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Abstract
Background and aims: Some biological scaffolds are used as appropriate skin substitutes, including decellularized amniotic membrane or 
dermis although the ovine pericardial tissue has not been characterized or used for skin tissue engineering. In this regard, this study focused 
on the decellularization and characterization of ovine pericardium for skin tissue engineering.
Materials and Methods: To this end, two different methods were used for decellularization, including safety data sheet (SDS) 1% (method 1) 
and Triton X-100 1% (method 2). In addition, histological examinations (H&E staining), DNA content assay, scanning electron microscopy 
(SEM), MTT test using human adipose-derived mesenchymal stem cells, and tensile tests were conducted for sample characterization. 
Results: Based on the results, the DNA content showed significant DNA removing (P < 0.001) after decellularization with methods 1 and 2 
in comparison to native tissues although the significance level between the two methods was P = 0.06. In the SEM examination, cells were 
effectively removed while the extracellular matrix remained intact in both groups. Based on the results of the MTT test, the toxicity was not 
significant (P = 0.36). On the other hand, mechanical property assay revealed a higher value of Young’s modulus in method 1 (34.12 MPa) 
compared to Method 2 (32.57 MPa) and native tissues (30 MPa). Finally, the highest strain at the break point (approximately 0.6) belonged 
to the native sample.
Conclusion: In general, the ovine seems to be a good alternative for skin tissue engineering and regeneration since it is a post-slaughtering 
waste tissue has low thickness, is wide and spread, and easy to be decellularized with SDS 1% and Triton X-100. Eventually, it has good 
properties for cell seeding based on the findings of our study and the capability of vascularization reported in the literature.
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Introduction 
Skin is the largest organ of the body and has many different 
functions. It is also the first protective barrier against the 
microorganisms, and the loss of this barrier could cause 
huge problems for the body, including infection and even 
death (1,2). In addition, various factors may cause skin 
damage leading to tissue loss or harm to other organs, 
including burning, trauma, or chronic diseases (3-5). 
Nonetheless, there are some ways to deal with these 
problems and one of the most efficient ways in this regard 
is the use of tissue engineering approaches. Further, 
effective tissue repair by tissue engineering is significant 
and cost-effective because it could enhance the patient’s 
quality of life while decreasing the length of therapy (6-8).
The amniotic membrane is used as a biological dressing 
because it is cost-effective and preserve skin from losing 

heat and water. Furthermore, an important feature of the 
amniotic membrane is its capacity to provide relief from 
pain (6,9,10). These kinds of grafts are widely employed 
for burned skin, skin wounds, and chronic ulcers (7). 
Decellularized skin itself is also used for the reconstruction 
of skin disorders such as the reconstruction of circumcised 
males (11). Moreover, the acellular dermal matrix has been 
applied for breast reconstruction and has grown well in the 
last decades. AlloDerm® is an acellular trademark human 
matrix, which was obtained from cadavers and used for 
breast reconstruction. For example, Zammit et al utilized 
the meshed form of this matrix in their study (12).

So far, bovine pericardium has been introduced as an 
ideal material for regenerating and managing the critical 
disorders of heart disease, including heart valve defects, 
ventricular septal disorders, and aortic annulus root 
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infections (13). Pericardium contains three layers of serosa, 
fibrosa, and the epipericardial connective tissue. The serosa 
layer consists of mesothelial cells and submesothelial space. 
Additionally, the fibrosa layer contains collagen and elastic 
fibers, and the third layer encompasses collagen (14). The 
dermis part in the skin is full of vessels thus vascularization 
is highly important because of the nutrient and oxygen 
transport to the cells. Suturability is considered as one of 
the important facts of the wound dressing product. One 
study assessed the suturability of the ovine pericardium 
was assessed by the fabrication of pericardium tubes in a 
study (15).

In another study, the ovine pericardia were used for 
the reconstruction of dura mater (16,17), and the bovine 
pericardium was applied in hernia and abdominal wall 
reconstruction (18). Veritas Collagen Matrix®, as a type 
of commercial scaffold, is made of bovine pericardium 
for the reconstruction and regeneration of ventricles 
and pelvic defects (19). Likewise, the decellularized 
bovine pericardium is employed as duramaters in nerve 
surgeries (20). In a similar study, the porcine pericardium 
was used as prosthetic valves and it was shown that the 
decellularized tissue has some benefits such as accepting 
host-derived cells, enhanced endotelization, and being 
non-irritant for the immune system for a long term 
(21). In addition, Mogaldea et al studied the mechanical 
properties of the ovine pericardium (15). It should be 
noted that ovine pericardium is also one of the most 
wasteful animal by-products in Islamic nations. It appears 
that ovine pericardium could be used as a reliable product 
for skin tissue engineering because of its widespread and 
successful application in the medical field. Considering 
the above-mentioned explanations, the aim of this study 
was to decellularize and characterize the ovine pericardium 
tissue with two different methods, and finally, evaluate its 
possible application in skin tissue engineering for the first 
time.

Materials and Methods
Preparation of ovine pericardium
Based on the aim of the study, one and half-year-old 
male ovine of native Charmahal va Bakhtiari breed were 
selected from a slaughterhouse in Shahrekord, Iran and 
the pericardia were collected after sacrificing. Then, the 
adipose tissue was removed, the left part of the pericardia 
was put in a glass bottle containing 1000 cc, phosphate-
buffered saline (PBS), and finally, transferred to the 
laboratory. 

Labeling of samples
Three groups were included in this research:
A. The native tissues as the control group;
B. Method 1: Tissue decellularization with a safety data 

sheet (SDS, Biochem) 1%; 
C. Method 2: Tissue decellularization with Triton X-100 

(Bio BASIC CANADA Lot: 1405NBXD10D) 1%.

Decellularization methods
For the decellularization method 1, all samples were placed 
in roller bottles (Incubator GFL-7610) and incubated in 
SDS 1% (Biochem CAS: 151-21-3) at 40 °C for 24 hours, 
and the detergent was changed every 12 hours. Further, 
all samples were washed in distilled water (DW) at 4°C for 
12 hours and then washed again for 24 hours by DW that 
was changed every 8 hours. Regarding decellularization 
in method 2, all the samples were placed in roller bottles 
(Incubator GFL-7610) and incubated in Triton (X-100) 
1% (Bio BASIC CANADA Lot:1405NBXD10D) at 40°C 
for 24 hours, the detergent was altered every 12 hours. 
Eventually, all the samples were washed in DW at 4°C 
for 12 hours and then washed again for 24 hours by DW 
which was changed every 8 hours (13).

Thickness of fresh ovine pericardium before and after 
decellularization
A caliper (Shoka Gulf, China) was used to estimate the 
thickness of fresh samples.
 
Histological examination
All the samples were fixed in paraformaldehyde 4% for 24 
hours (Merck CAS 30525-89-4) and processed by a tissue 
processor in four phases. 
A. Dehydration: The samples were trimmed and 

dehydrated with ethanol in order to be prepared for 
wax penetration with ascending ethanol series.

B. Clearing: Since ethanol and wax are immiscible, 
xylene was used to cover this obstacle.

C. Wax infiltration: Paraffin at 60 °C was infiltrated into 
the tissue and then allowed to cool down to 20°C.

D. Finally, the samples were blocked by wax and formed 
into a “block” (22).

Next, the blocks were sliced by a microtome at 5-7 
μm (Leitz 1512) and stained with the hematoxylin and 
eosin (H&E) staining for morphological assessment of the 
pericardia. Hematoxylin is a blue-purple color and changes 
nucleic acids to purple and eosin stains the extracellular 
matrix to pink (23). 

DNA content assay using Hoechst 33258
Hoechst 33258 was applied to evaluate the remaining 
DNA in the decellularized tissue. First, the Hoechst 
staining (Sigma Aldrich, USA) was prepared by the 
dilution of the stock 1:5000 (1 mg/mL concentration). 
Furthermore, specimens were processed by a tissue 
processor, were blocked in paraffin, and then cut by a 
microtome at 5-7 μm (Leitz 1512). After deparaffinization 
in a 60°C incubator (Memert), the samples were washed 
in PBS and stained for 30 seconds, and then examined 
with a Dako fluorescent microscope (24). Eventually, the 
ImageJ software (version 1.51) was used to measure DNA 
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intensity.

Scanning electron microscopy (SEM) observation 
For SEM observation, the samples were cut in 0.5×0.5 
cm, fixed in paraformaldehyde 4%, and freeze-dried for 
1 hour. Next, the cross-section and surface of the samples 
were examined with TESCAN VEGA3, and the ImageJ 
software was utilized to measure tissue thickness (25). 

Isolation of human adipose-derived mesenchymal stem 
cells (hAD-MSCs) 
The human adipose tissue of the inguinal section was 
harvested from 15 hernias patients. The adipose tissues 
were then transferred to the laboratory, washed in PBS for 
three times, cut to 3 mm, and digested with collagenase I at 
37 °C. Thereafter, the cell suspension was neutralized with 
DMEM (Bioidea) + 10% FBS (Gibco) and centrifuged 
at 1200 rpm for 5 minutes. Next, the supernatant was 
discarded and the cells were transferred to the culture flask 
and incubated with DMEM + 10% FBS + 1% pen-strep 
medium in a culture incubator (Memert). The cells were 
used for the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl 
tetrasodium bromide (MTT) assay and cell culture on 
scaffolds after 3 passages (26).

Viability test (MTT assay)
The MTT test at 48 and 72 hours (based on the 
tetrazolium salt broke down by living cells with 
mitochondrial succinate dehydrogenase) was applied for 
viability assay (27,28). Then, the succinate dehydrogenase 
of live cells broke down the tetrazolium and converted it 
to insoluble purple crystals. Moreover, 1×105 hAD-MSCs 
were seeded into a 24-well (in each well) plate, and 900 
µL of the DMEM cell culture medium (containing 10% 
FBS (Gibco, 1% pen-strep) was added, and the plate was 
incubated in a humidified condition at 37°C and 5% of 
CO2 for 24 hours. Then, the samples of pericardia were 
put inside the wells containing the cells, and the toxicity 
test was conducted at 48 and 72 hours. Next, the samples 
were taken away and the supernatant was removed at each 
time point. Then, 100 µL of the MTT solution (5 mg/
mL) was added to each well to reach a final 0.5 mg/mL 
concentration. Then the well was incubated for 4 hours. 
Additionally, the MTT solution was removed and 200 μL 
of DMSO was added to each well and incubated for 30 
minutes. Finally, the solution of each well was transferred 
to a 96-well plate, and an ELISA reader (Stat Fax 2100, 
USA) was used to determine the absorbance of each 
sample at 570-630 nm. The cell survival percentage was 
also calculated for each concentration (29). 

Cell attachment assay
After decellularization by both methods, the tissues were 
cut to 1×1 cm and washed by PBS + 1% pen-strep for one 
hour, and then the scaffolds (n=3) were put in a 48-well 

plate and exposed to a UV light for 20 minutes. Next, 
50 000 hAD-MSCs with a DMEM + 10% FBS + 1% pen-
strep medium were added to each well. Eventually, the 
attached cells and their morphology were observed after 
48 hours using the SEM.

Mechanical characterization
The tensile test was performed to evaluate the mechanical 
properties of the decellularized tissues. Then, the samples 
were cut to 15 mm in width and 40 mm in height and 
tested by a tensile testing machine (SANTAM, Universal 
Test Machine, STM 1, Iran) at a crosshead speed of 10 
mm/minute, and the load cell capacity was 60 N (30). 

Statistical analysis
All experiments were conducted in triplicate and the mean 
was calculated as well. One-way ANOVA and Tukey post 
hoc tests were used for data analysis by SPSS software, 
version 23. P values of lower than 0.05 (P ≤ 0.05) were 
considered statistically significant and were shown with a * 
symbol (*P ≤ 0.05, **P ≤ 0.01,  ***P ≤ 0.001). 

Results 
Gross characteristics and thickness of the fresh ovine 
pericardium before and after decellularization
The pericardium was covered with various fats and 
vessels before processing and excess tissues were removed 
mechanically. After processing and decellularization, the 
thickness of the decellularized pericardia with a caliper 
was 400 ± 45 and 325 ± 15 µm for methods 1 and 2, 
respectively, and the native tissue was approximately 
450 ± 55. In addition, the color of the tissues after 
decellularization was similar in both methods although 
using method 1 made the tissue more slippery compared 
to method 2 (Figure 1).

Hematoxylin and eosin staining 
In the H and E examination of the native tissue, the cells 
and nuclei are intact. Further, the collagen bundle and 
fibrils are merged together and have a pink color (Figure 
2A). In method 1, cells were removed but the collagen 
bundle and fibrils were not scattered based on the results 
of light microscopic imaging (Figure 2B). Furthermore, 
the cells were removed perfectly and the collagen bundles 
remained in method 2 (Figure 2C). Accordingly, no 

Figure 1. Fat containing pericardium (A), pericardium after 
fat removal (B), method 1 (SDS 1%) including decellularized 
pericardium (C), and method 2 (Triton 1%) including decellularized 
pericardium (D).
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significant changes were observed by light microscopic 
imaging in the two methods.

DNA content assay using Hoechst 33258
Hoechst staining was performed for native and 
decellularized tissues. The nuclei of the cells in the 
native tissue were stained by Hoechst 33258 (Figure 3A) 
constant and glowing blue. In the decellularized tissue by 
method 1 (Figure 3B), all samples were dark showing that 
the decellularization method removed all DNA perfectly. 
Figure 3C shows nuclear removal after decellularization 
with method 2. Microscopic studies revealed that both 
methods were successful in cell and DNA removal. 
Moreover, data analysis by measuring color intensity with 
image j software demonstrated that DNA concentration 
decreased close to 96% in method 1compared to the 
native tissue. Additionally, 90% of the DNA was removed 
using method 2. Based on the statistical analysis (Figure 4), 
the differences of the native tissue with methods 1 and 2 
were significant (P < 0.001), respectively, while differences 
between methods 1 and 2 were not significant (P =  0.06). 

SEM observations 
The SEM observation of the native tissue represented 
that the collagens of native samples are highly dense and 
impacted (surface image Figure 5A1 and cross-section 
Figure 5A2). Imaging the surface and cross-section of 
the decellularized tissue samples with method 1 (SDS 
1%) showed that collagen fibers are extremely loose, and 
the thickness of the cross-section was higher compared 
to method 2 (P = 0.0236, surface image Figure 5B1 and 
cross-section Figure 5B2). In addition, there were no cells 
between the fibers. Further, the presence of collagen fibers 
was clear in the surface of samples treated by method 2 
(Triton 1%, surface image Figure 5C1 and cross-section 
Figure 5C2), and cross-section images demonstrated the 

lower thickness of these samples compared to method 1. 
Furthermore, no cells were observed inside the samples. 
The SEM assessment revealed that the samples of method 
2 are thinner compared to those of method 1 (Figure 6).

Viability test (MTT assay)
Figure 7 illustrates the results of viable cells next to 
decellularized tissue samples after 48 and 72 hours of cell 
culture in terms of optical density and cell viability with 
respect to control. The obtained results from the MTT 

Figure 2. H & E staining of samples.
Note. H&E: Histological examination; Native (A), method 1 (B), and 
method 2 (C).

Figure 3. Hoechst 33258 staining for DNA debris assay.
Note. Native (A), method 1 (B), and method 2 (C)

Figure 4. DNA content assay using Hoechst 33258 staining for 
DNA debris assay.

Figure 5. SEM micrographs of native and decellularized tissues.
Note. SEM: Scanning electron microscopy; Surface and cross-
section (A1, A2, B1, B2, C1, and C2 display the surface and cross-
section of native, method 1, and method 2, respectively).
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assay demonstrated no toxicity of both methods compared 
to the control group for AD-MSCs after 48 and 72 hours 
of incubation (P≥0.05). Although the cell viability of 
method 1 was slightly higher than that of method 2, this 
increase was not statistically significant. More precisely, the 
viability of both methods was close to the control. In 48-
hour samples, the P-value was 0.36, 0.17, 0.83 in native-
method 1 =, native-method 2, and method 1-method 2 
inter-group comparisons, respectively. Moreover, it was 
0.77, 0.26, and 2 0.57 in native-method 1, native-method 
2, and method 1-method 2 inter-group comparisons 
among 72-hour samples.

Cell attachment
Based on Figures 8A and 8B, spindle-shaped hAD-MSCs 
on decellularized tissues were regularly dispersed and 
attached in both groups. In method 1, the cells are wide 
and spread (Figure 8A) while they are compact and smaller 
in method 2 (Figure 8B).

Tensile test
The comparison of tensile tests between the two groups 
using Young’s modulus showed the highest and lowest 
values for method 1 (SDS 1%) and the native tissue, 
respectively (Figure 9). Additionally, the changes were 

significant between the native tissue and both groups 
(P = 0.0006 for SDS 1%-treated and P ≤ 0.0070 for 
Triton 1%-treated). Based on the findings, no statistically 
significant differences were detected between Young’s 
modulus of methods 1 and 2, and the P value was 0.0628. 
The highest strain at the break point (approximately 0.6) 
belonged to native samples indicating the highest elasticity. 
Additionally, method 1 represented the lowest value. The 
Young’s modulus of each group is provided in Table 1.

Discussion 
The aim of this research was to characterize the decellularized 
ovine pericardium as an optimal decellularized scaffold for 
regenerating skin wounds, followed by comparing two 
methods in terms of decellularization. Sheep and goats are 
the most widely used food animals in Islamic countries. 
Although the inner parts of the sacrificed animals are 
disposed and are not used anymore, some parts such 
as pericardium could be applied for tissue engineering 
applications. 

In this study, the thickness of the fresh native pericard 
was about 450 µm and changed to about 325-400 µm after 
decellularization. In addition, Mogaldea et al showed that 
the thickness of ovine pericardium is about 276 μm (15) 
and Parízek et al reported that the thickness of the ovine 
pericardium ranged from 70 to 130 μm (17). It appears 
to be due to the difference in thickness with the results of 
Mogaldea et al and other scholars, depending on the breed 
of animal and the age. In addition, the thickness of the 

Figure 6. The thickness of the decellularized tissue in the SEM cross-
section by both methods.
Note. SEM: Scanning electron microscopy.

Figure 7. The viability test results for methods 1 and 2 After 48 and 
72 hours.

Figure 8. The SEM micrographs of cells attached in decellularized 
tissues by methods 1 (A) and 2 (B).
Note. SEM: Scanning electron microscopy.

Figure 9. Stress-strain curves for the decellularized tissue in native, 
method 1 and method 2 groups.
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native tissue after SEM treatment changed significantly 
probably due to the water vaporization of the cells after 
freeze-drying, which has broken down and collapsed the 
structure of native samples. The following reasons persuade 
the authors to suggest this tissue as a scaffold for skin tissue 
engineering. Based on the results of a study, the thickness 
of the in-vivo skin and the dermis were was 800-1000 
μm and 600-800 μm, respectively (31). Further, the first 
report for skin transplantation using fetal membranes as 
the surgical graft was revealed by Davis in 1910, and since 
then the amniotic membrane has been used and expanded 
for these kinds of surgeries (32). The thickness of the 
normal amniotic membrane is 20-500 µm (33). Wilshaw 
et al reported the thickness of the decellularized amniotic 
membrane as 146 µm (34). Accordingly, the thickness of 
the ovine pericardium is in the middle thickness of the 
amniotic membrane (20-500). Thus, it could be a good 
candidate for skin regeneration in tissue engineering and 
regeneration medicine because this thickness can meet the 
basic needs of alternative skin. Furthermore, another study 
on vascularization in pericardial decellularized tissues 
demonstrated that vascularization can occur in these types 
of scaffolds (35). 

The H & E staining is one of the gold standards 
for evaluating histological characteristics. The H&E 
examination was also used in the present study and it 
was shown that the cells were well removed and the 
extracellular matrix was perfectly maintained in both SDS 
and triton methods. Similarly, Mogaldea et al used the H 
& E staining used for the examination of decellularized 
pericardia and represented that the combination of SDS 
and sodium deoxycholate (SDC) was successful in cell 
removal (15). 

Hoechst staining was applied to successfully recognize 
decellularization methods because this analysis could show 
the DNA debris sharply in tissue microscopic sections (24). 
In our study, the Hoechst staining was used to estimate the 
remaining DNA in both methods, and the DNA content 
was measured by ImageJ. Both methods significantly 
reduced DNA content compared to the native tissue. The 
DNA removal in method 1 was more compared to method 
2 due to the anionic properties of the SDS.

To the best of our knowledge, the present study was the 
first one to examine the ovine native and decellularized 
pericardium using SEM imaging. The results of our study 
confirmed that the thickness of the scaffolds changed 
by decellularization methods and the differences were 
significant. However, Mogaldea et al reported that there 
were no differences between the thickness of native and 
decellularized samples (15). It seems that this is the result 

of decellularization methods because the above-mentioned 
study used a combination of two detergents (i.e., SDS 
+ SDC) and the concentration of each detergent was 
0.05%. Contrarily, in our study, detergents were not only 
used separately in two samples but also the concentration 
of the detergent was 1%. SEM surface imaging showed 
differences between the SDS and triton. It seems that 
the SDS sample, unlike the triton, is highly bloated and 
collagen fibers open up more. 

In the study by Gholipourmalekabadi et al on the 
amniotic membrane, the MTT assay demonstrated that 
the decellularized amniotic membrane had no negative 
effect on cell growth and activity (36). In our study, the 
ovine decellularized tissue had no negative and toxic 
effects on AD-MSCs. As far as the decellularized amniotic 
membrane was concerned, it was used as a wound 
dressing, and then the ovine decellularized scaffold would 
also propose as a material for this type of target.

SEM imaging from the surface represented some 
differences between the two methods. The dispersion 
of the cells in method 2 was less compared to method 1 
apparently due to detergent differences. SDS is an anionic 
detergent, but Triton X-100 is a non-anionic detergent. 
It appears when the tissue is decellularized with anionic 
detergent, the surface of the decellularized tissue changes 
in a way that disperses the cells in a regular system. Triton 
X-100 disrupts lipid-lipid and lipid-protein interactions 
while leaving protein-protein interactions intact but SDS 
solubilizes cytoplasmic and nuclear cellular membranes 
and tends to denature proteins (37). 

The static tensile test was first done at ovine pericardia, 
but surprisingly, high SDS and triton sample modulus were 
obtained in this study. In another study, we investigated the 
static tensile test on bovine pericards although the modulus 
decreased in all samples after decellularization compared 
to the native sample (38) while it completely contrived in 
this study. It seems that the detergent makes some changes 
to the matrix of the scaffolds and makes them more 
brittle. Therefore, the elasticity of the scaffolds decreased 
and the modulus increased accordingly. In addition, the 
thickness of the ovine pericardium was about 2 times less 
than the bovine pericardium. It appears that the detergent 
may have penetrated more into the ovine pericardium 
tissue in comparison to the bovine pericardium so that 
the molecular structure may have changed in the ovine 
pericardium and made it brittle.

Conclusion 
The ovine pericardia have some characteristics such as 
the post-slaughtering waste tissue, low thickness, wide 
and spread, and good properties for cell seeding, based 
on the finding of our study, as well as the capability of 
vascularization, which was previously reported in the 
literature, and a possibility to be easily decellularized using 
different detergents (SDS and Triton X-100). Accordingly, 

Table 1. Young’s modulus of control and decellularized tissues

Groups Native Method 1 Method 2

Young’s modulus (MPa) 30±.7 34.12±.44 32.57±.9
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it seems to be good advice for skin tissue engineering and 
regeneration.
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