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electron microscopy (SEM) and evaluated their
biocompatibility in a rat gastrocnemius muscle implant

Abstract

The principles of guided tissue regeneration (GTR) have
been used for decades for the treatment of periodontal
lesions using barrier membranes to generate new
attachment. Guided bone regeneration (GBR) was a
principle adopted some years later utilizing a barrier
membrane specifically to exclude fast-growing soft tissues
from slower-growing alveolar bone. The ideal membrane
for GTR and GBR has been defined as having several
advantages including being highly biocompatible, well-
controlled biodegradable, and possessing a space-making
ability. While classic barrier membranes were fabricated
from non-resorbable materials, more frequently and more
widely utilized in the dental field have been
biodegradable collagen barrier membranes. These
membranes possess the added advantage that they do
not require a second surgical intervention to remove the
membrane causing the drawbacks of additional patient
morbidity, as well as potential tissue damage and wound
infection. Resorbable membranes include synthetically
fabricated aliphatic polyesters like poly (L-lactide) (PLLA),
poly (L-lactide-co-glycolide) (PLGA) and their co-polymers,
or natural membranes made of collagen or chitosan.
Recently, novel lyophilizing and sterilization procedures
have pioneered the development of atelo-collagen type |
barrier membranes fabricated from (achilles tendon)
bovine sources. The advantages of atelo-collagen (type 1)
are that it provides complete immunological
biocompatibility while having anti-bacterial properties
facilitating the regeneration of various tissues found in
the oral cavity. Here we investigated this novel
bioabsorbable bovine atelo-collagenized membrane
(BBAM) (ImploSorb®, Bioimplon, Germany) using scanning

model.

Keywords: Guided tissue regeneration; Guided bone
regeneration; Biocompatibility; Biodegradability; Atelo-
collagen

Introduction

In the 1950s, Hurley et al. described guided tissue
regeneration (GTR) for the first time when he separated soft
tissues from active bone areas with a barrier membrane
around the spine [1]. GTR was later adapted in the field of
periodontology to guide tissue regeneration in the
periodontium in cases where large periodontal lesions
(intrabony defects). Subsequently, these principles were
introduced in 1990 by Buser et al. providing generation of
newly formed bone for dental implants by inserting a barrier
membrane in a pure bone defect site [2]. Both GTR and GBR
techniques rely on their space maintenance ability and often
defects are filled with a bone grafting material. In such cases,
the main role of the barrier membrane is to prevent migration
of the undesirable epithelial layer into the bone defect area
[3], consequently permitting new bone and periodontal
ligament regeneration [4]. Ideal properties of barrier
membranes have since been defined in the literature which
should fulfill various fundamental functions such as ideal
biocompatibility, biodegradability, provide cell occlusiveness,
space maintenance ability, mechanical strength, and good
integration into host tissues [5-7].
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With respect to categorizing GTR and GBR membranes, they
are generally divided into either resorbable or non-resorbable
categories. The non-resorbable membranes include expanded
polytetrafluoraethylene membranes (e-PTFE, Gore-Tex®), high-
density  polytetrafluoraethylene  membranes  (d-PTFE),
titanium-reinforced  high-density  polytetrafluoraethylene
membranes (Ti-d-PTFE) and titanium mesh membranes (Ti-
mesh) [8]. While PTFE membranes were utilized heavily in the
early 90s, their usage gradually decreased as a result for the
need of a second surgical procedure to remove the membrane
thereby exposing them to an increased chance for wound
infection and subsequent tissue regeneration [9-11].
Therefore, non-resorbable barrier membranes have since been
more heavily utilized to avoid the necessity of a second
surgery and non-resorbable membranes (typically Ti-mesh or
Ti-d-PTFE) are utilized when space maintenance is primordial
(such as for large vertical augmentation procedures). There are
two broad types of resorbable membranes: natural and
synthetic membranes [12]. The natural membranes are based
on natural materials including collagen and chitosan, and are
typically derived from either human skin, bovine achilles
tendon or porcine skin, whereas synthetic membranes mainly
consist of polyesters e.g., poly (L-lactide-co-glycolide) (PLGA)
and poly (L-lactide) (PLLA) co-polymers [13,14]. The
advantages of bioresorbable membranes are: (1) their single
step surgical procedure; (2) they are radiolucent; (3) their
resorption allows timely new bone regeneration; and (4) their
volume and shape of regenerated bone can be prefabricated.
Nevertheless, the search for the “ideal” replacement barrier
membrane is still being investigated [15].

Absorbable collagen membranes are used most frequently
in dentistry for GBR procedures due to their perceived
advantages including their good biodegradation without
eliciting a major immune reaction or foreign body reaction,
ideal tissue integration, rapid vascularization, and hemostatic
properties [16-19]. The aim of this study was to characterize a
recently developed novel atelo-collagen type | membrane for
GTR and GBR procedures. Firstly, investigation of the surface
characteristics of a recently developed novel bioabsorbable
bovine atelo-collagen type | membrane (BBAM) was
performed. Thereafter, the biodegradability and immune
response of this membrane after implantation in
gastrocnemius muscle of a rat model was investigated.

Materials and Methods

Membrane material

Bioabsorbable bovine-derived atelo-collagen membrane
(BBAM) containing atelo-collagen type | were processed
utilizing atelopeptidation and lyophilization technologies
modifying the collagen components within bone structure to
non-immunogenic atelo-collagen preserving the natural
properties of collagen (ImploSorb, Bioimplon, Giessen,
Germany). The collagen barrier membrane was visualized at
various magnifications using scanning electron microscopy
(SEM) as previously described [20,21].
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Animals and surgical protocols

This study was carried out on six female Wistar rats (mean
body weight, 200 g). Animal handling and surgical procedures
were conducted in accordance with the policies for animal
care and use committee of Wuhan University, People’s
Republic of China, and approved by the Ethics Committee at
the School of Dentistry. All animals were fed food and water
ad libitum and housed with constant temperature at 20-25°.

All operations were carried out under complete aseptic
conditions with a gentle surgical technique. For surgery, the
rats were generally anesthetized with intraperitoneal
injections of chloral hydrate (10%, 4 ml/kg body weight). After
disinfection of the skin, bilateral muscle pouches were made in
the gastrocnemius muscle of each animal as previously
described [22]. Subsequently, BBAM (ImploSorb, Bioimplon,
Germany) was implanted intramuscularly and incisions were
sutured in two layers. Postoperatively, a single intramuscular
dose of penicillin (400,000 IU/ml, 0.1 ml/kg) was injected.
After 4 weeks post-implantation, rats were sacrificed and
samples were prepared for histological analysis.

Histological Proceeding

The samples were fixed in 4% formaldehyde for 24 hours at
room temperature. The samples were then dehydrated in a
series of graded concentrations of ethanol from 30% to 95%
and were then embedded in paraffin as previously described
[23,24]. The samples were cut into 5 um thick sections and
stained with hematoxylin and eosin (H and E) (Sigma, St. Louis,
MO, USA) and Masson’s Trichrome according to the
manufacturer’s protocol to visualize the immune response of
the scaffolds within host tissues.

Results

Surface characterization of BBAM

In a first set of experiments, characterization of the surface
properties of BBAM was carried out using SEM at various
magnifications. It was first found that differences between the
upper layer (in contact with the epithelial layer) and lower
layer (in contact with bone) were observed at low
maghnification (Figures 1 and 2). The layer in contact with the
epithelial tended to appear much more dense and smoother
(Figure 1) when compared to the lower surface in contact with
bone (Figure 2) when observed at either high or low
magnification. Furthermore, the cross-sectional analysis
(Figure 3) of these membranes also demonstrated differences
between both layers. Higher magnifications demonstrated
atelo-collagen type | fibers throughout the material surface
with much surface roughness caused by these filament-like
structures (Figures 1-3). Visible pores on the material surface
were also seen as a result of the random fibrillary-structure of
the atelo-collagen type | proteins.
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Figure 1

Figure 1 Scanning Electron Microscope (SEM) images of
HyproSorb M membranes on the smoother surface. (A)
Notice the smooth surface to be utilized in contact with the
epithelial layer. Higher resolution imaging (B) demonstrates
a more tightly bound atelo-collagen type 1 surface with
collagen fibrils being observed at extremely high
maghnification (C).

Figure 2

Figure 2 Scanning Electron Microscope (SEM) images of
HyproSorb M membranes on the rougher surface. (A)
Notice the rough surface to be utilized in contact with the
bone layer. Higher resolution imaging (B) demonstrates a
more rougher surface with atelo-collagen type 1 collagen
fibrils being observed at higher magnifications (C).

-
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Figure 3

Figure 3 Cross-sectional analysis of HyproSorb M
membranes as observed by Scanning Electron Microscopy
(SEM). (A) Notice the upper layer that is more densely
packed (epithelial layer) when compared to the more
loosely dense lower (bone) layer. (B, C) Higher magnification
imaging once again reveals the collagen fibrils observed.

- J

) Immune response of BBAM scaffolds /n vivo

Following SEM investigation, the BBAM membranes were
implanted into the gastrocnemius muscle of rats and observed
response in surrounding host tissue at 4 weeks (Figure 4). All
animals healed normally with no signs of infection and
inflammation. The implanted BBAM scaffolds were gradually
resorbed without any signs of an immune reaction.
Macrophages were responsible for the degradation of the
implanted materials without presence of foreign body giant
cells or a foreign body reaction. The new vascular tissues
invaded the implant membrane.
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Figure 4 H and E staining of atelo-collagen type |
membranes placed in the gastrocnemius muscle of rats at
both 10X (bar=100 um) and 40X (bar=20 pum)
magnifications. Masson staining of the same defects —
notice the presence of well-integrated biomaterials with a
low inflammatory response due to the peptidation
processes found during atelo-collagen type | processing.

. /

Discussion

The aim of the present study was to investigate a novel
barrier membrane fabricated from atelo-collagen type |
(BBAM, ImploSorb®) for GTR and GBR procedures. In spite of
non-resorbable membranes such as e-PTFE being utilized as a
standard material for GTR and GBR many years ago due to
their strength and space-making potential, a second surgical
procedure with susceptible wound infection and additional
morbidity necessitated alternatives [25]. For these reasons,
bioabsorbable membranes were introduced with xenograft-
derived collagen being most commonly utilized [26,27].

Natural materials possess the added advantage that they
are highly biocompatible and have therefore received much
attention as barrier membranes for GTR and GBR procedures
[28]. Collagen membranes have advantageous properties in
comparison to other synthetic materials due to their inherent
bioactivity, ability to present receptor-binding ligands to cells,
susceptibility to cell-triggered proteolytic degradation and
their natural remodeling characteristics [29]. On the other
hand, they have some reported drawbacks including their
potential  immunogenic  response, possible disease
transmission, and complexities associated with their
purification. Collagen and chitosan are the most frequently
utilized natural materials used for GTR and GBR studies [30].
Collagen membranes, especially types | and lll, have gained
much attraction over the past decade due to their good tissue
integration, biodegradation, weak immune reaction,
biocompatibility, fast vascularization, hemostatic effect, cell
recruitment and adhesion potential [31-35]. Several reports
have highlighted the membrane’s ability to grade over a 4
weeks to a several month period.
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In spite of the excellent biocompatibility and cell affinity of
native collagen membranes, some authors have reported risks
during GTR and GBR applications such as too rapid
biodegradation, low mechanical strength, and a potential loss
of space-maintaining ability in humid conditions [36-38].
Various methods have therefore been introduced including the
cross-linking of collagen to improve their biodegradability and
mechanical stability. These modifications however have been
associated with a compromise in their biocompatibility due to
the chemical, physical and/or biological cross-linking methods
utilized. Nevertheless, the cross-linking of collagen enhances
their tensile strength and prolongs their degradation period in
vivo.

While collagen is still considered the optimal choice as a
biomaterial for bioabsorbable membranes, recent
modification in processing technologies have proposed newer
formulations. Collagens are a family of proteins with a well-
determined triple helical configuration with collagen type |
being most prevalent constituting approximately 25% of the
body's total proteins and about 80% of proteins found in
connective tissue [23]. Collagens are continuously remodeled
in the body by degradation and synthesis. Type | collagen is
degraded by a specific enzyme, collagenase, and is typically
resistant to other non-specific proteolytic degradation [40].
Typically, collagen is a weak antigen and its antigenicity is due
to the telopeptides found on their non-helical terminals. As a
result, they may be removed by enzymes such as pepsin, to
produce atelo-collagen which have been described in the
literature as having even lower antigenicity and
immunogenicity when compared to full length collagen [18].
Over the past decade, atelocollagen has therefore been more
frequently utilized due to the fact that telopeptide cleavage
was responsible for the antigenic response and cleavage could
highly attenuate the immune response to atelo-collagen
derived biomaterials finding [22-24].

In the present study, the barrier membranes fabricated
from atelo-collagen type | were first characterized by scanning
electron microscopy to investigate their surface morphology. It
was found that BBAM demonstrated a topography with many
visible collagen fibrils found on the material surface (Figure
1-3). It is well known that these visible collagen fibers support
mesenchymal cell adhesion to biomaterials through a variety
of RGD binding domains through their presenting fibronectin
proteins. Since BBAM contains visible collagen fibrils, it is
hypothesized that these scaffolds will better support faster cell
attachment and GTR and GBR principles at earlier time points.
Previously our group has shown that cells attach and
proliferate faster on atelo-collagen incorporated bovine-
derived bone grafts when compared to bovine bone grafts
without any form of collagen. This previous pre-clinical in vitro
study supports the fact that atelo-collagen improves the
regenerative potential of bone biomaterials via faster cellular
processes including cell attachment and proliferation.
Furthermore, growth factors (either from the surrounding
media or via recombinant sources) attach and adsorb faster to
collagen-containing bone grafting materials. The combination
of these advantages highlight the use of atelo-collagen
incorporation into either bone grafts or barrier membranes.
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Furthermore, another added advantage is that atelo-collagen
can thereafter be utilized in several shapes and sizes
depending on the fabrication procedures. Currently, the
available options of atelo-collagen are therefore created in
various shapes, sizes and thicknesses in order to meet the
demand of the clinical defects presented.

Thereafter, novel atelo-collagen membranes (BBMA) were
implanted into the gastrocnemius muscle of rats to investigate
their immune reaction and biodegradability over a 4 week
period. It was observed that after a healing period of 4 weeks,
the BBAM membranes were gradually resorbed without any
signs of immunogenicity. The grafts presented with several
macrophages responsible for the degradation of the material
without showing signs of foreign body giant cells or a foreign
body reaction. Furthermore, vascularization took place around
the barrier membranes. Based on these findings
demonstrating excellent biocompatibility of these BBAM,
future research is now needed to compare atelo-collagen type
1 membranes to leading barrier membranes in the dental field
alone or in combination with bone grafting materials for bone
augmentation procedures.

Conclusion

The results from this study show for the first time the
biodegradability of novel atelo-collagen type | membranes
(BBAM) when implanted into an animal model. It was found
that atelo-collagen membranes were partially degraded at 4
weeks post-implantation in the gastrocnemius muscle of the
rats. Future comparative and large animal models are now
necessary to investigate the GTR and GBR principles of BBAM
in comparison to other leading barrier membranes commonly
utilized in dentistry.
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