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Purpose: The reconstruction of dura matter is a challenging problem for
neurosurgeons. A number of materials for dural reconstruction have recently been
developed, but some of them have poor biocompatibility, poor mechanical
properties, and adverse effects. Bovine parietal peritoneum is a promising natural
material for regenerative medicine and reconstructive surgery. In this study, we
conducted an in vivo evaluation of the safety and efficacy of using decellularized
bovine peritoneum membranes (BPMs) as natural dural substitutes in a rabbit model.
Methods: The dural defects in mature New Zealand rabbits were studied. A BPM
was sutured on the dural defect area of each animal. Autologous periosteum and
collagen membranes (Lyoplant™) were used to facilitate a comparison with the
BPMs. ELISA, histomorphological analysis, and hematological analysis were
carried out to examine the safety and efficacy of using BPMs as dural substitutes.
Results: Our results showed that the BPMs demonstrated a deterioration rate that
is suitable for gathering newly formed meningothelial tissue. The thickness and
density of BPM fibers prevents resorption in the first few days after use as a
plastic material, and the regeneration of the dura mater does not occur at an
accelerated pace, meaning that the gradual formation of fibrous tissue prevents
adhesion to the brain surface. It was observed that the BPM can integrate with
the adjacent tissue to repair dural defects. Moreover, the transplantation of
BPMs did not cause significant adverse effects or immunological responses,
indicating the safety and good biocompatibility of the BPM.

Conclusion: Thus, our in vivo study in a rabbit model showed that decellularized
BPMs may represent a biocompatible natural material that can be used in cases
requiring dura matter repair without significant adverse effects.
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1 Introduction

Restoring lost or damaged tissue is one of the main tasks of
modern medicine and is especially important in the treatment of
wounds. Various factors influence wound healing, and poor
healing results have many negative effects on the body. Wounds
that heal very slowly or do not heal at all are an important cause
of morbidity and mortality in patients and pose a challenge for
researchers and clinicians (1).

In the predominant neurosurgical operations, an obligatory
step is the dissection of the dura mater (DM) with its subsequent
restoration. In some cases, the neurosurgeon often faces the
problem of DM closure when the existing DM is not enough to
completely close the defect. In turn, dural defects represent a
significant problem both for the patient and for the surgeon,
since incomplete closure can lead to cerebrospinal fluid leakage
and related complications (2, 3).

Dural defects can be reconstructed using a number of artificial
or natural materials, where the graft closing the defect acts as a
matrix that fills the wound gap (or tissue defect) and ensures the
growth of various types of cells and connective tissues (4, 5).
(APs)
consisting of collagen membranes such as the periosteum of the

In neurosurgical practice, autologous periostea
skull, fascia of the temporal muscle, and wide fascia of the thigh
are usually used as substitutes for DM, since they do not cause
an immunological or severe inflammatory response (6). Among
the above, the periosteum has the highest density of elastic fibers
and is an ideal transplant from the point of view of compatibility
with the host, and it also has a low complication rate and
ensures the tightness of DM (7-10).

Synthetic substitutes, which have a number of advantages, are
also used; however, they are not widely used in clinical practice
due to the specific disadvantages associated with their use, such
as pronounced aseptic inflammation in the surrounding tissues
with the formation of a rough connective tissue scar; their weak
resistance to the infectious process, which limits their application
in neurosurgical injuries; and the violation of sealing during the
response of the brain in the form of cerebral edema in the
postoperative period (8, 11, 12).

All biological tissues contain non-cellular components that form
well-organized networks which comprise the extracellular matrix
(extracellular matrix). Extracellular matrices not only provide the
physical scaffolds into which cells integrate but also regulate many
cellular processes, including growth, migration, differentiation,
survival, homeostasis, and morphogenesis. The composition and
specific structures of the extracellular matrix vary in different
tissues, though the main components are highly acidic and
hydrated molecules such as collagens, elastin, fibronectin, laminins,
glycoproteins, proteoglycans, and glycosaminoglycans (13).

Because native DM is primary composed of type I collagen, purified
and reconstituted fibrous type I collagen-based dural substitutes could
meet the biological safety requirements and have the potential to
regenerate the dural tissue via an appropriate structural design. In
fully degradable dural substitutes based on natural materials, many
products are based on type I collagen derived from different animal
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tissues. Existing data predominantly suggest that collagen-based dural
substitutes are acceptable for clinical applications, with multiple
studies reporting satisfactory results.

The National Center for Biotechnology developed a method for
treating burn wounds using a relatively inexpensive wound
dressing that is obtained from a bovine’s parietal peritoneum
(14).

decellularizing BPP and sterilizing it with radiation; also,

They found an efficient technological setup for
preclinical testing showed safety of the material obtained from a
bovine’s parietal peritoneum. Decellularized bovine peritoneum
wound dressings demonstrated good adhesion to the wound bed,
reducing pain, the number of dressing changes, and fluid loss in
a clinical trial of patients with ITA grade burn injuries (15, 16).

The study’s novelty arises from its investigation of a new
biomaterial—bovine peritoneum membrane (BPM) for DM
grafting as a natural dural substitute on a rabbit model to
evaluate the in vivo safety and efficacy in comparison with
autologous periostea and pure collagen membranes (Lyoplant™)
produced from lyophilized bovine pericardium.

2 Materials and methods

2.1 Animals

Male New Zealand rabbits (10-12 weeks old) were purchased
from SPF-vivarium at M. Aykimbayev’s National Scientific
Center of Especially Dangerous Infections (Almaty, Kazakhstan).
The rabbits were held in large cages (Techiplast, Italy) at a
temperature of 23°C and a relative humidity of 60%. All
experimental animals had ad libitum access to food and water.
All procedures involving laboratory animals and their care were
carried out in full compliance with the international principles of
the European Convention for the Protection of Vertebrate
Animals used for experimental and other scientific purposes and
were approved by the Local Ethics Committee for Animal Use in
the National Center for Biotechnology (Kazakhstan).

2.2 Preparation of decellularized bovine
parietal peritoneum

The bovine peritoneum membranes (BPMs) were processed
according to the detergent enzymatic method (17). Briefly, the
BPMs were washed in phosphate-buffered saline (PBS) containing
1% povidone-iodine (PI). Afterwards, the BPMs were washed
twice in distilled water (containing 1% PI) and subsequently
in Milli-Q water
streptomycin/amphotericin B. In order to remove cell debris, the

washed twice containing 1% penicillin/
BPMs were treated with 4% sodium deoxycholate for 4 h at room
temperature and washed twice in distilled water. This process was
repeated twice. To completely remove cell DNA, the BPMs were
incubated with DNase I (2,000 KU) in 1M NaCl in a shaker/
incubator for 3 h at 37°C and then washed three times in distilled
water. The decellularized BPMs were packed in blister packs and
sterilized with B-radiation at a dose of 16 kGy.
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2.3 DNA quantification

DNA quantification was conducted on both native (n =6) and
decellularized (n=6) BPM. Previous research suggests that a
dsDNA content of less than 50 ng/mg of matrix is an effective
indicator of successful decellularization (18). The BPM samples
were weighed, then digested overnight at 55°C using Proteinase
K, PBS, and lysis buffer (0.1 M Tris pH 8, 0.2 M NaCl, 5 mM
EDTA, 0.4% SDS). Following digestion, DNA was extracted from
the entire BPM using a phenol/chloroform/isoamyl alcohol-based
protocol. The amount of DNA per milligram of dry tissue was
quantified with the DNA Quantitation Kit (Sigma-Aldrich, USA).

2.4 Tissue processing and histological
scoring

The tissue samples were fixed in 10% neutral-buffered
formalin. Next, the samples were sequentially dehydrated in 70%,
95%, 95%, 100%, 100% ethyl alcohol and immersed in xylene.
Then, the samples were infiltrated with paraffin, embedded into
paraffin blocks, and cut into 5um sections. Before staining, the
sections were treated with xylene and sequentially rehydrated in
100%, 100%, 95%, 95%, and 70% ethyl alcohol and distilled
water in order to remove the paraffin. The sections from each
sample were stained with hematoxylin and eosin (H&E) and
Masson’s trichrome (TRI). The stained sections were visualized
using a digital slide scanner 3DHISTECH PANNORAMIC Midi
(Carl Zeiss, Germany). All acquired images were processed using
Image ] software (NIH, USA).

2.5 Transmission electron microscopy

The decellularized BPM samples were fixed with 2.5%
glutaraldehyde in PBS (pH 7.3) and post-fixed with1% OsO,. After

10.3389/fsurg.2024.1432029

dehydration with ethanol and propylene oxide, the samples were
embedded in Epon 812 resin. Ultrathin sections were prepared
using an ultramicrotome (UC5; Leica, Wetzlar, Germany). Ultrathin
sections were collected on large-scale copper grids, contrasted using
2% uranyl acetate and Reynolds’ lead citrate, and examined using a
transmission electron microscope (Libra-120, Carl Zeiss, Germany)
at an accelerating voltage of 80 kV, and images were obtained using
a digital camera (Carl Zeiss, Germany).

2.6 Enzyme-linked immunosorbent assay

Peripheral blood was collected from the ear veins of the rabbits
before surgery as well as at 7, 14, 30, and 60 days after surgery.
Serum was obtained from the peripheral blood by centrifugation
for 5 min at 400 g. The concentrations of CRP and TNF-o. were
measured using enzyme-linked immunosorbent assay (ELISA)
kits (Abcam, UK) according to the manufacturer’s instructions.

2.7 Surgery procedure

The rabbits were anesthetized with 40 mg/kg of ketamine
hydrochloride, which was administered intramuscularly. Before
surgery, the wool was removed from the heads of the rabbits
using clippers, and then the shaved area was treated with a
To post-operative
complications, the rabbits received intramuscular injections of
0.01 mg/kg enrofloxacin before surgery. For local anesthesia, the

povidone-iodine  solution. prevent

rabbits received injections of 2% lidocaine hydrochloride in the
surgical incision area.

The different stages of the surgical procedures are presented in
Figure 1. A 4 cm-long skin incision was made longitudinally along
the midline from the junction of the nasal and frontal bones at the
level of the anterior upper corner of the eyes to the interparietal

FIGURE 1

The surgical procedures of trepanation of the rabbit skull and transplantation of the materials for the plastic surgery of DM. (A) Trepanation of the skull
using an electric drill spherical grooved and diamond tips, the trepanation area is depicted schematically in the lower left corner; (B) a burr hole after
cranial trepanation; (C) dura matter defect; (D) the plastic material is fixed with sutures.
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bone at the level of the base of the auricles. The edges of the
surgical wound were fixed with clamps and folded back, and
sterile drapes were placed around the wound. The muscles, as
well as the periosteum, were separated from the surface of the
skull bone layer by layer using a dissector. Cranial trepanation in
the right fronto-parietal-temporal bone was performed using an
electric drill with spherical grooves and diamond tips. During
cranial trepanation, the animal tissues were irrigated with a
sterile saline to prevent the adjacent tissues from suffering
thermal burns.

The formed bone flap was separated from DM using a dissector
and removed. The surface of the DM was cleaned to remove bone
chips and subsequently washed with warm saline. Under a
stereomicroscope, a 4 x 6 mm DM defect was formed. Next, the
materials were prepared for the plasty of the DM defect.

The experimental animals in group lwere transplanted with a
decellularized BPM (1 =7). The experimental animals in group 2
were transplanted with autologous periostea (APs) (n=7). The
experimental animals in group 3 were transplanted with
Lyoplant™ collagen membranes (Aesculap AG, Germany) (1n=7).
The repair materials were fixed with 6/0 absorbable sutures after
careful the hemostasis and lavaging of the cortical surface. Layer-
by-layer wound suturing was carried out using an absorbable
suture material with a diameter of 4/0. The wounds were treated
using povidone-iodine solution.

After the observation period, the animals were sacrificed
with a minimum of physical and mental suffering by trained
personnel. The rabbit was placed in a special transparent
chamber with a supply of carbon dioxide. Animals were left
in the chamber for an additional five minutes when there was
no longer any visible movement.

The implant, surrounding DM, brain, and soft tissues were all
collected in order to evaluate the implant’s integrity, degree of
inflammation, degree of adhesion to brain tissue, and the
presence of cerebrospinal fluid leakage.

2.8 Statistical analysis

All obtained data are presented as mean + SD. Statistical
significance was calculated using a one-way ANOVA followed
multiple comparison P<0.05 was
threshold for Our
statistical analysis was conducted using Statistica 6.0 software
(StatSoft, Tulsa, OK, USA).

by Bonferroni’s tests.

considered the statistical ~significance.

3 Results
3.1 Characterization of decellularized BPM

To obtain a collagen-elastin scaffold from the BPMs, we used a
detergent-enzymatic method that was previously proposed by
Keane and colleagues (19, 20). To obtain a cellular collagen-
elastin scaffold from the BPMs, we used two cycles of detergent—
enzymatic treatment. Each cycle of BPM decellularization
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consisted of three main steps: (1) osmotic cell lysis and the
removal of intracellular components using ultrapure Milli-Q
water, (2) treatment with 4% sodium deoxycholate for 4h to
remove the cell membranes and cytoplasmic proteins of the cells,
and (3) enzymatic treatment with DNase-I in order to digest the
DNA released during cell lysis. Representative gross and
microscopic images of decellularized BPMs are shown in Figure 2.

Microscopic assessment by H&E staining showed that the
decellularized BPMs did not contain any cells and consisted of
fibers, fibers
(Figure 2B). Electron microscopy revealed that the collagen fibrils
after  the

connective  tissue predominantly  collagen

were without visible ultrastructure
decellularization of the BPMs (Figure 2C).

changes

3.2 DNA quantification

After three cycles of decellularization, DNA quantification
revealed that decellularized BPM had a DNA content of 5.2 ng/
mg of dry tissue, compared to 851.3 ng/mg in native BPM
(Figure 3). It indicates that only 0.61% of the original DNA was
retained in the decellularized samples. The DNA content in the
decellularized tissue sample was significantly lower than that in
native BPM (p < 0.05).

3.3 Histological examination

The results of our histological examination of the implanted
dural substitutes (decellularized BPMs, APs, and Lyoplant®) after
H&E and Masson’s trichrome staining at day 7, day 21, and day
63 are shown in Figures 4-6, respectively.

The average number of fibroblast cells on H&E stained
preparations after the implantation of BPM, autologous periostea,
and Lyoplant® collagen membranes showed a steady increase in
fibroblasts in BPM and Lyoplant® collagen membranes from day
7 to day 63. In contrast to autologous periostea had a higher
number of fibroblasts as early on day 7. The quantity of
fibroblasts in each of the three materials had been approximately
similar on day 63 (Figure 7).

For the decellularized BPM group, the results showed
pronounced cellular responses at the border with DM due to the
formation of maturing granulation tissue at 7 days after surgical
implantation (Figures 4A-D). The cellular composition was
represented by inflammatory cells (neutrophils, eosinophils
lymphocytes, plasma cells, and macrophages) and fibroblasts
(Figures 4B,C). The predominance of inflammatory cells over
fibroblasts was determined. No fibrous adhesions were found
between the decellularized BPM and the cerebral cortex.

At 21 days after the implantation of the decellularized
BPMs,

reaction regression, as well as fibroblast (Figure 7) and

histological examination revealed inflammatory
meningothelial cell infiltration in the extracellular matrix of
the decellularized BPMs (Figures 5A-D). At the same time,
fibroblasts were more predominant than the inflammatory

cells (Figure 7). The implanted BPMs were partially degraded.
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FIGURE 2

Representative gross and microscopic images of decellularized BPM. (A) Gross images of decellularized BPM. Scale bar 100 mm. (B) Representative
image of decellularized BPM sectioned and stained with H&E. Scale bar 200 um. (C) Representative transmission electron microscopic (TEM) image of
collagen fibrils of BPM before decellularization. (D) TEM micrograph of collagen fibrils in decellularized BPM. Scale bar 200 nm.
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FIGURE 3
DNA quantification of native and decellularized BPM samples.
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No fibrous adhesions were found between the decellularized
BPM and the cerebral cortex.

After 63 days, there was complete fusion between the
decellularized BPMs and DM. The fibers in the BPMs became
degraded throughout and were subsequently replaced by
connective tissues and meningothelial and fibroblast-like cells
with differentiated, newly formed vessels (Figures 6A-D). There
was a regression of the inflammatory process with the absence of
leukocytes. Inflammatory cell infiltrates were represented by
single lymphocytes. No pathological changes were found in the
adjacent cerebral cortex.

In the autologous periosteum (AP) group, histological analysis
showed the presence of a large number of young fibroblasts in
the connective tissue membranes (Figure 7) and blood vessels at
the boundary with DM at 7 days after AP implantation
(Figures 4E-H). The newly formed connective tissue fibers were
thin and slightly crimped and did not have a definite spatial
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FIGURE 4

Histological analysis of the implanted dura matter substitutes at day 7 after plastic surgery. Arrows show fibroblasts in the connective tissue
membranes ('=>) and blood vessels (‘) (A—C,E-G,1-K) H&E staining; (D,H,L) Masson'’s trichrome (TRI) staining.

orientation (Figure 4H). The newly formed blood vessels looked like
acellular gaps and “vascular buds”. The inflammatory response was
characterized by minor neutrophil-leukocyte infiltrates (Figures 4F,
G). There were no fibrous adhesions, and pathological changes
were found between the AP and the cerebral cortex.

After 21 days of implantation, we found that the inflammatory
response had regressed, fibroblasts became mature, connective
tissue fibers became denser, and proliferated meningothelial cells
appeared at the border with DM (Figures 5E-H). No fibrous
adhesions were found between the AP and the cerebral cortex.

At day 63, the AP’s complete fusion with DM was observed.
There were no inflammatory reactions, and no fibrous
adhesions were found between the AP and the cerebral cortex
(Figures 6E-H). Fibrous tissue formed mostly above the
implants, and compaction of DM was noted over the entire
surface of the skull defect. Cerebrospinal fluid leakage or fistula
formation were not observed in any experimental animal. The
fibrous tissue that grew into the implant and covered the open
surface of DM did not adhere to the skin and subcutaneous fat.

For the Lyoplant® dural substitute group, histological
examination at 7 days after surgery showed a less pronounced

inflammatory response at the border with DM compared to the

Frontiers in Surgery

decellularized BPMs and APs (Figures 4I-L). The formation of
new vessels was determined based on the form of acellular gaps
and “vascular buds” and the loosening of the collagen fibers of the
decellularized BPMs, focusing on their lysis (melting) and
expansion into the spaces of the collagen framework (Figures 4],K).
No fibrous adhesions were found between the Lyoplant™ and the
cerebral cortex. No pathological changes were found in the
adjacent cerebral cortex.

At 21 days after the implantation of the Lyoplant®,
inflammatory response regression was observed (Figures 5I-L),
along with the proliferation of fibroblasts with newly formed
connective tissue fibers and meningothelial cells, both of which
into the spaces
(Figures 5J,K). Fibroblasts, meningothelial cells, and connective
tissue fibers replaced half of the area of the Lyoplant® dural

penetrated between the collagen fibers

substitute (Figure 7). The collagen fibers were also loosened, and
the foci of their fragmentation appeared (Figure 5L). No
fibrous adhesions were found between the Lyoplant™ and the
cerebral cortex.

At 63 days after implantation, the artificial DM “Lyoplant
completely fused with DM (Figures 6I-L). The boundary
between the Lyoplant®™ dural substitute and DM was not clear.

®»
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FIGURE 5

Histological analysis of the implanted dura matter substitutes at day 21 after plastic surgery. Arrows show fibroblasts in the connective tissue
‘) (A—C,E-G,I-K) H&E staining; (D,H,L) Masson's trichrome (TRI) staining.

To a large extent, the Lyoplant™ dural substitute was immersed in
the connective tissue framework, the fibers were completely
degraded, and the spaces between the collagen fibers were often
occupied by connective tissues with newly formed vessels and
and fibroblast-like 6J,K).
Inflammatory infiltrates were represented by single lymphocytes

meningothelial cells  (Figures
and macrophages. No fibrous adhesions were found between the

Lyoplant™ and the cerebral cortex.

3.4 Immunological response

In order to evaluate immunological response after the
implantation of the decellularized BPMs, autologous periostea,
and Lyoplant® collagen membranes, the number of leucocytes
and the levels of proinflammatory cytokines CRP and TNF-a in
the complete blood and sera of the experimental animals were
examined. The results are presented in Figures 8, 9. Regarding
the leukocyte counts in the peripheral blood, insignificant
differences between the experimental groups (BMP, AP, and
Lyoplant™) were found at different time points.

Next, the ELISA we performed showed that the transplantation
of decellularized BPMs and commercial collagen membrane

Frontiers in Surgery

samples (Lyoplant®) caused an increase in the levels of
proinflammatory cytokines CRP and TNF-a in the sera of
rabbits on day 7 compared with autologous periosteum group
(Figure 9). However, at days 14, 30, and 60, the cytokine levels
were gradually decreased to the control values.

Thus, these data indicate that BPM transplantation, as well as
Lyoplant”™ transplantation, caused a mild inflammatory response
in the experimental rabbits within 7 days which gradually
normalized at day 30.

4 Discussion

In this study, for the first time, we examined the use of
BPM as a dural substitute and compared its performance
with
membranes. We studied the immunological reactions in the

autologous  periostea and  Lyoplant®  collagen
experimental animals and the pathomorphological changes
that occurred in their implantation zones (i.e., the areas
housing the dural substitutes).

For all three groups, our histological analysis showed the
presence of young fibroblasts in the connective tissue membrane

on the 7th day after implantation. After 7 days, we also noticed
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FIGURE 6
Histological analysis of the implanted dura matter substitutes at day 63 after plastic surgery. Arrows show fibroblasts in the connective tissue

membranes ('=>) and blood vessels (‘) (A—C,E-G,1-K) H&E staining; (D,H,L) Masson'’s trichrome (TRI) staining.
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FIGURE 7
Number of infiltrated fibroblasts in BPM, autologous periosteum (AP) and collagen membrane lyoplant®

(n=7), *p<0.05 compared to BPM group.

, data are represented as the mean + SD,
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FIGURE 9

The levels of TNF-o and CRP in blood serum. Data are represented as the mean + SD, (n =5), *p <0.05; **p < 0.01.
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the sprouting of blood vessels. The proliferation of fibroblasts
indicates that connective tissue fibers are being formed and DM
is being restored. A lack of fibrous tissue formation is a
disadvantage in the treatment of dural defects that require early
and severe scar formation (21).

The inflammatory reactions observed in the three groups were
determined to be mild, involving only a few neutrophilic-leukocyte
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infiltrates after 7 days. This inflammatory response is important for
macrophage recruitment, which, during xenotransplantation,
provides a phagocytic effect and modulates adaptive immunity
(22-24); therefore, macrophage infiltration occurred in all
implants. Ordikhani et al. demonstrated that the depletion of
macrophages may affect the protective role of wound healing and
tissue remodeling macrophages, which are required to restore
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homeostasis in the donor organ after surgical transplant procedures
(23). However, the inflammatory reactions of the BPMs and
Lyoplant™ groups were a little more severe than those observed
in the AP group. At the same time, insignificant differences in
terms of leukocyte counts were observed at different sampling
time points, indicating that no inflammatory reactions were
caused by the implant or the operation.

After 21 days of implantation, regression in the inflammatory
responses was observed, the fibroblasts became mature, the
fibers
meningothelial cells appeared at the border with DM. Then, at

connective tissue became denser, and proliferated
day 63, the complete fusion of the studied materials with DM
was achieved.

The external surfaces of the studied materials in all groups
were coated in connective tissues, and there were no fibrous
adhesions or pathological changes between the dural substitutes
and cerebral cortex. The existence of the connective tissues,
which did not facilitate an adhesive process between DM and
the brain surface, indicates a connection with the dural border
cells and that passage over this border took place. Collagen and
elastin fibers make up the majority of the connective tissue
layer in the parietal peritoneum, giving it exceptional strength
and elasticity (25).

The results of histological and macroscopic examinations
performed in the study suggested that the BPMs showed a
sufficient deterioration rate, i.e., one that is suitable for gathering
newly formed meningothelial tissue. The thickness and density of
the bovine parietal peritoneum fibers prevent resorption in the
first days after use as a plastic material, and the restoration of
DM itself does not occur at an accelerated pace, meaning that
the gradual formation of fibrous tissue prevents adhesion to the
The

investigation, which reported that decellularization minimizes the

brain surface. same material was used in a prior
antigenic properties of the tissue and the remaining collagen
matrix of the bovine parietal peritoneum is structurally similar to
human collagen (26).

It needs to be accepted that rabbit DM is substantially thinner
than human DM, yet this did not affect the completion of this
study. Liu W. Et al. applied a rabbit model to evaluate the in
vivo safety and dural repair performance of two different dural
substitute groups and a blank control group (27). They
investigated the feasibility and potential of dural regeneration
by using dural substitute devices. The surgeries and implants
did not cause abnormal body reactions or pyrogen reactions,
and the implants caused insignificant inflammatory responses
without any encapsulation or the use of antibiotics in all three
addition,

investigated, as studies involving bovine or ovine pericardium

groups. In numerous xenografts have been
(28, 29), porcine small intestinal submucosa (30, 31), and
equine collagen biomatrices (32, 33) have shown that duraplasty
using either allogenic or xenogeneic grafts can lead to
equivalent or even favorable clinical outcomes.

In this study, we have demonstrated that decellularized BPMs
are suitable biocompatible natural materials for DM repair and
functional recovery, as they did not show significant adverse

effects in our experiments. We suggest that the BPM may be an
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effective alternative option for the clinical treatment of dural
defects. However, additional preclinical studies are required to
further confirm decellularized BPMs’ therapeutical potential for
application in clinical contexts.
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