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Objectives. This experimental study investigated the possible protective effect of beta glucans on amikacin ototoxicity.

Methods. Thirty-eight rats with normal distortion product otoacoustic emissions (DPOAEs) were divided into four groups.
Group K was the control group. Group A was injected intramuscularly (i.m.) with amikacin 600 mg/kg/day between
days 1-15. Group AB was given beta glucan gavage 1 mg/kg/day on days 0-15 and given amikacin 600 mg/kg/day
i.m. on days 1-15. Group B was administered only beta glucan gavage, 1 mg/kg/day, on days 0-15.The DPOAEs were
elicited in different frequency regions between 2,003 and 9,515 Hz, as distortion product diagrams (DPgrams), be-
fore and after the medication was administered, in all groups, on days 1, 5, 10, and 15.

Results. No significant changes in the DPgrams were observed in group K. In group A, significant deterioration was ob-
served at the 8,003 and 9,515 Hz frequencies on day 10, and at the 3,991, 4,557, 5,660, 6,726, 8,003, and 9,515 Hz
frequencies on day 15. For group AB, statistically significant deterioration was observed at the 2,824, 8,003, and
9,515 Hz frequencies on day 15. The results for group B showed a significant improvement of hearing at the 2,378,
2,824, 3,363, and 3,991 Hz frequencies on day 1, at the 3,363, 3,991, and 8,003 Hz frequencies on day 10, and at

the 8,003 Hz frequency on day 15.

Conclusion. This study suggests that amikacin-induced hearing loss in rats may be limited to some extent by concomitant

use of beta glucan.
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INTRODUCTION

Aminoglycoside antibiotics have been used worldwide, especial-
ly in the treatment of tuberculosis and certain other infections.
They have a bactericidal effect by inhibiting protein synthesis.
However, the toxic effects, especially for nephrotoxicity and oto-
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toxicity, limit the use of aminoglycosides. The ototoxicity ratios
of aminoglycosides are in the range of 2%-25% [1,2].
Aminoglycosides are polycationic and highly polar molecules
that are insoluble in lipids [3], which means they are poorly ab-
sorbed in the gastrointestinal tract. Because of this, they are
generally administered parenterally or topically [3]. After injec-
tion to the bloodstream, all cells appear to take up aminoglyco-
sides; however, kidney proximal tubule cells and cochlear sen-
sory hair cells are more sensitive [4]. After rapidly crossing the
inner ear fluids [5], the drug stays within the inner ear cells for
many months, whereas it is cleared from blood circulation with-
in hours [6]. Aminoglycosides initially enter into the hair cells in
the inner ear via the mechanoelectrical transducer canals at the
tips of their stereocilia or through endocytosis at the apical sur-
face [7,8]. In the inner ear, the target cells of aminoglycosides
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are the outer hair cells, one of the components of the sensory
epithelium along the different turns of the cochlea, especially
the basal one. Once taken up into the hair cells, aminoglyco-
sides have a wide variety of effects, such as intracellular calcium
level elevation [9] and the generation of toxic levels of reactive
oxygen species (ROS) [10]. In particular, drug vesicles bind with
iron and produce chelated metal complexes. These complexes
form an aminoglycoside-iron complex that potentiates the for-
mation of free oxygen radicals and mediates the ROS’ induced
cell damage (apoptosis) in the inner ear [11-13].

Beta glucans are glucose polymer groups that form a fibrotic
extracellular matrix in the cell walls of yeast [14], plants [15],
and some bacteria [16]. Currently, different types of beta glu-
cans serve as immunomodulators that activate cellular and hu-
moral components of the host immune system [17]. Several stu-
dies indicate further possible effects: activation of macrophages
[18]; precipitation of wound healing by increasing wound-growth
factors [14]; increased defense mechanisms against bacterial, vi-
ral, fungal, and parasitic infections [19]; and protective effects
against oxidative damage in DNA through an effective free-radi-
cal scavenger function [20,21]. In light of these acknowledged
properties, especially the free-radical scavenger function, our
aim was to determine whether beta glucans could limit the oto-
toxic effect of amikacin in the inner ear.

MATERIALS AND METHODS

Animals and procedures

This experimental study was performed after receiving permis-
sion from the Inonu University Experimental Animal Ethics Com-
mittee (2009/20).

Thirty-eight adult female Wistar albino rats, initially weighing
from 200-280 g at three months of age, were registered for the
study. All the animals were harbored in a room with a cycle of
12 hours of light and 12 hours of darkness; the room tempera-
ture was 21°C and they were fed ad-libitum. Animals with a
normal Preyer’s reflex were accepted for the study. The anes-
thetic was a ketamine hydrochloride (40 mg/kg) and xylazine (5
mg/kg) combination administered intramuscularly (i.m.) before
the distortion product otoacoustic emissions (DPOAEs) were re-
corded.

Animals were randomly assigned to four groups. The control
group (group K) was consisted of eight rats, which received no
medication. The amikacin group (group A) was consisted of twelve
rats, which were injected i.m. with amikacin 600 mg/kg/day be-
tween days 1-15.The ten rats in amikacin and beta glucan group
(group AB) were given amikacin 600 mg/kg/day i.m. on days
1-15 and they were given beta glucan 1 mg/kg/day as a gavage
on days 0-15.The eight rats in beta glucan group (group B) were
administered beta glucan 1 mg/kg/day as a gavage on days 0-15.
For all groups, the measurement of the DPOAEs was performed

before and after drug administration on days 1, 5, 10, and 15.

OAE measurements

Rats that had normal hearing in the DPOAE measurements tak-
en before drug administration were included in the study. The
DPOAE recordings were performed in a quiet room and a spe-
cial quiet cabin (Fig. 1). The DPOAE measurements were per-
formed using a standard commercial GSI Audera DPOAE (Gra-
son Stadler, Madison, USA). Both the control and experimental
rats had their right ears measured. After administering anesthe-
sia, an earphone was inserted into the external ear canal with a
plastic adapter and the primary tones were given. The DPOAEs
were recorded as distortion product diagrams (DPgrams). The
intensity of the primary tones was constant and the DPOAE
data were recorded at different frequencies, ranging from 2,003
to 9,515 Hz (2,003, 2,378, 3,363, 3,996, 4,757, 5,660, 6,726,
8,003, and 9,515 Hz), and planned as a function of f2. For the
DPOAE;, the intensity of the primary stimuli were set equilevel
(L1=L2) at 65 dB. The frequencies (f1 and f2) were adjusted to
f2/f1=1.21. The DPgram resolution was set at four points per
octave. The noise floor level was measured at a frequency 50 Hz
above the DPOAE frequency using similar averaging techniques.
The DPOAE results at the 2f1-f2 amplitude, which were 3 dB
above the noise floor level at the 2f1-f2+50 Hz frequency, were
adopted as a viable response.

Statistical analyses

In the statistical evaluation, SPSS ver. 13.0 (SPSS Inc., Chicago,
IL, USA) was used. Measured variables were expressed as the
mean*standard error (SE). Results were analyzed statistically
using the Mann-Whitney U-test to determine differences in the
amplitudes of the DPOAEs and the corresponding noise floor

Fig. 1. Special quiet cabin used for distortion product otoacoustic
emission measurements.



Bayindir T et al.: Protective Effect of Beta Glucan on Amikacin Ototoxicity 3

differences in each of the groups. Additionally, the non-paramet-
ric Wilcoxon signed rank test was used to compare the domestic
differences in the groups.

RESULTS

Group K (control group)

The DPOAEs measured at baseline and on day 1, 5, 10, and 15
of the study indicated the responses arising from 2,003.9, 2,378.9,
2,824.2, 3,363.3, 3,991.1, 4,757.8, 5,660.2, 6,726.6, 8,003.9,
and 9,515.6 Hz areas. Over time, two of the rats (one on day 5
and one on day 10) did not wake up after anesthesia. No signifi-
cant change was perceived in this group during the study (P>
0.05) (Fig. 2).

Group A (amikacin group)

Over time, five of the 12 rats died. One did not wake up from
anesthesia on day 1, while the other four rats died from anorex-
ia or weight loss, caused by the toxic effects of amikacin, during
different stages of the study. The seven rats that completed the
study were used for statistical evaluation.

Significant deterioration was observed at the 8,003 and 9,515
Hz frequencies on day 10, and at the 3,991, 4,557, 5,660, 6,726,
8,003, and 9,515 Hz frequencies on day 15 (P<0.05) (Table 1,
Fig. 3).
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Fig. 2. Variations in amplitudes of distortion products otoacoustic
emissions (DPOAEs) with frequency (F2) for different time points in
control group. KB, baseline; K1, 1st day; K5, 5th day; K10, 10th day;
K15, 15th day measurements.

Table 1. Standard error of mean values of amikacin group

Group AB (amikacin-beta glucan group)
In this group, four of the ten rats died during the study; two of
them did not wake up from anesthesia, and the other two died
as a result of anorexia or weight loss, due to the toxic effects of
amikacin, during different stages of the study. The six rats that
completed the study were used for the statistical evaluation.
Statistically significant deterioration was observed at the 2,824,
8,003, and 9,515 Hz frequencies on day 15 (P<0.05) (Table 2,
Fig. 4).

Group B (beta glucan group)
One of the eight rats in this group died on the fifth day of the
study, due to the anesthetic. The other seven rats completed the
study.

The results for this group showed a significant hearing impro-
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Fig. 3. Variations in amplitudes of distortion products otoacoustic
emissions (DPOAEs) with frequency (f2) for different time points in
amikacin used group. AB, baseline; A1, 1st day; A5, 5th day; A10,
10th day; A15, 15th day measurements.

Table 2. Standard error of mean values of amikacin+beta glucan
group

2,824.2 Hz 8,003.9 Hz 9,515.6 Hz
0 day 13.2+3.1 349186 439+1.7
1st day 9.9£5.0 34.2+8.1 385135
5th day 159429 419430 444134
10th day 16.1+24 34.05£3.1 431+19
15th day 48+1.9 41.08+1.1* 32.2+1.8"

*Shows the significant decrease, when compared with basal (0 day) mea-
surement (P<0.05; frequencies if there was statistical significant differenc-
es).

3,991.1 Hz 4,757.8 Hz 5,660.2 Hz 6,726.6 Hz 8,003.9 Hz 9,615.6 Hz
0day 11.94+3.1 18.1+3.0 21.1£33 239432 39.9+35 419433
1st day 113122 174419 189+1.9 19.6+2.3 39.84+2.8 43.2+2.1
5th day 12.7+3.8 20.3£2.6 20.7£29 20.3+3.2 36.8+2.8 412124
10th day 1562126 20.5+2.7 20.6+2.6 209424 27.9+2.8" 31.1+2.6"
15th day 6.7£2.9" 9.8+£1.3" 9.8+£1.3" 13.9+2.7* 18.561£2.9* 24.8+3.6"

*Shows the significant decrease, when compared with basal (0 day) measurement (P<0.05; frequencies if there was statistical significant differences).
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Fig. 4. Variations in amplitudes of distortion products otoacoustic
emissions (DPOAEs) with frequency (f2) for different time points in
amikacin and beta glucan used group. ABB, baseline; AB1, 1st day;
AB5, 5th day; AB10, 10th day; AB15, 15th day measurements.

Table 3. Standard error of mean values of beta glucan group

2,3789Hz 2,8242Hz 3363.3Hz 3,991.1Hz 8,003.9 Hz

0 day 10.1+30  10.1+£34 11.4+£29 140127 348+19
Istday 185%2.9* 19.0+£3.2" 184+25 19.2+23"* 343126
Sthday 119432 149+32 151+29 155434 36.4+10
10thday 14.6+£3.9 147£29 189+25* 19.0+£3.1* 445+3.1*
15thday 104+39 143+28 143+£29 154129 419+1.1*

*Shows the significant increase, when compared with basal (O day) mea-
surement (P<0.05; frequencies if there was statistical significant differenc-
es).

vement at the 2,378, 2,824, 3,363, and 3,991 Hz frequencies on
day 1, at the 3,363, 3,991, and 8,003 Hz frequencies on day 10,
and at the 8,003 Hz frequency on day 15 (P<0.05) (Table 3, Fig. 5).

DISCUSSION

The clinically cochleotoxic effect of aminoglycoside character-
ized by permanent sensorineural hearing loss, initially affects the
high frequencies, according to the specific damage to the outer
hair cells in the basal turn [1]. Early damage cannot be revealed
unless high frequency (8-20 Hz) pure tone audiometry is em-
ployed. DPOAEs or auditory brainstem responses may be evalu-
ated in this stage [3]. When damage progresses to the apex of the
cochlea, hearing loss becomes detectable at the lower frequen-
cies inside the speech range [3].

Free radicals are very effective and unstable elements, with a
low molecular weight and a short life, and they have one or more
unmapped electrons in their outer orbit [22]. Because these free
radicals have a tendency to become stable, they react with other
molecules of the cell to match its unmapped electron and they
have the ability to change the structure of other molecules there-
by destroying the cell. This sequence of events continues unless
being broken by an antioxidant agent. Free radicals can be form-
ed in various ways, radiation and medicines being the common-
est exogenous sources [22].
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Fig. 5. Variations in amplitudes of distortion products otoacoustic
emissions (DPOAEs) with frequency (f2) for different time points in
beta glucan used group. BB, baseline; B1, 1st day; B5, 5th day;
B10, 10th day; B15, 15th day measurements.

Free oxygen radicals have the capacity to oxidize certain cel-
lular components, such as lipids, proteins, and nucleic acids. In
particular, when unsaturated fatty acids in the cell membrane
encounter free radicals, a diffuse peroxidation occurs. As a result
of this reaction, the wholeness of the cell membrane is disrupt-
ed, resulting in apoptosis [21]. Under normal conditions, there
are no free oxygen radicals in the circulatory system because
the harmful effects of these radicals are hindered by a host of
antioxidant defense systems. However, the over-production of
free oxygen radicals, or weakened antioxidant defense systems,
can result in toxic effects [21]. Therefore, the oxidant stress caus-
ed by free oxygen radicals is thought to contribute a part in the
pathogenesis of diabetes mellitus, cancer, and atherosclerosis, as
well as in the ototoxicity and nephrotoxicity caused by certain
medicines [21].

It has been suggested that aminoglycosides cause cell death
by acting as free oxygen radicals. While the sites of the inner ear
damage (and the clinical and pathological results) have been es-
tablished, absolute agreement on the mechanism of ototoxicity
at the molecular level has not been declared. The most accepted
ototoxicity mechanism is based on mechanoelectrical transduc-
er channels [8]. According to this mechanism, aminoglycosides
enter into the hair cells through the mechanoelectrical transduc-
er channels and form a complex with iron. This aminoglycoside-
iron complex acts as a free oxygen radical, and it forms during
arachidonic acid metabolism and reacts with electron donors.
This process results in cell death via oxygen radicals or enzyme
activation [23].

In light of this basic, it can be suggested that the aminoglyco-
side group of antibiotics causes ototoxicity due to free radicals.
Antioxidants protect cells against the adverse effects of drugs,
carcinogens, and toxic radical reactions [24,25]. They inhibit the
peroxidation chain reaction and collect ROS to inhibit lipid per-
oxidation [26]. Physiologically, oxidant stress is balanced by the
existing antioxidants. When this balance is disrupted, tissue inju-
ry or disease can develop. In order to eliminate or minimize oxi-
dant damage, remove the oxidant-enhancing effects, avert the
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triggered biochemical events, or neutralize the oxidant-secreting
cells antioxidant agents can be used. Using antioxidants, which
inactivate the oxidants directly, is the most commonly adopted
method. Nowadays, different types of antioxidants, such as re-
combinant superoxide dismutase (SOD), iron chelators (desferri-
oxamine), allopurinol, E, C, and A vitamins, beta-carotene, me-
thionine, glutathione, probukal, and angiotensin converting en-
zyme inhibitors, are used for therapeutic purposes [25]. Also,
the use of beta glucans, which are known as effective antioxi-
dants, is supported by some studies in literature as treatment
modalities [27].

Beta glucans are heterogeneous polymers of glucose that exist
as a structural element in the cell walls of yeasts, fungi, and ce-
reals. As beta glucans have no known side effects or toxicity, and
they have strong immunomodulatory, anti-infective, antitumor,
and radiation-protective effects, regulation of the body’s health
can be considered among its important biological activities. Aside
from these efficacious activities, beta glucans are also known for
their potent antioxidant activity [28].

There are studies in the literature oriented toward preventing
aminoglycoside ototoxicity [29]. They have proved aminoglyco-
side ototoxicity, with the aminoglycosides acting as free radicals,
by doing iron chelation. One study shows, histopathologically
and audiologically, that neomycin toxicity can be partially pre-
vented by the iron chelating agent deferoxamine, which affects
the aminoglycoside-iron complex formation [30]. Also, dihydro-
chloride benzoate and salicylates, known to be iron-chelating
and antioxidant agents, were found effective in protecting against
aminoglycoside ototoxicity [31-33].

It has been shown that another mechanism of ototoxicity, free
radical formation, can be prevented with glutathione and gluta-
thione-related enzymatic reactions, as these are known to pro-
tect organisms from free radical damage [34].

These studies, carried out with gentamicin and amikacin, show
that D-methionine protects against ototoxicity through different
antioxidant mechanisms, and that it is more effective than other
agents, such as glutathione, histidine, and ebselen [34,35]. Also,
various studies show that potential free radical scavengers, such
as a-tocopherol (vitamin E) and o-lipoic acid, inhibit gentamicin
ototoxicity by neutralizing the free radicals [30,36]. The antioxi-
dant agent, edaravone, which is used particularly in the treat-
ment of acute myocardial infarction, was found effective at in-
hibiting streptomycin and tobramycin ototoxicity [37,38]. In addi-
tion, protection from gentamicin ototoxicity was found in agent
M40403, which has a similar efficacy as SOD [39].

In our study, we found that beta glucan, a potent antioxidant
agent, reduces amikacin ototoxicity. The collected data shows
statistically significant differences at the 3,991.1, 4,757.8, 5,660.2,
6,726.6, 8,003.9, and 9,515.6 Hz frequencies on days 0-15, and
in the 8,003.9 and 9,515.6 Hz frequencies on days 0-10 (for the
group that received only amikacin), whereas in the group that
received both amikacin and beta glucan, hearing loss and statis-

tically significant differences were not observed at many frequen-
cies. These results suggest that beta glucan can prevent amikacin-
induced ototoxicity. In this study, beta glucans were used in 1
mg/kg/day doses. Using higher doses of beta glucan should in-
crease protection against amikacin. Further studies are needed
for investigating the possible dosage levels for beta glucan.

Furthermore, in the group that was administered beta glucan,
statistically significant results were found at the 2,378.9, 2,824.2,
3,363.3, and 3,991.1 Hz frequencies on days 0-1, at the 8,003.9
and 9,515.6 Hz frequencies on days 0-5, at the 3,363.3, 3,991.1,
and 8,003.9 Hz frequencies on days 0-10, and at the 8,003.9 Hz
frequency on days 0-15, and these are interpreted as hearing
improvement. These results suggest that beta glucan may have a
positive effect on hearing improvement when used alone. In the
literature, it was discussed that beta glucan does not directly af-
fect cancer cells or infectious microorganisms but shows its bio-
logical activities through activation of host immune systems [40].
Long-term follow-up studies, and studies using different doses
of beta glucan, are necessary to clarify this effect.

This study suggests that amikacin-induced hearing loss in rats
may be limited to some extent by concomitant use of beta glu-
can. Dose-dependent changes in the possible effects of beta glu-
can need further investigation. Future morphologic studies may
contribute to expose clearly the protective effect of beta glucan.
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