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Descending central auditory system

System tasks:
• What to pay attention to
• Modulation of afferent information 

depending on behavioral state
• Hearing in noise, separating out 

competing sounds

Kubke and Wild 2018 Fuchs and Lauer 2018



Olivocochlear (OC) brain-to-ear 
feedback pathway

Fuchs and Lauer 2018

Cholinergic and dopaminergic 
feedback loops between 
brainstem & cochlea.

Crossed and uncrossed 
myelinated MOCs. Uncrossed, 
unmyelinated LOCs. 

Brown and Levine, 2008 



Terminal branching patterns in the cochlea

Liberman and Brown 1986

Brown 2011

MOCs
LOCs

MOCs



OC axon collaterals in cochlear nucleus

From MOCs definitely, LOCs maybe

Mostly in PVCN, pAVCN shell; 
occasional axons enter core

Probably excitatory. Synaptic 
mechanism is not entirely clear.



MOC neurons show frequency-tuned 
responses to sound, much like ANFs

Liberman and Brown 1986



Classic effects of crossed olivocochlear bundle 
stimulation (MOC) on auditory nerve responses 

From Guinan (2006) Ear and Hearing review; early work by 
Winslow & Sachs



Effects of OC bundle stimulation on 
cochlear nucleus neurons

Mulders et al. (2009)



What does 
efferent activation 

do for hearing?



Hypothesized roles in hearing

• Anti-masking/hearing in noise
• Protection from noise
• Selective attention
• Sound localization & binaural balancing
• Protection from age-related hearing loss
• Development of central pathways

But…experimental evidence is conflicting across studies!



Hearing in Noise



Speech sound discrimination deficits in 
noise after OC bundle lesions

Hienz et al. 1998

Cats trained to discriminate frequency 
changes in second formant (f2) of 
vowels in background noise.

Detected small changes prior to 
surgery, but slightly larger in noise vs. 
quiet.

Required larger frequency differences 
to make the discrimination in noise 
after lesion; behavior in quiet is 
unchanged.



OCB lesions affect sound localization in noise

Cats trained to discriminate change 
in location of sounds in median 
vertical plane.

Performance is disrupted in noise, 
but not quiet in lesioned animals.

Suggests MOC activation normally 
unmasks spectral (pinna) cues.

Not shown: thresholds return to 
normal with continued testing!

May et al.  2004



Protection from 
noise exposure



MOC protects against noise-induced 
threshold shift via alpha9 receptor subunit

Mice with boosted MOC activity 
from a point mutation of the 
alpha9 receptor subunit show 
enhanced protection from 
noise.

Other data from guinea pigs show 
correlations between MOC reflex 
strength and protection from 
noise-induced hearing loss.

Lesioning the olivocochlear
bundle results in decreased 
protection (cats).Taranda et al. 2009



Kirk & Smith, 2003, JARO

Problem: high noise levels were uncommon 
for most species over the course of evolution



Exposure to chronic environmental noise 
induces upregulation of LOCs

Increase in LOC terminals after exposure 
to 1 wk ~85dB broadband noise. 
Protective?

No substantial change in the MOCs. 

Lauer lab

Control Noise
MOC

LOC



Protection from age-
related hearing 
dysfunction (accrued 
noise exposures)?



Age-related changes in OC innervation 
may contribute to hearing deficits

Loss of MOC synaptic terminals 
where OHCs are missing

Kobrina, Schrode et al. 2020

MOC

MOC

LOC



Age-related changes in OC innervation 
may contribute to hearing deficits

…but efferent synaptic area per 
OHC remains mostly normal.

Compensation?

Kobrina, Schrode et al. 2020

MOC

MOC

LOC-ish



Changes in peripheral OC innervation may 
contribute to age-related hearing deficits

Some loss of LOCs, some 
increase--depending on 
frequency region

How do OC changes contribute 
to decreased protection of HCs, 
auditory nerve fibers; hearing in 
noise deficits?

Kobrina, Schrode et al. 2020

MOC

MOC

LOC



MOC soma numbers decrease with age 
(but not so much LOCs)

Vicencio Jimenez et al. 2021

Loss of MOC neurons, but no 
significant loss of LOCs, with age.

MOCs are uniquely vulnerable
--No significant loss of vestibular 
efferents or trigeminal motor nucleus 
neurons with age.

MOC

LOC

*



Loss of MOC neurons correlates with poorer 
response to sounds in noise in aged animals

MOC-noise

MOC-quiet

LOC-noise

LOC-quiet

Vicencio Jimenez et al. 2021

Fewer MOCs correlate 
with increased ABR 
thresholds for broadband 
clicks in noise in older 
animals.

No correlation with 
response thresholds in 
quiet.

*



Selective Attention



OC lesions in humans produce selective 
attention deficits

Detection of expected and 
unexpected tones in noise.

Preferential detection of 
expected frequency is taken 
as evidence of selective 
attention.

No difference on expected 
vs. unexpected in vestibular 
neurectomy patients 
(lesions OC bundle).

Scharf 1994, 1997 



Selective attention to visual stimuli reduces 
cochlear sensitivity via OC pathways

Delano et al. (2007)



How can the MOC 
system play a role in 
selective attention to 
sounds if it’s just an 
ear-brainstem 
feedback loop?



How can the MOC system play a 
role in attention?

Serotonergic and noradrenergic inputs to 
OC neurons (behavioral/arousal state 
modulation).

IC and auditory cortex inputs to MOC 
neurons (direct top-down control)

Spine-associated synapses might 
mediate central plasticity (learning). 

Brown et al. 2013



Brainstorming:

What might these 
changes in OC neurons 
with age and noise mean 
for selective attention, 
hearing in noise, and 
protection from 
noise/age-related 
hearing loss?



Brainstorming #2:

I skipped something 
really important: What 

do the LOC neurons do?


