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OBJECTIVE: Alpha-lipoic acid (ALA) is an anti-inflammatory and antioxidant agent. In this study, the effects of ALA on the development of myringo-
sclerosis in myringotomized rats were investigated.

MATERIALS and METHODS: The rats were studied in five groups: each group included 6 rats (for a total of 30 rats). After a myringotomy was per-
formed, the groups were administered a 25-mg/kg/day and 50-mg/kg/day dose of ALA for 15 days. The eardrums of the rats were examined histo-
pathologically. We made the histopathological assessment from 0 to 3 on a 4-point scale by scoring the degree of the histopathological changes. In
addition, superoxide dismutase, malondialdehyde, and glutathione peroxidase levels were measured in blood samples taken from the rats.

RESULTS: In histopathological examinations, a high dose (50 mg/kg/day) of the ALA-applied group had histopathological results similar to those of
the healthy group. In this group, we detected minimal collagen deposition, slight thickness in the lamina propria, and minimal epithelial disruption.
In biochemical examinations, the maximum values of superoxide dismutase and glutathione peroxidase were observed in the group that received
50 mg/kg/day of ALA.

CONCLUSION: In this study, the effect of ALA on myringosclerosis development was observed when a dose of 50 mg/kg/day was administered,
and a recovery that showed a nearly intact tympanic membrane occurred at the end of 15 days of use. If an antioxidant were to be added to the
treatment protocol of tympanic membrane defects, ALA may be a good candidate.

KEY WORDS: Myringotomy, myringosclerosis, alpha lipoic acid, antioxidant

INTRODUCTION

Tympanosclerosis (TS) is an irreversible, nonspecific degenerative process characterized by an increase in collagen fibers and a
deposit of extracellular calcium in the lamina propria of the middle ear mucosa and the tympanic membrane because of hyaline
degeneration and progressive fibroblast infiltration. Even though TS is usually asymptomatic, it can cause hearing loss when it
has a wide area of involvement and when it limits ossicle movement®?. The involvement of TS in the tympanic membrane and the
emergence of a whitish chalky patch are conditions often seen clinically, and such conditions are called myringosclerosis (MS). MS
or TS frequently follows a myringotomy, ventilation tube insertion, recurrent otitis media, physical trauma, and middle ear infec-
tions. In addition, a genetic predisposition, immunological sensitivity, and local metabolic changes are factors that predispose a
person to the development of TSB3l. Although the etiopathogenesis of MS is not fully understood, recent studies have reported
that reactive oxygen samples (ROS), mechanical injury, and inflammatory diseases are the main factors in the development of MS,
and antioxidant agents, free radical connective substances, and anti-inflammatory agents are effective in preventing MS* . Some
studies reported that in the event of a defect in the tympanic membrane, an increase in the concentration of oxygen in the middle
ear results in a rise in the amount of ROS, which leads to MSE-4. In addition, the additive effect of ROS on myringosclerosis was de-
tected in myringotomized rats®. Ferlito” reported that TS was strictly connected to inflammation and that it was the end product
of inflammation, in spite of the severity of TS changes in the type of inflammation (serous, mucous, and purulent inflammation).
Recently, Dundar et al.® presented a study about the effects of ascorbic acid and N-acetyl cysteine on the development of MS in
myringotomized guinea pigs. By assessing sclerosis and inflammation scores, tympanic membrane thicknesses, and the expression
of VEGF, TGF-{3, iNOS, and IL1- immunohistochemically, they showed that reduced inflammation scores led to a decrease in MS
development. However, to our knowledge no research has shown the effectiveness of ALA on myringosclerosis, even though the
potent antioxidant and anti-inflammatory effects of ALA were known.

This study was presented at the 35% Turkish National Congress of Otorhinolaryngology Diseases and Head-Neck Surgery, 2-6 November 2013, Antalya.
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Alpha-lipoic acid is an anti-inflammatory, anti-oxidant substance that
is now popular and was used for many years as a pharmacological
agent without serious potential side effects’®. ALA, which is the natu-
ral cofactor of the mitochondrial dehydrogenase complex, is a phys-
iological component of mitochondrial membranes and a natural an-
tioxidant substance™®. After the determination of its antioxidant and
anti-inflammatory effects, the beneficial effects of ALA were revealed
in studies investigating its effectiveness against many diseases, such
as osteoporosis, sepsis, ulcers, and inflammation"®'3, In addition,
studies are available that show the effectiveness of ALA in healing
wounds in different types of tissues! '3,

This study intends to investigate the effects of ALA in preventing and
reducing the development of myringosclerosis by using histopatho-
logical data of an in vivo experimental model and biochemical mea-
surement data of inflammatory mediators [superoxide dismutase
(SOD), malondialdehyde (MDA), and glutathione peroxidase (GSH)]
that are indicators of antioxidant and anti-inflammatory activity.

MATERIALS and METHODS

Experimental Design

Thirty 16-week-old male Wistar rats were used for this research, each
weighing 250 g to 290 g, obtained from Ataturk University’s Exper-
imental Animal Laboratory of Medicinal and Experimental Applica-
tion and Research Center. Animal experiments and procedures were
performed in accordance with national guidelines for the use and
care of laboratory animals and were approved by Ataturk University’s
local animal care committee. Rats were housed in standard plastic
cages, which had sawdust bedding, in an air-conditioned room at
22°C under controlled light (14-h light/10-h dark cycle). Standard rat
food and tap water were given ad libitum.

Alpha-lipoic acid (300-mg caps) (Sigma-Aldrich, Munich, Germany)
and all chemicals for laboratory experimentation (Life Time Nutri-
tional Specialties, CA, USA) were obtained commercially.

Thirty pathogen-free animals were anesthetized with ketamine hy-
drochloride (50 mg/kg; IM) and examined otomicroscopically. The
exclusion criteria for the study were an external or middle ear infec-
tion before or after surgery and tympanic membrane perforations,
adhesions, or retractions.

To demonstrate the development or prevention of myringotomy, a
myringotomy animal model was studied on rats as described in the
literature'®'”), The rats were divided randomly into 5 groups, each
containing 6 rats: A, the healthy control group; B, the myringoto-
my-applied and non-treated group; C, the myringotomy- and physi-
ological saline solution-treated group; D, the myringotomy- and ALA
(low dose)-treated group; and E, the myringotomy- and ALA (high
dose)-treated group. Myringotomies were performed with an ear
speculum in both ears using a sterile pick under the otomicroscope
(Opmi 1, Zeiss, Germany) at the upper posterior quadrant of the tym-
panic membrane near the handle of the malleus. The groups were
kept separated in different cages.

Alpha-lipoic acid at 25 mg/kg/day was administered to group D and
50 mg/kg/day was administered to group E starting on the day of the
myringotomy surgery. In group C, the rats received a 1.5 ml/day sa-
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Table 1. The biochemical results of superoxide dismutase, glutathione
peroxidase, and malondialdehyde of all groups

SOD U/mL GSH mmol/mL MDA nmol/mL
Groups (meanzSD) (mean%SD) (meanxSD)
Group A 55.49+15.72 4.83+0.51 2.81+0.70
Group B 50.18+£10.95 3.33+£1.24 2.02+0.25
Group C 48.41+9.09 4.08+0.99 2.94+0.69
Group D 55.12+5.71 3.80+1.44 2.39+0.15
Group E 57.79+7.42 5.33+1.01 2.15+0.35

SOD: superoxide dismutase; GSH: glutathione peroxidase; MDA: malondialdehyde

Figure 1. The tympanic membrane of a subject of group B; the arrows show
the myringotomic area

line solution. In group B and group A, the rats received no treatment
with any agent and were evaluated as the control groups. Nasogas-
tric feeding tubes were used for the administration of agents via an
orogastric approach for 15 days. The dose of the ALA supplement was
determined according to the literature!®. All rats were anesthetized
15 days after the start of the study. The rats were killed by intraperi-
toneal injections of pentobarbital (80 mg/kg) and decapitated. Blood
samples were collected from the abdominal aorta and centrifuged
(2860 g for 5 min at 4°C). The serum was then frozen at -80°C until
MDA, GSH, and SOD were measured to evaluate antioxidant activity.

Histopathologic Evaluation

On the 15" day, the rats were killed painlessly by high-dose pentobar-
bital (80 mg/kg, intraperitoneal injection). The tympanic membrane
and surrounding bony annulus were removed together (Figure 1).
Bulla tissues were fixed in 10% neutral-buffered formaldehyde for 72
h. After fixation, tissues were decalcified with 6% nitric acid for 7 days
at room temperature. Sodium bicarbonate was applied for 3 h in a
neutralization process to the decalcified specimens. Then, histolog-
ical processing was applied. The specimens were dehydrated with a
decreasing series of alcohol, cleared with xylene, and then embed-
ded in paraffin. Five-micron-thick and five sections were obtained
from each paraffin block, which was randomly cut, and stained with
Mallory’s triple stain, modified by Crossman, for histopathologic ex-
amination. Stained specimens were visualized and evaluated under
a light microscope (Table 1). The blinded pathologist evaluated the
stained specimens with a light microscope (Figure 2).
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Table 2. Histopathological findings for each group were assessed as five categories.

Collagen Increase of lamina Disruption of PNL
Groups deposition propria thickness epithelium infiltration Angiogenesis
Group A - - - - -
Group B ++ ++ + ++ -
Group C ++ ++ +++ +H++ +
Group D ++ +++ ++ ++ -
Group E + + + + -

PNL: Polymorphonuclear lymphocyte

-: Absence of finding

+: Presence of finding at minimal level

++: Presence of finding at moderate level
+++: Presence of finding at excessive level

-..,o-ff' = -

- —
Figure 2. Summary of the histopathological findings; picture a (1-3) refers to
group A; picture B (1-3) refers to group B; picture c (1-3) refers group C; picture
d (1-3) refers to group D; and picture e (1-3) refers to group e

Statistical Analysis

Statistical analysis was performed by Statistical Package for Social
Sciences (SPSS) 15.0 software (SPSS Inc., Chicago, IL, USA). The means
were undertaken separately for the five groups. Comparison of vari-

ables of the groups was done using analysis of variance (ANOVA) and
Scheffe’s post hoc test. A p-value less than 0.05 was considered sta-
tistically significant.

RESULTS

Biochemical Results

All results of SOD, MDA, and GSH are shown in Table 1. The mean
level of SOD was the lowest in group C and the highest in group E;
the mean level of GSH was the lowest in group B and the highest in
group E; and the mean level of MDA was the lowest in group B and
the highest in group C (Table 1).

Histopathologic Results

Using a 4-point scale, we arrived at scores from 0 to 3 in scoring the
degree of collagen deposition, increase in the thickness of the lamina
propria, disruption of the epithelium, polymorphonuclear leucocyte
infiltration, and angiogenesis. Scores meant the following: 0, absence
of findings; 1, presence of findings at a minimal level; 2, presence of
findings at a moderate level; and 3, presence of findings at an exces-
sive level. Our histopathological findings were staged and are sum-
marized in Figure 2 and Table 2.

Healthy group results: A normal tympanic membrane with its specific
epithelium and a thin lamina propria were seen (Figure 2A).

Myringotomy-applied group results: In this group, Masson-dyed bul-
la sections, an increase in the thickness of the lamina propria of the
tympanic membrane, and collagen deposition were detected con-
spicuously (Figure 2B).

Myringotomy- and normal saline-applied group results: Similar to
the myringotomy-applied group degeneration findings, increased
thickness and collagen deposition in the lamina propria occurred. In
addition, angiogenesis, as a finding of inflammation, and disruption
of the tympanic membrane epithelium were conspicuously seen
(Figure 2C).

Myringotomy- and ALA (low dose)-applied group results: The results
showed that the perforated edges of the tympanic membrane had
more of an increased thickness in the lamina propria and increased
collagen deposition than the myringotomy-applied group and myr-
ingotomy-+normal saline-applied group, and there was interstitial
edema (Figure 2D).



Myringotomy- and ALA (high dose)-applied group results: When
compared with other groups, this group had an appearance similar
to that of the healthy group. There was minimal collagen deposition
and slight thickness in the lamina propria. There was minimal epithe-
lial disruption (Figure 2E).

DISCUSSION

Although the histological and clinical signs of MS have been well de-
fined, the prophylaxis and treatment are still waiting to be resolved
because of the inability to determine the etiopathogenesis exactly.
Many hypotheses have been proposed to explain the MS formation
process. The most accepted view is that the increase in the produc-
tion of oxygen free radicals and insufficient antioxidant defense
mechanisms may lead to the development of MS when a hyperoxic
environment occurs in the middle ear &49,

The oxygen concentration in the middle ear cavity is approximately
5% to 10%. The conditions that damage the integrity of the middle
ear, such as myringotomy, cause the oxygen concentration to rise to
21% by causing the ambient air to pass into the middle ear cavity®.
Previous studies have shown that an increased oxygen concentration
causes the development of myringosclerosis by increasing the pro-
duction of oxygen free radicals 2%,

A study by Mattson et al.?" reported that sclerotic changes occurred
within 9 hours of a myringotomy, and an intense inflammatory re-
sponse was observed significantly within 12 to 24 hours. In the next
phase, sclerotic changes in the eardrum were reported. In another
study, myringotomized rats were exposed to different oxygen concen-
trations, and it was determined that myringosclerotic lesions formed
more at higher oxygen concentrations®. Thus, it has been demonstrat-
ed that oxygen free radicals that increase in a hyperoxic environment
have a role in the formation of myringosclerosis. Another study by the
same researchers indicated that the use of free radical scavengers re-
duced or inhibited the development of myringosclerosis .

After the revelation of the role of oxygen free radicals in the patho-
genesis of MS, thanks especially to the study of Mattson et al. ",
many studies showed that this damage, caused by oxygen free
radicals, could be successfully reduced or prevented by using anti-
oxidant, free radical connective substances and anti-inflammatory
agents that have been reported in the literature. Of these, ascorbic
acid, vitamin E, selenium, L-carnitine, N-acetylcysteine, caffeic acid,
ginkgo biloba, pomegranate, N-nitro L-arginine, steroids, and mela-
tonin can be considered 6:17:21-2%,

Organisms have enzymatic antioxidant mechanisms, such as super-
oxide dismutase, catalase, and glutathione peroxidase, and non-enzy-
matic antioxidant mechanisms, such as vitamin C and vitamin E, work-
ing as scavengers against the harmful effects of ROS. Oxidative stress is
defined as an increase in oxidants and/or a reduction of antioxidant ca-
pacity. Antioxidant enzymes, such as SOD and CAT, are involved in the
removal of superoxide anions and peroxides. The SOD and CAT system
is the first defense mechanism of tissues against oxygen toxicity. An
increase in SOD and CAT activities is seen with the use of exogenous
antioxidants. Lipid peroxidation is one of the most important expres-
sions of oxidative stress induced by ROS. MDA was used as a marker for
lipid peroxidation caused by increased oxygen free radicals in various
diseases and as an indicator for oxidative damage #7:3%,
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Alpha-lipoic acid is a substance that is a physiological component
of mitochondrial membranes, is a natural cofactor of mitochondri-
al dehydrogenase, and has both potent in vitro and in vivo and an-
tioxidant properties. ALA performs its antioxidant effect with four
different mechanisms: ROS-scavenging activity; the regenerative
capacity of endogenous antioxidants, such as glutathione, vitamin
C, and vitamin E; metal-chelating activity; and the ability to repair
oxidized proteins 1%, Several experimental studies have shown that
ALA increases the antioxidant capacity of tissue. Therefore, ALA treat-
ment can be used on patients with cirrhosis of the liver, mushroom
poisoning, heavy metal poisoning, and diabetic polyneuropathy. Pre-
vious studies have reported that the exogenous use of ALA and oth-
er antioxidants increases SOD activity and GSH levels and decreases
MDA levels "3, In our study, it was seen that SOD and glutathione
levels increased in the group treated with ALA as compared to what
happened in the control and saline groups. Again, MDA levels that
increased in the case of oxidative damage were observed to be lower
as compared to those of the control and saline groups. This situation
was consistent with the literature.

Oxidative stress leads to the release of acute phase proteins and af-
fects the inflammatory cascade by causing the mucosal infiltration
of polymorphonuclear cells, and the activation of TNF-alpha and IL-
6. Proinflammatory cytokines are also associated with the release of
oxygen free radicals. The relationship between oxygen free radicals
and MS is well defined. ALA may be beneficial in preventing the de-
velopment of MS by affecting the release of serum inflammatory cy-
tokines-in other words, showing an anti-inflammatory effect ' 1531,
In many previous studies, the beneficial effects of anti-inflammatory
agents on MS have been shown [6:21:26:27.32],

In most of the experimental studies on myringosclerosis, histological
and otomicroscopic evaluations were preferred. However, a study eval-
uating the histological and otomicroscopic findings of myringosclero-
sis reported that otomicroscopic findings did not correlate to findings
by light microscopy, and therefore, otomicroscopy was not a good
method for the diagnosis of myringosclerosis 3. In their study on MS,
Song et al. "” showed that there were differences between histologi-
cal and otomicroscopic findings. In their study, Selcuk et al. *¥ showed
that calcium channel blockers, used locally, reduced the formation
of MS and that tympanosclerosis could not be detected 1 week after
administration otomicroscopically, but histological tympanosclerosis
developed. In our opinion, otomicroscopic findings may give different
results, depending on the difference in personal reviews. Therefore, we
used a histopathological evaluation in our study, because it is an objec-
tive evaluation method. Although there are many experimental stud-
ies on MS, there is no objective, standard finding for a histopatholog-
ical evaluation®®, We also used a 4-point scale from 0 to 3 to evaluate
the degree of collagen deposition, the increase in the thickness of the
lamina propria, the disruption of the epithelium, polymorphonuclear
leucocyte infiltration, and angiogenesis.

Many researchers evaluating the effectiveness of antioxidant and an-
ti-inflammatory agents in MS have used tympanic membrane thick-
ness as a parameter for histopathological evaluation and claimed
that there was a positive correlation between TM thickness and the
severity of myringosclerosis®??, Kazikdas et al. ? showed the pre-
ventive effect of melatonin on MS, which is an antioxidant that is
saved from lipid peroxidation and reduces proinflammatory cytokine
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levels. Kinis et al. ®? demonstrated a decrease in tympanic membrane
thickness and in the severity of inflammation in myringotomized rats
in a group where caffeic acid-the anti-oxidant and anti-inflammato-
ry effects of which are known-was administered intraperitoneally;
Kinis et al.®? also showed a correlation between the severity of the
inflammation and the thickness of the tympanic membrane. The
lamina propria is one of the three layers of the tympanic membrane
(which consists of the lateral keratinized squamous epithelium layer,
the middle lamina propria layer, and the medial mucosal layer) 2. In-
creased fibroblast proliferation and inflammation intensity increase
the thickness of the lamina propria . In our study, the thickness of
the lamina propria was found to decrease significantly in group E
compared to what occurred in the control and saline groups, proba-
bly because of the anti-inflammatory and antioxidant effects of ALA.

Another parameter that is preferred in evaluating MS is inflammatory
cell infiltration. Kahya et al.*! evaluated the density of inflammatory
cellsin the middle ear in myringotomized rats to which pomegranate
was applied; the study demonstrated that the density of inflamma-
tory cells and MS were reduced compared to what happened with
the control and saline groups. Similarly, Dogan et al.® showed that
the severity of inflammation and MS lessened in the treatment group
after the administration of L-NAME. In our study, we determined that
inflammatory cell density was lower in group E as compared to the
control and saline groups. Again, collagen deposition was used as the
parameter in many studies and as a marker of fibroblast proliferation,
which is characteristic of myringosclerosis; it was shown to be effec-
tively reduced with the use of antioxidants and anti-inflammatories.
Our study detected that collagen deposition decreased significantly
in group E compared to what happened in the other groups.

Angiogenesis was used as a parameter in some studies of myringo-
sclerosis; some authors associated angiogenesis with myringoscle-
rosis, and still, other authors reported that they had found the rela-
tionship?>3. In our study, the severity of angiogenesis did not differ
significantly in any group. It suggested that there might not be a rela-
tionship between the severity of myringosclerosis and angiogenesis.

Histologically significant improvement was not detected in the
group treated with low doses of ALA (25 mg/kg/day) among our ex-
perimental groups. The result obtained in our study by the low-dose
treatment may be explained with treatment applied under effective
dose. In fact, the beneficial effects of ALA, the dose range of which
was 50-150 mg/kg, were reported to emerge in both human and an-
imal studies at a 30-mg/kg dose 13l

Our study showed that 50 mg/kg/day of ALA administered orally
to myringotomized rats remarkably prevented the development of
myringosclerosis. In addition, the dose of ALA provides clinical ad-
vantages, with its oral administration and low incidence of side ef-
fects. As a result, we think that the use of 50 mg/kg/day of ALA for
myringosclerosis prophylaxis in humans might be appropriate, espe-
cially after myringotomy and VT application.

Ethics Committee Approval: Ethics committee approval was received for this
study from the ethics committee of Ataturk University (approval no: 2013.1.64)
Peer-review: Externally peer-reviewed.

Author Contribution: Concept - AT, D.U., ZH.; Design - A.T.,, Z.H.; Supervision
- AT, ZH; Funding - D.U,, ZH.; Materials - A.T,, O.., J.S., M.Y,; Data Collection

and/or Processing - A.T,, J.S.,, M.Y,; Analysis and/or Interpretation - AT, J.S., M.Y.;
Literature Review - A.T,, D.U., Z.H.; Writer - A.T., Critical Review - AT, Z.H.

Acknowledgements: We thank to Prof. Hasan Turkez for statistical analysis.
Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that the study has received no fi-
nancial support.

REFERENCES

1. Asiri S, Hasham A, Al Anazy F, Zakzouk S, Banjar A. Tympanosclerosis: re-
view of literature and incidence among patients with middle-ear infec-
tion. J Laryngol Otol 1999; 113: 1076-80. [CrossRef]

2. Tos M, Bonding P, Paulsen G. Tympanosclerosis of the drum in secreto-
ry otitis media after insertion of grommets. A prospective, comparative
study. J Laryngol Otol 1983; 97: 489-96. [CrossRef]

3. Mattsson C, Magnuson K, Hellstrom S. Myringosclerosis caused by in-
creased oxygen concentration in traumatized tympanic membranes. Ex-
perimental study. Ann Otol Rhinol Laryngol 1995; 104: 625-32. [CrossRef]

4. Mattsson C, Marklund SL, Hellstrom S. Application of oxygen free radi-
cal scavengers to diminish the occurrence of myringosclerosis. Ann Otol
Rhinol Laryngol 1997; 106: 513-8. [CrossRef]

5. Bhaya MH, Schachern PA, Morizono T, Paparella MM. Pathogenesis of
tympanosclerosis, Arch Otolaryngol Head Neck Surg 1993;109: 413-20.

6.  Ozcan C, Polat G, Gorur K, Talas DU, Bagdatoglu O, Cinel I. The effect of local ad-
ministration of N-acetylcysteine in perforated rat tympanic membrane: an ex-
perimental study in myringosclerosis. Pharmacol Res 2002; 45: 5-9. [CrossRef]

7.  Ferlito A. Histopathogenesis of tympanosclerosis. J Laryngol Otol 1979;
93: 25-37. [CrossRef]

8. Diindar R, Inan S, Muluk NB, Cingi C, llknur AE, Katilmis H. Inhibitory ef-
fect of N-acetyl cysteine and ascorbic acid on the development of myrin-
gosclerosis: an experimental study. Int J Pediatr Otorhinolaryngol 2014;
78:1019-25. [CrossRef]

9. Odabasoglu F, Halici Z, Aygun H, Halici M, Atalay F, Cakir A et al. a-Lipoic
acid has anti-inflammatory and anti-oxidative properties: an experimen-
tal study in rats with carrageenan-induced acute and cotton pellet-in-
duced chronic inflammations. Br J Nutr 2011; 105: 31-43. [CrossRef]

10. Huong DT, Ide T. Dietary lipoic acid-dependent changes in the activity
and mRNA levels of hepatic lipogenic enzymes in rats. Br J Nutr 2008;
100: 79-87. [CrossRef]

11. Cadirci E, Altunkaynak BZ, Halici Z, Odabasoglu F, Uyanik MH, Gundogdu
C, et al. Alpha-lipoic acid as a potential target for the treatment of lung
injury caused by cecal ligation and puncture-induced sepsis model in
rats. Shock 2010; 33: 479-84.

12.  Kaplan KA, Odabasoglu F, Halici Z, Halici M, Cadirci E, Atalay F, et al. Alpha-li-
poic acid protects againstindomethacin-induced gastric oxidative toxicity by
modulating antioxidant system. J Food Sci 2012; 77: H224-30. [CrossRef]

13. Sayin M, Temiz P, Var A, Temiz C. The dose-dependent neuroprotective
effect of alpha-lipoic acid in experimental spinal cord injury. Neurol Neu-
rochir Pol 2013; 47: 345-51. [CrossRef]

14.  Micili SC, Goker A, Sayin O, Akokay P, Ergur BU. The effect of lipoic acid on
wound healing in a full thickness uterine injury model in rats. J Mol Histol
2013; 44: 339-45. [CrossRef]

15. Nasole E, Nicoletti C, Yang ZJ, Girelli A, Rubini A, Giuffreda F, et al. Effects
of alpha lipoic acid and its R+ enantiomer supplemented to hyperbaric
oxygen therapy on interleukin-6, TNF-a and EGF production in chronic leg
wound healing. J Enzyme Inhib Med Chem 2014; 29: 297-302. [CrossRef]

16. Kazikdas KC, Uguz MZ, Erbil G, Tugyan K, Yilmaz O, Guneli E, et al. The an-
ti-oxidant effect of alpha-tocopherol in the prevention of experimentally
induced myringosclerosis. Otol Neurotol 2006; 27: 882-6. [CrossRef]

17. Song JJ, Kwon SK, Cho CG, Park SW. The effect of caffeic acid phenethyl
ester on the prevention of experimentally induced myringosclerosis. Int
J Pediatr Otorhinolaryngol 2007; 71: 1287-91. [CrossRef]


http://dx.doi.org/10.1017/S0022215100157937
http://dx.doi.org/10.1017/S0022215100094445
http://dx.doi.org/10.1177/000348949510400807
http://dx.doi.org/10.1177/000348949710600613
http://dx.doi.org/10.1006/phrs.2001.0906
http://dx.doi.org/10.1017/S0022215100086680
http://dx.doi.org/10.1016/j.ijporl.2014.03.029
http://dx.doi.org/10.1017/S0007114510003107
http://dx.doi.org/10.1017/S0007114507876227
http://dx.doi.org/10.1111/j.1750-3841.2012.02920.x
http://dx.doi.org/10.5114/ninp.2013.36207
http://dx.doi.org/10.1007/s10735-013-9485-8
http://dx.doi.org/10.3109/14756366.2012.759951
http://dx.doi.org/10.1097/01.mao.0000224089.00721.8d
http://dx.doi.org/10.1016/j.ijporl.2007.05.003

20.

21.

22.

23.

24,

25.

26.

27.

Felding JU, Rasmussen JB, Lildholdt T. Gas composition of the normal
and the ventilated middle ear cavity. Scand J Clin Lab Invest Suppl 1987;
186:31-41. [CrossRef]

Polat S, Oztiirk O, Uneri C, Yiiksel M, Haklar G, Bozkurt S, et al. Determination
of reactive oxygen species in myringotomized tympanic membranes: effect
of vitamin e treatment. Laryngoscope 2004; 114: 720-5. [CrossRef]

Parks RR, Huang CC, Haddad J Jr. Evidence of oxygen radical injury in
experimental otitis media. Laryngoscope 1994; 104: 1389-92. [CrossRef]
Mattsson C, Stierna P, Hellstrom S. Treatment with dexamethasone ar-
rests the development of myringosclerosis after myringotomy. Am J Otol
2000; 21: 804-8.

Uneri C, Sari M, Akboga J, Yuksel M. Vitamin e-coated tympanostomy
tube insertion decreases the quantity of free radicals in tympanic mem-
brane. Laryngoscope 2006; 116: 140-3.[CrossRef]

Spratley JE, Hellstrom SO, Mattsson CK, Pais-Clemente M. Topical as-cor-
bic acid reduces myringosclerosis in perforated tympanic membranes. A
study in the rat. Ann Otol Rhinol Laryngol 2001; 110: 585-91. [CrossRef]
Gorir K, Ozcan C, Polat A, Unal M, Tamer L, Cinel I. The anti-oxidant and
anti-apoptotic activities of selenium in the prevention of myringosclero-
sis in rats. J Laryngol Otol 2002; 116: 426-9. [CrossRef]

Vuralkan E, Tokgoz SA, Simsek G, Koybasioglu F, Han U, Caliskan M, et al.
Effect of local use of L-carnitine after myringotomy on myringosclerosis
development in rats. J Laryngol Otol 2013; 127: 468-72. [CrossRef]
Zhou YH, Yu JP, Liu YF, Teng XJ, Ming M, Lv P, et al. Effects of Ginkgo bilo-
ba extract on inflammatory mediators (SOD, MDA, TNF-alpha, NF-kap-
paBp65, IL-6) in TNBS-induced colitis in rats. Mediators Inflamm 2006; 5:
92642.

Kaptan ZK, Emir H, Gocmen H, Uzunkulaoglu H, Karakas A, Senes M et
al. Ginkgo biloba, a free oxygen radical scavenger, affects inflammatory

28.

29.

30.

32.

33.

34,

35.

Tatar et al. Alpha-Lipoic Acid Recovers Myringosclerosis

mediators to diminish the occurrence of experimental myringosclerosis.
Acta Otolaryngol 2009; 129: 826-31. [CrossRef]

Dogan E, Erdag TK, Sarioglu S, Ecevit MC, lkiz AO, Giineri EA. The preventive
effect of N-nitro L-arginine methyl ester in experimentally induced myrin-
gosclerosis. Int J Pediatr Otorhinolaryngol 2011; 75: 1035-9. [CrossRef]
Kazikdas KC, Guneli E, Tugyan K, Erbil G, Kume T, Uysal N, et al. The effect
of melatonin on experimentally-induced myringosclerosis in rats. Kulak
Burun Bogaz lhtis Derg 2010; 20: 299-304.

Koracevic D, Koracevic G, Djordjevic V, Andrejevic S, Cosic V. Method for
the measurement of antioxidant activity in human fluids. J Clin Pathol
2001; 54:356-61. [CrossRef]

Kwiecien B, Dudek M, Bilska-Wilkosz A, Knutelska J, Bednarski M,
Kwiecien |, et al. In vivo anti-inflammatory activity of lipoic acid deriva-
tives in mice. Postepy Hig Med Dosw 2013; 67: 331-8. [CrossRef]

Kinis V, Ozbay M, Alabalik U, Gul A, Yilmaz B, Ozkurt FE et al. Effect of caf-
feic acid phenethyl ester on myringosclerosis development in the tym-
panic membrane of rat. Eur Arch Otorhinolaryngol 2013 [Epub ahead of
print].

Santos PF, Leal MC, Peixoto C, Neto SC, Rosas ST. Otomicroscopic and
histologic findings of induced myringosclerosis in rats: a critical study of
an experimental model. Braz J Otorhinolaryngol 2005; 71: 668-74.
Selcuk A, Akdogan O, Ozcan |, Giray SG, Dere H, Ozogul C. Topical ap-
plication of calcium channel blockers to reduce the progression of ex-
perimentally induced myringosclerosis and tympanosclerosis. Laryngo-
scope 2008; 118: 697-705. [CrossRef]

Kahya V, Meric A, Yazici M, Yuksel M, Midi A, Gedikli O. Antioxidant effect
of pomegranate extract in reducing acute inflammation due to myrin-
gotomy. J Laryngol Otol 2011; 125: 370-5. [CrossRef]


http://dx.doi.org/10.1080/00365518709168152
http://dx.doi.org/10.1097/00005537-200404000-00023
http://dx.doi.org/10.1288/00005537-199411000-00013
http://dx.doi.org/10.1097/01.mlg.0000191460.32862.bf
http://dx.doi.org/10.1177/000348940111000615
http://dx.doi.org/10.1258/0022215021911202
http://dx.doi.org/10.1017/S002221511300056X
http://dx.doi.org/10.1080/00016480802468120
http://dx.doi.org/10.1016/j.ijporl.2011.05.015
http://dx.doi.org/10.1136/jcp.54.5.356
http://dx.doi.org/10.5604/17322693.1046290
http://dx.doi.org/10.1097/MLG.0b013e31815ed115
http://dx.doi.org/10.1017/S002221511000263X

