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ABSTRACT
Objective: The aim is to investigate the effect of leptin on chronic tympanic membrane (TM) perforation in topical and systemic applications 
together with clinical and histopathological findings.
Methods: The study was carried out on 42 (84 ears) Sprague dawley adult female rats. Chronic TM perforation model was developed in the rats. 
Subjects were divided in give groups together with the sham group. Topical saline, topical leptin, intraperitoneal leptin, and topical phosphate 
buffer solution were applied. Temporal bullas were removed on the 35th day for histopathological examination. Fibroblast proliferation, 
leucocyte infiltration, neovascularization, TM thicknesses, and subepithelial thickness values were compared.
Results: When the study groups were examined in terms of the mean values of TM thickness and the ratios of subepithelial thickness grades, no 
significant difference was found between the groups. When the values of fibroblast proliferation, leukocyte infiltration, and neovascularization 
were examined, it was observed that these values were significantly lower in the topical and systemic leptin group than the topical phosphate 
buffer solution group and the sham group. When the groups, to which systemic and topical leptin were given, were compared, no statistically 
significant difference was found in terms of these values.
Conclusion: According to the histological findings, topical and systemic use of leptin affects the recovery parameters of chronic TM perforation 
adversely.
Keywords: Leptin, tympanic membrane perforation, wound healing, neovascularization, chronic otitis

Introduction

Leptin is a hormone whose protein structure is similar to 
that of interleukins.1 Its effect is caused by binding to hypo-
thalamic receptors, although it has peripheral effects.2 
Proliferative, antiapoptotic, angio​genes​is-st​imula​ting,​ and 
wound​-heal​ing-accele​ratin​g effects of leptin have been 
reported in several cell types.3

Permanent perforations in the tympanic membrane (TM) as a 
result of chronic otitis are one of the primary concerns of oto-
laryngologists. Depending on the location and nature of the 

perforation, the treatment options range from paper patches 
applied in the office to complex tympanoplasty procedures. In 
addition, as a result of the complexities of these treatments, 
increasing focus has been paid to cost-effective and practi-
cal experimental research. Numerous studies on perforation 
recovery have included hyaluronic acid, epidermal growth 
factor, transforming growth factor, and platelet-rich plasma.4-7

The purpose of the present study was to investigate the effect 
of leptin on wound healing in topical and systemic treatment, 
as well as the clinical and histological findings in a rat TM 
chronic perforation model.
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Methods

The study was conducted on 42 (84 ears) 6-month-old Sprague 
Dawley adult female rats weighing between 250 and 300 g, 
which were produced at the Erciyes University Experimental 
Clinical Research Center with the approval of the Erciyes 
University Experimental Animals Ethics Committee, dated 
“13.12.2017” and numbered “17/133.” The rats were housed in 
secure cages at the Experimental Animals Laboratory of Erciyes 
University, where the temperature was maintained at 21°C and 
there was no restriction on food (pellet feed + water) while 
adhering to a 12-hour light/12-hour dark cycle. The rules of the 
Helsinki Declaration were followed throughout the research.

Preparation of Animals and Experimental Process
Animals were sedated intraperitoneally (IP) with 40 mg/kg 
ketamine hydrochloride (Alfa, Ata Fen, Turkey) and 10 mg/kg 
xylazine (Alfazyn, Ata Fen, Turkey). When further anesthetic 
doses were required, approximately one-third of the initial dose 
of ketamine was delivered intravenously. After administering 
anesthesia, a speculum was inserted into the external audi-
tory canal (EAC) of 42 rats, and an oto-microscopy (Zeiss S1, 
Oberkochen, Germany) was conducted. Their EAC and TM were 
investigated. Debris and/or plugs were removed from the EAC. 
No rats with external or tympanic abnormalities were observed.

In order to create a chronic TM perforation model in rats, after 
perforation was formed on the pars tympanic part of the 
membrane on the first day through using the peak, thermal 
damage was applied to the perforation edges on the fifth and 
tenth days by using the peak, which was heated to the end, and 
the perforation times were prolonged (Figure 1).

After confirming the permanence of the perforation (on the 
15th day of the experiment), 42 rats were randomly divided 
into 5 groups and medication administration was commenced. 
Topical saline (serum physiologic 0.9%, Eczacibasi, İstanbul, 
Turkey) was scheduled to be administered to group A (10 rats), 
topical leptin (leptin human 1 mg vial, SIGMA-Life Science, 
Taufkirchen, Germany) to group B (10 rats), topical phosphate 
buffer solution (phosphate-buffered saline tablet (SIGMA-Life 
Science) to group C (10 rats), and IP leptin (leptin human 1 mg 
vial, SIGMA-Life Science) to group D (10 rats). Following perfo-
ration, no drug was administered to group E (2 rats), which was 
deemed the sham group (Table 1).

In order to increase the drug’s accessibility to TM, the head of 
the rat was held still for 30 seconds after topical drug adminis-
tration. At the end of the research, on the 35th day, the groups 
were clinically assessed using an oto-endoscope and then sac-
rificed using a high anesthetic dose. The temporal bullae were 

dissected, and TM and the underlying tissues were extensively 
excised and processed for histopathological analysis.

Histomorphological Evaluation
Tissues were fixed with 10% formalin and embedded in paraf-
fin. For histopathologic investigation, materials were decalci-
fied in a solution containing formic acid and sodium citrate. 
Temporal bullae were cut in half at the caput breve of mal-
leus, and bilateral TM cross-sections were developed. From 
each case, a paraffin-embedded tissue block was selected and 
5 µm slices were generated. The same pathologist with experi-
ence in comparable research stained them with hematoxylin 
and eosin and examined them under a light microscope. The 
tissue sections were deparaffinized with xylene and washed 
with ethanol. Tympanic membranes that were perforated 
histologically were examined for leukocyte infiltration, neo-
vascularization, fibroblast proliferation, and subepithelial 
connective tissue thickness. Histopathologically, increase in 

Main Points

•	 The topical and/or intraperitoneal leptin group negatively 
affected angiogenesis.

•	 The topical and systemic administration of leptin inhibited 
the recovery of chronic tympanic membrane perforation.

•	 The leptin dosage may be responsible for the negative effect.
•	 The moisturizing and macerating effects of this dose on EAC 

(external auditory canal) are unknown.

Figure 1.  (A) Normal rat tympanic membrane. (B) Appearance of the 
perforation on the 14th day. (C) Appearance of the tympanic 
membrane with closed perforation (35th day).

Table 1.  Characteristics of the Study Groups and Drugs 
Given
Group A 10 Adult rats 

(20 ears)
Saline (20 µL/day) was given 
topically every 3 days for a total 
of 7 times.

Group B 10 Adult rats 
(20 ears)

Leptin 5 µg/day (20 µL) was 
given topically every 3 days for a 
total of 7 days.

Group C 10 Adult rats 
(20 ears)

Phosphate buffer solution 
(20 µL/day) was given topically 
every 3 days for a total of 
7 times.

Group D 10 Adult rats 
(20 ears)

Leptin (0.1 mg/kg/day (0.1 mL)) 
was given via IP every 3 days for 
a total of 7 times.

Group E 2 Adult rats 
(4 ears)

Determined as the sham group 
and no substance was given.

IP, intraperitoneal.
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subepithelial connective tissue thickness, neovasculariza-
tion, leukocyte infiltration, and the presence of fibroblast 
proliferation were evaluated as—(none), + (weak), ++ (moder-
ate), or +++ (severe). While evaluating the thickness increase 
of subepithelial connective tissue, it was determined as—
(none) = 0 µm, + (weak) = 0-10 µm, ++ (moderate) = 10-20 µm, 
and +++  (severe) = 20-30  µm. During the evaluation of neo-
vascularization, 400× (40× × 10×) magnification was used to 
count vascular structures in 3 locations with the highest con-
centration. During counting, neovascularization was assessed 
as cells and cell clusters with a vascular structure. The total 
number of microvascular structures in 3 sections of the prepa-
ration was provided. The cell ratio was calculated by counting 
at least 500 cells in the area with the densest infiltration of 
fibroblasts and leukocytes. The results were rated as follows: 
“0” = staining at a rate of 0%-5%, “1” = staining at a rate of 6%- 
25%, “2” = staining at a rate of 26%-75%, and “3” = staining at 
a rate of greater than 75%. Tympanic membrane thicknesses 
were measured quantitatively in micrometers (Figure 2).

Statistical Analysis
Using GraphPad Prism 7.00 (GraphPad Software Inc., Calif, 
USA), the results were examined. The Kruskal–Wallis test was 
performed to analyze the data. If significant, Dunn’s post hoc 
test was employed for multiple comparisons. P < .05 was rec-
ognized as statistically significant.

Results

After anesthesia on the first day of the experimental phase, 
1 animal from group A and group B perished. A total of 40 rats 
were utilized in the investigation (80 ears). At the conclu-
sion of the trial, the groups were inspected clinically with an 
oto-endoscope on the 35th day. On examination, all TM per-
forations were determined to be clinically closed, with the 
exception of 1 TM in group C and 1 TM in group E.

When the ratios of subepithelial thickness grades were com-
pared between the study groups, no significant differences 
were identified (P > .05). In terms of fibroblast proliferation, 
leukocyte infiltration, and neovascularization, there was a sta-
tistically significant difference between groups B, C, D, and 
E (P < .05). Table 2 shows the mean values and comparisons 
between groups. Comparing the mean values of TM thick-
nesses among the study groups revealed no statistically sig-
nificant difference (P > .05).

Discussion

Perforations of the TM, which are essential findings of chronic 
otitis media, result in hearing loss, ear discharge, and numer-
ous other complications, and have a significant impact on the 
individual’s quality of life. Acute models were less accepted in 
experimental research of TM perforation because they do not 
accurately depict cases of chronic otitis with perforations last-
ing for years. In terms of objectivity, the investigations have 
focused on chronic models and attempted to offer insight into 
the primary treatment of the human ear.

Methods such as the inward-folding technique, thermal dam-
age, repetitive myringotomies, topical chemical agent appli-
cations, and topical growth factor inhibitor applications are 
utilized to establish a chronic TM perforation model in animals.8 
In our investigation, we used a combination of myringotomy 
and thermal injury procedures, and we started our research 
only after confirming that chronic perforation had developed.

Similar to conventional wound healing, the recovery of a perfo-
rated TM happens in 3 stages: inflammatory, proliferative, and 
remodeling. Following perforation, the mitotic activity causes 

Figure 2.  Histopathologic TM appearance stained with hematoxylin 
and eosin (×20) of the rats in (A) the group to which intraperitoneal 
leptin was given, (B) the group topical leptin was given, 
(C) sham group (thick arrow, neutrophils; thin arrow, 
neovascularization areas on TM). TM, tympanic membrane. 
(A) Significant neutrophil-dominant inflammatory cell infiltration in 
the middle, surrounding TM thickening, increased vascularization, 
and edema are present. (B) Muscle tissue on the left side, dense 
inflammatory cell growth of which mostly neutrophils surrounding the 
TM in the middle are present. Also vascularization and connective 
tissue increase are present. (C) Dense neutrophil-dominant 
inflammatory cell infiltration, vascularization, and edema are present.

Table 2.  Distribution of Histological Parameters

Parameters
Group A 
(n = 18)

Group B 
(n = 18)

Group C 
(n = 20)

Group D 
(n = 20)

Group E  
(n = 4)

Subepithelial thickness 1.27 ± 0.41 1.16 ± 0.38 1.20 ± 0.41 1.00 ± 0.00 1.00 ± 0.00

Fibroblast proliferation 1.22 ± 0.42 1.27 ± 0.46 1.80 ± 0.89 1.00 ± 0.00 2.50 ± 0.57

Leukocyte infiltration 1.16 ± 0.38 1.11 ± 0.32 2.05 ± 0.75 1.00 ± 0.00 2.75 ± 0.50

Neovascularization 1.27 ± 0.46 1.22 ± 0.42 2.05 ± 0.82 1.05 ± 0.22 2.75 ± 0.50

Tympanic membrane thickness (µm) 15.39 ± 5.35 14.39 ± 5.86 14.45 ± 5.46 12.05 ± 1.98 14.75 ± 0.50
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a regional increase in fibroblasts, leukocytes, and other cellu-
lar cells, as well as a thickening of the edges, and the prolif-
eration phase continues with neovascularization and epithelial 
migration.9 The epithelial cells and keratin layer contract upon 
perforation.10 Remodeling begins following the completion of 
perforation closure and wound healing. With the release of 
metalloproteinases, the number of leukocytes increases, which 
is essential for wound healing and reepithelization.11,12 These 
stages were assessed using the parameters listed in Table 2.

In a study evaluating the recovery of traumatic TM perfora-
tion in rats, the TMs were perforated from the anterior and 
posterior quadrants of the malleus, and the TM and its sur-
roundings were analyzed histopathologically after hematoxy-
lineosin staining in serial cross sections made every other day 
following trauma. It was determined that perforation closure 
happened 7-10 days after the trauma, and complete recovery 
occurred on the 14th day. In the same study, it was concluded 
that the proliferation of the outer epithelial layer extends to 
the malleus handle and tympanic annulus, and the spontane-
ous recovery of TM perforation starts from the outer epithelial 
layer and continues with the healing of the lamina propria (LP) 
and mucous layer.13

In the study by Wang et al14 in which acute and chronic perfo-
ration models were conducted on 50 rats, 5 rats were included 
in the normal TM group and their TMs were examined by sac-
rificing the rats on the first day, and 5 rats were included in 
the acute TM perforation group and their TMs were examined 
3 days after sacrifice. Ventilation tube was applied to 40 rats; 
Intratympanic mitomycin C and dexamethasone were applied 
for 14 days, and a chronic TM perforation model was created. 
The chronic model group was sacrificed on the 14th and 17th 
days, and in the 3rd, 4th, 6th, 8th, and 10th weeks and their 
TMs were examined. Comparing normal TM and acute TM 
perforation groups histologically revealed squamous epithe-
lium with thickened layers surrounding the perforation edges, 
increased keratin and collagen accumulation, increased macro-
phage infiltration, and decreased cellular proliferation. The pro-
gressive development of chronic TM perforations was shown 
to be related to increased epidermal thickening, collagen and 
keratin deposition, macrophage infiltration, and decreased cel-
lular proliferation, according to the histological findings of the 
study. In the current investigation, the subepithelial thickness, 
leukocyte infiltration, fibroblast proliferation, and neovascular-
ization values of rat TM perforation recovery were evaluated 
using histopathological measures (Table 2). In the study, while 

a weak subepithelial thickness was observed in 83% of the 
group treated with topical leptin, moderate thickness was seen 
in 17%. Weak subepithelial thickness value was observed in all 
the IP leptin groups. No severe subepithelial thickness grade 
was found in the groups treated with IP and/or topical leptin. 
No significant difference was found between the groups in 
terms of subepithelial thickness grades (P > .05).

In the study conducted by Mondain and Ryan15 on 7 adult rats, 
basic fibroblast growth factor (bFGF) analysis was performed 
after perforating one of the rats’ ears. As placebos, IT sodium 
chloride and benzalkonium chloride were administered to the 
control group’s opposite ears. On the first, third, fifth, seventh, 
and tenth days following perforation, rats were sacrificed and 
their temporal bullae were removed and processed for histo-
logical examination. The histological findings of TM recovery in 
the treated and untreated groups did not differ significantly. 
Beginning with retraction at the perforation’s borders, this 
was followed by epithelial hyperplasia and an increase in con-
nective tissue. There were areas of neovascularization inside 
the connective tissue. As perforation closure was observed 
on the seventh day in the control group, it was assumed that 
closure occurred on the sixth day in the bFGF group as IT. In 
the current study, despite the presence of neovasculariza-
tion areas in the IP and/or topical leptin group, as in other 
studies, the rates of neovascularization grades in the groups 
treated with topical phosphate buffer solution and the sham 
group were statistically significantly higher than those in the 
groups treated with topical leptin and IP leptin (Table 3). Leptin 
reduces neovascularization in TM perforation healing, accord-
ing to the findings of this study.

In the study conducted by Eken et al.16 the effect of topical 
insulin administration on acute TM perforation was assessed 
clinically and histologically with respect to TM thickness, 
fibroblastic reaction, neovascularization, and collagenization. 
After 2 mm perforations were made in both ears of 24 healthy 
guinea pigs, insulin was daily given to their right ears and 
saline solution was daily applied to their left ears. The admin-
istration of medication continued until all perforations were 
closed. On the first, third, fifth, and seventh days, animals were 
examined using oto-microscopy. On the third and seventh 
days following TM perforation, animals were sacrificed under 
deep anesthesia and their epithelial and mucosal layers were 
evaluated histopathologically. Finger protrusions, edema of 
LP, neovascularization of LP, fibroblastic activity of LP, pres-
ence of inflammatory cells in LP, and the collagenization rates 

Table 3.  Post Hoc Analyses of Study Groups. Statistical Analysis of the Difference Between the Groups
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10

Subepithelial thickness ND ND ND ND ND ND ND ND ND ND

Fibroblast proliferation ND ND ND 0.009* ND ND 0.01* 0.002* ND 0.0004*
Leukocyte infiltration ND 0.0006* ND 0.001* 0.0002* ND 0.0009* 0.0001* ND 0.0001*

Neovascularization ND 0.02* ND 0.009* 0.006* ND 0.005* 0.0001* ND 0.0005*

Tympanic membrane 
thickness (µm)

ND ND ND ND ND ND ND ND ND ND

*P < .05. Dunn’s Post hoc analysis is used.
ND, no difference.
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of LP were evaluated. In the study group, the positivity of LP 
fibroblastic reaction and positivity of LP collagenization were 
found significantly higher than in the control group. No sig-
nificant difference was found in terms of the mean scores of 
TM thickness measurements in the perforation area and in 
the non-perforated TM area both for the control group and 
experimental group. When examined at various doses and time 
intervals, it was determined that topical insulin therapy may 
be more useful in the treatment of atrophic membrane with a 
perforation sequela. In the current study, when the TM thick-
nesses of the groups were compared to those of the specific 
study, there was no significant difference between the groups 
(P > .05). No significant difference in subepithelial thickness 
grading rates was observed between the groups (P > .05).

The sham group demonstrated significantly higher rates of 
fibroblast proliferation than the topical leptin group. Also, the 
rate of fibroblast proliferation was significantly higher in the 
groups treated with topical phosphate buffer solution and 
sham than in the group treated with IP leptin. Compared to the 
sham group and the group treated with topical phosphate buf-
fer solution, systemic administration of leptin has an adverse 
effect on fibroblast proliferation in TM perforation recovery. 
Compared to the sham group, the topical application of leptin 
inhibits fibroblast proliferation in the TM perforation recovery 
group. Therefore, based on the study’s findings, a conclusion 
could not be drawn that leptin prevents the atrophic recovery 
of TM in terms of subepithelial thickness. In the creation of an 
atrophic membrane following perforation, neither systemic nor 
topical administration of leptin had a beneficial effect on fibro-
blast proliferation as compared to the sham group.

Lou et  al17 found that continuous application of high-dose 
epidermal growth factor (EGF) suppresses collagen synthesis 
via fibroblast and collagen catabolism, hence extending the 
closure period of perforations. O the other hand, they discov-
ered that a slightly wet environment encouraged the growth of 
granulation tissue and expedited wound healing. They reported 
that a wet atmosphere produced maceration and impeded 
wound healing. They suggested that the most effective treat-
ment for traumatic TM perforations was daily administration of 
EGF in a quantity sufficient to provide a mildly humid environ-
ment at the perforation edge. Due to the lack of prior studies 
including leptin in TM perforation, the leptin dose in the cur-
rent study was determined based on the topically adminis-
tered leptin dose in the wound model developed on the skins 
of rats. Therefore, the dose of leptin may be responsible for the 
negative effect. In addition, we do not have exact information 
on whether this dose induces a wet environment resulting in 
maceration of the TM and a delay in the closure of perforation.

In our study, there were no statistically significant differences 
in subepithelial thickness, leukocyte infiltration, fibroblast 
proliferation, or neovascularization between IP and topical 
leptin-treated rats. This demonstrates that neither systemic 
nor topical leptin administration is superior for TM perfora-
tion recovery. Nevertheless, since the rates of neovascular-
ization and leukocyte infiltration grades of the group treated 
with topical phosphate buffer solution and the sham group 
were significantly higher than those of the groups treated with 
topical and/or IP leptin, the present study data also support the 
angiogenesis data of Ring et al.18

In research conducted by Tadokoro et al.,19 it was revealed that 
topically applied leptin accelerates the proliferation, differ-
entiation, function, and migration of epidermal keratinocytes 
and promotes wound healing on the skin by promoting angio-
genesis around the wound. Regarding the effect of leptin on 
angiogenesis, there are varying findings in the literature.18,20 
In the present study, it was discovered that leptin adminis-
tered topically and/or intravenously had a negative effect on 
angiogenesis. Due to the lack of precise information regarding 
the signaling mechanism of leptin at TM grade, the study was 
unable to determine why leptin negatively affected angiogen-
esis in TM perforation recovery.

As a result, the topical and systemic administration of leptin 
negatively affected the recovery of chronic TM perforation in 
the present study. Due to the absence of clinical examinations 
in the groups beginning with drug administration and con-
tinuing until the end of the study, no definitive information 
regarding the perforation closure time could be provided. This 
is the limitation of this study. Another limitation is that the 
leptin dose was determined based on studies on skin healing. 
The maceration and moisturizing effects of this dose on EAC 
are therefore unknown. This may have affected the results of 
the study.

Consequently, topical and systemic administration of leptin 
had a negative effect on the recovery of chronic TM perfora-
tion. Despite all of its limitations, the current study is signifi-
cant since it is the first investigation to evaluate the effect of 
leptin on the chronic perforation of rat TM.
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