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ABSTRACT

Silicone breast implant is associated with complications inherent to the surgical procedure. Prosthesis
coating with polyurethane, however, commonly reduces the incidence of such complications. In this paper,
the authors evaluated the inflammatory histomorphometric profile and oxidative damage associated to
the implant of polyester urethane sheets. Forty-eight Wistar rats were divided into Sham or polyester
urethane groups (n = 8/group) and underwent a polyester urethane implant in the dorsal skinfold. Tissue
samples were collected on days seven, 30, and 90 after surgery and subjected to histomorphometric
analysis and biochemical tests. Results were analyzed by one-way ANOVA (p < 0.05). Peri-implant tissue
samples exhibited characteristic inflammatory response associated with the biomaterial, with increased
vascularization on day seven and augmented levels of IL1-b and TNF-a after 30 days. Peri-implant
fibrocystic population was small on day seven, but increased considerably after 90 days. A rise in the
carbonyl group levels of skin samples in the polyester urethane group was observed on day seven. Findings
suggest that polyester urethane sheets undergo biodegradation at an early stage after implantation, followed
by increased vascularity and microencapsulation of biomaterial fragments, without persistent oxidative
damage. Fiber arrangement inside the collagen matrix results in a fibrotic scar because of polyester
urethane degradation.
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INTRODUCTION

Polyurethanes (PU) biomaterial have been used
in biomedical areas for several decades. Since
its development in 1970, PU-coated silicone
gel implants have been investigated in order
to understand biological responses to implant
materials and avoid infection and local pain in early
stages (Scarpaetal. 2015), as well as breast capsular
contracture (De La Pefia-Salcedo et al. 2012, Berry
and Davies 2010) in later stages, which was the
main undesirable complication responsible for its
withdrawal from the US market in the late 1980s.
From then onwards, considerable changes have
been made to the PU-coated implants, resulting
in a sole product available for Latin America
(Silimed™) and Europe (PolytechSilimed™).
However, inflammatory reaction to degradation of
polyester-urethane component of PU-coating alone
is not fully elucidated yet. Experimental works in
animals have focused on the influence of the entire
prosthesis on biomechanical stress, molecular
morphology and in vivo interactions with cells
of the immune system (Labow et al. 2001, 1998,
Sutherland et al. 1993), as well as in inflammatory
response to biomaterial micro-fragments (Vieira et
al. 2010, Mendes et al. 2008).

Considering the above mentioned, it seems
important to identify the profile of a particular
inflammatory response to PU alone, in order to better
understand the phenomena caused by each of the
prosthesis components. The present study investigated
acute and chronic inflammatory responses to PU
sheets implanted subcutaneously in rats.

MATERIALS AND METHODS

ANIMALS

Forty-eight female rats (Rattus norvegicus albinus),
90 days old, weighing 300 - 350 g, from the Federal
University of Santa Catarina were used for the
experiment conducted in the LaNEx laboratory
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at UNISUL. They were maintained in a 12 hour
light:dark cycle, under controlled temperature (22
°C £ 1 °C) and humidity (60 - 80%), receiving food
and water ad libitum.

GROUPS

The animals were divided into two experimental
groups. The animals of the PU group underwent
surgery to implant polyester urethane sheets 2 cm wide
X 2 c¢cm long X 2 mm thick in the dorsal skinfold of
rats. The rats of the Sham group underwent the same
procedures, except that no biomaterial was implanted.

BIOMATERIAL CHARACTERISTICS

PU sterilized sheets were supplied by Silimed® (Rio
de Janeiro, Brazil). Some physical and chemical
characteristics of the material used are: PU from
medical grade based on toluene diisocyanate (TDI)
and forming polymers containing the urethane
linkage (Guelcher 2008, Santerre et al. 2005).
Since the 1990s, it has been known that
polyurethanes undergo oxygen-dependent
degradation by phagocytes (Sutherland et al. 1993).
Isocyanates, components of polyurethanes, can also
react with intracellular glutathione, either directly
or via catalysis, through the glutathione transferase
(GST) system (Er et al. 2007). This reaction is
important because GSTs are enzymes involved in
protecting the body against reactive oxygen species
(ROS), which is an important component to activate
the initial inflammatory response to biomaterials;
because of this, taking into account the protective
role for the redox cycle of glutathione and enzymes
that compose its metabolism in avoiding cellular
impairment from the attack of these radicals, analysis
for the determination of glutathione levels were not
performed in tissue sample in the present study since
our main goal was to investigate potential damages
associated to subcutaneous PU implant. In addition,
the oxidation and enzymatic hydrolysis stages have
in common the fact that their active agents come
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from the same biological sources, the activated
white blood cells, such as monocyte-derived cells,
and foreign-body giant cells (FBGCs) (Labow et al.
2001, Sutherland et al. 1993).

ANIMAL SURGERY FOR PU IMPLANT

The experimental animals were anesthetized by
intramuscular injection of 5% dextro-ketamine
hydrochloride (40 mg/kg) and 2% xylazine (10
mg/kg) to obtain a surgical anesthesia level. Then,
they were placed in the prone position on a wooden
board measuring 30 cm X 35 cm. Trichotomy
was performed on the dorsal region, followed by
antisepsis of the surgical field with 10% aqueous
polyvidone iodine. The animal skin incision, blunt
dissection, and implant were then reproduced as
previously described (Vieira et al. 2010). All
protocols were following the ‘Guide for the Care
and Use of Laboratory Animals’ and were approved
by the UNISUL Ethics Committee on Animal
Experimentation (protocol no. 13.030.4.03.1V).

SAMPLE COLLECTION

Different animals from each group were
anesthetized again after seven, 30, or 90 days, and
anatomical specimens were removed en bloc with
a 1 cm peri-implant margin. A cutaneous fragment
was excised exposing the dorsal muscular fascia
for histological studies (in 10% formalin), as well
as for inflammatory cytokine and oxidative stress
analysis (-80 °C). Then, the rats were subjected to
euthanasia.

HISTOLOGICAL ANALYSIS

Samples were fixed, embedded, sectioned and
prepared in histological slides for staining with
hematoxylin-eosin, Giemsa, May-Griinwald or
Vanderbilt techniques. Histological changes in each
sample were described qualitatively in accordance
with the method described previously (Vieira et al.
2010) from panoramic sections (10 X) or immersion

(1,000 X). An optical microscope (Leica® DM-500)
was used to capture the images, and the delimitation
of the cell count fields was obtained with the aid of
the ToupView 64 V 3.7 software (ToupTec® 2003-
14), coupled to an Opticam® A050 system. Cell and
blood vessel count (number/pum®) was performed
in two different fields of each slide within an
area of 50 um” X 40 um’, whereas the thickness
of collagen fibers was obtained by the average of
four measurements per field. Both evaluations were
performed at 400 X magnification.

MEASUREMENT OF PRO-INFLAMMATORY
CYTOKINE LEVELS

Following the previously described (Gretzer et al.
2003), samples were homogenized with an Ultra-
Turrax homogenizer (IKA T18 basic, IKA®) in a
phosphate-buffered saline (PBS) solution containing
Tween 20 (0.05%), 0.1 mM phenylmethylsulphonyl
fluoride (PMSF), 10 mM ethylenediaminetetraacetic
acid (EDTA), 2 ng/ml Aprotinin, and 0.1 mM
benzemethonium chloride. Homogenates were
transferred to 1.5 mL Eppendorf tubes, centrifuged
at 3000 x g for 10 min at 4 °C and total protein
content was measured in the supernatant. Sample
aliquots of 100 pl were used to measure the tumor
necrosis factor-alpha (TNF-a) (DY510) and
interleukin-1 beta (IL-1B) (DY501) levels using rat
cytokine ELISA kits from R&D Systems, according
to the manufacturer’s instructions. The sensitivity
estimates ranged from 62.5 to 4000 pg/mL. Cytokine
levels were estimated by interpolation from a
standard curve by colorimetric measurements at 450
nm (correction wavelength 540 nm) in an ELISA
plate reader (Berthold Technologies — Apollo 8§ — LB
912, Bad Wildbad, KG). All results were expressed
as pg/mg protein.

ASSESSMENT OF POSSIBLE IMPLANT-INDUCED
OXIDATIVE STRESS

The level of thiobarbituric acid reactive
substances (TBARS) was measured during a
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heated acid reaction, resulting in the formation
of malondialdehyde (MDA). Samples were
homogenized in PBS mixed with 1.0 mL of 10%
trichloroacetic acid and 1.0 mL of thiobarbituric
acid, and boiled for 15 min. TBARS amount was
determined by absorbance at 535 nm and recorded
as MDA equivalent content (nmol/mg protein).
Analysis of oxidative damage to protein carbonyl
groups was determined by the reaction with
dinitrophenylhydrazine (DNPH). Briefly, samples
were precipitated with 20% trichloroacetic acid
and redissolved in DNPH. Readings of the amount
of protein carbonyl groups were carried out in a
spectrophotometer, measured by absorbance at
370 nm and were expressed as nmol/mg protein as
described previously (Gretzer et al. 2003).

STATISTICAL ANALYSIS

All results were expressed as mean + SEM. After
confirmation of normality by the Kolmogorov-
Smirnov test, the data variables were analyzed
using One-way ANOVA, followed by Tukey’s test.
The significance level for all tests was set at p <
0.05.

RESULTS

Histologically, the evolution of the inflammatory
response and tissue regeneration followed normality
patterns. In the PU group, various degrees of
fragmentation and dispersion, neovascularization
and microencapsulation (biodegradation) of the
biomaterial sheets were observed, mainly within
30 - 90 days after surgery (Figure 1).
Histomorphometry analysis revealed that the
biomaterial degradation profile associated with
an inflammatory response has a cell characteristic
profile associated with neovascularization, without
compromising the structure, and deposition of
collagen fibers (Figure 2). Cell density encircling
the biomaterial fragments (microencapsulation)
was accentuated and constant at different
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observation periods. Photomicrography showed
that fragmentation of the biomaterial occurred even
at an early stage (seven days). Reactions associated
with PU degradation exhibited a cellular infiltrate,
consisting mainly of macrophages and FBGC, as
shown in Figure 2d-g. Moreover, there was neither
polymorphonuclear (PMN) accumulation and
signs of rejection nor infection at the surgical site
throughout the observation period.

Quantitative differences in cell types were
observed between the two groups during the
chronological development of the inflammatory
response to biomaterial implant (Figure 3).
Mononuclear cell infiltration at day seven was
higher than that observed at other time intervals
in the Sham group (26.5 + 1.6 cells/um?), as well
as that compared with the same period in the PU
group (14.1 £ 0.5 cells/um®). However, the innate
immune response against the biomaterial implant
leads to a reversal of this profile, given that at day
30 after surgery, the PU group had a higher number
of these cells than those observed at other time
intervals (day 30: 32.4 + 1.9 cells/um’; day 90: 31.7
+ 1.5 cells/um’). Unlike this first cell type, FBGC-
type cells in the implanted area were higher for
the PU group at day seven (1.9 = 0.3 cells/um?) as
compared to the Sham group, remaining elevated
at day 30 (1.5 = 0.3 cells/um®). A special feature
in relation to the development of peri-implant
tissue after microencapsulation of biomaterial
was revealed by the kinetics of fibroblast-type
cell appearance. Whereas no difference was found
between the two groups at day seven after surgery
(Sham: 20.4 £ 1.7 cells/um?; PU: 18.1 + 1.5 cells/
um?), a smaller number of these cells was observed
in the PU group at day 30 (22.9 = 1.1 cells/um’and
16.5 + 2.0 cells/um’, respectively). This effect was
reversed at day 90 by a rise in the number of cells
in the PU group (20.0 + 1.6 cells/um*and 11.6 +
0.9 cells/um’, respectively). It also complements
the results of deposition of the collagen matrix,
which showed greater thickness (1.21 + 0.07 pm)
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Figure 1 - Panoramic images representative of histological sections of the
dorsal skin of rats at days 7, 30, or 90 after surgery in animals from the Sham (a-
¢) or PU (d-f) groups, stained by Vanderbilt coloring at 40X magnification. In
both groups, there is intense cellularity of mononuclear and FBGC cells in the
hypodermis (h) surrounding the suture (s) at peri-implant tissue (pi), indicating
the inflammatory process (below the dashed line), whereas epidermis (e) and
dermis (d) are intact with typical layers of adipocytes (a) and skeletal muscle
(m), and the presence of hair follicles (fp) in the Sham group. (d) During the
acute phase of the inflammatory response in the PU group, PU is intact and
thick, reflecting onset of activity for FBGC surrounding it (dotted line). (e)
At day 30, the implanted material is fragmented, probably reflecting effective
macrophage depletion by FBGC and indicating intermediate healing process
and tissue regeneration. (f) Chronic phase of the inflammatory response (day
90), with reduced cellularity (mononuclear and FBGC) involving polyurethane
(dashed line) in the hypodermis, which is quite reduced and fragmented,
whereas collagen fibers and hair follicles have structures that do not differ
between the Sham and PU groups, indicating the end of the healing process with
complete tissue regeneration.

2215

at day 90 in the PU group as compared to the other
observation periods in the same group and in the
same period of time in the Sham group (0.95 + 0.04
um). Furthermore, vascularization was similar to the
antigenic response to the biomaterial, particularly
increased within seven days after implantation in
the PU group (5.4 + 1.0 vessels/um’) as compared
to the Sham (2.0 + 0.3 vessels/um’) group, with a
gradual decline in the experimental group as the
PU sheet undergoes intensive phagocytosis (day
90: 1.6 + 0.4 vessels/um?).

Regarding inflammatory cytokine levels,
differences were also observed between the two

groups throughout the observation period (Figure
4). Mean values for TNF-a levels were similar
between the two groups at day seven (Sham:
164.2 £ 20.3 pg/mg protein; PU: 179.1 + 32.9
pg/mg protein) and day 90 (Sham: 4.8 + 0.6 pg/
mg protein; PU: 5.5 = 0.8 pg/mg protein) after
the procedure, but they were increased at day 30
in the PU group (243.4 + 30.8 pg/mg protein) as
compared to the Sham group (114.0 + 28.8 pg/
mg protein). Similarly, IL-1b levels were different
only within the 30-day post-operative period, being
higher in the PU group (82.5 + 10.6 pg/mg protein)

An Acad Bras Cienc (2018) 90 (2 Suppl. 1)
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Figure 2 - Panoramic images representative of histological sections of the dorsal skin of rats at 7, 30, or 90 days after surgery
in animals from the Sham (a-c) or PU (d-f) groups, stained by Vanderbilt coloring at 400X magnification. In the Sham group,
(a) during the acute phase of inflammatory response, intense cellularity is observed in the hypodermis, with high presence of
histiocytes (h), FBGC (cg), mononuclear (arrows) and fibrocytes (fb) responsible for the production of ground substance (sfa);
all these aspects are indicating the initial phase of the healing process. (b) At day 30, the inflammatory process is still active in
this group, but a tendency toward cellular density reduction can be observed, with higher presence of fibrocytes (fc) and collagen
fibers (f), which reflects a fine evolution of tissue regeneration. (¢ and f) Chronic phase of the inflammatory response (day 90),
showing a remarkable presence of collagen fibers in both groups, at the same extent and similar thickness, reflecting desirable tissue
regeneration and complete healing. (d, e) Contrasting with the Sham group, PU-implanted animals showed a higher number of
FBGC surrounding this material, which is suggestive of intense innate immune response to it. (g) FBGC nature of these cells and
their role in the degradation of the material seems to be acceptable, since in photomicrography of representative histological section
from animal samples, at 90-day after the implant, stained by Giemsa coloring, at 1000X magnification, multinuclear structure and
polyurethane fragments (pu) can be observed inside the cytoplasm (arrow).

as compared to the Sham group (30.8 + 15.2 pg/mg
protein).

For the analysis of the potential oxidative damage
associated with the inflammatory response and
tissue regeneration from the implant PU sheet on
the dorsal skinfold of rats (Table I), there were
statistical differences only in the protein oxidation,
with an increase in the PU group at day seven (4.06
+ 0.45 nmol/mg protein) as compared to the Sham
group (1.7 £ 0.1 nmol/mg protein).

DISCUSSION

Intrinsic characteristics of the implanted biomaterial
may influence the inflammation outcome and tissue
regeneration (Ekdhal et al. 2011, Franz et al. 2011).
Histological findings from this study corroborate
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that the inflammatory response to PU sheet and
tissue regeneration depend on processes that occur
continuously in a state of interaction between
the different endogenous and exogenous body
components. Organic reactions against the implant
of PU-coated breast prosthesis is characteristic
both in experimental models (Bergmann et al.
2014, Wagenfiihr-Jinior et al. 2012, Vieira et al.
2010, Mendes et al. 2008), and in clinical routine
(Duxbury and Harvey 2016, Frame et al. 2015,
Dancey etal. 2012, De La Pefia-Salcedo et al. 2012,
Mossaad and Frame 2012). However, the tissue
regeneration kinetics and inflammatory response
to biomaterial-coated implant currently used, in its
isolated form, is not properly described, although a
range of reactions in the immune system, blood clot
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Figure 3 - Influence of PU on histologic parameters on dorsal skin of rats at different time intervals (7,
30 or 90 days) after the implant. Data are presented as mean + S.E.M. (n=8 animals per group). One-way
ANOVA followed by Tukey’s test; (*) p < 0.05 in relation to control group (sham).

and extracellular matrix have been studied (Franz
et al. 2011, Strecker-McGraw et al. 2007). The
role of immune macrophages starts in “frustrated
phagocytosis” situations, when they coalesce and
form FBGC (immune theory), which is responsible
for limiting the functionality of implants and
devices (Franz et al. 2011, Jones 2008). In addition,

mononuclear cells may secrete important molecules
for antigen processing and presentation, as well as
cytokines and chemo-attractive substances to other
white blood cells (Ortega-Gomez et al. 2013, Franz
et al. 2011, Serhan et al. 2011).

In the present study, seven days after PU
implant, thisbiomaterial caused amild inflammatory

An Acad Bras Cienc (2018) 90 (2 Suppl. 1)
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TABLE I
Influence on different biochemical parameters of oxidative stress induced by PU implant in the dorsal skin of rats.

Parameter

Period after implant/Group

MDA (nmol/mg of protein)

Carbonil (nmol/mg of protein)

7 days
sham 0.002504 + 0.000040 1.66 £0.12
PU 0.002597 + 0.000086 4.06 +0.45*

30 days
sham 0.002473 £ 0.000085 2.72+0.18
PU 0.002465 + 0.000097 3.27+0.43

90 days
sham 0.002355 £ 0.000136 4.54 £0.20
PU 0.002410 + 0.000093 4.75+0.23

Data presented as mean + S.E.M. (standard error of the mean, n= 8 samples). One-way ANOVA followed by Turkey test (p <0.05).

(*) Significant difference in relation to sham group.

I:l Sham
- *
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T
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TNF-a (pg/mg of protein)

100- *

804 T

60+

404 T

IL-1p (pg/mg of protein)

0 [ 1.
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days after implant

Figure 4 - Influence of PU on cytokine levels of the dorsal
skin of rats at different time intervals after the implant. Data
are presented as mean = S.E.M. (n=8 animals per group) in
relation to the Sham group. One-way ANOVA followed by
Tukey’s test; (*) p <0.05.
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reaction, with the presence of mononuclear cells,
sheet fragmentation, microencapsulation of
biomaterial by FGBC, recruitment of fibrocytes, and
intense vascularization. Although using a different
species and without evaluating tissue determination
of pro-inflammatory cytokine and oxidative stress,
as analyzed in our study, Devor et al. (1993) found
a similar cell profile after implantation of PU discs
(Poly-ester-urethane grade 5-6) in axillary and
inguinal mammary pads of female mice. In Devor’s
study (Devor et al. 1993), however, PU disks were
soaked overnight in 70% ethanol, which, according
to some authors (Shutte et al. 2009), could promote
a structure alteration of the material that would
favor biodegradation.

TNF-a is one of the main mediators of the
early inflammatory response, and it is important
for the development, maintenance and progress
of the inflammation (Ekdhal et al. 2011, Franz et
al. 2011). IL-1B, in turn, has similar functions to
those of TNF-a in mediating pro-inflammatory
host defense and its synthesis, and release can
also be associated with TNF-a exposure (Ortega-
Gomez et al. 2013, Serhan et al. 2011, Jones 2008).
Mononuclear phagocytes are the main source
of these cytokines (Franz et al. 2011, Strecker-
McGraw et al. 2007); in the present study, the lack
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of difference in the levels of TNF-a and IL-1-b in
samples of peri-implant tissue between the two
groups during the acute phase of inflammation (day
seven) is in agreement with findings from other
authors after implantation of diverse biomaterials.
In this regard, Shutte et al. (2009) implanted high-
density polyethylene, polyurethane/pellethane
or organo-tin stabilized polyvinyl chloride in
the dorsal region of rats, within stainless steel
meshes, and found that cytokine (including TNF-a
and IL-1b) concentrations decreased from days
one and two to day eight post-implant. Besides,
early interactions (24 h) between degradable
poly(urethane urea), cell culture treated polystyrene
surfaces, and commercially pure titanium and
mononuclear unstimulated or LPS-stimulated cells,
as well as the secretory response of this type of
cells after exposure to biomaterials were evaluated
by Gretzer et al. (2003). At this point in time, the
authors found an elevation on TNF-a in stimulated
samples; however, material-related differences in
unstimulated cells were observed. Together, these
results could strengthen the idea that differences
in implanted biomaterials can drive inflammatory
responses with distinctive mediators and kinetic
profile.

Inflammatory processes can develop into one
of the three possible outcomes, encompassing full
resolution, healing with the growth of connective
tissue in the exudate area (organization), or
progression of tissue response to chronic
inflammation (Headland and Norling 2015, Ortega-
Gomez et al. 2013, Delavary et al. 2011, Franz et al.
2011, Serhan et al. 2011, Thevenot et al. 2011). So,
inflammatory response is closely related to tissue
regeneration, which begins in the early stages
of the inflammatory process. In this study, there
was intense cellularity in the peri-implant tissue
involving fragmented biomaterial sheet, at day 30
of the observation period, suggestive of effective
macrophagy (Franz et al. 2011, Mendes et al. 2008,
Santerre et al. 2005, Sutherland et al. 1993). During

this period, epidermis and dermis were undamaged
in both groups, presenting typical layers of the
species. In the dermis, similar results were obtained
regarding to neovascularization, collagen fibers,
hair follicles, intradermal adipocytes and skeletal
muscle, even though there was a greater number of
fibrocytes in the Sham group as compared to the PU
group, suggesting intermediate healing stage (Devor
et al. 1993). The findings from vascularization and
collagen thickness from this period of observation
onwards can be considered as protective factors
against the appearance of capsular contracture,
according to the formation of what other authors
defined as “young” peri-implant capsule. This idea
is supported by findings from animal studies (Vieira
et al. 2010) or human patients’ data (Duxbury and
Harvey 2016, Dancey et al. 2012), indicating that
the degradation of PU biomaterial layer would
prevent the adhesion of fibrocytes and subsequent
differentiation into contractile cells that would be
responsible for the contraction of collagen fibers,
leading to contracture. Similar histologic findings
were found in other experimental studies with
mini-implants coated with the same biomaterial
as that evaluated in this study (Bergmann et al.
2014, Wagenfiihr-Junior et al. 2012, Vieira et al.
2010, Mendes et al. 2008) or PU sheets (Devor et
al. 1993). With regard to cytokines, the increase
in TNF-a and IL-1B levels in the PU group as
compared to the Sham group is consistent with the
cellular infiltrate recorded during this observation
period of the inflammatory response, as well as the
expected inflammatory response to the implanted
biomaterial (Ekdhal et al. 2011, Franz et al. 2011).
In the exudate from the tissue cages containing
different biomaterials (Berry and Davies 2010), the
content ofall cytokines, normalized in relation to the
empty cages, has shown an increased upregulation
of TNF-a and IL-1-b, in a similar period (28 days),
possibly associated with continuing immune
response to the implanted material, whereas for the

An Acad Bras Cienc (2018) 90 (2 Suppl. 1)
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empty cages this response would have undergone a
resolution process.

At the later period (90 days) of the
inflammatory response against PU, the cellular
profile was maintained in hypodermis, associated
with increased presence of fibrocytes surrounding
the biomaterial fragments (microcapsules),
indicating an acute inflammation transition to a
chronic process with capsular maturation (Franz
et al. 2011, Thevenot et al. 2011). Once more,
in this period, the PU sheet was quite small and
fragmented, indicating a very effective macrophage
depletion by the FBGCs (Santerre et al. 2005,
Labow et al. 2001). However, there was a reduction
of vascularization and the presence of polymerized
collagen fibers surrounding the biomaterial, with
higher thickness than that found in the other
observation periods, which can be considered
characteristic of a final healing process (Delavary
et al. 2011, Franz et al. 2011, Shutte et al. 2009).
These results are in agreement with the histological
findings at 60 (Bergmann et al. 2014) and 90
(Mossaad and Frame 2012, Vieira et al. 2010) days,
suggesting that the extent to which PU undergoes
phagocytosis, there is a reduction in the immune
stimulus and a transition to a chronic inflammatory
process. This could also influence the levels of pro-
inflammatory TNF-a and IL-1B cytokines, which
were reduced during this period (Franz et al. 2011).

Finally, we evaluated oxidative stress
parameters of the dorsal rat skin submitted to PU
sheet implant, given that the innate inflammatory
response associated with biomaterials causes
local biological responses associated with this
phenomenon (Headland and Norling 2015,
Ortega-Gomez et al. 2013, Delavary et al. 2011,
Franz et al. 2011, Serhan et al. 2011, Thevenot et
al. 2011), especially when PU-based composites
are used. (Santerre et al. 2005, Labow et al. 2001,
1998, Sutherland et al. 1993). Lipid constituents
of various structures in the body can be oxidized,
halogenated, or undergo nitration by a wide variety
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of reactive species (RS). When RS production
exceeds antioxidant defense systems, the excessive
SR can oxidize membrane lipids, denature proteins,
and attack nucleic acids, which form the molecular
basis of various inflammatory-associated diseases
(Er et al. 2007). In this regard, samples from PU
group revealed oxidative damage to proteins with
carbonyl groups only at day seven after implant of
the observation period, without causing damage
to lipids (peroxidation). This can be explained in
part by the possibility that a mild inflammatory
response against the biomaterial may be occurring,
as well as by the fact that the tegumental tissue of
the rat has a higher proportion of protein in relation
to the amount of lipids. The relatively constant
levels of TBARS along the period of study is in
agreement with the literature when evaluating
healthy adult animals (Tahara et al. 2001). The
cellular profile observed at this point confirms
the data involving the function of the different
mononuclear and FBGC (Franz et al. 2011, Schéfer
and Werne 2008) for the production of RS forming
carbonyl compounds (Hohn et al. 2014, Zhai et
al. 2012, Rees et al. 2008) and the histological
pattern also reinforces the central role of these cells
along the time course degradation of the evaluated
biomaterial with different methodologies (Vieira
et al. 2010, Santerre et al. 2005, Sutherland et al.
1993) or non-homologous variations of PU (Shutte
et al. 2009, Labow et al. 2001, 1998). Besides,
recruitment of inflammatory cells by RS at this
point in time could contribute for augmented levels
of cytokines at day 30 after implant, as observed in
the present study.

All together, these results reinforce the
accumulated data, indicating that biodegradation
of polyurethanes involves oxygen-dependent
reactions promoted by phagocytes, as well as by the
action of enzymes, such as intracellular glutathione,
and generation of reactive oxygen species (ROS),
which constitute an important component of initial
inflammatory response to biomaterials. The results
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also reinforce previous descriptions regarding the
fact that oxidation and enzymatic hydrolysis steps
use intermediary cells derived from activated white
blood cells, such as monocyte-derived macrophages
and FBGCs. Despite this effect, PU biodegradation
is initiated by the action of mechanical forces acting
upon the biomaterial, as well as by the activity of
host-defense cells with the production of ROS on
the implant (Frame et al. 2015).

In conclusion, this study showed that the
polyurethane sheet undergoes biodegradation in an
early period, related to an innate immune response
and a persistent mononuclear cell phagocyte profile.
The levels of pro-inflammatory cytokines (TNF-a
and IL-1p) in the peri-implant tissue did not show
any difference between the two studied groups
within the seven-day observation period, which
suggests that surgery and surgical techniques were
responsible for the endogenous response to trauma
and tissue regeneration. At day 30, high cytokine
levels were observed in the PU group, indicating
an association between the organic response to PU
and the cells present in the tissue. Low levels of
cytokines observed at 90-day after implant suggest
a resolution of inflammation to biomaterial, a
view strengthened by changes in the collagen
matrix, reduced cellular density, and remission of
vascularization. Oxidative damage associated with
the inflammatory response to PU was found only
within the seven-day post-implant period, only for
proteins with carbonyl groups. This event seems to
be related to rat tissue characteristics, rather than to
a specific reaction to this biomaterial, which can be
of interest for new clinical applications (Guelcher
2008).

These are innovative aspects reveled on in
this study since other studies have not investigated
inflammatory reaction to degradation of polyester-
urethane component of PU-coating alone. Results
of the present study research contribute to the
scientific community in order to better understand
the phenomena caused by each of the prosthesis

components, isolated. The fact that the early
fragmentation of the polyester urethane layer does
not cause persistent oxidative stress nor alter the
result of normal tissue healing in rat skin could
suggest that it may be employed in prosthesis for
application in other organs/tissues in different
clinical conditions.
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