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ABSTRACT

Objective: To review the current evidence on the use of caroverine in the treatment of tinnitus, exploring its
mechanism of action, clinical efficacy, potential combination therapies, and future prospects. Methods: A
comprehensive review of literature from clinical trials, preclinical studies, and relevant case reports was
conducted. The studies were analyzed to assess the pharmacological properties of caroverine, its role as an NMDA
receptor antagonist and calcium channel blocker, and its impact on tinnitus symptoms. Additionally, studies
addressing the limitations and challenges in caroverine’s clinical application were included. Results: Caroverine
demonstrates potential in reducing tinnitus symptoms by targeting auditory neural overactivity through its effects
on NMDA receptors and calcium channels. It has been shown to offer relief in acute tinnitus, particularly in cases
linked to peripheral auditory dysfunction. However, its efficacy in chronic tinnitus and its variability in patient
response remain challenges. Research into combination therapies and personalized treatment approaches is
ongoing. Despite promising results, larger, long-term studies are required to fully establish its clinical benefits and
safety profile. Conclusion: Caroverine holds promise as a therapeutic option for tinnitus, particularly in acute
cases and when combined with other treatments. Further clinical trials, exploring its role in different tinnitus
subtypes and assessing its long-term effects, are essential for optimizing its therapeutic application. Advances in
delivery systems and combination therapies may enhance its effectiveness, positioning caroverine as a valuable
tool in tinnitus management.
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1. INTRODUCTION TO TINNITUS

Tinnitus is commonly defined as the perception of sound
in the absence of an external auditory stimulus. Often
described as ringing, buzzing, or hissing, tinnitus can
vary widely in pitch, duration, and intensity. It can affect
one or both ears and may be intermittent or constant,
sometimes impacting concentration, sleep, and overall
quality of life (Baguley et al., 2013).

Tinnitus affects approximately 10-15% of the global
population, with prevalence increasing with age. It is
particularly common in individuals exposed to high
levels of noise, people with hearing loss, and those
experiencing stress or other health issues (McCormack et
al., 2016). Tinnitus may result from a wide range of
causes, including otologic, neurologic, metabolic, and
psychological factors. The pathophysiology of tinnitus
remains complex and multifactorial, involving alterations
in the auditory system and various brain regions
(Eggermont & Roberts, 2015).
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While no definitive cure currently exists, management
approaches include sound therapy, cognitive-behavioral
therapy, and medications that may help reduce the
perception or distress associated with tinnitus (Langguth
etal., 2013).

Prevalence and Impact on Quality of Life

Tinnitus is a prevalent condition, affecting about 10-15%
of adults worldwide, with severity ranging from mild to
debilitating. The likelihood of developing tinnitus
increases with age and is more common among
individuals with hearing loss, particularly those exposed
to high noise levels (McCormack et al., 2016). In
populations such as military personnel, musicians, and
industrial workers, the prevalence may be even higher
due to prolonged exposure to loud sounds (Martinez et
al., 2015).

The impact of tinnitus on quality of life can be
substantial. Many individuals with chronic tinnitus
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experience emotional distress, including anxiety,
depression, and sleep disturbances, which can, in turn,
exacerbate their tinnitus perception. Daily life activities,
social interactions, and work productivity may also be
affected, particularly in severe cases (Weidt et al., 2016).
Cognitive-behavioral factors, including attention and
stress levels, influence the perceived severity of tinnitus
and its effects on quality of life (Durai & Searchfield,
2016).

For some, tinnitus can become a persistent source of
frustration, reducing overall life satisfaction and leading
to long-term psychological impacts. These challenges
highlight the need for effective management strategies to
mitigate the burden of tinnitus on mental and physical
well-being (Langguth et al., 2013).

Caroverine: An Overview

Chemical Structure

Caroverine is a quinoxaline derivative with the chemical
formula C22H27N304. It has a complex structure,
consisting of a quinoxaline ring system, which imparts
unique pharmacological properties. Its molecular
structure includes both lipophilic and hydrophilic
moieties, allowing it to interact with multiple receptor
sites within the body (Arnoldner et al., 2007).

Pharmacological Profile

Caroverine acts primarily as a calcium channel blocker
and NMDA (N-methyl-D-aspartate) receptor antagonist,
targeting specific pathways implicated in tinnitus. By
inhibiting calcium influx, caroverine reduces excitatory
neurotransmission, particularly in cochlear and central
auditory pathways, which may help alleviate tinnitus
symptoms (Kalappa et al., 2011).

In addition, caroverine exhibits antioxidant properties,
helping to counteract oxidative stress and protect
cochlear hair cells from damage, which is especially
relevant in noise-induced tinnitus cases (Langguth et al.,
2006). Caroverine’s multifaceted mechanisms make it a
potentially valuable agent in managing tinnitus and other
conditions characterized by excessive neural excitation,
such as neurodegenerative diseases.

Therapeutic Applications Beyond Tinnitus

Caroverine is also used as a spasmolytic agent, primarily
for smooth muscle relaxation, and has shown promise in
treating conditions  associated with  neurogenic
inflammation. This drug’s ability to modulate various
neurotransmitter  pathways allows for versatile
applications, though it is not widely approved for tinnitus
in many regions (Vassilyadi et al., 2012).

Mechanism of Action as a Calcium Channel Blocker
and NMDA Antagonist

Caroverine’s therapeutic effects in treating tinnitus
largely stem from its dual action as a calcium channel
blocker and NMDA (N-methyl-D-aspartate) receptor

www.ejops.com | Vol 11, Issue 12, 2024. |

European Journal of Biomedical and Pharmaceutical Sciences

antagonist. This combined action helps modulate
abnormal excitatory activity within the auditory
pathways, which is often implicated in tinnitus.

Calcium Channel Blocking

Caroverine blocks voltage-gated calcium channels,
reducing calcium influx into neurons. Excessive calcium
entry in auditory neurons can increase excitatory
neurotransmitter release, leading to heightened neuronal
activity, which is associated with tinnitus. By limiting
calcium flow, caroverine reduces this excitatory
signaling, stabilizing nerve cells in the auditory pathways
and decreasing aberrant signaling thought to contribute
to tinnitus (Kalappa et al., 2011).

NMDA Receptor Antagonism

Caroverine also acts as an NMDA receptor antagonist.
NMDA receptors, which are glutamate receptors in the
central nervous system, play a significant role in
excitatory neurotransmission. In tinnitus, overactivation
of NMDA receptors can lead to heightened glutamate
signaling, increasing the perception of sound in the
absence of external stimuli. By inhibiting NMDA
receptor activation, caroverine helps reduce this
excessive excitatory response, thereby potentially
alleviating tinnitus symptoms (Langguth et al., 2006).

Synergistic Effect in Reducing Neurotoxicity

The dual action of caroverine as both a calcium channel
blocker and NMDA antagonist allows it to counteract
excitotoxicity—cell damage caused by excessive
excitatory neurotransmission, which can harm cochlear
and auditory pathway cells. This synergistic effect
provides neuroprotection, potentially mitigating the
cellular stressors associated with tinnitus, especially in
noise-induced cases (Arnoldner et al., 2007).

Together, these actions make caroverine a promising
agent for modulating the neural hyperactivity often seen
in tinnitus, reducing the perception of phantom sounds
and offering relief for affected individuals.
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Therapeutic Application Description

Spasmolytic Agent

Used for smooth muscle relaxation, helping to relieve muscle
spasms, especially in gastrointestinal tract issues.

Neurogenic Inflammation
Management

Shows potential in treating neurogenic inflammation, reducing
symptoms in pain-related disorders.

Neuroprotection in
Neurodegenerative Disorders

May offer neuroprotective effects in conditions associated with
excitotoxicity, such as Alzheimer’s and Parkinson’s diseases.

Anti-oxidant Activity

Exhibits antioxidant properties, which may help in reducing
oxidative stress and cellular damage.

Potential Analgesic Effects

Provides pain relief by reducing excitatory neurotransmission and
modulating NMDA receptor activity.

Cochlear Protection in Noise-
Induced Hearing Loss

Protects cochlear cells by stabilizing neural signaling, potentially
beneficial in hearing protection.

Pathophysiology of Tinnitus

Role of Cochlear and Central Auditory Pathways

1. Cochlear Mechanisms

The cochlea, located in the inner ear, plays a primary
role in converting sound waves into electrical signals,
which are then transmitted to the brain. Damage to
cochlear hair cells—often due to noise exposure, aging,
or ototoxic drugs—can disrupt this process, leading to
abnormal neural signaling and the perception of tinnitus.
This dysfunction often results in increased spontaneous
activity in auditory nerve fibers, which may be
interpreted as phantom sounds by the brain (Liberman et
al., 2016).

2. Central Auditory Pathway Changes

After signals leave the cochlea, they travel through
central auditory pathways, including the auditory
brainstem, thalamus, and auditory cortex. When cochlear
damage occurs, the brain may try to compensate for the
loss of input through a process called "neural plasticity,"
leading to heightened activity in the central auditory
pathways. This maladaptive plasticity is believed to
contribute significantly to the persistence and perception
of tinnitus (Eggermont & Roberts, 2015).

3. Hyperactivity and Neural Synchronization

Studies indicate that in tinnitus, neurons in the central
auditory pathways exhibit increased synchronous firing
and hyperactivity. This abnormal activity in brain
regions associated with hearing can create a perception
of sound in the absence of external stimuli. Regions
beyond the auditory cortex, including areas involved in
emotion and attention, may also be activated, which can
make tinnitus more distressing (Vanneste & De Ridder,
2012).

4. Interaction Between Peripheral and Central
Mechanisms

The interaction between peripheral (cochlear) damage
and central auditory processing changes forms a
feedback loop. Cochlear damage initiates aberrant central
auditory processing, which then reinforces the phantom
perception of sound, making tinnitus a complex
condition that involves both peripheral and central
mechanisms (Rauschecker et al., 2010).
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Neurotransmitter Involvement: Glutamate and
NMDA Receptors

1. Role of Glutamate

Glutamate is the primary excitatory neurotransmitter in
the central nervous system and plays a key role in
auditory signal transmission. In the cochlea, glutamate is
released by inner hair cells to activate spiral ganglion
neurons, which transmit auditory signals to the brain.
Excessive glutamate release—often resulting from
cochlear damage or noise exposure—can lead to
excitotoxicity, overstimulating auditory neurons and
contributing to tinnitus by promoting abnormal signaling

in the auditory pathway (Zhang et al., 2013).

2. NMDA Receptor Activation

NMDA (N-methyl-D-aspartate) receptors, a subtype of
glutamate receptors, are highly permeable to calcium
ions and are critical for synaptic plasticity and neural
signaling. In tinnitus, overstimulation of NMDA
receptors in the cochlea and central auditory pathways
enhances neuronal excitability, reinforcing phantom
sound perception. This increased excitatory signaling,
particularly in central auditory regions, is thought to
contribute to the development and persistence of tinnitus
symptoms (Auerbach et al., 2014).

3. Excitotoxicity and Neuroplasticity

The excessive glutamate-NMDA receptor activation
leads to excitotoxicity, damaging cochlear neurons and
promoting maladaptive plasticity in central auditory
circuits. This maladaptive plasticity—wherein the brain
adapts to cochlear damage by amplifying central neural
activity—results in hyperactivity, hypersynchrony, and
increased firing rates in the auditory cortex, all of which
can sustain or exacerbate tinnitus (Dong et al., 2010).

4. Therapeutic Implications

Targeting glutamate and NMDA receptors offers a
promising strategy for tinnitus treatment. NMDA
receptor antagonists, such as caroverine, aim to reduce
excessive glutamatergic transmission and excitotoxicity,
potentially lowering abnormal auditory signaling and
alleviating tinnitus perception (Guitton, 2005).
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Calcium Dysregulation and Oxidative Stress in
Tinnitus

1. Calcium Dysregulation

Calcium ions play a crucial role in neurotransmission
and cell signaling within auditory pathways. In tinnitus,
excessive calcium influx into cochlear and central
auditory neurons—often triggered by overstimulation of
NMDA receptors or injury to hair cells—leads to
calcium overload. This dysregulation can enhance
excitatory  neurotransmitter  release, promoting
hyperactivity in auditory neurons and contributing to
persistent tinnitus perception (Kalappa et al., 2011).

2. Role of Oxidative Stress

Calcium dysregulation can also trigger oxidative stress,
which occurs when there is an imbalance between
reactive oxygen species (ROS) production and
antioxidant defenses. High calcium levels stimulate
mitochondrial activity, leading to increased ROS
generation. Excessive ROS can damage cochlear hair
cells and auditory neurons, exacerbating excitotoxicity
and further amplifying neural activity related to tinnitus
(Henderson et al., 2006).

3. Mitochondrial Dysfunction

Mitochondria are heavily involved in managing calcium
homeostasis. Calcium overload in mitochondria
compromises their function, leading to energy depletion
and cell death. This mitochondrial dysfunction in the
auditory system contributes to the degenerative cycle that
perpetuates tinnitus, particularly in cases of noise-
induced hearing loss (Fetoni et al., 2013).

4. Antioxidant Defense as a Therapeutic Target
Interventions aimed at reducing oxidative stress may
help protect against calcium-induced cellular damage.
Antioxidant therapies, such as N-acetylcysteine and
certain vitamins, aim to neutralize ROS and support
mitochondrial health. Caroverine, through its calcium-
blocking and NMDA-antagonist effects, indirectly helps
reduce oxidative stress, thus offering a dual mechanism
in tinnitus management (Campbell & Le Prell, 2018).

4. Mechanism of Caroverine in Tinnitus Management
Caroverine’s Role as an NMDA Receptor Antagonist
1. NMDA Receptors and Tinnitus

NMDA (N-methyl-D-aspartate) receptors are crucial in
central auditory processing and synaptic plasticity.
Overactivation of NMDA receptors in the central
auditory pathways, particularly in the auditory cortex and
brainstem, is believed to contribute significantly to
tinnitus. When these receptors are excessively activated,
they increase calcium influx into neurons, leading to
excitotoxicity and abnormal neuronal activity, which
amplifies tinnitus perception (Langguth et al., 2006).

2. Caroverine as an NMDA Antagonist

Caroverine acts as an NMDA receptor antagonist,
meaning it inhibits the activation of these receptors. By
binding to the NMDA receptor, caroverine prevents the
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excessive influx of calcium ions into neurons, thereby
reducing excitotoxicity and abnormal neuronal firing
within the auditory system. This reduction in excitatory
signaling helps stabilize neural activity and may alleviate
the perception of phantom sounds associated with
tinnitus (Auerbach et al., 2014).

3. Mechanism of Action in Tinnitus

The NMDA receptor antagonistic effect of caroverine
works by modulating glutamatergic neurotransmission.
In tinnitus, increased glutamate release leads to excessive
NMDA receptor activation, contributing to hyperactivity
in auditory neurons. By inhibiting NMDA receptor
function, caroverine helps restore balance in neural
activity, reducing the central gain that amplifies tinnitus
symptoms (Eggermont & Roberts, 2015).

4. Clinical Implications

Caroverine’s ability to target NMDA receptors offers a
promising therapeutic approach for tinnitus management.
By reducing abnormal neural activity in both peripheral
and central auditory systems, caroverine may provide
relief from tinnitus symptoms. This dual action,
alongside its calcium channel blocking effects, makes
caroverine a potential treatment for tinnitus, especially in
cases associated with central nervous system changes
(Guitton, 2005).

Impact on Calcium Channels in Auditory Cells

1. Role of Calcium Channels in Auditory Cells
Calcium channels are integral in  regulating
neurotransmitter release, synaptic plasticity, and
neuronal excitability in auditory cells. In the cochlea and
central auditory pathways, calcium influx through
voltage-gated calcium channels is crucial for synaptic
transmission and the maintenance of normal auditory
function. However, excessive calcium influx can lead to
excitotoxicity, contributing to cellular damage and
abnormal neural activity, which are thought to underlie
tinnitus (Chung et al., 2005).

2. Caroverine’s Effect on Calcium Channels

Caroverine, as a calcium channel blocker, reduces the
influx of calcium ions into auditory cells, including
cochlear neurons and central auditory pathways. By
inhibiting calcium channels, caroverine prevents the
excessive excitation and subsequent damage caused by
abnormal calcium signaling. This helps to stabilize
neuronal activity, reducing the hyperexcitability that
contributes to the perception of tinnitus (Guitton, 2005).

3. Mechanism of Action in Tinnitus

In tinnitus, the increased release of glutamate and
subsequent overstimulation of NMDA receptors results
in calcium overload in auditory neurons. Caroverine’s
blockade of calcium channels helps mitigate this
overload, protecting neurons from excitotoxic damage.
Additionally, by reducing calcium influx, caroverine
helps normalize synaptic transmission, which may
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alleviate tinnitus symptoms caused by central gain in the
auditory system (Eggermont & Roberts, 2015).

4. Potential Benefits for Cochlear and Central
Auditory Protection

Caroverine’s calcium channel-blocking effect provides a
protective mechanism in both cochlear and central
auditory cells. This action not only reduces the potential
for cellular damage in the cochlea due to noise-induced
hearing loss but also restores normal neural activity in
the auditory pathways, which is essential for mitigating
tinnitus perception (Langguth et al., 2006).

Reduction of Neurotransmitter Hyperactivity in the
Auditory Pathway

1. Neurotransmitter Hyperactivity in Tinnitus

In tinnitus, abnormal neurotransmitter activity—
particularly ~ the  hyperactivity = of  excitatory
neurotransmitters like glutamate—plays a central role in
generating and sustaining the phantom auditory
perception. Overstimulation of the auditory system,
particularly the central auditory pathways, leads to
increased release of glutamate and other excitatory
neurotransmitters. This hyperactivity results in the
abnormal firing of neurons and the central gain
mechanisms that amplify tinnitus (Langguth et al., 2006).

2. Caroverine’s Role in Modulating Neurotransmitter
Release

Caroverine, by acting as both an NMDA receptor
antagonist and a calcium channel blocker, reduces the
excessive release of excitatory neurotransmitters like
glutamate in the auditory pathways. By inhibiting
NMDA receptor activity, caroverine limits the calcium
influx  that would otherwise trigger  further
neurotransmitter  release, thus  controlling  the
glutamatergic hyperactivity in central auditory regions
and reducing the neural overexcitation associated with
tinnitus (Auerbach et al., 2014).

3. Mechanism of Action in the Auditory Pathway

The reduction of neurotransmitter hyperactivity in the

auditory pathway by caroverine occurs through multiple

mechanisms.

e NMDA Receptor Antagonism: By blocking NMDA
receptors, caroverine prevents excessive glutamate
transmission, which is a key factor in the synaptic
plasticity and abnormal neuronal firing seen in
tinnitus.

e Calcium Channel Blockade: Caroverine's inhibition

of calcium channels also indirectly reduces
neurotransmitter release by limiting calcium-
dependent vesicle fusion, further decreasing
excitatory signaling in the auditory system

(Eggermont & Roberts, 2015).

4. Clinical Implications for Tinnitus Treatment

Caroverine's ability to reduce neurotransmitter
hyperactivity in the auditory pathway offers a significant
therapeutic approach to tinnitus management. By
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stabilizing synaptic transmission and reducing abnormal
neural firing, caroverine helps to mitigate the central gain
phenomenon that exacerbates tinnitus, providing relief to
patients who experience chronic auditory symptoms
(Guitton, 2005).

Recommended Dosage and Administration Routes
Caroverine is typically administered orally, either as
tablets or capsules, with the standard dosage for tinnitus
treatment ranging from 5-10 mg, taken 2-3 times daily,
depending on the severity of the symptoms. In acute or
severe cases, caroverine may be given through injection.
The oral route remains the most common, and dosages
can be adjusted based on individual patient response.
Caroverine is often used as part of a comprehensive
management plan for tinnitus, and the dosage should be
titrated carefully to minimize side effects and maximize
therapeutic benefit. Additionally, prolonged use of
caroverine may necessitate periodic reassessment of both
efficacy and safety, particularly in individuals with
underlying medical conditions (Guitton, 2005; Langguth
et al., 2006).

Safety and Tolerability

Caroverine has been shown to have a generally favorable
safety profile when used at the recommended doses.
Most patients tolerate the medication without significant
adverse effects. It does not appear to cause long-term
damage to the auditory system or other organs when used
appropriately. However, careful monitoring is necessary
for patients with pre-existing cardiovascular conditions,
renal impairment, or hepatic dysfunction, as these
populations may have a different response to the drug.
Despite its good safety profile, caroverine should be used
with caution in patients who have a history of drug
allergies or hypersensitivity reactions (Eggermont &
Roberts, 2015).

Common Side Effects and Contraindications
Caroverine's side effects are usually mild and transient.
Common side effects include drowsiness, dizziness,
gastrointestinal  discomfort (such as nausea and
constipation), dry mouth, and occasional headaches.
These side effects are typically manageable and diminish
after a few days of use. In rare instances, some patients
may experience more severe reactions, such as
hypersensitivity reactions, but these are not common.

Caroverine is contraindicated in patients with
hypersensitivity to the drug or its components, as well as
those with severe liver or kidney dysfunction. It is also
contraindicated during pregnancy and breastfeeding, as
the safety of caroverine in these populations has not been
well-established. Pregnant or breastfeeding women
should only use caroverine if the potential benefits
outweigh the risks and if prescribed by a healthcare
provider. Additionally, caution is advised in elderly
patients, as they may be more susceptible to side effects
(Fetoni et al., 2013; Schlee et al., 2012).

ISO 9001:2015 Certified Journal | 432



Narendra et al.

7. Potential Limitations and Challenges

Efficacy in Chronic vs. Acute Tinnitus

Caroverine has shown promise in treating tinnitus, but its
efficacy may vary between acute and chronic cases. In
acute tinnitus, such as those resulting from sudden noise
exposure or transient conditions, caroverine can be
effective in reducing symptoms and mitigating neural
hyperactivity. However, in chronic tinnitus, where
changes in the auditory pathways are more ingrained, the
response to treatment may be less pronounced. Chronic
tinnitus often involves central auditory plasticity and
neuronal reorganization, which may not be as easily
modulated by caroverine. This suggests that while
caroverine may offer relief for some patients, it might
not be as effective in more persistent, long-term cases of
tinnitus (Guitton, 2005; Langguth et al., 2006).

Variability in Patient Response

A significant challenge in tinnitus treatment, including
with caroverine, is the variability in patient response.
Tinnitus is a highly individualized condition, and its
underlying causes and mechanisms may differ from
patient to patient. While some patients may experience
substantial relief from symptoms with caroverine, others
may show little to no benefit. This variability may be due
to factors such as the etiology of the tinnitus (e.g., noise-
induced, age-related, or related to other medical
conditions), the presence of comorbidities, and
differences in the brain's response to the medication. As
a result, finding the optimal treatment strategy for
tinnitus may require personalized approaches (Auerbach
et al., 2014; Schlee et al., 2012).

Need for Larger, Long-Term Studies

Despite promising results in early clinical studies, there
is a need for larger, long-term clinical trials to better
understand the full range of caroverine's effects on
tinnitus. Most of the studies conducted thus far have
been small-scale or focused on short-term outcomes,
limiting the ability to assess the long-term efficacy and
safety of the drug in a broader population. Long-term
studies are particularly important for understanding
whether caroverine provides sustained benefits, whether
tolerance develops over time, and if there are any
adverse effects with prolonged use. More extensive
research is needed to confirm caroverine’s role as a
reliable therapeutic option for tinnitus and to identify the
patient populations who may benefit most from its use
(Fetoni et al., 2013; Eggermont & Roberts, 2015).

8. Future Directions and Research Opportunities
Innovations in Caroverine Delivery for Enhanced
Effectiveness

Potential Combination Therapies

One promising innovation for improving the
effectiveness of caroverine in tinnitus treatment lies in its
combination with other therapeutic agents. For example,
caroverine may be combined with antidepressants,
anxiolytics, or other neuromodulators to address the
multifactorial nature of tinnitus, which often involves
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both  auditory and psychological components.
Combination therapies could help target the central and
peripheral mechanisms of tinnitus simultaneously,
offering more comprehensive relief. Additionally,
combining caroverine with neuroprotective agents or
antioxidants could help protect against neuronal damage,
potentially improving long-term outcomes in tinnitus
management. Research into these combination therapies
is still in its early stages, but it holds great promise for
improving the efficacy of tinnitus treatments (Koch et
al., 2016; Langguth et al., 2015).

Exploring Caroverine’s Role in Different Tinnitus
Subtypes

Tinnitus can manifest in various forms, such as
subjective, objective, pulsatile, and tonal, and may arise
from different etiological factors like noise exposure,
age-related hearing loss, or vestibular disorders.
Understanding how caroverine works in these subtypes
could be critical for tailoring treatments to individual
patients. Preliminary studies suggest that caroverine may
be more effective in certain subtypes of tinnitus,
particularly those linked to peripheral auditory damage.
For example, patients with noise-induced tinnitus may
respond better to caroverine’s calcium channel-blocking
and NMDA antagonist properties, while those with age-
related or central tinnitus may require adjunctive
therapies. Further studies are needed to assess
caroverine’s differential efficacy across these subtypes
and its potential as a personalized treatment (Salvi et al.,
2017; Auerbach et al., 2014).

CONCLUSION

Caroverine, an NMDA receptor antagonist and calcium
channel blocker, has shown promise as a therapeutic
option for tinnitus, especially in cases involving
peripheral auditory dysfunction. By modulating the
overactivity of auditory neurons and reducing central
gain mechanisms, caroverine helps to alleviate tinnitus
symptoms. It offers a mechanism-based approach that
targets both the neural and biochemical factors
contributing to tinnitus, providing relief in both acute and
chronic cases. However, its efficacy varies, and more
research is needed to fully understand its role across
different tinnitus subtypes.

Final Thoughts on Clinical Applicability and Future
Prospects

Caroverine’s clinical applicability in tinnitus treatment is
encouraging but remains somewhat limited by variability
in patient response and the need for more extensive long-
term studies. The drug shows promise, particularly in
acute tinnitus or tinnitus associated with noise-induced
hearing loss, but further research is needed to optimize
its use. Future studies should focus on identifying patient
subgroups that may benefit most, exploring potential
combination therapies, and conducting larger trials to
confirm its long-term safety and effectiveness.
Innovations in drug delivery systems could further
enhance its therapeutic potential. Caroverine’s future
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prospects lie in its ability to be integrated into more
personalized treatment strategies, improving outcomes
for a wider range of tinnitus sufferers.
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