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visible nuclei. Decellularization by freeze thaw 
cycle followed by freeze drying resulted in 17.84% 
reduction in nuclei content and decellularization by 
sodium dodecyl sulphate results in 92% reduction in 
nuclei content compare to control group. Picrosirius 
red staining for freeze dried group displayed loosely 
organised, thin collagen bundles that exhibit reddish-
yellow birefringence and sodium dodecyl sulfate 
group revealed dense collagen bundles that are paral-
lelly organised and compact, exhibiting reddish-yel-
low birefringence and showed good structural integ-
rity. These results suggested that the sodium do decyl 
sulfate showed optimal decellularization results with 
better extracellular matrix preservation. It may be a 
suitable protocol for producing a suitable scaffold for 
periodontal tissue regeneration.

Keywords  Decellularization · Bovine pericardium 
membrane · Freeze drying · Sodium dodecyl sulfate · 
Extracellular matrix

Introduction

Barrier membranes are extensively employed in the 
field of dentistry to promote periodontal regenera-
tion. These membranes, when placed over the area 
of tissue defect, prevent the invasion of cells from the 
gingival epithelium. Studies have indicated that the 
protective function needs to be maintained for at least 
4–6 weeks for the regeneration of periodontal fibers, 

Abstract  Decellularization is regarded as a xeno-
genic antigen-reduction technique because it effec-
tively eliminates all cellular and nuclear components 
while mitigating any negative impact on the compo-
sition, biological functionality, and structural integ-
rity of the remaining extracellular matrix. This study 
aimed to histologically evaluate native, freeze dried 
and chemically decellularized bovine pericardium 
membrane. Also, this study focused on preservation 
of extracellular matrix after decellularization. Bovine 
pericardium membrane was decellularized by freeze 
thaw cycle followed by freeze drying and 1% sodium 
dodecyl sulphate. Unprocessed pericardium was used 
as control. The effectiveness of Decellularization 
was assessed based on the reduction of histologically 
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and 16–24 weeks for bone augmentation (Hoornaert 
A et al. 2016). Therefore, barrier membranes should 
remain in place between the gingiva and alveolar 
bone for durations exceeding these time frames. This 
barrier role preserves the area for tissue regrowth and 
directs specific cells from the periodontal ligament 
or bone-forming cells toward the damaged region. 
Bovine pericardium membrane is excellent mate-
rial as barrier membrane in periodontal regeneration 
and reconstruction because it demonstrates a strong 
compatibility with human fibroblasts, promoting their 
migration, adhesion, and proliferation (Nguyen and 
Tran 2018). The pericardium membrane exhibits out-
standing resistance to tearing in multiple directions, 
attributed to the presence of fine, wavy, and collagen 
fibers oriented in various directions (Blatt et al. 2020; 
Noble et  al. 2022). The inherent crosslinking found 
in the pericardium membrane extends its durability, 
allowing it to maintain its barrier function for up to 
12  weeks after implantation (Radenković M et  al. 
2021). The utilization of bovine pericardium mem-
brane in clinical practice is a relatively recent devel-
opment in the field of periodontics, with research on 
its biological characteristics gaining traction over the 
past few decades. Biological frameworks taken from 
animal tissues might be recognized as unfamiliar by 
the recipient, possibly resulting in an inflammatory 
reaction or an immune-driven rejection of the tissue. 
In order to avoid this, cellular antigens must be elimi-
nated from the pericardium while maintaining the 
integrity of the extracellular matrix. Decellulariza-
tion is considered a xeno antigen-reduction technique 
because it reduces the likelihood of degeneration and 
calcification by eliminating cells and their trash. The 
objective of the decellularization method is to effec-
tively eliminate all cellular and nuclear components 
while mitigating any negative impact on the composi-
tion, biological functionality, and structural integrity 
of the remaining extracellular matrix. There is a wide 
array of decellularization protocols available, includ-
ing chemical, physical, or enzymatic methods; how-
ever, the quest for the most efficient method is still 
ongoing. Since bovine pericardium must be imported, 
the overall cost of using it as a barrier membrane 
in periodontal regenerative therapy rises dramati-
cally, making it difficult to make this material avail-
able to the general public. To overcome this hurdle, 
we at Central Tissue Bank, MAIDS decided to pro-
cess and prepare the bovine pericardium membrane 

indigenously. The efficacy of the decellularization 
process can be monitored histologically by evaluat-
ing the nuclear content. The purpose of this study is 
to determine which method of decellularization is 
the best and which method will allow us to develop a 
dependable and cost-effective barrier membrane from 
bovine pericardial membrane (Fig. 1).

Materials and methods

This study was approved by Institutional Ethical 
Committee of Maulana Azad Institute of Dental Sci-
ences, New Delhi, India.

Bovine heart collected from a disease-free buf-
falo obtained from a licensed abattoir immediately 
after slaughtering was placed in a sterile basin filled 
with Hank’s Balance Salt Solution and was put into a 
thermal insulation box at 4ocelcius and transported to 
the Central Tissue Bank, Maulana Azad Institute of 
Dental Sciences, New Delhi within one hour. Bovine 
heart was transferred from transportation box to the 
sterile tray containing normal saline (Fig. 2a). Under 
aseptic conditions, the pericardial membrane was 
dissected from the heart. The pericardial membrane 
was spread on sterile stainless steel scrubbing tray 
(Fig. 2b). The external fat was removed from pericar-
dium by using sterile disposable scalpel blade with 
BP handle and rinsed with Phosphate buffer saline 
(PBS) to remove blood and body fluids (Fig. 2c). The 
pericardial membrane was divided into 3 groups.

Group Native: No decellularization: served as con-
trol group.

Group freeze dried: Decellularized with Freeze 
thawing followed by Freeze drying.

Group SDS: Decellularized with 1% Sodium 
Dodecyl Sulfate (SDS).

Processing of pericardial membrane

In native group Pericardium membrane was kept in 
Tris buffer (10  mM, pH 7.6) for 48  h at room tem-
perature (Fig. 2d) and then divided into 15 pericardial 
samples. After 48 h pericardial samples were exam-
ined for histological analysis.

In freeze dried group pericardium membrane 
was transferred from deep freezer into beaker and 
left to thaw until the ice was not visible/tissue was 
soft. After thawing pericardium membrane was 
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soaked into 0.05% sodium hypochlorite (Fig.  2e) 
and shaken in digital laboratory shaker for one and 
half hour at 190 rpm. Then pericardium membrane 
was transferred into sterile universal bottle contain-
ing sterile purified water and shaken for 5–10  min 
at 150–200 rpm. This procedure was repeated thrice 
in different sterile universal bottles with fresh ster-
ile purified water. The pericardium membrane was 
divided into 15 samples and transferred to sterile 
glass vials. The vials were subjected to lyophiliza-
tion in a freeze dryer for 26 h. After 26 h pericardial 
samples were removed from the Freeze dryer and 
examined histologically.

In SDS group pericardium membrane was 
treated with 1% (w/v) SDS dissolved in Tris buffer 
(10  mM, pH 7.6) for 48  h at room temperature 
(Fig. 2f). The pericardium membrane was placed in 
sterile purified water at 4 °C for 12 h. This process 
was repeated twice. Then pericardium membrane 
was placed in PBS for three days. PBS solution was 
changed after every eight hours. The pericardium 

membrane was divided into 15 samples and exam-
ined histologically.

Histological analysis

All 45 Pericardial samples were fixed in 4% buffered 
formaldehyde for 24  h, processed into paraffin, and 
then sectioned at 4  μm and stained with hematoxy-
lin & eosin (H&E, Sigma Aldrich, USA) for nuclear 
material and picrosirius red (PSR, Abcam, USA) for 
collagen. Three randomly chosen high power fields 
of the H&E stained sections were photographed at 
40 × magnification (Motic BA210 LED, Moticam 
3.0 MP) placing a square grid and visible cell nuclei 
were counted for each slide in each group. The aver-
age of 3 high power fields was taken as the final score 
for each sample in each group. PSR stained sections 
were then examined under polarized microscope 
(Nikon Eclipse Ni-U microscope equipped with 
Nikon Ds-Ri2 digital microscope camera, Nikon Cor-
poration Japan).

Fig. 1   Flow chart of study 
design 01 Bovine heart collected from a licensed abattoir at Gazipur, Delhi

Bovine heart transported under aseptic conditions to Central Tissue Bank, M.A.I.D.S.

Pericardium membrane dissected from the bovine heart

Pericardium membrane divided into 3 groups

Native Group Freeze dried Group SDS Group

No processing Processing Processing

Histological analysis Histological analysis Histological analysis
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Results

Hematoxylin and eosin (H & E) staining

H & E staining of native group revealed a dense tis-
sue structure and pericardial cells were observed 
within the extracellular matrix. (Fig.  3a). Compared 
to native bovine pericardium, loose tissue structure 
with a reduction of cells and nuclei was noted in 
freeze dried group (Fig. 3b). No obvious cellular con-
tent and nuclei was observed in SDS group. However, 
a dense tissue structure was discernible (Fig.  3c). 
Histological results indicated a reduction in the cell 
nuclei present in bovine pericardial tissue after both 
the decellularization treatments.

For quantitative assessment, the average number of 
nuclei was calculated for all the three groups from 3 
different power fields. The most efficient method of 

decellularization was determined by the amount of 
remaining nuclear component (Fig. 4).

Statistical analysis

Kolmogorov–Smirnov and Shapiro–Wilk test was 
used to check whether the data was following a nor-
mal distribution. Data was found to be normally dis-
tributed hence parametric test were used for inferen-
tial statistics. Analysis of variance (ANOVA) test was 
used for comparing mean of more than two groups 
and Post hoc by Bonferroni test was used to identify 
which group differ from each other and level of sta-
tistical significance was set at p value less than 0.05.

Table 1 shows the Mean ± S.D. of Average number 
of Nuclei of three groups. On comparing the mean 
difference between the three groups using one way 

Fig. 2   Processing of bovine pericardium membrane: a 
bovine heart placed in a sterile tray. b pericardium mem-
brane dissected from heart. c external fat, blood and body 
fluids removed from the pericardium membrane. d pericar-
dium membrane kept in tris buffer for 48 h in native group. e 

after thawing pericardium membrane kept in 0.05% sodium 
hypochlorite in freeze dried group. f pericardium membrane 
with 1% SDS dissolved in Tris buffer for 48  h at room tem-
perature in SDS group
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Fig. 3   H & E staining: a 
Native Group. b Freeze 
Dried Group. c SDS Group. 
viewed under 40 × magni-
fication

Fig. 4   Box plot showing 
average no. of nuclei of 3 
high power field of all 15 
samples in each group
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ANOVA, the F value 319.124 and p value of < 0.001 
was highly significant.

Multiple comparison for analysing the mean dif-
ference of number of nuclei for all 3 groups was 
performed using the Bonferroni test. The mean dif-
ference between Native and freeze dried was 16.067, 
between native and SDS was 85.267 and between 
Freeze dried and SDS was 69.200. The mean dif-
ference across the 3 groups was highly significant, 
p < 0.001. This indicates highest number of residual 
nuclei in the native group followed by freeze drying 
and SDS group. (Native > Freeze dried > SDS) (Ref. 
Figures 5 & 6).

Picrosirius red staining (PSR)

Figure 7a shows PSR staining for native group which 
revealed collagen bundles were tightly compressed 
and oriented in a wave-like pattern when viewed 
under transmitted light. Figure 7b shows PSR staining 
for freeze dried group which revealed thin collagen 
bundles which are loosely and parallelly arranged in a 

wavy pattern. Figure 7c shows thick collagen bundles 
which are compactly arranged when viewed under 
transmitted light.

Figure  8a when viewed under polarised micro-
scope, weak birefringence was observed in native 
group. Figure 8b shows thin collagen bundles which 
are loosely arranged and show reddish yellow bire-
fringence under polarised microscope. Figure  8c 
shows thick collagen bundles which are compactly 
arranged with parallel arrangement and show reddish 
yellow birefringence under polarised microscope.

Discussion

Decellularization stands out as a highly promising 
method for creating acellular xenografts. It eliminates 
key immunogenic cellular elements, including lipid 
membranes, membrane-linked antigens, and soluble 
proteins, while preserving the structural integrity of 
extracellular matrix proteins like collagen and elastin. 
The cellular elements, such as the nucleic acids found 
in xenografts, act as potent antigens that stimulate 

Table 1   Comparison of Mean and S.D. of Average no. of Nuclei between three groups

*Significant p < 0.05, ** Highly significant < 0.01, NS Not significant p > 0.05

Group N Mean ± Std. deviation Post hoc by Bonferroni test Mean difference P value

Native 15 90.71 ± 9.917 Native vs Freeze dried 16.178  < 0.001**
Freeze dried 15 74.53 ± 7.368 Native vs SDS 83.489  < 0.001**
SDS 15 7.22 ± 1.607 Freeze dried vs SDS 67.311  < 0.001**
F value 568.397 Native > Freeze dried > SDS
P value  < 0.001**
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Fig. 5   Comparison of Mean and S.D. of average no. of Nuclei 
of all fields between three groups
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Fig. 6   Multiple Comparison of mean and S.D. of average No. 
of Nuclei of all fields between the groups
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immune responses at the recipient site, leading to the 
rejection of the graft (Gilbert et al. 2006). Decellular-
ized scaffolds exhibit minimal immunogenicity and 
are biologically compatible, promoting cell adhesion, 
growth, and viability. These characteristics make 
decellularized materials promising for the regenera-
tion of damaged tissues or organs. An efficient decel-
lularization protocol aims to completely eliminate 
cellular components and nucleic residues, employing 
a range of methods such as physical, enzymatic, or 
chemical treatments, either individually or in combi-
nation. Decellularization processes induce changes in 
the structural and mechanical properties of the tissue, 
but the extent of these alterations varies depending on 
the specific protocol employed. Zhou et al. noted that 
decellularization protocols exhibit significant differ-
ences in their effects on the histoarchitecture of the 
extracellular matrix (ECM). (Zhou et al. 2010).

Bovine pericardium (BP) has a long history of 
clinical applications, particularly in the construction 
of prosthetic devices for vascular and cardiac surger-
ies, such as heart valves and repair patches (Athar 
et al. 2014). BP is made up of a collagen-rich ECM, 

creating a natural microenvironment that facilitates 
the migration and proliferation of host cells, thereby 
fostering tissue regeneration (Gonçalves et  al. 2005; 
Oswal et al. 2007; Li et al. 2011). The current study 
assesses physical and chemical methods of decel-
lularizing BP, aiming to create a suitable scaffold or 
barrier membrane for use in periodontal tissue engi-
neering. This study was done at the Central Tissue 
Bank, Department of Periodontics, M.A.I.D.S., to 
compare two different methods of decellularization 
of bovine pericardium with unprocessed pericardium. 
The membrane was processed with physical (freeze 
thawing) and chemical (SDS) method of decellulari-
zation to evaluate which method between these two 
decellularized the bovine pericardium effectively.

Samples in freeze dried Group underwent decel-
lularization using a physical method involving a 
freeze–thaw cycle. This approach to decellularization 
is known to disrupt cell membranes, release cellular 
contents, and aid in the removal of cellular materials 
from the ECM. Rabbani et al. noted that frozen water 
crystals within cells expand, leading to the bursting 
of the cell membrane. Freeze-thawing is an effective 

Fig. 7   PSR Staining shows: 
a Native Group. b Freeze 
dried Group. c SDS Group. 
under transmitted light 
viewed under 20 × magni-
fication
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method for destroying tissue and organ cells. How-
ever, any remaining membrane and cellular content 
can be eliminated through subsequent complemen-
tary processes (Rabbani et  al.2021). Keane Tj et  al. 
reported that the freeze–thaw cycle results in slight 
degradation of the ECM structure. This degradation 
occurs due to the geometric shape of the crystals, 
which may cause damage to the scaffold. However, 
this process has minimal effect on the mechanical 
properties of the ECM (Keane et  al. 2015). In our 
study, we employed a single freeze–thaw cycle to 
decellularize the bovine pericardium. However, the 
number of freeze–thaw cycles used in various stud-
ies has been variable and often arbitrary. Xing et al. 
utilized 3 cycles for the decellularization of fibroblast 
cell sheets (Xing et al. 2015) and Elder et al. used one 
cycle for lumbar vertebrae cells (Elder et al. 2010).

Martyna Ekiert et  al. reported that employing 
multiple freeze–thaw cycles results in a decrease 
in the mechanical performance of the material. 
This process also impacts the internal structure, 
leading to a significant reduction in the diameters 

of collagen fibrils, along with alterations in their 
orientation (Ekiert et  al. 2021). Therefore, we per-
formed a single round of freeze thaw cycle to avoid 
excessive disruption of ECM. Following, the freeze 
thaw cycle washing with deionized water is an 
important step for cell removal, because it would 
facilitate subsequent rinsing and the removal of cel-
lular and nuclear debris from the ECM. After rins-
ing we performed lyophilization of the samples in 
a freeze dryer for 26  h. Turner et  al., 1981; Quat-
tlebaum et  al., 1988 reported that freeze drying 
reduces the antigenicity of grafts. Meryman et  al. 
(1960) suggested that freeze drying could poten-
tially harm the biochemistry and morphology of 
cells. Thomas, Edwards, and Damjanovic (1976) 
reported that freeze-drying might selectively change 
specific receptors on the cell surface, affecting their 
functional capacity. This process could also modify 
the manner in which cell surface antigens are pre-
sented to the host (Thomas et  al. 1976). Mellonig 
(1991) noted that freeze-drying influences immune 
recognition in the host by interfering with the 

Fig. 8   PSR Staining 
shows: a Native Group. b 
Freeze dried Group. c SDS 
Group under polarized light 
viewed under 20 × magni-
fication
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three-dimensional presentation of human leukocyte 
antigen on the surface of the graft (Mellonig et  al. 
1991).

Samples in SDS group were decellularized using 
1% SDS. Ionic detergents are efficient in solubiliz-
ing both cytoplasmic and nuclear membranes (Sed-
don et  al. 2004). The most frequently utilized ionic 
detergents include sodium dodecyl sulfate (SDS) 
and sodium deoxycholate. SDS is highly efficient in 
eliminating cellular components from tissue. In com-
parison to other detergents, SDS results in the com-
plete removal of nuclear remnants and cytoplasmic 
proteins, such as vimentin (Woods et  al. 2005). Gil-
bert et al. reported that Sodium deoxycholate is also 
highly effective in eliminating cellular remnants, but 
it tends to induce more disruption to the native tis-
sue architecture compared to SDS. There are no doc-
umented instances of tissue decellularization using 
sodium deoxycholate alone, making it challenging to 
ascertain its specific effect on the remaining ECM of 
a tissue (Gilbert et al. 2006).

In the present study, samples in SDS group were 
decellularized with 1% sodium dodecyl sulphate 
(SDS) for 48  h at room temperature, followed by 
washing for 3 days. This resulted in complete removal 
of nuclear and cellular remnants. N Li et al. reported 
that SDS was effective in solubilizing both the cyto-
plasmic and the nuclear cellular membranes (Li et al. 
2018). Sokol et  al. utilized 1% and 0.1% SDS solu-
tions for the decellularization of bovine pericardium. 
Their study reported that histological examination 
did not detect any cells in the tissue with either pro-
tocol. Furthermore, more than 99% of the nucleic 
acids were removed from the decellularized bovine 
matrix (Sokol et  al.2020). Nguyen and Tran investi-
gated various SDS concentrations, ranging from 0.05 
to 0.3%, for a duration of 12  h. Their study found 
that 0.15% SDS was adequate to produce an acellu-
lar bovine pericardium matrix with a well-preserved 
architecture, as revealed by H&E staining, in com-
parison to the native tissue (Nguyen and Tran 2018). 
Nataliia et al. employed a 0.1% solution of SDS with 
constant shaking (200 rpm) for a duration of 35 days 
at 24  °C. Their histological analysis indicated that 
the decellularized pericardial tissues maintained the 
extracellular matrix (ECM) components without any 
cells or nuclei (Shchotkina et al. 2021). Morteza Ali-
zadeh et al. utilized a 1% SDS solution for a duration 
of 48 h at 40 °C. They conducted vacuum washing to 

eliminate residual SDS from the pericardium. Their 
findings suggested that with an increase in the dura-
tion and rate of washing, the amount of SDS remain-
ing in the solvent (PBS) decreased. Additionally, the 
toxicity of SDS in human endothelial cells decreased, 
leading to increased cell survival (Alizadeh et  al. 
2019).

The effectiveness of Decellularization was 
assessed based on the reduction of histologically vis-
ible nuclei. In this study, decellularization by freeze 
thaw cycle results in 17.84% reduction in nuclei con-
tent with empty gaps within the ECM compare to 
native group and decellularization by sodium dodecyl 
sulphate results in 92% reduction in nuclei content 
with a uniformly structured ECM. Our results were in 
accordance with Li et al. who reported that SDS was 
more effective in removing the cellular and nuclear 
components. Gilpin et  al. found that solely using a 
freeze–thaw cycle was inadequate for the complete 
removal of cellular components. This incomplete 
removal of genetic materials could potentially lead to 
immunorejection (Gilpin et al. 2017).

On statistical analysis, mean and S.D. of average 
number of nuclei after decellularization in freeze 
dried group was 74.53 ± 7.368 which was statisti-
cally significant (p < 0.001) compared to native 
group. Mean and S.D. of average number of nuclei 
after decellularization in SDS group was 7.22 ± 1.607 
which was statistically (p < 0.001) significant com-
pared to native group and freeze dried group. This 
implies that SDS was efficient in decellularizing the 
pericardial membrane.

Woods et al. 2005 reported that SDS tends to dis-
rupt the native tissue structure, and causes a decrease 
in the GAG concentration and a loss of collagen 
integrity. Yet, there seems to be no indication that 
SDS eliminates collagen from the tissue. Kasimir 
et al. also noted that decellularization using the ionic 
detergent SDS resulted in the complete removal of all 
cells. However, they observed significant alterations 
in the matrix structure (Kasimir et  al. 2003). The 
effectiveness of SDS in decellularizing porcine aor-
tic and pulmonary valve leaflets is widely recognized. 
Histological analysis reveals that after the decellu-
larization process, the major structural components 
of the valve matrix are preserved (Booth et al. 2002; 
Kim et al. 2002).

Collagen plays a crucial role in providing tis-
sue strength and structural stability. As such, it is 



782	 Cell Tissue Bank (2024) 25:773–784

1 3
Vol:. (1234567890)

important to find the right balance between removing 
cells and preserving the extracellular matrix (ECM) 
when developing an optimal decellularization pro-
tocol. Bovine pericardium contains mostly type 1 
collagen which is structured into different levels of 
organisation ranging from fibrils to laminates, fibers 
and fiber bundles (Allen et  al. 1984). In the present 
study, the effect of decellularization on the structural 
integrity of the collagen fibres was also observed. 
To assess the same, picrosirius staining was done on 
each section of the sample from each group. Picro-
sirius red is an anionic dye that specifically interacts 
with the cationic collagen fibrils under low pH condi-
tions. In this interaction, the dye molecules attach to 
the fibrils with their long axis parallel to that of col-
lagen. This particular arrangement enhances the usual 
birefringence observed when viewed under a polar-
ized microscope (Junqueira et al.1979). Type I colla-
gen is composed of compactly arranged thick fibrils 
and consequently presents an intense birefringence of 
reddish yellow colour.

Our results showed thick collagen bundles com-
pactly and parallelly organised in a crimp pattern seen 
by picrosirius staining for native Group. However, 
they showed weak birefringence when examined with 
a polarised microscope which can be due to change in 
the structural integrity of the collagen fibrils. Freeze 
dried Group displayed loosely organised, thin col-
lagen bundles that exhibit reddish-yellow birefrin-
gence when viewed under a polarised microscope. 
The collagen fibrils are parallelly arranged though 
the structural integrity was compromised. SDS Group 
revealed dense collagen bundles that are parallelly 
organised and compact, exhibiting reddish-yellow 
birefringence when viewed using a polarised micro-
scope and showed good structural integrity. This 
suggested that structural integrity of collagen fibres 
was more with SDS decellularized bovine pericardia 
compare to freeze drying method. Hence, the present 
study hypothesises the superior nature of the mem-
brane samples treated with SDS. This needs to be 
validated further with in-vivo animal studies.

Li et al. found that all decellularized bovine peri-
cardia showed preservation of collagen fiber struc-
ture when compared to native bovine pericardia. 
Qi Xing et  al. demonstrated that all three decellu-
larization methods—0.5  wt% SDS, 0.05  wt% SDS, 
and freeze–thaw—largely preserved collagen I and 
fibronectin. However, they found that the freeze–thaw 

method better maintained the ultrastructure of the 
extracellular matrix (ECM), which was contrary to 
our results.

Conclusion

Within the limits of this study it can be concluded 
that SDS was more effective in decellularization and 
preservation of extracellular matrix of bovine peri-
cardial membranes when compared to freeze drying 
method. However, further in-vitro and animal studies 
will be required for biocompatibility of bovine peri-
cardium as barrier membrane. Future work will focus 
on in vivo animal studies.
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