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ABSTRACT

Background: Tinnitus is a perception of sound in the absence of sound
stimulation and it continues to be a significant and costly health problem
without a uniformly accepted treatment. The signals between the inner hair cells
and the cochlear nerve fibres are most likely to be transmitted by glutamate.
Hence, present study was undertaken to assess the role of caroverine which is a
glutamate receptor antagonist in the management of sensory neural tinnitus.
Methods: The present study was conducted among 50 adult patient with
sensory neural tinnitus divided into two groups with 25 patients in each group.
In group 1 caroverine 20 mg twice daily for a period of 90 days was
administered and in group 2 placebos was given. The effect of caroverine and
placebo on subjective relief and objective improvement was evaluated by using
THI (Tinnitus Handicap, Inventory) scoring, Tinnitus frequency matching
before and after the administration of caroverine and placebo.

Results: In Group I reduction in tinnitus was seen in 16 patients (64%) in 90
days. In group Il (placebo group) improvement was seen in 20% of the patient.
Significant difference with respect to treatment was noted. In group 1, 8% of the
patient showed complete relief from the tinnitus. 44% of the patient showed
improvement below 50% whereas 12% of the patient showed improvement
more than 50%.

Conclusions: Carvoverine had shown a statistically significant improvement in
tinnitus management.
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INTRODUCTION

Tinnitus is defined as a perception of a sound without an
external acoustic source. Tinnitus continues to be a
significant and costly health problem without a
uniformity accepted treatment. Estimates of patients with
tinnitus range from 10-15% of the population.' There are
two categories of tinnitus. Subjective tinnitus is the
perception of sound in the absence of an acoustic
stimulus and is heard only by the sufferers, whereas
objective tinnitus is the generation of sound near the ear
that can be heard by the examiner.?

Jastreboff PJ proposed the discordant dysfunction theory
for tinnitus, according to which outer hair cells (OHC)
are damaged earlier to inner hair cells (IHC).®> OHC
provides amplification of sound within the cochlea
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whereas IHC is mainly concern with sound transduction.
Cochlear damage leads to spontaneous firing of neuron in
dorsal cochlear nucleus (DCN).* A biochemical theory
was proposed based on the connection between the inner
hair cells and auditory nerve mediated by
neurotransmitters. The most common excitatory
neurotransmitters are glutamate while the primary
inhibitory neurotransmitter is GABA. Both classes of
inotropic glutamate receptor subtype, N-methyl-D-
aspartate (NMDA) and a-amino-3-OH-S-
methylsoxazole-4-proponic acid (AMPA) are present in
afferent nerve fibres of inner hair cells.® Increase in the
release of glutamate has been suggested to be involved in
the generation and maintenance of sensory neural tinnitus
by causing excitotoxicity and thus over expression of
NMDA receptors.
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Caroverine is a quinoxaline derivative and belongs to
papaverine group. Caroverine is glutamate receptor
antagonist and also has other activities, which reduces the
excitability of the nerve cell function. These activities
include calcium antagonism.® It is postulated that
caroverine blocks both NMDA and AMPA induced
firing. Hence, present study was undertaken to assess the
role of caroverine which is a glutamate receptor
antagonist in the management of sensoryneural tinnitus.

METHODS

The present prospective, randomized and placebo
controlled study was conducted to evaluate the efficacy
of caroverine in the management of tinnitus. Ethical
committee of the institute granted the ethical permission
for carrying out the study. The written consent was
obtained from the entire patient after explaining them the
research steps involved. In this study 50 adult patient
(>30 years of age) suffering from unilateral or bilateral
tinnitus with or without hearing loss present in outpatient
department were included. Pregnant, lactating patient,
history of chronic suppurative otitis media, objective
tinnitus, and history of exposure to ototoxic drugs were
excluded from the study. They enrolled patients were
divided into two groups of 25 patients in each. Group |
were treated with caroverine 20 mg capsule twice daily
for 90 days. Group Il were treated with placebo for 90
days. A complete medical and ENT examination with
detailed history were taken from all the patients. All the
patients were subjected to Tunning Fork test, Pure Tone
Audiometry (PTA), Impedance Audiometry, Tinnitus
matching in term of frequency and intensity, MRI of
Brain and temporal bone. The Tinnitus Handicap
Inventory Questionnaire (THI) scoring of the patients
was done before and after the study. The results were
compiled and analysed statistically by using students‘t’
test with p value <0.05 as significant value.’

RESULTS

In the present study 40 % of the patients (20 patients)
were of normal hearing where as 60 % of the patient (30
patients) were suffering from Sensory Neural hearing
loss. Male and Female ratio in each group are shown in
Table 1. Most of the patient had tinnitus intensity
between 41-50 dB. Mean and standard deviation of THI
values is given in Table 2. No significant difference was
noted with respect to gender.

Table 1: Distribution of patients according to age

and gender.
Group Group 1 Group 2
Age (in years) Male Female Male Female
31-40 4 3 5 3
41-50 5 6 6 5
51-60 4 3 3 3
Total 13 12 14 11

Table 2: Mean and standard deviation of Tinnitus
Handicap Inventory (THI) values.

Tinnitus Handicap Mean +

Inventory (THI) Standard P value
values deviation _

Male 32+12 >0.05 (not |
Female 34+16 significant) |

In Group | reduction in tinnitus was seen in 16 patients
(64%) in 90 days. In group Il (placebo group)
improvement was seen in 20% of the patient (Table 3).
Significant difference with respect to treatment was
noted. In group 1, 8% of the patient showed complete
relief from the tinnitus. 44% of the patient showed
improvement below 50% whereas 12% of the patient
showed improvement more than 50% (Table 4, Figure 1).

Table 3: Improvement in tinnitus in both groups.

N (%) of patients that

showed: Improvement
in tinnitus

p- value

0,
g:gﬂg ; 16 (64%) 005 I
0, - orm
(placebo) > (20%) (significant) |

Table 4: Improvement in tinnitus after caroverine
treatment (group 1).

% of improvement in Tinnitus % of patients
after Caroverine Treatment P

<50% 44%

>50% 36%

No Improvement 12%

100% 8%
u <50%
u>50%
= No

Improvement

m100%

Figure 1: Improvement in tinnitus after
caroverine treatment.

DISCUSSION

Tinnitus has been reported in about 15% of the world
population, most of them between the ages of 40 and 80
years.? In the present study, maximum number of patients
were in age group of 41-50 years. Al-Swiahb J et al
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reported that the mean age of tinnitus patients among
women was 54 years and among men was 51.5 years.?
Martines F et al found an heterogeneous distribution of
age among tinnitus patients with 65.7% of people with
more than fifty years of age.’

The pathophysiology of tinnitus is one of the most
controversial issues in medical science. Tinnitus is
associated with several risk factors, such as prolonged
noise exposure, head/neck injury and infections. The
newer pathophysiology theory suggests that the central
nervous system is the source or generator of tinnitus.
Functional magnetic resonance imaging and positron
emission tomography scan of the inner ear and brain
show a loss of cochlear input by cochlear hair cell
damage or a lesion of the auditory nerve to the central
auditory system can lead to abnormal neural activity in
the auditory cortex area.’® The main etiologic factors
associated to tinnitus include acoustic trauma (especially
chronic noise exposure), presbycusis, otosclerosis and
various drugs linked to tinnitus such as antinflammatories
(aspirin and quinine), antibiotics (aminoglycosides), loop
diuretics, chemotherapeutic agents (such as cisplatin and
vincristine) and antidepressants (amitriptyline,
imipramine).  Other risk factors are smoking,
hypertension, diabetes mellitus and dyslipidemia.'*

Most forms of Tinnitus are described as cochlear synaptic
tinnitus. This is a condition where the inner hair cells
have been damaged by noise exposure, ototoxic drugs or
Meniere’s disease. Glutamate is known to be the
important neurotransmitter in the CNS and the signals
between inner hair cells and the cochlear afferent neuron
fibres. The functional damage of inner hair cells leads to
excess production of glutamate and the glutamate
receptors in the cochlea become excited with higher dose
of glutamate. The excessive glutamate binds to NMDA
receptors which lead to calcium and sodium to enter the
neuron leading to spontaneous depolarisation.®*?

Tinnitus treatments can be divided into two categories,
those aimed at directly reducing the intensity of tinnitus
and those aimed at relieving the annoyance associated
with tinnitus. The former include pharmacotherapy and
electrical ~ suppression, and the latter include
pharmacotherapy, cognitive and behavioural therapy,
sound therapy, habituation therapy, massage and
stretching, and hearing aids. Although numerous
therapeutic modalities have been applied, no consensus
regarding effective therapeutic agents has emerged.’

Hence, the present study was undertaken to assess the
role of caroverine which is a glutamate receptor
antagonist in the management of sensoryneural tinnitus.

Caroverine is an oto- neuroprotective agent having the
antioxidant property also. It acts as an N-Type calcium
channel blocker, competitive AMPA receptor antagonist
and non-competitive NMDA receptor antagonist. [AMPA
is 2-amino-3-(5-mehtyl-3-0x0-1,2-oxazol-4-yl) propionic

acid.whereas NMDA is N-methyl D- Aspartate].™**
Spontaneous depolarisation of NMDA receptor can be
reversed to physiological polarization by antagonist
property of caroverine. In the present study improvement
in sensory neural tinnitus was observed in 16 patients
(64%).At the end of 90 days only 9 patients (36%)
showed no improvement or worsening of tinnitus. Eleven
patients (44%) showed improvement below 50% whereas
3 patients (12%) showed improvement more than 50% in
2 patients (8%) there was complete disappearance of
tinnitus. In placebo group, improvement was seen in 20%
of the patient. The helpful ‘placebo’ factors are seeing a
professional, receiving a plausible treatment plan, and
believing that the treatment will work. This placebo effect
is often thought of as evidence of patient susceptibility to
non-treatment factors, but in fact a closer look indicates
that some patients do improve their health under such
conditions. If the patient believes that are going to be
helped by a treatment, even a sugar pill, then they often
receive a real, beneficial effect’. In fact, this effect is
sometimes accompanied by physiological changes.*

Ehrenberger K et al carried out a microiontophoretical
experiment in guinea-pigs and found that caroverine
acted as a potent competitive alpha-amino-3-hydroxy-5-
methyl-4-isoxazone-proprionic acid (AMPA) receptor
antagonist and, in higher dosages, a non-competitive N-
methyl-d-aspartate (NMDA) antagonist. Denk DM et al
performed a study to find out whether a single infusion of
caroverine, a quinoxaline-derivative, can be used
successfully in the treatment of inner ear tinnitus and
found that 63.3% responded to therapy immediately after
the infusion and in the placebo group, none of the
patients treated showed a significant response.’**® The
present study was conducted among a limited number of
patients. Thus, further studies with large sample size are
required.

CONCLUSION

The results of present study conclude that carvoverine is
effective in the management of tinnitus. However, sparse
data is available regarding the same. Hence, further
research should be directed towards the search of
beneficial effect of caroverine in tinnitus. Caroverine
could be a miracle medicine for cochlear synaptic
tinnitus.
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