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| Abstract: Pulmonary diseases cusecs a large portion of mortality in the world. There is no more cure for pulmonary diseases and many approaches are needed for

finding ways to cure. Nowadays, implantation and drugs are only ways for curing those people who are facing with these diseases. Tissue engineering and regene-
rative medicine have been appeared as multidisciplinary field and also, they presents new therapeutic approaches for pulmonary diseases. One of these therapeutic
approaches is decellularization which removes cellular but leaves intact important extracellular matrix (ECM) proteins and three-dimensional (3D) architecture and
also, this approach has been studied for in-vitro and ex-vivo. In this study, we aimed to investigate a comparison of different concentrations of Triton X-100 and
Sodium dodecyl sulfate detergents in lung decellularization in order to evaluate the effects of different concentrations and times of mentioned detergents on three
dimensional and ECM proteins lung. Two detergents (Triton-X100 and Sodium dodecyl sulfat) were used with different concentrations for decellularizing rat lungs
for maintaining of three-dimensional lung architecture and ECM protein compositions which have significant roles in differentiation and migration of stem cells.
Results showed that SDS 0.05%, 0.1% and Triton-X100 0.1% could maintain 3D, elastin and collagen better than other concentrations in 24 and 48 h- decellulari-
zation. We concluded that these approaches can help to achieve three-dimensional architecture and extracellular matrix of lung with minimum destruction for next

step such as recellularization and in-vivo study.
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Introduction disease. In addition, some studies have investigated to
mimic the three dimensional of lung with using a diver-
Pulmonary disease is one of significant which it sity of biomaterial and natural scaffold as collagen and
decreases the life quality and increase the premature Gelfoam. But, engineered scaffolds did not have three
death. Nowadays, transplantation is only way for sur- dimensional matrix due to the complex 3D architecture
vival and also, there is a shortage of lungs for trans- of the lung. Decellularization is a new technique for
plantation (1-3). Additionally, chronic obstructive removing all cellular materials and produce an intact
pulmonary diseases (COPD) such as emphysema and whole lung, which is an important characteristic of a
chronic obstructive bronchitis, have caused more than three dimensional matrix for cellular differentiation (5,
120,000 deaths in adults in the US in one year (4). Then, 6).
on one hand there is a substantial demand for implan- There are major technical elements and challenges
ting healthy lung tissues in patients of all ages. On the before medical application. ECM bioscaffold and decel-
other hand, unfortunately, many patients on the waiting lularization method are significant parameters which
list for lung transplant pass out before suitable donor are intrinsic to achieve successful recellularization and
organ get found because of the critical shortage of trans- regenerative process and also, the quality of the ECM
plantable donor lungs. Moreover, immunosuppression directly depends on decellularization method. There are
is another lifelong drawback for transplant recipients various parameters which should be consider such as
(1). In this regard, tissue engineering and regenerative type of decellularization agent, concentration, decellu-
medicine have presented as multidisciplinary field and larization time, perfusion and... for maintaining 3D and
techniques for engineered lung tissue for transplantation ECM protein composition of lung (7, 8). Some resear-
(1-3). There are different pediatric and adult pulmonary chers have been investigated on tissue and organs de-
diseases which they have not effective treatment. But, cellularization (9-11). Decellularization approaches can
there is a new approach to use stem cells in natural or maintain some of the mechanical and biology features.
synthetic scaffolds which may help to cure pulmonary Lung includes all of ECM properties which essential
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for biochemical and biophysical functions and ECM
is important for attachment, proliferation and differen-
tiation lung cells (12). Many researchers tried to use
biomaterial to design matrices that mimic lung ECM
but it would be better to use natural lung extracellular
matrices which has all of properties such as biocompati-
bility, elasticity and so on. These features support all of
requirements for breathing and oxygenation (13). ECM
scaffolds are complex bio-structures constructed of a
variety of structural and functional compositions that
are specially organized and suitable for the intended tis-
sue (14). Molecules such as collagen, laminin, elastin,
and fibronectin are among these compositions (1).

As an instance, using a bipolar detergent such as
CHAPS for decellularization of rat lungs retains col-
lagen and some elastin leaving airway and vascular
structures intact but glycosaminoglycans (GAGs) are
removed. On the other hand, using SDS preserves alveo-
lar and vascular structures and allows recellularization
and oxygen exchange, whereas, decellularization of
mouse lungs with Triton X-100 plus sodium deoxycho-
late with DNase remains collagen, elastin, and GAGs
(1). In this study, we aimed to investigate a comparison
of different concentrations of Triton X-100 and Sodium
dodecyl sulfate detergent in lung decellularization in
order to evaluate the effects of different concentrations
and times of mentioned detergents on three dimensional
and ECM proteins lung. Evaluation of structural charac-
teristics of the ECM proteins and 3D was determined by
histology tests.

Materials and Methods

Animals and lung extraction

8 male healthy rats (250-300 gr) were purchased
from animal researcher center of Bagqiyatallah Uni-
versity of Medical Sciences and housed in this center.
Rats were controlled in standard environment (humi-
dity and temperature) on a 12/12 hours light/dark cycle
with standard food and water, following experimental
procedures approved by the Ethical Committee for Ani-
mal Research of Baqiyatallah University of Medical
Sciences. The rats were anesthetized with intraperito-
neal with Ketamine and Xylazine (100 mg/kg and 10
mg/kg). A midline incision was made along the throat,
and the trachea was exposed. Right ventricle perfusion
were perfused with 250cc phosphate buffered saline
(PBS) containing Heparin 5000u/ml and 1% penicillin

Figure 1. Perfusion of PBS, Heparin and P/S.

and streptomycin (P/S) (Figure 1). Lung was sliced to
use in decellularization processes.

Decellularization processes

Sliced lungs were similarly rinsed and treated by
SDS and Triton-X100 with different concentrations in
three times (24, 48 and 72 h) which are shown in Table
1. Lastly, sliced lungs were rinsed and treated with 1M
sodium chloride for 1 h at room temperature. In this
study, mixed detergent of SDS and Triton-X100 were
used in three times (48, 96 and 144 h) which are shown
in Table 2. Sliced lungs were flushed with PBS before
they were used for experiments.

Lung histology

H&E staining protocol was utilized to tissue assay.
Sliced lungs tissue (before and after decellularization)
were fixed in paraformaldehyde 10%, after fixation
transferred to tissue processor device to dehydration and
clearing. Finally, they were embedded in paraffin and
sectioned in 5 micron thickness. Sections on glass lam
were stained with H&E, Trichrome- Masson staining
and Elastin staining and then, they were observed in a
light microscope (15-19). H&E staining was utilized to
visually quantify the nuclei loss and three-dimensional
lung architecture by comparing nuclei counts in paraf-
fin sections of normal and decellularized sliced lungs.
Nuclei were counted from three random images at 100
x magnification using a counting tool. Trichrome- Mas-
son staining and Elastin staining were done for evalua-
ting the level of collagen and elastin, respectively.

Statistical analysis

All studies were conducted at least in biological
triplicate. Data were statistically analyzed by t-test. P
values less than 0.05 were considered significant.

Table 1. SDS and Triton X-100 detergent for rat lung decellularization.

Time Methods SDS approaches Methods Triton X-100 approaches
1 SDS 0.05% 23h, NaCl 1 M 1h 13 Triton X-100 0.05% 23h, NaCl 1 M lh
2 SDS 0.1% 23h, NaCl | M 1h 14 Triton X-100 0.1% 23h, NaCl 1 M lh
24h 3 SDS 0.15% 23h, NaCl 1 M 1h 15 Triton X-100 0.15% 23h, NaCl 1 M 1h
4 SDS 0.2% 23h, NaCl | M 1h 16 Triton X-100 0.2% 23h, NaCl 1 M lh
5 SDS 0.05% 47h, NaCl 1 M 1h 17 Triton X-100 0.05% 47h, NaCl 1 M lh
48 h 6 SDS 0.1% 47h, NaCl 1 M 1h 18 Triton X-100 0.1% 47h, NaCl 1 M lh
7 SDS 0.15% 47h, NaCl 1 M 1h 19 Triton X-100 0.15% 47h, NaCl 1 M 1h
8 SDS 0.2% 47h, NaCl 1 M 1h 20 Triton X-100 0.2% 47h, NaCl 1 M 1h
9 SDS 0.05% 71h, NaCl 1 M 1h 21 Triton X-100 0.05% 71h, NaCl 1 M lh
72h 10 SDS 0.1% 71h, NaCl 1 M 1h 22 Triton X-100 0.1% 71h, NaCl 1 M 1h
11 SDS 0.15% 71h, NaCl 1 M 1h 23 Triton X-100 0.15% 71h, NaCl 1 M 1h
12 SDS 0.2% 71h, NaCl 1 M 1h 24 Triton X-100 0.2% 71h, NaCl 1 M 1h
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Table 2. Mixed detergents for rat lung decellularization.

Detergents Time Methods Decellularization Methods
25 Triton X-100 0.05% 24h, SDS 0.05% 24h
26 Triton X-100 0.1% 24h, SDS 0.1% 24h
27 Triton X-100 0.15% 24h, SDS 0.15% 24h
48 h 28 Triton X-100 0.2% 24h, SDS 0.2% 24h
29 Triton X-100 0.1% 24h, SDS 0.05% 24h
30 Triton X-100 0.15% 24h, SDS 0.1% 24h
31 Triton X-100 0.05% 48h, SDS 0.05% 48h
32 Triton X-100 0.1% 48h, SDS 0.1% 48h
. 33 Triton X-100 0.15%48h, SDS 0.15% 48h
Tm"gg;"“ 96h 34 Triton X-100 0.2% 48h, SDS 0.2% 48h
35 Triton X-100 0.1% 48h, SDS 0.05% 48h
36 Triton X-100 0.15% 48h, SDS 0.1% 48h
37 Triton X-100 0.05% 72h, SDS 0.05% 72h
38 Triton X-100 0.1% 72h, SDS 0.1% 72h
39 Triton X-100 0.15% 72h, SDS 0.15% 72h
40 Triton X-100 0.2% 72h, SDS 0.2% 72h
144 h 41 Triton X-100 0.1% 72h, SDS 0.05% 72h
42 Triton X-100 0.15% 72h, SDS 0.1% 72h

Results

Hematoxylin and Eosin Staining of decellularized
lungs

Results showed that methods 4-12 could comple-
tely remove cells from tissue but methods 1, 2 and 5
could maintain the three-dimensional (3D) lung archi-
tecture more than others in SDS methods. 3D structures
of lung were completely destroyed by methods 9-12 in
SDS methods. It can be understood that the 3D lungs
were destroyed by increasing the concentration of SDS
to 0.2% (Figure 2). Removing of nuclei was not com-
pletely observed by increasing the concentration of Tri-
ton X-100 (0.05% to 0.2%) in 24 h-decellularization.
Method 13 could relatively maintain the 3D of decellu-
larized lung but it could not completely remove nuclei
from tissue compare to other methods in Triton X-100
approaches. Methods 18 and 22 were observed as best
methods decellularization in maintaining of structures
and removing of nuclei in Triton X-100 approaches in
48 and 72 h-decellularization. Removing of nuclei and
maintaining of structures were not detected by increa-
sing the concentration of SDS + Triton X-100 in 48
h-decellularization but methods 29 could relatively
remove nuclei and keep structures better than other ap-
proaches in SDS + Triton X-100 methods in 48 h-decel-
lularization. And also, method 35 was detected as the
least damage to structures and relatively remove nuclei
with comparing to other approaches in SDS + Triton
X-100 methods in 96 h-decellularization. All of SDS +
Triton X-100 methods destroyed structures of decellula-
rized lungs in 144 h-decellularization (Figure 2).

Trichrome- Masson and Elastin staining of decellu-
larized lungs

Collagen and elastin were relatively detected more in
24 h in SDS detergent approaches but methods 1, 2 and
5 could retain collagen and elastin more than other ap-
proaches in 24, 48 and 72 h-decellularization. Methods
13, 18 and 22 could preserve collagen and elastin better
than other approaches in Triton X-100 methods. Mixed
approaches of SDS and Triton-X100 were done and

Figure 2. Hematoxylin and Eosin Staining showed structures and
nuclei present in native and decellularized lungs. Representative
images for all conditions are shown (100xmagnification).

methods 29 and 35 could relatively maintain collagen
and elastin comparing to other methods in SDS + Tri-
ton-X100 approaches in 48, 96 and 144 h-decellulariza-
tion. According to Tables 1 and 2, collagen and elastin
were significantly decreased by increasing the concen-
tration and times (Figure 3 and 4).

Discussion

There are many limitations in lung tissue enginee-
ring and regenerative medicine due to complex struc-
ture of lung. Researchers have tried to produce this
complex three dimensional architecture as a decellula-
rized scaffold (20). Many studies have been done for
producing a complex structure of lung from biomaterial
but it has a lot of limitations. Recently, decellularization
have been presented as decellularized biomimetic scaf-
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Figure 3. Trichrome-Masson staining showed collagen levels
in native and decellularized lungs (Blue color). Representative
images for all conditions are shown (100xmagnification).

Figure 4. Elastin staining showed elastin levels in native and
decellularized lungs (Blue color to black color). Representative

images for all conditions are shown (100xmagnification).

fold to support differentiated stem cells which it can be
an important treatment in pulmonary diseases. The fast
making of scaffolds would increase the efficiency of the
clinical delivery and availability (5, 15). Native ECM
has the optimal substrate for cell attachment, spreading,
growth and differentiation. The aim of the decellulariza-
tion method is to remove cellular and nuclear material
while maintaining 3D and ECM protein compositions
and also, diminishing any damage to lung ECM. There
are various types of decellularization approaches such
as physical, chemical and enzymatic methods (21, 22).
Physical approaches can cause destruction of the deli-
cate lung ECM which this method includes freezing,
pressure, sonication and agitation, while enzymatic ap-
proaches cannot be cost-effective due to large volumes of
liquid would be needed for decellularization of a whole

organ such as proteases, nucleases, and calcium chela-
tors (10). Trypsin has been used in enzymatic method
which it can remove fibronectin, laminin, and elastin.
Because of the importance of these compositions, enzy-
matic approaches have not been mostly used in decellu-
larization. But, chemical approaches are cost-effective
and have several of techniques such as alkaline or acidic
solutions, detergents (SDS, SDC, CHAPS and ...) hy-
potonic or hypertonic solutions, and chelators (10, 21,
22). In this study, we described 42 methods for decel-
lularization of rat lungs and compare dthe results with
each others to find the best approaches for decellulariza-
tion. Significantly, decellularized lung should have the
capacity to support suitable growth and differentiation
of inoculated cells. Many studies have demonstrated
methods of decellularization which they used physical,
chemical approaches such as freeze-drawing, CHAPS,
SDC, SDS and so on. However, the optimal means of
decellularizing lungs while maintaining architecture is
not yet clear. In addition, there isn’t an optimization of
lung decellularization for preserving three dimensional
structure and ECM proteins (5, 13, 15, 23). Further-
more, there are various methods for decellularization
but there is no concurrence on the best method yet (24).
Jensen et al showed evaluation of 24 h-decellularization
process (Triton-X100 0.1% and sodium deoxycholate
2%) which they demonstrated that lung scaffolds with
preservation of key ECM proteins collagen I, collagen
IV, fibronectin, and laminin, but with loss of nuclear
proteins (5). Cortiella et al demonstrated that the first at-
tempt to produce and use whole decellularized lung and
they compared the influence of decellularized lung by
SDS 0.1%, Gelfoam, Matrigel, and a collagen I hydro-
gel matrix on the mESC attachment, differentiation and
subsequent formation of complex tissue and they found
that decellularized lung allowed for better retention of
cells with more differentiation of mESCs into epithelial
and endothelial lineages (13). Neill et al used CHAPS §
mM and SDS 1.8 mM for human and porcine decellula-
rization and they found that porcine lungs can be decel-
lularized using CHAPS to produce lung ECM scaffolds
with properties resembling those of human lungs, for
pulmonary tissue engineering and they proposed that
porcine lung ECM can be an excellent screening plat-
form for the envisioned human tissue engineering appli-
cations of decellularized lungs (25). In this study, two
detergents (SDS and Triton X-100) were used for decel-
lularization and also, mixed approaches were designed.
Results showed that destroying of ECM and removing
of nuclei were increased by increasing the concentra-
tion of each detergents and times. In SDS approaches,
the best methods were 1, 2 and 5 which could relatively
retain the 3D structures and remove nuclei from lung
tissue in 24 and 48 h-decellularization. But, method
5 showed better result in comparison with methods 1
and 2 in SDS approaches. In Triton X-100 approaches,
methods 13 could maintain the 3D but it was weak in re-
moving of nuclei from lung tissue in 24 h-decellulariza-
tion. Methods 18 and 22 were the best decellularization
approaches in preserving 3D and ECM collagen and
elastin in 48 and 72 h-decellularization, respectively.
Destroying of collagen and elastin were increased by
increasing of the concentration of detergents and times.
Mixed approaches of SDS and Triton-X100 showed
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that methods 29 and 35 could relatively remove nuclei
and relatively preserve collagen and elastin comparing
to other methods in SDS + Triton-X100 approaches in
48, 96 and 144 h-decellularization. Wallis et al eva-
luated the histologic appearance extracellular matrix
(ECM) with three different detergent based decellula-
rization methods utilizing either Triton-X 100 (0.1%)/
sodium deoxycholate (0.1%) (Triton/SDC), sodium
dodecyl sulfate (SDS) (0.1%), or 3-[(3 cholamidopro-
pyl) dimethylammonio]-1-propanesulfonate (CHAPS)
(8 mM) and they demonstrated that different detergent
based decellularization protocols result in significant
differences in histologic appearance (26). Maghsoudlou
et al decellularized (sodium deoxycholate 4%) the rat
lungs via the intratracheal route removed most of the nu-
clear material when compared to the other entry points
and they showed a presence of collagen, elastin, GAG
and laminin with Staining and quantification for ECM
components (20). Finally, we concluded that methods
1, 2, 5, 29 and 35 could relatively remove nuclei and
also, could maintain 3D, collagen and elastin better than
other approaches. These approaches can help to achieve
three dimensional architecture and extracellular matrix
proteins of lung with minimum destruction for next step
such as recellularization and in-vivo study. And also,
these results may be appropriate to other decellularized
whole organ/species, and may lead the way to further
optimization and standardization in the improvement of
regenerated organ replacements for transplantation.
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