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ABSTRACT

The decellularized bovine pericardium and its potential use as a natural scaffold is a promising approach in the field of tissue engineering and
regenerative medicine. The reaction of the host toward decellularized scaffolds depends on their biocompatibility, which should be satisfied
being before applied in clinical use.

PURPOSE: to evaluate the biocompatibility of the extracellular matrices, which were decellularized by trypsin enzyme and anionic sodium
dodecyl sulfate (SDS) detergent.

MATERIAL AND METHODS. Pericardial sacs were acquired from 12-18 months’ age bulls. Tissue decellularization was performed by using
0.25 % Trypsin solution and 1 % ionic SDS for group | and 0.1 % SDS for group Il samples. The implantation was performed on Wistar rats.
The tissue samples were stained with hematoxylin & eosin, Congo red and Masson’s Trichrome for histological analysis.

RESULTS. In group 1 in 3 months after subcutaneous implantation in rats we noticed the inflammation in surrounding tissue and degradation
of the implant. Under the same conditions in animals of group 2 implant replacement with growing immature connective tissue was noted.
Bio-implant of this group did not degrade, moreover it's integrated to the tissues of experimental rats.

CONCLUSION. Our results showed that decellularized bovine pericardium by 0.1 % SDS can become an alternative material for tissue engineer-

ing and has the potential for further use in human surgery.
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The decellularized bovine pericardium and its potential use as a natu-
ral scaffold is a promising approach in the field of tissue engineering and
regenerative medicine. Bovine pericardium can be used in tissue engi-
neering, as a biomaterial for the reconstruction of congenital heart de-
fects and for the construction of heart valves, vascular grafts and patches
[1, 2]. Worldwide, over 300,000 heart valve replacements and over
570,000 arterial bypasses are performed, therefore, there is a great need
for developing bioprosthetic scaffolds [3]. Moreover, congenital heart
disease occurs with a frequency of about 9 % [4]. Today, cross-linked
bovine pericardium with glutaraldehyde is widely used in cardiovascular
surgery for acquired and congenital heart defects (closure of atrial and
ventricular septal defects) correction; manufacturing of tricuspid, mitral
and aortic heart valves; prosthetics and plasty of vessels, heart valve
leaflets, pericardial tissue; prevention of the mediastinum adhesions; bio-
prosthetics and main vessels plasty (ascending aortic plasty); aortic root
plasty [5-10]. Despite a number of advantages of this biomaterial, the
problem of calcification and degeneration in vivo has not been solved yet
[11]. Therefore, the search for new protocols for pericardial decellulariza-
tion continues.

Therefore, the PURPOSE of our study was to evaluate the biocompat-
ibility of the extracellular matrices of bovine pericardium, which were de-
cellularized by trypsin enzyme and anionic sodium dodecy! sulfate (SDS)
detergent.

MATERIALS AND METHODS

Tissue isolation and processing. The research was performed in ac-
cordance with the General Ethical Principles of Animal Experiments (Stras-
bourg, France, 1985) and Law of Ukraine No. 3447-IV «On Protection of
Animals from Cruelty» (2006, edited in 2009). Pericardial sacs were ob-
tained from 12-18-month bulls and randomly selected from a local abat-
toir «Antonovsky Meat Factory» LLC. Pericardial sacs were dissected and
non-fibrous components were removed. The tissue samples were cut to the
40%x40 mm pieces. In this study, three groups (n = 5 each) were tested, in-
cluding two pericardial processing conditions and native pericardial tissues.

Decellularization. Following preparation, pericardial tissue was then
randomly subjected to one of two processing conditions. The first stage
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Fig. 1. Micrographs of histological sections of decellularized bovine pericardium before implantation; hematoxylin/eosin staining, light microscopy, x200.
A - native pericardium; B — group 1 (trypsin + 1 % SDS); € — group 2 (0.1 % SDS)

Fig. 2. Micrographs of histological sections of decellularized bovine pericardium before implantation; Congo red staining, luminescent microscopy x200.
A — native pericardium; B — group 1 (trypsin enzyme + 1 % SDS); C — group 2 (0.1 % SDS)

of processing is common for both groups: samples were exposed to 0s-
motic shock placing to the sterile distilled water (5 pieces per 500 ml solu-
tion) at 4 C for 72 hours (200 rpm). Water was changed every 6-8 hours.

Group 1 samples were prepared using 0.25 % Trypsin solution
at 24 oC constantly shaking for 3-hours at 50 rpm. Then, the samples of
this group were placed into the 1 % ionic Sodium dodecyl sulfate (SDS)
detergent. Group 2 samples were prepared using a low concentration
0.1 % SDS. Detergent solution was replaced every 24 hours. In general,
the decellularization process lasted 30 days. Samples detoxification was
carried out by washing in sterile distilled H,0 for 7 days at 4 °C constantly
stirring at 200 rpm. H,0 replacement was performed every 12 hours. The
next step was to stabilize and fix obtained samples. We provided stabi-
lization and fixation of all obtained samples in a 70 % ethanol solution
during 24 h at 4 °C with constant stirring at 200 rpm. Then all fragments
of the decellularized pericardium were washed in sterile saline for 24 h
at 4 oC with constant stirring at 200 rpm. Extra stage for the chemical
decellularization was achieved using the cross-linking method using EDC/
NHS solution: 10 mM 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride (EDC), 10 mM N-Hydroxysuccinimide (NHS) and 0.05 M
2-morpholinoethane sulfonic acid (MES) at pH 5.6 [12]. Non decellular-
ized pericardial tissues served as controls.

Surgical procedure. Fifteen male Wistar rats 4-5-month Wistar rats
weighing 190-230 g were kept in a pathogen free environment. Decellu-
larized and sterilized bovine pericardium were implanted subcutaneously
in a rat back and explanted after 3 months. The animals were divided into
3 groups. The groups were as follows: control group — native bovine peri-
cardium (n=>5), group 1 —trypsin enzyme + 1 % SDS treated bovine peri-
cardium (n=5), group 2 — 0.1 % SDS treated bovine pericardium (n=>5).

The surgical field was shaved and cleansed with 70 % solution of eth-
yl alcohol. The operation was performed in sterile conditions. Intramus-
cular anesthesia was used with xylazine (Alfasan, Netherlands) at a dose
of 1 mg/kg body weight in combination with ketamine (Biolik, Ukraine) at
a dose of 10 mg/kg. A 2 cm incision was performed on the animal’s back
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and subcutaneous pockets were formed using a pointed spatula, sepa-
rating the subcutaneous tissue from the muscular layer. Prepared 1 x 1
cm implants were placed in the pocket, which were fixed at the corners
to the muscle tissue using «Catgut Chrome» (Golnit, Ukraine). The skin
was sutured and treated with an antiseptic solution of 1 % «Diamond
Green» (Halychpharm, Ukraine). The implants were isolated for histologi-
cal analysis after 3 months post-operation. Euthanasia was performed us-
ing diethyl ether.

Histological analysis. Segments of non decellularized (n = 5) and de-
cellularized (n = 10) pericardial tissues were fixed in 10 % neutral buff-
ered formalin (Sigma-Aldrich, USA) for 1 h, embedded in paraffin, cut
into 5-pm sections, and stained with hematoxylin & eosin (Sigma-Aldrich,
USA), Congo Red Kit (Sigma-Aldrich, USA) and Masson’s Trichrome stain
(Sigma-Aldrich, USA).The stained samples were examined with BX 51
light microscope (Olympus, Japan) and BX 40 luminescence microscope
(Olympus, Japan).

RESULTS AND DISCUSSION

Morphaological analysis of decellularized pericardial tissue. Histo-
logical analysis showed that decellularized pericardial tissues retained
the ECM components without cells or nuclei (Fig. 1). Stained with he-
matoxylin and eosin showing the presence of visible cell nuclei in native
pericardium. There was no obvious difference in the structure of the ECM,
including the distribution of collagen and elastin fibers, between native
and decellularized bovine pericardium in both groups.

Staining of pericardial tissues with Congo red showed that the colla-
genous and elastic components of the extracellular matrix were well pre-
served (Fig. 2). In sections of decellularized bovine pericardium group 1,
the distribution of collagen fibers appeared less dense than in the group 2.

In vivo durability of decellularized pericardial tissue. The replacement
efficiency and biocompatibility of decellularization in pericardial tissues



was evaluated by implantation in the interscapular area of Wistar Rats.
All rats that were implanted with the non decellularized and decellularized
grafts survived and successfully recovered after the surgery. The grafts
remained within the Wistar Rats for 3 months.

Twelve weeks following the surgery, non decellularized grafts of con-
trol groups were resorbed and tissue were infiltrated by macrophages
mostly as shown by H&E and Masson’s Trichrome staining. In Fig. 3 pre-
sents the results of histological examination of the explanted pericardium
of rats of the Control group, which was implanted untreated/native bovine
pericardium. As expected, the pericardium is completely degraded and
eliminated, there is only connective and muscle tissue of the animal. The
tissue is infiltrated with leukocytes, which indicates inflammatory pro-
cesses in this area.

In group 1 visual evaluation showed a lower leucocyte infiltration in
decellularized pericardial tissues, compared to non-decellularized tissues
of the control group (Fig. 4). The presence of new vessels and immature
tissue over the entire surface of the graft of group 2 suggested the poten-
tial of graft remodeling over a long-term implantation. In group 1 animals,
where implanted pericardium was treated with Trypsin and 1 % ionic SDS
detergent, in the striated muscles surrounding to the implant there was
swelling of muscle fibers and slight lymphocytic infiltration, indicating
the development of inflammation. The collapsing area of the implant is
clearly visible. In the striated muscle tissue, there is swelling of muscle
fibers and stasis, which indicates a stop or slowing of blood flow in the
microcirculatory vessels (mainly in the capillaries). Also in some areas
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Fig. 3. Micrographs of histological sections
of native bovine pericardium implants of
control group in 3 months after subcutaneous
implantation in rats; hematoxylin/eosin
and Masson’s Trichrome staining, light
microscopy, x200. A - no visible implanted
native pericardium, leukocyte infiltration
(blue arrows); B — no visible implanted native
pericardium, swelling of muscle tissue (blue
arrow).

Fig. 4. Micrographs of histological sections
of decellularized bovine pericardium implants
of group 1 in 3 months after subcutaneous
implantation in rats; light microscopy, x200.
A - striated muscle tissue of a rat around the
implant with formation of blood clots and
swelling (blue arrow); hematoxylin/eosin
staining; B — degraded part of the implant
(blue arrow); Masson’s Trichrome staining.

Fig. 5. Micrographs of histological sections
of decellularized bovine pericardium implants
of group 2 in 3 months after subcutaneous
implantation in rats; light microscopy, x200.
A — the formation of immature connective
tissue over the entire surface of the graft;
hematoxylin/eosin staining; B — the formation
of immature tissue over the entire surface
of the graft and newly formed capillaries
with erythrocytes (blue arrow); Masson’s
Trichrome staining.

recorded sludge phenomenon, characterized by adhesion of erythrocytes
and leukocytes resulting in complications of blood perfusion through the
vessels of the microcirculatory tract and the formation of blood clots.

In the tissues of group 2, implant replacement with growing immature
connective tissue over the entire surface of the graft was noted. Also ob-
served in the area of the implant enhanced vascularization of connective
tissue, newly formed capillaries are filled with erythrocytes (Fig. 5). In
a part of the capillaries erythrocyte stasis was observed. Bio-implant of
group 2 did not degrade, moreover, it integrated to the surrounding tis-
sues of experimental rats.

The main objective of this study was to use modern approaches of
tissue engineering to produce xenogeneic tissue grafts suitable for trans-
plantation. Since the decellularization provides the biomaterial mechani-
cally stable, functionally reliable, non-immunogenic and able to support
cell growth, the next stage of the study was to test xenogeneic tissue
for biocompatibility in vivo. Therefore, two samples of bovine pericardial
tissue decellularized by two different protocols against native pericardial
tissues were compared, followed by an assessment of the effect of treat-
ment on degradation. Thus, the ideal graft must be free of any cells, as
these are potential antigens that can provoke host immune response,
have sufficient stability and be able to withstand mechanical stress for
a long time, while maintaining the structure of the extracellular matrix
[13, 14]. One of the most important requirements for the safety of the
scaffolds is biocompatibility that is a property of a biomaterial and its
environment [15, 16]. A rat subcutaneous implantation model was used
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to evaluate local tissue reactions following implantation of the two types
of decellularized pericardium membranes intended for the use in cardiac
surgery. After 3 months from implantation, no signs of rejection were
observed for 2 types of extracellular matrices. Nevertheless, different re-
sponses of rat tissue to the two decellularized bovine pericardia can be
displayed in the histological sections of Fig 4, 5.

Thus, testing of group 1 material did not provide the expected positive
result in vivo. The implant degraded and caused inflammatory reactions
in the surrounding recipient’s tissue. Such results exclude this graft of its
further use in cardiac surgery [17-21].

It is well known that SDS is an ionic detergent, capable of binding
to collagen fibers, thus destroying them and promoting swelling of the
tissue, caused by a potential break in hydrogen bonds of the collagen
fibers [14, 16]. SDS has been reported to interact strongly with the ECM
proteins, making its complete removal challenging [22]. Based on this
fact, Courtman et al. proposed that using SDS as decellularization reagent

could possibly alter the thermal stability of the collagen and glycosamino-
glycans (GAGs) content [17]. Ning Lia et al. also noted that residual SDS
in decellularized tissues could result in an insufficient repopulation with
the host cells after implantation, causing a lower durability of the implant
and inhibiting growth. This was clearly correlated in rat implantation stud-
ies, where peri-implant necrosis was found in around 1 % SDS-treated
implants [23].

At the same time, histological data indicate successful integration of
the implant in rats of group 2. In this case, we used 0.1 % SDS concen-
tration, which is ten times lower than in the previous testing of group 1.
Our results coincided with previous data, also showing that 0.1 % SDS is
better for the pericardial decellularization than 3 % or 0.5 % SDS, as far
as the biological properties were better preserved [24]. Based on these
observations, it may be assumed that the acellular pericardium scaffold
manufactured using 0.1 % SDS may be potentially eligible for clinical im-
plantation in humans.

To summarize, bovine pericardium was decellularized successfully with 0.1 % SDS with NHS/EDC cross-linked additional and maintained its
original biological properties after subcutaneous implantation in rats. Overall, decellularized bovine pericardium tissue holds promise for its
application in the manufacturing of tissue-engineered materials for cardiac surgery.
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