The Human Brain
Weighs about 3 pounds.

Convoluted surface.
Two hemispheres.
~100 billion neurons.

~1 trillion glial cells.

Cerebral cortex ~80%.
~30 billion neurons in the
cortex.

~10,000 connections for
each cortical neuron.

= >100 trillion connections...
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The Nervous System(s)

1. The Central Nervous
System (CNS). L

= Brain and Spinal Cord.

- Central nervous system
Peripheral nervous system
= Autonomic

- Somatic

2. The Peripheral Nervous
System.
a. Somatic Nervous System.
* sense organs.
* muscles.

b. Autonomic Nervous System.
« visceral structures.
i. sympathetic.

ii. parasympathetic.




The Autonomic Nervous System

Rest & Digest > Homeostasis < Fight & Flight
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Dendrites.

The Neuron

= Soma (cell body). Golt bady

Axon hillock

= Dendrites ("tree").

= Axon ("axle").

Direction

¢ axon hillock. :‘;.:.‘;.";:\
. Myeilnshmetn e

¢ terminal buttons. Noda of Ranvier

= Neurons come in a
wide variety of shapes
& sizes, depending on
their function.

Terminal
buttons

Neuron Types

= The size & shape of

neurons depends ’w"

on their function in =

the brain (e.g., gk
sensation, info .
integration, memory somssesry ot A

association, motor
output, etc.).

Three general
classes of neurons:

* Sensory.

* Interneurons.
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Neuron Types
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Three Basic Types R

= Sensory.

= Interneurons.

= Motor.

The Pain-Withdrawal Reflex -
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The shortest path through the nervous system.

The Synapse

The physical gap between neurons.

Pre-Synaptic Neuron

« terminal button.
* synaptic vesicles.

« synaptic cleft.

Post-Synaptic Neuron

* post-synaptic
membrane.

Glial Cells

Support the health and operation of neurons.

« Guide growing
neurons.

Transport nutrients.
- blood-brain barrier.

¢ Repair damaged
neurons.

« Facilitate neural
transmission.

- myelin shealth.




Myelin Sheath

Insulates axons for faster neural transmission.

e Myelin is a white ¢ Un-myelinated
fatty substance. neurons are grey.
- "White Matter" - "Grey Matter"

Nodes of Ranvier

— Meylin
N -, Sheath

Axon
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Neural Communication
Neurons function to analyze and transmit information

* neurons receive signals at dendrites.
* neurons send signals via axons.

* signals travel to end
of axon (terminals),
causing release of
neurotransmitters.

* neurotransmitters travel
across synapse and bind with
the post-synaptic membrane.

* binding changes electrical properties, creating current.

Three kinds of electrical events...

O Resting potential.
e -70 mV.

O Graded potential. [PR—
* passively spreading
voltage change.

O Action potential (AP).
« "firing" of a neuron.
* actively propagated
voltage change. S I I

Resting potentisl

Time (milliseconds)




Resting Potential

= The state neurons are in when they are not firing.

= Selective permeability of cell membrane keeps
potassium (K+) in and Sodium (NA+) out.
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= This results in a voltage
difference between inner
and outer cell of -70 mV.

B e

Resting Potential

. L -70 mV
= Aresting neuron is said

to be polarized.

Graded Potential

= When the neuron receives a signal, there is a local
change in electrical potential.

= More negative: Hyperpolarized - cell less likely to fire.

= More positive: Depolarized - cell more likely to fire.

= Signal spreads passively (it Ty ¥ e
is not actively propagated).

= Amplitude decreases as the
signal moves further away, Depolarized
but it may combine with other
graded potentials...

Action Potential

= When depolarization reaches the excitation threshold,
(-50 mV) an action potential is generated.

. +40

= Polarity reverses.

« sodium flows in.

¢ cell becomes
positively charged.

= AP propagates
along cell, ending at 0
the terminal buttons. /

Membrane potential (mV)

Threshold of
excitation
Resting potential

Time (msec)

= AP is all or none - there are no large or small AP's;
they are all the same size.




R

< If Action Potentials are all-or-none, how do neurons
code for different stimulus properties?
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» A number of coding At threshold

mechanisms appear to _I ] 1 J

be used, for example...

At 160% of
. Frequency Coding.—> threshold intensity

+ as stimulus intensity LU

increases, so does the

- 20, of
rate of firing. AL 270% of

threshold intensity
» Other coding mechanisms

L
include Place Coding &

00 mseg
Population Coding. [M.._]

19 Stimatos iotoaity aod fring frogovocy

Synaptic Transmission

= Action potential arrives at terminal button, causing
synaptic vesicles to fuse with cell membrane.

= Vesicles release
neurotransmitters into
synaptic cleft.

Transmitters bind with
membrane of post-
synaptic neuron.

= Post-synaptic cell is
thus depolarized or
hyperpolarized.

Neurotransmitters

"Lock and Key" model.
< only neurotransmitters that are the right "shape" will
affect the post-synaptic membrane.

Acetylcholine — widespread; excitatory; muscles.

Glutamate — widespread; excitatory; memory & thought.

GABA - widespread; inhibitory; mood/anxiety & memory.

Dopamine - reward, motivation, movement, & cognition.

Serotonin - sleep/arousal; mood/emotion (cf. SSRI's).

Endorphins - pleasure/reward & pain (cf. opiates).




Major Structures of the CNS

» Spinal Cord. » Brain Stem. » Forebrain.
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Spinal Cord

= Consists of sensory, motor, and interneurons.

= Function is to project sensations (afferent) and motor
signals (efferent); and to mediate simple reflexes.

= White matter

: ? [
contains both o 53;‘,‘:\.',“ A et
ascending etz Re R White
(afferent) and o e i

descending /

(efferent)fibers./ \ /
Dorsal

) :
> Sensory Signals gangiion

» Motor Signals

\ [ventral Ventral
rot <olumns

Brain Stem

= Inner core of brain; sits on top of spinal cord.
= Critical for basic life-support functions.

» Hindbrain.
* Pons, medulla,
reticular

formation (RAS),
and cerebellum.

» Midbrain.
¢ Visual and
auditory
reflexes.

» Cerebellum.
¢ Fine Movement & Timing.




Forebrain

» Diencephalon.

» Basal Ganglia.

» Limbic System.

» Cortex.
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The Diencephalon

» Hypothalamus.
« "Bio-motives"
e The4F's.

* Homeostasis.
« Endocrine
system.

» Thalamus.

* Relay station
for all sensory
information.

« Attention.

» Nuclei of the Thalamus

Internal
lamina

Medial nucleus

Pulvinar
nucleus

Medial

iculate
Ricious

Lateral

iculate
‘rmlﬂow

Eye & Primary
Visual Cortex




The Basal Ganglia

» The Basal Ganglia

» Movement.

« Dopamine.
« Parkinson's
Disease.

» Cognition.

* Motor learning.

* Sequencing.

¢ Problem
solving.
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The Limbic System

» Location of Major Limbic System Structures

» Amygdala.
« Emotion.

» Hippocampus.

* Learning and
Memory.

» Cingulate Gyrus.
* Mediates between limbic system and cortex.

* Helps prefrontal cortex with "executive functions"”.

MAJOR STRUCTURES OF THE LIMBIC SYSTEM
Right cingulate
Longitudinal fissure

P \mygdala

- &

bodies




The Cerebral Cortex

» The outer layer ("bark") of the brain.
» Gyri (ridges) and Sulci (valleys).

» Cerebral Hemispheres
(longitudinal fissure).

» Corpus Collosum.

1/24/2012

Lobes of the Brain

Central Fissure

Parietal Lobe

(touch; spatial
processing;
attention; action)

The Central Nervous System
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