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Abstract

wound healing in TM perforation.

Background Traumatic tympanic membrane (TM) perforations usually heal spontaneously. The aim of this study
was to investigate whether the topical application of Triticum Vulgare (TV) in experimentally induced traumatic TM
perforations in the rats has a positive effect on wound healing process.

Methods The rats were randomly assigned to four experimental groups. Drugs were introduced twice a day for
7 days. On the 7th day, specimens were sent for histological examination.

Results Mean values found in group NC in terms of epithelial regeneration mean scores are as follows: fibroblast and
collagen density, neovascularization, and density of inflammation cells were lower than all groups (p < 0.05).

It was found that reepithelization on the post-perforation 7th day was better in the HO group than the TV group. In
terms of the subepithelial fibroblast cells, density of collagen fibers, formation of new veins, and inflammatory cell
accumulation, it was observed that the group TV was better than the group HO.

Conclusion This is the first study investigating the potential curative role of TV in an experimental rat model of tym-
panic membrane perforation. Considering these findings, it is concluded that TV can be more effective than HO on

Keywords Hyperici oleum, Triticum vulgare, Traumatic tympanic membrane perforation

Background

Tympanic membrane (TM) perforation is a frequently
seen clinical condition in ear-nose and throat prac-
tice. Although numerous factors play a role in its etiol-
ogy, the most common causes are iatrogenic causes,
trauma, or infections. Most traumatic TM perforations
occur for reasons such as penetrating or blunt traumas,
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barotrauma, and excessive acoustic energy exchange [1].
TM perforations are typically classified as acute perfo-
rations, which tend to heal spontaneously according to
the perforation time and as chronic perforations, which
require to be treated with surgical methods. Traumatic
TM perforations are considered acute perforations that
may to heal spontaneously; however, chronic perforations
may develop as a secondary progression to the trauma.
For such perforations, spontaneous healing could not be
observed and surgical intervention may be required [2].
As spontaneous healing occurs within 3-4 weeks
in a great majority of the traumatic TM perforations,
the clinical treatment approaches in practice are usu-
ally conservative. Thus, patients should be informed in
detail about keeping their external auditory canal dry

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43163-023-00389-0&domain=pdf
http://orcid.org/0000-0002-5036-0595
http://orcid.org/0000-0002-0447-1665
http://orcid.org/0000-0002-0292-4448
http://orcid.org/0000-0003-3543-1137
http://orcid.org/0000-0003-4503-3730

Bora et al. The Egyptian Journal of Otolaryngology (2023) 39:26

and clean, in order to prevent ear infections [3]. In the
spontaneous healing period, closure signs in the perfora-
tion site should be closely monitored and materials such
as rolling paper, grease, gelatin film, and silk may be used
on the perforation site, under outpatient care conditions
and if required for paper patch application, in order to
accelerate the closure [3]. However, if spontaneous heal-
ing does not occur at the end of this period, various sur-
gical procedures such as myringoplasty may be required
to close the perforation. As in any other surgical process,
such surgical interventions carry some risks, which has
prompted researchers to investigate different options that
may increase the effectiveness of the spontaneous healing
process [1]. There are numerous studies in the literature
that have investigated the positive or negative effects of
various agents used in previous studies, on the healing of
TM perforations. These agents include hyaluronic acid,
epidermal growth factor, transforming growth factor,
platelet-derived growth factor, platelet-rich plasma and
Hypericum perforatum [4-6].

In a study conducted by Yasar et al., [6] in 2016, the
authors revealed the healing effect of Hypericum per-
foratum on TM perforation. Oleum hyperici (HO) is an
extract prepared by means of olive oil from the flowers of
Hypericum perforatum (references), and St. John’s wort
oil, as it is known in popular medicine, is applied to heal
wounds [7]. As Hyperici oleum (HO), Triticum vulgare
(TV) is widely used in traditional medicine due to its tis-
sue regeneration and accelerating properties. It has been
proven in scientific studies that Hyperici oleum can be
used safely as a topical agent [7]. Previous studies have
shown that Triticum vulgare can be used safely as a topi-
cal agent [8]. TV takes place within numerous pharma-
cological agents that are used in wound healing. Various
studies have revealed that TV significantly accelerates
wound-healing processes and stimulates the cell chemot-
axis and fibroblast activation [9].

When the studies on HO and TV in the literature are
evaluated, the similar characteristics in both products
can be highlighted. To the best of our knowledge, there

Table 1 Study groups
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is no clinical or experimental studies showing that TV is
used in the treatment of TM perforations. Thus, the aim
of the present study was to investigate whether or not
the topical application of TV in experimentally induced
traumatic TM perforations in rats has a positive effect on
wound the healing process, as does HO.

Methods

Experimental animals

The randomized experimental procedure was used in
this study in which the external auditory canals and tym-
panum of 30 female 16- to 18-week-old Wistar albino
rats, having a mean weight of 230+ 10 g and which were
anesthetized with 3 mg/kg Xylazin S.C. and 90 mg/kg
Ketamine HCL S.C., were examined using an operation
microscope (OPMI Vario; Zeiss, Jena, Germany). After
the rats with external and middle ear pathologies, such
as infection in the external auditory canal, purulent dis-
charge and pathology of the eardrum, were excluded
from the study, a total of 24 rats were included in the
study. Given that a=0.05, $=0.10, and (1-5)=0.90,
it was decided to include 8 rats in each group and the
power of the test was determined as p =0.9040.

Wistar albino rats (m=24) were randomly assigned
to four experimental groups as group C (control group,
n=38), group NC (negative control group, n=38), group
TV (Triticum vulgare, n=38), and group HO (Hyperici
oleum, n=238) (Table 1). It was planned in the experimen-
tal protocol to exclude rats which died for any reason
during the experimentation; however, no rat died during
the study.

The rats were kept in steel cages under standard labora-
tory conditions (12-h light/dark cycle, 2442 °C, 35-60%
humidity) and fed with fresh feed without any nutrient
limitation.

The trials were conducted in accordance with the
National Institute of Health (NIH) Guide for the care
and use of Laboratory Animals (NIH Publications
No. 80-23 Revised 1996). The protocol of the study
was approved by the Institutional Review and Animal

Group hame Explanation of study groups (N)

Group C Tympanic membrane perforated and left to spontaneous healing. No medication was applied (control group; group C) (n=28)

Group NC No surgical procedure was performed on the tympanic membranes of the rats and they formed the non-operated negative-control
group (negative control group, group NC) (n=8)

Group TV Tympanic membrane perforated and triticum vulgare was applied morning-evening/7 days (0.2 mg/cc/day/dropped x 2 triticum
vulgare) (n=38)
(topical triticum vulgare treatment group; group TV)

Group HO Tympanic membrane perforated and hyperici was applied morning-evening/7 days (0.2 mg/cc/day/dropped x 2 hyperici oleum);

(n=8)
(topical hyperici oleum treatment group; group HO)
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Ethics Use Committee of XXX XXX University School
of Medicine, and the study was conducted based on
the accepted guidelines on the care and use of labo-
ratory animals (Date: 03.09.2019; Decision number:
65202830—-050.04.04—303).

Drug and chemicals

While Triticum vulgare was supplied from Orgamyra
Cosmetic Care Products (Rosece wheat germ oil, rosece,
no: 117, 30 ml; Orgamyra Cosmetic Care Products Indus-
try Company, Ankara, Turkey), Hyperici Oleum was
supplied from Zade Vital (Zade Vital, Zade Global Inc.
Konya, Turkey; 100 ml).

Operation procedure and study protocol

The animals (7=24) were anesthetized with subcuta-
neous injections of ketamine hydrochloride (Ketalar®,
Pfizer Turkey, Istanbul, Turkey) of 90 mg/kg and xyla-
zine hydrochloride (Rompun®, Bayer, Istanbul, Turkey)
of 3 mg/kg. In the otomicroscopic examination, stand-
ard myringotomies with a 2-mm diameter were per-
formed on the inferoposterior quadrant of the tympanic
membrane, using a pick, approximately 10 min after the
administration of anesthetic agent [10]. Metamizole of
20 mg/kg (Novalgine, 2 mL; Sanofi, Paris, France) was
administered intramuscularly for pain. All surgical proce-
dures were performed by the same surgeon (AB) ensur-
ing the required sterilization conditions.

The same person performed all the drug administra-
tions for the perforation in the right external auditory
canal, twice a day for 7 days, within the same time period.
Drugs were dropped with an injector on the external ear
canal of the rats. The rats were randomized into four
groups to investigate histopathological healing in the
tympanic membrane. The procedure for each group is
described below.

« In the first group, no surgical procedure was per-
formed on the tympanic membranes of the rats
and they formed the non-operated negative-control
group (negative control group; group NC)

+ In the second group, the inferoposterior quadrant
of tympanic membranes of the rats was perforated
and left to spontaneous healing. No medication was
applied (control group; group C)

« In the third group, 1 cc of Triticum vulgare was
dropped with an injector twice a day for 7 days on
the external ear canal of the rats following myrin-
gotomies (topical Triticum vulgare treatment group;
group TV)

+ In the fourth group, 1 cc of Hyperici oleum was
dropped with an injector twice a day for 7 days on the
external ear canal of the rats following myringoto-
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mies (topical Hyperici oleum treatment group; group
HO)

+ Seven days after the completion of the medical treat-
ments, all the rats were sacrificed with intraperito-
neal injections of Pentothal sodium (200 mg/kg).
After decapitation, the tympanic bullae of the rats
were removed. Tissue samples were placed in con-
tainers without group names. Each of the biopsy
materials were collected and submitted for histo-
pathological examination.

Histopathological examinations

The histological analyses were performed by one his-
topathologist (ZDSI) who was blind to the samples.
Tissue samples taken were fixed for 24—48 h by coding
in 10% buffered neutral formalin, in containers with-
out the group names. The tissue was then softened by
keeping it in a decalcification solution for 30 days in a
controlled manner. From the tympanic membrane, car-
tilage excision of both external auditory canals was per-
formed with a 5x 5-mm through-cut excision including
the experimental perforation border. Softened tissues
were passed through a tissue follow-up and paraffin was
blocked. From the paraffin blocks, 3—5-pm sections were
taken and evaluated by using a light microscope (Olym-
pus BX51, Tokyo, Japan) after staining with hematoxylin
eosin (H&E).

Based on the studies of Erkilet et al., [5] and Bilge
et al., [8], regeneration of the perforation epithelium, the
presence of fibroblast and collagen, the density of capil-
lary veins, and the presence of inflammatory cells were
histopathologically compared among the groups and
scored between 0 and 3 (0: no, 1: mild, 2: moderate, 3:
severe) (Table 2). The results obtained were evaluated
statistically.

Statistical analysis

The use of experimental animals has been restricted in
Turkey, following a decision published in the Official
Gazette of the Republic of Turkey on February 15, 2014.
In accordance with this and a decision from the Ethics
Committee of Sivas Cumhuriyet University, the number
of rats to be used in studies conducted within our uni-
versity with experimental animals has been determined
as eight per experimental group. The data was analyzed
by using the Statistical Package for the Social Sciences
(SPSS Inc., Chicago, IL) for Windows, version 22.0. Since
the parametric test assumptions could not be performed
to evaluate the data (1 <30), the Kruskal-Wallis test was
used to compare data obtained from more than two inde-
pendent groups and the Mann—Whitney U test was used
to find the groups making difference when a significance
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Table 2 Semi-quantitative scoring between groups of epithelial regeneration, fibroblast cells, collagen fibers, neovascularization, and
inflammatory cell density in the lamina propria layer after tympanic membrane lesion

0 1 2 3
Epithelial regeneration No epithelial regeneration Mild epithelial regeneration ~ Moderate epithelial regen- Severe epithelial regen-
eration eration

Fibroblast and collagen

density fibers fibers
Neovascularization No new vessel

Inflammation cell density No inflammation

Mild new vessels
Mild inflammation

No fibroblast and collagen Mild fibroblast and collagen  Moderate fibroblast and col- ~ Severe fibroblast and col-

lagen fibers lagen fibers
Moderate new vessels Severe new vessels

Moderate inflammation Severe inflammation

decision was given in the analysis result. The level of sig-
nificance was set at the value of 0.05.

Results

When the groups were evaluated in terms of epithelial
regeneration in the tissue samples obtained in the study,
no statistically significant difference was found between
groups C, TV, and HO (p >0.05). In terms of the epithelial
regeneration mean scores, the difference between groups
C, TV, and HO and group NC was statistically significant
and the mean values obtained in group NC were lower
than the other three groups (p <0.05).

When the groups were examined in terms of density of
fibroblast and collagen, no statistically significant differ-
ence was found between groups C, TV, and HO (p >0.05).
The mean values found in group NC were lower than all
the three groups, and the difference was statistically sig-
nificant (p <0.05).

No significant difference was found between groups
C, TV, and HO, when a statistical evaluation was con-
ducted in terms of neovascularization and inflammation
cell density scores (p>0.05). In terms of the neovascu-
larization and inflammation cell density mean scores,

Table 3 Comparisons of histopathological findings of the groups

the difference between groups C, TV, HO and group NC
was statistically significant and the mean values obtained
in group NC were lower than the other three groups
(p<0.05).

Table 3 and Fig 1 show the histopathological findings of
each group.

Light microscopic evaluation

In the histological evaluation, reepithelization was better
in the group HO than the group TV on the 7th day after
perforation; however, it was observed that there was no
significant difference in the group HO when compared to
group C, and both experimental groups had better reepi-
thelization capacity than group NC.

In the evaluation performed in terms of the subepithe-
lial fibroblast cells, density of collagen fibers, formation
of new veins, and inflammatory cell accumulation, it was
observed that group TV was better than group HO, and
in particular, group TV had a significant difference from
group C histopathologically. Also, while the perforation
site was completely closed on the 7th day in groups HO
and TV, it was closed with a thinner structure in the
group that was left to heal spontaneously (Fig. 2).

Parameter Groups Mean =+ SD (Min-Max) Median =IQR (Q1-Q3) p value
Epithelial regeneration Group C 29404 (2-3) 340((3-3) <0.001
Group NC 04405 (0-1) 041(0-1)
Group TV 25+05(2-3) 25+1(2-3)
Group HO 28+0.5 (2-3) 34+05(25-3)
Fibroblast and collagen density Group C 24+£05(2-3) 2+1(2-3) 0.001
Group NC 1£0.8(0-2) 1£1(05-1.5)
Group TV 28+£05(2-3) 3405 (2.5-3)
Group HO 25405 (2-3) 25+£1(2-3)
Neovascularization and Inflammation Group C 1.8£0.7 (1-3) 2+1(1-2) 0.002
cell density GroupNC 08405 (0-1) 1405 (0.5-1)
Group TV 24407 (1-3) 254+1(2-3)
Group HO 2408 (1-3) 241(1.5-2.5)

p values show the results of the Mann-Whitney U test

Results were evaluated at a significance level of p <0.05
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Fig. 2 On the 7th day after tympanic membrane perforation, group NC (1), group C (2), group TV (3), group HO (4) (H&E Staining,
20 x magnification) epithelization (right arrow), inflammatory cells under the epithelium (star), fibroblast cells (blue triangle), and collagen fibers

(black triangle)

Discussion

From outwards to inwards, TM histopathologically con-
sists of three different layers as ectoderm-originated
keratinized squamous epithelium, mesodermally origi-
nated lamina propria, and endodermally originated
mucosal layer [11]. TM perforation, which occurs due
to numerous pathological reasons, can heal spontane-
ously. This occurs depending on the reproduction and

migration of the squamous epithelium on the outer
layer of TM. There are some differences between wound
healing in other tissues and TM wound healing. For
example, hemostasis and inflammation stages show
similarity, whereas proliferation and migration stages
are completely different. While the wound is primar-
ily closed by the granulation tissue in other tissues, clo-
sure in TM starts with the squamous epithelium layer
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[12]. Histopathological changes occurring in TM after
perforation are detailed in the studies [13]. Inflamma-
tory response is the initial indicator after perforation:
inflammatory cells quickly accumulate at the sides and
under the perforation site, followed by epithelial prolif-
eration. When TM is perforated, epithelial cells show a
rapid mitotic activity for reepithelization and they try to
close the perforation site. As the epithelium takes form
to close the proliferation site, it is thin at the beginning
and gradually becomes thicker. Afterwards, the migra-
tion of keratocyte progenitor cells is initiated to the per-
foration site via the veins that are newly formed. These
cells develop later at the edge of perforation, and epi-
thelial bridges start to form from this layer towards the
center of perforation. While the new veins are formed
on the one hand, inflammation cells pull the fibroblasts
to this site quickly on the other hand, and fibrous layer
is formed via the fibroblast activation. Fibroblasts then
form collagen fibers and provide the connective tissue
support. A perforation site that has been reduced with
the help of the inflammatory cells that have accumulated
at the beginning of the wound healing process, closes in
approximately 7-10 days [10, 12]. While many tissues in
the body have a matrix that supports epithelial regen-
eration and provides access to nutrients with cells that
play a role in tissue repair, this matrix structure does not
exist under TM. A continuous migration of the epithe-
lial layer is present towards the superior side of TM and
this reveals that TM can repair itself. Despite this perfect
repair mechanism, one of the emerging and frequently
encountered condition that is secondary to infections
or traumas in ear-nose-throat practice is, unfortunately,
TM perforation. Traumatic TM perforations are a com-
mon clinical condition encountered in otology practice.
Due to the high rates of spontaneous healing, to this
day, no consensus has been reached regarding treatment
approaches. While some authors recommend waiting for
spontaneous healing, some others recommend one of
medical and/or surgical treatments immediately. In large
perforations, spontaneous closure periods are lengthier
when compared to small TM perforations. In addition,
spontaneous closure may not occur in numerous cases.
Thus, some researchers have highlighted that various
biological materials could be beneficial in large perfora-
tions, in order to accelerate wound healing and provide
spontaneous healing [14—17]. However, it is currently
still unclear which treatment is more appropriate in the
cases of traumatic TM perforation and studies on this
matter are ongoing.

TV and HO are frequently used in traditional medi-
cine due to their tissue repair-accelerating effect [18,
19]. TV and HO induce the active cells in wound heal-
ing process, especially fibroblast and endothelium, and
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thus, affect wound healing [18, 20]. Thus, the fact that
TM perforations can also have positive effects on the
healing process should not be neglected. There are a
limited number of studies for HO regarding their use as
the healing factor in TM perforation, whereas no study
on TV has been found.

In the study conducted by Yasar et al. using Hypericum
perforatum L. as a curative agent in TM perforations, a
spontaneous healing group and a medical treatment
group were compared in terms of histopathological find-
ings: they found that Hypericum perforatum L. was effec-
tive in would healing [6]. In their study, Egilmez et al.
showed that oral or topical application of Hypericum per-
foratum L. prevented myringosclerosis and significantly
decreased inflammation and fibrosis in the lamina pro-
pria of tympanic membranes. Another result of the pre-
sent study is that Hypericum perforatum L. reduced the
thickness of TM [21].

In conclusion, in our study, we evaluated the effects
of two compounds whose efficacy in TM perforations is
little known and/or unknown and found a widespread
use in traditional medical practices due to their positive
effects on wound healing. Our findings indicated that
both HO and TV applications in perforation sites had
better results than spontaneous healing in terms of reepi-
thelization. Another important finding was that based on
the results of histopathological assessment. The increase
in epithelization observed in the perforation site in the
rats to which TV and HO were administered, and healing
in TM perforation had nearly reached the same epithelial
thickness with the rats in the control group with intact
tympanic membrane integrity. This suggested that TV
and HO accelerated both wound healing in the perfora-
tion site and provided closure with a tissue that is histo-
pathologically quite similar to the normal tissue.

It is known that high inflammation at the beginning
of wound healing is an indicator of a strong response
to healing. Also, a fibrotic connective tissue under the
epithelium is formed via the presence of inflammatory
cells in the wound healing process in TM. This fibrotic
component is different from the granulation tissue that
is observed in normal wound healing. Thus, the organi-
zation of the collagen fibers under the epithelium and
fibroblast density play a role in the structuring of TM
perforation area [10, 22]. In the present study, it was
observed that inflammatory cell response significantly
increased in both TV and HO groups, compared to
spontaneous healing group, although this increase was
observed mostly in the TV group. In addition, the pres-
ence of regular collagen fibers and dense fibroblasts
was observed in the TV and HO groups. These findings
showed that both practices had positive effects on wound
healing.
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When the findings of the present study were evaluated
as a whole, topical HO and TV practices had positive
effects on healing of traumatic TM perforation in rats.
Furthermore, when the contributions of TV and HO on
wound healing were assessed in terms of reepithelization,
inflammatory cell localization, formation of new veins,
organization of collagen fibers, and fibroblast cell density,
it was seen that TV was more effective than HO. As a
result, if one of both practices should be preferred in TM
perforations, TV should be selected.

Our study had some limitation, one of which is that
only the effects of TV and HO on acute perforations were
evaluated. Also, the perforation size formed during the
trial was small, and when the perforation size is increased
in further studies, we consider that it will be better suit-
able to assess its effects on healing. Besides the perfora-
tion size, it should also be noted that the localization of
the perforation site also had a significant effect on heal-
ing. In the study, perforation was conducted only in one
site in all the rats, in an effort to provide standardization.
However, it is suggested that further studies on the effec-
tiveness of TV and HO in perforations at different locali-
zations will be beneficial. Another significant limitation is
that the effects of TV on hearing were not assessed. More
comprehensive studies making electrophysiological eval-
uations in terms of ototoxicity are needed in the future.

Conclusion

This is the first study investigating the potential cura-
tive role of TV in an experimental rat model of tympanic
membrane perforation. Considering the findings, it was
concluded that TV can be more effective than HO on
wound healing in TM perforation. In addition, it is con-
sidered that it may be an alternative treatment option
among the clinical practices in otology, after comprehen-
sive studies on ototoxicity have been conducted, due to
its cost-effective, effective, and straightforward applica-
tion in the treatment of TM perforations.
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