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Original Article

INTRODUCTION

Myringosclerosis is an irreversible pathologic healing mechanism 
of the tympanic membrane which can result in sclerotic plaques 
of the membrane. Myringotomy and tympanic membrane per-
foration due to otitis media can result in myringosclerosis. The 

pathologic process of the myringosclerosis is thought to be a 
part of hyperoxia as the trigger of producing free radicals from 
the inflamed tissue and observed as deposition of calcareous 
plaques in the fibrous layer of the tympanic membrane [1,2]. 
Antioxidant treatment is a well-known prevention therapy and, 
during the last decade, different groups of antioxidants were 
used in this manner [3-7]. These treatments are mostly experi-
mental but antioxidant agents have been used for human trials 
as well [8]. The primary means of determining the benefit of an-
tioxidant agents during the sclerotic stage is by otomycroscopy, 
biochemistry and histopathologic examination.
 Coenzyme Q10 (CoQ10) is a lipid soluble antioxidant which 
is synthesized endogenously in our bodies. It has an important 
role in mitochondrial electron transfer and energy conservation 
[9]. However, it is a very effective antioxidant that protects the 
cellular membrane from free oxyradical formation [10]. 
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Objectives. Myringosclerosis is an irreversible pathological healing mechanism of the tympanic membrane which can result 
in the formation of sclerotic plaques. Antioxidant treatment is a recognised prevention therapy and coenzyme Q10 
(CoQ10), lycopene, and grape seed extract (GSE), were used in this manner.  

Methods. Forty-four Wistar rats were used in this experiment, and, following myringotomies, the animals were randomly 
divided into four groups. CoQ10, lycopene or GSE was administered orally to the respective groups, starting from 
the day of surgery. Otomicroscopy examination was performed on the 14th day. All tympanic membrane lesions 
were evaluated and compared otomicroscopically and histopathologically.  

Results. The otomicroscopy  and histopathological findings, compared against a control (saline) group, showed the CoQ10, 
lycopene, and GSE groups had statistically significant differences of degree of sclerosis (P<0.001).  

Conclusion. CoQ10, lycopene, and GSE were compared against a saline group and their antioxidative and anti-inflamma-
tory effects were similar. The formation of myringosclerotic plagues after experimental myringotomy in rats signifi-
cantly decreased and diminished after systemic administration of the three different antioxidant supplements.
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 Lycopene, which is responsible for yellow, orange or red pig-
mentation, is present in tomatoes and other red fruits and vege-
tables and is the most prevalent carotenoid in the Mediterranean 
diet. Several experimental rodent studies suggest that lycopene 
possesses many biochemical functions, including inhibition of 
proinflammatory activities, antioxidant scavenger and protrom-
botic factors [11]. Additionally, it exerts a critical role in the in-
flammatory process and can decrease lipid peroxidation, in-
crease neutrophil infiltration and apoptosis [12,13]. 
 Grape seed extract (GSE) contains proteins, lipids, carbohy-
drates, and natural antioxidant proanthocyanidins, which have 
been demonstrated to have an effect against oxidative stress and 
free radicals [14,15]. 
 This study was designed to determine the effect of CoQ10, lyco-
pene, and GSE. The aim of this study is to compare the effective-
ness of these antioxidants by examining the tympanic membranes, 
both otomicroscopically and histopathologically. 

MATERIALS AND METHODS

The study complied with experimental ethical principles and ani-
mal protection laws according to the rules and regulations in Tur-
key, approved by the Local Ethic Committee in Ankara, Turkey 
(Prot. No.: 20;15/07/2011). All animal care and procedures were 
performed humanely. The animals were kept in ordinary cages (15 
cm×25 cm×40 cm) and were fed with standard rat food and tap 
water. Temperature was 23.3°C with artificial lighting in a period 
of 12 hours. The rats were used after 10 days of quarantine.

Animals and procedures
Fifty Wistar-Albino male rats weighing 340–450 g were used for 
the procedure and each was examined to confirm an intact tym-
panic membrane otomicroscopically (Opmi 1, Carl Zeiss, Munich, 
Germany). Two animals with impacted cerumen, which could not 
be removed, were excluded from the study. Forty-eight animals 
were anesthetized with 80-mg/kg ketamine hydrochloride. Un-
der otomicroscopic examination with a sterile pick, bilateral myr-
ingotomies were performed on the posterosuperior eardrum by 
the two senior authors (SA and AT). After the procedure, four an-
imals were excluded from the study due to middle ear infections 
and intractable vertigo.
 Following myringotomy, the animals were randomly divided 
into four groups. Group 1 (saline) comprised of 11 rats to which 2 
mL/kg daily saline was administered orally as the control group. 
Group 2 comprised 11 of rats to which a daily dose of 100-mg/kg 
grape seed extract (GSE) (GNC standardized grape seed extract 
300 mg/100 capsules) in a 2-mL solution was administered orally. 
Group 3 comprised of 11 rats to which a daily dose of 100-mg/kg 
CoQ10 (GNC CoQ10 100 mg/30 capsules) in a 2-mL solution 
was administered. Lastly, group 4 comprised of 11 rats to which a 
daily dose of 200-mg/kg lycopene (GNC lycopene from tomatoes 

30 mg/60 capsules) in a 2-mL solution was administered orally, as 
well. All drugs, including saline, were administered orally for 14 
days starting on the same day of surgery. 

Otoscopic examination
All rats were anesthetized with 80-mg/kg ketamine hydrochloride 
at the end of the 14th day. Firstly, otomicroscopic examinations 
were performed by the two senior authors (SA and AT) randomly, 
without knowing each other’s findings or the groups to which the 
rats belonged. Tympanic membrane lesions were evaluated by a 
four point scale, described by Mattsson et al. [1]; 0, no visible 
myringosclerosis (MS); +, occasional MS (sclerotic lesion was 
present around umbo); ++, moderate MS (sclerotic lesion was 
present around umbo) and beside the handle of the malleus and 
along the anterosuperior portion of the pars tensa; +++, MS scle-
rotic lesion was present on the malleus and along annulus. The 
rats were euthanized by thiopental sodium injection and then 
their tympanic bullae were set aside for histopathological exami-
nation.

Histopathological examination
Specimens were evaluated by one pathologist who was blinded 
to the groups and all specimens were prepared as follows.
 The tympanic membrane (TM) and surrounding bony annuli 
were removed together by microdissection under otomicroscopy. 
Before fixation of specimen myringotomy regions of the speci-
mens are visualized with small amount of tissue marker. All 
specimens were routinely fixed with 10% buffered formalin 
overnight and decalcified with 10% formic acid. After decalcifi-
cation specimens were dehydrated with graded alcohol baths and 
sampled including the myringotomy region. Paraffin-embedded 
blocks were serially sectioned at 4-µm thickness, and stained 
with hematoxylin-eosin and Masson’s trichrome stain. Masson’s 
trichrome stain was used to visualize the fibrotic change of lami-
na propria. 
 All serial sections were examined with a light microscope (DP2-
BSW, Olympus, Tokyo, Japan). The scoring of the lesions was done 
on the section that demonstrates the maximum fibrotic change for 
each rat. The degree of sclerotic lesions and intensity of fibroblastic 
proliferation in the lamina propria of timpanic membranes were 
graded semiquantitatively as: 0, no visible myringosclerosis, lamina 
propria was free of sclerotic lesion (Fig. 1); 1, occasional miringo-
sclerosis, few single lesions in the lamina propria (Fig. 2); 2, moder-
ate myringosclerosis, single and confluent lesions observed in the 
lamina propria (Fig. 3); 3, serious myringosclerosis, extensive 
confluent lesions observed in the lamina propria (Figs. 4, 5) [1]. 

Analyses
In order to identify any statistical significance in the results, data 
analysis was performed using SPSS ver. 11.5 (SPSS Inc., Chica-
go, IL, USA). Ordinal data were shown as median (min–max). 
Whether or not the differences in degree of otoscopic and histo-
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pathologic examinations among groups were statistically significant 
was evaluated with the Kruskal-Wallis test. When the P-value from 
the Kruskal-Wallis test was statistically significant, the Conover 
multiple comparison test was applied. The Conover multiple com-
parison test was used to distinguish which groups differed from the 
other groups. A P-value less than 0.05 was considered statistically 
significant.

RESULTS

Based on otoscopic findings on the 14th day, all the tympanic 
membrane perforations were closed on all 44 rats. Comparison of 
the saline group against the GSE, lycopene, and CoQ10 groups 
revealed statistically significant differences with P<0.001. There 
were no statistically significant differences between GSE and ly-

Fig. 1. Coenzyme Q10 group. There is no thickening of tympanic 
membrane and no fibrosis (arrow) (H&E, ×200). 

Fig. 2. Grape seed extract group. Grade 1 sclerosis, mild fibrotic change 
is highlighted with green color (arrow) (Masson’s trichrome, ×200).

Fig. 3. Lycopene group. Grade 2 sclerosis, moderate thickening of tym-
panic membrane and fibroblastic hyperplasia (arrows) (H&E, ×200).

Fig. 4. Saline group. Grade 3 sclerosis, extensive thickening of tym-
panic membrane due to sclerotic changes in lamina propria (arrow) 
(H&E, ×100).

Fig. 5. Trichrome stain of the same rat in Fig. 4 (saline group, grade 
3 sclerosis) shows marked fibrosis in lamina propria (arrow) (Mas-
son’s trichrome, ×100).
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copene, GSE and CoQ10, and lycopene and CoQ10 groups 
comparisons showing P-values of 0.355, 1.000, and 0.355, re-
spectively (Fig. 6).
 Sclerosis of tympanic membrane evaluation in histopathologic 
examination revealed a remarkably higher difference in the sa-
line group compared with GSE, lycopene, and CoQ10 groups, 
with P-values 0.018, 0.003, and <0.001, respectively. There were 
no statistically significant differences between GSE and lycopene, 
GSE and CoQ10, and lycopene and CoQ10 groups comparisons 
with P-values 0.513, 0.205, and 0.536, respectively (Table 1). 
They were each compared against saline group and demonstrat-
ed similar antioxidative and anti-inflammatory effects.

DISCUSSION

In this study, three different kinds of antioxidants with placebo 
(saline) on myringotomised rat ears were compared via otoscopic 
examination and histopathologic findings. The objective was to 
evaluate the effectiveness of certain antioxidants by examining 
the tympanic membranes, both otomicroscopically and histo-
pathologically. Our results revealed a successful outcome with all 
three antioxidants. These results are similar to other antioxidants 
which have been studied in the literature. However, three differ-
ent antioxidants were not compared in this way before. 
 There are the increase of hyaline degeneration, collagen tissues 
and calcification in TM when MS occurred, and the real cause 
and pathogenesis of it are not well-known [1,16].
 It can be seen that MS is an irreversible and nonspecific result 
of the production of free radicals which occurred after ventila-
tion tube (insertion) or trauma to the TM [3,16,17].
 Tympanic membrane lesions were evaluated by a 4-point scale 
previously described by Mattsson et al. [1], which was used as 
the primary way to demonstrate the effects of three different an-

tioxidant agents in this study.
 Reviewing the literature, experimental studies including dif-
ferent kind of antioxidant agents for preventing myringosclerosis 
shows success promising results. Ozcan et al. [4] topically ap-
plied two different dosages of N-acetylcysteine (NAC) in myrin-
gotomised rat ears and found this had a significant effect on pre-
venting sclerotic lesions using otomyroscopy and histopathology 
on both groups. However, there were no significant differences 
between the two NAC groups. Song et al. [18] studied the ef-
fects of caffeic acid phenethyl ester (CAPE) on rats and their re-
sults indicated that, based on histopathologic exam, CAPE is a 
preventive antioxidant. Furthermore, Gorur et al. [19] adminis-
tered selenium systematically to the myringotomised rats and 
found statistically significant lower tympanosclerosis than in the 
control group. The results of this study showed that when com-
pared against the saline group, there were statistically significant 
differences with sclerosis degrees in GSE, lycopene, and CoQ10 
groups<0.001.
 In similar experiments, the topical application of ascorbic acid 
on perforated rat ears revealed significant difference between 
saline treated (untreated) and ascorbic acid treated groups, with 
the ascorbic acid demonstrating positive results [6].
 Uneri et al. [8] used topical vitamin E on seventy eight child-
rens’ right ears just after bilateral ventilation tube insertion and 
observed the subjects for 9 months. Their results indicated that 
vitamin E treated ears had a significant improvement compared 
to the untreated ears.
 Mattsson et al. [1] hypothesized that a hyperoxic condition 
(existed) in the middle ear cavity and the inflammation induced 
by tympanic membrane trauma and inflammatory reaction con-
sisting of inflammatory cells around sclerotic aggregates, result-
ing in an increased production of O2-derived free radicals, may 
be the cause of MS pathogenesis. It has been proven through 
experimental models that a relationship exists between O2-de-
rived radicals and the occurrence of MS. It was also shown that 
the application of various free radical scavengers, antioxidants 
and anti-inflammatory agents could reduce the formation of MS 
after experimental myringotomy [1,6,7,18,19]. 
 CoQ10 is a molecule that protects the cellular membrane from 

Table 1. Mode (min–max) of degrees of otoscopic and sclerosis of 
tympanic membrane evaluation in histopathologic examinations re-
garding for groups

Examination Group 1 Group 2 Group 3 Group 4 P-value

Otoscopic 1 (1–3)*,†,‡ 0 (0–2)* 0 (0–2)‡ 1 (0–2)† 0.003
Histopathologic 1 (1–3)*,†,‡ 1 (0–2)* 1 (0–3)‡ 0 (0–3)† <0.001

Group 1, control group; Group 2, grape seed extract administered group; 
Group 3, coenzyme Q10 administered group; Group 4, lycopene adminis-
tered group. 
*P<0.05, the difference between groups 1 and 2 was found as statistically 
significant. †P<0.01, the difference between group 1 and 4 was found as 
statistically significant. ‡P<0.001, the difference between groups 1 and 3 
was found as statistically significant. 
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Fig. 6. Box-plot for sclerosis of tympanic membrane evaluation in 
histopathologic examination. Group 1, control group; Group 2, 
grape seed extract administered group; Group 3, coenzyme Q10 
administered group; Group 4, lycopene administered group.  
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free oxyradical formation [10]. Additionally, this molecule has an 
important role in mitocondrial electron transfer and energy con-
servation [9]. The CoQ10 molecule inhibits lipid peroxidation by 
preventing the production of lipid peroxyl radicals (LOO) and re-
duces the initial perferryl radical and singlet oxygen, with con-
comitant formation of ubisemiquinone and H2O2. This is achieved 
because the molecule is continually going through an oxidations-
reduction cycle. CoQ10 protects lipids and proteins from oxida-
tion by quenching of the initiation perferryl radicals.  
 Lycopene is an inhibitor of proinflammatory, antioxidant scav-
enger and protrombotic factors [11]. Lycopene also exerts a criti-
cal role in the inflammatory process and can decrease lipid per-
oxidation, increase neutrofil infiltration and apoptosis [12,13]. 
Lycopene, however, does not have a beta-ioning ring structure, 
which subsequently increases the molecules antioxidant action. 
The presence of lycopene in the Ames test can trap singlet oxy-
gen and reduce mutagenesis. Inhibition of the formation of thio-
barbituric acid-reactive substances is directly related to the anti-
oxidant activity of carotenoids in multilamellar liposomes.
 An effective treatment for oxidative stress and free radicals is 
GSE [14,15].  The reason for this is because GSE contains large 
amounts of phenolic compounds which are responsible for anti-
oxidant activity. GSE can reliably indicate antioxidant activity by 
determining whether or not antioxidant compounds are electron 
donors. In turn, this can reduce the oxidized intermediates of the 
lipid peroxidation process [20].
 In conclusion, the formation of myringosclerotic plagues after 
experimental myringotomy in rats significantly decreased and di-
minished after systemic administration of CoQ10, lycopene, and 
GSE, which have been demonstrated to have an effect against ox-
idative stress and free radicals. They were compared against a sa-
line group and their antioxidative and anti-inflammatory effects 
were similar.
 Prevention and treatment effects of CoQ10, lycopene, and 
GSE may be useful for humans who are at risk of developing 
myringosclerosis and tympanosclerosis. Therefore, more elabo-
rate clinical research should be designed and undertaken to con-
firm this expectation.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

ACKNOWLEDGMENTS

We would like to thank P.Sc. Salih Ergöçen for the statistical 
analysis of this study. We would also like to thank Dr. Murat 
Tahtalı, from UNSW Canberra, for his help in proof-reading and 
formatting of the text. We would like to thank Prof. Dr. Ali 

Coskun and Etlik Ihtisas Training and Research Hospital, Anka-
ra, Turkey, for providing financial support for this study.

REFERENCES

1. Mattsson C, Magnuson K, Hellstrom S. Myringosclerosis caused by 
increased oxygen concentration in traumatized tympanic mem-
branes. Experimental study. Ann Otol Rhinol Laryngol. 1995 
Aug;104(8):625-32.

2. Ho KY, Tsai SM, Chai CY, Wang HM. Clinical analysis of intratym-
panic tympanosclerosis: etiology, ossicular chain findings, and hear-
ing results of surgery. Acta Otolaryngol. 2010 Mar;130(3):370-4.

3. Kazikdas KC, Uguz MZ, Erbil G, Tugyan K, Yilmaz O, Guneli E, et 
al. The anti-oxidant effect of alpha-tocopherol in the prevention of 
experimentally induced myringosclerosis. Otol Neurotol. 2006 
Sep;27(6):882-6.

4. Ozcan C, Gorur K, Cinel L, Talas DU, Unal M, Cinel I. The inhibitory 
effect of topical N-acetylcysteine application on myringosclerosis in 
perforated rat tympanic membrane. Int J Pediatr Otorhinolaryngol. 
2002 May;63(3):179-84.

5. Polat S, Ozturk O, Uneri C, Yuksel M, Haklar G, Bozkurt S, et al. 
Determination of reactive oxygen species in myringotomized tym-
panic membranes: effect of vitamin e treatment. Laryngoscope. 
2004 Apr;114(4):720-5.

6. Spratley JE, Hellstrom SO, Mattsson CK, Pais-Clemente M. Topical 
ascorbic acid reduces myringosclerosis in perforated tympanic mem-
branes. A study in the rat. Ann Otol Rhinol Laryngol. 2001 
Jun;110(6):585-91.

7. Emir H, Kaptan ZK, Samim E, Sungu N, Ceylan K, Ustun H. The 
preventive effect of ginkgo biloba extract in myringosclerosis: study 
in rats. Otolaryngol Head Neck Surg. 2009 Feb;140(2):171-6.

8. Uneri C, Baglam T, Yazici M. The effect of vitamin E treatment on 
the development of myringosclerosis after ventilation tube inser-
tion. Int J Pediatr Otorhinolaryngol. 2006 Jun;70(6):1045-8.

9. Bentinger M, Brismar K, Dallner G. The antioxidant role of coen-
zyme Q: mitochondrion. 2007 Jun;7 Suppl:S41-50.

10. Beyer RE. An analysis of the role of coenzyme Q in free radical gen-
eration and as an antioxidant. Biochem Cell Biol. 1992 Jun;70(6): 
390-403.

11. Mordente A, Guantario B, Meucci E, Silvestrini A, Lombardi E, Mar-
torana GE, et al. Lycopene and cardiovascular diseases: an update. 
Curr Med Chem. 2011;18(8):1146-63.

12. Bignotto L, Rocha J, Sepodes B, Eduardo-Figueira M, Pinto R, 
Chaud M, et al. Anti-inflammatory effect of lycopene on carrageen-
an-induced paw oedema and hepatic ischaemia-reperfusion in the 
rat. Br J Nutr. 2009 Jul;102(1):126-33.

13. Reifen R, Nissenkorn A, Matas Z, Bujanover Y. 5-ASA and lycopene 
decrease the oxidative stress and inflammation induced by iron in 
rats with colitis. J Gastroenterol. 2004 Jun;39(6):514-9.

14. Bagchi D, Garg A, Krohn RL, Bagchi M, Tran MX, Stohs SJ. Oxygen 
free radical scavenging abilities of vitamins C and E, and a grape 
seed proanthocyanidin extract in vitro. Res Commun Mol Pathol 
Pharmacol. 1997 Feb;95(2):179-89.

15. Ray S, Bagchi D, Lim PM, Bagchi M, Gross SM, Kothari SC, et al. 
Acute and long-term safety evaluation of a novel IH636 grape seed 
proanthocyanidin extract. Res Commun Mol Pathol Pharmacol. 
2001 Mar-Apr;109(3-4):165-97.

16. Bhaya MH, Schachern PA, Morizono T, Paparella MM. Pathogenesis 
of tympanosclerosis. Otolaryngol Head Neck Surg. 1993 Sep;109(3 
Pt 1):413-20.

17. Mattsson C, Marklund SL, Hellstrom S. Application of oxygen free 



6    Clinical and Experimental Otorhinolaryngology   Vol. 8, No. 1: 1-6, March 2015 

radical scavengers to diminish the occurrence of myringosclerosis. 
Ann Otol Rhinol Laryngol. 1997 Jun;106(6):513-8.

18. Song JJ, Lim HW, Kim K, Kim KM, Cho S, Chae SW. Effect of caffe-
ic acid phenethyl ester (CAPE) on H2O2 induced oxidative and in-
flammatory responses in human middle ear epithelial cells. Int J Pe-
diatr Otorhinolaryngol. 2012 May;76(5):675-9.

19. Gorur K, Ozcan C, Polat A, Unal M, Tamer L, Cinel I. The anti-oxi-
dant and anti-apoptotic activities of selenium in the prevention of 
myringosclerosis in rats. J Laryngol Otol. 2002 Jun;116(6):426-9.

20. Jayaprakasha GK, Selvi T, Sakariah KK. Antibacterial and antioxi-
dant activities of grape (Vitis vinifera) seed extracts. Food Res Int. 
2003;36(2):117-22.


