
A total of 18 publications were categorised under basic auditory, animal and cellular 
models. These studies investigated tinnitus at its biological roots, examining cochlear 
and brainstem physiology, ion channel function, synaptic integrity, immune signalling 
and neuroplasticity in response to acoustic trauma, salicylate, or chronic stress. 
Although methods varied, the collective aim was clear. These papers seek to explain 
how tinnitus begins and persists at the microscopic and circuit level, independent of 
behavioural and clinical presentations.

Basic Auditory, Animal 
and Cellular Models 2025
Mechanistic foundations of tinnitus: 
central maladaptation, inhibitory failure 
and stress sensitive biology

Noise induced tinnitus and central 
hyperactivity
A major group of studies used rodent models 
of noise induced tinnitus. These papers 
consistently concluded that acoustic trauma 
produces sustained alterations in the 
cochlear nucleus and inferior colliculus, 
including increased spontaneous firing, 
disrupted auditory gating and abnormal 
temporal correlations in cortical oscillations. 
Importantly, these abnormalities often 
persisted even when hearing thresholds 
partially recovered. This pattern supports the 
concept that tinnitus represents a central 
maladaptive plasticity process rather than an 
ongoing consequence of peripheral damage.
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A second cluster of studies examined pharmacologically induced tinnitus, primarily 
using high dose salicylate. These investigations concluded that salicylate triggers 
hyperactivity within brainstem auditory circuits through reduced GABAergic inhibition 
and dysregulation of BK potassium channels and ryanodine receptor signalling. These 
pathways were shown to amplify excitatory drive. Some work suggested that Nrf2 
deficiency increases vulnerability to oxidative stress and enhances tinnitus 
susceptibility after salicylate exposure, indicating that genetic factors moderate risk.

Salicylate induced tinnitus and molecular 
signalling

Stress induced tinnitus and limbic 
auditory interactions

A smaller set of animal studies focused on stress induced tinnitus. These reports 
concluded that chronic stress alters synaptic transmission and gene expression in the 
hippocampus and prefrontal cortex. These changes were accompanied by anxiety like 
behavioural patterns and tinnitus like auditory phenotypes. The findings reinforce the 
biological connections between stress circuits and auditory processing, consistent with 
clinical evidence linking tinnitus severity with emotional distress.

Recovery mechanisms and targeted 
reversal
Several studies investigated recovery mechanisms and therapeutic modulation. 
Restoration of cochlear ribbon synapses using AC102, deep brain stimulation of the 
inferior colliculus and auditory somatosensory bimodal stimulation each reduced 
behavioural and electrophysiological indicators of tinnitus in animal models. These 
findings show that tinnitus related neural signatures are not fixed but reversible under 
controlled conditions. This plasticity offers a biological foundation for the development 
of neuromodulatory and molecular treatments.
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Other investigations explored molecular and genetic influences. Expression 
quantitative trait loci studies and bioinformatic protein interaction mapping identified 
gene networks linked to synaptic transmission, immune signalling and 
neuroinflammatory pathways. Although early in development, these data point toward 
molecular targets that may guide future pharmacological interventions.

Molecular and genetic pathways

Overall interpretation

Taken together, the 18 basic science studies depict tinnitus as a centralised auditory 
disorder arising from maladaptive neural plasticity, inhibitory imbalance and stress 
sensitive biological pathways. Tinnitus related neural activity can develop after 
peripheral insult or pharmacological disruption, yet can also be reversed under 
targeted conditions. These findings support the long term goal of mechanism specific 
neuromodulatory and molecular therapies. 
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Animal work shows that neural 
hyperactivity persists long after hearing 
thresholds recover.

T I N N I T U S  C E N T R A L I S E S  
E V E N  A F T E R  
T H E  E A R  HEALS

“New insight: tinnitus is an active central 
disorder, not a residual ear problem.”

Consistent reductions in GABAergic 
inhibition match or exceed excitatory 
overactivity.

I N H I B I T O RY  
FA I L U R E  I S  A  C O R E  MECHANISM

“New insight: tinnitus reflects impaired 
inhibitory control within auditory 
circuits.”

BK channels and calcium-release 
receptors (e.g., ryanodine) repeatedly 
emerge as critical.

P R E C I S E  
I O N- S I G N A L L I N G  
PAT H WAY S  
D R I V E  T I N N I T U S  ONSET

“New insight: tinnitus stems from 
specific molecular signalling errors 
rather than broad neurotransmitter 
imbalance.”

Stress-induced models show 
hippocampal and prefrontal plasticity 
changes linked to tinnitus behaviour.

S T R E S S  C I R C U I T S  
D I R E C T LY  S H A P E  T I N N I T U S  
PHYSIOLOGY

“New insight: stress contributes to 
tinnitus generation at a biological level.”

Ribbon-synapse repair, 
neuromodulation, and bimodal 
stimulation normalise tinnitus markers in 
animals.

C E N T R A L  T I N N I T U S  
S I G N AT U R E S  A R E  REVERSIBLE

“New insight: tinnitus-related brain 
changes are plastic and potentially 
recoverable.”

Transcriptomic studies now identify 
proteins and gene networks linked to 
susceptibility.

M O L E C U L A R  
P R O F I L I N G  I S  R E V E A L I N G  
D RU G G A B L E  TARGETS

“New insight: tinnitus pharmacotherapy 
is becoming mechanism-specific.”

Key insights into tinnitus from 
basic auditory, animal, and cellular 
models in 2025 
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