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Concept of the limbic system
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Arousal type 1 (somatic)

ARAS (ascendent retikulation activation system)

Gerald Schneider. 9.14 Brain Structure and lIts Origins, Spring 2014. (Massachusetts Institute of Technology: MIT
OpenCourseWare), http://ocw.mit.edu (Accessed). License:Creative Commons BY-NC-SA

Effect of stimulation
— Habituation

— Minimal ctivation of
,reward/punishing” system

Ascendent connections
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cerebellum

Descendent connections

— Neocortex, corpus striatum,
thalamus

Arousal type 2 (limbic)

e Effect of stimulation
— Minimal habituation

— Strong activation of
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e Ventral tegmental area — VTA
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e Ascendent connections
— Mainly viscerosenzitivity, pain

e Descendent connections

— Hypothalamus and other
limbic areas, amygdala
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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

http://anchortime.com/portal/images/stories/MNZ_sleep_cycles_1.jpg
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Sleep and wakefulness

Brainstem nuclei responsible

WAKEFULNESS
Cholinergic nuclei of pons-midbrain junction

Locus coeruleus
Raphe nuclei

NON-REM SLEEP
Cholinergic nuclei of pons-midbrain junction
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Raphe nuclei
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Hypothalamus

Key center of autonomic

:
regulations and coordination iz
Integration of the information §c
from inner and outer 52
environment o

\l/ :::?:::tﬂt:ulnr Lateral ﬁ;:‘l‘l!llllmk
Behavioral modulation s o
Regulation of autonomic s —
nervous system it
\l/ Summk ey “ nucleus
Maintenance of homeostasis .../ bl o
Optic chiasm AL, Posterior
Anterior ik
pitultary

http://www.slideshare.net/physiologymgmcri/hypothalamus-15-apr-2016



Hypothalamus

Key center of autonomlc
regulations and ¢

http://biology.about.com/od/anatom

y/p/Hypothalamus.htm
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Influence of hypothalamus on neocortex

* Via neuromodulationg Dopamine ~  Norepinephrine
SySte mSs .. / Aiiees R et ion
. . ’v | +Clarity -Ambiguity +Certainty -Doubt

- CO n S C I u O S n e SS (VI Z . Vys e ) | +Motivation -Hyper +Determination -Obsession
| +\Working Memory -Passive +Learning Memory -Disability

_ Balanced

Mood
Mood

Appetite Endurance

e Viathalamus

— Via nucleus mediodorsalis to
orbitofrontal cortex (influence
on decision making)

— Influence gating function of
pther thalamic nuclei

Relaxation

+Sleepy -Insomnia
L e

Serotonin
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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 b{{ ' the current
Thus. decisions dbout direction of locomotion are

direction Hf 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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mt = mammillothalamic tract
fx = fornix bundle
Association areas
(neocortex)

[ étiva —>Pretectal ———— Laterodorsal ___J“gu}ﬂte Cm‘tj “'——-——-—.. Paralimbic areas,
nuclei nucleus — entorhinal area

Anterior '
/_\ of thalamu
fx =iy
+ L-L’( Sul}lculum;
'J*"’c-;ll'l Tegmental mft — / s |
o nuclei Mammillary «— Hypothalamus+—sSeptal fx Hippocampusi
bodies avea (Ach)b =~ \ v -

Dentate gy tus"‘

Courtesy of MIT Press, Used with permission.

I Hippocampal formation .
Schneider, G. E. Brain Structure and its Origins: In the Development and in PrOf Gerald SCh nelder

Evolution of Behavior and the Mind. MIT Press, 2014, ISEN: 5780262026734,
Gerald Schneider. 9.14 Brain Structure and Its Origins, Spring 2014. (Massachusetts Institute of Technology: MIT

ObenCourseWare) http://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)
«  Outputs to hypothalamus. (epithalamus. subthalamus). midbrain
»  These outputs affected 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

* Qutputs to ventral striatum, hyvpothalamus, epithalamus

* The links were plastic, but the “habits” formed were different: The

association of place with good or bad consequences of approach.
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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)
«  Outputs to hypothalamus. (epithalamus. subthalamus). midbrain
»  These outputs affected 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

* Qutputs to ventral striatum, hyvpothalamus, epithalamus

* The links were plastic, but the “habits” formed were different: 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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Figure 2. Other inputs reached the striatum
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Figure 3. Early expansion of strintal and adjacent " limbic" crens

.
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Courtesy of MIT Press. Used with permission.
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Learning and memory

Connections of striatum and hippocampus are palsti

Plasticity is a base of learning

Learning is a forming of long- term memory

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”



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 hlppocampus Where am | and what has

happened here?
— Explicit information is stored and later recollected PP

— ,,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*



Amygdala

http://proprofs-cdn.s3.amazonaws.com/images/FC/
user_images/1406217/9806788916.png

Corticomedial: Inputs from olfactory bulbs, hypothalamus & lateral amvgdala; outputs

to Ivpothalamus, amyvgdala, ANS

Basolateral: Inputs from thalamus, neocortex, hippocampus, outputs to prefrontal

cortex, ventral striatum, other amvgdala nuclei

Central: Intra-amvedalar inputs; outputs through stria terminalis (see later slides) .

Connections to all major
cortical and subcortica
Istructures

Modiffied corpus striatum

Plasticity — memory
formation

,Influence of information
from outer environment on
limbic system®
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,Affective tags”
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4. Amygdala does quick threat assessment |
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6, Unthinking response
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