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The Application of Lipoic Acid in Experimentally Induced 
Tympanosclerosis in Rats

Ratlarda Deneyse Olarak Oluşturulan İnfilamasyonla İlişkili Timpanoskleroza 
Alfa Lipoik Asidin Etkisi

Amaç: Timpanoskleroz timpanik membran ve orta kulak mukozasının 

sklerotik ve hiyalinize değişikliği ile giden anormal bir doku 

reaksiyonudur. Bir antioksidan olan alfa lipoik asidin, inflamasyonla 

ile ilişkili timpanosklerozda basit ve etkili bir tedavi biçimini temsil 

edebileceğini varsaydık. Çalışmanın amacı, alfa lipoik asidin sıçanlarda 

deneysel olarak indüklenen infilamasyon ile ilşkili timpanoskleroz 

üzerindeki etkilerini araştırmaktı.

Gereç ve Yöntem:Çalışmamızda 20 adet Wistar albino sıçan kullanıldı. 

Sıçanlar rastgele olarak onarlı iki gruba ayrıldı. 1. gruba ALA 50 mg/kg 

yedi gün boyunca günde bir defa intraperitoneal uygulandı. 2. gruba 

salin aynı miktarda yedi gün boyunca günde bir defa intraperitone al 

uygulandı. Histopatolojik olarak değerlendirmemizde inflamasyon, 

fibrozis ve lamina propria kalınlığı değerlendirildi.

Bulgular: Orta kulakta enflamasyon, fibrozis ve timpanik membran 

lamina propria kalınlığı değerlendirildiğinde, çalışma grubunda 

kontrol gurubuna göre daha az olduğu değerlendirildi.

Sonuç: Antiokstidan özellik gösteren alfa lipoik asit’in deneysel olarak 

oluşturulmuş inflamasyonla ile ilişkili timpanosklerozu önleyebileceği 

görüldü.

Anahtar Kelimeler: Alfa-Lipoik asit, inflamasyon, fibroz

Abstract Öz
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Objectives: Tympanosclerosis is an abnormal tissue reaction 
resulting in sclerotic and hyalinization changes in the tympanic 
membrane and middle ear. We hypothesized that alpha lipoic 
acid, an antioxidant, may represent a simple and effective form of 
treatment in inflammation-related tympanosclerosis. The purpose 
of the study was to investigate the effects of alpha lipoic acid on 
experimentally induced inflammation-related tympanosclerosis in 
rats.

Material and Method: Twenty albino Wistar rats were randomly 
divided into two equal groups. The first (study) group was 
administered 50 mg/ kg alpha lipoic acid by the intraperitoneal 
route once daily for 7 days. The second group was administered 
the same saline solution intraperitoneally once daily for 7  days.  
Inflammation,  fibrosis  and lamina propria thickness were assessed 
at the subsequent histopathological examination.

Results: In the study group, significantly less middle ear 
inflammation and fibrosis developed and the tympanic membrane 
lamina propria was thinner compared to the control group.

Conclusions: Alpha lipoic acid was found capable of preventing 
experimentally induced inflammation-related tympanosclerosis 
with its antioxidant characteristics.
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INTRODUCTION
Tympanosclerosis (Ts) is an abnormal tissue reaction resulting 
in sclerotic and hyalinization changes in the tympanic 
membrane and middle ear. A homogeneous mass emerges 
due to the thickening and fusion of the collagen fibrils in the 
submucosal lamina propria. The condition described as Ts 
results from an accumulation of intraand extracellular calcium 
and phosphate. Deposition around the middle ear structures 
and ossicular system may increase with the sclerosis and result 
in a diffuse state, which is difficult to treat.[1] 

The cause of Ts and how it develops are still not clear. However, 
the factors implicated in the etiology include myringotomy, 
ventilation tube placement, middle ear infections, effusive 
otitis, trauma, immune response, Eustachian function 
impairment, hypersensitivity, genetic predisposition and local 
metabolic changes.[2] 

Studies investigating the etiology of inflammation-related 
Ts development have shown that increased environmental 
oxygen levels and the formation of free oxygen radicals are 
among the significant factors involved.
Many inflammatory cells, particularly polymorphic nucleus 
leukocytes and macrophages, produce free oxygen radicals. 
Under normal conditions, the human middle ear cavity 
contains 5 to 10% oxygen.[3] This may rise up to 21% following 
tympanic membrane perforation or the use of ventilation 
tubes, which allow external air into the middle ear cavity, 
leading to hypoxia. The increased production of free oxygen 
radicals associated with hypoxia initiates a process involved in 
the formation of sclerotic plaques.[3,4] 

Alpha lipoic acid (ALA) is a natural compound synthesized with 
the enzyme lipoyl synthase from 8-carbon fatty acids (octanoic 
acid) in humans. ALA and its reduced form in the body, 
dihydrolipoic acid (DHLA), may be present as an antioxidant 
in hydrophilic and lipophilic environments.[5] In vivo and in 
vitro studies have shown the antioxidant effects of ALA. This 
compound scavenges hydroxyl radical and hypochloric acid 
but has little effect on superoxide and peroxide radical.[6] Both 
ALA and DHLA affect hydrogen peroxide and oxygen radicals, 
and can act as a good metal chelator. Furthermore, ALA, which 
is a moderate antioxidant, and DHLA which is regarded as 
the best antioxidant, remove heavy metals in the biological 
system by forming stable compounds with transition metals 
such as Mn+2, Cu+2, Zn+2 and Pb+2.[7] 

ALA is widely applied for various treatment diseases, 
including heart disease, tumors, hepatitis, diabetes and 
related complications.[7,8] Since ALA is ingested with the daily 
diet, reduces the harmful effects of heavy metals and exhibits 
antioxidant activities, we hypothesized that it may represent 
a simple and effective form of treatment for inflammation-
related Ts. The purpose of the study was to investigate the 
effects of ALA as an antioxidant on experimentally induced 
inflammation-related Ts in rats. 

MATERIAL AND METHOD
Twenty male albino Wistar rats weighing 200-250 g were used. 
The subjects were kept in plastic cages in a light-dark (12/12) 
cycle at 22±3 °C and a humidity of 65-70%. Rats were allowed 

ad libitum access to standard laboratory chow and water, and 
were housed under conditions compatible with the ‘Principles 
Regarding the Care and Use of Laboratory Animals’. Ethical 
committee approval was obtained to conduct the study (2013 
HADYEK 018) in the Experimental Medicine Research laboratory 
of Gaziosmanpaşa University, Turkey.

Study protocol
Rats that had no outer and middle ear pathology at 
otomicroscopic examination were excluded from the study. A 
Streptococcus pneumoniae strain was obtained from patients 
in Erzincan University Mengücek Gazi Education and Research 
Hospital and stored at -80 degrees in the hospital’s microbiology 
laboratory. This strain was then cultured on sheep’s blood agar 
(OXOID LTD., Basingstoke, Hampshire, ENGLAND) prepared in 
the laboratory and incubated for 24 h in a stove (SANYO Electric 
Co., JAPAN) containing 5% carbon dioxide. Then, a bacterial 
suspension (0.5 McFarland standard) was prepared in brain 
heart infusion broth (OXOID LTD, Basingstoke, Hampshire, 
ENGLAND) using the Streptococcus pneumoniae colonies 
produced. The suspension was injected into the middle ears of 
all rats under microscopy in order to induce Ts.
Rats were randomly assigned into two equal groups. The 
first (study) group was administered 50 mg/kg ALA by the 
intraperitoneal (i.p.) route once a day for 7 days.[9] The second 
(control) group was administered the same saline solution i.p. 
once a day for 7 days.
Rats were monitored throughout the experimental period. 
Otomicroscopic examination was performed daily. Two rats 
from the study group and one from the control group were 
removed from the study on the third day since middle ear 
infection was not observed at otomicroscopic examination. 
These subjects were replaced by three rats that also underwent 
otomicroscopic examination before being randomly assigned 
to the groups and started on the appropriate medical treatment.
All rats were anesthetized on the 8th day of the study with 
50 mg/kg ketamine (Ketalar, Eczacıbaşı Warner Lambert, 
Istanbul, Turkey) and 5 mg/kg xylazine hydrochloride (Ksilazol, 
Provet Veteriner Ürünleri Sanayi, Istanbul, Turkey) through 
an i.p. injection. Following anesthesia, perfusion fixation was 
performed via the vascular system in order to establish more 
rapid and regular fixation. The rats were then sacrificed, and 
their temporal bones were removed.

Histopathological analysis
The temporal bones were stored in 10% formaldehyde for 
24-48 h. The specimens were treated for 1.5 months in a 
decalcificationsolutioncontainingethylenediaminetetraacetic 
acid, which was changed once a week. After 1.5 months, the 
specimens were first kept in 100% alcohol for 2 h, then the 
xylene solution was added in equal portions every 30 minutes 
over a period of 1.5 h. Tissues were paraffin-embedded twice, 
for 2 and 3 h, and placed in blocks. Sections, 5 and 20 microns 
in thickness, were prepared using a rotary microtome (LEICA), 
with at least 10 sections being taken from each specimen. The 
sections were grouped using systematic randomization and 
stained with Masson’s trichrome for histological analysis.
Three criteria were employed in the histopathological analysis; 
inflammation in the lamina propria, fibrosis and lamina propria 
thickness. Inflammation and fibrosis in the middle ear were 
analyzed semi-quantitatively. Inflammatory and fibroblast cells 
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measured in one field were counted and classified. No cells 
being observed in a field was categorized as 0, fewer than 5 
cells as + and more than 5 cells as ++.
Data from sections stained with Masson’s trichrome were 
transferred to a computer with a camera in order to measure 
the thickness of the middle ear lamina propria. Measurements 
were performed in micrometers by calibration at 10x 
magnification. The means of these measurements were taken 
as the lamina propria thickness. In each group, middle ear 
lamina propria thickness was measured from five different 
points of the sections examined. These thicknesses were then 
compared within their respective group.

Statistical analysis
The study data was assessed using the SPSS program (PASW 
version 21). A parametric Student’s t-test (or independent 
samples t-test) was used to analyze the thickness of the 
lamina propria since the distribution between the groups was 
normal. A chi-squared test was used to determine whether 
there were any differences between the groups in terms of 
inflammation and fibrosis. Since the values expected from 
chi-square assumptions were below 5, Fisher’s exact test was 
performed.

RESULTS
In the histological analysis, fibrosis and inflammation was rare 
in the study group and extensive in the control group (Figures 
1,2,3). Middle ear inflammation and fibrosis scores (Table 1) 
ıwere significantly lower in the study group compared to the 
control group (p<0.05) (Table 2, Figure 4). In addition, the 
lamina propria was significantly thinner in the study group 
compared to the control group (p<0.05) (Table 3, Figure 5).

Figure 1. Extensive fibrosis and inflammation in the control group with H and 
E staining at x20 magnification

Figure 2. Diffuse fibrosis and inflammation in the control group at staining 
with Masson’s trichrome at x20 magnification

Figure 3. Fibrosis and inflammation in the group receiving alpha lipoic acid at 
staining with hematoxylin eosin at x10 magnification

Tablo1. Histological scoring
Histological evaluation

Inflammation score
No cells 0
Fewer than 5 cells 1 
More than 5 cells 2

Fibrosis score
No cells 0
Fewer than 5 cells 1 
More than 5 cells 2

Table 2. Distribution of inflammation and fibrosis scores between the study 
and control subjects.
Experimental Subject Inflammation Score Fibrosis Score
Study group subject ( Sgs1) 0 0
Sgs 2 1 0
Sgs 3 1 1
Sgs 4 0 0
Sgs 5 0 1
Sgs 6 1 0
Sgs 7 1 0
Sgs 8 0 1
Sgs 9 1 0
Sgs 10 1 1
Control group subject 1  (Cgs 1) 2 2
Cgs 2 1 1
Cgs 3 2 2
Cgs 4 2 1
Cgs 5 2 1
Cgs 6 1 2
Cgs 7 2 2
Cgs 8 1 2
Cgs 9 1 1
Cgs 10 2 2
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DISCUSSION
Inflammatory changes were investigated experimentally in 
subjects with acute otitis media. ALA was administered to the 
study group to investigate changes after treatment. Mucosal 
thickness, inflammation and fibrosis values were significantly 
improved in the study group.
Tissue injury at the submucosal level is responsible for the 
development of Ts. Agents that cause this damage include 
acute and chronic infections and all middle ear traumas, 
particularly surgical traumas. Genetic and autoimmune 
disorders are also considered to play a role in the etiopathology 
of the disease.[10] 

SomestudieshaveimplicatedType III hypersensitivityreactions 
as the mechanism involved in Ts. A passive sensitivity was 
established in the lamina propria of the tympanic membrane. 
New active autoantibodies were added to autoantibodies 
with passive sensitivity through paracentesis, physical trauma 
and severe infection. At this point, tissue injury occurred 
due to Type III hypersensitivity. Abundant local degenerated 
elements remaining from diffuse ulceration and necrosis 
occurring in the tympanic membrane and middle ear were 
reported to trigger tympanosclerosis changes.[11-13] 

Another factor involved in the development of Ts is middle 
ear infections. Ts generally occurs in the final stage of chronic 
or recurrent infections of the middle ear.[14] In different series, 
the levels of development of Ts in various types of otitis 
media have been reported to be between 20% and 43%.[15-18] 
In the early stage of inflammation, the tympanic membrane 
and middle ear mucosa are infiltrated by numerous 
inflammatory cells, such as macrophages, as a response to 
injury. These cells are organized with fibrous tissue in the 
final stages of inflammation and lead to inflammation-related 
Ts characterized by hyalinization and calcification.[19] The 
development of inflammation-related Ts has been reported at 
levels of 24.2% in chronic otitis media, 16.6% in otitis media 
with effusion and 5% in purulent acute otitis media.[20] Another 
study reported the rates of Ts as 43% in patients with chronic 
otitis media with tympanic membrane perforation and 19.6% 
in patients with chronic otitis media without perforation.[18] We 
used the sclerosis enhancing effect of middle ear infections 
to induce inflammation-related Ts in our animal models. We 
employed Streptococcus pneumoniae, the most common 
agent of otitis media, in order to induce middle ear infection.
Currently, no treatment can completely reverse the damage 
and clinical symptoms of Ts. The current treatment protocols 
have been evaluated under the headings of medical and 
surgical therapy. Although surgical treatment is performed in 
order to eliminate the adverse effects of the resulting damage 
on hearing, the long-term success rates are not promising. 
In terms of etiopathology in particular, protective treatment 
aimed at preventing a pathological process in the group at risk 
of developing Ts is still at the research stage.[21,22] Antioxidant 
substances have been shown to play an important protective 
role in the prevention of inflammation-related Ts. Therefore, 
in this study, we evaluated the effectiveness of ALA as an 
antioxidant.
A hyperoxide state in the middle ear cavity causes 
myringosclerosis by increasing the production of free oxygen 
radicals. Oxygen saturation at normal levels of 5-10% in the 
middle ear cavity may rise to 21% when myringotomy is 
performed. This relative hyperoxide state may increase the 

Figure 4. Comparison of inflammation and fibrosis mean score between the 
study and the control subjects.

Figure 5. Comparison of lamina propria mean thickness between the study 
and the control subjects.

Table 3. Distribution of lamina propria thicknesses between the study and 
control subjects.
Experimental subjects Lamina propria thickness (µm)
Sgs 1 64
Sgs 2 64
Sgs 3 60
Sgs 4 68
Sgs 5 60
Sgs 6 63
Sgs 7 62
Sgs 8 65
Sgs 9 72
Sgs 10 65
Cgs 1 88
Cgs 2 89
Cgs 3 110
Cgs 4 98
Cgs 5 94
Cgs 6 147
Cgs 7 133
Cgs 8 135
Cgs 9 96
Cgs 10 128
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oxygen-derived free radicals. At the same time, an increase 
in nitric oxide levels is observed secondary to middle 
ear inflammation. Nitric oxide is converted into highly 
harmful nitrogen dioxide by reacting with O2  in increased  
concentrations of oxygen and constitutes the basis for the 
development of sclerotic structures. Inflammatory reactions 
have also been observed in the tympanic membrane during the 
same period. Therefore, it is considered that myringosclerosis 
can be prevented with the use of antioxidants and reducing 
or anti-inflammatory agents.[21] Mattson et al.[4] evaluated 
the effect of the hyperoxide state at different oxygen 
concentrations in myringotomized rats. Higher levels of Ts 
were observed in rats exposed to high oxygen concentrations.
Various in vivo and in vitro models have been used to 
elucidate the antioxidant effects mechanisms of ALA. When 
applied exogenically, ALA exhibits antioxidant activities such 
as free radical scavenging, metal chelation and increasing the 
regeneration of endogenous antioxidant such as glutathione.
[23] Various studies have shown the effects of ALA in reducing 
type II diabetes, hepatic toxicity and neuronal injury.[24-27] In 
our study, we investigated the effect of ALA on experimentally 
induced Ts in rats. Exogenous ALA in diet has been found 
capable of reducing the development of Ts.

CONCLUSION
In conclusion, ALA, which exhibits antioxidant properties, 
appears to be capable of preventing experimentally induced 
inflammation-related Ts. Antioxidant molecule (ALA) absorbed 
from medically administered may therefore prevent or reduce 
the development of inflammation-related Ts.
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