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ABSTRACT

Objectives: This study aimed to evaluate in vivo the potential protective effects of [Gly14]-humanin against
cisplatin-induced ototoxicity (CIO) and its modulatory effects against oxidative stress, inflammatory, and
apoptotic markers

Methods: Thirty-five male Balb/c mice were randomly divided into five groups: control, cisplatin, cisplatin +
[Gly14]-humanin (3 mg/kg), cisplatin + (6 mg/kg), and vitamin E. Cisplatin (10 mg/kg, b.w.) was administered
as a single dose. [Glyl4]-humanin was administered intraperitoneally for 14 days. Biochemical analyses
(Superoxide dismutase (SOD), glutathione (GSH), and malondialdehyde (MDA)), gene expression levels
(TNF-a, IL-1B, IL-6, CASP-3, CASP-9, Bcl-2/Bax), and histopathological examinations (PARP1, PARP2
immunoreactivity) were performed in cochlear tissue samples to evaluate oxidative stress, inflammation, and
apoptosis.

Results: Cisplatin decreased SOD and GSH levels and increased MDA levels in the cochlear tissue (P<0.05).
With the application of [Gly14]-humanin, these parameters approached their normal levels. Cisplatin increased
the values of pro-inflammatory and pro-apoptotic markers (TNF-a, IL-1p, IL-6, Caspase-3 (CAS-3), Caspase-
9 (CAS-9)) significantly while reducing the Bcl-2/Bax ratio (P<0.05). [Gly14]-humanin administration reversed
these effects in a dose-dependent manner. Histological analysis also revealed decreased PARP1 and PARP2
immunoreactivity in [Gly14]-humanin treated groups, comparable to the positive control (vitamin E).
Conclusions: The findings of this study show that [Gly14]-humanin exhibits important protective effects
against CIO by attenuating oxidative stress, inflammation, and apoptosis in cochlear tissues. Further studies
evaluating the clinical efficacy and reliability of [Gly14]-humanin are now needed.
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particularly in the treatment of solid tumors side effects, such as ototoxicity, nephrotoxicity,

Cisplatin is a widely used anticancer drug, head and neck [1, 2]. However, it also causes severe
such as cancers of the testis, lung, ovary, and neurotoxicity, and myelosuppression. Permanent
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hearing loss develops in a significant proportion of
patients treated with cisplatin (40-80% of adults and
at least 40% of children). Hearing loss in cisplatin-
induced ototoxicity (CIO) is typically bilateral,
sensorineural, progressive, irreversible, and frequently
accompanied by tinnitus and vertigo [1, 3, 4].

There are several mechanisms under the CIO.
Studies have suggested that CIO may derive from
several mechanisms, including oxidative stress, DNA
damage, inflammation, apoptosis, and ferroptosis [5-
8]. Another important mechanism is thought to be the
accumulation of reactive oxygen species (ROS)
induced by cisplatin [1, 2, 5, 9]. Excessive intracellular
ROS accumulation can trigger cell death by damaging
the cellular structure [10, 11]. Cisplatin’s inhibition of
antioxidant enzyme activity can result in an increase
in ROS inside the cochlea. This causes apoptosis of
hair cells and spiral ganglion neurons, thus resulting
in sensorineural hearing loss [12]. Cisplatin is reported
to exhibit an ototoxic effect not only by damaging hair
cells in the organ of Corti, but also spiral ganglion
neurons, support cells, and the stria vascularis [13].

Humanin is a 24-amino acid peptide synthesized
in association with mitochondrial translocation. It is
endogenous in origin and biologically active. It was
first identified for its protective effects against
neurodegenerative  processes associated with
Alzheimer’s disease [14-17]. Humanin and its
synthetic derivatives exhibit antiapoptotic, anti-
inflammatory, and antioxidant activities against
oxidative stress and hypoxic conditions [18-21].
[Gly14]-humanin is one humanin derivative. While
the serine amino acid is present in position 14 in the
humanin peptide chain, the amino acid glycine is
present in [Gly14]-humanin. Research has identified
[Glyl4]-humanin as a potent humanin analog,
particularly noteworthy for its neuroprotective effects
[22, 23].

This study aimed to evaluate in vivo the potential
protective effects of [Gly14]-humanin against CIO and
its modulatory effects against oxidative stress,
inflammatory, and apoptotic markers.

METHODS
Chemicals and Reagents
[Gly14]-humanin (99.86% purity), cisplatin (CAS

number: 15663-27-1), and all other reagents were
purchased from MedChemExpress. Superoxide
dismutase (SOD) (Sunred, Cat: 201-02-0291),
glutathione (GSH) (Sunred, Cat; 201-02-180), and
malondialdehyde (MDA) (Sunred, Cat; 201-02-0626)
were purchased from SunRed Biotechnology
Company (SRB) Ltd. (Shanghai, China).

Animals

This study was conducted with 35 male Balb/c
mice (6-8 weeks old, weighing 20-25 g) obtained
from the Kastamonu University Experimental Animals
Application and Research Center, Kastamonu. These
were housed in standard cages under well-regulated
conditions (relative humidity range: 45+5%,
temperature: 24+1°C, in a 12-h light/12-h dark cycle).
The animals were maintained on a standard pellet diet
and allowed ad libitum access to water during the
experimental period. All animal procedures described
in this study were approved by the Animal Care and
Use Committee at Kastamonu University, and all the
methods used during the animal experiments were in
accordance with the guidelines approved by the
Animal Ethics Committee (25.10.2024/11/39).

Experimental Design

The animals were randomly divided into the
following five groups:

[. Control group: The healthy control group did
not receive any drug administration (n=7).

II. Cisplatin group: A single dose of cisplatin (10
mg/kg, b.w.) was injected intraperitoneally into the
mice on the 10th day [24] (n=7).

II1. Cisplatin + [Gly14]-humanin group: A single
dose of cisplatin (10 mg/kg, b.w.) on the 10th day of
the treatment schedule, along with daily administration
of [Gly14]-humanin (3 mg/kg b.w./day) for 14 days
(n=7).

IV. Cisplatin + [Gly14]-humanin group: A single
dose of cisplatin (10 mg/kg, b.w.) on the 10th day of
the treatment schedule, along with daily administration
of [Gly14]-humanin (6 mg/kg b.w./day) for 14 days
(n=7).

V. Vitamin E group: Vitamin E (100 mg/kg
b.w./day) was administered by gavage to the mice
orally for 14 days (n=7). A table (1) showing the dose
schedule of the experiment is presented as a timeline.
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TABLE 1. The Dose Schedule of the Experiment is Presented as a Timeline
Experimental day Control group Cisplatin group [Gly-14] [Gly-14] Vitamin E
(0.5 mL) (10 mg/kg, b.w.) humanin group humanin group group
(3 mg/kg) (6 mg/kg) (100 mg/kg)
Day 1-9 Saline only Saline only Daily Daily Daily
[Gly-14] [Gly-14] Vitamin E
humanin humanin
Day 10 Saline only Cisplatin Daily Daily Daily
injection [Gly-14] [Gly-14] Vitamin E
humanin humanin +Cisplatin
+Cisplatin +Cisplatin injection
injection injection
Day 11-14 Saline only Observation Daily Daily Daily
[Gly-14] [Gly-14] Vitamin E
humanin humanin
Day 15 All animals in all groups were sacrificed under high-dose anesthesia

In order to evaluate the preventive effects of
[Gly14]-humanin against CIO, doses of 3 and 6 mg/kg
were selected in the present investigation based on
previous research. Vitamin E (100 mg/kg) was also
used as a positive control [25].

At the end of the experimental period, 24 h after
receiving the last treatment, the cochlea and vestibular
system were collected from all the experimental group
mice under deep anesthesia. All mice were sacrificed
by removing blood from the left ventricle under deep
anesthesia with ketamine (100 mg/kg) + xylazine (10
mg/kg). Animals under deep anesthesia were
euthanized by cervical dislocation. The cochlea and
vestibular system were used for biochemical,
molecular, and histopathological analysis.

Biochemical Analysis

The ELISA method was employed for measuring
SOD activity and GSH and MDA levels in cochlear
tissue samples, using a previously described method.
Tissues were homogenized by adding nine times their
weight in iced phosphate-buffered saline (PBS; 0.01
M, pH=7.4) solution for the analysis of tissue samples.
Centrifugation was performed at 5000 g for 5 minutes,
and the resulting supernatant was used for analysis.
Commercial kits (Elabscience, Wuhan, China) were
used for the measurement of GSH, SOD, and MDA
levels. GSH, MDA, and SOD levels were measured
using a microtiter plate ELISA reader (Epoch

Microplate Spectrophotometer, BioTek, USA).

Gene Expression Analysis TNF-a, IL-1pB, IL-6,
Caspase-3 (CAS-3), Caspase-9 (CAS-9), Bax, and
Bcl-2 mRNA expression levels in tissue samples were
determined by the real-time PCR method.

RNA Extraction

The tissue samples were homogenized in Tissue
Lyser II (Qiagen) in the presence of liquid nitrogen.
Total RNA was isolated from the cochlea and
vestibular system of the experimental and control
groups with a QIAcube Connect Qiagen kit for RNA
isolation according to the manufacturer’s instructions,
and the recovery was estimated.

Reverse Transcriptase Reaction and c¢DNA
Synthesis: cDNA was reverse transcribed from total
RNA using a high-capacity cDNA reverse transcription
kit (Applied Biosystems), following the manufacturer’s
protocol. The recovery of cDNA was then determined
using nanodrop spectrophotometry (EPOCH Take3
Plate, BioTek) before storage at -20 °C.

Real-Time Quantitative PCR

Total RNA extraction and cDNA synthesis were
performed according to the methods described in our
previous studies [26, 27].

According to the manufacturer's instructions, and
TNF-a (Mm00443258 m1), IL-1f (Mm00434228 ml),
IL-6 (Mm00446190 ml), Bcl (MmO00477631 ml), Bax
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(Mm00432051_m1), Caspase-3 (MmO01195085 m1), Fisher Scientific) solution was dropped onto the
Caspase-9  (Mm00516563 ml), and  B-actin tissues, left for 10 min. Then, they were incubated at
(Mm02619580 gl) mRNA expression as a +4 °C overnight at appropriate concentrations of
housekeeping gene were analyzed. Compared with the primary antibodies [anti-PARP-1 (1:200; catalogue no.
control group, all data were expressed as fold change 13371-1-AP, Proteintech) and anti-PARP-2 (1:200;
in expression compared with the cell groups using the catalogue no. 20555-1-AP, Proteintech)] without
2-AACt method. Differences between the groups in washing. Following incubation, the sections were
terms of oxidative stress, inflammation, and apoptosis washed with PBS for 3x5 min. Secondary antibody

were evaluated. kits (TP-125-HL, Thermo Fisher Scientific) were then
applied in line with the procedure order and duration,
Immunohistochemistry Procedure after which AEC chromogen (TA-060-HA, Thermo

Fisher Scientific) was applied to show the reaction and
render the immunoreactivity visible. A water-
compatible covering medium (TA-125-UG, Thermo
Fisher Scientific) was applied to the sections
counterstained with Gill’s hematoxylin were and
examined under a microscope. In the negative
controls, PBS replaced the primary antibody after
protein blocking, and the tissues were incubated with

Serial sections 5-um in thickness from the
prepared paraffin blocks were placed onto adhesive
slides. The streptavidin-biotin complex (sABC)
staining method was then applied to determine PARP1
and PARP?2 reactivity in the sections. Antigen retrieval
was performed once the sections had been
deparaftinized in xylol and dehydrated by passage
through alcohol series. For that purpose, the slides
were placed into a 10-fold diluted citrate buffer (citrate that solution overnight [29].
buffer heat-induced epitope retrieval pH: 6) solution
and heated in a microwave oven at 800 Watts for 20
min. Following this process, the sections were left to Statistical comparisons were performed using one-
cool for 30 min. After washing in phosphate-buffered way analysis of variance (ANOVA) followed by the
saline (PBS) solution for 3x5 min, they were next Tukey test and with GraphPad Prism 9 software
incubated in 3% hydrogen peroxide (hydrogen (GraphPad Software, Inc.). P values <0.05 were
peroxide 30% Merck: 108597) solution in the dark for considered statistically significant [30].

20 min for the purpose of blocking endogenous

peroxidase activity [28]. At the end of the incubation

procedure, the sections were rewashed with PBS RESULTS

solution for 3x5 min. In order to prevent nonspecific

antibody binding, Ultra V Block (TP-125-HL, Thermo Compared to the control group, SOD activity

Statistical Analysis
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FIGURE 1. Figure 1. Effect of [Glyl4]-humanin on antioxidant marker levels in CIS-induced ototoxicity. C, Control; CIS,
Cisplatin; GLY 3, [Glyl4]-humanin 3 mg/kg; GLY 6, [Glyl14]-humanin 6 mg/kg; E Vit, Vitamin E.
Different letters (a, b, ¢, d, e) in the same column represent a statistically significant difference (P<0.05).
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FIGURE 2. The effect of [Glyl4]-humanin on inflammation and apoptotic markers mRNA level in CIS-induced ototoxicity.
C, Control; CIS, Cisplatin; GLY 3, [Glyl4]-humanin 3 mg/kg; GLY 6, [Glyl4]-humanin 6 mg/kg; E Vit, Vitamin E.
Different letters (a, b, ¢, d) in the same column represent a statistically significant difference (P<0.05).

(28.249.4) and GSH (28.2+9.4) levels were decreased
(P<0.001), while MDA (7.64+1.1) levels were
increased (P<0.001) with CIS application in the
cochlear tissue. With the application of [Gly14]-
humanin, these parameters approached their normal
levels (Figure 1). Similar findings were found in brain
tissue analyses of mice. Decreased SOD activity and
GSH levels, and increased MDA levels with CIS
application were regulated by [Glyl4]-humanin
application.

In comparison to the control group, we found
significant increases (P<0.001) in pro-apoptotic
markers, CAS-3 (5.81%0.7) (P<0.001), inflammatory
markers TNF-a (3.3+0.2) (P<0.05), IL-1B (3.2+0.3)
(P=0.035), and IL-6 (10.3+0.8) (P<0.001) after cisplatin
challenge. In addition, significant reductions (P<0.05)
in pro-apoptotic markers, CAS-9 (1.9+0.1) (P=0.035)
gene expression and Bcl-2/Bax ratio (0.2+0.1)
(P<0.001) after cisplatin application were observed.
Moreover, our results revealed that [Gly14]-humanin
expecially high dose treatment significantly decreased
CAS-3 (3.4%0.7) (P<0.002) gene expression, CAS-9
(1.3+0.5) (P<0.04), TNF-a (1.5+0.3) (P<0.001), IL-1B

(1.5+0.3) (P<0.001), and IL-6 (5.2+0.4) (P<0.001), and
increased Bcl-2/Bax ratio (0.8+£0.1) (P<0.04) gene
expression (Figure 2).

TNF-a, IL-1pB, IL-6, CAS-3, and CAS-9 values
increased significantly with CIS application to mice,
while Bcl-2/BAX values were significantly decreased
compared to control. These values were normalized
depending on the dose (especially [Gly14]-humanin 6
mg/kg) with the administration of [Gly14]-humanin
(Figure 2).

In cis groups, both PARP1 and PARP2 exhibited
intense immunoreactivity. It was determined that
PARP1 immunoreactivity decreased at a similar rate in
the [Gly14]-humanin 6 mg/kg and Vitamin E groups.
It was determined that PARP2 immunoreactivity
decreased similarly in the [Gly14]-humanin 6 mg/kg
and Vitamin E. (Figure 3).

Both PARP1 and PARP2 exhibited intense
immunoreactivity in the cisplatin group compared to
the control groups. Immunohistochemical analysis
showed that increased expression of PARP1 in tissue
in the cisplatin group tended to decrease with the
application of [Gly14]-humanin and Vitamin E (Figure

The European Research Journal | Volume 12 | Issue 1
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FIGURE 3. Immunohistochemical staining of PARP1 and
PARP2 in all groups. Positive-stained cells are shown by ar-
rows. Strept-ABC-IHC, AEC, paraffin section. Scale bar: 20
pm for all panels (C, Control; CIS, Cisplatin; GLY 3, [Gly14]-
humanin 3 mg/kg; GLY 6, [Glyl14]-humanin 6 mg/kg; E Vit,
Vitamin E; PARP, Poly (ADP-ribose) polymerase).

4A). Additionally, the [Glyl4]-humanin 6 mg/kg
group and Vitamin E group were similar in terms of
healing, and less immunoreactivity was observed
compared to [Glyl4]-humanin 3  mg/kg.
Immunohistochemically, the increased expression of

PARP1 in the cisplatin group tended to decrease with
the application of [Glyl4]-humanin and vitamin E
(Figure 4B). The increased PARP2 expression with
cisplatin administration also decreased with the
application of [Glyl4]-humanin and vitamin E. In
addition, while [Gly14]-humanin 6 mg/kg and vitamin
E applications were statistically similar, the vitamin E
group was similar to the control group.

DISCUSSION

Cisplatin can produce an ototoxic effect through
complex pathophysiological mechanisms. This
ototoxic effect largely involves cellular processes such
as excessive ROS production in cochlear tissue,
oxidative stress, inflammatory responses, and
apoptosis [1, 2, 8, 9]. The purpose of this study was to
investigate the potential protective effects of [Gly14]-
humanin against CIO. The findings showed that
[Glyl4]-humanin significantly reduces oxidative
stress, inflammation, and apoptosis induced by
cisplatin, and thus exhibits a protective effect in
cochlear tissue. These results suggest that [Gly14]-
humanin may exhibit a potential therapeutic effect
against CIO.

Cisplatin induces mitochondrial dysfunction in
cochlear hair cells and supporting cells, and leads to
ROS accumulation by inhibiting antioxidant
enzymatic systems. This causes a severe oxidative
stress response characterized by a decrease in SOD
activity, depletion of GSH levels, and an increase in
lipid peroxidation products such as MDA [10-12]. In
agreement with the current literature, cisplatin
administration in the present study increased MDA
levels while decreasing those of SOD and GSH. This
confirms that cisplatin triggers a potent oxidative
stress response [2, 5, 9]. In this study, we observed that
these parameters (SOD, GSH, and MDA) approached
their normal levels with [Gly14]-humanin application.
The fact that [Gly14]-humanin application restored
these oxidative stress markers to close to normal levels
shows that this peptide possesses powerful antioxidant
properties. This is consistent with previous studies
showing that humanin and derivatives thereof exhibit
the ability to lower oxidative stress [23, 31, 32]. In
particular, a recent study by Liu ef al. showed that
[Gly14]-humanin improved oligoasthenozospermia by
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FIGURE 4. Statistical graphical representation of PARP1 (A) and PARP2 (B) IHC scores of inner ear slices. C, Control; CIS,
Cisplatin; GLY 3, [Glyl4]-humanin 3 mg/kg; GLY 6, [Gly14]-humanin 6 mg/kg; E Vit, Vitamin E; IHC, Immunohistochemistry.
Different letters (a, b, ¢, d, e) in the same column represent a statistically significant difference (P<0.05).

reducing oxidative stress [23]. This suggests that
[Gly14]-humanin possesses antioxidant properties at
differing doses and in different toxicity models.

Oxidative stress triggers the release of pro-
inflammatory cytokines such as TNF-a, IL-13, and
IL-6, and initiates an inflammatory cascade by
activating transcription factors, including nuclear
factor kappa B. In addition, cisplatin-induced
oxidative stress and inflammation activate caspase-
dependent and —independent apoptotic pathways, thus
leading to the programmed death of cochlear hair cells
[2, 8].

In our study, significant increases were found in
pro-apoptotic markers CAS-3 (P<0.05), inflammatory
markers TNF-a (P<0.05), IL-1B (P<0.05) and IL-6
(P<0.05) after cisplatin administration compared to the
control group. In addition, significant decreases
(P<0.05) were observed following cisplatin
administration in anti-apoptotic markers, in CAS-9
(P<0.05) gene expression, and in the Bcl-2/Bax ratio
(P<0.05). These values normalized with the
application of [Gly14]-humanin, particularly [Gly14]-
humanin 6 mg/kg, in a dose-dependent manner. These
findings clearly show that cisplatin triggers
programmed cell death and an inflammatory response
in cochlear cells. The fact that [Glyl4]-humanin
treatment significantly lowered these inflammatory
and apoptotic markers and increased the Bcl-2/Bax

ratio shows that it exhibits anti-inflammatory and anti-
apoptotic effects. Previous studies have also reported
that humanin and its analogs possess anti-apoptotic
and anti-inflammatory characteristics [19, 21]. In
particular. Jin et al. reported that [Gly14]-humanin
prevented cell death by obstructing mitochondrial
dysfunction [20]. This suggests that GLY 14 may
exhibit a protective effect by directly targeting cellular
damage derived from cisplatin treatment. Apart from
its anti-inflammatory and antioxidant properties,
[Gly14]-humanin may also have cytoprotective effects
by regulating mitochondrial homeostasis and
triggering pro-survival pathways like PI3K/Akt
signaling and STAT3, which are recognized
downstream targets of humanin analogs. The observed
decrease in oxidative stress and cochlear apoptosis in
our study could be attributed to these pathways.
PARP is an important enzyme in the DNA damage
response and cell death. Its activation is known to play
an important role in cisplatin-induced cell damage
[24]. Histopathological investigation in the present
study revealed intense PARP1 and PARP2
immunoreactivity in the cisplatin group, while the
application of GLY-14 and vitamin E reduced PARP1
and PARP2 expression. This suggests that [Gly14]-
humanin and vitamin E may have the potential to
reduce DNA damage and resulting cell death. In
particular, the fact that the GLY-14 6 group exhibited
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similar healing outcomes to the group in which
vitamin E, a known antioxidant and otoprotective
agent, was applied suggests that [Glyl4]-humanin
may be as effective as vitamin E [25].

To the best of our knowledge, this is the first
experimental animal study investigating the effect of
GLY14 on ototoxicity. Further clinical research
evaluating hearing functions and involving long-term
follow-up is now needed to confirm these effects in
humans.

Strengths and Limitations

One strength of this study is that it compared the
effects of two distinct [Glyl4]-humanin dosages, 3
mg/kg and 6 mg/kg. The 6 mg/kg dose normalized
oxidative stress and inflammatory parameters more
effectively than the 3 mg/kg dose. This dose-dependent
effect supports the idea of a potential therapeutic role
of [Gly14]-humanin. Another strength of this study is
the inclusion of vitamin E, with known antioxidant and
otoprotective effects, as a positive control. This
allowed us to compare the effectiveness of [Gly14]-
humanin and vitamin E. That comparison may yield
important data regarding the efficacy of [Glyl4]-
humanin. Further studies including molecular level
analyses and different routes of administration (such
as intratympanic injection) are now needed to fully
elucidate the effect mechanism of [Gly14]-humanin.

However, there are also a number of limitations to
this study. The study used waste materials from the
project investigating the neuroprotective effect of
[Gly14]-humanin on cisplatin-induced neurotoxicity
in mice. Therefore, auditory function testing
(ABR/DPOAE) could not be performed, and thus, the
hearing functions of the animals before and after the
experiment could not be compared. In addition, due to
the brief follow-up period, this study does not provide
information concerning the long-term eftects of CIO
or the protective potential of [Gly14]-humanin against
those long-term effects.

CONCLUSION

The findings of this study show that [Gly14]-humanin
exhibits important protective effects against CIO. It

may protect cochlear tissue against damage by
reducing oxidative stress, inflammation, and apoptosis
induced by cisplatin. [Gly14]-humanin may exhibit
more pronounced healing at 6 mg/kg. Our findings
show that [Gly14]-humanin exhibits similar effects to
vitamin E, a known antioxidant. Further studies
evaluating the clinical efficacy and reliability of
[Gly14]-humanin are now needed.
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