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Abstract
Objectives: Evaluation of effect of 7-day prophylactic use of Geranylgeranylacetone (GGA) before
acute noise exposure (ANE) on rat cochlear tissue homogenate (CTH) levels of HSP 70, malondialdehyde
(MDA), and activity of antioxidant enzymes and find a relation between CTH and serum levels of HSP70.
Materials & Methods: Thirty-two male albino rats divided into 4 equal groups: Group I received no
prophylaxis or exposure to noise, Group II exposed to a 115 dB octave band noise centered at 4 kHz for 6-h
without prophylaxis, Group III and IV included animals received GGA (600 mg/kg/day for 7 days) without
noise exposure or before exposure, respectively, to noise as for group II. Twenty-four hours after noise
exposure, blood samples were taken from all animals for estimation of serum levels of HSP 70. Then,
animals were sacrificed and skull was opened immediately for extraction of both cochleas that were
homogenized for estimation for levels of HSP 70, MDA and activity of antioxidants.
Results: MDA content was significantly higher, but levels and activities of antioxidant enzymes were
significantly lower in CTH of group II than other groups. Mean CTH levels of HSP70 were significantly
higher in animals of Group IV compared to other groups and in Group II compared to groups I and III with
non-significantly higher levels in Group III than Group I. Serum HSP70 levels were significantly higher in
Group IV than other groups and in Group II than group I. In control group, there was positive significant
correlation (r=0.893, p=0.003) between HSP 70 serum and CTH levels.
Conclusion: ANT induces cochlear tissue oxidative stress; however, prophylactic GGA therapy could
ameliorate this effect through increasing cochlear tissue HSP70 expression levels. ELISA estimation of
serum HSP70 levels could reflect its tissue levels and could be used as non-invasive diagnostic modality for
impact of stresses.
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1. Introduction
Sound is an important part of man's contact
with the environment and has served as critical
means for survival throughout his evolution [1].
Noise, one of the main components of modern
society, has become an important environmental
problem [2]. Noise is not only an irritating sound, but
also a stress factor leading to serious health
problems [3]. Acute loud noises or chronic noise
exposure in social and working environments can
cause noise-induced hearing loss [4], which is
emerging as a global health problem that affects
over 5% of the population worldwide [5].
Exposure to intense sound can produce
temporary threshold shifts, acute changes in hearing
sensitivity that recover over time [6]. Noise exposure
level of 115-125 dB SPL induces mechanical
damage, while exposure level of less than 115 dB
SPL induces metabolic damage [7].
Heat shock proteins (HSPs), a family of
polypeptide proteins consisting of several members,
perform important housekeeping functions and are
named according to their molecular weight [8]. HSP
represent an important element in the
body's defense against various damaging factors [9].
Exposure to stressful stimuli activates a transient
induction of the 70 kDa heat shock protein (HSP70)
[10]
. HSP70 chaperones and their co-chaperones
comprise a set of abundant cellular machines, which
plays critical roles in protein homeostasis in almost
all cellular compartments [11]. HSP70 protects cells
and tissues from different pathological conditions
[12]
, so its expression is rarely detected in cells under
normal growth conditions [13], but is highly induced
under physiological and environmental stresses [14].
Geranylgeranylacetone (GGA), an acyclic
polyisoprenoid compound, is a derivative of
terpenes with a molecular formula of C23H38O.
GGA protects a variety of cells and tissues against
numerous stresses via induction of HSP70 [15]. GGA
has gastromucoprotective effect, but its prophylactic
administration markedly inhibited the development
of diclophenac-induced lesions in small intestine
[16]
. GGA significantly reversed cerebral
ischemia/reperfusion
increased
neurological
function abnormality, brain edema, inflammation
and oxidative injury in rats in a dose-dependent

manner [17]. Prophylactic GGA helps to suppress the
onset and progression of retinitis pigmentosa as a
result of its ability to prevent HSP70 degradation
[18]
.
Hypothesis:
Acute noise trauma affects cochlear
biochemical milieu mostly the oxidant/antioxidant
one and induces other changes in protective
molecules, so the prophylactic use of certain drugs
may modify these effects.
Aim of work:
Evaluation of the effect of 7-day prophylactic
use of GGA before acute noise exposure on rat
cochlear tissue homogenate levels of HSP 70,
malondialdehyde (MDA), and activity of
antioxidant enzymes. Also, the study tried to find a
relation between cochlear tissue homogenate and
serum levels of HSP70.
2. Materials and Methods
The current prospective comparative study was
conducted at Department of Physiology, Faculty of
Medicine, Benha University since March till July
2016. The study protocol was approved by the
Local Ethical Committee, Benha Faculty of
Medicine.
2.1 Animals
The present study included 32 male albino rats
with weight range of 250-300 grams obtained from
Faculty of Vet Medicine, Moshtohor, Benha
University. Rats were grouped and kept in separate
animal cages, under the prevailing atmospheric
conditions and room temperature. Animals were
maintained on a balanced diet and fresh-water
supply with light/dark cycle till start of the study. At
the end of the experiment and after collection of the
samples we got rid of the animals in the incinerator
of Benha University Hospital.
2.2 Experiment Design
Animals were divided into 4 equal groups
(n=8) according to the medications received and
noise exposure:
1-Group I included animals maintained in
normal environment without exposure to noise as
negative control group.
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2-Group II included animals exposed to a 115
dB octave band noise centered at 4 kHz for 6-h [19]
without any prophylactic premedication as a
positive control group.
3-Group III included animals pretreated with
single daily dose of geranylgeranylacetone (GGA;
Selbex; Sigma Aldrich; Germany) at 600 mg/kg for
7 days before sampling without noise exposure.
4-Group IV included animals pretreated with
single daily dose of GGA (600 mg/kg for 7 days)
before exposure to noise as for group II. GGA was
emulsified and prepared in 5% gum arabic and
0.6% Tween 80 for every administration to ensure a
fresh suspension [20].
2.3 Noise exposure
White noise was obtained by using the
broadband noise CD (whitenoisemp3s.com/freewhite-noise). It was intensified using a 40-W
amplifier and octave band noise centered at 4 kHz
at a root-mean square level of 115 dB sound
pressure level and was transmitted from speakers
that were placed 30 cm away from the cage. The
intensity of 115 dB(A) was chosen because it
reflects the common noise level in industrial
workplaces and entertainment centers [2].
2.4 Blood and Tissue sampling
Twenty-four hours after noise exposure, all
animals were anaesthetized with urethane (1.5 g/kg;
i.p.) and blood sample was taken aseptically by
cardiac puncture. Then, animals were sacrificed by
decapitation, skull was immediately opened, hold
on side so the 'bowl' of the skull is facing up to
identify the temporal bone that lies in the back and
is not continuous to the skull, the junctions between
the skull and the temporal bone (away from the
cochlea area) were pushed to break it away from
skull and extraneous bones were dissected (Fig. 1).
To assure of cochlear extraction, using a
magnifying lens, temporal bone grasped so that
apex of cochlea is up (at index finger) and vestibule
of temporal bone is down (at thumb), round and
oval windows were identified at a line of junction
between cochlea and vestibule (Fig. 2) [21].

Figure 1: showing the base of the rat skull after
removal of the crown and the whole brain tissue,
during extraction of the cochlea

Figure 2: showing the extracted cochlea with its apex
up, base down and foramen oval is shown
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2.5 Samples preparations and Investigations
A)Blood samples were placed in a centrifuge
tube, allowed to clot and centrifuged for 10 minutes
at 6000 rpm. Serum was separated in clean

Thiobarbituric Acid Reactive Substances assay
(Cayman Chemical Co., Ann Arbor, MI, USA) [23].
-The 3rd part of the homogenate was used to
prepare a cytosolic fraction of the cochlear tissue by

Eppendorf tube and stored at -20°C till being
assayed.
B)Extracted cochlear tissue was rinsed
immediately in ice-cold PBS (0.02 mol/L, pH 7.07.2) to remove excess blood thoroughly, divided
into two parts and each was and weighed before
homogenization:
1.The 1st part was homogenated in ice-cold
0.1M phosphate-buffered saline (PBS) at pH 7.4,
the homogenate was centrifuged at 10,000 x g for

centrifugation at 10,000 x g for 15 min at 4ºC using
a cooling ultra-centrifuge (Sorvall Combiplus T880, Du Pont, USA). The obtained clear supernatant
(cytosolic fraction) was used for the colorimetric
estimation of glutathione peroxidase (GPx) [24],
catalase (CAT) [25] and superoxide dismutase (SOD)
[26]
activity using Cayman assays (Cayman
Chemical Co., Ann Arbor, MI, USA).
B)The prepared homogenate of the 2nd part of
cochlear tissue and serum samples were ELISA
assayed for serum HSP70 using in vitro Simple Step
ELISA® kit (Abcam Biochemicals, Victoria,
Bristol, UK) designed for the quantitative
measurement of HSP70 protein in human cell and
tissue extract samples [27].

10 minutes and kept at -20°C until being prepared
and assayed for estimation of antioxidant activity
levels and malondialdhyde (MDA) content.
2.The 2nd part was minced into small pieces
and homogenized in 5-10 ml of PBS with a glass
homogenizer on ice, the resulting suspension was
subjected to two freeze-thaw cycles to further break
the cell membranes, homogenates were centrifuged
for 5 minutes at 5000 x g and supernatant was store
at -20°C till being assayed for estimation of cellular
HSP70 level.
2.6 Investigations
A)The prepared homogenate of the 1st part was
divided into three parts:
-The 1st part was deproteinized with ice-cooled
12% trichloroacetic acid, centrifuged at 1000 x g.
Supernatant was separated and stored at -20°C till
be assayed for estimation of reduced glutathione
(GSH) activity using Cayman GSH assay (Cayman
Chemical Co., Ann Arbor, MI, USA) [22].
-The 2nd part was centrifuged at 1600 x g for
10 min at 4°C.

Supernatant was separated and

stored at -80°C till be assayed for estimation of
malondialdhyde (MDA) content using Cayman

2.7 Statistical analysis
Obtained data were presented as mean ±SD,
ranges, numbers and ratios. Results were analyzed
using One-way ANOVA with post-hoc Tukey HSD
Test. Statistical analysis was conducted using the
SPSS (Version 15, 2006) for Windows statistical
package. P value <0.05 was considered statistically
significant.
3. Results
Cochlear tissue homogenate (CTH) MDA
content was significantly (P=0.001) higher in group
II compared to levels estimated in CTH of other
groups with non-significant (p>0.05) differences
between MDA levels estimated in CTH of groups I,
III and IV. On the other hand, estimated SOD,
CAT, GSH and GPx enzyme activities in CTH were
significantly (P=0.001) lower in group II compared
to other groups with non-significant (p>0.05)
difference between groups I, III and IV (Table 1,
Fig. 3).
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Table 1: Mean (±SD) levels of studied parameters estimated in cochlear tissue homogenate of animals of
studied groups
Group

Group I
(No
prophylaxis or
Noise)

Group II
(No
prophylaxis +
Noise)

Group III
(GGA
prophylaxis no
Noise)

Group IV
(GGA
prophylaxis +
Noise)

Parameter
MDA content
(mmol/ g wet tissue)
40±8.1
136±15.2
41.5±6.5*
52±10.8*
SOD activity level
(mmol/ g wet tissue)
57±12
31±10.6
54.4±10.1*
51±6*
CAT activity level
(mmol/ g wet tissue)
24.5±6.6
11.5±4.5
22.5±4.4*
22±3.3*
GSH activity level
(mmol/ g wet tissue)
31.16±2
21.7±2.3
29.13±1.42*
28±2*
GPx activity level
(U/ g wet tissue)
1958±80.8
1049±79
1857±105*
1758±140*
Data are presented as mean±SD; MDA: Malondialdehyde; GSH: reduced glutathione; GPx: glutathione peroxidase;
CAT: Catalase; SOD: superoxide dismutase; * indicates significant difference versus group II
Tissue homogenate MDA & antioxidant enzymes levels (mmol/ g wet tissue
weight)
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Figure 3: Mean MDA levels and antioxidant enzymes activity levels estimated in cochlear tissue homogenate of
animals of studied groups

Mean CTH levels of HSP70 were significantly
higher in animals of Group IV that were prepared
by GGA and exposed to acute noise trauma (ANT)
compared to levels estimated in animals of other
groups. Interestingly, mean HSP70 levels estimated
in CTH of animals exposed to ANT without
preparation (Group II) was significantly higher than

levels estimated in animals of groups I and III.
GGA preparation induced HSP70 expression as
evidenced by non-significantly higher levels in
CTH of animals of group III compared to that of
animals of group I (Table 2, Fig. 4).
Similarly, mean serum HSP70 levels were
significantly higher in animals of Group IV
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compared to levels estimated in animals of other
groups. However, mean serum HSP70 levels
estimated animals of Group II were significantly
higher compared to levels estimate d in animals of
group I, but non-significantly higher than levels
estimated in serum of animals of groups III.
Moreover, HSP70 levels estimated in serum of

animals of Group III were non-significantly higher
than levels estimated in serum of animals of Group
I (Table 2, Fig. 5).
In control group that did not receive any form
of prophylaxis nor exposed to ANT, there was a
positive significant correlation (r=0.893, p=0.003)
between serum and CTH levels of HSP70, (Fig. 6).

Table 2: Mean (±SD) levels of HSP70 estimated in cochlear tissue homogenate and serum of animals of studied
groups
Group
Parameter

CTH

Serum

112.4±9.4

328±109.6

185.8±17.22*

707.5±169.3*

127.6±13.1†

526.3±95

Group I (No prophylaxis or Noise)
Group II (No prophylaxis + Noise)
Group III (GGA prophylaxis + no Noise)
Group IV (GGA prophylaxis + Noise)
210±18.6*†‡
1253.5±245.2*†‡
* indicates significant difference versus group I; †: indicates significant difference versus group II; ‡ indicates
significant difference versus group III
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Figure 4: Mean (±SD) cochlear tissue homogenate HSP70 levels estimated in animals of studied groups

Am. J. Biomed. Sci. 2019,11(4),255-265;doi:10.5099/aj190400255 © 2019 by NWPII. All rights reserved

260

1800
No prophylaxis or noise exposure
GGA prophylaxis & no noise exposure

No prophylaxis + noise exposure
GGA prophylaxis + noise exposure

1600

Serum HSP 70 levels (ng/ml)

1400

1200

1000

800

600

400

200

0

Figure 5: Mean (±SD) serum HSP70 levels estimated in animals of studied groups
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Figure 6: Correlation between HSP70 levels estimated in CTH and serum of animals of control group (Group I)

4. Discussion
The current study aimed to evaluate the
prophylactic effect of drugs with antioxidant
activities on oxidant/antioxidant milieu in cochlear
tissue of rats exposed to acute noise trauma (ANT).
In line with the rational of the prophylactic use, Lu

et al. [28] documented that pharmacological
treatment of noise-induced hearing loss (NIHL) act
to protect cochlear sensory cells and afferent
neurites from the damaging effects of acoustic
trauma. Also, Choi & Choi [29] documented that
antioxidant drugs showed a strong synergistic effect
and successful use of antioxidant drugs depends on
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the optimal timing and duration of treatment, which
are highly related to the time window of free radical
formation induced by noise exposure.
Cochlear tissue homogenate (CTH) of animals
exposed to ANT without pre-exposure prophylaxis
(Group II) showed significantly higher levels of
lipid peroxidation product (MDA) with concomitant
significantly lower levels and activities of
antioxidants compared to animals not exposed to
noise nor received medications (Group I). These
findings go in hand with Ersoy et al. [30] who
reported that during continued noise exposure,
rosuvastatin therapy significantly increased SOD
values in the cerebral cortex and brainstem, but
significantly reduced MDA values in brain stem.
Also, Choi & Choi [29] documented that the cellular
basis of NIHL is oxidative stress manifested as
severe disruption in the balance between the
production of free radicals and antioxidant defense
system secondary to excessive production of free
radicals induced by noise exposure. Thereafter,
Fetoni et al. [31] detected increased pattern of lipid
peroxidation in the organ of Corti with cell damage
involving predominantly the outer hair cell (OHC)
sensory epithelium in noise exposed cochleae.
Recently, Tuerdi et al. [32] detected significantly
greater OHC damage in all cochlear turns in SOD
heterozygous knockout mice compared with wildtype mice and suggested that SOD plays an
important role in protecting the cochlea from noiseinduced damage.
The current study relied on ELISA estimation
of HSP70 in both serum and CTH as an indirect
quantitative methodology to replace quantitative
PCR. Moreover, the current study reported positive
significant correlation between HSP70 levels in
both CTH and serum, thus indicating accuracy of
estimated serum HSP70 levels to reflect its levels in
the target tissue exposed to stress and thus could be
used as a minimally invasive modality. In line with
these data and assumption; Chebotareva et al. [33]
using ELISA estimation of HSP70 found patients
with active chronic glomerulonephritis (CGN) have
higher excretions of urinary HSP70 and serum antiHSP70 antibodies and concluded that HSP70 is an
index of severity of CGN and could assess its
prognosis. Gunaldi et al. [34] found the sensitivity
and specificity of elevated ELISA estimated serum
HSP70 in colorectal carcinoma patients were 96.77

and 96.96%, respectively and its levels were
significantly higher with rectal disease localization.
In another trial, Gunaldi et al. [35] also documented
that ELISA estimation of serum HSP70 can be used
as an adjunct to other diagnostic tests for breast
cancer and may help for identifying high-risk
patients.
Estimated levels of HSP70 in both CTH and
serum were significantly higher in animals exposed
to ANT without prophylaxis (Group II) compared to
group I; a finding indicating increased tissue
expression of HSP70 in response to acute noise
stress. This finding goes in hand with Balakrishnan
et al. [36] who detected significantly higher
concentrations of serum HSP70 among frequent
users of mobile phones than the infrequent users
and its concentration was independent of the
duration of exposure to mobile phones.
Moreover, both CTH and serum levels of
HSP70 were non-significantly higher in animals
received GGA prophylaxis without ANT (Group
III), thus indicating the stimulant effect of GGA on
tissue expression of HSP70. Interestingly, estimated
CTH levels of HSP70 were significantly higher in
animals received GGA prophylaxis and exposed to
ANT (Group IV) compared to all other groups; thus
assuring the reported increased levels in group II
and indicated that the stimulant effect of GGA,
reported in group III, is intensified on stress
exposure. Moreover, GGA prophylaxis could blunt
the oxidative stress as reported by the significantly
lower MDA and higher antioxidant levels and
activity reported in serum of animals of group IV
compared to those of group II.
The reported antioxidant properties and HSP70
stimulant effect of GGA coincided with previous
studies evaluated GGA prophylaxis against effects
of acute stress insults and attributed this effect to its
ability to prevent HSP70 degradation [18], for
induction of HSP70 [37], or upregulating HSP70
expression [38]. Moreover, prophylactic use of GGA
through induction of HSP70 expression was
documented against various models of ototoxicity
[39, 40, 41]
. Unfortunately, literature review detected
only one trial to evaluate the prophylactic effect of
GGA on ANT that reported significantly fewer
defects on OHC in animals given GGA once a day
for a week before sound exposure [42].
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5. Conclusion
Acute noise trauma induces cochlear tissue
oxidative stress; however, prophylactic therapy with
GGA protects cochlear tissue through increasing
cochlear tissue HSP70 expression levels. ELISA
estimation of serum HSP70 levels could reflect its
tissue levels and could be used as non-invasive
diagnostic modality for impact of stresses.
Evaluation of the prophylactic effect of GGA on
chronic noise exposure is mandatory to establish its
prophylactic role for protection against noiseinduced occupational diseases.
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