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INTRODUCTION                                                                 

Hearing impairment is a rapidly growing healthcare 
issue worldwide, which has a profound impact on an 
individual’s quality of life. Hence, a significant effort 
has been made to understand the pathophysiological 
mechanisms of noise-induced cell death in the cochlea 
as well as to develop interventions in order to reduce or 
prevent noise induced hearing loss (NIHL).

Most of these studies extensively documented the 
damaging effects of high intensity acoustic overexposures 
on the cochlea, while only few researches were conducted 
to evaluate the dangers of moderate intensity noise 
overexposure which is a common problem nowadays[1, 2].

So far, there is no effective treatment for NIHL. The 
target organ of noise is cochlea in the inner ear, where 
sensory hair cells are affected by noise through some 
possible mechanisms including mechanical, metabolic, 

and vascular mechanisms[3,4].Therefore, antioxidant 
mechanisms can probably prevent NIHL[5, 6].

Drugs from different families have been used for this 
purpose. Different kinds of statins are currently used as 
cholesterol-lowering agents, by inhibiting HMG-CoA 
reductase, though they have other effects on the body 
independent of this effect known as the pleotropic effects 
of statins[1,7 and 8].

Pravastatin is a member of the drug class of statins, 
used in combination with diet, exercise, and weight loss 
for lowering cholesterol and preventing cardiovascular 
disease[8].

MATERIALS AND METHODS                                      

Twenty four adult male guinea pigs with average weight 
300400- gm were housed in the Medical Research Center 
Ain Shams University and were kept for seven days before 

Key Words: Cochlea, guinea pig, noise, pravastatin.
Revised: 26 April 2017, Accepted: 17 August 2017
Corresponding Author: Hany K. K. Mostafa, Tel: 01120388467, Email:mennahany15@yahoo.com, Department of 
Histology and Cell Biology, Faculty of Medicine, Ain Shams University, Cairo, Egypt 

ISSN:1110-0559, September 2017, Vol. 40, No. 3

ABSTRACT
Introduction: Noise induced hearing loss, which is the second most common type of sensorineural hearing loss after 
presbycusis, is an irreversible disorder but potentially preventable. Extensive studies have documented the damaging effects 
of high intensity acoustic overexposures on the cochlea, but only few works have focused on the danger of overexposure to 
moderate intensity noise. Statins recently attracted more attention due to their pleotropic effects. 
Aim: To evaluate the structural changes in the cochlea of adult male guinea pigs exposed to moderate intensity noise and to 
assess the possible protective role of Pravastatin. 
Materials and Methods: Twenty four adult male guinea pigs were included. They were divided into three groups. Group I: 
served as a control group. Group II: animals were exposed to noise 70-90 dB 6 hours/day for 6 wk. Group III: animals were 
exposed to noise for the same duration and received Pravastatin 20 mg/kg/day once daily from the 1st day of exposure for 6 
weeks. 
Results: Light and scanning electron microscopic examination of the cochleae of group II revealed that noise exposure 
resulted in extensive degrees of damage to the hair cells, their stereocilia, stria vascularis and spiral ganglia. Administration 
of Pravastatin resulted in improvement of the cochlear structures compared to the noise exposed group. Morphometric and 
statistical study confirmed the previous results. 
Conclusion: Pravastatin daily administration during exposure to moderate intensity noise showed protective effects on the 
cochlear structure of guinea pig.
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the beginning the experiment for acclimatization. They 
were maintained in standard cages at room temperature 
and were allowed free access to water and standard chow. 
All animal procedures were performed in accordance 
with the guide for the care and use of laboratory animals 
and approved by the animal ethical committee of the Ain 
Shams University.

Experimental protocol:

All animals were divided randomly into three groups: 
Group I: Control group: This group included 12 animals, 
further subdivided equally into two subgroups: Subgroup 
IA: 6 animals received no treatment. Subgroup IB: 6 
animals received Pravastatin orally by orogastric tube at a 
dose of 20 mg/kg once daily for 6 weeks. Group ІІ: Noise 
exposed group: 6 animals exposed to noise (70 to 90 dB) 
for 6 hours/day for 6 weeks. Group III: 6 animals exposed 
to noise (7090- dB) 6 hours/day and given Pravastatin at a 
dose of 20 mg/kg once daily for 6 weeks[9].

Pravastatin , trade name Lipostat in the form of yellow 
colored biconvex tablets (40 mg of Pravastatin sodium), 
was obtained from SmithKline Beecham Egypt L.L.C. 
Each tablet was grounded and dissolved in 10 ml distilled 
water then the solution was shakenuntil it became clear.

Method of noise exposure:

The experimental groups were exposed to noise 
produced by two loud speakers (12 Watts) (Model No: 
AKH 8005, Platinum, China) located at a distance of 10 cm 
from the sides of the animals` cages and driven by a FM 
radio emitting all the frequencies in the range 30 Hz –18 
kHz. All animals were exposed to noise simultaneously at 
the same session to ensure the same testing environment 
and the same level of noise exposure. A digital sound level 
meter (Model No. 3300099, Radio shake, China) was used 
to set the intensity of sound between 70 to 90 dB uniformly 
in the cages[10].

Sample collection

At the end of the experiment, all animals were sacrificed 
by cervical dislocation under anesthesia by phenobarbital 
sodium. The cochleae were dissected from the temporal 
bone carefully. The specimens were washed with water to 
remove the debris. A tiny hole at the apex of the cochlear 
capsule was done by one ml syringe needle, and gently 
forcing the fixative using a fine needle to ensure complete 
infiltration of the cochlea by the proper fixative. The bodies 
of the dead animals were disposed in the incinerator. The 
cochleae were subjected to the following histological 
techniques.

Light microscopic study

Specimens were fixed and decalcified by using formalin 

EDTA for 4 weeks. The solution was changed every day. 
An ample volume of decalcifying solution was used, at 
least 3050- times the volume of tissue[11].

The decalcified specimens were washed and processed 
for formation of paraffin blocks. Then they were embedded 
in paraplast. Serial sections about 5μm-thick mid-modiolar 
longitudinal sections were cut and subjected to: H&E, 
Toluidine blue stain for Nissl's granules in spiral ganglion 
and Fontana Masson`s stain for melanin granules[12].

Scanning electron microscopic study

Cochleae were fixed immediately in 1.5% 
glutaraldehyde in phosphate buffered saline (PBS)                                                                                                                   
(pH: 7.4) for two hours at room temperature. Thereafter, 
gradual dehydration performed in ascending grades of 
alcohol 10 minutes each followed by one change 1:1 
absolute and acetone, for 10 minutes and then in acetone. 
They were then dried using critical point dryer, using 
liquid carbon dioxide. Microdissection of the cochleae 
was then carried out by microsurgical scissor and forceps. 
The specimens were mounted on brass studs using double 
adhesive tape and coated with 20 nm layer of gold in a 
JFC-ion sputter (HEOL, Tokyo, Japan) using sputter coater 
SCD/0Y15. Examination of the specimens was done in 
the Anatomy Department, Ain Shams University, with an 
XL30 SEM (Philips, Amsterdam, Netherlands) operated at 
30 KV[12].

Morphometric and statistical study

In  all groups, randomly chosen five fields/section, in 
five sections for every guinea pig underwent measurement 
of the followed parameters at a constant magnification 
(40x):

• The spiral ganglion neuron surface area, expressed in 
µm2, was measured in H&E stained sections.

• The area percentage of Nissl`s granules in the spiral 
ganglion neurons was measured in toluidine blue stained 
sections.

• The area percentage of melanin granules in the stria 
vascularis was measured in Fontana Masson`s stained 
sections.

The measurements were performed using Leica 
microscope DM 2500 connected to a camera (Leica DFC 
295) and Leica Q win V3 image analysis software, at the 
Department of Histology and Cell Biology, Faculty of 
Medicine, Ain Shams University. The PC was connected 
to an Olympus XB microscope-Japan.

All values of the morphometric results were expressed 
as mean ±SEM. Statistical analysis was carried out using 
Statistical package for the social science (SPSS), software 
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program, version 20 (IBM Corporation, Armonk, North 
castle, Westchester  county, New York, USA). Statistical 
difference among groups was determined using two-way 
analysis of variance (ANOVA) followed by post hoc least 
significance difference (LSD) for comparison between 
more than two groups (N=6)[13].

RESULTS                                                                                

Group I "Control group"

Both subgroups IA and IB showed the same 
histological picture. Examination of H&E-stained cross 
sections showed the triangular scala media between the 
scala vestibuli above and the scala tympani below. It 
was bounded by the basilar membrane below, the stria 
vascularis laterally, and the vestibular membrane above. 
The surface of the basilar membrane in the scala tympani 
was covered by a thin layer of vascularized connective 
tissue and elongated epithelial cells. It supports the organ 
of Corti. The tectorial membrane normally rested on the 
hair cells of the organ of Corti (Figs. 1 and 2).

The organ of Corti was formed of three rows of 
outer hair cells (OHC) and one row of inner hair cells 
(IHC) separated by inner and outer Pillar cells. Pillar 
cells surrounded the inner tunnel of Corti. OHCs were 
surrounded by outer phalangeal cells while the IHCs 
were surrounded by inner phalangeal cells (Fig. 2).

The stria vascularis was formed of three layers: 
marginal cells, intermediate cells (melanocyte-like 
cells) and basal cells. The stria vascularis was highly 
vascularized containing intraepithelial capillaries. 
Lateral to the stria vascularis, the spiral ligament 
was formed of a connective tissue containing                                                             
fibrocytes (Fig. 3).

The spiral ganglion was located within the modiolus 
containing neurons of the cochlear nerve. The bipolar 
neurons appeared rounded or polygonal in shape in cross 
section and showed vesicular nuclei with prominent 
nucleoli (Fig. 4).

The spiral ganglion neurons were also demonstrated 
in the toluidine blue-stained sections with their cytoplasm 
studded with Nissl’s granules. The cells showed large 
pale vesicular nuclei (Fig. 5).

Melanin granules in stria vascularis were stained 
specifically by Fontana Masson`s stain. They appeared 
as fine or course granules distributed in the cells of all 
layers (Fig. 6).

SEM examination of this group showed the cochlea 
consisted of a spiral tunnel in the temporal bone. The 
tunnel showed nearly three and half turns as it proceeds 
from the base of the cochlea to its apex (Fig. 7).

OHCs stereocilia appeared to be arranged in three 
“V” shaped rows while those of the IHCs were arranged 
in one linear row. Both of them appeared erect, regular 
and well organized (Fig. 8).

Group II "Noise exposed group" 

H&E stained sections of this group showed variable 
histological changes of both hair cells and supporting 
cells. Some of the outer hair cells especially those in the 
3rd row and outer phalangeal cells showed vacuolated 
cytoplasm and pyknotic nuclei. Disrupted Pillar cells 
were observed (Fig. 9).

Many sections showed cracking of the stria 
vascularis epithelium. Some intermediate cells appeared 
vacuolated. An apparent increase of melanin granules 
was clearly visible. Congested intraepithelial blood 
capillaries were also seen. Highly vacuolated fibrocytes 
of the spiral ligament could be detected (Fig. 10 and 11).

Spiral ganglion neurons, in this group, 
appeared shrunken with eccentric deeply stained                                                   
nuclei (Fig. 12). This group showed significant decrease 
(P<0.05) in the mean surface area of spiral ganglion 
neurons as compared to the control group (Table 1 and 
Histogram 1).

Toluidine blue stained sections showed apparent 
decrease of the cytoplasmic Nissl’s granules content 
compared with control group. Marginated nuclear 
chromatin was observed (Fig. 13). This group showed 
highly significant decrease (P<0.00) in the mean area 
percentage of Nissl`s granules when compared to the 
control group (Table 1 and Histogram 2).

Fontana Masson`s stained sections showed apparent 
increase in melanin granules in all layers of stria 
vascularis (Fig. 14). Highly significant increase (P<0.00) 
in the mean area percentage of melanin granules was 
observed when compared to the control group (Table 1 
and Histogram 3).

In SEM examined sections, there were areas of 
partial and complete loss of stereocilia of both IHCs 
and OHCs with extrusion of cellular materials on 
the reticular lamina. Damage in the form of blebbing 
(swelling) of a stereocilia of the IHCs was noticed 
in other sections with marked disarrangement of the 
remaining stereocilia being collapsed against the reticular                                                                                                       
lamina (Fig. 15 and 16).

Group III "Drug-treated group" 

Most H&E-stained sections showed protective effect 
of Pravastatin on the organ of Corti with apparently 
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normal IHCs, OHCs and their surrounding supporting 
cells (Fig. 17).

Stria vascularis epithelium appeared comparable 
to control with normal intraepithelial capillaries. 
Apparently normal spiral ligament and fibrocytes with 
vesicular nuclei were noticed (Fig. 18). 

Almost normal spiral ganglion neurons with their 
vesicular nuclei were seen compared with the control 
sections (Fig. 19).There was significant increase 
(P<0.05) in the mean surface area of the spiral ganglion 
neurons when compared to group II while there was a 
non-significant decrease (P>0.05) when compared to the 
control group (Table 1 and Histogram 1).

Toluidine blue-stained sections showed apparently 
normal structure of the spiral ganglia neurons with Nissl`s 
granules content comparable to the control group (Fig. 

20). Also, there was highly significant increase (P<0.00) 
in the mean area percentage of Nissl`s granules when 
compared to group II while there was a non-significant 
(P>0.05) decrease when compared to the control group 
(Table 1 and Histogram 2).

Melanin granules content appeared to be decreased 
in comparison to group IIA in Fontana Masson`s 
stained sections (Fig. 21). There was highly significant 
decrease (P<0.00) of mean area percentage of melanin 
granules when compared to group II while there was 
non-significant decrease (P>0.05) when compared to the 
control group (Table 1 and Histogram 3).

SEM examination of cochleae in this group showed 
apparently normal arranged stereocilia of both outer 
and inner hair cells, although focal disorganization 
of stereocilia of IHCs was detected in few                                                                                           
sections (Fig. 22).

Mean area % of melaninMean area percentage 
of Nissl`s granules

Mean surface area of spiral 
ganglion neurons (µm²)

0.56 ±0.19620.81 ±0.454120.28 ±0.310Subgroup IA

0.59 ±0.19820.36 ±0.528119.78 ±0.541Subgroup IB

6.85 ±1.239**14.49 ±0.74**115.51 ±0.475*Group II

0.85 ±0.26320.05 ±0.457119.46 ±0.415Group III

Table 1: Mean ±SD of surface area of spiral ganglion neurons, Nissl`s granules area percentage in spiral ganglion neurons and melanin area 
percentage in stria vascularis.

*significant change P value < 0.05 in group II in comparison to other groups. 
**highly significant change P value < 0.01 in group II in comparison to other groups.

Histogram 1: Mean surface area of spiral ganglion in neurons in high power field in different groups.
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Histogram 2: Mean area percentage of Nissl`s granules in spiral 
ganglion neurons in high power field in different groups.

Histogram 3: Melanin area percentage in stria vascularis in high 
power filed images in different groups.

Fig. 1:  A photomicrograph showing the cochlear duct 
(CD) that lie between the scala vestibule (SV) and the scala 
tympani (ST). The cochlear duct is bounded by the basilar                                          
membrane (↑) below, the stria vascularis ( ) and spiral ligament 
(SL) on the lateral side, and the vestibular membrane  (▲)above. 
The organ of Corti rests on the basilar membrane and is overlaid 
by the tectorial membrane (TM). Notice the spiral ganglion (SG) 
on the medial side.
            (Control group I: H&E x100)

Fig. 2: The organ of Corti is seen resting on the basilar membrane 
(↑). Three rows of outer hair cells (OHC) and one row of inner hair 
cells (IHC) with their supporting Phalangeal cells (Ph) are clearly 
visible. Pillar cells (P) and Border cells (B) can be seen. Notice 
the Tectorial membrane (TM) and the vestibular membrane (▲).  
                 (Control group I: H&E x1000)

Fig. 3: Stria vascularis epithelium is seen resting on basal lamina 
( ). It is formed of three layers of cells, the marginal (M), 
intermediate (I) and basal (B) cells. Melanin granules can be 
seen in all layers of strial epithelium (►). Intraepithelial blood 
capillaries are clearly seen (*). Notice the spiral ligament (SL) 
and fibrocytes with vesicular nuclei (→ ). 
          (Control group I: H&E x1000)

Fig. 4: A photomicrograph showing neurons of spiral ganglion 
(SGC) and the glial cells ( ↑). Notice the vesicular nuclei of spiral 
ganglion cells (*).         (Control group I: H&E x1000)
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Fig. 5: A photomicrograph showing the densely-packed neurons 
of spiral ganglion being wrapped by  glial cells (↑). The cells 
have vesicular nuclei (*). Nissl`s granules (N) can be seen in the 
cytoplasm of the neurons as dark basophilic granules.
         (Control group I: Toluidine blue x1000)

Fig. 6: A photomicrograph showing coarse melanin                                  
granules ( ►) and fine granules (↑) in all layers of stria vascularis.
    (Control group I: Fontana Masson`s x1000)

Fig. 7: Scanning electron micrograph showing a panoramic view 
of the turns of the cochlea of a guinea pig.
              (Control group I: SEM x35)

Fig. 8: A scanning electron micrograph showing the uniform 
regular arrangement of the stereocilia of the inner hair cells (IHC) 
in a single row and outer hair cells (OHC) in three rows over the 
reticular lamina (RL). Notice the erect, well organized, regular 
arrangement of the stereocilia on the apical surface of both inner 
and outer hair cells.         (Control group I: SEM x1500) 

Fig. 9: Condensed nuclei (↑) and vacuolated cytoplasm (►) of 
outer hair cells are clearly visible. Deeply stained nuclei (↑) and 
vacuolated cytoplasm (►) of supporting cells can be seen. Notice 
disrupted Pillar cells (P).            (Subgroup IIA H&EX1000)

Fig. 10: Vacuolated strial epithelial cells (►) and Apparent 
increase of melanin granules is clearly visible ( →). Congested 
intraepithelial blood capillaries are seen (*). Deeply stained nuclei 
of fibrocytes of the spiral ligament can be seen (↑). Also notice 
the highly vacuolated fibrocytes (↑ ). Notice the apparent increase 
in thickness of stria vascularis in comparison to the control group.
            (Subgroup IIA: H&E x1000)
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Fig. 11: Cracking of the stria vascularis epithelium ( ↑) together 
with apparent increase of melanin granules (→) are noticed.
            (Subgroup IIA: H&E x1000)

Fig. 12: Apparent decrease in the size of spiral ganglion neurons 
some deeply stained eccentric nuclei can be seen (↑).
               (Subgroup IIa:H&E x1000)

Fig. 13: Marginal nuclear chromatin ( ↑) and apparent decrease in 
Nissl`s granules content can be noticed (N). 
          (Subgroup IIA: Toluidine blue x1000)

Fig. 14: Apparent increase in melanin granules ( ) in all layers 
of stria vascularis is seen. 
       (Subgroup IIA: Fontana Masson`s x1000)

Fig. 15: Scanning electron micrograph showing clearly visible 
damage in the form of areas of complete loss (*) of stereocilia of 
both IHCs and OHCs with extrusion of cellular materials ( ) on 
the reticular lamina (RL). Notice the swollen stereocilia (↑) of the 
IHCs and the disorganized stereocilia (↑) (inset).
             (Subgroup IIA: SEM x1500)

Fig. 16: Scanning electron micrograph showing clearly visible 
damage in the form of areas of complete loss of stereocilia of the 
OHCs especially of in the 2nd and 3rd rows (*). Also, partial loss 
of stereocilia of the OHCs in the 3rd row can be seen (→ ) also 
shortening of some stereocilia can be noticed ( ). 
              (Subgroup IIA: SEM x1500)
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Fig. 17: Normal appearance of the outer (OHCs) and inner hair 
cells (IHCs) are seen resting on the basilar membrane (↑) and 
their supporting cells such as Phalangeal cells (Ph), Border cells 
(B), Hensens cells (H), and Pillar cells (P).
(Subgroup IIB: H&Ex1000)

Fig. 18: A photomicrograph showing stria vascularis containing 
melanin granules ( ►) and showing intraepithelial capillaries (*). 
Spiral ligament (SL) appear normal. Notice the vesicular nuclei 
of fibrocytes (↑).
              (Subgroup IIB: H&E x1000)

Fig. 19: Almost normal spiral ganglion neurons with their 
vesicular nuclei ( ) are seen.
             (Subgroup IIB: H&E x1000)

Fig. 20: A photomicrograph showing apparently normal structure 
of the neurons with vesicular nuclei (►). The cytoplasm is 
studded with Nissl`s granules (N).
             (Subgroup IIB: Toluidine blue x1000)

Fig. 21: Apparent decreased melanin granules (→) content of 
stria vascularis compared to subgroup IIa.
       (Subgroup IIB: Fontana Masson`s x1000)

Fig. 22: Scanning electron micrograph showing regular 
arrangement of most of the stereocilia of both the outer (OHCs) 
and inner hair cells (IHCs). 
             (Subgroup IIB: SEM x1500)
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DISCUSSION                                                                  

In the present study, adult guinea pigs were 
exposed daily to sound intensities similar to those 
faced every day by people during their daily activities 
which are currently considered moderate levels of 
sound intensities. The duration of exposure 6 hr/day 
over 6 weeks, was compatible with the usual working       
periods[2].

In the current work, we have chosen guinea pigs 
as the experimental animal because their cochleae are 
easy to handle for micro dissection purposes because 
of the size and robustness of their temporal bones. 
Moreover,  guinea pigs' hearing and vestibular systems 
are very similar to those of humans and that with SEM 
the guinea pig cochlea has three and half turns and that 
of the rat has two and half[14,15]. Previous investigators 
noticed the presence of Hansen Cells only in the guinea 
pigs’ turns therefore, guinea pigs were the animals of 
choice for our study[14,15].

In the current research, H&E stained sections of 
guinea pigs of group II showed that both IHCs and 
OHCs were involved, although the damage tended to 
predominate in the OHCs especially those in the basal 
turn. This was in accordance with Gannouni et al. who 
found OHCs more sensitive to a variety of noxious 
influences, including drug toxicity and acoustic 
trauma, notably after exposure to moderate intensity 
noise[2].

Vacuolated OHCs as well as pyknotic nuclei, 
which are more in the 3rd row of cells with vacuolated 
supporting cells and disrupted Pillar cells, were 
obvious in this group consistent with Moussavi-
Najarkola et al.[16]. 

Besides, our SEM findings confirmed these results 
whereas, areas of complete loss of stereocilia of the 
OHCs, extrusion of cellular materials in scala media, 
disorganized arrangement, and swelling and collapsed 
(bending) stereocilia of IHCs against the reticular 
lamina appeared. Similarly, other authors[17] observed 
extensive damage, loss of stereocilia and holes in the 
apical membranes of OHCs and IHCs originated from 
the bursting of blebs formed at the apical pole of the 
stressed hair cells to release cellular material into the 
endolymphatic compartment. They observed these 
findings by SEM and TEM examination after acoustic 
trauma.

This supports the idea that massive apical exocytosis 
occurred in the hair cells in order to evacuate an excess 
of metabolic waste that had accumulated in the cell 
body during the sound exposure[2].

Moreover, noise exposure causes permanent loss 

of hair cell stereocilia with apparent fracture of the 
rootlet structures and destruction of the sensory cells, 
which are replaced by nonfunctioning scar tissue[18]. 
This explains the stereociliary damage in the present 
study.

On the other hand, Chuang et al[1] stated the 
occurrence of NIHL by auditory brain stem response 
(ABR) testing following moderate intensity noise 
although there was no deletion or displacement of 
stereocilia and normal morphology of cochlear hair 
cells was observed.

Some investigators[19-21] explained that a strong 
reason for noise induced cochlear HCs dysfunction 
and damage to organ of Corti is based on oxidative 
stress mechanisms and metabolic exhaustion. This is 
believed to occur when toxic waste products as free 
radicals, including reactive oxygen species (ROS) or 
reactive nitrogen species, are formed after cochlear 
cells are stressed by reduction in cochlear blood flow, 
excessive and toxic levels of neurotransmitters like 
glutamate, change in calcium balances in the cell, 
and other stress related changes that are induced by 
noise. They reported the presence of ROS in the cells 
following noise exposure which persist for 7- 10 days 
after, spreading from the basal region of organ of Corti 
to the apical turns.

Noise induced cochlear ROS endanger hair cells 
intrinsic antioxidant system as glutathione (GSH) 
that is found to be the powerful natural antioxidant 
glutathione peroxidase system in cochlear hair cells. 
Depletion of cochlear hair cells GSH in organ of Corti 
due to exposure to noise can cause more susceptibility 
to hearing loss[22 and 23].

ROS can cause damage by reacting with DNA, 
proteins, cytosolic molecules, cell surface receptors 
and breaking down membrane lipids.ROS generation 
also leads to inflammation and production of pro-
inflammatory cytokines Interleukin 6 and tumor 
necrosis factor alpha[24].

The biological basis of NIHL is metabolic changes 
resulting from hypoxia caused by noise induced 
capillary vasoconstriction and spasm of spiral modular 
artery (SMA) which can lead to ischemia. Spiral 
modular artery supports the inner ear’s circulation. 
Increase in intracellular calcium levels.

due to noise over stimulation causes increased 
resistance in the vascular smooth muscle cells that can 
lead to cochlear damage due to the vasoconstriction of 
SMA[17]. 

Our research showed excessive damage of the 
spiral ganglion neurons in the form of pyknotic 
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eccentric nuclei, margination of nuclear chromatin 
and shrinkage of their cell bodies following noise 
exposure. In context, other investigators[2, 25 and 26]

reported marked loss of spiral ganglion cells, marked 
decrease in their density, marked retraction of the cell 
body and irreversible ultrastructural changes of the 
neurons, their afferent nerve endings and cochlear 
nerve although there was no damage to IHCs and 
OHCs.

Toluidine blue stained sections of this group 
showed decreased Nissl`s granules content in spiral 
ganglion neurons consistent with Ajibade et al.[27], who 
observed chromatolytic changes in damaged neurons 
in the form of reduced staining.

The present study showed structural changes in 
the stria vascularis epithelium like intermediate cells 
vacuolations, cracking in the epithelium and congested 
intrastrial blood capillaries. Degenerated fibrocytes in 
the spiral ligament with pyknotic nuclei were noticed. 
This was consistent with the study conducted by some 
authors[28 and 29] who explained that this strial and spiral 
ligament changes might be due to excessive K influx 
through transduction channels or excessive production 
of glutamate or its analogs by hair cells induced by 
noise exposure or dysfunction of Na + K+ pump or 
gap junction of strial epithelium.

Our study showed marked increase in melanin 
granules content of stria vascularis following exposure 
to noise and this was in accordance with Wassif and 
El Begermy[30] suggesting that melanin bearing cells 
of the ear are capable of markedly increase activity in 
response to stressful conditions.

Others explained that melanin has free radical 
scavenging properties and therefore, it could 
act as an antioxidant during cochlear injury 
induced by oxidative stress in the presbycusis and                                                               
NIHL[31 and 32]. 

In group III, H&E stained sections showed 
apparently normal OHCs and IHCs and their 
supporting cells. These results were also confirmed by 
the findings of the SEM that showed almost normal, 
erect and well organized stereocilia of both OHCs and 
IHCs. 

In agreement, previous researchers[3, 8, 33 and 34] found 
drug reduced hair cell death in the cochlea after noise 
exposure. They also showed that this attenuation 
was caused by inhibition of nicotine amide adenine 
dinucleotide phosphate (NADPH) oxidase complex 
formation which is suggested to generate reactive 
oxygen species (ROS) after excessive noise. They also 
suggested that statins reduce endothelial inflammatory 
effects that influence the blood supply to the inner 

ear. However, others[35] failed to find a statistically 
significance NIHL protective effect of Pravastatin. 

In this regards, Adams et al. came to the conclusion 
that statins might also attenuate inflammatory 
responses in inner ear[36]. Statins are able to inhibit 
factors which are involved in the activation of nuclear 
factor beta (NFB) and controls many genes involved 
in inflammation. These inflammatory mediators are 
produced by fibrocytes following noise exposure.

In the present study, (group III) showed normal stria 
vascularis epithelium and normal intraepithelial blood 
capillaries. It also showed normal melanin content 
of stria vascularis comparable to the control group. 
This could be explained by the well-known vascular 
protective effects of statins mediated by regulating 
endothelial nitric oxide synthase expression and ROS 
levels[8]. In context, Mihos et al and Blum et al stated 
that ischemia/reperfusion injury derived from the stria 
vascularis has been also proposed as one of potential 
mechanisms for NIHL and accordingly, statins may 
also affect the stria vascularis, thereby attenuating 
ischemia/reperfusion injury[37 and 38]. 

Moreover, Other authors[39] pravastatin attenuated 
4-HNE expression, which is a phospholipid membrane 
peroxidation product generated by the reaction of 
free radicals in the plasma membrane by acoustic 
overstimulation. Futhermore, the preventive effect 
of Pravastatin on NIHL may be associated with 
attenuation of excessive ROS. 

In the present study, spiral ganglion neurons in 
group III were found to be near normal in appearance 
with vesicular nuclei and slightly retracted bodies with 
apparently normal Nissl`s granules content. In 2016, 
Whitlon Donna proved that statins induced increase 
in neurite length and protected the nerve fibers from 
degeneration induced by noise exposure[40]. 

CONCLUSION                                                            

Exposure  to moderate intensity noise caused damaging 
effects on the structure of the cochlea of guinea pig that 
could be ameliorated with Pravastatin treatment.
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الملخص العربى

تاثير التعرض للضوضاء متوسطة الشدة على قوقعة ذكر الخنزير الغيني البالغ و الدور الوقائى 
المحتمل لعقار البرافاستاتين: دراسة هستولوجية 

سوزي حنفي ابراهيم، هاني كمال كامل، عزه عبد المنعم عطيه، هند فريد السيد 

قسم الهستولوجيا وبيولوجيا الخلية- كلية الطب- جامعة عين شمس، القاهرة، مصر

المقدمة: يعتبر فقدان السمع الناجم عن التعرض للضوضاء هو ثاني الانواع شيوعا بعد الصمم الشيخوخي، وهو مرض لا يمكن 
علاجه و لكن يمكن الوقاية منه. قد وثقت الكثير من الدراسات التاثيرات الضاره الناتجه عن التعرض المفرط للضوضاء  عالية 
الشده على القوقعة، لكن عدد قليل من الدراسات ركزت على اضرار التعرض المفرط للضوضاء متوسطة الشدة، ومؤخرا جذبت 

عقارات الستاتينات الكثير من الانتباه نظرا لتاثيراتها المتعددة على الجسم كله.
الهدف من البحث: تقييم تأثير الضوضاء متوسطه الشده على تركيب القوقعة لذكور الخنازير الغينية البالغة، كما تهدف إلى تقييم 

الدور الوقائي المحتمل لعقار البرافاستاتين.
المواد والطرق: تم تقسيم  أربعة و عشرون  ذكر من الخنازير الغينية البالغة الى ثلاثة مجموعات. المجموعة الاولى المجموعة 
الضابطة. المجموعة الثانية: تم تعريضها الى ضوضاء بشدة 70-90 ديسيبل لمدة 6 ساعات يوميا لمدة 6 اسابيع. المجموعة 
الثالثة: تعرضت الحيوانات للضوضاء لنفس المدة وتلقت عقار البرافستاتين 20 مل جرام لكل كيلوجرام يوميا منذ اليوم الاول 

للتعرض للضوضاء ولمدة 6 اسابيع.
االنتائج: اظهر فحص المجهر الضوئي والمجهر الالكتروني الماسح لعينات المجموعة الثانية  حدوث اضرار بالغه لخلايا الشعر 
الحسية، والاهداب الساكنة، وخلايا السطر الوعائي للقوقعة وايضا الخلايا العصبيه للعقدة الحلزونية. ادى اعطاء البرافاستاتين 
لحيوانات المجموعة الثالثة الى وقاية نسيج القوقعة مقارنة بالمجموعة المعرضه للضوضاء بدون البرافاستاتين. واكدت الدراسات 

الاحصائيه والمورفومترية هذه النتائج.
في  القوقعة  نسيج  وقائيه على  اثار  الشدة  متوسطة  للضوضاء  التعرض  اثناء  يوميا  البرافستاتين  عقار  اعطاء  الاستنتاج:اظهر 

الخنزير الغيني.


