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The location of the inferior colliculus and other components of the auditory system in the 
cat and rat gross brain. 
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The inferior colliculus is the interface between two different systems that are organized 
along different principles. The brainstem system is designed as small computational 
modules that processes different acoustic cues such as amplitude modulations, spectral 
notches, interaural time and interaural intensity. These circuits begin in the cochlear 
nucleus and terminate in the IC. At the midbrain level, the IC integrates these inputs and 
reorganizes them into a form suitable as the input to the forebrain system. In the mammal, 
the forebrain auditory system is designed to provide the inputs to the different areas of 
auditory cortex. 
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Simplest situation is combined excitatory and inhibitory input from one source each.
CN- central nucleus contains disc-shaped neurons aligned to form laminae.



The highly oriented neurons are the disc-shaped (flat) neurons whose dendritic field is only 
50-70 microns thick. Stellate cells have spherical or oblong dendritic fields/ 
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As mentioned in the methods lecture, different neurons can be distinguished by the 
potassium and calcium channels they express and consequently their K+ and Ca++ currents. 
These channels in the membrane result in different firing patterns when the same injection 
of current is applied. 

Can these channels be used to define different neuron types on a molecular level?

A big question in neurobiology in general is which ion channel subunits are normally 
expressed in mammalian neurons? Can this be modified? Are all surfaces on the cells the 
same membrane channel composition? 

Note that channel subunits from the same family form hetero-multimeric channels. The 
kinetics of the channel will reflect these different types of subunits.
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Suggest that even within the same zone for the same function, there may be neurons with 
different temporal patterns due to intrinsic properties.



Some neurons have dense glutamatergic axosomatic terminals.
These are the largest cells.
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Visible a low power
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Only GAD neurons have the VGLUT2 axosomatics
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Most LG neurons project to the medial geniculate body in the thalamus.
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No longer a simple relay. IC can turn the thalamus on or off.
LG cells are largest, have largest axons that may transmit to the medial geniculate body 
more rapidly.
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Auditory discrimination task. The pattern-discrimination task was conducted in a 2AFC 
apparatus (Supplementary Fig. 4). The cats discriminated between different Morse code–
type sequences of identical temporal duration (Supplementary Fig. 4). The sequences were 
emitted from a speaker in the lid of the start box and consisted of gap sequences (25-ms 
gaps) of long (75 ms) and short (25 ms) broadband noise bursts (78 dB SPL). A cat began in 
the start compartment, the LED was illuminated and the sample stimulus was played 500 
ms later. After a 500-ms delay, the opaque door, followed by the transparent door, was 
raised and the animal approached a centrally placed gray, square block and received a food 
reward from behind the block (Supplementary Fig. 4). This sample stimulus presentation 
was repeated five times. Following the five sample presentations, the sixth (choice) trial 
was identical to the first five except for two changes: the red LED in the start box flashed to 
indicate the start of the choice trial and the gray square was removed and a black circular 
block and black square block were placed in the left and right goal compartments 
(Supplementary Fig. 4). The animals were trained to receive a food reward from behind the 
black circle when the sixth presentation was a match and to receive a food reward from 
behind the black square when it heard a nonmatching stimulus.
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The first circuit is that of the MSO
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1) WITHIN LAMINA
2) Electrods – orthogonal to lamina 
3) Birds Eye View!!!!!!!!!!!!
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Shows axonal laminae and gaps between laminae
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Early work showing the patchy nature of axonal inputs to the central nucleus. This pattern 
of innervation starts before the onset of hearing.
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Experiment to compare the inputs to IC from the main nuclei of the superior olive, the 
MSO and the LSO. Note that LSO has neurons with different projections. Glutamatergic 
neurons project to the contralateral IC and glycinergic neurons project to the ipsilateral IC.
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Experiment to investigate different types of convergence or separation of inputs to IC.
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Here, is the response of one such recording site in the IC.  
The graph on the left shows the response to tones of various frequency played to the 
ipsilateral ear alone, the contralateral ear alone, and to both ears simultaneoulsy. Notice 
that although the Ipsilateral ear stimulsulus does not eliciti a response, there is a large 
facilitation, when both ear inputs are stimulated, suggestive of binarual input.

To further characterize this recording site, we used the binaural beat stimulus to determine 
if it was tuned to interaural time differences. I won’t get into the specifics of the binaural 
beat stimulus, but suffice it to say that it involves playing two tones of slightly different 
frequency to both ears. This frequency differences creates a dynamic difference in phase 
between the two ears and, from the response to this, we can determine ITD tuning in a 
way that is roughly equivalent to testing with static ITD stimuli, but faster.

The graph n the right shows that this
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Model of synaptic domains on IC laminae
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Separate zones, with separate inputs. Each zone has both excitatory and inhibitory inputs.
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No longer a simple relay. IC can turn the thalamus on or off.
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Why?
More stress
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But not every Hearing loss leads to Tinnitus!
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https://www.va.gov/disability/compensation-rates/veteran-rates/
https://www.benefits.va.gov/REPORTS/abr/docs/2020_compensation.pdf
But not only for military, they just have the stats

(x2.3mio = $350mio/month just for tinnitus)

Cost to society as a whole upward of $26 bil/year
Personal economic loss to an individual  incl. lost earnings, productivity, health expenses 
can be up tp $30.000/year
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https://www.va.gov/disability/compensation-rates/veteran-rates/


Auerbach, 2014
Even though many problems are ear problems

72



73



However, this was a single neuron study with a limited number of recordings. 
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Add potentiation in description
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From grace’s thesis: 
If a mouse had tinnitus, then when a tone at the same frequency of its tinnitus was
played in the A.A. task, the mouse would have trouble recognizing the tone because its 
tinnitus “masked” the sound. The animal would fail to move to the opposite side of the 
shuttle box, receive a shock, and its avoidance percentage for that particular frequency 
would drop.
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For detailed explanation quiz Emily at May 11th
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ABRs are used for hearing threshold testing in newborns. Can give indications of tumors on 
the 8th nerve, but so far have not been successfully used to diagnose tinnitus

90



What are the measures for each of these? Evoked ABR is in microvolts, what is LFP? And is 
PSTH spikes/ms?
Emphasize side of psth, indicator of local connections 
We’re only using 3 msec tones
This is just tones with no LDS
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What do we see in the disorder? Latency shift and amplitude shift? Any way to categorize it
Better image??
Filter 500 to 3000
0.2 msec pluses at 21hz, 10 sec on, 10 off- total 1,260 pre and post- more is generally 
better, but 1,260 is a good number

We get a within animal comparison, can do each ear as another methods of comparison 
21 hz, 3 ms tones, 6 trains-
Manual peak picking

Analysis you will see is peak-trough, significant
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More significant above 16 kHz
TE and NTE different, TU and NTE different
NTE diff from control, but not TE
Suggest that correction to baseline??
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37.5dB SPL Threshold for tinnitus both frequencies, stimulated at 90 dB SPL
Non tinnitus – 8kHz, 37.5 dB SPL, stim @ 80

16kHz, 37.5 dB SPL, stim @ 90
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