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ABSTRACT

Aim To assess the cochlear damage caused by cisplatin in the rat
cochlea based on decreased signal to noise ratio (SNR) values on
otoacoustic emission (OAE) examination and increased expre-
ssion of signal transducer and activator of transcription 1 (STAT
1) and vascular endothelial growth factor (VEGF) on immunohi-
stochemical examination.

Methods Twenty-four Rattus norvegicus were divided into 4
groups and injected with 8 mg/kgBW of cisplatin intraperito-
neally except for control group. The SNR on OAE examination
were checked before the treatment and on day 3, 4, and 7 after
the treatment. The cochleas were stained immunohistochemically,
followed by assessment of the cochlear organ of Corti damage ba-
sed on STAT 1 and VEGF expression.

Results A decrease in the mean of SNR value was found in accor-
dance with the length of cisplatin exposure. The STAT 1 and
VEGF expression increased with duration of cisplatin exposure.
A correlation was found between SNR values, STAT 1, and also
VEGF expression (p<0.05).

Conclusion An increase of STAT 1 and VEGF expression influ-
ences cochlear damage due to cisplatin administration. There was
a correlation between STAT 1 and VEGF expression with SNR
values in the cochlear organ of Corti of Rattus norvegicus exposed
to cisplatin.
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INTRODUCTION

Ototoxicity is hearing impairment caused by
damage to inner ear after ototoxic drug therapy
administration. Several drugs are known to be
ototoxic agents, such as aminoglycoside, ma-
crolides, vancomycin, loop diuretics, quinine,
nonsteroidal anti-inflammatory drugs (NSAIDs),
antiretrovirals, (1,2) and platinum-based che-
motherapy agents (3).

Cisplatin is a platinum chemotherapeutic agent
which is widely used in treatment of various ma-
lignant tumours (4). Cisplatin ototoxicity causes
progressive hearing impairment in high frequen-
cies and leads to inner ear damage when admini-
stered in high, cumulative doses (5).

Increased hearing threshold was found in 75-
100% patients treated with cisplatin (6). The
prevalence of cisplatin ototoxicity is around 80%
with a decreased hearing threshold of at least 20
dB (5). The prevalence of hearing loss due to ci-
splatin in children ranges from 22-77% (7).

From in vitro animal studies, cisplatin was found
to interact with cochlear tissue such as outer hair
cells in the organ of Corti, stria vascularis, spiral
ligament, and spiral ganglionic cells (6). Cisplatin
will undergo hydrolysis in blood to form cisdia-
mine-aquachloro-platinum (II), which is the main
metabolite that plays a role in cytotoxic activity
(6). The entry of cisplatin into cells is facilitated
by several different transporters such as mamma-
lian copper transporter 1 (CTR 1), while copper-
activated P-type ATPases (ATP7 A and ATP7B)
function to regulate the release of cisplatin from
within cell (6). Exposure of cisplatin to outer hair
cells will produce excessive amount of reactive
oxygen species (ROS) (8). The ROS are reactive
chemical molecules containing oxygen that can
be expressed higher as a result of stress due to
toxin exposure, radiation, and a disease leading
to formation of local oxidative stress and cellular
responses (9). Cochlear closed structure makes
toxins trapped inside it. This will lead to ROS
accumulation and antioxidant system decrease
that will cause cell injury and also apoptosis (6).

ROS will also produce signal transducer and ac-
tivator of transcription 1 (STAT1), which will in-
duce the inflammatory process. The activation of
STAT 1 is also associated with the activation of
p53 enzyme which causes apoptosis of cochle-

ar cells (7). The increase in vascular endothelial
growth factor (VEGF) can be triggered by the
presence of cell hypoxia both in vitro and in vivo.
The increase in VEGF is also thought to occur
due to an increase in ROS (10).

A study using experimental animals found that
cisplatin causes the destruction to the outer hair
cells starting from cochlear basal turn (4). The
destruction starts from the first row of outer hair
cells, followed by inner hair cells to stria vascu-
laris (4). This indicates that ototoxicity starts at
high frequencies and can progress to low frequ-
encies (1).

Otoacoustic emission examination (OAE) is an
objective measurement to assess cochlear functi-
on, because OAE is an acoustic response produ-
ced by outer hair cells of cochlea either sponta-
neously or with sound stimulation (11).

The aim of this study was to investigate a corre-
lation between STAT 1, VEGF, and SNR value in
OAE examination on organ of Corti cochlea due
to cisplatin. This study is intended to prove the
role of STAT 1 and VEGF in the prevalence of
cisplatin ototoxicity.

MATERIAL AND METHODS

Materials and study design

This random, double blind, ex vivo experimen-
tal laboratory study with posttest control group
study was done in a standardized laboratory at
the Animal House Laboratory of the Faculty of
Mathematics and Natural Sciences, Universitas
Sumatera Utara in the period between September
2020 and February 2021. Immunohistochemical
examination was done at the Anatomical Patho-
logy Department, Universitas Sumatera Utara.

Before any procedures, we submitted
ethical feasibility assessment and the
approval was obtained from the Rese-
arch Ethics Commission of Universitas
Sumatera Utara (N0:223/KEP/USU/2020).

The sample had a similar population strain and
was homogeneous in gender and age. The rats
used were Rattus norvegicus Wistar male strain,
healthy condition, aged 2-3 months, weighing
200-250 grams. Dropout criteria were applied if
the subject become sick or died thus could not
fulfil the research procedure.
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Methods

Cisplatin was injected to experimental animals
intraperitoneally at the dose of 8 mg/kgBW.
Twenty-four rats were divided into 4 treatment
groups. Group 1- control group did not get any
treatment of cisplatin, samples injected with
NaCl 0.9% at the dose 8 mg/kgBW, and OAE
examination was performed before the treatment
and 7 days after; Group 2: OAE examination was
performed before the treatment and on the third
day after the treatment; Group 3: OAE examina-
tion was performed before the treatment and on
the fourth day after the treatment; Group 4: OAE
examination was performed before the treatment
and on the seventh day after the treatment. All
samples had to meet criteria where the SNR va-
lue before the treatment was categorized as a
normal value (SNR>6 dB) to guarantee the outer
hair cells function was not damaged before.

Samples were terminated and stained immuno-
histochemically, followed by assessment of the
cochlear organ of Corti damage based on VEGF
and STAT1 expression.

Prior to the OAE examination, experimental
animals were anesthetized with ketamine hydro-
chloride 50 mg/kgBW combined with xylazine
7.5 mg/kgBW intraperitoneally (12). After the
experimental animals became more calmed, ear
canal and tympanic membrane were inspected
using an otoscope. It was ensure that the ear ca-
nal was clean, no abnormalities in the ear canal or
tympanic membrane. If any abnormalities were
found, animals were excluded. OAE examination
(Grason-Stadler Corti, USA) was performed on
both ears using a probe that matched the ear canal
of an experimental animal. Signal to noise ratio
(SNR) was assessed at frequency of 1.5-12 kHz.
The results of OAE examination were considered
pass if acoustic emission value was >6 dB from
background noise at the same frequency.

Experimental animals were terminated using
carbon dioxide (CO2) inhalation. The admini-
stration of CO2 gas can rapidly cause loss of
consciousness before inducing nociceptive dis-
tress and respiratory distress (13). Following the
termination, the temporal bone tissue was taken,
and fixed with formalin buffer solution, decalci-
fied with 10% ethylenediaminetetraacetic acid
(EDTA) for 4 weeks. The tissue was washed with

phosphate buffer saline (PBS) and fixed with for-
malin buffer solution. The tissue was dehydrated
with graded alcohol, cleared with xylene twice
and infiltrated with soft paraffin for 60 minutes
at 48 °C and blocked-in hard paraffin in the em-
bedding cassette, and left for 24 hours. The tissue
was cut with a microtome into 4um thickness
subsequently after the block was cooled using a
cold plate to facilitate cutting. The tissue was put
in warm water at 47 °C and heated on a warm
plate at 65 °C after being placed on an object gla-
ss. Furthermore, the object glass that contained
sample tissue was immersed in xylene to remove
the remaining paraffin in the tissue, and rehydra-
ted with graded alcohol then rinsed with distilled
water (dH20) and hematoxylin-eosin staining
was done on the tissue.

The cochlear tissue was examined immunohi-
stochemically. The object glass was put in xylol,
rehydrated with graded alcohol (absolute, 96%,
80%, 70%, 50% and 30%), and rinsed with bu-
ffer solution. Blocking nonspecific protein at
room temperature and washed with buffer solu-
tion, and incubated with STAT1 polyclonal anti-
body (no. E-AB-32977; Elabscience, USA), after
that washed with buffer solution. Samples were
incubated with secondary antibody (Ultratek An-
ti-polyvalent), washed with buffer solution, incu-
bated with Ultra Tek HRP at room temperature,
washed with buffer solution and dH,0. Diamino
benzidine (DAB) was dripped on the sample and
incubated in the humidified chamber at room
temperature, counterstained using Mayer's He-
matoxylin solution then washed with dH,0. The
sample was dripped with bluing reagent and was-
hed with dH,O, dehydrated with xylene and dri-
ed. The sample was covered with a cover glass,
then observed using a light microscope (Olym-
pus CX 21, Tokyo, Japan).

The distribution assessment was carried out by
calculating the percentage of brown stained cells
in the entire field of view using 10x magnificati-
on. To assess STAT 1 and VEGF expression, the
IRS (immunoreactive score) formula was used
by multiplying the percentage of brown stained
cells by the intensity of the stain. The distribution
of brown stained cells was divided into 4 catego-
ries: 0 = no brown stained cells, 1 = <10% cells
stained brown, 2 = 11-50% cells stained brown,
3 =51-80 % cells stained brown, 4 = >81% cells

183



184

Medicinski Glasnik, Volume 20, Number 2, August 2023

stained brown. The intensity of the brown stained
cells was assessed by the following categories:
0 = no stain, 1 = weak intensity, 2 = moderate
intensity, 3 = strong intensity. The calculation
results could show a minimum score of 0 and a
maximum score of 12 (14). The calculation re-
sults were done by two people (author and anato-
mical pathology specialist).

Statistical Analysis

Mean and median values of SNR, STAT 1 and
VEGF expression were analysed to shaw the
difference among groups. Multivariate test
(ANOVA and Post-hoc Bonferonni test for SNR
variable, Kruskal Wallis and Post-Hoc Mann-
Whitney test for STAT 1 and VEGF variable)
was performed to see which treatment groups
had significant differences followed by the bi-
variate Spearman test to analyse a correlation
between SNR values with STAT 1 and VEGF
expression for each group.

RESULTS

The largest decrease in SNR values was found
in Group 4 where experimental animals were
exposed to cisplatin and terminated on the 7th
day. This is inversely proportional to the incre-
ase in STAT 1 and VEGF expression values,
which showed the highest expression in group 4
followed by group 3 and group 2 (Table 1).

Table 1. Differences in the mean and median values of signal
to noise ratio (SNR), vascular endothelial growth factor
(VEGF), and signal transducer and activator of transcription 1
(STAT1) among four groups

Group* Mean+=SD  Median (Min-Max)
SNR Group 1 16.84+0.98 16.50 (15.83-18.33)
Group 2 2.70+0.40 2.75(2-3.17)
Group 3 1.54+0.43 1.38(1.17-2.33)
Group 4 1.44+0.61 1.62 (0.58-2.17)
VEGF Group 1 1.50+0.54 1.5 (1-2)
Group 2 2.67+0.816 2.5(2-4)
Group 3 5.17+1.83 5(3-8)
Group 4 5.67+2.42 5(3-9)
STAT1 Group 1 1.50+0.55 1.5(1-2)
Group 2 2.67+0.82 2.5(2-4)
Group 3 4.67+1.50 5(3-6)
Group 4 6.33+£2.25 6 (4-9)

*Group 1: Control group; Group 2: otoacoustic emission (OAE) and
immunohistochemistry examination on day 3 after treatment; Group
3: OAE and immunohistochemistry examination on day 4 after
treatment; Group 4 OAE and immunohistochemistry examination on
day 7 after treatment

The increase in STAT 1, also VEGF expression
along with the length of cisplatin exposure in

experimental animals was noticed. The intensity
of brown colour was the strongest and broadest in
group 4 compared to other groups (Figures 1, 2).

The results of the multivariate test showed si-
gnificant differences between SNR values also
STAT 1 and VEGF expression of each gro-
up (Table 2). After Post Hoc test, a significant
difference between SNR values between groups
(p<0.05) except between group 3 and group 4
was found (p>0.05). This result in accordance
with STAT 1 also VEGF.

A 4

Figure 1. Signal transducer and activator of transcription 1
(STAT1) expression marked by brown color in organ of Corti
(arrows) according to the duration of cisplatin exposure. A)
Group 1 (control); B) group 2; C) group 3; D) group 4

Figure 2. Vascular endothelial growth factor (VEGF) expres-
sion (stained brown cells) increased in treatment group 2 (B),
3 (C), and 4 (D). Group 1 (A) was a control group.

A negative correlation between SNR values and
STAT1 and VEGF expression from bivariate
test was found, as well as very a strong positi-
ve correlation between STAT 1 and VEGF with
p<0.05 (Table 3).

The decrease in SNR value was inversely propor-
tional to the increase in VEGF and STAT1 expre-

ssion as well; the lower SNR value, the higher the
VEGF and STAT1 expression.
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Table 2. Multivariate test results of signal to noise ratio
(SNR), and signal transducer and activator of transcription
1 (STAT1) and vascular endothelial growth factor (VEGF)
among four groups

Variable Group P
SNR 1 0.000

STAT 1 0.000

VEGF 0.001

AW N = R W N = R W

Post-Hoc Test
SNR 1 0.000
0.000
0.000
0.034
0.019
1.00
0.020
0.003
0.003
0.025
0.006
0.179
0.020
0.003
0.002
0.014
0.014
0.742

STAT 1 1

VEGF 1

S5}
B hE W R WD R DR W DR WD R R W WDN

Table 3. Spearman correlation between signal to noise ratio
(SNR) values and vascular endothelial growth factor (VEGF)
expression among four groups

Variable Correlation r P

SNR STAT 1 -0.959 0.000
VEGF -0.980 0.000

STAT 1 VEGF 0.950 0.000

STAT 1, signal transducer and activator of transcription 1

DISCUSSION

High-frequency hearing loss due to cisplatin ad-
ministration is reported to start 3-4 days after the
cisplatin administration. Hearing loss manifests
in various symptoms, such as severe and profo-
und sensorineural hearing loss, depend on high
doses of chemotherapy (15). Cakil et al. (15)
found hearing loss at 15 dB or more in 75% of
patients who received two doses of cisplatin at
frequency of 4-8 kHz; hearing loss was found at
frequency of 3-8 kHz on 10" and 17" days (15).
Giindogdu et al. (16) found that hearing loss at
frequency of 2-8 kHz occurred three days after

the cisplatin administration (16). In our study a
significant decrease in SNR values was found in
all study groups, from day 3 to day 7 and was
lowest on the 7 day.

As in previous studies, ototoxicity due to cispla-
tin administration was found at the cellular level
starting on the 3 day after cisplatin administra-
tion and reached the maximum level on the 7™ to
10" day (15). Outer hair cells damage in samples
that were treated with cisplatin was proven by
the decrease of SNR values in OAE examinati-
on. In Somdas et al. study (17), a significant SNR
decrease was found on the 7% day after cisplatin
administration (17).

Based on a study conducted by Perse et al. (18),
the most frequently injected non-lethal dose of
cisplatin in rats ranged between 1 mg/kgBW and
8 mg/kgBW. Cisplatin administration 3-8 mg/
kgBW in rats will cause damage to kidney morp-
hology in 3-4 days after injection (18). In this stu-
dy, 8 mg/kgBW dose was used because there had
been a decrease in hearing since the 3™ day after
cisplatin administration with the stated dose, and
all samples survived.

STAT1 is a protein that acts as a transcripti-
on factor and will increase as a response to in-
flammatory stimuli and oxidative stress (19).
Inflammation is one of the responses that often
results from ototoxicity (20). Mahmoud et al.
(19) found increased expression of STAT 1 in the
lungs of rats experiencing inflammation and oxi-
dative stress (19). STAT1 is activated by cisplatin
through the generation of ROS via transient re-
ceptor potential cation channels 1 (TRPV1) and
NADPH Oxidase 3 (NOX3) pathway and widely
distributed in the cochlea especially in the organ
of Corti and spiral ganglion (21). Generation of
ROS cause mitochondrial damage that leads to
cell death by apoptotic reaction (22). In an ani-
mal model a study conducted by Jiang et al. (23),
ototoxicity due to aminoglycosides caused a de-
crease in the number of outer hair cells and an
increase in STAT 1 level. This was in line with
ototoxicity caused by cisplatin (23). Inactivation
of STAT1 in other tissues has also shown protec-
tive effects, such as increased autophagy in the
heart or increased muscle regeneration (24).

The increase of STAT1 expression in all study gro-
ups with a higher immunoreactive score with lon-
ger exposure was found in our study. The highest
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expression of STAT1 was seen in Group 4 whe-
re most cells stained brown on cochlear organ of
Corti. We can ensure that there is an inflammation
induced apoptotic mechanism on cochlear organ
of Corti induced by cisplatin ototoxicity.

Cisplatin-induced  nephrotoxicity  increases
VEGF expression as assessed with ELISA exa-
mination in a study conducted by Lin et al. (25).
The role of VEGF in the cochlea is currently
still unknown. VEGF expression is found in the
normal cochlea, and its expression increases in
response to hypoxia or oxidative stress in the
cochlea. VEGF expression decreases in respon-
se to aging (26). VEGF expression increased in
all the groups from our study, and the highest
expression was found in Group 4. The increase
of VEGF expression was in accordance with the
cochlea organ of Corti damage. VEGF expressi-
on increased in noisy model rat cochlear cells on
the 7-day group (10). Our study found that the
highest increase in VEGF expression value was
found in Group 4. Our study has proven that lon-
ger duration of Cisplatin exposure leads to more
apoptotic hair cells in cochlea.

In this study, a negative correlation was found su-
ggesting that there was a decrease in SNR value
and increased STAT 1 also VEGF expression. This
showed that there is an indication of hearing loss
in experimental animals due to inflammation and
apoptosis resulted from upregulation of STAT 1
and VEGF causing destruction to outer hair cells
which manifested in decreased SNR values.
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