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Brain Systems

Reminder: chemicals and
electricity

Electricity (membrane
potential)

Chemicals (neurotransmitters)
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Reminder: smaller divisions

Brodmann, in Vanderah

Brain systems

* Senses

* Motor (including cerebellum)
* Autonomic

* Memory

* Emotion (except fear)

° Fear

* Executive
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SENSES (s)

Senses

* Touch

* Proprioception

* Vision

* Hearing

* Vestibular (orientation/rotation)
* Smell

* Taste

* Pain

° ltch

* Temperature

* Hunger [ 6 )
* Thirst

¢ Circadian rhythm




Sensory areas

Premotor Temporocingulate and

Prefrontal; inhibitory
control of behavior;
higher intelligence

pathway
Corpus callosum

Cerenrat CORTEX: LOCAUZATION OF FUNCTION AND ASSOCIATION PATHWAYS

p—r R

} Sensory-motor

Premotor; orientation; Sensory analysis

eye and head movements:

Prefrontal; inhibitory
control of behavior;
higher intelligence. -, -

R 3 S ) Visual |

Language; reading; speech

Auditory |
Auditory It

parictocingulate pathway

Cingulate gyrus . -
Hippocampal commissure

(emotional behavior)
and cingulum Olfactory Anterior commissure

Jones

The retina

ns  Pupl Cornea

Limbus
Zonules

Le

Ciliary muscle ~ Iris

Ciliary body \ "

Choroid
Retina

Optic nerve’“ Fovea Macula

Vanderah (both)

Direction of
Rods and cones information flow

L —
Direction
f ligh
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The inner ear - double duty

Hearing Vestibular

~e— Anterior Cochlear duct \ Posterior —

Antérior semicircular duct
Posterior semicircular duct

Horizontal semicircular duct

Ampulla of

Oval window
posterior semicircular duct [ 9 ]

Round window
Endolymphatic sac

Vanderah

Touch receptors

Dermis

) Pacinian corpuscle
AB SAL-LTMR ./
=
/
== Ruffini
4 ending
2
' (10)
AB SA2-LTMR
AB RA1—LTMR\\
Zimmerman 2014
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Proprioceptors

Annulospiral ending

Flower-spray ending

3
= Capsule

(=)
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Recap:
Sensory areas

Cerenrat CORTEX: LOCAUZATION OF FUNCTION AND ASSOCIATION PATHWAYS

Jones

Neural engineering - sensory

* What is the need?

* What is the desired outcome?
* What do you want to build?

* Where do you need to target?
* Challenges?




MOTOR CONTROL (15])

Muscles and motor control

* Somatic nervous system - skeletal muscle

* Spinal reflexes - skeletal muscle
* Autonomic nervous system - smooth muscle
* Autonomic nervous system - cardiac muscle

10/11/17



Motor cortical regions

Premotor cortex Primary motor cortex

Hand
% Face

Mouth

Primary motor cortex Supplementary motor area

Vanderah

Motor support regions

Nolte, Crossman
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Motor pathways

OpenStax

=2 Upper motor neuron = Lower motor neuron

Neural engineering - motor

* What is the need?

* What is the desired outcome?
* What do you want to build?

* Where do you need to target?
* Challenges?

()
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AUTONOMIC FUNCTIONS (21]

Digestion, bowels, and bladder

Submucosal
plexus

Myenteric
plexus

Circular muscle Longitudinal muscle

10/11/17
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Why not engineer respiration?
Heart rate?

Cerebrum

Thalamus

Midbrain

MEMORY AND LEARNING (24)
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Memory - short term

Constantinidis 2016

e (Intraparietal and
| superior parietal

Posterior
superior
frontal
gyrus

Middle -/
frontal
gnyS

Memory - hippocampus

Cerebellum

Squire

(2]
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Memory - long-term storage

g
g
5

Crossman

(2]

EMOTIONS

14
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The limbic system

Mammillothalamic tract — SN

Mammillary body

sssssss

™ - N ¥ & orpus callosum
. 3 'utamen

eptum < B =
) ’ Globus pallidus

ter sure A o
% Amygdala
ons
~ ulla
B oo [ ]
Crossman
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EXECUTIVE FUNCTION

Executive function

* Planning

* Problem-solving

° Language

* Attention

* Decision-making

* Risk assessment

* Personality

* Short-term memory manipulation
* Impulse control

* Behavioral inhibition

10/11/17
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Executive function - prefrontal

Squire Humans vs monkeys

BLOOD AND CEREBROSPINAL FLUID
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Circulation in brain

Callosomarginal artery

Pericallosal artery

Anterior communicating artery

Anterior cerebral artery

Middle cerebral territory

Posterior cerebral artery Anterior cerebral territory

Posterior cerebral territory

Middle cerebral artery
Vanderah

Blood-brain barrier

Interneuron
Tight

junction

Capillary

Endothelial

Astrocyte cell

Microglia

Prager

(3]

10/11/17

18



10/11/17

Cerebrospinal fluid and
ventricles

Anterior

horn
(of lateral ventricle)

Atrium (of lateral ventricle)

Posterior
horn  (of lateral ventricle)

Interventricular
foramen

) Inferior
Third horn

A ventricle

Fourth
ventricle 37

Vanderah
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