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EXPERIMENTAL STUDY

Does topical N-acetylcysteine application after
myringotomy cause severe otorrhea?

Miringotomi sonras1 uygulanan topikal N-asetilsistein ciddi otore sebebi midir?

Arif SANLI, M.D., Mehmet EKEN, M.D., Cenk EVREN, M.D.,
Glinay ATES, M.D., Mustafa PAKSOY, M.D.

Objectives: The effect of topical N-acetylcysteine
(NAC) application was investigated on the healing of
acute experimental tympanic membrane perforations.

Materials and Methods: Twenty guinea pigs were
used in this study. Under intraperitoneal ketamine
anesthesia, incisional myringotomies were per-
formed in the posterosuperior quadrant of the tym-
panic membranes with a straight otologic hook.
The diameter of the perforations was approximate-
ly 2 mm. Perforations in both ears were treated with
freshly prepared sponges soaked in either 0.1 ml
0.9% NaCl solution (10 control animals) or 0.6
mg/0.1 ml NAC (10 animals) for three consecutive
days. All the tympanic membranes were examined
by otomicroscopy on the third, fifth, seventh, and
ninth days.

Results: In the control group, all the perforations
were completely closed at the end of nine days.
During the same period, only 40% of the perfora-
tions were completely closed in the NAC group. The
remaining ears exhibited otorrhea by the third day.

Conclusion: N-acetylcysteine may cause severe
otorrhea in the healing process of tympanic mem-
brane perforations. Further studies including
histopathological examinations are required to eluci-
date this condition.

Key Words: Acetylcysteine; ear, middle/surgery; middle
ear ventilation; tympanoplasty.

Amac: Akut, deneysel, travmatik timpan membran
perforasyonlarinin iyilesmesinde N-asetilsistein kul-
laniminin etkileri incelendi.

Gerec ve Yontem: Calismada 20 hayvan (guinea
pig) kullanildi. intraperitoneal ketamin anestezisi al-
tinda, diiz otolojik hook yardimiyla timpan membran-
larin posterosuperior kadranlarina insizyonel mirin-
gotomi yapildi. Perforasyonlarin ¢api yaklasik 2 mm
idi. Kobaylar iki gruba ayrildi. Kontrol grubuna (10
hayvan, 20 kulak) 0.1 ml %0.09 NaCl emdirilmis
spongostanlar, calisma grubuna ise 0.6 mg/0.1 ml
N-asetilsistein emdirilmis sponglar her giin degistiri-
lerek ¢ gln boyunca dis kulak yolundan perforas-
yon Uzerine yerlestirildi. Her iki grubun timpan
membranlar 3, 5, 7 ve 9. glinlerde kulak mikrosko-
bu ile degerlendirildi.

Bulgular: Kontrol grubundaki perforasyonlarin ta-
maminin dokuzuncu giinde kapandigi izlendi. N-
asetilsistein uygulanan grupta perforasyonlarin an-
cak %401 kapandi, geri kalan kulaklarin timinde
dclncu ginden itibaren otore izlendi.

Sonug¢: Timpan membran perforasyonlarinin iyiles-
mesinde N-asetilsistein kullanimi yogun otore sebe-
bi olabilir. Bu konuyla ilgili histopatolojik incelemele-
ri de iceren daha kapsamli ¢alismalar gerekmekte-
dir.

Anahtar Sézclkler: Asetilsistein; orta kulak/cerrahi; orta
kulak ventilasyonu; timpanoplasti.
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Perforation of the tympanic membrane (TM) most
commonly arises as a result of either otitis media or
trauma. Clinically the most common manifestations
of TM perforation are conductive hearing loss and
chronic infection.

Most acute TM perforations (90%), especially
those involving less than a quarter of the TM area,
close spontaneously."” Perforations in which a
greater area of the TM is involved and/or accompa-
nied by pathologic changes in the middle ear require
surgical closure. Alternative to surgery, topical
hyaluranic acid, growth factors such as epidermal
and fibroblast were recently reported as successful
in the treatment of traumatic TM perforations.””

N-acetylcysteine (NAC) is a chemical agent
which has anti-inflammatory, mucolytic and free
radical scavenging properties. N-acetylcysteine
exhibits these effects via its biochemical structure
which includes a free thiol group.

The goal of this study was to investigate the
effects of NAC on the healing of acute experimental
traumatic TM perforation by observing the duration
of perforation closure clinically.

MATERIAL AND METHODS

We performed the study in 20 healthy guinea pigs.
The animals weighed between 750-1000 g. All ani-
mals were anaesthetized with ketamine hydrochlo-
ride (50 mg/ml) intraperitoneously and isoflurane.
After anesthesia, incisional myringotomies were
performed on the posterosuperior quadrant of the
tympanic membranes with straight otologic hook

Fig. 1 - The myringotomies were performed on posterosuperior
quadrant of the tympanic membranes.
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(Fig. 1). The mean diameter of the perforations was
approximately 2 mm. All of the myringotomies were
performed with the operating microscope. The
guinea pigs were divided into two groups. The con-
trol group (10 animals, 20 ears) received 0.1 ml topi-
cal 0.9% NaCl solution soaked in spongostan and
the study group (10 animals, 20 ears) received 0.6
mg/0.1 ml topical NAC soaked in spongostan into
the external ear canal daily for 3 days. The tympan-
ic membranes were examined in the study and con-
trol groups with otomicroscopy at 3rd, 5th, 7th, and
9th days under brief isoflurane anesthesia.
Myringotomy patency was recorded during each
observation. The presence of otorrhea and crusting
was also noted. The closure times of myringotomy
sites of the study and control groups were evaluated
with “Fisher’s exact chi-square” test.

RESULTS

In the control group, 100% of the perforations were
completely closed by 9 days. In the NAC group, 40%
of the perforations were completely closed by 9
days; the remaining of the study group had still
otorrhea beginning from the third day. No otorrhea
was observed in the control group. Significant dif-
ferences were observed between two groups in the
number of otorrhea (p<0.001). The healing scheme
for each group is drawn in Fig. 2.

DISCUSSION

Topical application of NAC was recommended in
otolaryngology practice for resolving middle ear
effusions or for preventing myringosclerosis."”
During myringotomy, as a result of hyperoxic con-
dition, there will be an increased production of O,
derived free radicals."" Oxygen radicals cause tis-
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Fig. 2 - N-acetylcysteine does not improve the healing of the
tympanic membrane.
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sue damage by lipid peroxidation of cellular and
organelle membranes, distruption of intracellular
matrix and alteration of important protein enzymat-
ic processes. These agents not only damage the
lipids but also produce lipid hydroperoxides, sec-
ondary intermediates that can lead to a chain reac-
tion of lipid peroxidation."*"

Nitric Oxide (NO) is a small, short-lived oxygen
free radical involved in cellular signaling and
known to play a role in inflammation. Kampf and
Roomans"” demonstrated that the antioxidant NAC
inhibited NO production. Pepperl et al."” indicated
that hyperoxia can up regulate the NO pathway in
stimulated alveolar macrophages through the
increased production of intracellular reactive oxy-
gen species. N-acetylcysteine inhibited the NO path-
way both in normotoxic and hyperoxic conditions.
Ozcan et al."” found an increase in NO levels after
myringotomy and they demonstrated that NAC pre-
vents the increase of NO levels.

In this study, we hypothesized that during
myringotomy the production of free radicals
increases and these radicals cause tissue damage
and prevent the healing of the TM. N-acetylcysteine
has a free radical scavenging property and by appli-
cation of NAC topically, we could decrease the effect
of free radicals on the healing process. However;
NAC did not significantly affect the speed of TM
healingand the normal sequence of healing in TM
was altered because of severe otorrhea.

These results may be explained by some other
effects of NAC. Ovesen et al."” described cytotoxic
effects of NAC in a dose dependent way on phago-
cytes and fibroblasts. Kharazmi et al."” found that
NAC at concentrations higher than 3x10” M causes
cytotoxicity on neutrophils and monocytes. Some
opthalmologists described the toxic effects of NAC
in different concentrations in corneal wound heal-
ing.”” Another explanation of severe otorrhea may
be reducing the NO levels. Although NO is a free
radical and causes tissue damage, it has ability to
kill pathogens and it may be important in the host
defense against ear infections.”! Ovesen et al.””
described increased otorrhea in their patients receiv-
ing topical NAC against placebo for otitis media
with effusion. Interestingly, the dosage and the
application time of NAC used in these investiga-
tions, was higher than our dosage and application
time.
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Finally; topical application of NAC does not
improve the TM healing. On the contrary, it may
cause severe otorrhea. For this reason it may delay
the healing process of the TM.

CONCLUSION

Topical application of NAC was recommended in
otolaryngology practice for resolving middle ear
effusions or for preventing myringosclerosis. In this
study, we presented a clinical observation in the
healing process of TM perforations and we deter-
mined that NAC may cause otorrhea. Further studies
with histopathological examination are warranted.
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