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TINNITUS
Imbalance of excitatory and inhibitory inputs

DCN, exhibts
enhanced spontaneous activity
subsequent to auditory trauma

(Wang et al., 1996; Kimura and Eggermont, 1999; Levine, 1999; 
Kaltenbach et al., 2000; 2004; Brozoski et al., 2002)

IC, exhibit 
enhanced  spontaneous firing,
subsequent to auditory trauma

(Wake et al., 1996; McFadden et al., 1998; 
Cazals, 2000; Salvi et al., 2000). 

AC, exhibits 
enhanced  spontaneous firing, subsequent to

auditory trauma. 
Cortical hyperexcitability & 

Map Plasticity & Reorganisation
associated with Tinnitus 

(Cazals, 2000;Kaltenbach and  Afman, 2000;Salvi  et al., 2000,
Moller, 2003; Eggermont and Roberts, 2004)



QUESTION:
Can We Monitor Altered Neuronal Activity During Tinnitus upon 

Detection of Activity Dependent Plasticity Genes ?

Activity-Dependent Plasticity Genes
BDNF &  Arg3.1 / Arc

Animal Behaviour Model
´(Rüttiger et al., Knipper, 2003) 

STRATEGY:
Comparison of Gene Expression in the Absence and Presence of Tinnitus
(Behaviour Model) Regarding only Changes that are Similar Post Various 

Tinnitus Paradigms (Salicylat & Acoustic Trauma h, d) 



..That Alters Efficacy of Synapses Subsequent to Activity- Dependent 
Transport of BDNF to Active Synapses

Poo et al., 1993, 2001; Thoenen et al., 1995, Rutherford et al., 1998; Tao et al., 1998; 2002; Desai et al., 1999; Shieh and Gosh, 
1999; Knipper et al., 1993, a,b; 1994a,b; Knipper & Rylett, 1997; Chen et al., 2003; Cancedda et al., 2004; Du and Poo, 2004; West 
et al., 2002, Nat Rev Neurosci; Corski et al., 2003, J. Neurosci; Lu, 2003, Neuron; Pattabiraman et al., 2005, Mol Cell Neurosci

LTD, LTP

Balance of 
inhibitory and 

excitatory inputs

BDNF is the key regulator of neuronal plasticity... 



Link et al., 1995; Lyford et al., 1995; Yin et al., 2002; Ying et al., 2002; Montag-Sallaz et al., 1999; Guzowski et al., 2000; Waltereit et 
al., 2001; Bramham and Messaoudi, 2005; Mahlke & Wallhausser-Franke, 2004; Zou and Buck, 2006, Ramirez-Amaya et al., 2005, 
Ramirez-Amaya et al., 2005, Rial Verde et al., Neuron,  2006, Shepherd et al., Neuron, 2006).

EGR 1/3

Arg3.1/Arc is a key regulator for neuronal plasticity …

… That Provides Homeostatic Compensation for Acute Changes in Synaptic Strength 
Subsequent to Activity-Dependent Transport to Postsynapses → Surface AMPA Receptors 

… Arg3.1/Arc ↑ after Sound; Smell, Environemental Enrichment



Arg3.1/Arc mRNA (blue) and Protein (red) in the hippocampus
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Protein

Protein
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Antisense Sense / without 1st AB

II III IV V VI

Arg3.1/Arc mRNA (blue) and Protein (red) in the auditory cortex



Layer II, III
Stratum granulare (II) pyramidale (III) externum

Layer IV , V
Stratum granulare (IV) pyramidale (V) internum

Layer VI
Stratum multiforme                                      

Arg3.1/Arc mRNA (blue) and Protein (red) in the auditory cortex

mRNA

Protein
Protein



In a Next Step Altered BDNF and Arg3.1 Level were analysed in the 
Auditory System Subsequent to Tinnitus-inducing Traumata …..

Results  6 days Post- Acoustic Trauma that induces 
Tinnitus (Behaviour Model) …



6 days after acoustic trauma (120 db, 10 kHz, 2h)

BDNF ex IV mRNA

Spiral ganglia neurons exhibt
enhanced BDNF ex IV (cFos) 

BDNF,
cFos

Cochlea:
Tinnitus-inducing acoustic trauma →
BDNF ↑

Tan et al., Knipper, Neurosci 2007



6 days after acoustic trauma (120 db, 10 kHz,2h)

BDNF 

Inferior Colliculus:
Tinnitus-inducing acoustic trauma →
BDNF ↑

Tan et al., Knipper, Neurosci 2007

BDNF,
cFos



6 days after acoustic trauma (120 db, 10 kHz,2h)

Chronical Multi-Electrode Recording  AI (for 7days)
Tan et al., Knipper, 2007

BDNF

Reduced thalamo-
cortical input 

Medial Geniculate Body:
Tinnitus-inducing acoustic trauma →
thalamocortical input ↓

Tan et al., Knipper, Neurosci 2007

BDNF,
cFos



6 days after acoustic trauma (120 db, 10 kHz,2h)

BDNF

BDNF

Reduced thalamo-
cortical input 

Arg3.1/Arc

Auditory Cortex, A1:
Tinnitus-inducing acoustic trauma →
Arg3.1/Arc ↓

Tan et al., Knipper, Neurosci 2007



Activity-Dependent Plasticity Genes
BDNF &  Arg3.1 / Arc

Animal Behaviour Model
´(Rüttiger et al., Knipper, 2003) 

IN CONCLUSION 
Comparison of Gene Expression in the Absence and Presence of Tinnitus

(Behaviour Model) and Changes in Activity Dependent Genes can be Used 
to Monitor Induction of Tinnitus

Rüttiger et al., Knipper, 2003; 
Tan et al., Knipper, Neurosci 2007



The Direct Correlation of the Potential Trigger to Induce Tinnitus upon HF 
Electromagnetic Fields Should be determined upon Detection of 
Thresholds for 4 Different HF Exposition Intensities on 

(1) Tinnitus Induction in Behaviour Animal Models 

(2) Altered Expression of Activity Dependent Genes in IC and AC

Assignment: Sept 2005
D



Design:
D



Design:
D

Radiation occurs over 4 weeks (5days,2h a day), 4 animals with 
(1) 0.02W/kg
(2) 0.2 W/kg
(3) 2.0 W/kg
(4) 20 W/kg
(5) Control group in a seperated room, identical conditions artifical radiation



Design:
D

Block C Block D Block E Block F
1               2                3               4        5                 6               7                8

Messreihe
MB BH MB BH MB BH MB BH

Acute 14dPost Acute 14dPost



(1) Analysis of Tinnitus Induction Using Activity 
Dependent Gene Expression



Organ Preparation: Co, IC, AC (Block B (unexposed) C,E=acut;D,F=14dpost
↓

RNA Isolation (Aliquot 100ng /Re-Transcription) 
↓

cDNA Reverse Transcription (SensiScript-Quiagen)
↓

RT-PCR (Cyclophilin = house keeping gene; Arg3.1/Arc; BDNF ex IV, cFos)
↓

Densitometry (Cell-F; OSiS Olympus Soft Imaging System)
↓

Statistic (Students-test; SD, unpaired; p<0.05)

Design:



RT-PCR: Example
D

Cyclophilin Cyclophilin

BDNF/Arg3.1

RT-PCR

Arg3.1/Arc = 
450 bp BDNF Exon VI 

= 377 bp

Cyclophilin = 
300 bp

Cyclophilin= 
300 bp



RT-PCR: Result
D Statistic: BDNF Ex IV, cFos  in CO
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RT-PCR: Result
D Statistic: BDNF Ex IV, cFos  in IC
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RT-PCR: Result
D Statistic: Arg3.1/Arc in AC
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(2) Analysis of Tinnitus Induction Using Animal 
Behavioral Model



Hearing Measurement
ABR Measurement

Conditioning 
4-8 Week Training for 4 days/ Week (20 animals x 8 h a day)

Tinnitusinduction
Next 2 Weeks Tinnitus Induction using Salicylat/Saline

Radiation
For 4 Weeks at 5 days/Week, including 1 Behavioral Test at the End of the Week

Recovery
Behavioral Test 2 Weeks after the End of the Radiation

ABR Training
Tinnitusinduction

und Test

Exposure and 
Tests

Recovery and 
Tests

behavioral test

retraining

Tinnitus Behavior - Design



Behavior System

Rüttiger et al., Knipper, 2003



Aerial



Cage



Positioning of the Aerial



Behavior in the Cage



Exposure



Exposure



Exposure Software



Behavior during exposure



Body temperature (under anesthesia): sham exposure

- stable - stable body temperature

- slight temperature rise under antenna ring and in ear canal

- constant ambient temperature

J2 0 W/kg (calibrated)

32.0
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36.0

37.0
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Body temperature (under anesthesia): 20 W/kg exposure

- stable - stable body temperature

- temperature rise under antenna ring, in ear canal and subcutaneously

- delayed rising ambient temperature (convection of warm air ?)

J1 20W/kg

32

33

34

35

36

37

14:38:24 15:07:12 15:36:00 16:04:48 16:33:36 17:02:24
24
25
26
27
28
29
30
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Ear Canal
Ambient



Analysis of Tinnitus Induction Using Salicylate
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- more accesses during silence after Salicylate injection

- similar activity with Salicylate induced Tinnitus

- fewer side changes in the behavior cage during sound phase



Behavior before exposure

Tinnitus Behavior
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Behavior during exposure period

Tinnitus Behavior
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Behavior during exposure period 2

Tinnitus Behavior
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Behavior after exposure (recovery)

Tinnitus Behavior
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Behavior : time course

Tinnitus
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Behavior : summary
2) First statistical approaches (t-test) did not reveal important significant effects of exposure 
on tinnitus sensation

- exposure with 20 W/kg has mild local temperature effects, but does not lead to a rise of body 
temperature 

- little unlearning effects on behavior

Behavior : outlook
- unblinding of exposure groups

- dose dependent correlation analyses and nonparametric statistics of tinnitus behavior & AG

Activity Dependent Genes: Summary
1) First statistical approaches (t-test) did not reveal significant effects between cFos, BDNF 
Ex IV, Arg3.1/Arc of different exposed animals in CO, IC, AC


