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Original Article

OBJECTIVE: In this prospective experimental study, we investigated the preventive effects of 2-aminoethyl diphenylborinate (2-APB) in rats exposed to 
acoustic trauma (AT). Light microscopic, transmission electron microscopic (TEM), and scanning electron microscopic (SEM) examinations were performed.

MATERIALS and METHODS: Eighteen healthy Wistar albino rats were divided into the following three groups: groups 1 (control), 2 (AT), and 3 (AT+APB). 
The rats in groups 2 and 3 were exposed to AT; in group 3 rats, 2-APB at 2 mg/kg was also administered, initially transperitoneally, after 10 min. 

RESULTS: During the light microscopic, TEM, and SEM examinations, the structures of the cochlear hair cells, stereocilia, and Deiter’s cells were normal in 
the control group. In the AT group, the organ of Corti and proximate structures were damaged according to the light microscopic examination. During 
the TEM examination, intense cellular damage and stereocilia loss were detected, while during the SEM examination, extensive damage and stereocilia 
loss were observed. Decreased damage with preserved cochlear structure was detected during the light microscopic examination in the AT+APB group 
than in the AT group. During the TEM and SEM examinations, although stereocilia loss occurred in the AT+APB group, near-normal cell, cilia, and tecto-
rial membrane structures were also observed in the AT+APB group compared with the AT group. 

CONCLUSION: 2-APB may have protective effects against AT damage of the cochlea. The main mechanism underlying this effect is the inhibition of the 
vasoconstriction of the cochlear spiral modiolar artery, thereby improving cochlear blood flow. We conclude that 2-APB may also be effective if used 
immediately following AT. 
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INTRODUCTION
Acoustic noise trauma can be caused by abrupt explosive sounds inducing mechanical injury to the structures of the middle and 
inner ears. It is widely accepted that biochemical changes or changes in the functional unity of the outer hair cells and auditory 
nerve fibers can precipitate cell destruction and hearing loss [1-3]. After noise exposure, outer hair cells are impaired [4], and reactive 
oxygen levels increase in the cochlea [5]. Exposure to loud noise can impair cochlear microcirculation and cause noise-induced hear-
ing loss (NIHL). Agents that control or inhibit spiral modiolar artery vasoconstriction may also regulate cochlear microcirculation [6]. 
2-Aminoethyl diphenylborinate (2-APB) inhibits inositol 1,4,5-trisphosphate [7] and the vasoconstriction of the spiral modiolar artery 
in the cochlea. 2-APB also blocks mitochondrial permeability [8] and is also reported to be a Ca2+ release modulator [9]. Because of the 
ability of 2-APB to prevent cochlear vasoconstriction, we investigated its potential utility for ameliorating acoustic trauma (AT) in 
rats. Transmission electron microscopic (TEM) and scanning electron microscopic (SEM) examinations were performed.

MATERIALS and METHODS
The study was performed in the Medical Faculty of Eskişehir Osmangazi University and Experimental Animal Breeding and Experi-
mental Studies Center of the University. The study was conducted in accordance with the Helsinki Declaration [10]. Ethics committee 
approval was received from the university.
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Subjects
The study was performed using 18 healthy Wistar albino rats weigh-
ing between 190 and 220 g. In each group, the rats were placed in 
separate cages and were acclimated to a room maintained at 20°C. 
Care and feeding of the rats were provided at regular intervals 
throughout the study.

Groups were randomly created as below:
• Group 1 (control; n=6): No AT exposure in this group. 
• Group 2 (n=6): In this group, AT exposure was performed, but 

no drugs were given.
• Group 3 (n=6): In this group, the rats were administered 2-APB, 

which was dissolved in 2 ml of 95% ethanol at 2mg/kg, initially 
transperitoneally; after 10 min, they were exposed to AT.

Preparation of 2-APB: 2-APB was initially dissolved in 95% ethanol to 
allow administration at 50 mg/kg. Eau distilled water was then added 
such that the ethanol was at 4%; i.e., 1-mL mixture+24 mL Eau dis-
tilled water was used and administered at 2 mg/kg.

Anesthesia Procedure
In total, 40 mg/kg ketamine hydrochloride (Ketalar, Parke-Davis, USA) 
and 5 mg/kg xylazine hydrochloride (Rompun, Bayer, Germany) were 
intramuscularly administered. 

AT
To expose the rats to AT using 1–12-kHz band white noise, the MAT-
LAB software (MathWorks, Inc.; Natick, Massachusetts, United States) 
was used to produce various single-unit sounds. The sounds were 
then band-pass filtered from 1 to 12 kHz using an FIR-type digital 
filter and an additional filter with a frequency of 200. The filtered 
noise was then recorded as .wav files. Using a decibel meter, 110 dB 
of noise of approximately 6 h duration was continuously applied to 
expose the rats to AT.

Electron Microscopic Examination
Following the experimental phase, the rats were sacrificed using 80 
mg/kg pentothal 30 min following AT. Temporal bones were immedi-
ately removed, and the otic bullas were excised [11]. 

After the removal of the cochlea, hair cells were examined at the mid-
dle and basal turns of the cochlea.

TEM Examination
For the TEM examination, the samples were fixed in glutaraldehyde 
(2.5%) and paraformaldehyde (0.1%) in phosphate buffer (0.1M; 
pH=7.4) and were then post-fixed in 2% OsO4. Following post-fixa-
tion, the samples were applied to an ethanol series for dehydration 
and an epoxy resin. Following polymerization, the samples were cut 
using a Leica EMU6 ultramicrotome. Semi-thin sections of 700–800 
nm were stained with toluidine blue. Thin sections (70–80 nm) were 
double stained by uranyl acetate and lead citrate [12]. Images were ob-
tained using an FEI (Biotwin, Netherlands) TEM.

SEM Examination
The cochlea and organ of Corti were dissected and fixed prior to the 
SEM examination; all samples were fixed and post-fixed in an iden-
tical manner. The cochlea was applied to an ethanol series of 50%, 

70%, 90%, and absolute ethanol for dehydration, and desiccation 
was then performed [13]. These samples were mounted on a specimen 
stub. Following critical point drying using CO2 and gold sputter coat-
ing according to standard procedures, the specimens were assessed 
with a Zeiss Ultra 50 SEM having an accelerating tension of 5 kV [13].

RESULTS
The TEM and SEM examinations revealed no cochlear damage in 
the group 1 rats (control group). In the group 2 rats (AT-exposed, no 
2-APB), cochlear damage was detected. In the AT group, the inner 
and outer hair cells were absent or severely damaged. The damage 
was serious in the cochlear basal turns. However, in the group 3 rats 
(2-APB+AT), there was minimal cochlear damage, with only a small 
number of missing inner and outer hair cells. Light damage to the 
outer hair cell stereocilia was observed.

Light Microscopic Examination Results (Figure 1):
• Control group: An apparently normal cochlear structure was 

detected (Figure 1A).
• AT group: The organ of Corti and other members of the turn 

were damaged in the cochlea (Figure 1B).
• AT+2-APB group: Decreased damage to the outer and inner 

hair cells was detected (compared with the AT group) with pre-
served cochlear structures (Figure 1C).

TEM Examination Results (Figure 2):
• Control group: Normal hair cell and stereocilia structures were 

detected (Figure 2A).
• AT group: Intense cellular damage and stereocilia loss were ob-

served (Figure 2B).
• AT+2-APB group: Although stereocilia loss was detected, 

near-normal cell, cilia, and tectorial membrane structures were 
detected (compared with the AT group; Figure 2C).

SEM Examination Results (Figure 3):
• Control group: Normal structures of the hair cells, stereocilia, 

and Deiter’s cells were detected (Figure 3A).
• AT group: Extensive damage and loss of stereocilia were de-

tected (Figure 3B).
• AT+2-APB group: Although missing stereocilia was detected 

in this group, near-normal cell and stereocilia structures were 
observed (compared with the AT group; Figure 3C).

 
DISCUSSION
Acute AT can occur following exposure to a loud noise over a short 
period of time and can present as sensorineural hearing loss and tin-
nitus. High-frequency sounds created by noise, such as rifle fire, that 
cause shock are typical of noise patterns that can induce AT; perma-
nent hearing loss can occur following a single exposure without a 
temporary threshold shift [1, 14, 15].

SMA supports the inner ear’s circulation. Decrease in the blood supply 
causes sensorineural hearing loss. Increase in intracellular Ca2+ levels 

causes increased resistance in the vascular smooth muscle cells [16, 17].  
The activation of Rho-kinase also causes vasospasms in SMA [17-20]. 
2-APB inhibits Ca2+ level increase, thereby precipitating vasodilata-
tion, which prevents cochlear damage due to the vasoconstriction 
of SMA.
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In this study, the preventive effects of 2-APB in rats exposed to AT 
were examined using TEM and SEM. We found no studies similar to 
our own within the pre-existing literature. No cochlear damage was 
detected in the control group rats. In contrast, in the group 2 rats 
(AT-exposed, no 2-APB), stereocilia were damaged in the inner and 
outer hair cells. In the basal cochlear turn, there was evident damage. 
In the group 3 rats (2-APB+AT group), there was minimal cochlear 
damage, with only a small number of missing cells in the inner and 
outer hair cells. Light damage to the outer hair cell stereocilia was 
observed.

In the light microscopic, TEM, and SEM examinations, the structures 
of the cochlear hair cells, stereocilia, and Deiter’s cells were normal in 
the control group rats. In the AT-exposed group rats, the organ of Cor-
ti and other structures of the turn in the cochlea were damaged ac-

cording to the light microscopic examination. During the TEM exam-
ination, intense cellular damage and stereocilia loss were observed. 
During the SEM examination, extensive damage and loss of stereocilia 
were also detected. In the AT+APB group rats, decreased damage with 
preserved cochlear structures was observed according to the light mi-
croscopic examination. During the TEM and SEM examinations, ste-
reocilia loss was detected but with near-normal cell, cilia, and tectorial 
membrane structures (compared with the AT group rats).

In the inner ear, spasms of SMA can lead to ischemia [21]. 2-APB 
causes a decrease in Ca2+ uptake in the mitochondria [7]. Spasms 
in SMA may occur in tinnitus and hearing loss. 2-APB inhibits va-
soconstriction [22]. This indicates that 2-APB has an impact on the 
spiral modiolar artery, thereby inhibiting vasoconstriction and pre-
cipitating vasodilatation.
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Figure 2. a-c. Transmission electron microscopic (TEM) view of the cochlea in the control group rats with normal structure of hair cells (*) and stereocilia (double arrow) 
(TEM-uranyl acetate+lead citrate) (a). TEM view of the cochlea in the AT group rats with intense cellular damage (*) and stereocilia loss (→) (TEM-uranyl acetate+lead 
citrate) (b). TEM view of the cochlea in the AT+APB group rats: Although stereocilia loss was detected, near-normal cell, cilia, and tectorial membrane structures () 
were observed compared with the AT group rats. The double arrow indicates the basilar membrane structure (TEM-uranyl acetate+lead citrate) (c)

a b c

Figure 1. a-c. Light microscopic view of the cochlea in the control group rats: an apparently normal cochlear structure [scale bar for hematoxylin eosin (HE): 200 µm (a); 
100 µm (b); and 100 µm (c)]. Light microscopic view of the cochlea in the AT group rats: light microscopic micrograph of paraffin-embedded and HE-stained cochlear 
turns. The organ of Corti and other structures of the turn are damaged [scale bar for HE: 200 µm (a); 100 µm (b); and 100 µm (c)]. Light microscopic view of the cochlea 
in the AT+APB group rats: although damaged structures in the outer and inner hair cells were detected (→), decreased damage and preserved cochlear structures 
were observed compared with the AT group [scale bar for HE: 200 µm (a); 100 µm (b); and 100 µm (c)]

a b c



Another mechanism for explaining NIHL is oxidative stress. Kopke 
et al. [23] reported that in noise-induced cochlear damage, oxidative 
stress may play a role. In this process, mitochondrial biogenesis is 
also important. It may be reduced with the help of acetyl-L-carnitine, 
which reduces hair cell loss in the inner ear. Carbamathione is anoth-
er treatment modality in animal studies, and it decreases outer hair 
cell loss compared with that in a control group [23]. In the presence of 
AT, N-acetylcysteine reduces hearing loss [24], and this protection is 
present in high-kurtosis noise [25].

Our study is different from the studies by Kopke et al. [23, 24]. 2-APB 
does not have impact on the cochlea as an oxidative stress mech-
anism. Our study demonstrated that 2-APB may have protective ef-
fects against AT damage in the cochlea. The main mechanism under-
pinning this effect appears to be the inhibition of vasoconstriction 
of SMA of the cochlea. In patients exposed to AT, vasoconstriction 
secondary to AT may be responsible for cochlear damage and NIHL. 

Therefore, our results could be useful for research concerned with 
AT and NIHL in humans. The toxicological effects of it have not been 
thoroughly studied [26]. For its use in humans, detailed research 
should be performed.

In the present study, we administered 2-APB prior to the onset of AT. 
In future investigations, the effects of 2-APB applied in the period im-
mediately following AT should also be investigated. Because of its ef-
fect on cochlear blood flow, we suspect that 2-APB was also effective 
when used in this capacity. 

In workplaces associated with high levels of noise and/or in the 
armed forces, 2-APB may be particularly useful. 2-APB could also be 
used to improve cochlear blood flow in individuals experiencing sud-
den hearing loss. Future research should aim to determine the opti-
mum 2-APB dose for humans.
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