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ABSTRACT

PURPOSE: To evaluate the tissue response of the mucosa of the tympanic cavity of guinea pigs, when receiving biodegradable implant.
METHODS: A total of 20 male guinea pigs were divided into 2 groups. After paracentesis in both ears, a biodegradable polymer of poly
lactic-co-glycolic acid was implanted in only one middle ear. Histological analysis using neutrophil exudate and vascular neoformation
(acute inflammation) and fibroblast proliferation and mononuclear inflammatory cells (chronic inflammation) as parameters was
performed after 10 and 30 days of survival (groups 1 and 2, respectively).

RESULTS: Four ears in group | and 7 in group 2 had an increase of neutrophil exudate. Vascular neoformation occurred in ears with
or without the implant, in both groups. Fibroblast proliferation and mononuclear inflammatory cells (lymphocytes and macrophages)
increased in ears with implant in group 2.

CONCLUSION: The tissue response by histological analysis of the mucosa of the tympanic cavity of guinea pigs, when receiving
biodegradable implant, showed no statistically significant difference between ears with or without the implant.
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Introduction

Treatment of cochlear disorders represents a promising
future in otology, but the underlying pathophysiology of common
diseases such as Meniére’s syndrome and sensorineural hearing
loss remain poorly understood. Therapeutic methods for diseases
of the inner ear are available, and these largely depend on the route
and the concentrations of the drugs used'.

Nowadays, there is an increasing interest in the
treatment of human inner ear disorders by local drug delivery
to the inner ear for the dual purposes of increasing efficacy and
decreasing side effects®.

The variety of existing local drug delivery strategies
to the inner ear include: 1) single or repeated intratympanic
injection with or without volume stabilization and with or without
visualization of the round window (RW) membrane, 2) continuous
or discontinuous drug application via partly or fully implantable
pump systems, and 3) biodegradable biopolymers?.

Biodegradable polymer, defined as the polymer that suffer
macromolecular degradation in vivo, may present advantages
against the non-degradable polymer, due its total absorption by
the organism and no need of removal6-8.

The most frequently used biodegradable polymers are
polyesters such as caprolactone, polylactic acid (PLA) and various
lactic and glycolic acid copolymer types (PLGA), the latter two
being extensively used’. PLGA can be easily produced and has
predictable decomposition kinetics. It is degraded by the hydrolysis
of its corresponding monomers (lactic and glycolic acids), which
are eliminated with minimal systemic toxicity®’.

It is desired that the material has the ability to perform
its desired function with respect to a medical therapy, without
eliciting any undesirable local or systemic effects in the recipient
or beneficiary of that therapy, but generating the most appropriate
beneficial cellular or tissue response in that specific situation,
and optimizing the clinically relevant performance of that
therapy'®!'physical and chemical characterization, followed by
an in vitro degradation study. Further, n0 and n30 in both virgin
and 3-week pre-degraded status were subcutaneously implanted
in rats, either directly or in stainless steel mesh cages, to evaluate
in vivo tissue response. The results showed that the incorporation
of nAp yields an nAp amount-dependent buffering effect on pH-
levels during degradation and delayed polymer degradation based
on molecular weight analysis. Regarding biocompatibility, nAp
incorporation significantly improved the tissue response during
a 4-week subcutaneous implantation, showing less infiltration of

inflammatory cells (monocyte/macrophages.

Therefore, the aim of this study is to evaluate the tissue
response of the mucosa of the tympanic cavity of guinea pigs,

when receiving biodegradable implant.

Methods

The study was accomplished in the bioterium of Institute
of Advanced Sciences in Otolaryngology (IASO) and Temporal
Bone Microdissection Laboratory — Federal University of Sao
Paulo (UNIFESP), after approval by the Ethics and Research
Committee of UNIFESP (number 0213/12) and with supervision
and monitoring of a veterinary, following the Council for
International Organization of Medical Sciences (CIOMS) ethical
code for animal experimentation and obeyed the norms of the
Federal Law number 6,638/1979.

Twenty guinea pigs (Cavia porcellus), male, 2 to 3
months of age, weighing around 400g and normal otomicroscopy
were randomly divided into two groups: group 1 (n=10) with 10
days of survival and group 2 (n=10) with 30 days of survival.

The biopolymers were developed in Laboratory of
Pharmaceutical Technology - Faculty of Pharmacy, Federal
University of Minas Gerais. In the preparation of the biodegradable
implants, PLGA was solubilized on proper solvent and distilled
water. The solution was then filtered using a sterile 0.2 mm filter
under laminar flow. Next it was frozen dried, and used to prepare
hot-molded rod-shaped implants. The implants weighed between
0.9and 1.2 mg, measured 4.5 to 6.0 mm in length, and had diameters
ranging between 0.4 and 0.5 mm. The low coefficient of variation
between the implants was indicative of the reproducibility of the
employed technique.

The guinea pigs were anesthetized with xylazine
hydrochloride (20 mg/Kg) and ketamine hydrochloride (10 mg/
Kg) by peritoneal route, remaining under spontaneous ventilation
throughout the procedure.

All the animals were submitted to surgical procedure
bilaterally, in agreement with technique to be described. The
contralateral ears to the placement of the biopolymers were
considered controls.

Afther the anesthesia, the guinea pigs were positioned
at the surgical bed and antisepsis of the external ear were
made. Then, submitted to otomicroscopy for verification of the
normality of external auditory meatus (EAM) and tympanic
membrane (TM). Paracentesis in the inferior part of TM was
made and then the biopolymer was inserted into middle ear,
as near as possible to the round window. In the contralateral

ear, after paracentesis, no more manipulation was made. At
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the end of the procedure, all animals received an intracardiac
administration of potassium chloride 19.1%, while still
anesthetized for euthanasia.

After the euthanasia, both temporary bones were
extracted, stored in formaldehyde 10% and directed for histologic
exam. Initially immersed in nitric acid 5% for 24 hours for
decalcification, the temporary bone was cut in the medium line,
longitudinally, and submitted to the usual techniques for histologic
exam, colored by hematoxilin-eosin (HE).

The acute and chronic inflammatory conditions and the
healing status in each ear were appraised. For acute inflammation
was evaluated the presence of neutrophils and vascular
neoformation and for chronic inflammation the fibrous conjunctive
tissue proliferation and inflammatory mononuclear cells.

Software package SPSS (Statistical Package for Social

Sciences) release 22.0 was used to process raw data and produce

TABLE 1 — Histologic evaluation — neutrophil exudate.

statistical results. Data organization was done with Excel MS-
Office 2010. A statistical significance level of 5% (0.05) was
adopted in statistical tests (Likelihood Ratio Test).

Results

In group 1, exudate of neutrophils was found in 4 ears,
increasing this number to 7 in group 2 — five of them in ears with
the biopolymer (Table 1). The same assessment occurred for
vascular neoformation, with 20% of this neoformation in ears with
the implant in group 1. This percentage increased to 40% in group
2. This vascular neoformation was also found in ears without the
implant, in both groups (Table 2).

Most of the ears had absence of fibrous conjunctive tissue
proliferation, in the two groups. An increase occurred again in ears

with the implant in group 2 (Table 3).

Acute inflammation — neutrophil exudate

receiving ear

G . i i Total ..
roup implant absent Isolated foci .d]fqu? neutrophils o significance (p)
involving structures
5 3 2 10
Absent
50.00% 30.00% 20.00% 100.00%
1 7 2 10
1 Present 0.102
10.00% 70.00% 20.00% 100.00%
6 10 4 20
Total
30.00% 50.00% 20.00% 100.00%
3 5 2 10
Absent
30.00% 50.00% 20.00% 100.00%
1 4 5 10
2 Present 0.288
10.00% 40.00% 50.00% 100.00%
4 9 7 20
Total
20.00% 45.00% 35.00% 100.00%
8 8 4 20
Absent
40.00% 40.00% 20.00% 100.00%
2 11 7 20
Total Present 0.076
10.00% 55.00% 35.00% 100.00%
10 19 11 40
Total
25.00% 47.50% 27.50% 100.00%

p<0.05; Test: Likelihood Ratio Test
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TABLE 2 — Histologic evaluation — vascular neoformation.

receiving ear Acute inflammation — vascular neoformation
Group . Total -
implant Absent Present significance (p)
7 3 10
Absent
70.00% 30.00% 100.00%
8 2 10
1 Present 0.605
80.00% 20.00% 100.00%
15 5 20
Total
75.00% 25.00% 100.00%
8 2 10
Absent
80.00% 20.00% 100.00%
6 4 10
2 Present 0.326
60.00% 40.00% 100.00%
14 6 20
Total
70.00% 30.00% 100.00%
15 5 20
Absent
75.00% 25.00% 100.00%
14 6 20
Total Present 0.723
70.00% 30.00% 100.00%
29 11 40
Total
72.50% 27.50% 100.00%
p<0.05; Test: Likelihood Ratio Test
TABLE 3 — Histologic evaluation — fibrous conjunctive tissue proliferation.
Chronic inflammation - fibrous conjunctive tissue proliferation
Group recerving ear reparatiye ﬁb.roblast prolifera}tion Total significance (p)
implant Absent Isolated fiboblasts ~ with thickening of the examined
structure
7 1 2 10
Absent
70.00% 10.00% 20.00% 100.00%
6 2 2 10
1 Present 0.812
60.00% 20.00% 20.00% 100.00%
13 3 4 20
Total
65.00% 15.00% 20.00% 100.00%
7 1 2 10
Absent
70.00% 10.00% 20.00% 100.00%
3 3 4 10
2 Present 0.185
30.00% 30.00% 40.00% 100.00%
10 4 6 20
Total
50.00% 20.00% 30.00% 100.00%
14 2 4 20
Absent
70.00% 10.00% 20.00% 100.00%
9 5 6 20
Total Present 0.243
45.00% 25.00% 30.00% 100.00%
23 7 10 40
Total
57.50% 17.50% 25.00% 100.00%

p<0.05; Test: Likelihood Ratio Test
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Similar numbers were found for inflammatory cells. In group 1, diffused infiltrate was found in 30% of the
mononuclear cells (lymphocytes and macrophages). Initially, ears with the biopolymer, increasing this percentage to 40% in
all the ears of both groups showed at least isolated foci of these  group 2 (Table 4) (Figure 1).

TABLE 4 — Histologic evaluation - inflammatory mononuclear cells (lymphocytes and macrophages).

o Chronic inflammation - inflammatory mononuclear
receiving ear

Group ’ cells (lymphocytes and macrophages) Total o
implant - - - significance (p)
Isolated foci Diffuse infiltrate
8 2 10
Absent
80.00% 20.00% 100.00%
7 3 10
1 Present 0.605
70.00% 30.00% 100.00%
15 5 20
Total
75.00% 25.00% 100.00%
8 2 10
Absent
80.00% 20.00% 100.00%
6 4 10
2 Present 0.326
60.00% 40.00% 100.00%
14 6 20
Total
70.00% 30.00% 100.00%
16 4 20
Absent
80.00% 20.00% 100.00%
13 7 20
Total Present 0.286
65.00% 35.00% 100.00%
29 11 40
Total
72.50% 27.50% 100.00%

p<0.05; Test: Likelihood Ratio Test
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FIGURE 1 — Mucosa of the tympanic cavity of guinea pig number 04 (right ear) with inflammatory mononuclear cells. A: x100 magnification, B: x400
magnification. HE stain.
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Discussion

Inner ear drug delivery has been a challenge to physicians
in the treatment of inner ear disorders. In the past decade, new
biomaterials and drug delivery technologies have been developed
for inner ear delivery>.

PLGA was the polymer chosen in this study, because
is widely used in studies related to drug delivery systems and
is a constituent of many biomaterial-based devices owing to its
adjustable biodegradability and biocompatibility'®. Also, this
polymer is easily produced and replicated, and has a well-known
kinetic of degradation®.

Several methods exist for the evaluation of the
biocompatibility of biopolymers. The method used in the study
was the histological analysis with Hematoxylin and eosin
stain. According to Kato et al.", it is the more used method in
experimental studies.. It is a simple method and supplies general
information of the tissue answer to the implanted material.

Host reactions following implantation of biomaterials
include injury, blood-material interactions, provisional matrix
formation, acute inflammation, chronic inflammation, granulation
tissue development, foreign body reaction, and fibrosis/fibrous
the

interactions and provisional matrix formation, acute and chronic

capsule development. Following initial blood/material
inflammation occurs in a sequential fashion as expected. The extent
or degree of these responses is controlled by the extent of injury in
the implantation procedure, the tissue or organ into which the device
is implanted, and the extent of provisional matrix formation"®.

The histologic evaluation of the mucosa of the guinea
pigs suggested that the implanted biopolymer was not a cause of
acute or chronic inflammation. The study didn't find any statistical
difference in the comparison of the ears that received or not
received the biopolymer.

An increase occurred in Group 2 comparing to Group 1,
for both neutrophils and neovascularization, in implanted ears, but
it has no statistic difference. This result shows a weak relationship
between the biopolymer and the parameters of acute inflammation.

When analyzed chronic inflammation, the same results
were found. Although again there were an increasing number
of implanted ears, from group 1 to group 2, with inflammatory
mononuclear cells and fibrous conjunctive tissue proliferation, it
was not statistically significant.

Important to emphasize that multinucleated giant cell,
involved in the foreign body reaction, was not found in any ear
analyzed. Similar fact was described by Rodriguez-Agirretxe et

al?, when they analyzed histologically the eyeball of 42 rabbits

after 30 days of PLGA implantation. In none of the cases was
observed the encapsulation of the implant. According to Anderson
et al.B, the consequences of these reactions to the material surface
can be devastating, which demonstrate the safety of this polymer.

Much remains to be done by biopolymers for

pharmaceutical application. Therefore, constant improvement, new
research and cooperation between related areas become paramount
to the advancement in the manufacture of materials capable of been
commercialized.

Conclusion

The tissue response by histological analysis of the
mucosa of the tympanic cavity of guinea pigs, when receiving

biodegradable implant, showed no statistically significant

difference between ears with or without the implant.
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