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Topical dexpanthenol application improves
healing of acute tympanic membrane perforations:
an experimental study
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Abstract

Obijective: To investigate the healing effects of topical dexpanthenol
on acute tympanic membrane (TM) perforations in rats through obser-
vations of healing time and histopathological changes.

Methods: A total of 20 Sprague-Dawley rats were included in the
study. Every perforation was formed at the pars tensa of TMs with a size
2 mm in diameter. The right TM of each rat was treated with topical
dexpanthenol for 2 days (treatment group); on the other hand, no top-
ical agent was applied on the left TMs of rats (sham group). All TMs
were examined under otomicroscopy at the third, fifth, and seventh days
to determine the healing of TM perforations. Moreover, TMs were
histopathologically examined to assess neovascularization, collageniza-
tion, fibroblastic activity, inflammatory cell positivity at the lamina pro-
pria (LP) layer of TMs.

Results: The TM perforations in the treatment group healed signifi-
cantly earlier (p<0.05). The collagenization at LP was significantly
higher in the treatment group (p<0.05), while neovascularization and
inflammatory cell positivity were significantly higher in the sham group
(p<0.05). The fibroblastic activity was higher in the treatment group
although no statistically significant difference was determined.
Conclusion: The findings of the current study suggest that dexpan-
thenol may accelerate the healing of acute TM perforation.

Keywords: Dexpanthenol, tympanic membrane perforation, rat,
wound healing.

Ozet: Topikal dekspantenol uygulamasi akut kulak
zari perforasyonlarinin iyilesmesini hizlandirmaktadir:
Deneysel bir calisma

Amac: Bu calismanin amaci, sicanlarda akut kulak zar1 (KZ) perforas-
yonunda topikal dekspantenol uygulamasinin iyilestirici etkilerini iyiles-
me siiresi ve histopatolojik degisikliklerin g6zlenmesi ile arasurmakur.

Yontem: Yirmi adet Sprague-Dawley cinsi sicanin her iki KZ’nin
pars tensa bolgesinde 2 mm genisliginde perforasyon olusturuldu. Si-
canlarin sag kulaklarindaki perforasyonlar (tedavi grubu) 2 giin bo-
yunca topikal dekspantenol ile tedavi edildi. Sol kulaklara (sham gru-
bu) hicbir topikal tedavi verilmedi. Kulak zar1 perforasyonlarmin ka-
panma durumunu degerlendirmek i¢in sicanlar ticlinci, besinci ve ye-
dinci giinlerde otomikroskopi ile degerlendirildi. Histopatolojik ola-
rak kulak zarlari, lamina propria tabakasindaki neovaskiilarizasyonu,
fibroblastik aktiviteyi, inflamatuar hiicre pozitifligini ve kollajenizas-
yonu degerlendirmek icin incelendi.

Bulgular: Tedavi grubunda KZ perforasyonlar istatistiksel olarak an-
lamh diizeyde erken iyilesti (p<0.05). Lamina propria kollajenizasyonu
tedavi grubunda anlamh derecede yiiksek bulunurken (p<0.05), neovas-
kiilarizasyon ve inflamatuar hiicre pozitifligi tedavi verilmeyen grupta an-
lamli derecede yiiksekti (p<0.05). Fibroblastik aktivite tedavi grubunda
daha yiiksek bulunmasima ragmen fark istatistiksel olarak anlamli degildi.

Sonug: Bu calismanmn bulgulari, akut kulak zar1 perforasyonun iyiles-
mesini hizlandirmada dekspantenolun etkin oldugunu géstermektedir.

Anahtar s6zciikler: Dekspantenol, kulak zar1 perforasyonu, sigan, ya-
ra iyilesmesi.

Tympanic membrane (TM) perforation is a relatively The leading cause of acute TM perforations is middle

common problem. Its incidence is not known exactly; ear infections, followed by trauma. Various types of trau-

however, estimated to be less than 1%." matic insults (e.g., insertion of objects into the ear canal,
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concussion caused by an explosion or open-handed slap,
head trauma, barotrauma and iatrogenic trauma due to
myringotomy, irrigation, or foreign body removal) can
cause acute T'M perforations. Most TM perforations,
especially those caused by trauma, heal spontaneously.
However, in a small group of patients, the TM perfora-
tions remain open and surgical intervention is needed.”

Complex biological mechanisms play a role in the heal-
ing process of acute T'M perforations including epithelial
proliferation, migration, fibroblast proliferation, angio-
genesis, and tissue remodeling.” Various agents and treat-
ment methods have been used with the aim of accelerating
the spontaneous healing process and aiding the complete-
ness of TM closure. The effects of topical agents, such as
hyaluronic acid, heparin, epidermal growth factor (EGF),
and basic fibroblast growth factor (bFGF), on the closure
of TM perforations have been investigated."” Although
positive results were found with these agents, limited
availability and high costs currently prevent their wide-
spread use.

Dexpanthenol is an alcoholic analog of panthotenic
acid (vitamin B5), which is a component of coenzyme A. In
the body, it is converted to the active form, panthotenic
acid, an essential molecule for human epithelial cells.
Topical dexpanthenol has high tissue penetration, and due
to its prominent effects such as stimulation of epitheliza-
tion and granulation, its efficacy in wound healing is well
established.”

Therefore, through examination of the closure time of
TM perforations and of the histopathological changes in
regenerated membranes, we aimed to investigate the effi-
cacy of topical dexpanthenol in the healing of acute TM
perforations in a rat model.

Materials and Methods

This study was performed in the Laboratory of
Experimental Studies of Karadeniz Technical University
School of Medicine and complied with the guidelines for
the care and use of experimental animals. The approval of
the local ethics committee of Karadeniz Technical
University was obtained before the study was conducted.
Twenty-two adult male Sprague-Dawley rats, each weigh-
ing between 250 and 300 g, were involved in the study.
Animals were housed in 50+10% humidity at 22+1 oC on
a 12-hour light-dark cycle and had free access to water and
standard dry pellets.

Four ears (2 rats) were used as the control group. The
other 20 animals were anesthetized with intraperitoneal

(IP) ketamine hydrochloride (50 mg/kg) and xylazine
hydrochloride (10 mg/kg). A 2 mm perforation was creat-
ed by a myringotomy knife at the posterosuperior quad-
rant of the pars tensa in each TM of 20 rats using an
otomicroscope (Deca 21; Inami Corp., Tokyo, Japan).
During the procedure, 3 rats were observed to have seri-
ous middle ear effusion in one side and were excluded
from the study. The study was completed with a total of 19
rats. The right TM perforations were treated with 5 drops
of dexpanthenol immediately after perforation, and addi-
tional applications of 5 drops were administered after 24
hours and after 48 hours. No treatment was given to the
left ears (sham group), and the left TMs were allowed to
spontaneously heal. The four TMs of the 2 rats that were
not perforated were not treated, serving as a reference for
the comparison of histopathological changes evaluated in
the dexpanthenol and sham groups.

Otomicroscopic examination under IP ketamine anes-
thesia was performed on the third, fifth, and seventh days
to check the status of the myringotomy patency on each
side. The healing of TM perforations was evaluated as
total or partial closure.

On the fourteenth day of the study, the rats were sac-
rificed by decapitation under anesthesia with IP ketamine
hydrochloride (90 mg/kg) and xylazine hydrochloride (10
mg/kg). The tympanic bullae were opened, and the right
and left TMs were removed. The specimens were kept in
10% formaldehyde solution. After 24 hours, the 38 speci-
mens were decalcified in formic acid and sodium citrate.
For both treatment and sham groups, the TM specimens
were bisected through the center of the healed perforation
and embedded in paraffin blocks. The TMs of the controls
were bisected medially. For histopathological examina-
tion, 5 pm thick sections were stained in hematoxylin and
eosin and examined under light microscopy at a 40x mag-
nification (Olympus BXS51; Olympus Corp., Tokyo,
Japan). The changes in LP, including neovascularization
of the lamina propria (LP), fibroblastic activity, collage-
nization, and inflammatory cell presence were evaluated,
referencing the findings to the control TMs. The LP
changes were evaluated as positive if they were prominent
and as negative if there were no differences compared to
the control TM specimens. All specimens were evaluated
by the same pathologist.

The statistical analysis of the data regarding the
histopathological changes in the LP and the TM-perfora-
tion healing time was conducted using Fischer’s exact chi-
square test. A p value of less than 0.05 was considered sta-
tistically significant.
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Results

All TMs in the treatment and sham groups were found to
be completely closed on the seventh day. The mean perfo-
ration closure time was 5.6+1.4 days in the sham group and
4.4+1.2 days in the dexpanthenol treatment group (Fig. 1).
The difference in healing time between two groups was sta-
tistically significant (p<0.05).

A comparison of the LP changes in the treatment and
sham groups is shown in Table 1. The LP collagenization
in the treatment group was significantly higher than sham
group (p<0.05) (Table 1). In the sham group, LP neovas-
cularization and inflammatory cell positivity were signifi-
cantly higher than in the treatment group (p<0.05). The
LP fibroblastic activity was higher in the treatment group,
however the difference between both groups was not sta-
tistically significant (p>0.05).

Discussion

"This study showed that the healing time of the T'M perfo-
rations in the dexpanthenol-treated ears was significantly
shorter than in the untreated ears. The LP collagenization
was also significantly higher in the treatment group, while
neovascularization and inflammatory cell positivity were
significantly higher in the sham group.

The healing of a traumatic perforation of the TM is a
complex process that requires epithelial proliferation and
migration, fibroblast proliferation, neovascularization, and
tissue remodeling.”"” In the typical wound healing of soft
tissues, the formation of granulation tissue precedes
epithelization. On the contrary, the key mechanism in the
healing of TM perforations is the initial closure of the
epithelial layer by increased mitotic activity of epithelial
cells, followed by the regeneration of the LP.

In experimental studies, it has been reported that vari-
ous topical agents may accelerate the healing of acute TM
perforation. Among these agents, polypeptide growth fac-
tors have been widely studied with promising results in
TM healing. In guinea pigs, bFGF was reported to pro-
mote healing of TM perforations by inducing neovascu-
larization, fibroblast proliferation, and matrix deposition
compared with controls.” In other studies investigating
experimental models of acute TM perforations, a shorter
healing time was reported in bFGF-treated groups."""”
EGF and transforming growth factor-p1 (TGF-f1) were
found to stimulate TM-perforation healing in animal
models."*"”
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Table 1. The comparison of LP changes in the treatment and sham

groups.
Sham Treatment Chi p
group group square
n (%) n (%)
LP neovascularization = 2 11.8 9 529 4838 0028
+ 15 882 8 471
LP fibroblastic activity - 5 294 1 5.9 1821 0477
+ 12 706 16 941
LP inflammatory cells - 6 353 16 94.1 10432 0.001
+ " 64.7 1 59
LP collagenization - 14 84 4 235 9563  0.002

+ 3 176 13 765

Dexpanthenol is known for promoting wound healing
and epithelization, especially in dermatological condi-
tions, such as epidermal wounds, burn injuries, and various
skin irritations (e.g., scaling, pruritus, fissures, erythema).
Pantothenic acid, the active form of dexpanthenol, is an
essential ingredient for epithelial function.” In vivo and in
vitro studies with dexpanthenol have shown that it has a
key role in wound-healing by activating the fibroblast pro-
liferation.” The prominent effects of dexpanthenol for-
mulations that accelerate healing processes are the stimu-
lation of epithelization and granulation.

In the field of otorhinolaryngology, beneficial effects of

dexpanthenol were found for rhinitis sicca treatment and
. . 1617]

nasal mucosa regeneration after nasal surgeries. " To the

best of our knowledge, this is the first study in which the role

-l Dexpanthenol
—A- Sham

n of animals with total TM closure

Day 3 Day 5 Day 7
Postoperative days

Fig. 1. The closure time (days) of TM perforations in dexpanthenol treat-
ment and sham groups.
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of topical dexpanthenol application on healing of TM perfo-
ration and LP changes was evaluated. Our findings demon-
strate the beneficial effects of dexpanthenol for TM-perfora-
tion healing, as indicated by significantly shorter TM-perfo-
ration closure time and higher LP fibroblastic activity and
collagenization following dexpanthenol treatment.

In the only study using dexpanthenol in a TM-perfora-
tion model, Ozel et al."” investigated the effects of dexpan-
thenol, hydrogen peroxide (H:0:), and erdosteine on
myringosclerosis development and TM healing time. The
authors found significantly less myringosclerosis in the
dexpanthenol and erdosteine groups than in the control,
isotonic, and H20: groups. Consistent with our findings,
they also showed that TM-perforation healing time was
significantly shorter in the dexpanthenol and erdosteine
treatment groups.

In the current study, the effects of dexpanthenol on
healingof acute TM perforation were investigated. The
finding shows that the TM-perforation closure time was
significantly shorter in the dexpanthenol-treated group
which is consistent with the findings in previous litera-
ture"” and can be attributed to the stimulation of epithe-
lization by dexpanthenol. Consistent with previous stud-
ies,”” the significant collagenization and higher fibroblas-
tic activity in the LP in the dexpanthenol group demon-
strate the wound-healing promoting effect of the mole-
cule. Unexpectedly, we found that the LP neovasculariza-
tion and inflammatory cell positivity was significantly
higher in the sham group. This finding is in contrast with
the findings of previous studies that revealed increased
neovascularization and inflammatory cell infiltration with
dexpanthenol treatment.™"” However, these dexpanthenol
studies were performed in wound healing models in differ-
ent tissues. The healing of the TM, unlike that of other
tissues, is characterized by an initial epithelial migration
followed by LP regeneration. This migration and regener-
ation may contribute to the different healing pattern
found in our study. Additionally, the anti-inflammatory
effects of dexpanthenol described in previous studies™]
could contribute to decreased neovascularization and
inflammatory cell infiltration. However, it is controversial
whether dexpanthenol, due to its anti-inflammatory
action, inhibited neovascularization and inflammatory cell
infiltration in the LP in our experimental model or not.

Conclusion

The clinical and histopathological findings of this study
demonstrated that topical dexpanthenol application may

promote the healing of TM perforations. We suggest that
topical dexpanthenol, as a readily available and simple
agent, may be a reasonable alternative to surgery in treat-
ing acute traumatic TM perforations.
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