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 CURRENT
OPINION Cannabinoid drugs: will they relieve or exacerbate

tinnitus?

Yiwen Zhenga,b,c and Paul F. Smitha,b,c

Purpose of review

Recent enthusiasm for cannabinoid drugs for the treatment of chronic pain and some forms of epilepsy,
raises the question of whether they could be useful for other disorders associated with abnormal neuronal
activity in the brain, such as subjective tinnitus. Indeed, there is evidence to indicate that some tinnitus
sufferers self-medicate using Cannabis. The aim of this review is to critically evaluate the available evidence
relating to the effects of cannabinoids on tinnitus.

Recent findings

Despite the fact that cannabinoids have been shown to decrease neuronal hyperactivity in many parts of
the brain, the current evidence suggests that in auditory brain regions such as the dorsal cochlear nucleus,
they have the potential to facilitate neuronal hyperactivity and exacerbate tinnitus. All of the available
experimental evidence from animal studies suggests that cannabinoid CB1 receptor agonists will either
have no effect on tinnitus or will worsen it.

Summary

In our opinion, the use of the available cannabinoid drugs to alleviate tinnitus, based on their alleged
efficacy for neuropathic pain conditions and some forms of epilepsy, is premature and not supported by
the available evidence.
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INTRODUCTION

‘Subjective tinnitus’ is defined as the perception of a
sound that does not exist independently of the
person perceiving it. These phantom sounds can
take many forms, severely reduce the quality of life
(see [1] for a review), and in the most severe of cases,
can even lead to suicide [2]. Approximately 25% of
the population in the USA has been estimated to
experience subjective tinnitus at some stage of life,
with 8% suffering from chronic tinnitus [2]. With
the increasing development of portable listening
devices for music and an increasingly aging popula-
tion, the incidence of tinnitus can only be expected
to increase.

Subjective tinnitus is believed to be a disorder of
the central nervous system (CNS), which is initially
triggered by trauma to the cochlea, for example,
because of noise trauma. There is evidence that in
animals and humans with tinnitus, neurons in mul-
tiple areas of the brain become more active and
more neurons fire synchronously in order to com-
pensate for the damage to the cochlear hair cells (see
[3] for a review). This increase in neuronal activity
has been reported in multiple brain areas including

the dorsal cochlear nucleus (DCN), the inferior col-
liculus, the medial geniculate body (MGB) and the
auditory cortex [4–10] and these areas have been
suggested to play different roles in tinnitus genera-
tion and maintenance. Alternative hypotheses also
exist, however, such as the idea that tinnitus is
induced as a result of thalamocortical dysrhythmia
(see [11] for a review).

The treatment options for subjective tinnitus are
very limited. With the exception of cognitive behav-
ioural therapy, none of the currently available
approaches, such as hearing aids, sound masking,
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drug treatments, acupuncture, and neuromodula-
tion, showed beneficial effects following meta-anal-
ysis [12–15]. Cognitive behavioural therapy was
effective only in improving the quality of life of
tinnitus patients, but not in reducing the actual
tinnitus loudness [14]. There is no universally
approved drug therapy for tinnitus. The drug treat-
ments used are often ineffective and many result in
substantial adverse side effects (see [1] for a review).
Therefore, the search for novel drug treatments for
tinnitus continues, inspired by new findings related
to the neurobiological basis of tinnitus.

As there is evidence that tinnitus is associated
with neuronal hyperactivity in auditory brain
regions such as the DCN, inferior colliculus, MGB
and auditory cortex, it was natural to consider the
possibility that antiepileptic drugs, such as carba-
mazepine, gabapentin and lamotrigine, might be
effective. However, they have significant adverse
side effect profiles and it is not clear that they have
any specificity for tinnitus (see [1,16]). Cannabinoid
drugs have become increasingly investigated for the
potential treatment of neuropathic pain and even
some forms of epilepsy. Given that some chemicals
derived from the Cannabis plant (‘cannabinoids’)
have been purported to exert antiepileptic effects
(see [17,18] for reviews), there has also been interest
in the possibility that cannabinoid drugs might be
effective in the treatment of subjective tinnitus.

CANNABINOIDS AND TINNITUS

Despite the interest in the possibility that cannabi-
noids might alleviate tinnitus, the use of Cannabis

has also been suggested to cause it (see [19] for a
review). According to anecdotal reports at least,
some tinnitus sufferers try to use Cannabis to relieve
their condition. However, there are no controlled
studies of the effects of Cannabis on tinnitus in
humans. Cannabis has been reported to reduce the
ability to discriminate tones of a specific frequency,
location and duration [20]. Consistent with this
result, Hajos et al. [21] reported that drugs that
activate the predominant cannabinoid receptor in
the brain (i.e. agonists for the ‘cannabinoid CB1

receptor’) resulted in an impairment in auditory
sensory gating in rats. Delta-9-tetrahydrocannabi-
nol [delta-9-THC: (6aR-trans)-6a,7,8,10a-tetrahy-
dro6,6,9-trimethyl1–3-pentyl-6H-dibenzo[b,d]-
pyran-1-ol, also known as delta-1-THC; two names
for the same molecule according to the monoterpe-
noid and dibenzopyran numbering systems], which
is known to be primarily responsible for the psycho-
active effects of Cannabis, has been reported to
impair the encoding of verbal information, which
may be partly because of effects on the auditory
system [22

&

]. Chronic and heavy Cannabis users
often suffer from hallucinations, which are primar-
ily auditory; however, it is unclear whether this is
because of specific auditory effects [23

&

]. Mice,
which have had the CB1 receptor knocked out have
been demonstrated to exhibit audiogram deficits at
frequencies above 8 kHz, suggesting that CB1 recep-
tors are important in the function of the auditory
system [24]. Ghosh et al. [25

&&

] have recently
reported that the endogenous cannabinoid system
may protect against hearing loss induced by the
anticancer drug, cisplatin.

A major problem in the study of cannabinoid
drugs in the context of tinnitus is that Cannabis
itself contains more than 400 different chemicals,
with 66 unique to the genus. The members of the
Cannabaceae family include not only Cannabis Sat-
iva but also Cannabis Indica and Cannabis Ruderalis,
and each plant variety contains different concen-
trations of the different constituent cannabinoid
chemicals. What this means is that the actual con-
centrations of specific cannabinoid drugs in ‘Can-
nabis’ can vary greatly depending on the plant
variety. Since the 1960s, most of the attention of
neuropharmacologists has focussed on delta-9-THC,
as it is responsible for many of the psychoactive
effects of Cannabis. Delta-9-THC is known to be a
weak partial agonist at the cannabinoid CB1 recep-
tor. Nonetheless, Cannabis contains many other
cannabinoids such as cannabinol and cannabidiol
(CBD), the latter attracting considerable interest as a
potential drug therapy for childhood epilepsy, for
example, Dravet syndrome. Unlike delta-9-THC,
CBD does not act as an agonist at the CB1 receptor

KEY POINTS

� There has been increasing pressure worldwide to
recognize the potential benefits of cannabinoid drugs,
either Cannabis itself, natural extracts from the plant, or
synthetic cannabinoids. Much of this enthusiasm is
based on the concept that such drugs can exert
antiepileptic effects, and therefore be useful in the
treatment of some forms of epilepsy, neuropathic pain
and other sensory disorders involving neuronal
hyperactivity, for example, subjective tinnitus.

� Nonetheless, cannabinoids such as CB1 receptor
agonists also have the potential to exert pro-epileptic
effects through the inhibition of the release of GABA or
glycine, and therefore their effects may be dependent
on the particular neuronal circuitry involved.

� Although there is clear evidence for CB1 receptors in
the central auditory system, to date, all of the available
studies suggest that, if anything, their activation by
exogenous cannabinoids could make tinnitus worse.

Neuro-otology
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but may act as a negative allosteric modulator under
some circumstances [26]. Therefore, in order to
understand the actions of these various drugs on
neuronal activity at the receptor level, it is necessary
to separate these cannabinoids and study their
actions individually. To achieve this, neuropharma-
cologists often use synthetic cannabinoids with
known affinity and efficacy for cannabinoid
receptors.

Some cannabinoid drugs are already used clini-
cally in various parts of the world. Synthetic canna-
binoid receptor agonists such as dronabinol and
nabilone are used for the treatment of nausea, vom-
iting [27] and wasting [28], whereas natural Canna-
bis extracts such as a 1 : 1 ratio of delta-9-THC and
CBD (Sativex), are used for the treatment of spastic-
ity and chronic pain in multiple sclerosis [29]. CBD
alone (Elixinol), which has no psychoactive effects,
has been used for the treatment of childhood epi-
lepsy (e.g. Dravet syndrome) [30

&&

].

EVIDENCE FOR THE ANTIEPILEPTIC
EFFECTS OF CANNABINOID DRUGS

Much of the rationale for considering cannabinoids
as a potential drug treatment for tinnitus, rests
on the concept that these drugs might exert antiep-
ileptic effects, which would reduce neuronal hyper-
activity in auditory brain regions. There is
epidemiological evidence to suggest that Cannabis
use is common amongst people with epilepsy
because users believe that it has antiepileptic actions
[31]. Nonetheless, CB1 receptor agonists can actually
have pro-epileptic or antiepileptic effects, in differ-
ent parts of the brain (see [17] and [18] for reviews).
Although Cannabis use can reduce seizure frequency
in some cases and provoke it in others, it probably
has no effect in many cases (see [17] and [18] for
reviews). Nonetheless, medical marijuana has been
approved in some parts of the USA for the treatment
of seizure activity (see [32] for a review). Refereed
reviews of the use of medical marijuana, including a
Cochrane Database Systematic Review, have con-
cluded that the available data are inconclusive for
the use of cannabinoids in the treatment of epilepsy
[33,34]. Despite rising enthusiasm for the use of
cannabinoids for the treatment of chronic pain,
the most recent studies of Sativex in cancer patients
with chronic pain indicated that it exhibited no
significant advantage over placebo [35

&

]. These
were randomized, double-blind, placebo-controlled
Phase 3 studies. Bowen and McRae-Clark [36] also
concluded that smoked Cannabis was no better than
placebo for pain reduction, although it did improve
quality of life. A clinical trial of CBD for the treat-
ment of Dravet syndrome published in 2017 offered

encouraging evidence that this nonpsychoactive
cannabinoid might be efficacious [30

&&

]. However,
since then, evidence has emerged that CBD has a
pharmacokinetic interaction with the antiepileptic
benzodiazepine, clobazam, and may inhibit its
metabolism and elevate its concentrations by two-
to-eight-fold [37

&

]. It is, therefore, unclear whether
the apparent effects of CBD on seizures are an arte-
fact of a drug interaction.

In terms of preclinical evidence, there are many
animal studies that demonstrate that activation of
CB1 receptors can reduce epileptiform activity. CB1

receptors are often localized presynaptically, and
cause inhibition of calcium influx at presynaptic
terminals, which can result in the inhibition of
the release of classical neurotransmitters, such as
glutamate (see [38] for a review). Numerous studies
using animal models of epilepsy have shown that
CB1 receptor agonists can reduce seizure activity and
that CB1 receptor antagonists or inverse agonists can
increase it (see [39] for a review). Nonetheless, in
cases where CB1 receptors are localized to GABAergic
terminals, theoretically, cannabinoids could poten-
tially increase epileptiform activity by reducing
inhibition (e.g. [40]; see [39] for a review). Nakatsuka
et al. [41], for example, reported that activation of
CB1 receptors suppressed the frequency of sponta-
neous inhibitory postsynaptic currents (IPSCs) in
the human dentate gyrus, as well as reducing
their amplitude.

CANNABINOID RECEPTORS IN THE
CENTRAL AUDITORY SYSTEM

The first autoradiographic studies of the distribution
of CB1 receptors were published by Herkenkam et al.
in 1991 [42]. Shortly thereafter, the brain was shown
to contain endogenous cannabinoids (‘endocanna-
binoids’) (e.g. anandamide, 2-arachidonyl glycerol),
that regulate CB1 receptor activation in the absence
of exogenous cannabinoid drugs (see [43] for a
review).

Herkenkam et al. [42] showed CB1 receptors in
the cochlear nucleus but their density was very
low compared with other brain regions such as
the hippocampus. However, Brievogel et al. [44]
reported that CB1 receptors, which are G-protein-
coupled receptors, may be coupled to a greater
number of G proteins in brainstem areas than, for
example, in the limbic system. As the amount of G
protein coupling determines the ‘efficacy’ or effect
of CB1 receptor binding, this would mean that acti-
vation of CB1 receptors in the cochlear nucleus
would have a greater effect than in areas with the
larger pools of receptors that were coupled to fewer
G proteins.

Cannabinoid drugs Zheng and Smith
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Using immunohistochemistry, CB1 receptors
have since been demonstrated in both the dorsal
cochlear nucleus (DCN) and ventral cochlear
nucleus (VCN), on a variety of cell types, including
stellate cells, giant cells, fusiform cells, and corn
cells in the DCN, as well as globular bushy cells,
elongate cells, and octopus cells in the VCN [45,46].
The CB1 receptor is now known to undergo exten-
sive trafficking between the cytoplasm and the
presynaptic terminals, in brain regions where it is
very active, and this explains the fact that much of
the immunohistochemical labelling that was ini-
tially observed, was cytoplasmic [47]. Using elec-
tron microscopy, Tzounopoulos et al. [46]
demonstrated that CB1 receptors in the DCN exist
in the parallel fiber/cartwheel cell and parallel fiber/
fusiform cell synapses, and on the dendritic spines
of cartwheel cells.

There are very few studies that have demon-
strated neuronal hyperactivity in an auditory brain
region in animals that have been confirmed to have
tinnitus, using some form of behavioural animal
model, for example, the gap detection model. Bro-
zoski et al. [4] demonstrated neuronal hyperactivity
in putative fusiform cells in the DCN of chinchillas
exhibiting behavioural evidence of tinnitus follow-
ing noise trauma. As DCN fusiform cells are the
main output neurons projecting to the contralateral
inferior colliculus, their hyperactivity would be
transmitted to the inferior colliculus. Fusiform cells
also receive excitatory glutamatergic input via par-
allel fibres from the granule cells of the DCN, and
inhibitory glycinergic input from cartwheel cells,
therefore hyperactivity in the fusiform cells could,
theoretically, arise from an increase in glutamater-
gic excitation from the granule cells or a reduction
in glycinergic inhibition from the cartwheel cells.
CB1 receptors inhibit the release of many different
CNS neurotransmitters, therefore, any change in the
activity of presynaptic CB1 receptors on terminals
synapsing on fusiform cells, could have a major
effect on their excitability.

It is possible to study the distribution of endo-
cannabinoids by measuring the enzymes responsi-
ble for their synthesis. For example, diacylglycerol
lipase (DAGL) a and b are the two enzymes neces-
sary for the synthesis of 2-arachidonyl glycerol (2-
AG) (see [43] for a review). Zhao et al. [48] demon-
strated the expression of both isoforms of DAGL in
the dendritic spines of cartwheel but not fusiform
cells of normal rats, suggesting that the synthesis of
2-AG is closer to parallel fiber synapses in cartwheel
cells compared with fusiform cells. In the DCN,
granule cells in the molecular layer project parallel
fibres that release glutamate onto fusiform cells, and
cartwheel cells, the latter being interneurons that

release glycine onto each other, as well as fusiform
cells. In a seminal study, Tzounopoulos et al. [46]
demonstrated that CB1 receptors on parallel fibres
inhibited glutamate release onto cartwheel and fusi-
form cells, as well as inhibiting the release of glycine
onto cartwheel cells (from other cartwheel cells) and
from cartwheel cells onto fusiform cells. Zhao et al.
[48] found that the cannabinoid receptor agonist
WIN55,212-2 reduced the disynaptic IPSC but not
the excitatory postsynaptic current (EPSC) in fusi-
form cells, while reducing both the disynaptic IPSC
and EPSC on cartwheel cells, suggesting that the net
effect of CB1 receptor activation would be to
increase the excitation of fusiform cells while simul-
taneously reducing inhibition. The implication of
this result was that endocannabinoid signaling, and
potentially exogenous cannabinoid CB1 receptor
agonist administration, would increase excitatory
drive relative to inhibition in the DCN, which would
then lead to hyperactivity in the inferior colliculus,
promoting tinnitus [49]. The results of this study
make the critical point, often overlooked, that if
presynaptic CB1 receptors inhibit neurotransmitter
release, then the net effect of CB1 receptor agonist
drugs in any particular part of the brain will be
determined by their effect on the release of excit-
atory neurotransmitters (e.g. glutamate) relative to
inhibitory ones (e.g. GABA, glycine). If the net effect
is greater for the release of GABA or glycine in a
specific brain region, then the functional effect may
be to promote epileptiform activity rather than to
suppress it. Zhao et al. [48] have demonstrated that
DCN CB1 receptors regulate plasticity phenomena
such as depolarization-induced suppression of inhi-
bition and excitation, in addition to long-term
depression (LTD).

CANNABINOIDS AND TINNITUS

To date, there have been no systematic studies in
humans of the effects of cannabinoid drugs on tinni-
tus, and only a few studies in animal models of
tinnitus. Zheng et al. [50] investigated the effects of
two CB1 receptor agonists, using a conditioned
behavioural paradigm associated with the perception
of tinnitus induced by salicylate injections in rats.
Neither WIN55,212-2 (at 3 mg/kg, subcutaneous) nor
CP55,940 (at 0.1 or 0.3 mg/kg, subcutaneous) signifi-
cantly reduced the tinnitus-related behaviour. How-
ever, 3 mg/kg WIN55,212-2 and 0.3 mg/kg CP55,940
did significantly increase this behaviour in normal
control animals, suggesting that these cannabinoids
might actually induce tinnitus-related behaviour. In
a further study, Zheng et al. [51] investigated the
effects of delta-9-THC (1.5 mg/kg, subcutaneous)
and CBD (1.5 mg/kg, subcutaneous) (equivalent to

Neuro-otology
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Sativex), on tinnitus-related behaviour caused by
acoustic trauma in rats. Tinnitus was induced by
acoustic trauma and then measured over a period
of months by systematically pairing a mild electric
foot shock [the unconditioned stimulus (UCS)] with
discrete periods of silence (the conditioned stimulus)
that were inserted in a continuous background noise,
which resulted in reduced licking behaviour, mea-
sured electronically. After the conditioning period,
when the UCS was no longer presented, the animals
without tinnitus only refrained from licking when
they were presented with the conditioned stimulus,
silence, whereas the tinnitus rats also reduced licking
when they were presented with acoustic stimuli sim-
ilar to the frequency of their tinnitus, as their tinnitus
percept should have acted as the conditioned stimu-
lus rather than silence. In this animal model, the
presence of tinnitus was indicated by a frequency-
specific shift in a lick suppression curve in relation to
sound intensity [51]. Zheng et al. [51] found that the
administration of the cannabinoids did not reduce
the tinnitus-related behaviour compared with the
control groups. In addition, the cannabinoids
increased the number of animals expressing tinni-
tus-related behaviour in the acoustic trauma group.
These studies, using different animal models of tin-
nitus, suggested that cannabinoid drugs might actu-
ally exacerbate tinnitus rather than alleviate it.

Berger et al. [52
&&

] investigated the effects of a high
potency CB1 receptor agonist, arachidonyl-2’-chloroe-
thylamide (ACEA), on salicylate-induced tinnitus and
hearing loss in guinea pigs, using the gap detection
model. They found that ACEA seemed to reverse the
decrease in auditory brainstem-evoked response
amplitudes compared with the control group and also
eliminatedchanges incortical alphabandEEGactivity
induced by salicylate. Nonetheless, cortical-evoked
activity induced by salicylate remained, and the
authors found no evidence that ACEA affected either
salicylate-induced or noise trauma-induced tinnitus.
These results are generally consistent with those
obtained by Zheng et al. [50,51].

To date, the only study that has investigated CB1

receptor expression in animals confirmed to have tin-
nitus, is by Zheng et al. [45]. They investigated how the
expression of CB1 receptors in the DCN and VCN
changedinratswithsalicylate-inducedtinnitus,which
was measured using a conditioned behavioral para-
digm. In rats with tinnitus, they observed a decrease in
the number of CB1 receptor-expressing neurons in the
VCN, but not the DCN, relative to control animals.

CONCLUSION

Although the effects of Cannabis on tinnitus are still
unclear, there is increasing evidence to suggest that

they are likely to be negative. There is no doubt that
CB1 receptors exist in various parts of the auditory
CNS, including the cochlear nucleus, and the normal
endocannabinoid system appears to play a role in the
regulation of synaptic plasticity. However, exoge-
nously administered cannabinoids, whether from
Cannabis itself or in the form of synthetic cannabi-
noids, do not modulate this system in a normal way.
Despite the fact that cannabinoids have been shown
to decrease neuronal hyperactivity in many parts of
the brain, the current evidence for their effects on
neuronal circuitry in the DCN, suggests that they
might have the potential to facilitate hyperactivity
as opposed to inhibiting it. Therefore, cannabinoid
receptoragonistsmay exacerbate tinnitus rather than
relieving it. Three separate animal studies using dif-
ferent methods have demonstrated either no effect of
CB1 receptor agonists on tinnitus-related behaviour
or else that the behavior is increased. Therefore, in
our opinion, the use of the available cannabinoid
drugs to alleviate tinnitus, based on their alleged
efficacy for neuropathic pain conditions and some
forms of epilepsy, is premature.
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