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Abstract
Extracellular matrix (ECM) - derived from mammalian tissues have been broadly used in
tissue engineering both clinical and preclinical applications. While decellularization of tissues
such as bladder, heart valve, knee meniscus and tendon has been performed, there has been a
limitation to work with articular cartilage. This study aimed to develop a technique to
decellularize bovine articular cartilage as a biological construct for cartilage substitution. For
this purpose, alternative decellularization protocols including freeze/thaw cycles and
treatment with various concentrations of sodium dodecyl sulfate (SDS) were used.
Decellularization was analyzed by histological examination.Treatment with 2%SDS for 5 to
8h followed by4% SDS for3h hada significant effect on decellularization process. Treatment
with 1% SDS had no effect on cell removal and use of 8% SDS for 5 to 8 hoursresulted in
complete elimination of cells and significant decrease in cartilage matrix and collagen
contents. This study provides a technique to produce acellular ECM derived from articular
bovine cartilage whichmay serve as a xenogenic scaffold for cartilage tissue engineering.
Keywords: Bovine articular cartilage, decellularized matrix, sodium dodecyl sulfate, tissue
engineering, tissue scaffold
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Introduction
Hyaline cartilage constitutes the important
structure of synovial jointsand has a major role
in the protection of articular surface of bone
from abrasion and spreading the load over a
larger surface of the joint. In addition, it
provides the lubricated surface in order to
facilitate the movement of joint and decrease
friction (Buckwalter, 1983).On the other hand,
hyaline cartilage can bear the repetitive
physical stress as well. The complexity and the
specialized structure of the hyaline
cartilagehave brought up controversy to
whether it canbe replaced and repaired once it
is damaged (Furukawa et al., 1980).
Treatments such as marrow stimulation
techniques (microfractures) (Steadman et al.,
1999), osteochondral autografts (Kish et al.,
1999), harvested from cadaveric donors
(Ghazavi et al., 1997) and autologous
chondrocyte implantation (ACI) (Brittberget
al., 1994) would need cartilage scaffolds
which can be cellularized in the recipients.
Scaffolds constitute the principle component
of tissue engineering applications which
providea three dimensional substrate to
support cell growth and differentiation.
Biodegradable and bioresorbable biomaterials
such as polylactic acid (PLA), polyglycolic
acid (PGA) and collagen 1 as well as ECM
derived scaffolds from decellularized tissues
and organs have been used for cartilage tissue
engineering applications. ECM- derived
scaffolds could support cell growth due to its
natural components and biocompatibility
(Yang et al., 2008). Acellular scaffolds have
been applied successfully in both preclinical
and human applications (Gilbert et al., 2006).
ECM- derived scaffold have been developed
from tissues including heart valve (SchenkeLayland et al, 2003), skin (Chen et al., 2004),
small intestine (Kropp et al., 1995), vascular
tissues (Schmidt and Baier., 2000), tendons
and ligaments (Woods and Gratzer., 2005).
Physical and chemical treatments are the
common methods for tissue decellularization
procedures. Physical treatments include

agitation, sonication, mechanical massage or
pressure and freezing- thawto facilitate the
removal of cellular components from ECM
after disruption of cells membranes. Physical
treatment must be coupled with chemical
reagents in order to increase the effective
decellularization protocols. Ionic detergents
have been used to solubilize cell membranes.
Biological tissues consist of cells and compact
ECM. In order to remove cellsand cell debris
during decellularization, ECM must be
disrupted as well (Gilbert et al., 2006). The
best decellularization protocols, however, are
thosethat minimized ECM disruption and
maintain mechanical and biological properties
of the tissue. Little research has been done on
ECM derived- cartilage scaffolds due to tissue
compaction and difficulty of penetration of
solutions used in the decellularization
procedures (Yang et al., 2008). This study was
aimed to characterize the effects of
freeze/thaw cycle and different treatments of
SDS on bovine cartilage in order to produce an
acellular scaffold which could be further
investigated for preclinical and clinical
applications.
Materials and methods
Preparation of articular cartilage ECM
Articular cartilages of bovine femur bones
were harvested from sacrificed animals
immediately after slaughter. Then, the cartilage
samples were cut in cylindrical shapes of 2 mm
diameter. Tissue pieces were washed with
phosphate-buffered saline (PBS) and were
transferred to -4°C in order to begin physical
stage of decellularization. Frozen pieces were
thawed at room temperature (RT) and repeatedly
washed with PBS. After that, specimens were
immersed in liquid nitrogen for 2 min, thawed in
distilled water and then were transferred to PBS
at RT for 10 min. Last step was repeated 5 times.
In chemical phase of decellularization,
specimens were treated with different
concentrations (1%, 2%, 4% and 8%) of sodium
dodecyl sulfate (SDS, Merck) for 1, 3, 5 and 8 h
at 37°C, while being gently agitated. In the next
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step, cartilage segments were washed for 30 min
in PBS at RT with gentle agitation. Then, in
order to remove SDS, and to sterilize and
eliminate remaining water from specimens,
cartilage segments were placed in a sterile
Buchner funnel (Ilmabop, Germany), washed
with 75% ethanol, sterile distilled water and
PBS, respectively.
Histological studies
Specimens were fixed at Bouin’s solution,
dehydrated through a graded series of ethanol,
embedded in paraffin (Lab-O-Wax, Italy), and
cross-sectioned at a thickness of 7 µm with
microtome (Leits, Austria). Then, sections
were deparaffinized, rehydrated and stained
with one of the following techniques.
Hematoxylin & Eosin (H&E, Merck, Germany)
The sections were stained with the standard
hematoxylin-eosin staining procedure.
The picrosirius red method
Picrosirius red dye was used to examine the
effects of decellularization on the collagen-rich
ECM. This is a specific histochemical dye for
the detection of collagen in tissue sections.
Briefly, this method consists of an initial staining
in fresh Weigert's hematoxylin for 5 min,
rinsing, and then staining of the sections in a
0.1% solution of Siriusred (Sirius Red F3B,
Sigma) in saturated picric acid for 1 h (Junqueira
et al., 1979).When the stained sections are
viewed with a microscope(Olympus, IX70,
Japan), collagenous structures can be specifically
and reliably identified (Junqueira et al.,1979).
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Results
Articular
cartilage
(Fig.1)
was
decellularized with physicochemical methods
including snap freezeing-thaw and treatment
with sodium dodecyl sulfate (SDS). The
effects of different concentrations of SDS for
different periods on the decellularization
process were monitored by hematoxylineosine staining (Fig. 2). Treatment with 1%
and 2% SDS for 1h had no effect on the
removal of cells, but4% and 8% SDS for 5 to
8h removed all the cells, while disrupted
ECM. Lower concentrations of SDS for 5 to
8h followed by 4% and 8% SDS for 1 to 3h
resulted in complete decellularization with
maintaining ECM properties.
Collagen type II is a major component of
bovine articular cartilage and provides important
mechanical strength. The picrosirius-red staining
was employed to evaluate the quality of collagen
content in acellular articular cartilage. As shown
in Fig. 3, collagen content was decreased by long
treatments of ECM with higher concentrations of
SDS, where ECM becomes disrupted. However,
collagen content remained intact with lower
concentrations of SDS in shorter periods of
treatment. Histological techniques were
employed to evaluate the decellularization of
bovine articular cartilage. The results of H&E
staining revealed that the articular cartilage did
not have any cells in comparison with control
samples (Fig. 1).
All cells were removed and only the empty
sites of chondrocytes could be seen in tissue
sections. Additionally, the results also indicated

Figure 1. Steromicroscopic view of bovine articular cartilage ×10.
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Figure 2. Con
ntrol and decelllularized carttilage samples after H&E sta
aining. Chondrocytes are un
niformly distrib
buted through
h
the cartilage. Insufficient deecellularization
n is observed after
a
1h treatm
ment with 1% and
a 2% SDS. T
Treatment with 8% SDS hass
T
witth 4% SDS forr 1 to 5h followed by 2% SD
DS for a longeer times could
d
caused the paartial eliminattion of ECM. Treatment
remove all cells, while ECM
M remains intact. ×100.

that ECM componennts have been preservved
similar to control samples.
s
Exxamination of
contents
with
collagen
picrosirius-red
a
demonstratted that coollagen fibeers were also
preserved inn decellulariized tissue.
Discussion
n
The objective of thhis study waas to providde a
protocol foor decellularrization of bovine
b
articuular
cartilage with the aim of future tisssue
engineeringg applicationns. Tissue consist
c
of ceells
and ECM, thus, an inntact ECM would be the
major goaal in the tissue deerived- EC
CM
protocols.T
Thishas beeen the case for scaffoolds
derived froom heart vaalves (Schennke-Laylandd et
al. 2003), blood vesssels (Schmidt and Baier.,
2000), skinn (Chen et al.,
a 2004), Small
S
intesttine
submucosaal layer (Kroopp et al., 1995), urinnary
bladder(Gillbert et al., 2005)),tendons and
a
ligaments (Woods annd Gratzer., 2005). Inn a

preeliminary study too perform cartilagee
deecellularizatiion for clinical application,,
hu
umantracheaal cartilage has been treated
t
withh
4%
% SDS for 24h
2 (Macchhiarini et al.., 2008). Ass
thee result off decellularrization, po
orosity mayy
ap
ppear whichh facilitates cell migraation, masss
traansfer of nutrients aand metab
bolic wastee
pro
oducts (Yanng et al., 20008). In this study, due too
thee very comppact structurre of cartilaage and low
w
peenetrability
of
solutions,
we
usedd
ph
hysicochemical methoods to decellularize
d
e
artticular cartillage.
In the physical
p
pphase, sam
mples weree
traansferred to -4°C.
This innduces the formation
f
off
icee crystals, which ccan in tu
urn disruptt
ch
hondrocytes and causes cell lysiss. Cartilagee
scaaffolds weree then expoosed to fast freezing inn
liq
quid nitrogenn (-196 °C) ccausing morre damage too
celll membranne and reemoving prroteins. Ass
ex
xpected, the results
r
indiccated that th
hese changess
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of temperaature causeed minimal disruption in
ECM. A dense
d
meshw
work of fibrrous molecuules
was visiblee in the treated tissuess. Kelley et al.
attempted to
t use freeziing-thaw in liquid nitroggen
for decelluularization of rabbit nasal sepptal
cartilage, but
b cell fraggments weree still remainned
and causedd immune reactions (Kelley
(
et al.,
2002). Thuus, in this study
s
SDS was
w used as
a a
detergent for
fo chemical phase of deecellularizatiion.
Previous sttudies have revealed thhat SDS is the
best detergent for remooving cells and cell debbris
from tissuees (Elder et al.,
a 2010). With
W respectt to
amphipatic structure off SDS (a hyydrophilic heead
and a hydrrophobic taill), it can intteract with cell
c
membraness includingg plasma and nucllear
membraness to lyses thhem. On thee other handd, it
can disrupt proteins by unfolding thhese moleculles.
As shown in
i Fig. 2 subbjecting tissuues to 1% SDS
for 1 to 3h havee insufficieent effect on
decellularizzation. Howeever, it was shown that the
higher leveels of SDS concentratiion resultedd in
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complete deceellularizationn and producced a bovinee
d
n
artticular cartillage matrix despite of deformation
off the articullar cartilagee. There is a collagenn
network in cartilage m
matrix whicch has ann
im
mportant rolee in controolling the stresses
s
andd
strrains. Thesse networkks also provide
p
thee
compressive properties of articulaar cartilagee
(H
Huber et al., 2000). Picroosirius- red staining
s
wass
useed as a sppecial dye to determ
mine collagee
qu
uantities. This
T
data showed th
hat at thee
application of
o high levvels of SD
DS, reducess
collagen quaantities andd this maay lead too
decreasing meechanical pproperties off the ECM
M
(Fiig. 3). How
wever, usingg 2% SDS for 3 to 5hh
folllowed by4% SDS for 1 to 3h resulted inn
complete deccellularizatioon, while matrix
m
andd
collagen conteents recomplletely retaineed. Previouss
stu
udies on poorcine meniscus havereevealed thatt
application off low level oof SDS had no
n effect onn
collagen conteent.

ng. Control carrtilage was sho
own at the top
p
Figure 3. Coontrol and deceellularized carrtilage sampless after picrosirrius-red stainin
of photograph. Use of 4% and 8% SDS for 8 to 5h coould reduce co
ollagen contentt that results iin a decrease in mechanicall
properties of the decellulariized articular cartilage. ×1000.
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In conclusion, acellular biological scaffolds
may have important applications in clinical
implantation and regenerative operations. This
acellular scaffold may be recellularized by
endogenous cells or autologus chondrocytes.
Further studies are required to investigate the
regenerative (recellularization) capacity of the
scaffold in animal models.
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ﻣﺎﺗﺮﻳﻜﺲ ﺳﻠﻮلزداﻳﻲ ﺷﺪه ﻏﻀﺮوف ﮔﺎوي
ﺑﻪﻋﻨﻮان دارﺑﺴﺘﻲ ﺑﺮاي اﻫﺪاف ﻣﻬﻨﺪﺳﻲ ﺑﺎﻓﺖ
اﻣﻴﻦ ﺗﻮﺳﻠﻲ ،1ﻧﺎﺻﺮ ﻣﻬﺪوي ﺷﻬﺮي1و ،2ﻣﺮﻳﻢ ﻣﻘﺪم ﻣﺘﻴﻦ ، 2ﻣﺴﻌﻮد ﻓﺮﻳﺪوﻧﻲ ،1ﻓﻬﻴﻤﻪ ﺷﻬﺎﺑﻲ ﭘﻮر

1

1ﮔﺮوه زﻳﺴﺖ ﺷﻨﺎﺳﻲ ،داﻧﺸﻜﺪه ﻋﻠﻮم ،داﺷﮕﺎه ﻓﺮدوﺳﻲ ﻣﺸﻬﺪ ،ﻣﺸﻬﺪ ،اﻳﺮان
2ﭘﮋوﻫﺸﻜﺪه ﻓﻨﺎوري زﻳﺴﺘﻲ ،داﻧﺸﮕﺎه ﻓﺮدوﺳﻲ ﻣﺸﻬﺪ ،ﻣﺸﻬﺪ ،اﻳﺮان

درﻳﺎﻓﺖ ﻣﻘﺎﻟﻪ1390/4/25 :

ﭘﺬﻳﺮش ﻧﻬﺎﻳﻲ1390/8/26 :

ﭼﻜﻴﺪه
ﻣﻮاد ﻣﺸﺘﻖ ﺷﺪه از ﻣﺎﺗﺮﻳﻜﺲ ﺧﺎرج ﺳﻠﻮﻟﻲ ﭘﺴﺘﺎﻧﺪاران ﺑﻪ ﻃﻮر ﮔﺴﺘﺮده اي در ﻣﺪل ﻫﺎي ﺣﻴﻮاﻧﻲ در ﺣﻴﻄﻪ ﻣﻬﻨﺪﺳﻲ ﺑﺎﻓـﺖ ﻣـﻮرد اﺳـﺘﻔﺎده
ﻗﺮار ﮔﺮﻓﺘﻪ اﻧﺪ .ﺑﺎ وﺟﻮد اﻳﻨﻜﻪ ﻓﺮاﻳﻨﺪ ﺳﻠﻮل زداﻳﻲ در ﺑﺎﻓﺖ ﻫﺎﻳﻲ از ﻗﺒﻴﻞ ﻣﺜﺎﻧﻪ ،درﻳﭽﻪ ﻗﻠﺒﻲ ،ﻣﻴﻨﻴﺴـﻚ زاﻧـﻮ و ﺗﺎﻧـﺪون ﺻـﻮرت ﮔﺮﻓﺘـﻪ اﺳـﺖ
ﮔﺰارﺷﺎت اﻧﺪﻛﻲ دال ﺑﺮ ﺳﻠﻮل زداﻳﻲ در ﺑﺎﻓﺖ ﻏﻀﺮوف ﻣﻔﺼﻠﻲ وﺟﻮد دارد .در اﻳﻦ ﻣﻄﺎﻟﻌﻪ ﻫﺪف ﻣﻌﺮﻓﻲ روﺷﻲ ﺑﺮاي ﺳﻠﻮل زداﻳﻲ از ﻏﻀـﺮوف
ﻣﻔﺼﻠﻲ ﮔﺎو ﺑﻮده ﺗﺎ ﺑﺘﻮان ﺑﻪ ﻋﻨﻮان دارﺑﺴﺘﻲ زﻳﺴﺘﻲ ﺑﺮاي ﺟﺎﻳﮕﺰﻳﻦ ﻫﺎي ﻏﻀﺮوف ﻣﻮرد اﺳﺘﻔﺎده ﻗﺮار داد .ﺑﻪ ﻣﻨﻈﻮر دﺳـﺘﻴﺎﺑﻲ ﺑـﻪ اﻳـﻦ ﻫـﺪف،
روش ﻫﺎي ﻣﺨﺘﻠﻒ ﺳﻠﻮل زداﻳﻲ از ﻗﺒﻴﻞ ﺳﻴﻜﻞ ﻫﺎي ﻓﺮﻳﺰ -اﻧﺠﻤﺎد و ﺑﻪ دﻧﺒﺎل آن ﺗﻴﻤﺎر ﺑﺎ ﻏﻠﻈـﺖ ﻫـﺎي ﻣﺨﺘﻠـﻒ  SDSﻣـﻮرد اﺳـﺘﻔﺎده ﻗـﺮار
ﮔﺮﻓﺖ .ﺣﺬف ﺳﻠﻮل ﻫﺎ ﺗﻮﺳﻂ ﺗﻜﻨﻴﻚ ﻫﺎي ﺑﺎﻓﺖ ﺷﻨﺎﺳﻲ از ﻗﺒﻴﻞ رﻧﮓ آﻣﻴﺰي ﻫﻤﺎﺗﻮﻛﺴﻴﻠﻴﻦ -اﺋﻮزﻳﻦ و ﭘﻴﻜﺮوﺳﻴﺮوس رد ﻣـﻮرد ارزﻳـﺎﺑﻲ ﻗـﺮار
ﮔﺮﻓﺖ .ﺗﻴﻤﺎر ﺑﺎ  %2 SDSﺑﻪ ﻣﺪت  5ﺗﺎ  8ﺳﺎﻋﺖ و ﻫﻤﭽﻨﻴﻦ  %4 SDSدر ﻣﺪت زﻣﺎن  3ﺳﺎﻋﺖ ﺑﻴﺸﺘﺮﻳﻦ ﺗﺎﺛﻴﺮ را در ﺣﺬف ﺳﻠﻮل ﻫﺎ ﺑﺎ ﺣـﺪاﻗﻞ
اﺛﺮ ﺑﺮ روي ﻣﺤﺘﻮاي ﻛﻼژﻧﻲ داﺷﺘﻪ و اﻳﻦ در ﺣﺎﻟﻲ اﺳﺖ ﻛﻪ در ﺗﻴﻤﺎر ﺑﺎ  %1 SDSﺳﻠﻮل ﻫﺎ ﺣﺬف ﻧﺸﺪﻧﺪ و از ﻃﺮﻓﻲ %8 SDSدر ﻣﺪت زﻣﺎن 5
ﺗﺎ  8ﺳﺎﻋﺖ ﻣﻨﺠﺮﺑﻪ ﺣﺬف ﻛﺎﻣﻞ ﺳﻠﻮل ﻫﺎ از ﺑﺎﻓﺖ ﻣﻮرد ﻧﻈﺮ ﺷﺪ وﻟﻲ ﺑﻪ دﻧﺒﺎل آن ﻛﺎﻫﺸﻲ ﻗﺎﺑﻞ ﺗﻮﺟﻪ در ﻣﺤﺘﻮﻳﺎت ﻛﻼژن ﻣﺸﺎﻫﺪه ﮔﺮدﻳﺪ .اﻳﻦ
ﻣﻄﺎﻟﻌﻪ روﺷﻲ را ﺑﺮاي ﺣﺬف ﺳﻠﻮل ﻫﺎ از ﻏﻀﺮوف ﻣﻔﺼﻠﻲ ﮔﺎو ﺑﻪ ﻣﻨﻈﻮر اﻳﺠﺎد ﻣﺎﺗﺮﻳﻜﺴﻲ ﺳﻠﻮل زداﻳﻲ ﻓﺮاﻫﻢ ﻛﺮده ﻛﻪ ﻣـﻲ ﺗﻮاﻧـﺪ ﺑـﻪ ﻋﻨـﻮان
دارﺑﺴﺘﻲ زﻧﻮژﻧﻴﻚ در ﻣﻄﺎﻟﻌﺎت ﻣﻬﻨﺪﺳﻲ ﺑﺎﻓﺖ ﻣﻮرد اﺳﺘﻔﺎده ﻗﺮار ﮔﻴﺮد.
واژﮔﺎن ﻛﻠﻴﺪي :ﻏﻀﺮوف ﻣﻔﺼﻠﻲ ﮔﺎو ،ﻣﺎﺗﺮﻳﻜﺲ ﺳﻠﻮل زداﻳﻲ ﺷﺪه ،ﺳﺪﻳﻢ دودﺳﻴﻞ ﺳﻮﻟﻔﺎت ،ﻣﻬﻨﺪﺳﻲ ﺑﺎﻓﺖ
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