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Abstract
Objectives: In this study, we aimed to histopathologically reveal the effects of 4% boric acid solution used in diseases
such as external otitis and otomycosis, in which the tympanum and tympanic membrane do not participate in the
infection process, on the healthy tympanic mucosa.
Methods: A, B, C, D group guinea pigs were administered 4% boric acid solution for 7, 14, 21, 28 days respectively. The
tympanic bullae of group A, B, C, D guinea pigs were excised on the 8,15, 22,29 days respectively.
Results: While 5 of the samples taken from the right tympanic bullae of group A were grade 2 and 1 was grade 3, all
of the samples taken from the right tympanic bulla of the subjects in group B were grade 3, all samples taken from the
right tympanic bullae of the subjects in group C were grade 4, and all of the right tympanic bullae of the subjects in
group D were grade 4 regarding the histopathological changes.
Conclusion: We determined that the use of 4% boric acid solution for more than 1 week in cases accompanied by
tympanic membrane perforation such as chronic otitis media led to an increase in the inflammation score and histopathological changes in the tympanic mucosa.
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C

hronic suppurative otitis media (CSOM) is an important
and common cause of hearing impairment in low- and
middle-income countries.[1] CSO is defined as persistent
tympanic membrane perforation and ear discharge lasting more than two weeks. Among the treatment options,
systemic antibiotics, topical steroids and antibiotics, and
antiseptic drops are preferred.
In a Cochran Review[2] published in 1998, it was concluded
that topical treatment with antibiotics or antiseptics was
more effective than systemic antibiotics, aural wash only,

or no treatment. In the same study, topical quinolones
were better than non-quinolone topical antibiotics. Topical antiseptic treatments such as boric acid and burow solutions have been found in many treatment protocols as
appropriate treatment methods in terms of both their efficacy and cost.[3] The most commonly used treatment in
CSOM is ototopical antimicrobial drops. In the treatment
of ear infections, the low absorption of systemic drugs in
the ear and administered drugs in the resistance of microorganisms to antibiotics support the preference of lo-
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cal treatment options.[4-6] Topical agents can pass through
the tympanic membrane at high levels and are commonly
used in chronically infected ears.[7] As a topical agent, boric acid solutions have antiseptic and acidic properties and
are used in the treatment of CSOM. Few studies have been
conducted to examine the use of such solutions in patients
with CSOM.[8-9] Apart from CSOM, these solutions, which are
used in diseases of the auricle and external auditory canal
for their antimicrobial and acidic properties, are among the
preparations frequently used, especially in the treatment
of otomycosis. In cases where the tympanic membrane is
perforated, the safety of solutions prepared with alcohol
is controversial, but its ototoxic effect in humans has not
been proven.
In this study, we aimed to histopathologically reveal the
effects of 4% boric acid solution used in diseases such as
external otitis and otomycosis, in which the tympanum and
tympanic membrane do not participate in the infection
process, on the healthy tympanic mucosa, by investigating
on guinea pigs, and whether the effect will be reversible for
certain periods.

Methods
At the beginning of our study, experimental animal study
approval was obtained from the Animal Ethics Committee
of DOLLVET A.Ş, and all animals included in the study were
treated as per the protocols accepted by this committee.
The surgical phase of the study and the optimum care of
the experimental animals were completed in the DOLLVET
VETERINARY VACCINE, PHARMACEUTICALS, and experimental animal breeding unit. In our study, a total of 8-week
old 24 guinea pigs weighing between 300 and 1000 g were
used. The right ears of all guinea pigs were determined
as the experimental group, and a 4% boric acid solution
prepared with distilled water was applied to the right ear.
The left ears of the subjects were determined as the control group, and 0.9% NACI saline was administered. Guinea
pigs were divided into four groups, with 6 in each group.
Groups were named as A, B, C, D. Before starting the surgical procedure, both ears of the guinea pigs were evaluated
under a Carl-ZEISS Opmi-9FC microscope, the plugs were
cleaned, and those with middle ear or EAC infections were
excluded from the study. Anesthesia was provided with
intraperitoneal xylazine (Bacilazine, 5 mg/kg; Animedica
GmbH, Senden-Bosensell, Germany) and Ketamine (Ketalar, 50 mg/kg; Eczacıbaşı, Warner-Lambert, İstanbul, Turkey). The tympanic membranes of the guinea pigs were
widely perforated under the microscope with the help of a
fine spike without damaging the middle ear mucosa. In order not to close the perforated area, sponges were placed
in contact with the middle ear mucosa. This procedure was

performed for both ears of all guinea pigs. 4% boric acid solution prepared with distilled water was applied two times
a day to the right ear of the guinea pigs with the help of
an insulin injector, 3-4 drops each time. 0.9% NACI saline
was applied to the left ears by the same method, dose, and
duration. A and B group guinea pigs were administered for
7 and 14 days, respectively, and C and D group guinea pigs
were administered for 21 and 28 days. Sacrification of guinea pigs was performed by applying 80 mg/kg pentothal.
The tympanic bullae of group A and B guinea pigs were excised on the 8th and 15th days, and the tympanic bullae of
group C and D guinea pigs were removed on 22nd and 29th
days, respectively. Appropriately removed tympanic bullae underwent a series of procedures for histopathological
examination. The prepared tissue samples were examined
in terms of vascular occlusion, edema, and the presence of
inflammatory cells and graded as follows; Grade 1 normal
histological tissue image, Grade 2 mild vascular occlusion,
and edema, no inflammatory cells, Grade 3 moderate vascular occlusion and edema, very few inflammatory cells are
present, and Grade 4 severe vascular occlusion and edema,
with numerous inflammatory cells. The inflammatory process was evaluated by observing the vascular occlusion,
the density of inflammatory cells, and edema. If there was
no inflammation in the evaluated samples, it was scored as
1 (+). It was scored 2 (++) in the presence of mild inflammation, 3 (+++) in the presence of moderate inflammation,
and 4 (++++) in the presence of severe inflammation.

Statistical Analysis
Data were analyzed using the Statistical Package for Social Sciences 26.0 for Mac (SPSS Inc., Chicago, IL). A normal
distribution of the quantitative data was examined via
Kolmogorov–Smirnov, and Shapiro–Wilk tests. Non-parametric tests were applied to data of questionably normal
distribution. Mann–Whiney U tests were used to compare
independent groups. Kruskal–Wallis H test was used to
compare groups of independent continuous variables, and
Bonferroni post hoc analysis was used for multiple comparison tests. Data are expressed as mean±standard deviation.
The results for all items were expressed within a 95 % reliance and at a level of p<0.05 significance.

Results
Histopathological changes were detected in the samples
excised from the right tympanic bullae of 6 guinea pigs
in group A, which were excised on the 8th day. Five had a
grade 2 (Fig. 1), and one had grade 3 (Fig. 2) histopathological changes. All of the samples removed on the 15th
day, excised from the right tympanic bullae of the subjects
in group B, showed grade 3 histopathological changes.
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Figure 1. Grade 2 histopathological change in tympanic bulla.

Figure 3. Grade 4 histopathological change in tympanic bulla.

Figure 2. Grade 3 histopathological change in tympanic bulla

Figure 4. Grade 1 histopathological change in tympanic bulla.

Grade 4 (Fig. 3) histopathological changes were detected
in all samples taken from the right tympanic bullae of the
subjects in group C, which were excised on the 22nd day.
Histopathological changes at grade 4 (Fig. 3) were detected
in all of the right tympanic bullae excised on the 29th day
of the subjects in group D. Grade 1 (Fig. 4) histopathological changes were observed in all left tympanic bullae of
group A, which were excised on the 8th day, group B on the
15th day, group C on the 22nd day, and group D on the 29th
day. When the inflammation scores of the four groups were
compared, the inflammation score of group A was lower
than that of groups C and D and was statistically significant when comparing the right tympanic bullae (p=0.001).
A comparison of the right tympanic bullae of the groups
is shown in Figure 5. In comparing the right and left tympanic bullae of each group, the inflammation scores on the
right were higher than on the left (p=0.02). There was no

Figure 5. The simple bar graph represents the mean inflammation
score of the right tympanic bulla of the groups. The p values for the
comparison of the groups are given.
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significant difference between the groups when comparing the left tympanic bullae of the groups (p> 0.05). Inflammation scores of the right and left tympanic bulla groups
are shown in Table 1.

Discussion
Ear drops are used in the treatment of external otitis and
middle ear infection accompanied by tympanum perforation. Otorrhea is a common otological problem that is
usually treated with topical antibiotic preparations.[10] Antiseptic drops (e.g., boric acid solution, aluminum acetate)
are widely preferred to treat CSOM in developing countries
due to their wide availability and low cost. The purpose of
topical antiseptic drops is to create an acidic environment
by changing the alkaline environment in the ear and preventing the easy proliferation of outer ear and tympanic
bacteria and the acidic environment. It was reported that
after the application of the topical antiseptic solution to
the tympanum, some patients with CSOM experienced
complaints such as pain and burning. Although topically
applied antibiotics are not more effective than topical antiseptics, combined topical treatment with antibiotics and
antiseptics is more effective than systemic treatment.[11]
Boric acid is formed as a result of the reaction of borate
minerals with sulfuric acid. The pKa of this chemical is 9.24,
and this chemical is found in nature as a white, crystalline
powder. In 1948, salts of boric acid and sodium borate were
used for the first time in the United States as an insecticide
and pesticide. The use of boric acid in medicine is quite
common; besides being used as an eyewash solution, it is
also used as an antiseptic for minor cuts and burns. Boric
acid solutions have acidic properties and antiseptic properties and are frequently used for these purposes.[12] It is used
in the treatment of external ear infections, CSOM with cholesteatoma, otomycosis, and tympanum infections. Ozcan
et al. reported that 4% boric acid solution prepared with
70% alcohol is an effective and inexpensive treatment option in the treatment of otomycosis as well as local cleaning of the ear and reported that they used 4% boric acid
solution prepared with distilled water or alcohol by taking
advantage of the acidic and antiseptic properties of boric
acid solution in their clinics, especially in otomycosis, CSOM
Table 1. Inflammation scores of the groups
Group
A
B
C
D

Number

Right

Left

P

6
6
6
6

2.2±0.4
3.0±0.0
4.0±0.0
4.0±0.0

1.0±0.0
1.0±0.0
1.0±0.0
1.0±0.0

0.02
0.02
0.02
0.02

with cholesteatoma, and external ear infection.[13] Minja et
al. used boric acid solution prepared with 70% alcohol in
the treatment of children diagnosed with suppurative otitis media, and it was reported that boric acid solution prepared with alcohol solution was effective in the treatment
of these patients.[12] There are also studies reporting that
boric acid solution is less effective than other topical ear
drops in the treatment of CSOM. For example, Macfadyen
et al. found that topical ciprofloxacin ear drops were more
effective than the topical boric acid solution in treating
children with CSOM diagnosis, improving both discharge
and hearing at second and fourth weeks. They also reported that the use of topical ciprofloxacin compared to boric
acid had significantly fewer side effects such as ear pain,
irritation, and bleeding during ear cleaning.[14]
Our study aimed to histopathologically reveal the effects
of 4% boric acid solution prepared with distilled water on
the guinea pig tympanic mucosa. Hence, we wanted to determine whether its use in otomycosis, external otitis infections where the tympanum is not involved in the process,
causes temporary or permanent damage to the tympanic
mucosa, the inflammatory response of the tympanic mucosa and whether the duration of use of boric acid solution
also contributes to this possible effect. In anatomical studies, it was revealed that the structural form of the pig tympanum and the human tympanum are very similar to each
other.[15] Therefore, guinea pigs were used in our study. Inflammation is an adaptive response triggered by harmful
stimuli such as infection and tissue damage.[16] Histopathological changes can be observed in body tissues as a result
of long-term infections. In the inflammatory response triggered by infection or tissue damage, blood elements such
as plasma and leukocytes move to the injury site. In the inflammatory response, mediators such as various cytokines
and chemokines are secreted initially; these mediators'
main and immediate first effect is to produce inflammatory
exudate. Thanks to these mediators, they provide access to
extravascular tissues by providing the extravasation of plasma proteins and leukocytes (neutrophils) typically found in
blood vessels.[16] Neutrophils try to kill invading substances
by secreting various agents. Due to this strong effect of
neutrophils, damage to the host tissue is inevitable.[17] In
the literature review, experimental studies are investigating the ototoxic effects of boric acid solution on inner ear
functions.[18-20] However, no experimental study has been
performed on the tympanic mucosa in terms of histopathological changes. Our study is important because it is the
first study examining the effects of 4% boric acid solution
prepared with distilled water on the tympanic mucosa. Our
study found the lowest inflammation score in group A due
to the use of the boric acid solution prepared with distilled
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water for one week. An increase in inflammation scores was
observed after 2-3-4 weeks of use of the current solution
in groups B, C, and D, respectively. In parallel with the increased inflammation score, especially in groups C and D,
we detected histopathological changes in the middle ear
mucosa indicating chronic inflammation in groups C and
D. We think that a foreign body reaction against the current
solution develops in long-term use of the probable boric
acid solution.

Conclusion
In conclusion, we determined that the use of 4% boric acid
solution prepared with distilled water for more than one
week in cases accompanied by tympanic membrane perforation such as CSOM led to an increase in the inflammation
score in the tympanic mucosa, and we found that it caused
histopathological changes in the tympanic mucosa due to
chronic inflammation. In clinical use, we recommend using 4% boric acid solution prepared with distilled water in
conditions such as external otitis, external auditory canal
otomycosis in which CSOM and tympanic membrane are
intact, for no longer than one week.
Our study has several limitations as it is the first study to
investigate the effects of topical boric acid solution on the
tympanic mucosa. It should be supported by more experimental studies on animal models in the future.
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