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The Neuron

insulate the axon of
the neuron.

» Prevents action potential from
weakening as it move through axon

» Only found in vertebrates

Action potential: a temporary Myeiin
reversal of cell membrane potential ~ sheath
that results in a conducted nerve

impulse down the axon.

Synaptic
torminals
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The Neuron

Dendrites: extensions of neuron that
receives signals and relays the signal
towards nerve cell body

Axon: extension of the neuron that
to other neurons

Cell body: area of the neuron
containing organelles and nucleus

Synaptic terminals: transmit signal
to adjacent nerve cells across the
synapse

>

Postsynaptc col

Synaptc
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Anatomy of a Nerve

Nerve:bundle of nerve cell {6) Anatomy of a nerve. W
of PNS nerve cells that transmit X

signals to and from the CNS
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Reflexes

Reflex: automatic response
independent of integration from
the

Sensory neuron = Spinal cord
interneuron or motor neuron
- Automatic muscle movement

&g

cellbody o
sensory neuron
Goraai oot ganglion

Hamatring
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Membrane Potential

Membrane potent difference
between the inside and outside of the
plasma membrane of a neuron

o
M Resting potential: membrane potential
st when not sending a signal

» Controlled by ion channels and
sodium-potassium pumps

» Different concentration gradients for
Na* and K* inside and outside of cell

» Net inside neuron
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Transmitting a Signal

Gated ion channels: ion channels that
‘open or close in response to stimuli

+ Sodium (Na*) and Potassium (K') vt cen
channels

+positive-going change in
membrane potential, which decreases
the negative charge inside the nerve cell
+ Opening of Na* channels

insidoof cll bocomen
positvely charged

Action potential: a temporary reversal
of cell membrane potential that results
in a conducted nerve impulse down the
axon, sodumions
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Propagation of the Action Potential

Stimulus causes some voltage-gated sodium channels to
open

Sodium ions (Na*) rush into the axon causing
depolarization in the neuron and initating an action
potential

Depolarization moves down the axon causing more
Voltage-gated sodium channels to open

Another action potential occurs further down the axon
resulting in the transmission of the signal through the
neuron

5. Voltage-gated ion channels become temporarily inactive
causing the ofthe signal
» Refractory period

>

1. Sodium ions
(Na#) move nto
the axon

2 Positive charge.
inside the axon
spreads

3. Positive charge
sodium channels
to open
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Transmitting a Signal

Schwann el

M\ R
o —

» Voltage-gated sodium channels are =
only located in the e
(gaps in myelin sheath)

» Fewer ion channels opening and
closing means faster signal
>
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Transmitting a Signal

» Adter depolarization occurs potassium copu o

channels open causing potassium ions
to move out of the axon.

iy o

» Removal of potassium ions cause the
membrane potential to return to
resting potential.

» Sodium-potassium pumps regulate the
concentration of sodium and potassium
ions in the axon to maintain resting
potential

=gk




image17.png
Passing the Signal Along

I. Action potential depolarizes

presynaptic membrane Prosynapecol

Postsynapti cel

2. Depolarization triggers voltage-gated
Cal+ channels o open

3. Ca+ channels cause synapic vesicles
to fuse with presynaptic membrane,
releasing neurotransmitter into
synaptic cleft

4. Neurotransmitters bind to ligand-gated
fon channels on postsynaptic
membrane which sets off new action
potential

>
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Passing the Signal Along

P e
:area where sending neuron,

receiving nerve cell and space between

the two all come together

» Synaptic cleft: the gap between
adjacent nerve cells within the synapse

»

» :A chemical,
secreted into the synapic cleft, that
affects another neuron or effector by
binding with receptors on it.
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REUPTAKE INHIBITORS

Reuptake inhibitors, such as cocaine and Prozac, cause prolonged action of a
neurotransmitter in the synapse. Cocaine inhibits the reuptake of dopamine,
while Prozac inhibits the reuptake of serotonin.

A g
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Major Neurotransmitters
| Neurotransmitter |___Function __|__Problems Caused by Imbalance |

JE— Affects mood,hunger.sleep. Oversupplylinked to depression
arousal
Influences movement,learning,  Oversupply linked to schizophrenia
attention,and emotion Undersupply linked to tremors and decreased

mobilty (Parkinson's and ADHD)
Acetyicholine(Ack)  En2blesmuscleaction Jearning,  Degeneration of Ach-producing neurons cause

e D
Norepnepine Helpscontolalarnessand  Uncersupl candeprss mood and cause
arousl aention problems
GABA(gamma-  Inhiblorneurotransmicer Undersupplylnked o seizures, tremors, and
aminobutyricacid) insomnia
Excitaory neurotransmiter,  Oversupply can overstimulate thebrain
Slugamate memory producingmigraines or seizures

>
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Blood vessel

Reuptake Inhibitors  oumocs

Neirons i the brain
Q@ After the drugis taken, it crosses the
blood-brain barrier and quickly
reaches the brain's pleasure centrs

© Drug molecules bind to sites on the
presynaptic membrane where
neurotransmicersare normally
reabsorbed b the celsthatoriginally
reeased them.

© s long as reuprale sies are blocked by
drug molecules, the neurotransmitters
previousl released by that neuron
remain i the synaptic cleft.

© The neurotransmitters repeatedly
stimulate the postsynaptic celland cause
nonstop activiy in the pleasure centers
of the brain.
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How Caffeine Works

ADENOSINE |

THE BRAIN

CAFFEINE IN THE BRAIN

Caffeine
molecules

=

[rcenosie recepors)

cion potential ot fred]

{adenosin reccprorJ M Action potental red
| \

Adenosine—acellular s more adenosine receptors
waste productthat builds  become filled with adenosine, the
Up n the synapse—binds ~ neuronsin our brain become less
to receptors on nearby  likely to fire.We perceive this as
cells. tiredness

>

Ingested caffeine Adenosine receptors
circulates o the brain bound to caffeine do not
and binds to receptors  reduce our neurons'ability
intended for adenosine. o fire,and we feel alert.
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Check Your Understanding

True or False:The autonomic nervous system regulates involuntary
functions such as digestion and breathing.

True or False:The parasympathetic division is involved in the flight
or fight response

True or False:The myelin sheath slows down the action potential
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EFFECTS OF ALCOHOL
+ Slows reaction time and slurs speech by blocking
receptors for glutamate
Provides a pleasant buzz by blocking dopamine
reuptake
Blocks pain by stimulating the release of endorphins
Increases feelings of happiness by modifying and

increasing the efficiency of our serotonin receptors
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Check Your Understanding

The chemicals released into the synaptic cleft that initiate the
transmission of a signal between neurons are known as

a.Sodium ions

b. Potassium ions
c.Neurotransmitters
d. Calcium ions
e.Reflexes
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Check Your Understanding

Which of the following parts of the neuron receives signals from
neighboring neurons?

a.Axon

b. Dendrites

c.Synapse

d. Cell body
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Sending a Signal

Tonic receptors: receptors that actively send the signal as long as
the stimulus is present
» Ex. Photoreceptors, ear mechanoreceptors

receptors: receptors that begin to ignore stimulus
after a period of continued activation. Sensory adaptation.
» Ex. Olfactory sense, touch
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Sensory Receptors

receptors that responds to pressure or distortion
» Touch, hearing

Thermoreceptors: receptors that respond to changes in temperature
+ Touch, pit vipers, spicy food (capsaicin receptor), menthol

Chemoreceptors: receptors that respond to different chemical stimuli in the environment
» Taste, smell, solute concentration (osmoreceptors), glucose, oxygen, carbon dioxide

Photoreceptors: receptors that respond to different wavelengths of light
o

Electromagnetic Receptors: receptors that respond to electric or magnetic signals
» Ampullae of Lorenzini, platypus bill,elephant fish, magnetite

>
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Touch

Ex: Pacinian
Touch receptors in the skin corpuscle recepror @ ©
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Chemoreceptors: Olfaction (Smell)
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Mechanoreceptors: Hearing
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Chemoreceptors: Taste
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@ Sound waves are funneled
down the ear canal.

@ Sound waves cause the
tympanic membrane to vibrate.

@ Vibrations amplified by three
inner ear bones and
transferred to oval window

@ Vibrations move through fluid
filled cochlea, causing tectorial
membrane to contact hair-
shaped receptor cells.

(@ Bending of the hair-shaped
receptor cells causes the
cells to release
neurotransmitters which
cause auditory neurons to
fire an action potential.

@ Nerve signal is sent to the
brain, where it is
interpreted as sound.

Auditory
neurons

[Sound waves

Tectorial
membrane
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Hearing

» High frequency waves are
detected at beginning of cochlea

» Low frequency waves towards
the end of cochlea
» Human range = 20 ~ 20,000 Hz
» Dog range = 40 - 60,000 Hz
» Whales sensitive to lower and bats
to higher frequencies
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Anatomy of the Human Eye

allows light to enter
eye, changes diameter based on
light conditions

Lens: biconvex structure that
refracts light passing into the eye

Iris: pigmented smooth
muscle controls pupil diameter

Ciliary body: controls lens shape
» With near objects lens bulges,far
objects it s thin

Retina:inner layer of eye tissue
containing

>
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Mechanoreceptors: Balance
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The Nervous System

Central nervous system (CNS):
portion of nervous system consisting of

contal

+ Integration of signals &

o |
Peripheral nervous system (PNS): the =\ Spnainenes
nervous system outside of the brain and
spinal cord, which includes the sensory
organs
» Epes
» Skin
» Ears
» Mouth
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Focusing

» Normal vision: light rays converge on
retina

» Farsighted vision: light rays converge
retina

» Nearsighted vision: light rays converge
of the retina
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Photoreceptors: Vision

S cone

o

e piments
g, M eirines

Wokes®

Rods: photoreceptors that function in (night vision)
+ Provide only black-and-whice vision

Cones: photoreceptors responsible for
+ Threetypes of cones with diferent color sensitities
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Check Your Understanding

Which of the following controls the amount of light that enters
the eye?

a.lens

b. Ciliary body
c.Retina
d.Iris

e. Pupil
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Check Your Understanding

True or False: Phasic receptors will actively send a signal as long
as the stimulus is present.

True or False: Light rays converge in front of the retina in near-
sighted people

True or False: Rods are responsible for color vision
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Check Your Understanding

Describe how an action potential is transmitted through the axon.
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Check Your Understanding

What type of receptors are used in human touch?

a. Mechanoreceptors

b. Chemoreceptors
c.Photoreceptors
d.Thermoreceptors

e.More than one of the above
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“Our conscious model of reality is low-dimensional projection of the
inconceivably richer physical reality surrounding and sustaining us. Our sensory
organs are limited. They evolved for reasons of survival, not for depicting the
enormous wealth and richness of reality in all its unfathomable depth”
“Thomas Metzinger

Nervous System and Senses

Chapters 27
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Types of Neurons

Sensory or afferent neuron: nerve cell that receives signals from
inside and outside of the body then sends information to CNS

Interneuron:nerve cells that interconnect other neurons.

Motor or efferent neuron: nerve cells that transmit signals from the CNS to

‘Sensory neuron Interneuron Motor neuron

Afferent  Neuron within central  Efferent

neuron norvous system  neuron .

(muscie)




image4.png
The Nervous System

Afferent division: collection of
nerves that the
brain or spinal cord

Efferent division: collection of nerves
that the brain
or spinal cord to other parts of the
PNS.

PERIPHERAL NERVOUS

svsTen
Aterentpeurons Efforont neurons
Autonomic
e nervous system
receptors

Conrolof
skeieta muscle

Inermal  Sympathetic Parasympthetc
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Autonomic Nervous System

Parasympathetic division: | "7 s
contro{s i:r.ernal organs = ol -

i S~ ‘ [y .
during = o ) |/ =
conditions - = -

» “rest and digest” e %

Sympathetic division: = & =
controls internal organs =
during periods of . ==

» “fight or fight" o= G ) ‘ ;!; =
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The Nervous System

Somatic nervous system:
portion of PNSs efferent
division that provides
control of skeletal muscles.

Autonomic nervous system: T
part of the PNS's efferent

division that provided Qn ‘ = '
of

smooth muscle, cardiac muscle,
and glands

>




