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Acetylcholine
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Sleep and wakefulness
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Rapid Eye Movement (REM)

REM
SLEEP

» Eyes move rapidly under
closed eyelids

Most dreaming occurs here

Brain is active, muscles are
relaxed

Can't move voluntarily —
signals from the brain to
the postural muscles are
blocked

DEEP

NON-REM SLEEP

» Stages 3-4

» Difficult to wake up

» Sleep inertia when woken
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Sleep and wakefulness

Brainstem nuclei responsible
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Cholinergic nuclei of pons-midbrain junction
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* Via neuromodulating systems

— Consciuosness (sse above)
— Mood

Via thalamus

— Via nucleus mediodorsalis to
orbitofrontal cortex (influence

on decision making)

— Influence gating function of
pther thalamic nuclei

Papez circuit

Influence of hypothalamus on neocortex
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Papez circuit
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Suggestion: the ascending axons of this circuit are
continuously activating memories of places that lie

ahead, in the direction indicated bd s the current
Thus. decisions dgbout direction of locomotion are

direction 0f the head. influenced by memories of those places. including
their good or bad values.

« Axons in the Papez circuit are of more than one type.

Only the ones signaling head direction have been
characterized.

What is the hippocampus sending to other parts of the
hypothalamus? It may alter motivational levels

according to remembered information about locations
in the current frame of reference.
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Origins of endbrain: Structures underlying olfaction

Two major links between olfactory system and the motor systems
of the midbrain

1) Through the ventral endbrain. which became corpus striatum and basal
forebrain (including much of the septal area)
«  OQOutputs to hypothalamus. (epithalamus. subthalamus). midbrain
»  These outputs atfected locomotion and orienting movements

*  The links were plastic, so habits were formed according to rewarding effects
mediated. e.g.. by taste effects.

2) Through the medial part of the dorsal endbrain, which
became medial pallium—the hippocampal formation
+ Outputs to ventral striatum, hyvpothalamus, epithalamus

* The links were plastic, but the “habits™ formed w erent: The
association of place with good or bad consequences of approach.
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mt = mammillothalamic tract
fx = fornix bundle
Association areas

(neocortex)
//' \
.

‘ingulate cOrtex mme—__ Paralimbic areas,
.. — .
e entorhinal area

nuclei nucleus

Anterior

nuclei Mammillary «— Hypothalamus«—sSeptal fx Hippocampusi
bodies area (Ac)b—= A --

b
AT
~ o
. Dentate gyrus,
_______
Hippocampal formation .
Courtesy of MIT Press, Used with permission. ! ‘ pi ‘ Prof Gerald Schnelder
Schneider, G. E. Brain Structure and its Origins: In the Development and in .
Evolution of Behavior and the Mind., MIT Press, 2014. ISEN: 9780262026734, 27

Gerald Schneider. 9.14 Brain Structure and Its Origins, Spring 2014. (Massachusetts Institute of Technology: MIT
OnenCourseWare) httn://ocw mit edu (Accessed) license:Creative Commons BY-NC-SA



*  Orngins of endbrain: Structures underlying olfaction

+  Two major links between olfactory system and the motor systems
of the midbrain

1) Through the ventral endbrain. which became corpus striatum and basal
_ forebrain (including much of the septal area)
Object «  OQOutputs to hypothalamus. (epithalamus. subthalamus). midbrain
oriented... »  These outputs atfected locomotion and orienting movements

*  The links were plastic, so habits were formed according to rewarding effects
mediated. e.g.. by taste effects.

2) Through the medial part of the dorsal endbrain, which
became medial pallium—the hippocampal formation
Location * Qutputs to ventral striatum, hypothalamus, epithalamus

oriented... * The links were plastic, but the “habits” formed wer erent: The
association of place with good or bad consequences of approach.
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Evolution of corpus striatum:
basic outline of a story

1. Beginnings: a link between olfactory
mputs and motor control: The link becomes
“Ventral striatum™. It was a modifiable link
(capable of experience-induced change).

2. Non-olfactory inputs invade the striatal
integrating mechanisms (via paleothalamic
structures).

3. Early expansions of endbrain: striatal and
pallial.

4. Pre-mammalian & then mammalian
expansions of cortex and striatum: For the
striatum, the earlier outputs and inputs
remain as connections with neocortex
expand.

Figure 1. Postulated beginnings in primitive chordates
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Learning and memory

* Connections of striatum and hippocampus are plastic
* Plasticity is a base of learning

* Learningis a forming of long- term memor

30



Learning and memory

Plasticity is a base of learning

Learning is a forming of long- term memor

Declarative memory (explicit)

— Based on hippocampus

— Explicit information is stored and later recollected
— ,Construction of the maps (relationships)® — spatial or abstract

Procedural memory (implicit)

— Based on striatum

— Habitual learning — motor skills, but also social habits
— ,,Construction of the algorithms”
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Learning and memory

Connections of striatum and hippocampus are plastic
Plasticity is a base of learning

Learning is a forming of long- term memory

Declarative memory (explicit) Location oriented:
— Based on hippocampus Where am | and what has
_ o happened here?
— Explicit information is stored and later recollected

— ,Construction of the maps (relationships)® — spatial or abstract

Procedural memory (implicit)

Object oriented:
— Based on striatum

Can | eat it and how
— Habitual learning — motor skills, but also social habits to eat it?

— ,,Construction of the algorithms”
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