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Abstract. - OBJECTIVES: In this study, we
aimed to search whether gemcitabine — a com-
monly used antimetabolite type antineoplastic
agent-has ototoxic effect.

STUDY DESIGN AND SETTING: An experi-
mental animal research.

SUBJECTS AND METHODS: We evaluated the
effect of gemcitabine on hearing through its pos-
sible effect on cochlea by using otoacoustic
emission method on experimental rat model. For
this purpose 16 healthy adult male Wistar albino
rats were used and these were divided into 4
groups. The rats in the 1%, 2", 3 and the 4"
groups were given 40-160-240 and 320 mg/kg of
intraperitoneal gemcitabine respectively. Distor-
tion product otoacoustic emission measurements
on both ears of each rat were performed before
and 1 week after administration of gemcitabine.
The mean of signal to noise ratio of emission val-
ues obtained from each rat before and after the
drug administration were calculated.

RESULTS: Rats in the 15t group had no statisti-
cally significant difference at the emission rates
before and after gemcitabine administration. A
statistically significant decrease was observed
in the emission rates at emission values of only
5 kHz in the 2™ group, at 4-6 kHz in the 3" group,
at 4-5-6-8 kHz in the 4" group.

CONCLUSIONS: Gemcitabine causes a de-
crease in otoacoustic emission values on exper-
imental rat models at high doses and especially
at high frequencies. Larger clinical and laborato-
ry studies are needed to determine whether this
decrease in emission rates are permanent and
whether it has any permanent effect on hearing.
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Introduction

The main principle of chemotherapy used in the
treatment of cancer is to eliminate or to limit the
growth and reproduction of the tumor cell without

damaging the normal cells of the patient. However,
the selectivity of these antineoplastic agents against
the cancer cell is low. They destroy the normal
cells which reproduce quickly as well as the cancer
cells and, therefore, damage certain systems within
the body. The vestibulocochlear system which en-
ables hearing and balance is one of them.

Hearing loss is a major health problem which re-
sults in a decrease in finance, labour and quality of
life. Ototoxicity is a general term which is used to
define the damage which emerges in the cochlear
and vestibular organ as a result of various therapeu-
tic agents and chemical materials. Today, ototoxicity
is a major cause of hearing losses and balance disor-
ders. The symptoms of ototoxicity emerge as a re-
sult of prolonged clinical usage of some therapeutic
agents. There are many heavy metals, antibiotics,
antineoplastics, anti-inflammatory or diuretic medi-
cines which are known to have ototoxic effects!?.
The main complaints that arise upon exposure to
such agents are tinnitus, hearing loss, and vertigo.
Tinnitus is the most frequent, and generally the first
symptom. Hearing loss is of sensory-neural type,
generally bilateral and symmetrical. This loss may
be temporary or permanent, based on the dose.

In this study, we evaluated whether Gemc-
itabine, which is an antineoplastic agent of the
antimetabolite class, has ototoxic effects. For this
purpose, we assessed the possible effect of Gem-
citabine on cochlea by using the otoacoustic
emission (OAE) method through the rat model.

Materials and Methods

The study was performed on 16 healthy adult
male Wistar albino rats divided into 4 groups. The
weights of the rats ranged between 271 to 408 g.
They were kept in an environment which was dark
for 12 hours and illuminated for 12 hours. The
temperature of the medium was 21 centigrade Cel-
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sius. The rats were left free to eat food and drink
water. Animal use and care were in accordance
with the principle of the Declaration of Helsinki
and approved by the Animal Experiment Commit-
tee of the Zonguldak Karaelmas University (proto-
col number B.30.2.7.K.U.0.01.00.00/21).

In order to have reliable results, all rats were eval-
uated by a baseline otoscopic examination. Rats
with a clean external ear channel and a normal
eardrum were included in the study. The rats in the
1, 27, 3 and 4" groups were exposed to 40-160-
240 and 320 mg/kg of intraperitoneal (IP) gemc-
itabine respectively. Since the emission results of the
right and left ears are independent from each other,
distortion product otoacoustic emission (DPOAE)
measurements were performed bilaterally, before
and 1 week after the administration of gemcitabine.
50 mg/kg of intramuscular ketamine hydrochloride
was applied to all rats before the procedure. The rats
which died/developed otitis during the study was ex-
cluded and new rats were included instead. The rats
from which no emissions were received were also
excluded from the study. Subsequently, the average
of the OAE values obtained for every single rat was
calculated and the signal-to-noise ratio (SNR) fre-
quency curves were drawn. During the study, the
background noise was lower than 50 dB.

OAE’s resulting from distortion were measured
with the Otodynamics Ltd. DPE choport 1L-0292
through the use of neonate probe. The measure-
ments were performed by placing the probe in the
external ear after the head of the animal was
brought to a horizontal position. DPOAE’s (2f1-f2
cubic distortion product components) were mea-
sured in the General Diagnostic mode with the
ILOv6 (Otodynamics Itd) equipment. The ratio be-
tween the {2 and f1 frequencies (f2/f1) was kept at
1.22. The amplitude of the stimulus was L1 for f1
frequency and L2 for {2 frequency. The difference
between the L1-L2 levels was kept at 10 dB SPL
(L1=65 dB SPL, L2=55dB SPL). The DPOAEs
were measured at the 2f1-f2 frequency with the mi-
crophone in the external ear-canal and were record-
ed at 1001, 1501, 2002, 3003, 4004, 6006, and
7996 frequencies at the geometrical means of fl
and f2. The average time of the test was 60 seconds
for each subject. DPOAE amplitude 3 dB higher
than the noise threshold was considered meaning-
ful. The evaluation of DPOAE results were based
on SNR’s that formed at the geometrical means of
f1 and {2 which are 2f1-f2 cubic distortion products
or in other words at 1001, 1501, 2002, 3003, 4004,
6006 and 7996 Hz frequency bands. SNR’s have
been reported to be more reliable than the DPOAE
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amplitudes for the assessment of DPOAE
responses’. In our study, the means of these SNR’s
have been calculated for each rat and the SNR fre-
quency curves have been drawn.

Statistical Analysis

The averages and standard deviations (SD’s)
of DPOAE results have been calculated. The dif-
ferences between DPOAE results before and af-
ter the administration of gemcitabine were statis-
tically examined through the Wilcoxon test. p <
0.05 was considered statistically significant.

Results

Four different groups included in the study, the
test results and the results of the statistical analy-
sis of these by using the Wilcoxon test are shown
in the tables. We did not observe any statistically
significant difference in the emission results in
the 1% group before and after the application of
40 mg/kg 1P gemcitabine (Table I, Figure 1). In
the 2™ group where 160 mg/kg gemcitabine was
applied, a statistically meaningful decrease in
emission values was observed at 5 kHz after the
application of the drug in comparison to before
(Table II, Figure 2). A similar decrease was ob-
served at 4-6 kHzs in the 3™ group, and at 4-5-6-
8 kHzs in the 4™ group of rats after the applica-
tion of the drugs (Tables III, IV; Figures 3, 4).

Discussion

In this study, the ototoxic effects of gemcitabine,
a chemotherapeutic agent of the antimetabolite
class, was examined following its IP application to
healthy adult male Wistar albino rats at different
amounts in a single dose through DPOAE mea-
surements and the results have been examined.

Gemcitabine, which is a pyrimidine antimetabo-
lite, is used primarily against ovarian cancer, non-
small cell (NSCLC) and small cell (SCLC) lung
cancers, and also against pancreatic, bladder, renal
and colorectal carcinomas and certain leukemic ma-
lignancies®. Although it is a relatively new
chemotherapeutic agent, many pre-clinical, clinical,
and animal studies have been carried out with this
agent. These studies have mainly focused on the
mechanisms of effect of gemcitabine, its pharmaco-
kinetic, pharmacodynamic effects and its toxicities®.

In general, the principal side effect of gemc-
itabine is myelotoxicity. This effect is not marked
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Table I. Group 1 (40 mg/kg IP gemcitabine): There was no statistically significant difference in the DPOAE results at any fre-

quency before and after the administration of gemcitabine.

Frequencies SNRSs in dB SNR’s in dB
(kHz) before gemcitabine after gemcitabine
(mean = 2 SD) (mean = 2 SD) P
1 -5.61 £8.28 -8.73 £5.49 > 0.05
1.5 -2.92 +3.46 -4.10+4.23 > 0.05
2 -5.00 £3.58 -7.97 £4.88 > 0.05
3 -3.05£3.40 -2.36 £4.81 > 0.05
4 3.35+6.96 -0.57 £9.01 > 0.05
5 12.05 +6.33 296+ 11.55 > 0.05
6 23.72 +7.31 11.11 + 14.63 > 0.05
8 30.10 £ 5.14 24.12 £ 13.41 > 0.05

SNR: Signal-to-noise ratio, IP: Intraperitoneal.

but is moderate*. In a study carried out by Yang et
al®, courses of treatment was applied to 28 patients
with hepatocellular cancer. Course of treatment
consisted of a 4-week treatment process, accord-
ing to which a dose of 1250 mg/m? gemcitabine
was given once a week for 3 subsequent weeks,
followed by a one-week interval. According to
National Cancer Institute Common Toxicity Crite-
ria, 3" or 4" grade myelotoxicity was observed in
the patients participating in this study. The inci-
dence of leukopenia was 10.7%, anemia was
14.3%, thrombocytopenia was 10.7% and hepa-
toxicity was 14.3%. Thrombocytopenia was deter-
mined as the dose-limiting effect in Yang’s study.
In another study conducted on 82 cases by Ander-
son et al®, anemia was observed in 4 patients (5%),
thrombocytopenia in 1 patient (1%), leukopenia in
6 patients (7%), and neutropenia in 18 patients
(22%), elevated liver enzymes were observed in
10 patients (12%).

Gemcitabine is eliminated by undergoing deam-
ination particularly in kidneys and liver. It may
cause some degree of hepatotoxicity. Aspartate
aminotransferase (AST) and alanine aminotrans-

ferase (ALT) levels in the blood may increase at
different rates. In a study carried out by Martin et
al’, AST and ALT levels of two different patient
groups to whom different treatment protocols were
applied increased by 9.2% and 7.2% respectively.

Renal toxicity is not significantly high during
gemcitabine usage. In a study carried out by Ander-
son et al’, no renal toxicity was observed in any of
the patients. In another study of 39 patients, Javed
et al® applied low doses of gemcitabine followed by
radiotherapy in cases with grade 3-4 squamous cell
carcinoma in the headneck region, and nephrotoxi-
city was not observed as a side effect.

Gemcitabine may lead to elevated creatine lev-
els through its low nefrotoxic effect; however, this
effect may be associated with co-morbid diseases
and dehydration. In various studies, although
grade 3-4 nausea or vomiting was the most fre-
quently observed non-hematological side effect of
gemcitabine treatment, this problem is eliminated
by giving serotonin antagonist drugs during the
treatment’. Hair loss, mucositis, gastrointestinal
system side effects are infrequent side effects of
gemcitabine*. There are very rare complications

40 mg/kg IP gemcitabine

40
30

20

—#— Before medicine

10
0
10

SNR (dB)

—l— After medicine

-20

Frequency (kHz)

Figure 1. Group 1 (40 mg/kg IP gemcitabine). Distortion product otoacoustic emision results. X-axis is Frequency (kHz); y-
axis is signal-to-noise ratio (dB). SNR: Signal-to-noise ratio, IP: Intraperitoneal.
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Table II. Group 2 (160 mg/kg IP gemcitabine): A statistically significant decrease in the emission values was observed at 5
kHz following the administration of gemcitabine when compared to the phase before the medication.

Frequencies SNR5s in dB SNR’s in dB
(kHz) before gemcitabine after gemcitabine
(mean = 2 SD) (mean = 2 SD) P
1 -2.32+4.41 -9.18 £8.26 > 0.05
1.5 -4.41 £5.46 -0.76 £ 3.18 > 0.05
2 0.48 £ 6.56 -2.21 £5.58 > 0.05
3 5.76 +7.38 -1.35+7.80 > 0.05
4 12.51 +4.49 9.22+6.23 > 0.05
5 23.35+5.28 15.46 +5.09 <0.05*
6 2443 £ 4.64 26.21 £3.99 > 0.05
8 21.16 £3.93 22.82+5.09 > 0.05

SNR: Signal-to-noise ratio, IP: Intraperitoneal.

reported in case presentations such as vascular
toxicity and tumor lysis syndrome!%!!,

The recommended application of gemcitabine
is by slow intravenous infusion for 30 minutes?
However, other application methods have also
been used in the literature. Putte et al'?> applied
gemcitabine to the lungs of rats with pulmonary
metastases through perfusion and observed a
long survey as a result of this application. They
did not observe any acute or major complication
in long term. In various experimental studies,
gemcitabine has been applied both intravenously
and intraperitoneally'®. In our study we applied
gemcitabine intraperitoneally which is safe and
more accessible.

As far as we know, there are no studies in the
literature which mentions the ototoxic effects of
gemcitabine besides the side effects which we
have listed.

In clinical studies ototoxicity is defined as loss
of hearing exceeding 15dB in two or more fre-

quencies, exceeding 20dB in one or more frequen-
cy or exceeding 15dB in any frequency'*. Ototoxi-
city is generally a phenomenon which presents ia-
trogenically. Therefore, clinicians need to know
whether any medicine they prescribe has ototoxic
potential. If predisposing factors for ototoxicity
are detected or when a medicine with ototoxic po-
tential is started, the patient must be followed
closely, ototoxic side effects must be determined
early and necessary measures must be taken. This
issue also has medicolegal importance.

Stimulation of the cochlea with 2 different fre-
quencies results in the overlapping of these waves
which propagate in the inner ear and leads to a
lower-amplitude response in the tones where these
two waves interact, which is called DPOAE.
DPOAESs are stimulated OAE’e which enable the
assessment of the cochlea objectively and they
constitute an easy, reliable, and a rapid method
which can be used in the examination of functions
of certain frequency regions in the cochlea.
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Figure 2. Group 2 (160 mg/kg IP gemcitabine). Distortion product otoacoustic emission results. X-axis is Frequency (kHz);

y-axis is signal-to-noise ratio (dB). SNR: Signal-to-noise ratio, IP:
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Table IlI. Group 3 (240 mg/kg IP gemcitabine): A statistically significant decrease in the emission values was observed at 4
and 6 kHz following the administration of gemcitabine in comparison to the phase before the medication.

Frequencies SNR’s in dB SNRSs in dB
(kHz) before gemcitabine after gemcitabine
(mean = 2 SD) (mean = 2 SD) P

1 -3.37+4.15 -7.33+£3.93 > 0.05
1.5 -9.65 +7.48 -7.46 £ 4.61 > 0.05
2 -6.76 £9.20 -3.76 £5.75 > 0.05
3 -0.58 £5.91 -4.71£5.18 > 0.05
4 2.02 +6.37 -3.56 £3.34 <0.05*
5 4.56 £7.56 -1.73£7.37 > 0.05
6 19.90 = 12.25 0.38 +£5.25 <0.05%
8 22.57 +13.31 12.47 +7.96 >0.05

SNR: Signal-to-noise ratio, IP: Intraperitoneal.

Table IV. Group 4 (320 mg/kg IP gemcitabine): A statistically significant decrease in the emissions was observed at4 — 5 — 6
— 8 kHz in comparison to the phase before the medication.

Frequencies SNR’s in dB SNR’s in dB
(kHz) before gemcitabine after gemcitabine
(mean = 2 SD) (mean = 2 SD) P

1 -5.68 £5.37 -7.85+4.22 > 0.05
1.5 -5.75£6.94 -10.71 £7.42 > 0.05
2 -5.63 £8.08 -3.98 £5.57 > 0.05
3 0.40 £ 7.07 -2.17+3.42 >0.05
4 14.41 +7.84 -2.60 £4.83 <0.05%
5 16.97 £ 6.41 -5.50 £ 6.67 <0.05*%
6 30.21 £3.32 7.00 £ 5.95 <0.05%
8 3258 £4.12 21.27 £5.05 <0.05*

SNR: Signal-to-noise ratio, IP: Intraperitoneal.
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Figure 3. Group 3 (240 mg/kg IP gemcitabine). Distortion product otoacoustic emission results. X-axis is Frequency (kHz);
y-axis is signal-to-noise ratio (dB). SNR: Signal-to-noise ratio, IP: Intraperitoneal.

The first medicine whose ototoxic effect was re- vestibular disorders. After the discovery of the
ported is quinine. Temporary deafness related to otoxic effects of other aminoglycoside antibiotics,
quinine was reported by Morton in 1684. Feldman studies concerning ototoxicity gained momentum.
discovered streptomycin in 1946 and later it was In various subsequent studies, ototoxic medicines
discovered that it caused loss of hearing and were shown to have cochleatoxic effects. For exam-
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Figure 4. Group 4 (320 mg/kg IP gemcitabine). Distortion product otoacoustic emission results. X-axis is Frequency (kHz);
y-axis is signal-to-noise ratio (dB). SNR: Signal-to-noise ratio, IP: Intraperitoneal.

ple, it was discovered that cysplatin caused ototoxi-
city by influencing the outer hair cells'®, this led to
the conclusion that the damage in the inner ear
could be demonstrated through OAE’s. Plinkert and
Krober!” discovered a 30% decrease in the emission
amplitudes in 31% of the patients whom they gave
100 mg/m? cysplatin although no audiological
changes were observed. In a study by Robinette and
Glattke'®, it was stated that OAE’s were more sus-
ceptible to decreases in cochlear functions com-
pared to pure tone audiometry (PTA). They demon-
strated that after cysplatin treatment a hearing loss
was detected through PTA at frequencies above
3000 Hz, but with DPOAE a significant decrease
was discovered at frequencies below 3000 Hz.
Thus, they stated that DPOAE was a more sensitive
method for detecting the changes in the cochlear
functions in cases of ototoxicity compared to PTA.
In another study'®, children who were treated with
cysplatin and/or carboplatin were examined with
both PTA and DPOAE at normal hearing frequen-
cies (0.5-8 kHz) and at high frequencies (9-16 kHz).
During the treatment, bilateral ototoxicity was de-
tected in 20 (62.5%) out of 32 children in conven-
tional frequencies through audiometry. 26 (81.3%)
of them showed bilateral decrease in the DPOAE:S.
17 children were examined by high frequency au-
diometry and ototoxicity was detected at high fre-
quencies in 16 (94.1%) of the patients. As a result of
this pilot study, it was stated that high frequency au-
diometry and DPOAE measurements detected
changes in auditory functions in patients who were
exposed to platinum derived antineoplastic agents
earlier than conventional audiometric measurements.
Recommended dose range for Gemcitabine is
800-1250 mg/m?>. It is applied by intravenous infu-
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sion within 30 minutes. The maximum tolerable
dose?® was determined to be 2400 mg/m?. The
doses which we used in our study were deter-
mined by considering the minimum and maxi-
mum doses used in human beings. The dose
which corresponded to the dose used in human be-
ings was calculated with respect to the surface
area of the rats’ body and the appropriate dose for
every rat was applied intraperitoneally. 1 week af-
ter the application of the medicine, 4 of the rats in
the group to which 320 mg/kg was applied and 3
of the rats to which 240 mg/kg was applied died.
The control emissions of the dying rats had been
done. In a similar study where 320 mg/kg intra-
venous gemcitabine was applied to rats, all of the
rats died in a week, whereas the morbidity rate in
the rats to whom gemcitabine was applied through
isolated lung perfusion was much more lower!?.

The greatest problem encountered during the mea-
surement of OAE in rats is the placement of the
probe in the external ear canal of the rat, which is
very narrow. For this reason, the rat must be well-se-
dated and a baby probe must be used for emission
measurements. Many rats required a few adjustments
in order to place the probe in the outer ear to receive
ideal emission responses. The emission amplitudes
and noise thresholds of measurements carried out at
different times may vary. SNR is more reliable than
DPOAE amplitudes while evaluating the DPOAE re-
sponses. We adopted this ratio in our study.

In our study, we compared the DPOAE results
of the subjects before and after the application of
the pre-determined doses of gemcitabine with
Wilcoxon test. Consequently, we did not observe
any statistically significant difference in the
emission results in the 1% group before and after



Effect of gemcitabine on cochlea

the application of 40 mg/kg IP gemcitabine
(Table I). In the 2™ group where 160 mg/kg gem-
citabine was applied, a statistically meaningful
decrease in emission values was observed at
SkHz after the application of the medicine in
comparison to before (Table II). A similar de-
crease was observed at 4-6 kHzs in the 3™ group,
and at 4-5-6-8 kHzs in the 4™ group of rats after
the application of the medicine (Table III, IV).

Conclusions

In our study which was performed on an ex-
perimental animal model, we concluded that
gemcitabine which has a widespread clinical us-
age resulted in a decrease in DPOAE values in
the rat model, this decrease increased in propor-
tion with the amount of the dose and it displayed
this effect particularly at high frequencies. More
comprehensive clinical and laboratory studies are
needed to determine whether this decrease in
emission values that emerge following the appli-
cation of gemcitabine is permanent or not.
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