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Abstract

Background: Acute diffuse otitis externa is usually painful
and annoying to the patient. It is an acute inflammation of
the external auditory canal, auricle or both. Topical antibiotic
preparations are the treatment of choice in uncomplicated
cases. With the introduction of nanotechnology in the devel-
opment of antibiotics, new horizons were opened up for the
treatment of acute diffuse otitis externa.

Aim of Study: The objective of the present study is to
compare the efficiencies of ofloxacin delivered in different
forms (conventional, nanoemulsion and nanoparticles) in the
treatment of acute diffuse otitis externa.

Patients and Methods: In the present study, we compared
the efficiencies of ofloxacin delivered in different forms
(conventional, nanoemulsion and nanoparticles) in cases with
acute diffuse otitis externa. 40 patients with moderate degree
of acute diffuse otitis externa were included in this study. The
patients were classified into 4 groups, 10 patients in each
group. A different form of ofloxacin was used in each group.

Results: The present study showed that: (1) There was
no difference in cure rate between cases treated by nanoemul-
sion form of ofloxacin and cases treated by nanoparticles
form of ofloxacin. (2) Both of the nanoemulsion and nanopar-
ticles are more effective than the conventional form (when
used in the same concentration). (3) On trial of low concen-
tration of the nanoemulsion form, no difference in cure rate
from the conventional form was noted.

Conclusion: Nanopreparations of ofloxacin are more
effective than the conventional form in management of cases
of acute diffuse otitis externa.
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Introduction

BOTH anatomically and functionally, the ear is
divided into three parts: The external ear, the middle
ear and the inner ear. The external ear is that portion
of the ear external to the tympanic membrane. It
consists of the auricle and the external auditory
canal [1] Fig. (1).
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Fig. (1): Anatomy of the ear.

Otitis externa is an inflammation or infection
of the external auditory canal, the auricle or both
[2-4] . It is a common disease that can be found in
all age groups [5]. It is one of the most common
infections encountered by clinicians all over the
world [6] . It occurs in 4 of every 1000 people
annually [7,8]. The infection is more prevalent in
hot and humid conditions [5,8].

Otitis externa usually represents an acute bac-
terial infection of the skin of the ear canal-most
commonly attributable to pseudomonas aeruginosa
or staphylococcus aureus [9], but can also be caused
by other bacteria, viruses or a fungal infection [6].
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Several factors can contribute to external audi-
tory canal infection and the development of otitis
externa, including the following [g]:

* Absence of cerumen.
* High humidity.
* Increased temperature.

* Local trauma (e.g. use of cotton swabs or hearing
aids).

Otitis externa occurs more often in summer
time, when swimming is more common [5,8] . Itis
also common in tropical areas due to high temper-
ature & humidity [10] . Individuals with allergic
conditions are also at significantly higher risk of
otitis externa [7,11] .

According to the American Academy of Oto-
laryngology-Head and Neck Surgery (2014), otitis
externais classified asfollows [6]:

1- Acute diffuse otitis externa (the most common
form).

2- Acute localized otitis externa.
3- Chronic otitis externa.

4- Eczematous otitis externa.

5- Necrotizing otitis externa.

6- Otomycosis.

Most cases of otitis externa resolve without
difficulty. The majority of patients improve within
48-72 hours of treatment. Otitis externa usually
resolves fully in 7 days. However, if left untreated,
the infection can invade the deeper adjacent struc-
tures causing lymphadenitis or cellulitis of the face
and neck. In immunocompromised patients (e.g.
diabetics), the infection may progress to necrotizing
otitis externawhich is a serious condition with
high morbidity and mortality rate [6].

Rosenfeld et a., (2014) have summarized the
clinical presentation of patients with acute otitis
externa. These patients may complain of the fol-
lowing:

* Otalgia (ranging from mild to severe, typically
progressing over 1-2 days).

* Hearing loss and ear fullness.

* Tinnitus.

* Fever (occasionally).

* ltching (especially in fungal otitis externa or
chronic otitis externa).

* Discharge (initially the dischargeis clear and

odorless but quickly becomes purulent and foul
smelling).

Acute Diffuse Otitis Externa

Usually there is a history of preceding ear
trauma or entrance of water in the ear canal (e.g.
swimming). These symptoms are usually unilateral
(90% of cases).

On examination, there is pain upon pal pation
of the tragus or application of traction to the pinna.
Examination also reveals erythema, edema and
narrowing of the external auditory canal. A serous
or purulent discharge may be noted. Conductive
hearing loss may be evident. In sever forms of
otitis externa, cellulitis of the face or neck or
lymphadenopathy may occur. The tympanic mem-
brane may be difficult to visualize and may be
mild congested [6].

Primary treatment of acute otitis externain-
volves management of pain, removal of debris
from the external auditory canal, administration
of topical medicationsto control edema and infec-
tion and avoidance of contributing factors. Most
cases of acute otitis externa respond well to topical
treatment. Antibiotic drops with or without a cor-
ticosteroid are the mainstays of therapy [12].Ina
review of therapy for otitis externa, Roland et al.
(2008) [13] demonstrated that the combination of
oral antibiotics with otic antibiotic solutions hasn't
been shown to improve treatment success rate.
Moreover, systemic antibiotics may be accompa-
nied by several adverse effects. Systemic antibiotics
are generally reserved for patients with infection
extending outside the external auditory canal (lym-
phadenitis or cellulitis of the face and neck).

Patients and M ethods

In the present study, the efficiencies of ofloxacin
delivered in different forms (conventional, nanoe-
mulsion and nanoparticles) in treatment of cases
with infections to the external auditory canal were
compared. The study comprises both the clinical
response and bacterial eradication.

The study was done at Helwan University,
October 6 University and Shebin EI-Kom Teaching
Hospital during December 2018. This study includ-
ed 40 patients with moderate degree of diffuse
otitis externa. The patients were classified into
four groups; 10 patientsin each group. A different
form of ofloxacin was used in each group (Table
1).

In selection of the cases, the following were
the inclusion criteria:

* Patients are adult above 18 years and non-diabetic.
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* Patients are non-allergic to the drug used (oflo-
xacin) or any other quinolone.

* Female patients are not pregnant and non-lac-
tating.

* Patients should be evaluated before starting
treatment to exclude any underlying condition
such as tympanic membrane perforation, tumor
or foreign body.

Patients who fulfilled these criteria were sub-
jected to the following:

* History talking.
» Examination (general and local).
* Ear swab (for microbial culture and sensitivity).

» Application of the different forms of ofloxacin
(after ssimple cleaning and drying of the external
auditory canal).

Application method: The application was done
by the doctor himself (not by the patient). 10 drops
(0.5ml) of ofloxacin were used into the affected
ear once daily. In acute phase, topical ofloxacin
was applied in awick. After the acute phase, topical
ofloxacin was continued as ear drops.

The wick has the following benefits:

» Removal of exudate by capillary action.

* The close and prolonged application of the drug.
* A barrier to prevent scratching by the patient.

Evaluation method:

Evaluation of the patient response to treatment
was performed (over 7 days) by:
1- Clinical improvement.
2- Bacteriological examination.

N.B.:

1- This study had approval of the Ethical Commit-
tee.

2- We explained to each patient the purpose of this
study and the forms of the drug used. Convinced
answers were given about all questions from
the patients. An informed consent was obtained.

3- Topical ofloxacin nanopreparations, including
nanoparticles and nanoemulsions (with different
concentrations), were successfully developed
and characterized by various methods by the
staff members of:

|- Pharmaceutical Department, Faculty of Phar-
macy, Helwan University.

[1- Pharmaceutical Department, Faculty of Phar-
macy, October 6 University.

1929
Table (1): Subdivision of patients into four groups.

Group Form of ofloxacin used

A « Conventional form of ofloxacin (0.3%)

B » Ofloxacin nanoemulsion of the same
concentration as the conventional form
(0.3%).

C « Ofloxacin nanoemulsion of alower con-
centration than the conventional form
(0.2%).

D « Ofloxacin nanoparticles of the same con-
centration as the conventional form
(0.3%).

Results

Analysis of the resultsin this study revealed
the following:

* The ages of the patients ranged from 18 to 54
years.

* The onset of acute otitis externaranged from 1
to 7 days.

* The patients were classified into four groups, 10
patients in each group. A different form of oflo-
xacin was used in each group (Table 1).

* The overall cure rate was 70%.

* Theclinical cure rate in the four groups was
(Table 2):
- 60% in Group A.
- 80% in Group B.
- 60% in Group C.
- 80% in Group D.

Table (2): Clinical curerate.

Day(3) Day(5 Day(n) %
Group (A): 10 Cases
Cured - 2 6 60
Improved 4 2 20
No change 10 4 2 20
Worsened — - - 0
Group (B): 10 Cases
Cured 4 8 80
Improved 2 6 2 20
No change 8 - - 0
Worsened - — — 0
Group (C): 10 Cases
Cured 3 6 60
Improved 2 7 4 40
No change 8 - - 0
Worsened - - - 0
Group (D): 10 Cases
Cured 4 8 80
Improved 2 6 2 20
No change 8 - - 0
Worsened — — — 0




1930

* The bacteriological eradication in the four groups
was (Table 3):

- 70% in Group A.
- 90% in Group B.
- 70% in Group C.
- 90% in Group D.

Table (3): Bacteriological eradication.

Group aﬂjrfre cu_l‘t/L?re Rate of bacteriological eradication
A 3 7 70%

B | 9 90%

C 3 7 70%

D | 9 90%

N.B.:

+ve culture: Presence of microorganisms,
—ve culture : Absence of microorganisms = Bacteriological eradication.

* The overall tolerability in the four groups was
excellent (Table 4).

Table (4): Overall tolerability.

10 Cases

Group (A):
Excellent 10
Fair -
Poor -

Group (B):
Excellent 10
Fair -
Poor -

Group (C):
Excellent 10
Fair -
Poor -

Group (D):
Excellent 10
Fair -
Poor -

Discussion

Infections of the external auditory canal are
usually painful and annoying to the patient. It is
a common condition and affects between 5% to
20% of the patients attending ENT clinics [14]. An
estimated 10% of people develop external otitis
during their life time [15].

Otitis externa is typically a localized process
that can be easily controlled with topical agents.
If otitis externa is not optimally treated, especially
inimmunocompromised patients, the infection can
spread to the surrounding tissues and may even
become a life-threatening condition [16].

Acute Diffuse Otitis Externa

Acute otitis externa as discussed in this study
is defined as diffuse inflammation of the external
ear canal which is almost exclusively a bacterial
infection. The target patient is aged 18 years or
more.

A variety of types and forms (systemic and
topical) of antibiotics have been developed in an
attempt to manage acute diffuse otitis externa.
Systemic antibiotics may increase the risks of
adverse effects. They may cause generation of
resistant strains of organisms. They also increase
time to clinical cure and don't improve outcomes
compared with topical antibiotics alone [17]. So
there was always a desire to avoid systemic anti-
biotics and depend only on local forms.

Ofloxacin otic solution is a common topical
formulation that has a wide spectrum of activity
against most common ear pathogens [18]. It is the
only topical agent to be labeled by the Food and
Drug Adminstration for use when the tympanic
membrane is perforated and should be used when
the status of the tympanic membrane cannot be
determined [2].

The design and development of new drug de-
livery system with the intention of enhancing the
efficacy of the existing drug is an ongoing process
in pharmaceutical research. One of the most im-
portant techniques for enhancement of permeation
of drugs is the use of nanopreparations.

It has been suggested that nanopreparations
may dissolve the ordered structure of the stratum
corneum lipid leading to the loss of the barrier
properties of the skin, i.e. breaching the skin [19].
Nanopreparations have the ability to deliver larger
amounts of topically applied agents into the skin
than other traditional vehicles such as lotions or
creams [20].

The external auditory canal is lined by skin.
Thus the topical use of nanopreparation forms of
ofloxacin is assumed to have favorable effects than
the conventional forms in treatment of acute diffuse
otitis externa.

With the introduction of nanotechnology in the
development of antibiotics' formulations, new
horizons were opened up for the treatment of acute
diffuse otitis externa. Subramanian et al., (2012)
[21] presented a basic study for the use of ofloxacin
nanoparticles with improvement of the therapeutic
efficacy of ofloxacin. Further contributions were
made by Marslin et al., (2015) [22]. They concluded
that nano-formulations improved antibacterial
activity against all the tested human bacterial
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pathogens including Staphylococcus aureus and
Pseudomonas aeruginosa.

Acute otitis externa can generally be classified
into two main groups: (1) Localized otitis externa
(frunculosis) (2) Diffuse ofitis externa. The diffuse
group is further subdivided-according to the degree
of inflammation- into three forms; mild, moderate
and severe [23].

In this study, we selected moderate cases as the
line of treatment of this group of patientsis topical
antibiotic. Mild cases usually do not need antibiotics
(systemic or local) in their treatment. Severe cases
usually need systemic antibiotic in their treatment.

In the current study, there was no differencein
cure rate between cases treated by nanoemulsion
form of 0.3% ofloxacin (Group B) and cases treated
by nanoparticlesform of 0.3% ofloxacin (Group
D). The present study showed that both of nanoe-
mulsion and nanoparticles forms of ofloxacin are
more effective than the conventional formin treat-
ment of diffuse otitis externa (when used in the
same concentration). On trial of low concentration
of the nanoemulsion form (Group C), no difference
in cure rate was noted from the conventional form
(Group A).

In the current study, we also noticed the following:

1- Faster improvement of otitis externawith all
tested nanopreparations (from the 3 rd day).

2- Two of the cases did not respond to the topical
use of ofloxacin. These cases were evaluated
clinically as the disease spread beyond the ex-
ternal auditory canal. Systemic antibiotics (Qui-
nolones) were added to the list of treatments
and clinical response was achieved after few
days. This occurred with the conventional
ofloxacin (Oflox ® drops) only and did not
occur with any of the prepared nanopreparations.

Conclusion:

Nanopreparations of Ofloxacin are more effec-
tive than the conventional form in management of
cases of acute otitis externa. As bacteriological
eradication is more with the nanopreparations, it
is expected that the incidence of recurrence would
be less. Therelatively high incidence of acute
diffuse otitis externa and the associated annoying
symptoms make it an important condition for the
use of an up to date evidence-based treatment.
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