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ABSTRACT
Objective: Ototoxicity is cellular damage caused by the use of solid treatments as chemotherapeutics in critical illnesses like cancer. The 
generation of free radicals is linked to fluctuating hearing loss caused by chemotherapeutics. Antioxidants can help to prevent ototoxicity-related 
oxidative damage. Carvone (CVN) is a monoterpene with excellent antioxidant properties that protect against oxidative damage. This study 
investigates the biochemical and functional aspects of CVN’s putative otoprotective mechanisms against paclitaxel (PCX)-induced ototoxicity.

Methods: 24 Wistar albino rats were assigned into four different groups: Control, CVN, PCX, and PCX+CVN. Once a week, the control group 
received saline. The PCX group received 5 mg/kg PCX intraperitoneally once a week (4 times). Once a week, the CVN group received 50 mg/kg 
intraperitoneally. The PCX+ CVN group received 5 mg/kg PCX followed by 5 mg/kg CVN once a week. All animals were subjected to deterioration 
product otoacoustic emission testing before (day 0) and after drug administration (day 23).

Results: PCX showed an ototoxic effect by weakening otoacoustic emission values. PCX leads to significant otoacoustic emission value shifts 
ameliorated by CVN co-treatment (for 2000Hz p< .001, for 4000 levels p< .01, for 6000Hz p< .001, and for 8000 Hz p< .01 in PCX+CVN group). 
Furthermore, the PCX group had significantly greater malondialdehyde levels and significantly lower glutathione levels in the cochlear tissues, 
compared to the other groups. Co-administered CVN with PCX reversed these effects, making oxidative stress parameters close to those of the 
control group (for GSH levels p< .001, for MDA levels p< .01 in the PCX+CVN group).

Conclusion: According to the findings, CVN appears to preserve cochlear function in rats against the disruptive effects of PCX.
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Otoprotective Mechanisms of Carvone As An Antioxidant 
Agent Against Ototoxic Damage Caused By Paclitaxel

1. INTRODUCTION

Damage to the inner ear by noise, ototoxic pharmaceuticals, 
aging, and several disorders leads to hearing loss. Some 
anticancer drugs, such as cisplatin and paclitaxel (PCX), have 
been linked to ototoxicity (1). Today, the increase in the usage 
of chemotherapeutic drugs as the prevalence of cancer rises 
is increasing the incidence of ototoxic hearing loss. The 
persistence of hearing loss caused by chemotherapeutic 
drugs leads to multiple decreases in the quality of life of 
cancer survivors, and this situation appears as a severe 
health problem. As a result, there is still a clinical need for 
treatments to avoid chemotherapeutic-induced ototoxicity.

PCX, a microtubule-stabilizing drug, is among the most 
effective broad-spectrum chemotherapy (2, 3). PCX alters 
tubulin polymer balance by increasing microtubule stability, 
preventing depolarization of the microtubule network, and 
inhibiting the G2/M phase, demonstrating its anticancer 
effect (4). It is among the most extensively used anticancer 

drugs, showing activity in various cancers, including breast, 
endometrial, lung, and cervical carcinoma (5). PCX has a 
variety of side effects, the most serious of which is peripheral 
neuropathy, which has significant dose-limiting toxicity. The 
impacts of PCX on microtubule polymerase impede axonal 
transport, causing sensory neurons in the dorsal root ganglia 
to be damaged and sensory nerve conduction velocity to be 
reduced, resulting in peripheral neuropathy (6). Even though 
many chemotherapeutic agents have been demonstrated to 
have ototoxic effects in considerable detail, there needs to be 
more research on the ototoxic effects of PCX in the literature 
(2). However, given the harm that PCX does to sensory 
neurons, it is assumed that it has a similar effect on neurons 
in the cochlear, as evidenced by recent investigations (3, 7). In 
one study, researchers found that 71% of patients developed 
neuropathic symptoms after paclitaxel administration and 
that paclitaxel produced early sensory dysfunction and led to 
permanent neuropathy (8). In another study, the incidence 
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of audiogram-confirmed hearing loss in patient groups given 
platinum only, taxane only, and platinum and taxane ranged 
from 52.3% to 71.4%. There was no difference between the 
three chemotherapy groups regarding hearing loss incidence 
or effects (9).

The accumulation of reactive oxygen species (ROS), which 
cause damage in cochlear cells and can lead to cell death 
via apoptosis, is presently thought to be the mechanism 
of cochlear toxicity caused by chemotherapeutic drugs. 
Minimizing ROS generation or boosting the antioxidant 
system is essential to prevent ototoxic damage from cochlear 
oxidative stress induced by the excessive free radical 
formation in the inner ear (1). Exogenous antioxidants were 
shown in studies to protect against ototoxic damage by 
increasing the ROS scavenger system and reinforcing the 
deficient endogenous antioxidant synthesis (3, 10-13).

Carvone (CVN) is derived from a variety of pharmaceutical 
and aromatic plants (cumin, dill, and mint). CVN is a 
monoterpene with unique pharmacological effects, 
including anti-inflammatory, anti-tumor, anti-diabetic, 
antibacterial, fungicidal, and antioxidant capabilities (12). 
CVN had protective effects against free radical-induced 
tissue damage reducing consumption of glutathione (GSH) 
and to decreased elevated malondialdehyde (MDA) levels in 
a range of experimental models (15-17). However, no studies 
were conducted to determine whether CVN protects against 
ototoxicity. Based on the background, this study aimed to 
assess the preventive efficacy of CVN against ototoxicity 
induced by PCX in a rat model.

2. METHODS

2.1. Ethics and Animal Handling

The experiments in this study, authorized by the Animal 
Experiments Ethics Committee at Ataturk University 
(ATADEM) (Number: 42190979-000-E.160.011.96726), were 
undertaken by the principles of the Guide for the Care and 
Use of Laboratory Animals. Twenty-four male Wistar albino 
rats (250-300 g) were purchased from the ATADEM at the 
University of Ataturk. Animals were kept under conventional 
room and environmental settings (12 hours light/12 hours 
dark, 22°± 3°C temperature, 55%-10% moisture, background 
noise level less than 50 dB). Throughout the trial, rats were 
fed ad libitum.

2.2. Drugs and Anesthesia

The dosages of CVN (Sigma-Aldrich Chemical Company, 
Darmstadt, Germany) and PCX (Sindaxel; Actavis Drug Co., 
Istanbul, Turkey) utilized were 50 and 5 mg/kg for the rat 
per weight, respectively, based on previous research (3, 7, 
18, 19), and both were given intraperitoneally. Before each 
recording for otoscopic examination, 50 mg/kg ketamine 
HCL (Ketalar; Pfizer, Istanbul, Turkey) and 10 mg/kg xylazine 

(Xylazinbio; Bioveta, Ankara, Turkey) anesthetic mixture was 
given intraperitoneally.

2.3. Experimental Procedures

To perform an otoscopic examination and evaluate 
distortion product otoacoustic emissions (DPOAE, The 
MADSEN Capella device, Natus Medical Denmark), all rats 
were anesthetized intraperitoneally (50 mg/kg ketamine 
hydrochloride-10 mg/kg xylazine) before the start of 
the study. The rats were assigned into four groups of six 
each: Control, CVN, PCX, and PCX+CVN. The size of the 
experimental groups’ samples was established based on 
prior similar studies (11, 20). Animals in the control group 
received intraperitoneal 1ml/kg normal saline once a week 
(1., 8., 15., 22. days). Animals in the PCX group received 
5 mg/kg of PCX intraperitoneally once a week (1., 8., 15., 
22. days). Animals in the CVN group were given 50 mg/kg 
intraperitoneally once a week (1., 8., 15., 22. days). Animals 
in the PCX+ CVN group received 5 mg/kg PCX, followed by 
5 mg/kg CVN 30 minutes later once a week (4 consecutive 
weeks). The process for giving the drug is outlined in Table 
1 and Figure 1. The second DPOAE measurements were 
taken one day following the last drug delivery (23. Day), 
and the experiment was ended by giving the rats high-dose 
anesthesia. The rats’ cochleas were extracted and preserved 
in appropriate conditions for biochemical experiments.

Table 1. Experimental groups, dosing schedules and procedures
Groups Dose Procedures
CONTROL 1ml/kg Saline for 1., 8., 15., 22. days (i.p.)
PCX 5 mg/kg PCX for 1., 8., 15., 22. days (i.p.)
CVN 50 mg/kg CVN for 1., 8., 15., 22. days (i.p.)
PCX+ CVN 5 mg/kg- First PCX and 30 min later CVN for 1., 8., 15., 22. 

days (i.p.)

PCX:Paclitaxel, CVN:Carvone, i.p.:Intraperitoneal

Figure 1. Drug application protocol. Procedure for administering 
carvone and paclitaxel. PCX: Paclitaxel, CVN: Carvone.
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2.4. Test of Audiological Function

DPOAE dimensions were determined by inserting a fitting 
probe into the external ear canal under general anesthesia in 
a quiet setting, following the rats who had already received 
an otoscopic examination. The difference between the levels 
of L1 and L2 was kept at 10 dB SPL (sound pressure level) (L1 
= 65 dB SPL, L2 = 55 dB SPL). The test was set to two separate 
frequencies, ratio f1/f2 = 1.22, to obtain the most powerful 
response. Measurements were recorded in the distortion 
product gram (DPgram) form (3). DPgram measurements 
were carried out at 4 frequencies between 2000 and 8000 
Hz. Signal Noise Ratio (SNR) values of 3 dB or higher were 
assumed to indicate positive.

2.5. Test of Biochemical Parameters

The harvested cochlea tissues were pulverized using 
liquid nitrogen in a tissue grinder (The Tissue Lyser II – 
Qiagen, Hilden, Germany) and then homogenized with the 
appropriate buffer (PBS) as previously stated (21). An ELISA 
reader was used to quantify GSH (Sigma-Aldrich Chemical 
Company, Darmstadt, Germany, CS0260-1KT)(22) and MDA 
(Sigma-Aldrich Chemical Company, Darmstadt, Germany, 
MAK085-1KT) (23) levels in the supernatant from each 
sample. The mean ± standard deviation (SD) was used to 
express the data.

2.6. Statistics

IBM Corp.’s SPSS 21.0 (Armonk, NY, USA) application was used 
for data analysis. The mean and standard deviation were 
used to present all the data. Shapiro-Wilk test, skewness, 
kurtosis, QQ plot, and histograms were used to determine 
the data’s normality. Parametric tests were utilized since 
the values were normally distributed. For homogeneity of 
variances, the Levene test was performed. Tukey’s Significant 
Difference test was used for homogenous variances, and 
the Games Howell test was utilized for non-homogeneous 
variances. The variations in DPOAE amplitudes within the 
group were compared using a paired T-test before and after 
medication delivery (days 0 and 23). In all tests, a p-value less 
than .05 was considered statistically.

3. RESULTS

3.1. Results of Audiological Function Test

Table 2 summarizes the DPOAE measurements of 
the groups on day 0, which is shortly before any drug 
administration, and on day 23, which is one day after 
the last administering drugs. For all frequencies tested, 
DPOAE values at day 0 were not meaningfully different 
(p > .05). DPOAE thresholds alter statistically significantly 
before and after PCX treatment. Following PCX treatment, 
DPOAE values (at day 23) declined at all frequencies. At all 

frequencies of DPOAE measurements on days 0 and 23, 
no significant change in DPgram values was detected in all 
groups, excluding the PCX group. On the 23rd day, DPOAE 
values were significantly lower in the PCX group than in the 
Control group. On the 23rd day, no significant difference 
was found between the DPOAE measurements of the CVN 
and PCX+CVN groups compared to the control group. When 
the DPOAE measurements of the PCX and PCX+CVN groups 
were compared on the 23rd day, it was observed that the 
DPOAE values that had dropped with PCX had dramatically 
increased with the CVN application (Fig 2).

Table 2. Intra-group comparison of pre – and post-treatment 
degradation product otoacoustic emission (DPOAE) thresholds.

GROUPS PRE/
POST 2000 4000 6000 8000

CONTROL PRE 3.00±0.35 8.70±0.63 21.7±0.64 23.6±1.1
POST 2.85±0.16 8.20±0.68 22.06±0.75 23.49±1.02

PCX PRE 3.00±0.35 8.71±0.53 21.77±0.59 21.56±1.64
POST -2.6±0.16 a 6.14±0.30 a 11.11±0.34 a 12.23±0.85 a

CVN PRE 3.18±0.20 9.48±0.45 22.56±1.18 22.31±1.33
POST 3.31±0.50 10.24±0.68 19.74±1.79 22.56±0.91

PCX+CVN PRE 3.00±0.35 8.71±0.53 22.14±1.20 22.31±1.33
POST 2.70±0.20 9.15±0.69 16.88±0.20 20.75±1.76

a (p-values < .05); Within the PCX group was compared PRE and POST 
medications statistically significant. Paired T-test was utilized for intra-
group comparison. PCX:Paclitaxel, CVN:Carvone, i.p.:Intraperitoneal. The 
values are represented as mean ± SD.

Figure 2. The intergroup comparison of pre and post-treatment 
hearing threshold values (A:2000Hz; B:4000Hz; C:6000Hz; 
D:8000Hz). Degradation product otoacoustic emission (DPOAE) 
thresholds on day 0 (pretreatment) and day 23 (post-treatment). 
The DPOAE thresholds differed among the three groups (ap < .05 
for the control vs. PCX by repeated-measures ANOVA with Games 
Howell posthoc test). The DPOAE thresholds in the PCX + CVN group 
on day 23 were attenuated compared with those in the PCX group 
(## p < .01, ### p < .001 for the PCX vs. PCX + CVN groups by repeated-
measures ANOVA with Games Howell posthoc test). The values are 
represented as mean ± SD.
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3.2. Results of Biochemical Parameters Test

Figures 3A and B present the results of the GSH and MDA 
levels, respectively. There was a substantial increase in 
MDA levels compared to the control group, while significant 
reductions in GSH levels were noted in rats given just PCX. 
When the CVN group was compared to the control group, 
there was no significant difference in MDA and GSH levels. 
However, when comparing the PCX+CVN group to the PCX 
group, there was a substantial rise in MDA levels and a 
significant decline in GSH levels. Additionally, the PCX+CVN 
group’s MDA and GSH levels were identical to the control 
group.

Figure 3. The effect of carvone on oxidative stress parameters 
(A: GSH; B: MDA) in groups that underwent paclitaxel-induced 
ototoxicity. Statistical comparisons were run using one-way ANOVA 
followed by Tukey’s test. The PCX group was compared with the 
other groups; *p < .05, **p < .01, and ***p < .001 marks were used. 
The values are represented as mean ± SD.

4. DISCUSSION

This study investigated whether CVN may protect against 
ototoxicity after exposure to PCX. CVN’s preventive effects 
on oxidative damage in the cochlea following PCX treatment 
were evaluated biochemically. DPOAE results confirmed PCX-
induced ototoxicity. DPOAE results also demonstrated that 
CVN had a protective effect against PCX ototoxicity, which 
aligned with our biochemical findings.

In the related literature, various exogenous otoprotector 
substances, such as thymoquinone (24), carvacrol (3), 
curcumin (25), and resveratrol (26), have been utilized to 
reduce ototoxicity caused by various chemotherapeutics 
by “scavenging” free radicals at a preliminary phase and 
mitigating oxidative injury via their antioxidant properties.

The pathophysiological processes of generation of ROS, 
reduction in the antioxidant system, DNA damage, oxidative 
alterations in proteins, and enhanced lipid peroxidation all 
contribute to the development of ototoxic consequences 
associated with chemotherapeutics. Considering these 
physiological processes, the reason for focusing on antioxidant 
therapy in ROS-related hearing loss is that administering 
exogenous antioxidants can prevent inner ear damage via 
up-regulation of endogenous antioxidant production and the 
ROS scavenger system (1, 27).

CVN has been demonstrated to be a biologically active 
molecule in numerous in vitro and in vivo experiments, 
suggesting that it could be a promising therapeutic candidate 
(14). Indeed, CVN’s potent antioxidant properties make it an 
attractive candidate for therapeutic development in various 
oxidative stress-related disorders. Many working groups 
have examined and documented the antioxidant effects of 
CVN (14, 16). Compared to α-tocopherol (28), employed as a 
reference antioxidant in a study, the total antioxidant activity 
test revealed that CVN exhibited a robust antioxidant activity. 
Since alpha-tocopherol has been shown to protect against 
cisplatin-induced ototoxicity in previous research, CVN, 
which has shown to have more potent antioxidant activities, 
may have a more significant protective impact than alpha-
tocopherol in ototoxicity. Various in vitro techniques, such as 
lipid peroxidation, 2,2-dipenyl-1-picrylhydrazil (DPPH), and 
the phosphomolybdenum assay, have been used to examine 
CVN’s antioxidant capacity. As a result, CVN was discovered 
to have inhibitory activity against thiobarbituric acid reactive 
species (TBARS), causing the DPPH radical to be scavenged 
and the reduction of molybdenum, Mo(VI), to Mo(III) (V)(29). 
So, the potential protective effects of CVN, which is renowned 
for its powerful antioxidant and anticarcinogenic capabilities, 
against PCX-induced ototoxicity were explored in this work. 
To our knowledge, this is the first report to demonstrate a 
protective impact of CVN against ototoxic damage in the 
literature.

Some exogenous antioxidant agents used to prevent 
chemotherapeutic-induced ototoxicity must provide 
reliable protection without reducing the anticancerous 
impact potential of chemotherapeutics to be considered an 
optimal otoprotector. According to various in vitro studies 
based on cell culture assays, CVN shows antiproliferative 
effects against a range of cancer cell lines. In an in vivo 
study of 7,12-dimethylbenz(a)anthracene-induced skin 
carcinogenesis, CVN had a chemo-preventive effect (14). In 
another study, CVN showed anticancer activity by inhibiting 
the proliferation of myeloma KMS-5 cells (28). CVN reduced 
the migration of breast cancer cell lines and triggered 
apoptosis in a study testing its antiproliferative and apoptotic 
activities on breast cancer cells (31). CVN has also been found 
to protect the retina and optic nerve against PCX-induced 
cytotoxicity (32). Given this background, it is reasonable 
to believe that CVN will contribute to the efficacy of the 
chemotherapeutic treatment in combination and protect 
against the chemotherapeutic drug’s harmful aspects.

Although the cellular mechanisms by which 
chemotherapeutics such as cisplatin cause the loss of outer 
hair cells and subsequent degeneration of the organ of corti 
have been described, the cellular mechanisms by which 
PCX causes the loss of outer hair cells and subsequent 
degeneration of the organ of corti are not well understood 
(2, 7). Even though several anticancer drugs have been 
demonstrated to be ototoxic, there is very little information 
on the effects of PCX on the inner ear (7, 33). Because all the 
adverse effects found with other anti-neoplastic medications 
like cisplatin in combination use have been traced to drugs 



757Clin Exp Health Sci 2023; 13: 753-759 DOI: 10.33808/clinexphealthsci.1130449

Otoprotective Effects of Carvone Original Article

other than PCX, this is the case (34-37). However, some 
studies demonstrate that PCX can cause sensorineural 
hearing loss in mice and some histological alterations (38). 
The pathways that cause cell death in non-proliferating hair 
cells and inner ear neurons may differ dramatically from the 
anticancer therapies’ traditional modes of action (2). PCX 
inhibits cell growth and other cellular processes by stabilizing 
microtubules and preventing microtubule depolymerization 
from delivering its anti-neoplastic impact (4). Although PCX, 
like other anti-neoplastic agents, has various adverse effects, 
peripheral neuropathy is the most prevalent. PCX-induced 
tubulin polymerization in neurons limits axonal transport, 
which may cause peripheral neuropathy (39). Sensory 
abnormalities and decreased sensory nerve conduction 
velocity are caused by PCX’s neurotoxic effects on the dorsal 
root ganglia. The neurotoxic effects of PCX on peripheral glial 
cells are assumed to be the cause of its adverse effects on 
peripheral axons (40, 41). Because β-tubulin isoforms are 
found in both hair cells and neurons, it is not surprising that 
considerable damage occurs in both auditory nerve fibers 
and spiral ganglion neurons, given the recognized destructive 
mechanism of PCX (42, 43). Due to PCX’s possible ototoxic 
mechanism, it is expected to exacerbate ototoxicity when 
used with other anti-neoplastic drugs known to induce 
hearing loss (2). Even though the molecular and cellular 
causes of PCX ototoxicity are unknown, it is thought that 
the drug’s recognized neurotoxic effects on peripheral glial 
cells are also responsible for its adverse effects on auditory 
nerve fibers and spiral ganglion neurons. In this situation, 
PCX stimulates the generation of free oxygen radicals in both 
auditory nerve fibers and spiral ganglion neurons, causing 
oxidative damage to the cochlea and eventually death, 
according to the recognized damaging mechanism of PCX. 
PCX was found to have an ototoxic effect in the cochlea 
by triggering caspase 3 activation, a hallmark of intrinsic 
apoptosis (7). The triggering of the generation of free oxygen 
radicals that cause oxidative damage is required for the 
induction of apoptosis by activating the caspase pathway (7). 
Excessive ROS generation depletes GSH, causing antioxidant 
enzymes in the cochlea to be inhibited. The antioxidant 
defense mechanism is then depleted, resulting in an increase 
in lipid peroxidation and also cellular damage. High MDA 
levels are a hallmark of this condition. MDA, a biochemical 
marker reflected the level of oxygen-free radical and lipid 
degradation in tissues, is generated as a result of oxidative 
damage caused by the impacts of ROS. MDA causes changes 
in ion transport, enzyme activities, structural damage to 
biological macromolecules such as lipids, proteins, and DNA 
and disruption of cell membranes. Since it has oxidative stress 
and inflammatory properties, not only one of the metabolites 
of cellular damage but also one of the substances that cause 
cell damage, it plays a role in determining the level of cellular 
damage (44, 45).

Chemotherapeutic agents that cause ototoxicity have been 
shown in research to raise MDA levels while decreasing GSH, 
an essential non-enzymatic endogenous antioxidant (10, 11). 
PCX raised MDA levels while lowering GSH levels in our study, 

consistent with previous findings (3, 8, 9). These data indicate 
that oxidative stress plays a role in the cochlear damage 
caused by PCX-induced ototoxicity. At the same time, MDA 
levels were reduced, whereas GSH levels increased due to 
CVN therapy in this study. According to Mengyuan et al. (15), 
CVN reversed PCX-induced ototoxicity, reducing oxidative 
stress and exhibiting otoprotective action due to these 
findings. CVN dose-dependently decreases MDA levels in rats 
induced neuronal injury by cerebral I/R. Also, Asle-Rousta et 
al. (16) showed that CVN reduced MDA levels and enhanced 
GSH levels in the livers of immobilized rats. Zhao and Du (46) 
confirmed that CVN increases GSH content and decreases 
MDA levels on lipopolysaccharide (LPS)-induced acute lung 
injury in mice. In light of these studies, based on the data 
in our study, CVN functions as an antioxidant by activating 
the PCX-mediated reduced antioxidant enzyme system and 
reducing ROS production.

In the early stages of chemotherapeutic-induced ototoxicity, 
clinical consequences can be seen. Ototoxicity manifests 
clinically as gradual, permanent, and dose-dependent 
sensorineural hearing loss. DPOAE is a simple and inexpensive 
test frequently used in research to demonstrate hearing loss in 
the cochlea (47). The DPOAE test was utilized in our research 
to demonstrate functional impairment in the cochlea. The 
test was given to all rats twice: once before the first drug was 
given and again after the last drug was given. According to 
our DPOAE responses, the DPOAE values of rats receiving PCX 
were considerably lower than both day 0 and day 23 of all the 
other groups’ DPOAE values at all frequencies. This outcome 
also demonstrated the ototoxic impact of PCX. Furthermore, 
compared to the PCX group, rats given CVN with PCX showed 
considerably greater DPOAE readings. Based on this finding, 
CVN appears to have a functional protective effect against 
cisplatin-induced ototoxicity.

It needs to be noted that this experimental research is limited 
by the need for histopathological examinations. Therefore, 
further in-depth investigations are necessary to elucidate the 
protective properties of CVN against PCX-induced ototoxicity 
in the cochlear tissue, specifically from a histopathological 
perspective.

5. CONCLUSION

PCX successfully induced ototoxicity, evident from the 
reductions in DPOAE results and biochemical findings. CVN 
shows distinct signals of protection against PCX ototoxicity 
after administration. In conclusion, the findings of this 
study indicate that CVN effectively mitigated oxidative 
stress parameters by elevating MDA levels (p< .01) and 
significantly reducing GSH levels (p< .001). Additionally, CVN 
demonstrated a beneficial effect on the levels of DPOAE 
(p< .01 at 8000Hz), thereby providing protection against 
PCX-induced damage. However, more detailed research is 
needed to determine the optimal dose of CVN before it can 
be used in clinical practice. In addition, CVN can be used with 
chemotherapeutic drugs due to its significant anticancer 
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effect and may be a suitable drug option against ototoxicity, 
a side effect of chemotherapeutic drugs.
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