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Abstract Tissue regeneration is thought to have
considerable promise with the use of scaffolds
designed for tissue engineering. Although polymer-
based scaffolds for tissue engineering have been used
extensively and developed quickly, their ability to
mimic the in-vivo milieu, overcome immunogenic-
ity, and have comparable mechanical or biochemi-
cal properties has limited their capability for repair.
Fortunately, there is a compelling method to get
around these challenges thanks to the development
of extracellular matrix (ECM) scaffolds made from
decellularized tissues. We used ECM decellularized
sheep kidney capsule tissue in our research. Using
detergents such as Triton-X100 and sodium dode-
cyl sulfate (SDS), these scaffolds were decellular-
ized. DNA content, histology, mechanical properties
analysis, attenuated total reflection Fourier transform
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infrared spectroscopy (ATR-FTIR), biocompatibility,
hemocompatibility and scanning electron microscope
(SEM) imaging were measured. The results showed
that the three-dimensional (3D) structure of the ECM
remained largely intact. The scaffolds mentioned
above had several hydrophilic properties. The best
biocompatibility and blood compatibility properties
were reported in the SDS method of 0.5%. The best
decellularization scaffold was introduced with 0.5%
SDS. Therefore, it can be proposed as a scaffold that
has ECM like natural tissue, for tissue engineering
applications.
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Introduction

In order to create tissues and organs that can assist
address the shortage of donor organs, tissue engineer-
ing, a branch of regenerative medicine, uses biologi-
cal science and engineering. In order to restore the
normal function of tissues, tissue engineering places
cells into desired biological structures within a prede-
termined framework (Neishabouri et al. 2022). Cells,
signaling factors, and scaffolds are the three main
components of this process. Scaffolds are a vital part
of tissue engineering because they permit the supply
of the necessary growth factors for tissue regeneration
while also offering mechanical stability and structural
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support for foreign cell adhesion and proliferation
(Zhang et al. 2022). Scaffolds can be built from syn-
thetic biomaterials or natural tissues that have been
taken from human or animal sources. Natural scaf-
folds provide biological properties that better match
the normal tissue milieu, encouraging biocompatibil-
ity, degradability, and suitable cellular interactions
(Sharifi et al. 2022; Ehterami et al. 2021).

It is difficult to reproduce the various ECM com-
positions and complexity seen in different tissues.
Therefore, appropriate biomaterial platforms for the
healing of various tissues may be developed using tis-
sue decellularization procedures. In a decellularized
tissue, the cellular components are eliminated yet the
tissue-specific ECM microenvironment is kept. As a
result, it can serve as a functional tissue-specific scaf-
fold with desired qualities including biocompatibil-
ity and low immunogenicity (Lee et al. 2022, 2018).
Both preclinical animal investigations and human
therapeutic applications have had success using bio-
logical scaffolds made from decellularized tissues and
organs. The ECM scaffold’s mechanical properties
and tissue structure are both impacted by decellulari-
zation techniques (Prasertsung et al. 2008; Kim et al.
2021). In this study, for the first time, the kidney cap-
sule was decellularized with different methods and
analyzed for tissue engineering.

Methods and materials
Preparation of kidney capsule tissues

One of the dietary sources is sheep meat. Kidneys
were removed from a two-year-old male Sanjabi
breed sheep sacrificed at the Kermanshah, Iran ani-
mal abattoir in Iran. The kidney capsule was gently
separated from the tissue surface and placed in phos-
phate-buffered saline (PBS) (Sigma Aldrich) contain-
ing 2% penicillin—streptomycin (P/S) antibiotic for
further processing.

Decellularization process

The kidney capsule was divided into tiny (2x2 cm?)
fragments. Three different techniques were uti-
lized in this investigation to decellularize the tissue:
0.5% sodium dodecyl sulfate (SDS) (Sigma Aldrich),
1% SDS, and 0.1% SDS-0.5% Triton-X100 (Sigma
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Aldrich). The tissues in the decellularization proce-
dures were immersed in the appropriate detergents
and agitated for 24 h at 80 revolutions per minute
(rpm). The tissues were then cleaned again for 24 h at
an 80 rpm speed in distilled water. The samples were
submerged in 70% ethanol for 15 min then each side
of the scaffold was subjected to UV light for 15 min
to finish sterilizing it.

DNA content

Using a kit from the Iranian company Sinaclon, the
residual DNA content in the decellularized kidney
capsules (DkCs) was measured. DkCs (30 mg) were
mixed with protease buffer (100 pl) and protease
(5 ul) and then maintained at 55 °C for 4 h. 100 ml
of the sample was combined with 400 ml of the lysis
solution and 300 ml of the precipitation solution
before being centrifuged at 12,000 g for 10 min. The
pellet is centrifuged for 30 s at 12,000 g while being
suspended in a solvent buffer (50 ul). A NanoDrop
spectrophotometer (BioTeK) was used to quantify
the supernatant’s DNA concentration (Khazaei et al.
2023a, b).

Biocompatibility evaluation (MTT assay)

The ISO 10993-5 standard was used to conduct an
indirect assessment for DKCs biocompatibility. For
24 h, sterilized DKCs was incubated in a Dulbecco’s
Modified Eagle’s medium (DMEM-Sigma) culture
media. To test biocompatibility at 48 and 72 h using
the MTT assay, the medium condition was collected
and added to cultivated adipose mesenchymal stem
cells (AMSCs) from the Pasteur Institute in Iran
(1x10* in each well of 96 plates). Following the
appropriate time periods, 20 ul of the MTT solution
(5 mg/ml concentration, Sigma-Aldrich) was trans-
ferred to the cells, and the plate was incubated for 4 h.
The purple formazan crystals were then dissolved by
adding 100 pl of dimethyl sulfoxide (DMSO) from
Sigma-Aldrich to the wells containing the cells after
the MTT solution had been withdrawn (Guarni-
eri et al. 2022). Finally, an ELISA reader (Stat Fax
2100, USA) was used to measure the quantity of light
absorption. The results were calculated with the fol-
lowing formula: Cell biocompatibility (%)= Sample
OD/Control OD x 100.
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Histology analysis

The samples were fixed, dried, and paraffin-
embedded before being evaluated histologically
for both native kidney capsule (NKC) and DKCs.
A microtome was then used to create slices with a
diameter of 5 microns. Hematoxylin—eosin (H&E),
Masson trichrome (MT), and Alcian blue (AB) stain-
ing were then performed on these slices. An optical
microscope was used for tests to see the nucleus, col-
lagen, and glycosaminoglycan (GAG) in the DKCs
(Alizadeh et al. 2020).

Hemocompatibility evaluation (hemolysis test)

2 ml of PBS was poured to each of the DKC pieces,
which were individually cut into 3X3 mm squares.
After that, they were incubated at 37 °C for 30 min.
2 ml of distilled water was administered to the posi-
tive control group, whereas 2 ml of PBS was given
to the negative control group. Each sample tube
received 20 ul of fresh blood with anticoagulants,
which was then incubated at 37 °C for an hour. The
tubes were then centrifuged for 10 min at 1500 rpm.
Using an ELISA reader (Stat Fax 2100, USA), the
optical absorbance was determined at 545 nm after
the supernatant was removed (Ehterami et al. 2022).
The degree of hemolysis (HD) was estimated using
the formula below: Dn: sample, D0O: negative con-
trol, DI1: positive control. HD (%)=[(Dn—DO0)/
(D1 -D0)]x100.

Blood clotting index (BCI)

To learn more about the scaffolds’ ability to act as
hemostatic, whole blood clotting research was con-
ducted. The DKCs were put in Petri dishes that had
been warmed at 37 °C for 5 min to determine the
hemostatic potential of the material, which increased
with a decreased blood coagulation index. 300 ul of
fresh blood containing anticoagulant was placed over
the DKCs, and 25 pl of 0.2 M CaCl2 was added to
start the coagulation process. A spectrophotom-
eter was used to measure the absorbance of the
released hemoglobin at a wavelength of 542 nm after
hemolyzing the red blood cells (RBC) with 15 ml of
distilled water for 10 min. The control group does not

have a scaffold (Sharma et al. 2019). The following
formula was used to get the blood coagulation index:
%BCI=0D sample/OD control x 100.

Mechanical test

The Santam st-1 device (Iran) was employed to
research the mechanical characteristics of scaffolds.
The device’s clamp was inserted between NKC and
DKCs and the device’s tensile strength was meas-
ured. Using the following formulae, stress, strain,
and Young’s modulus were determined. Once the
samples were broken down the test was termi-
nated, and the load cell’s output was 1000 Newton
(N) (Khazaei et al. 2023b). F=force, A°=cross-
section, AL=change in length, L°=initial length,
AS=change in stress (Stress) S=F/A°, (Strain)
E=AL/L’, (Young’s modulus) E= AS/Ae.

Cell morphology and attachment (SEM)

The ultrastructural study of both NKC and DKCs
was done using the scanning electron microscope
(SEM) (Philips Company, the Netherlands). Initially,
the samples were subjected to a fixative solution
containing 2.5% glutaraldehyde (Sigma Aldrich) for
24 h. Ascending values of ethanol were used to dehy-
drate the samples. The specimens were coated with
gold—palladium after drying to aid in microscopic
examination. A total of 1x 10* AMSCs were cultured
on DKC:s to study cell adhesion on the scaffold. The
cells were then treated to 72 h of incubation. Using a
2.5% glutaraldehyde solution, the samples were fixed
(Ehterami et al. 2021).

Contact angle

Deionized water was dropped onto the scaffold sur-
faces using a syringe with a 27 G needle; an image
of the drop was taken on the scaffold; and the contact
angles were calculated according to the drop shape
with Image J software (Gao et al. 2017).

Water retention capacity (WRC)
The dry tissues were weighed, submerged in
PBS for a period to determine the scaffolds’ abil-

ity to retain water, and then incubated for 24 h at
37 °C. After being placed in a centrifuge tube with
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filter paper underneath, the scaffolds were spun at
500 rpm for three minutes (Chandika et al. 2015).
The scaffolds were then weighed once again, and
the formula following was used. Ws: the weight of
the swollen scaffold, Wi: weight of the dry scaf-
folds WR (%) =(Ws — Wi)/Wix 100.

In order to test the contact angle and WRC, the
scaffolds were dehydrated in ascending ethanol
solutions (40, 50, 60, 70, 80, 90 and 100%), then
frozen at — 70 °C for 6 h. Then they freeze-dried at
—50 °C for 12 h (Christ Alpha 2—4 LDplus) (Wang
et al. 2018).

Attenuated total reflection Fourier transform infrared
spectroscopy (ATR-FTIR) analysis

Investigation of the bonds formed, the identifica-
tion of functional groups, and the molecular struc-
ture of the scaffolds were evaluated using FTIR
spectroscopy. Infrared spectra of the NKC and
DKCs were recorded using Nicolet Is10 (Thermo
Fisher Scientific, USA) equipped with ATR mode
over the range of 500-4000 cm™! at a resolution
of 4 cm™! averaged over 64 scans (Sizeland et al.
2018).
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Fig. 1 A DNA content in DKCs samples showed a significant
difference with the NKC sample, B MTT test in 48 h and C
MTT test in 72 h, cytotoxicity evaluation after 48 and 72 h
shows high cell proliferation for all groups. All experimental
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Statistical analysis

Each outcome in this study had its average and stand-
ard deviation determined, and every test had at least
three repetitions. The one-way ANOVA and Tukey’s
post hoc test were used to analyze the data using
GraphPad Prism software (version 8). The signifi-
cance value was established at P <0.05.

Results
DNA content and biocompatibility

DNA content was checked to confirm decellu-
larization in DKCs samples and compared with
NKC. Significant difference (P<0.001) in DNA
concentration between NKC (514.23+0.32 ng/
mg) and DKCs (0.5% SDS: 48.74+0.62 ng/mg,
1% SDS: 33.62+0.89 and 0.1% SDS-0.5% Triton:
65.65+0.77 ng/mg mg) was observed. A decrease
in DNA content after decellularization was observed
in all methods (Fig. 1A). The MTT test was carried
out to determine the cytotoxicity of the scaffolds
with AMSC cells at 48 and 72 h. A percentage of the
appropriate main cell population is used to express

140
120+
100

Viability %

groups reported cell viability above 100%, a: Significant com-
pared to the control group, the data presented are mean +SD,
n=3
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the findings of the cell proliferation evaluation. In
all experimental groups, cell viability was greater
than 100%, as seen in Fig. 1B, C. In comparison to
the other two groups, the 1% SDS group reported a
lower survival percentage. Within 48 h, there was no
significant difference between the control group and
the other test groups. 0.5% SDS and 0.1% SDS-0.5%
Triton groups, however, were significantly different
from the control group after 72 h. Data revealed that
the scaffolds were biocompatible and that none of the

Hematoxylin & Eosin

Native

0.5% SDS

1% SDS | A

0.1% SDS-
0.5% Triton

Masson's Trichrome

s § ] I o (4 N

study techniques’ decellularization procedures did not
cause toxicity.

Histology

Histological staining of NKC and DKCs samples can
be seen in Fig. 2. The native tissues had excellent cel-
lular organization, extracellular matrix density, a col-
lagen network, and GAG. The nuclei are clearly vis-
ible in the tissue. With the 0.5% SDS procedure, the

Alcian Blue

Fig. 2 Histological staining in NKC and DKCs tissues. magnification 200X. Black arrows show nuclei, orange arrows show collagen
structure, and purple arrows show GAG in native tissue and decellularized tissues

@ Springer



726

Cell Tissue Bank (2024) 25:721-734

structural order and morphological organization have
been mostly maintained. While the nuclei are entirely
absent from the tissue, collagen, and GAG struc-
ture are still there. The tissue structure is partially
destroyed, and all the nuclei are lost during the 1%
SDS process. The tissue morphology was adequately
retained using the 0.1% SDS-0.5% Triton technique,
however, the cells could not be entirely separated
from the matrix. In terms of network order and cell
removal, the decellularization sample obtained
using the 0.5% SDS procedure exhibited maximum
efficiency.

Hemolysis test and BCI

The hemolysis test results are displayed in Fig. 3A.
A significant difference was seen in the hemocom-
patibility of all tissues decellularized using different
procedures compared to the positive control group.
The percentage of hemolysis was reported in the 1%
SDS method (2.58%), while in other methods this
value was less than 1%. A lower BCI value indicates
a stronger homeostatic potential of the material. 0.5%
SDS showed significantly better homeostatic ability
(20.33%) compared to the 1%SDS (38.66%) and 0.1%
SDS-0.5% Triton (23.33) (Fig. 3B).

Mechanical test

The mechanical test showed that the native tissue has
Young’s modulus equal to 50.06 +1.23 MPa, which
was higher compared to all the samples. In proto-
col 0.5% SDS and 1% SDS, Young’s modulus was
reported as 32.97+1.67 and 31.56+1.45, respec-
tively, which had a strain close to that of the native
sample. In the 0.1% SDS-0.5% Triton protocol, a
higher strain was obtained than all the samples, and
Young’s modulus was reported as 42.01+1.39.
(Fig. 4).

SEM

SEM images (Fig. 5) showed that the ECM structure
is coherent in the NKC. In the 0.5% SDS decellulari-
zation method, the fibers are broken up to a certain
extent, and cell adhesion has occurred well so that the
cells have covered the surface of the scaffold. In the
1% SDS method, collagen fibers are separated more
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than other groups. Cell adhesion was also observed in
this method and the 0.1% SDS-0.5% Triton method.

Contact angle and WRC

The contact angle test was performed to measure the
hydrophilicity of the scaffold surface (Fig. 6A). The
degree of hydrophilicity of the scaffolds with differ-
ent detergents is different from each other and the
contact angle in the decellularization method with
1% SDS (30.07 +0.24) was reported to be higher than
0.5% SDS (15.03+0.34) and 0.1% SDS-0.5% Triton
(11.84 £0.31). With the decrease in SDS concentra-
tion, the degree of hydrophilicity has increased. The
water retention qualities play a crucial role in stabi-
lizing the form and size of the scaffolds and serving
as important markers of physiological fluid absorp-
tion. Figure 6B depicts the WRC. The water reten-
tion by the 0.5% SDS, 1%SDS, and 0.1% SDS-0.5%
Triton scaffolds was 263.66+2.02, 295+2.43, and
205.33 +1.98, respectively.

ATR-FTIR

ATR-FTIR spectroscopy of NKC and DKCs was
performed to analyze the structural changes in col-
lagen after decellularization. ATR-FTIR spectra
of NKC and DKCs are exhibited in Fig. 7. Native
tissue mainly exhibited five absorption peaks at
3291 ecm™, 2921 cm™, 1630 cm™, 1540 cm™', and
1235 cm™!, corresponding to amide A, amide B,
amide I, amide II, and amide III, respectively. These
areas are shown in Fig. 7 with dashed dots for each
of the decellularization methods. Several peaks were
found in the 1000-1100 cm™' range in each of the
NKC and, DKCs. However, the spectral peak due to
C-O- stretching vibration which is specific for ker-
atan sulfate (GAG) appeared at 1080 cm™!, NKC.
Thus, the result indicated relatively high GAG con-
tent in 0.5% SDS DKC as compared to other decel-
lularized methods.

Discussion

The requirement for transplant patients cannot be met
by the amount of organ donors; thus, research in the
fields of tissue engineering and regenerative medi-
cine aims to offer substitute therapeutic approaches
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Fig. 3 A Hemolysis test: (1) All methods showed significant
differences from the positive control group, a: Significant com-
pared to the positive control, b: Significant compared to the
1%SDS group, (2) Hemocompatibility is demonstrated by the
clear liquid supernatant in the tubes in the image pertaining to
the hemolysis test in DKCs by different techniques, B BCI: (1)

(Dzobo et al. 2018). In addition, decellularization—
which separates ECM from native tissues to estab-
lish a natural structure—is one of the most promis-
ing approaches to tissue and organ regeneration. The
ECM can then be repopulated with cells to form a
functional tissue or organ, ideally retaining its com-
plex composition, tissue-specific architecture, vas-
cular networks, and biomechanical and biochemical

— p , .
X " -

r

Comparison of BCI in control and DKCs samples, In the con-
trol group there is no scaffold, a: Significant compared to the
control group, b: Significant compared to the 1% SDS group
(2) Images of the scaffolds after incubation, the data presented
are mean+SD, n=3

properties (Alizadeh et al. 2022; NOVOTNA et al.
2023).

Decellularization of sheet-like tissues such as the
pericardium, the protocol of using 0.1% SDS+trypsin
and 1% SDS was optimal compared to the use of
TritonX-100 in DNA removal, and these results
were in line with our study (Sokol et al. 2020).
Effective decellularization of the pig vena cava was
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Fig. 4 Mechanical test of

the NKC and DKCs tissues .

Stress (MPa)

demonstrated by decellularization using SDS, SDC,
CHAPS, and TritonX-100 detergents, followed by
decellularization utilizing DNase and the perfu-
sion approach in the bioreactor. About 1% of DNA
remained in the tissues. On the other hand, treatments
based on Triton-X100 have the biggest cellularization
impact using HUVECs (Simsa et al. 2018). As the
results of our study showed, the percentage of DNA
remaining in the tissue in all decellularization meth-
ods was reported to be more than 1%, which may be
due to the use of DNase in the last stage of decellu-
larization in vascular tissue, which is well DNA has
been removed.

Remaining detergents in tissues can affect cell sur-
vival and reduce cell proliferation over time. Wash-
ing after decellularization steps can be effective in
removing detergent and does not reduce cell survival
(Khazaei et al. 2023b). Decellularization of chicken
skin with different detergents showed a decrease in
cell survival over time, which may be due to the lack
of washing steps after decellularization (Inci 2022).
Considering that in the present study, after decellular-
ization, tissues were washed with distilled water for
24 h, cell survival did not decrease over time. On the
other hand, the lower the concentration of SDS in cell
removal methods, the higher the cell proliferation was
reported.

In histological staining by different methods, the
decellularized tissues were analyzed to determine the
efficiency of the decellularization methods in terms of
the absence of nuclei and to examine the changes of
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= 10.1% SDS- 0.5% Triton
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collagen and GAG. As shown by the results in Fig. 2,
cells, and cellular components in the decellularized
samples were successfully removed after 24 h in the
1% SDS and 0.5% SDS methods, while the lower
concentration of SDS+Triton failed to completely
decellularize the samples. On the other hand, increas-
ing the concentration of SDS decreased the amount
of collagen and GAG in the tissue and to some extent
opened the tissue components. Bovine articular car-
tilage was decellularized using 2.5% SDS solution
for 1, 4, and 8 h. The results demonstrated a sharp
decline in the tissues’ GAG concentration as the
decellularization period increased. Thus, the amount
of time of decellularization has a direct impact on
the levels of collagen and GAG in the tissues in addi-
tion to the detergent’s concentration (Tavassoli et al.
2015). In a study, porcine fasciocutaneous flaps were
decellularized using SDS in three different concen-
trations (0.1%, 0.2%, and 1%). The results showed
that with the increase in detergent concentration, the
amount of GAG in the tissue decreases and, in this
regard, more DNA is removed from the tissue (Lupon
et al. 2024).

Placental decellularization was done by several
different methods in a study where only one proto-
col that was a combination of physical and chemical
methods showed a tissue structure similar to normal
tissue in SEM and cell adhesion was also well seen
on the above scaffold (Sajed et al. 2022). Pericar-
dium decellularized with 1% SDS showed that the
detergent partially caused the separation of collagen
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Native

Amirkabir University

0.5%SDS

Amirkabir University

1%SDS

0.1%SDS-
0.5%Triton

Amirkabir University

Amiirkabir University

Fig. 5 SEM images, A X-400 cross-section of all tissues, B X-4.0 K cross-section of all tissues, C The cell surface that can be seen

in the DKCs samples is cell adhesion with a yellow arrow

fibers (Khazaei et al. 2023b). In the present study,
it was also seen that the detergent concentration
has a great effect on tissue morphology, which was
reported in line with the studies in this field. Fore-
skin tissue decellularization was compared with two
normal methods (1% SDS) and the optimal method
(5% SDS, 0.05% trypsin, 0.01% EDTA, 1% Triton-
X100). SEM evidence showed that in the optimal
method, the collagen fibers have uniform integrity,

and the structure of the tissue is well preserved and
there is no trace of cells left in the tissue, but in
decellularization using the normal method, the SEM
was very irregular and the cells were completely not
removed from the tissue (Rahmati et al. 2022). In
the decellularization of the kidney capsule, it was
seen that the structure of the ECM was separated
by the 1% SDS method compared to the 0.5% SDS
method, but in both methods, the cells were well
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group, the data presented are mean+SD, n=3
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Fig. 6 Contact angle test A 0.5% SDS, B 1%SDS, C 0.1% SDS-0.5% Triton, and D WRC test, a: significant compared to the SDS
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Fig. 7 FTIR spectra of NKC and DKCs by different methods, the same protein range is seen with similar color dashed lines

removed from the tissue, which can be attributed to
the thickness tissue.

The blood stability of scaffolds is a good predic-
tor for their use in research because they are in direct
contact with blood. Low hemolysis is thought to be
a sign of greater hemocompatibility. The American
Society for Testing and Materials (ASTM) states that
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a material is considered non-hemolytic if its hemol-
ysis-causing effect is less than 2% (Sharma et al.
2019). The scaffold prepared by the 1% SDS method
reported a hemolysis percentage of more than 2, but
in other scaffolds, this number was reported as less
than 1%. The combination of 0.5% SDS+0.5% Tri-
ton in caprine pericardial decellularization reported
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a hemolytic index of 5%, which was higher than our
study (Deepak and Babu 2023). Hemostasis capac-
ity is another crucial factor in selecting an appropri-
ate material for wound dressings. Thrombus induc-
tion is a crucial therapeutic intervention that can halt
bleeding from open wounds and minimize blood loss
(Saghebasl et al. 2023). The higher hemostatic ability
of 0.5% SDS compared to 1% SDS scaffold may be
due to the lower dosage of detergent. There is also a
possibility that if we increase the washing time, we
can achieve an acceptable percentage of hemostatic
degree in the 1% SDS group. The hydrogel obtained
from the decellularized pig dermal matrix tissue
by chemical and physical methods reported values
less than 10% in the BCI test, which indicates good
coagulation in the above scaffold (Cai et al. 2021). It
seems that the presence of SDS and its concentration
has a negative effect on coagulation.

In the native sample, the modulus was high com-
pared to the decellularized samples. Young’s modu-
lus was reduced by 0.5%, 1% and 0.5% SDS+0.5%
Triton method by 34, 38 and 58%, respectively, com-
pared to native tissue. Therefore, the detergent con-
centration can reduce the mechanical strength. Since
the collagen content of the decellularized tissue is
reduced compared to the native tissue, it seems that
the mechanical properties of the decellularized tissue
are related to the collagen content. Decellularization
of pericardial tissue with 1% SDS for 48 h decreased
mechanical strength by 46% compared to native tis-
sue (Alizadeh et al. 2021). Therefore, the duration
of decellularization can also affect the reduction of
mechanical strength.

The decellularized goat small intestine scaffold
containing curcumin shows good results in wound
healing with its hydrophilic property (Singh et al.
2022). As the results showed in the present study, the
highest level of hydrophilicity was reported by the
decellularized scaffold with 0.5% SDS. Here too, the
detergent concentration on the surface of the scaffold
can affect the degree of contact angle. Maybe increas-
ing the washing time can be effective in better remov-
ing the detergent from the surface of the scaffold
and increase the amount of hydrophilicity. While the
highest water retention capacity related to the decel-
lularized scaffold with SDS was 1%. Considering that
the higher concentration of the detergent has caused
more porosity in the scaffold, as a result, the amount
of water retention also increases. In decellularization

of tilapia fish, it was seen that the decellularization
process increases the wettability of the skin surface,
but in the groups in which cross-linking was estab-
lished, a decrease in hydrophilicity was observed on
the surface of the scaffold. Therefore, in addition to
decellularization methods, factors such as cross-link-
ers can also affect the level of hydrophobicity of the
scaffold (Liu et al. 2022).

To examine the secondary structure of proteins
found in the NKC and DKCs, ATR-FTIR spectros-
copy was used (Gupta et al. 2013). In ATR-FTIR of
NKC and DKCs, change in the structure of collagen
proteins was analyzed using the amide A, B, I, II, and
[T peaks. Amide infrared radiation absorption spectral
amide T (1600-1800 cm™), I (1470-1570 cm™"), III
(1250-1350 cm™"), A (33003500 cm™) (Ji et al. 2020)
and B (2919-2950 cm™!) (Rizk and Mostafa 2016)
bands are the famous FTIR characterizations of amide.
The amide A band is a range of 33003500 cm™" cor-
responding to H-bonded N-H stretching in NKC and
DKCs. Bond vibration develops amide A in native
(3417 cm™") and decellularized esophagus (3419 cm™!)
(Goyal et al. 2022) was consistent with our study.
Amide B has been reported from the tilapia skin
2931 cm™!, indicating the asymmetric stretching vibra-
tion of —CH2 which is consistent with the range of
Amide B in our study (NKC and DKCs). Studies have
revealed a connection between the collagen’s triple-
helix structure and the amide I, amide II, and amide
III bands (Kittiphattanabawon et al. 2010). The C=0
stretching vibration was linked to the amide I bands
and its absorption bands of NKC, 1% SDS, 0.5% SDS
and 0.5% SDS-0.5% Triton appeared at 1630 cm™,
1630 cm™, 1630 cm™', 1629 cm™! respectively. The
results of our investigation were consistent with those
of amide I measurements made in rat skin, bovine peri-
cardium, and human heart valves (de Campos Vidal
and Mello 2011). The amide II peak is connected to
the N-H group’s rise in hydrogen bonds, and amide
II bands are formed by N-H bend and C-N stretching
vibrations and have been used to define collagen struc-
ture in a way that is analogous to the Amide I band
(Haghjooy Javanmard et al. 2016; Benjakul et al. 2010).
Amide II was reported in buffalo skin in 1540 cm™!,
which was the subject of our study (Rizk and Mostafa
2016). The amide III bands are the grouping of the C-N
stretching vibration and the N—H banding vibration (Li
et al. 2018). The amide III absorption band of NKC, 1%
SDS, 0.5% SDS and 0.5% SDS-0.5% Triton appeared at
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1235 cm™!, 1235 cm™!, 1234 ecm™!, 1237 cm™! respec-
tively, which are reliable in earlier research (Sun et al.
2017). In native corneal tissue and decellularization
with 0.1% Triton, liquid nitrogen, Freeze -thaw, 0.5%
Triton and 0.1% SDS, the amount of GAG was reported
as 1075 cm™, 1074 cm™, 1068 cm™, 1069 cm™,
1070 cm™' and 1070 cm™! respectively (Nara et al.
2016). These data or values from our study are in line.

Conclusion

In this study, kidney capsule was decellularized for the
first time using combined physical-chemical meth-
ods. The above scaffold lost its DNA content after
decellularization, and GAG and collagen fibers were
largely preserved. Also, it is hydrophilic, hemocompat-
ibility, and biocompatible, and to a large extent it has
preserved its mechanical properties like natural tissue.
The best decellularization scaffold was introduced with
0.5% SDS. Therefore, it can be proposed as a scaffold
that has ECM like natural tissue, for tissue engineering
applications.
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