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Perception and selectivity of sound duration in the central auditory midbrain
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Abstract: Sound duration plays important role in acoustic communication. Information of acoustic signal is mainly encoded in the
amplitude and frequency spectrum of different durations. Duration selective neurons exist in the central auditory system including
inferior colliculus (IC) of frog, bat, mouse and chinchilla, etc., and they are important in signal recognition and feature detection. Two
generally accepted models, which are “coincidence detector model” and “anti-coincidence detector model”, have been raised to explain
the mechanism of neural selective responses to sound durations based on the study of IC neurons in bats. Although they are different
in details, they both emphasize the importance of synaptic integration of excitatory and inhibitory inputs, and are able to explain the
responses of most duration-selective neurons. However, both of the hypotheses need to be improved since other sound parameters,
such as spectral pattern, amplitude and repetition rate, could affect the duration selectivity of the neurons. The dynamic changes of
sound parameters are believed to enable the animal to effectively perform recognition of behavior related acoustic signals. Under free
field sound stimulation, we analyzed the neural responses in the IC and auditory cortex of mouse and bat to sounds with different
duration, frequency and amplitude, using intracellular or extracellular recording techniques. Based on our work and previous studies,
this article reviews the properties of duration selectivity in central auditory system and discusses the mechanisms of duration
selectivity and the effect of other sound parameters on the duration coding of auditory neurons.
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Fig. 1. Responses of two representative neurons to sound stimuli of different duration obtained by extracellular and intracellular recordings,
respectively (unpublished data from our lab). Left panels show the post-stimulus time histogram (A1-A5) and duration tuning curve
(A6) of a representative BP neuron recorded by extracellular recording from mouse IC. Right panels show the neuron’s action potentials,
postsynaptic potentials (B1-B5) and rate-duration curve (B6) obtained by intracellular recording from mouse IC. The recording depth
(um), BF (kHz), and MT (dB SPL) of neuron A were 1 189, 24.4, 67, respectively. The recording depth (um) and BF (kHz) of neuron
B were 213, 10.0, respectively.
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Fig. 2. The coincidence detector model of duration-tuning in
auditory neuron (reproduced from Covey et al.?). The neuron
receives sustained inhibitory input (Inh) followed by a depolariza-
tion (Eoff) due to either an excitatory offset response or a re-
bound from inhibition. This Eoff by itself is subthreshold. The
neuron receives another transient excitatory input that causes
depolarization (Eon) at a fixed latency relative to sound onset. If
the Eon and Eoff coincide, they can summate and reach threshold.
A: In response to a 5 ms sound stimulus, the Eon and Eoff coincide,
allowing the neuron to fire. B: In response to a 30 ms sound
stimulus, the Eon and Eoff do not coincide, so the neuron does not
respond. Eoff: excitatory postsynaptic potential (EPSP) relative
to sound termination; Eon: EPSP relative to sound onset.
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Fig. 3. The anti-coincidence mechanism of duration-tuning in
auditory neuron (plotted according to Fuzssery et al.[?®). The
neuron receives inhibitory input (Inh) and excitatory input (Eon)
both relative to sound onset. The sustained inhibitory input has
a shorter latency than the Eon. If the inhibitory input terminates
before the Eon, Eon can reach threshold and fire. Otherwise, the
inhibitory input would partially cancel the Eon and render it
subthreshold. A: In response to a 5 ms sound stimulus, the Eon and
inhibitory input do not coincide, allowing the neuron to fire. B: In
response to a 30 ms sound stimulus, the Eon and inhibitory input
coincide, so the neuron does not respond. Eon: excitatory
postsynaptic potential (EPSP) relative to sound onset.
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