"? If so, how is it solved? What, if any, is the function of consciousness?!11(2]

« Perception: How does the brain transfer sensory information into coherent, private percepts? What are the rules by which perception is
organized? What are the features/objects that constitute our perceptual experience of internal and external events? How are the senses
integrated? What is the relationship between subjective experience and the physical world?

« Learning and memory: Where do our memories get stored and how are they retrieved again? How can learning be improved? What is the
difference between explicit and implicit memories? What molecule is responsible for synaptic tagging?

« Neuroplasticity: How plastic is the mature brain?

« Development and evolution: How and why did the brain evolve? What are the molecular determinants of individual brain development?

« Free will, particularly the neuroscience of free will

« Sleep: What is the biological function of sieep? Why do we dream? What are the underlying brain mechanisms? What is its relation to
anesthesia?

« Cognition and decisions: How and where does the brain evaluate reward value and effort (cost) to modulate behavior? How does previous
experience alter perception and behavior? What are the genetic and environmental contributions to brain function?

« Language: How is it implemented neurally? What is the basis of semantic meaning?

« Diseases: What are the neural bases (causes) of mental diseases like psychotic disorders (e.g. mania, schizophrenia), Parkinson's disease,
Alzheimer's disease, or addiction? Is it possible to recover loss of sensory or motor function?

« One possible neural basis for mental illness is law integration disorder, a term coined by Johan Nygren, a Swedish gentleman who studied
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Abstract

Does the cerebellum influence nonmotor behavior? Recent anatomical
studies demonstrate that the output of the cerebellum targetss multiple
nonmotor areas in the prefrontal and posterior parietal cortex, as well
as the cortical motor areas. The projections to different cortical areas
originate from distinct output channels within the cerebellar nuclei.
The cerebral cortical area that is the main target of each output channel
is amajor source of input to the channel. Thus, a closed-loop circuit rep-
resents the major architectural unit of cerebro-cerebellar interactions.
The outputs of these loops provide the cerebellum with the anatomical
substrate to influence the control of movement and cognition. Neu-
roimaging and neuropsychological data supply compelling support for
this view. The range of tasks associated with cerebellar activation is
remarkable and includes tasks designed to assess attention, executive
control, language, working memory, learning, pain, emotion, and ad-

diction. These data, along with the revelations about cerebro-cerebellar
circuitry, provide a new framework for exploring the contribution of the
cerebellum to diverse aspects of behavior.
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Model of amygdala microcircuits that give rise to behaviour

New findings in the amgydala have updated our understanding of these microcircuits. Different populations of basolateral complex of the amygdala (BLA) neurons
are proposed to activate distinct populations of lateral central nucleus of the amygdala (CeL) neurons to either promote fear or reduce anxiety. CeM, medial central
nucleus of the amygdala; DVC, dorsal vagal complex; PAG, periaqueductal grey; PKC, protein kinase C; PVT, paraventricular nucleus of the thalamus; HYP,
hypothalamus; SOM, somatostatin.

Janak & Tye, 2015
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The father of modern
neuroscience, Ramony

Cajal, at his microscope
in 1890.

Cajal’s first pictures
of neurons and their
dendrites.

Cajal's exquisite
neuron drawings -
these are of the
cerebellum.
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(G) HRP-filled motoneuron

(B) Neuron injected with fluorescent dye
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Figure |. Structural diversity in dendrites (black) and axons (red). The species, brain region, and reported neuron type of
representative reconstructions from NeuroMorpho.Org are included (numbers in parentheses indicate the corresponding unique
identifier “NMO_ID” in the database); Scale bars: 100 pm. (A) Proechimys, hippocampus, pyramidal-like (7254); (B) Rabbit, retina,
amacrine (765); (C) Rat, hippocampus, pyramidal (930); (D) Goldfish, optic nerve, sensory (6897); (E) Drosophila, peripheral
nervous system, sensory (7046); (F) Zebrafish, spinal cord, motoneuron (9367); (G) Elephant, neocortex, neurogliaform (6239);
(H) Frog, spinal cord, motoneuron (7289); (I) Mouse, neocortex, parvalbumin-containing (8508). (J) Monkey, neocortex, basket
(1869). (K) Cricket, cercal sensory system, sensory (4594); (L) Turtle, spinal cord, motoneuron (7291); (M) Caenorhabditis
elegans, somatic nervous system, sensory (9857); (N) Cat, neocortex, pyramidal (10038); (O) Chicken, brainstem, bipolar (8909);
(P) Human, neocortex, von Economo (1078); (Q) Spiny lobster, stomatogastric ganglion, pyloric dilator (6634); (R) Salamander,
retina, ganglion (770); (S) Guinea-pig, hippocampus, pyramidal (7904).
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Giant neuron encircles
entire brain of a mouse

The ‘crown of thorns’-shaped cell stems from a region linked to consciousness.

BY SARA REARDON

ike ivy plants that send
Lrunners out searching for
something to cling to, the
brain’s neurons send out shoots
that connect with other neurons
throughout the organ. A new
digital reconstruction method
shows three neurons that branch
extensively throughout the brain,
including one that wraps around
its entire outer layer. The find-
ing could help to explain how the
brain creates consciousness.
Christof Koch, president of the
Allen Institute for Brain Science in

el AP L& et _ 33 8.

A digital reconstruction of a neuron that wraps around the mouse brain.

Researchers inject individual
cells with a dye, slice the brain
into thin sections and then trace
the dyed neuron’s path by hand.
Very few have been able to trace a
neuron through the entire organ.
The new method is less invasive
and is also scalable, saving time
and effort.

Koch and his colleagues
engineered a line of mice so that
a certain drug activated specific
genes in claustrum neurons.
When the researchers fed the
mice a small amount of the
drug, only a handful of neurons
received enough of it to switch
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rotubule polarity orientation and the
erential routing of organelles
he differences in the polanty of microtubule
ntation in axons and in dendrites have significant
ications for the types of organelle that can be
sported by microtubule-dependent mechamsms
1 the cell body into each type of neurite. Because
otubules in axons have their (+) ends pointing
y from the cell body, only those somal organelles
can be transported toward the (+) ends of
-otubules will be conveyed from the cell body into
axon. Conversely, somal organelles transported
ifically toward the (—) ends of microtubules will be
ctively excluded from the axon. The situation in
drites i1s very different because the polarity
ntation of the microtubules in these neurites is
od. As a result, those somal organelles that are
sported toward the (+) ends of microtubules as
as those tF_l__lat are transported toward the (—)

selective transport of ribosomes and Golgi elements
from the cell body into dendrites (see Fig. 2).

The generation of distinct microtubule systems for
the axon and the dendrite may also contribute to other
differences between these neurites. The dendritic
membrane differs in composition from the axonal
membrane particularly with regard to receptors and
ion channels®*?®, Perhaps dendrite-specific mem-

brane components become incorporated into a class of

vesicles in the cell body that is preferentially
transported toward the (—) ends of microtubules.
Such a process appears to account for the selective
transport of opsin-containing vesicles to the outer
segment of photoreceptor cells? ", Such sorting of
membrane components, if it occurs, is also likely to
involve the Golgi complex™.

In its simplest form, the model presented in Fig. 2
predicts that the same subset of organelles that is
transported in a microtubule-dependent manner into

Black & Baas 1989
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(a) Axo-somatic (b)  Axo-dendritic and axo-spinous
Axon

Axon
terminal

Dendrite

Apical contact

Axon

m :
Soma terminal

Nucleus Endoplasmic
reticulum
(c) Axo-axonic
Axon
terminal

Axon

terminal terminal

Dendrite

—— Direction of the synaptic transmission

FIGURE 6.7 Types of interneuronal synapses.

(a) Terminal boutons forming axo-somatic synapses. (b) Top to bottom: Synapses between terminal boutons
and a smooth dendritic branch (axo-dendritic synapse) and two examples of indented synapses between ter-
minal boutons and a dendritic spine (axo-spinous synapses). (c) Synapse between an axon terminal and a ter-
minal axon collateral (axo-axonic synapse). The ‘postsynaptic’ axon terminal is itself ‘presynaptic’ to a
dendrite. From Hamlyn LH (1972) The fine structure of the mossy fiber endings in the hippocampus of the
rabbit. |. Anat. 96, 112-120, with permission.
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Dendrite

— 1 —
T Wndrite
Electrical synapse d OT )

Reciprocal synapse
dendro-dendrite

MF mossy fibre
GO golgi cell
GR granule cell

FIGURE 6.2 Types of synapses.

(e)
Axons (GO)

Dendrite (GO)

Dendrite (GR)

Axon Dendrite (GR)

Glomerulus
(ex. cerebellar cortex)

Direction of the synaptic transmission (a,b,c,d) or
direction of the postsynaptic potential propagation (e)

See text for explanations. MF, mossy fibre; GO, Golgi cell; GR, granule cell. Parts (a)-(d) from Bodian D (1972)
Neuronal junctions: a revolutionary decade. Anat. Rec., 174, 73-82, with permission. Drawing (e) from Steiger
U (1967) Uber den Feinbau des Neuropils im Corpus pedunculatum des Waldaneise. Z. Zelforsch. 81, 511-536,

with permission.
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Action potential initiation and
backpropagation in neurons of the
mammalian CNS

Greg Stuart, Nelson Spruston, Bert Sakmann and Michael Hausser

Most neurons in the mammalian CNS encode and transmit information via action potentials.
Knowledge of where these electrical events are initiated and how they propagate within
neurons is therefore fundamental to an understanding of neuronal function.While work from the
1950s suggested that action potentials are initiated in the axon, many subsequent investigations
have suggested that action potentials can also be initiated in the dendrites. Recently, experiments
using simultaneous patch-pipette recordings from different locations on the same neuron have
been used to address this issue directly. These studies show that the site of action potential initiation
is in the axon, even when synaptic activation is powerful enough to elicit dendritic electrogenesis.
Furthermore, these and other studies also show that following initiation, action potentials actively
backpropagate into the dendrites of many neuronal types, providing a retrograde signal of neuronal

output to the dendritic tree.
Trends Newrosci. (1997) 20, 125-131
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Fig. 1. Characterization of the central pattern generator for swimming in
the marine mollusk Clione limacina (class Gastropoda, subclass Opistho-
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Technical Advance

Isolation of Living Neurons from Human Elderly

Brains Using the Immunomagnetic Sorting DNA-
Linker System




Spontaneous cortical activity in awake monkeys
composed of neuronal avalanches

Thomas Petermann?, Tara C. Thiagarajan®, Mikhail A. Lebedev®, Miguel A. L. Nicolelis®, Dante R. Chialvo®,
and Dietmar Plenz®!

#Section on Critical Brain Dynamics, National Institute of Mental Health, Bethesda, MD 20892; bDepartmen’t of Neurobiology, Center for Neuroengineering,
Duke University, Durham, NC 27710; and “Department of Physiology, Northwestern University, Chicago, IL 60611

Edited by Eve Marder, Brandeis University, Waltham, MA, and approved July 16, 2009 (received for review April 16, 2009)

he cerebral cortex displays spontaneous activity, also known as
‘ongoing’ or ‘resting state’ activity, which persists in the absence
of sensory stimuli or motor outputs. The ongoing activity is a robust
feature of cortical dynamics as it is only modulated to a small extent
by stimulus presentation (1), but contributes significantly to the
large variability observed in stimulus responses (2-5). In fact,

Spontaneous neuronal activity is an important property of the
cerebral cortex but its spatiotemporal organization and dynami-
cal framework remain poorly understood. Studies in reduced
systems—tissue cultures, acute slices, and anesthetized rats—
show that spontaneous activity forms characteristic clusters in
space and time, called neuronal avalanches. Modeling studies
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Figure 6.8 The network of intermediary metabolism. The chart
shows about 700 small molecules interacting; each dot is a
metabolite, each line a reaction pathway.
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Rat brain section covered
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D) Immunocytochemistry
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(E) In situ hybridization: enkephalin (F) Expression of c-fos in activated cells
gene expression
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