Auditory stimulus: Properties of the sound
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Auditory stimulus: The audible spectrum
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Functional structure: External and middle ear
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External ear: Amplification
Sound pressure x30...x100 (around
3kHz)

Malleus Incus  Stapes

Tympanic Base of stapes
membrane in oval window

Middle ear: Impedance adjustment

1) Differences in membrane area:
Tympanic membrane/Oval window = 17
Pressure x 17

2) Lever action of ossicles:
Force x 1.3

¥

Transmission of sound energy across
the air-fluid boundary
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Functional structure: Inner ear
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Functional structure:
Innervation of hair cells

Inner hair cells

Spiral ganglion
cells

To cochlear
nucleus (afferent)

From superior
olivary complex
efferant)

Outer hair cells .-

Outer hair cells > electromotility:
“cochlear amplifier”

Inner hair cells > sensory receptors
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Mechanoelectrical transduction of sound
waves in hair cells
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hair cell hair cell

Basilar membrane
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Mechanoelectrical transduction of sound
waves in hair cells
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K* serves both to depolarize and
repolarize the cell
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Frequency discrimination mechanisms:

Basilar membrane properties — Geometry of basilar membrane
Helicotrema » Mechanical resonance
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Frequency discrimination mechanisms:
Basilar membrane properties
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Frequency discrimination mechanisms:
Electrical tuning of inner hair cells [

Receptor potential in hair cell :

Movementf — Depolarization

Movement ‘ — Hyperpolarization

Sinusoidal receptor potential
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Frequency discrimination mechanisms:
Role of outer hair cells and efferent innervation

Vibration of basilar membrane is not linear at low frequencies

(Ac_ti:;‘lpliﬁcation mechanism

Otoacoustical emissions

Stirnulus click
Depolarization
| 1,18 kHz
930Hz  780Hz Cell body
‘ shortening
| 1 | I l L
0 10 20

Time (ms)

is mediated by movement of outer hair cells

Cochlear amplification
is regulated by efferent innervation

enhances cochlear sensitivity and frequency selectivity
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Central processing of auditory information

Prop

erties:

1) Several parallel pathways

2) Each ear - Both sides of the system » Divergence
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3) Preserved topographic map of frequencies.
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Central processing of auditory information

Properties (cont.):

4) ... to the auditory cortex. » Tonotopy

Corresponds to Corresponds to
apex of cochlea base of cochlea
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auditory

%
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cortex

auditory cortex =
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5) Both ears = One side of the system » Convergence

4

Localization of
sound source

Modality Location Intensity Timing 8.13




Central processing of auditory information

Best understood function of brainstem nuclei: Sound localization.

1) Low frequencies (up to 3 kHz) - use interaural time differences

Right ear

Action potential
begins traveling
toward MSO

Location

Modality

—ae@tag}

Timing

Left car
leading neuron

MSO = coincidence detector

Sound reaches
right ear a little
later

Right
ear

i a
Right : 'L : Shorter path to nevron E
MSO 1
Aclion potentials converge
on an M5O neuron that Cochlea and
res s most strongly if cochlear nucleus
their arrival is coincident
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Central processing of auditory information

Sound localization (cont.)

2) High frequencies (> 2 kHz) - use interaural intensity differences

|} Stronger stimulus
to left ear excites
left LSO

¢4 This stimulus also
inhibits right LSO
via MNTB interneuron

Output of LS5O

Net excitation

'7 N U - ) 0
to higher centers

Left > right Right > left
Relative loudness

Net inhibition

Acoustical LSO: lateral superior olive.
obstacle

MNTB: medial nucleus of the trapezoid body.

than inhibition from right side, resulting

Excitation from left side is greater
in net excitation to higher centers

Inhibition from left side is greater
than excitation from right side, resulting
in net inhibition on right and no signal
to higher centers
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Vestibular stimulus: Head position and motion

Movement along the axes
—> Linear acceleration

Roll: Rotation

around
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<o Semicircular
¥ canals
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Functional structure of the vestibular labyrinth Ampulla of
superior canal
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Endolymphatic
duct

Ampullae

Facial nerve

Auditory part
of cranial nerve

Semicircular
canals:

Superior

Posterior

Horizontal

Utricular macula /
Saccular macula

Sacculus

Canal
reuniens

) ) Superior
Anterior Striola

Striola

Polarization

of hair cells .
Anterior
Lateral

Posterior
Inferior

Ampulla Utricle Sacculus

8.17



Functional structure of the vestibular labyrinth

Polarization of hair cells

1BF Top view

(A Cross-sectiomal view

-.w_ o 1

e { .:._m_.*. 1._._._ : 0
o LE“&“..

Chrection of depolarizing detfleciion

:
“— Kmicalians g
g | [T —

8.18



The otolith organs: Head position

Transduction of a static head tilt
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The otolith organs: Head position

Transduction of a static head tilt

Upright

Head tilt; sustained

Backward

Receptor potential

Nerve impulses

Forward

Hyperpolarization
Depolarization
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Images to respond to your questions:

Some properties of hair cells in auditory and vestibular system.

Kinocilium

Stereocilium
Lateral contact

Basal connection
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lon pump
extrugion
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K* channel
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K* channel

Resting
discharge
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The otolith organs: Linear movement

Transduction of linear acceleration

Upright No head tilt; transient

Acceleration

Make your own scheme:

o0

Deceleration

ull

8.22



Functional structure of the semicircular canals

Transduction of angular acceleration
Cupula displacement

Left
anterior
canal (AC)

S

Right
anterior
canal (AC)

x
*
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The semicircular canals: Rotational movement

Head turns

Right horizontal
canal

Left horizontal
canal

Ampullae

Fluid motion in
horizontal ducts

_— Afferent fibers —__

of nerve VIII
M

Increase in
firi ng fi I‘iﬂg
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Mechanoelectrical transduction of movement in vestibular hair cells:
Special properties

Adaptation

§ Stereocilia deflected (leftward),
slackening “springs,” which
closes channels, resulting i
in a decrease of [Ca™"]; Motor protein

“walks” along actin

Kinocilium Actin fiiamgnt

-.h
Farce of

displacement

Motor retensions

Stereocilium

Stereociliary
pivot

causing fraction of channels
to reopen

T Molor retensions “spring,”

Maintains high sensitivity under sustained static
displacements - e.g. constant input from gravity

Also present in cochlear hair cells - e.g. sustained sound
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