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Investigation of the histological structure of cochlea and 
corti under light and electron microscope

Koklea ve kortinin histolojik yapısının ışık ve elektron mikroskopu ile araştırılması

Betül Yalçın1, Esra Balcıoğlu1, Arzu Yay1, Gözde Özge Önder1, 
Pınar Bilgici1, Mehmet Akif Somdaş2

ÖZ

Amaç: Bu çalışmada kulağın koklea ve korti organının 
histolojik yapısı ışık ve taramalı elektron mikroskobu (SEM) 
ile araştırıldı.
Gereç ve Yöntemler: Çalışmada toplam sekiz Wistar 
albino cinsi sıçan (yaş 4 ay, ağırlık 300-350 g) kullanıldı. 
Taramalı elektron mikroskobunda incelemek için sağ 
koklea fosfat tamponlu glutaraldehit içerisinde tespit edildi. 
Işık mikroskobunda, koklea %10 formaldehit solüsyonuna 
alındı ve ardından dekalsifiye edildi. Dokulardan alınan 
kesitler hematoksilin-eozin ile boyanarak, koklea ve 
kortinin histolojik yapısı incelendi. 
Bulgular: Işık mikroskop görüntülerinde, skala media, 
skala vestibuli ve skala timpani kolaylıkla seçildi. Taramalı 
elektron mikroskobu görüntülerinde, yalnızca korti organının 
bulunduğu skala media bölgesi incelendi. Tektoriyal 
membran kaldırıldıktan sonra, SEM görüntülerinde dış 
tüylü hücrelerin üç hattı ve iç tüylü hücrelerin bir hattı 
izlendi. İç ve dış tüylü hücreleri destekleyen Deiter hücreler, 
plak benzeri yapılar eşliğinde belirgindi.
Sonuç: Elde edilen görüntülerin, bilhassa işitme testleri ile 
desteklendiğinde, koklear ve kortikal yapılarda meydana 
gelebilecek patolojik durumların belirlenmesinde literatüre 
katkıda bulunacağı kanısındayız.

Anahtar sözcükler: İşitsel tüy hücreleri, iç kulak, korti organı.

ABSTRACT

Objectives: This study aims to investigate the histological 
structure of the cochlea and organ of Corti of the ear under 
light and scanning electron microscope (SEM).
Materials and Methods: A total of eight Wistar albino 
rats  (aging 4 month, weighing 300-350 g) were used in this 
study. The right cochlea was detected in glutaraldehyde with 
phosphate buffer to examine in SEM. For light microscopy, 
cochlea was fixed in 10% formaldehyde solution and then 
decalcified. The sections taken from the tissues were stained 
with hematoxylin & eosin to evaluate the histological structure 
of the cochlea and Corti.
Results: In light microscopic images, scala media, scala 
vestibuli, and scala tympani were easily selected. In the SEM 
images, only scala media region where the organ of Corti 
was located was examined. Three lines of the outer hair cells 
and one line of inner hair cells were observed in SEM images 
after the removal of the tectorial membrane. The Deiter’s cells 
supporting the inner and outer hair cells were obvious with 
their plaque-like structures.
Conclusion: We believe that the acquired images would 
contribute to the literature in the determination of the 
pathological conditions which may occur in the cochlea and 
the cortical structure, when they are particularly supported by 
the hearing tests.
Keywords: Auditory hair cells, inner ear, organ of Corti.
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Hearing in humans relies on relatively few 
mechanoreceptor cells, and the cochlea contains 
approximately 3,400 inner hair cells (IHC) and 12,000 
outer hair cells (OHC).[1] For this reason, studies 
involving the induction of stem cells, gene transfer or 
potential support cells are carried out to discover ways 
for eliminate the degeneration that occurs in these cells, 
which play a primary role in hearing.[2,3]

Age, genetic factors, drug ototoxicity, and acoustic 
trauma are the main reasons of hearing loss. Although 
several factors which cause hearing loss are known, the 
cellular mechanism is still unclear. Long-term exposure 
to high-intensity noise initiates certain reactions at a 
cochlear level, particularly OHCs in the organ of Corti 
inducing apoptosis.[4] It has been reported that OHCs, 
particularly in the basal turn of the cochlea damaged,[5] 
IHCs[6] and other cells of the cochlea,[7] stria vascularis 
(STV),[7] and spiral ganglion have morphological and 
functional changes.[7,8]

In the present study, we aimed to evaluate the 
apical surface specializations of these aforementioned 
cells under light microscope and by scanning electron 
microscope (SEM).

MATERIALS AND METHODS

In this study, a total of eight Wistar albino rats 
(aging 4 month, weighing 300 to 350 g) were used 

between November 2016 and October 2017. The right 
cochlea was removed under the anesthesia and detected 
in glutaraldehyde with phosphate buffer to examine 
in SEM. For light microscopy, cochlea was fixed in 
10% formaldehyde solution and routine tissue follow-
up steps were performed and decalcified (Table 1). 
The sections taken from the tissues were stained with 
hematoxylin and eosin to evaluate the histological 
structure of the cochlea and Corti (Table 2). The 
cochleas of the rats were taken. The inner ear canal 
was detected in glutaraldehyde for electron microscopy 
examination of the cochlear lumen after removal of 
bone tissue. Post-fixation was performed with 1% 
osmium tetroxide (OsO4), then passed through the 
increased acetone series, and dried with a critical point 
dryer. Using a sputter coater, gold palladium applied 
used for imaging.

RESULTS

In both light and SEM images, it was determined 
that the cochlea formed 2.5 turns around the bone 
called modiolus spongiosa. Reissner’s membrane 
(RM) and basilar membrane (BM) divide cochlea 
into three chambers. The chambers S. media (SM), 
S. vestibuli (SV), and S. tympani (ST), which were 
present in each transitional period, were easily selected 
in light microscopic images (Figure 1).

Table 1
Routine tissue follow-up steps

Step Process Time Step Process Time
1 Tap water 1 h 7 Absolute alcohol 1 h
2 50% alcohol 1 h 8 Absolute alcohol 1 h
3 70% alcohol 1 h 9 Xylene 20 min
4 80% alcohol 1 h 10 Xylene 20 min
5 96% alcohol 1 h 11 Xylene 20 min
6 Absolute alcohol 1 h 12 Liquid paraffin (60°C) 1 Night

Table 2
Hematoxylin and eosin staining technique

Step Process Time Step Process Time (min) Step Process Time (min)
1 Oven (60°C) 2 h 8 Tap water 2 15 80% alcohol 1

2 Xylene I/II/III 10 min 9 Hematoksilen 5-8 16 96% alcohol 1
3 Absolute alcohol I/II 5 min 10 Tap water 5 17 Ablolute A. I/II/III 1
4 96% alcohol 5 min 11 Eozin 3-5 18 Xylene I/II/III 20
5 80% alcohol 5 min 12 Tap water 1 19 Close
6 70% alcohol 5 min 13 50% alcohol 1
7 50% alcohol 5 min 14 70% alcohol 1
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In the SEM images, only SM region where the corti 
were located was examined. In light microscopic images, 
tectorial membranes, inner pillar cells (IPCs), and outer 
pillar cells (OPCs), IHCs, and OHCs, and Deiter’s cells 
(DCs) were clear. Three lines of OHCs and one line of 
IHCs were observed in SEM images after the removal 
of the tectorial membrane. The DCs supporting the 
IHCs and OHCs were obvious with their plaque-like 
structures (Figure 2).

DISCUSSION

Studies on the structure of the hearing and balance 
organ ear have been done for a long time and are 
usually based on data from audiometric tests. This 
is due to the fact that the histological and electron 
microscopic appearance is difficult due to the bone 
labyrinth structure.

In 1884, Gustav Retzius, a Swedish anatomist, 
presented surface preparations of the human auditory 
epithelium.[9] Lim and Lane[10] and Bredberg et al.[11] 
were the first to reveal the fine surface structure of the 
mammalian organ of Corti using SEM.

Some factors such as genetic, bacterial/viral 
infections, ototoxic drugs, and age may lead to 
pathological changes in humans similar to rats.[12] In 
particular, the sensory cell stereocilia have changes, and 
OHC and IHC degeneration and loss of these cell have 
been observed.[13]

In blast-exposed ears, cochlear pathology includes 
scar formation replacing dead hair cells, fused and 
damaged stereocilia and, in some extreme cases, 
separation of the organ of Corti from the basilar 
membrane. Majority of the hair cell loss was in the 
OHC region and usually in the middle or basal turn. 
Although hair cell loss was determined in the apical 
turn, the damage was less pronounced.[14]

Acoustic overstimulation of the cochlea generates 
free radicals and reactive oxygen species (ROS), 
which may induce OHC death.[15] Elevated levels of 
ROS activate the upregulation of cochlear antioxidant 
enzyme activity and modulate glutathione, the 

Figure 2.	 SEM images of Corti.
		  OHC: Outer hair cells; IHC: Inner hair cells; DC: Deiter cells; OPC: 

Outer pillar cells; IPC: Inner pillar cells.

Figure 1.	 Light microscopic images of Corti.
		  SV: S.vestibuli; SM: Scala media; ST: Scala timpani; STV: Stria 

vascularis; SL: Spiral ligament; OHC: Outer hair cells; IHC: Inner 
hair cells; ODC: Outer deiter cell; IDC: Inner deiter cell; OPC: Outer 
pillar cells; IPC: Inner pillar cells; : Cohlear nerve,   : Organ of 
corti; : Tunnel; BM: Basillar membrane; RM: Reissner’s membrane; 
TM: Tectorial membrane; CC: Claudius cell.
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key antioxidant compound.[16] Various agents with 
antioxidant properties have been shown to alleviate 
threshold shifts and hair cell loss after the exposure to 
damaging noise.[17]

Mammalian hair cells are believed to be terminally 
differentiated with no capacity to replenish, and their 
loss would inexorably produce permanent functional 
impairment, unless there is substantial redundancy.[18] 
The doctrine that these cells are not renewed is based 
on animal experiments and the clinical experience that 
patients with sensorineural hearing loss do not regain 
function.[18]

Regeneration of hair cells in the vestibular system of 
mammals has been reported after gentamicin-induced 
hair cell loss.[18] Similar findings were observed in the 
human utricle[19] and vestibular hair cells following 
aminoglycoside-induced hair cell loss.[20]

If IHCs and OHCs die, hair cell elimination and 
scar formation are carried out by the neighboring 
supporting cells. The process containing the concurrent 
enlargement and sealing of the reticular lamina is 
named scarring; however, it differs from the general 
mechanism consisting of collagen formation after 
injury.[21] Therefore, scarring between hair cell lines is 
an important criterion to evaluate any possible history 
of noise-induced hearing loss and these lesions can be 
differentiated from artifacts which may develop as a 
consequence of tissue autolysis.[21,22]

In conclusion, acquired images by light and SEM 
would contribute to the literature in the determination 
of the pathological conditions which may occur in 
the cochlea and the cortical structure, when they are 
particularly supported by the hearing tests.
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