Harvard-MIT Division of Health Sciences and Technology
HST.721: The Peripheral Auditory System, Fall 2005
Instructors: Professor M. Charles Liberman and Professor Joe Adams

Problem Set 4: Efferent Control Due: 11-21-2005

These problems sets are intended to help you integrate the material learned in HST721. You are
required to turn in individually written solutions sets. You are encouraged to work through the
problems individually before discussing them in small groups. If you do work through the
problems in small groups please include the names of your group members at the beginning of
your write-up.

Problem 1:

Explain how electrical activation of the olivocochlear bundle (OCB) leads to its peripheral
effects. Discuss the molecular mechanisms underlying this effect. Include a discussion of all
relevant ion channels in the OHC and of how these channels are coupled to changes in cochlear
threshold sensitivity.

Problem 2:

One hypothesized functional role of the middle-ear muscle (MEM) reflex and the medial
olivocochlear (MOC) efferent reflex is anti-masking, i.e. the improvement of hearing in noisy
environments.

a) The MEM reflex is thought to reduce the upward spread of masking, i.e. the phenomenon
whereby a low-frequency noise or tonal "masker" can raise thresholds for the percept of a high-
frequency "signal" tone. The upward spread of masking arises largely from suppressive masking
related to the phenomenon of "two-tone suppression".
e Describe the phenomenon of two-tone suppression, and the mechanism by which this
non-linearity arises.
¢ Describe how sound-evoked middle-ear muscle contraction can minimize the upwards
spread of masking.

b) The MOC reflex is thought to improve discrimination of high-frequency transient signals
against a background of continuous high-frequency noise. This type of masking arises largely
from excitatory masking which is related to the phenomenon of adaptation.
e Describe the phenomenon of adaptation in the auditory nerve and the mechanisms by
which this non-linearity arises.
e Describe how the MOC reflex could minimize adaptation and thereby increase the
response to a transient signal tone.
e Explain why might the impact of MOC feedback is maximal for high-frequency stimuli.

Problem 3:

Use a simplified circuit diagram of current flow through the cochlear duct to explain why
activation of olivocochlear efferents to the OHCs a) increases the magnitude of the cochlear
microphonic (CM) while it b) decreases the compound action potential (CAP) to a moderate-
level click or tone burst and c¢) decreases the Endolymphatic Potential (EP).

You need to consider only 4 lumped resistances in your diagram: 1) the transduction channels, 2)
the channels activated at the efferent synapses (which are found exclusively at the bases of
OHC:s), 3) all other channels through the basolateral OHCs, and 4) the lumped extracellular
resistance. Assume: 1. CM and CAP are recorded from a wire on the RW membrane referred to
the tongue; 2. CM is generated by transduction current flowing through the OHCs; 3. CAP is the
summed activity of auditory-nerve fibers discharging synchronously.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


