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OBJECTIVES: This study aimed to investigate the effectiveness of topical allantoin application on wound healing in a rat chronic tympanic mem-
brane perforation (TMP) model.

METHODS: A chronic TMP model was established with 25 healthy, female, 6-month-old, Sprague Dawley rats with chemical damage (trichlo-
roacetic acid 50%). The rats were randomly assigned into 3 groups as follows: Group 1 (10 rats, 20 ears) was administered intratympanic (IT) 
20 μL/day 0.57% allantoin solution 7 times, every other day; Group 2 (5 rats, 10 ears) received no substance; Group 3 (10 rats, 20 ears) received IT 
20 μl/day distilled water 7 times, every other day. After tympanic membrane (TM) examination with an otoendoscope, histopathological exami-
nation of the TM was performed to evaluate neutrophil activity, chronicity, histiocytes, keratin accumulation, subepithelial edema, congestion, 
fibroblast proliferation, neovascularization, and tympanic membrane thickness.

RESULTS: Two TM perforations, 1 in Group 1 and 1 in Group 3, were not healed whereas TM perforations in 48 ears demonstrated closure at the 
end of the study. According to the histopathological examination, neutrophil activity and fibroblast proliferation were significantly higher in 
Group 1. There was no significant difference between the groups in terms of other histopathological parameters.

CONCLUSION: To the best of our knowledge, this is the first study investigating the effect of allantoin in an experimental chronic TMP model. 
According to the histopathological findings, allantoin may have positive effects on the wound healing process of chronic TMP.
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INTRODUCTION
Chronic tympanic membrane perforation (TMP) is the presence of an opening in the tympanic membrane (TM) that lasts for 
over 3 months. Although it is a common condition, its true frequency is not clearly known. The main pathological mechanism for 
chronic TMP is the absence of spontaneous healing capacity of the TM that causes failure of epithelial growth across the perfora-
tion.1 Normally, TM perforation is repaired in 3 phases––inflammatory, proliferative, and maturation phases––as in classical wound 
healing. The healing process involves epithelial migration, increased fibroblast reaction, vascular proliferation, and tissue remodel-
ing.2 Leukocytes, fibroblasts, and other cellular elements are initially collected in the perforation zone after the occurrence of a TMP, 
and thickening with mitotic activity is observed at the perforation edges. The increase in fibroblasts accelerates epithelialization 
through bridges resulting from increased collagen synthesis and causes the perforation to close.3 The remodeling phase initiates 
with the closure of the perforation, and matrix metalloproteinases released from leukocytes contribute to re-epithelization and 
remodeling.4

Treatment of a chronic perforation is mostly performed with a surgical procedure including myringoplasty or tympanoplasty. 
However, surgery-associated concerns such as surgical morbidity or the high cost cause clinicians and patients to seek simple and 
less invasive treatment modalities. To evaluate the beneficial effect of topical substance administration on TM perforations, several 
agents including hyaluronic acid, dexpanthenol, platelet-rich plasma, hypericum perforatum, epidermal growth factor (EGF), and 
transforming growth factor-β1 have been investigated in experimental studies.5-9
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Allantoin (5-ureidohydantoin) is a heterocyclic derivative of purine 
that is found in the herbal extract of the comfrey plant and in the 
urine of most mammals. Allantoin is a well-known, non-toxic, wound-
healing substance that stimulates new tissue formation with its 
keratolytic and astringent effects.10 Allantoin has also been shown 
to have anti-inflammatory, anti-hypertensive, anti-nociceptive, anti-
ulcerogenic, and anti-asthmatic effects.11-14 In the present study, we 
hypothesized that topical administration of allantoin may have a 
beneficial effect on chronic TM perforation due to its tissue-repair 
properties. To the best of our knowledge, this is the first study inves-
tigating the effect of topical allantoin on the healing of TMP in an 
experimental chronic perforation model.

MATERIALS AND METHODS

Animals and Study Design
The present study was performed at the Experimental Research 
and Application Center of Erciyes University, Kayseri Turkey after 
the approval of the Erciyes University Experimental Animal Ethics 
Committee dated May 9, 2018 and numbered "18/072".

The study was conducted with 25 healthy, female, 6-month-old, 
Sprague Dawley rats (weight 220-280 g). The animals were housed in 
a safe cage where the temperature was fixed at 21 degrees (12 h light 
and 12 h dark) with unlimited access to food (pellet feed + water). 
All rats were anesthetized by intraperitoneal injection of 80 mg/kg 
ketamine hydrochloride (Alfamine, Ata Fen, Turkey) and 10 mg/kg 
xylazine (Alfazyne, Ata Fen, Turkey) for a meticulous otomicroscopic 
examination. After the exclusion of animals with external and middle 
ear diseases or TMP, the study included 50 ears of 25 rats. A chronic 
TMP model, which was initiated by creating a 3 mm perforation 
on the pars tensa portion of the TM with a dental injector tip, was 
designed for all animals. The maintenance of TMP was provided by 
the application of 50% trichloracetic acid (TCA) to the perforation 
edges on the 4th, 7th, 10th, and 13th days. After ensuring perfora-
tion permanence, the animals were randomly assigned into 3 groups 
for drug applications on the 15th day.

Group 1 (10 rats-20 ears) received a total of 7 administrations of intra-
tympanic (IT) allantoin (Kale Kimya, Istanbul, Turkey) dissolved in 
distilled water at a concentration of 0.57% every other day, whereas 
Group 2 (5 rats, 10 ears) were administered no substance. Group 3 
(10 rats, 20 ears) received a total of 7 administrations of IT 20 μl dis-
tilled water every other day. A micropipette was used in IT drug appli-
cations and the head of the rats was kept stationary for 30 seconds 
to increase the accessibility of the drug into the TM. On the 28th day, 

TMs of all rats were examined with an otoendoscope for the status 
of TMP. All rats were then sacrificed by the combination of high dose 
intraperitoneal ketamine hydrochloride–xylazine. The temporal bulla 
of animals was bilaterally removed by wide resection to spare the TM 
and surrounding tissues, and stored in 10% formaldehyde solution 
for histopathological examination.

Histopathological Examination
Tissues were fixed in 10% formalin and embedded in paraffin. For 
histopathological examination, samples were decalcified in formic 
acid and sodium citrate solution. The temporal bullae were divided 
into 2 along the caput breve of the malleus and a cross-section of 
the TM was formed bilaterally. A paraffin-embedded tissue block was 
selected from each case and cut into 5 μm sections. Tissue sections 
were deparaffinized with xylene and washed with ethanol. The sec-
tions were stained with hematoxylin and eosin (H&E) and examined 
under a light microscope. The pathologist was blinded to the his-
tological sections of the groups. TMs were examined for neutrophil 
activity, chronicity, presence of histiocytes, keratin accumulation, 
subepithelial edema, congestion, fibroblast proliferation, and neo-
vascularization. Also, TM thickness was quantitatively measured in 
micrometers from 5 regions of the TM, and the mean value of these 
measurements was recorded for comparison between the groups. 
Definition of the scoring system for the histopathological parame-
ters including neutrophil activity, keratin accumulation, subepithelial 
edema, congestion, fibroblast proliferation, and neovascularizationis 
shown in Table 1.

Chronicity was scored as 0 (−; no activity), 1 (+; few: there are signs 
of chronicity; few lymphoplasmacytic cells distributed individually in 
lamina propria), or 2 (++; prominent: the presence of lymphoplasma-
cytic cell distribution in groups in lamina propria). The presence of 
histiocytes was classified as follows; 0 (−; none), 1 (+; few: the pres-
ence of a small number of histiocytes dispersed individually in lamina 
propria), or 2 (++; prominent: the presence of cluster-forming histio-
cytes in the lamina propria). 

Statistical Analysis
Statistical analysis was performed using the Statistical Package for 
the Social Sciences (SPSS) v. 22; (IBM Corp.; Armonk, NY, USA). Data 
are presented as mean ± SD, and a P value less than .05 was con-
sidered significant for all comparisons. The Kolmogorov–Smirnov 
test was used to determine the distribution pattern of the data. 
Histopathological variations were compared with the Kruskal–Wallis 
test. Non-parametric multiple comparison test was performed to 
identify factors causing a difference.

Table 1. Definition of the Scoring System for the Histopathological Parameters

0 (-) 1 (+) 2 (++) 3 (+++)

Neutrophil Activity None Dispersed Individually in LP Dispersed in Groups in LP Form Groups and Include the Epithelium

Neovascularization None <3* 3-5* ≥6*

Keratin accumulation Normal <3** 3** ≥4**

Subepithelial edema None Mild Moderate Severe

Congestion None 1*** 2-3*** ≥3***

Fibroblast proliferation None Mild Moderate Severe

LP, lamina propria.
*Vascular structures at ×40 magnification; **ratio of keratin/epithelial layer; ***number of the dilatated capillaries at ×40 magnification.



Ünsal et al. Effect of Allantoin on Chronic Perforation

253

RESULTS
Two TM perforations, one in Group 1 and one in Group 3, were not 
healed, whereas TM perforations in 48 ears demonstrated closure at 
the end of the study. Neutrophil activity was significantly higher in 
Group 1 than in Group 2 (P =. 031) and Group 3 (P = .049). Also, fibro-
blast proliferation was significantly higher in Group 1 than in Group 
2 (P = .009). There was no significant difference between the groups 
in terms of chronicity, neovascularization, keratin accumulation, sub-
epithelial edema, congestion, the presence of histiocytes, or thick-
ness of the TM (Table 2). 

DISCUSSION
To obtain a well-established topical substance for the treatment 
of chronic TMP, several experimental studies with different topical 
agents have been reported in the literature.5-9 Since experimen-
tal acute perforation models do not strictly represent chronic TMP 
pathogenesis, various chronic perforation models have been sug-
gested for ensuring the maintenance of the perforation including 
traumatic, thermal, or chemical damage, topical growth factor inhibi-
tor applications, and folding the perforation edges. In chemical dam-
age, various agents have been suggested including mitomycin-c, 
5-fluorouracil, dexamethasone, hydrocortisone and colchicine in the 
literature.15 In the present study, we established a chronic TMP model 
using 50% TCA since it is a well-known agent utilized in the field of 
otology for many years, including small TMP, granular myringitis, and 
acute external otitis.16,17Although topical TCA administration was also 
reported for repairing a small TMP in the literature, the application 
of TCA with short-term intervals causes the perforation to be perma-
nent due to its strong acid structure.18After creating a perforation in 
the TM, the closure of the perforation was hampered by application 
of TCA to the perforation edges on the 4th, 7th, 10th and 13th days 
in the present study.

Closure of a chronic TMP by simpler techniques such as adminis-
tration of a topical substance attracts clinicians and patients who 
do not want to face the morbidities of surgery. However, no uni-
versally valid agent has been recognized for clinical use to date. 
Experimental studies conducted with different topical agents have 
revealed conflicting results. Therefore, providing a topical agent 
with non-toxic and wound-healing properties that have beneficial 

effects on chronic TMP closure is an ongoing research subject. In 
the present study, we hypothesized that topical allantoin appli-
cation may ensure the closure of TMP without surgery due to its 
unique properties demonstrated in previous studies. In an experi-
mental open wound model, Araújo et al. demonstrated that allan-
toin can ameliorate and promote the reestablishment of normal 
skin in rats.19 In addition to its wound-healing effects, allantoin was 
shown to have a protective effect against asthma due to its poten-
tial anti-inflammatory effects in a murine model of asthma.13 The 
gastro-protective activity of allantoin through anti-inflammatory, 
anti-oxidative, anti-secretory, and cytoprotective effects was also 
demonstrated in ethanol-, indomethacin-, and stress-induced gas-
tric ulcer models.14

In the present study, histopathological parameters including 
neutrophil activity and fibroblast proliferation were significantly 
higher in rats administrated topical allantoin. Ensari  et  al.20 inves-
tigated the effect of platelet-rich fibrin membrane in the repair 
of TMP in an experimental study, and the authors demonstrated 
higher values of fibrosis and neovascularization in the study group. 
Yaşar et al.8 reported that Hypericum perforatum, an herbal extract, 
was found to be effective in a wound-healing model of TMP. The 
authors demonstrated a significant increase in leukocyte and fibro-
blast counts of Hypericum perforatum-treated rats and concluded 
that Hypericum perforatum can contribute to an acceleration of 
wound healing. Similarly, in the present study, allantoin provided 
higher neutrophil activity and fibroblast proliferation in Group 1, 
which can be attributed to the positive effects of allantoin on the 
wound-healing process of chronic TMP. Although the difference 
was not significant, the mean value of neovascularization scores 
was higher in Group 1 than in Groups 2 and 3.

The present study had some limitations. First, although contro-
versy still exists, a TM patency period ranging from 8 to 12 weeks 
was reported as the minimum time for perforation to be consid-
ered chronic in recent studies.21 Hence, despite the multiple TCA 

Table 2. Mean scores of the histopathological parameters of the groups.

Group 1 
(Mean ± 

SD)

Group 2 
(Mean ± 

SD)

Group 3 
(Mean ± 

SD) P

Neutrophil activity 1.5 ± 0.688 0.9 ± 1.01 0.95 ± 0.826 .048

Chronicity 1.35 ± 0.587 0.9 ± 0.568 1.1 ± 0.718 .177

Presence of histiocytes 0.6 ± 0.681 0.7 ± 0.483 0.9 ± 0.788 .429

Keratin accumulation 1.25 ± 0.639 1.4 ± 0.966 1.2 ± 0.768 .829

Subepithelial edema 0.8 ± 0.951 0.8 ± 1.033 0.75 ± 0.786 .993

Congestion 0.55 ± 0.686 0.8 ± 0.422 0.75 ± 0.716 .395

Fibroblast proliferation 1.35 ± 0.671 0.6 ± 0.699 1.1 ± 0.788 .033

Neovascularization 1.4 ± 0.821 0.8 ± 0.632 0.8 ± 0.768 .051

Thickness of the 
tympanic membrane

41.94 ± 3.19 33.69 ± 5.89 36.86 ± 3.90 .09

SD, standard deviation.

Figure 1. (A) Oto-endoscopic image of a tympanic membrane perforation in 
pars tensa (white arrow showing the perforation). (B) Neutrophil infiltration 
(black arrows) in Group 1 (H&E; ×100). (C)The areas of keratin accumulation 
(black arrows) in Group 1 (H&E; ×40). (D) Black arrows showing the areas of 
neovascularization (H&E; ×40).
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applications to prevent closure of the TM perforation, 2 weeks can 
be considered as a relatively short period for a chronic perforation 
model. Second, perforation recovery times could not be detected 
due to technical shortcomings regarding the video-endoscopic 
examination. Third, allantoin was dissolved at the maximum con-
centration in distilled water (0.57%) and no solvent was utilized for 
acquiring higher allantoin concentrations to demonstrate the pure 
effect of allantoin. Therefore, any data regarding more beneficial 
effects on TM repair with higher allantoin concentrations could not 
be obtained in the present study.

CONCLUSION
To the best of our knowledge, this is the first study investigating the 
effect of allantoin in an experimental chronic TMP model. According 
to the histopathological findings, allantoin may have positive effects 
on the wound-healing process of chronic TMP.
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