Animal Models of Tinnitus
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Pharm acological, cognitive and behavioral spproaches are uzed to treat tinnitus. These hawe
met with limited success due to our poor understanding of tinnitus and difficulty to objedively
measure it. VWe develop a behavioral model of noise 4rauma tinnitus that includes the ahbilityto
measure physiological changes induced by tinnitus and reversed by drug trestment.

‘W are currently exploring & variety of drugs (Lidocaine, Steroids, Arti-Cxidarts) az well az a
wvariety of delivery methods (1%, intra-tympanic, nano-particles)

Most hum an imaging sudies (PET, MR have im plicated the inferior colliculus of the auditory
midhbrain inthe generation of tinnitus. Cur preparation consists of an awake rat with a chronic
multi-electrode array implanted in midbrain. Inthe same animal, we measure neural activity
before, imm ediately after and several weeks ater noize trauma-induced tinnitus, and atter
intravenous injection with Lidocaine, while sim uttaneously verifying the existence oftinnitus
through hehaviar, . 1.

T o T} i) Figure 1: The auditory pathway, simplified.
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Gap detection deficits as evidence of tinnitus

The gap detedion abilty of rats before and after noize trauma iz measured, using & m ethod
similarto Turner et al, 2006, The ides isthat it iz hard to hear a silent gap in & continuous pure
tone if one suffers from & continuous, internally generated pure tone.

Abrief burst of loud sound will elict & "sartle reflex". The reliable presence of anather stimulus
just hefore the burst will reduce the startle reflex ithiz is called pre-pulss inhibition). In our case,
a silent gap is present 50% of the time before the startle stimulus. We compare the startle
reflex with and without = gap.
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-Implart rat with S-electrode array and a permanent jugular catheter
-M easure single neuron adivity across the span of auditory midbrain
- Induce noize-trauma

- htain hehavioral evidence oftinnitus

-%erify hearing is otherwise normal (using ABR thresholds)
-Measure changes in single neuron activity posdrauma

- Compare neural activity with and without drugs

- Characterize molecular changes post+nortem

- Multi-eledtrode im plant in central nucleus of inferior colliculus of 7-week old rats
- Catheterin jugular vein to deliver drigs, or intradympanic injedion for nanoparticles
-Moize traum a induced with & 116dB, 1/3 Oct band of noise centered on 16kHz (14210 17.9 kHzZ).

Figure 3. Left: Startle reflex as a function of a silent gap in a tone background, measured

before, just after and weeks post-trauma. Right: just after trauma, the major hearing
deficit is at the center of the trauma frequencies, 16kHz. 3 weeks post-frauma, the

for ftusis at 10 kHz, withno i d tothe h

Mote: our rats are traumatized at 10 weeks of age and their tinnitus is either at 10-12 kHz.
However, the frequency of tinnitus appears to be age dependent.

Auditory Brainstem Response: the animal is not just deaf

The auditory brainstem response (ABR) is correlsted with the health ofthe early partz ofthe
guditory pathway. We m easured the ABR before just after and long attertrauma. The ABR
typically recoveredto the pre-traum a values within a few weeks.

Figure 4 Summary ABR thresholds
before, just after and §-9 days after noise
’ trauma. While there is a significant
& threshold shift just following frauma, in

* F '/ this animal the AB R recovered after a little
- 7 over a week, while behaviorally, the rat
£ still had p ing the p
=| v e o of gapsin a pure tone at the putative
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-Charaderize the changes that tinnitus inducesin a hehavioral task, by use of gap detection in an
acoustic sartle reflex procedure

-Measure the changes inthe neural responzes in the collicular response s of the sam e avwake rats.
-Determine the eficacy of pharmacological trestment with Lidocaine, Dexamethasone, N-acety-
cigtenie etc, by measuring the extent of behavioral and physiological reversal of the tinnitus-induced
changes as & function ofthe drugs, their dosage and method of delivery.

- Characterize molecular changes correlated with tinnitus with CREB, phospho-CREB, TrkB
(azzociated with elevated adivity levels and traumal) and P arvalbumin im muno-readivity.
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CREB (green) and p- CREB (red)posttrauma (opposite sides,
same S0 pm section): Mote increased cellular activation in 1CC
contralatera to noise trauma. Amow s point to cells that express
both CREP and pCREB. Acapillaryin B is denoted by 'c’, which
is surrounded by pCREB-expreszing cells, 2= expected in @ non-
traumstiz ed situation.

hittp A theeariab.org

Wiz @a &b

Receptive field of collicular cells of the awalke rat

Increas ed excitability
Mean spontaneous spiking rate in inferior colliculus for 3 sec before the sounds and for 3
zecatter sound gtimulation.
Before traum s hefore stim = 77 spisec, post-stim 92 spis
Just post trauma: before fim = 45 spdfs, post-stim =100 spds
3wk s post-trauma: before stim = 113 spis, post-gim = 139 spis
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Figure 5 . Tonal response in IC. Tone was on from 0 to 50me. {Left) recording just prior to
trauma, (Right} 2 hours post-trauma {no spike sorting). While we are probably not recording
fromthe same cellg, the electrodes have not been moved. Hote change of neural response
in the region corresponding to the trauma. The spectro-temporal receptive fields (STRFs)
show the same change, with itation being exti ished down to12kHz.

Response to broadband, complex sounds

Auditory grating s (ripples) form a basis forthe Fourier domain description of
dynamic spectra. |
They are charaderized
by spectral density and
perodicity or angular
frequency. -
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Receptive fields

- Before trauma, we found receptive fields from 800Hz to 35kHz, about an octave in bandwidth.
- The afternoon ofthe trauma, it was hard to find responsive cells. The week atter trauma, most
cells were hyperexcitable (ratio of exctation to inhibition), zee spon rate before and atter zounds
- Three weeks after trauma, cells showed no responses between 3 and 11kHz. The cellzthat
straddled the 10-1 2kH z region were maore broadly tuned | 2-2.5 odaves, even with Lidocaine

Receptive field 3 weeks post-trauma
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