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ABSTRACT

E ngineering a tissue requires implantation of a suitable support/matrix material; seeded with appropriate
cells and signaling molecules. Scaffolds which are the support material for the ex-vivo tissue formation,
should have desired properties to form a biologically compatible constructs. In this recent study 3D polymeric
gelatin/oxide dextran scaffolds were prepared by cryogelation. The cell-scaffold interactions were evaluated
by Scanning Electron Microcopy and Confocal Laser Microscopy. Biocompatibility and haemocompatibility
of the scaffolds and possible cytotoxicity were also investigated. Possible genotoxic effects of the scaffolds
were evaluated with DNA fragmentation and breakage. Our results demonstrated that, gelatin/ox-dextran
scaffolds which were prepared by cryogelation present no cytotoxicity and genotoxicity, show higher bio and
haemocompatibility with excellent chondrocyte interaction.
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6ZET

Bir dokunun gelistirilmesi uygun bir destek/matriks dokusuna uygun hicreler ve sinyal molekillerinin
implantasyonuna gereksinim duyar. Doku ex-vivo doku olusumunda destek malzemeleri olan doku iskeleleri
biyolojik olarak uygun yapilar olusturmak icin belirli 6zelliklere sahip olmalari gereklidir. Bu calismada 3B'lu
polimer jelatin/okside dekstran doku iskeleleri kriyojelasyon teknigi ile hazirlanmistir. Hiicre-doku iskelesi
etkilesimleri Taramali Elektron Mikroskobu ve Konfokal Lazer Mikroskobisi ile incelenmistir. Doku iskelelerinin
biyo ve kan uyumluluklari ile olasi sitotoksik etkileri ayrica incelenmistir. Olasi genotoksik etkileri DNA
parcalanmasi be kirilmasi ile analiz edilmistir. Sonuc¢larimiz gostermektedir ki, kriyojelasyon ile hazirlanan bu
jelatin/ok-dekstran doku iskeleleri sitotoksik ve genotoksik etki géstermemislerdir ve yliksek biyouyumluluk ve
kan uyumlulugu ve kondrosit hiicre etkilesimi gostermislerdir.
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INTRODUCTION

Tissue engineering is showing promising
efforts for tissue regeneration for decades.
To promote the healing of the tissues, the initial
approaches may be ex-vivo culturing the cells on
3D engineered constructs (as scaffold) [1]. Using
primary (autogenous) cells in tissue engineering
can avoid the problems like the incompatibility,
unexpected rejection and immunogenity [2,3].

Athree-dimensional porous scaffoldis necessary
in order to prevent the seeded cells from diffusing
out of the defect site. An ideal scaffold should also
provide an environment to the cells that necessary
for their proliferation and differentiation and to
form and define the ultimate shapes of engineered
tissues. Cells on proper scaffolds can continue
proliferation, secrete extracellular biomolecules
and eventually can organize newly formed tissues. A
scaffold should also have a porous structure with a
desired mechanical properties and it must also be
biocompatible and biodegradable [1-4]

By the date; there have been various different
types of scaffolds reported as use in tissue
engineering.! Some of them are collagen [5], silk
[6], chitosan [7], as natural and some of them were
polyglycolic acid [8], polyurethane [9] polylactic acid
[10] as synthetic polymeric biomaterials. There are
also wide variety on fabrication techniques of these
scaffolds by using solvent casting and particulate
leaching, gas foaming, freeze drying, rapid
prototyping, thermally induced phase separating,
fiber bonding, melt molding, and electrospinning
[1,10-12].

Cryogelation is a rather new technique for
preparationof cryogels. Thereisavariety of cryogels
prepared and reported in many different areas
like in biotechnology or bioaffinity systems [13-15]
Cryogels may also a good candidate as scaffold in
tissue engineering. They have interconnected and
macroporous structure and has also high flexibility
and good swelling properties in agueous media [12,
16-19].

Recently, in this study, with the tissue
engineering approaches gelatin / ox-dextran
scaffolds were prepared. Primary chondrocytes

were isolated from New Zealand (NZ) White Rabbit
and cells were seeded on gelatin/ox-dextran
scaffolds. Our aim is to show this promising scaffold
typeis highly bio/heamo/cytocompatible. Therefore
material cytotoxicity, possible haemocompatibility
and genotoxicity; cells-scaffold interactions were
evaluated by in-vitro studies.

MATERIAL and METHODS

All materials were purchased from Sigma-Aldrich
(Germany) unless otherwise stated and used as
instructed.

Fabrication of Scaffolds

Preparation of oxide-dextran

Oxide-dextran is used as cross-linker for the
preparation of the scaffolds. In order to prepare
oxide-dextran, a previously reported procedure
was used [17]. Briefly, dextran (MW: 40000 Da)
were dissolved in distilled water and later, sodium
periodate were added to the solution as an
oxidizing agent. The solution was stirred 1 hour at
dark and then was dialyzed for 3 days at 4°C and
the dialyzed solution was lyophilized for 2 days.
Dried oxide-dextran pellets were then ready for
scaffold preparation.

Preparation of Gelatin/ox-dextran Scaffolds

Gelatin/ox-dextran scaffolds were prepared
according to previously reported procedure [17].
Here; gelatin was mixed with appropriate amount
of oxide-dextran and stirred for a short time and
quickly put the solution into cryostat for 24 hours.

Morphology and Biodegradation of Gelatin/
Ox-Dextran Scaffolds

Gelatin/ox-dextran scaffolds structural properties
were analyzed by means of pore size and size
distributions with Scanning Electron Microscopy
(TM-1000, HITACHI, Japan). Biodegradation
profile of the scaffolds were also evaluated within
a timeline with enzyme (lysozyme / 500mg/
ml with 2 % Na-azide) and enzyme-free media
(DMEM/F12) up to 4 months at 37°C in a shaking
incubator.

Auricular Chondrocyte Isolation

All procedures were approved by Gazi University
Animal Ethic Committee. Under sterile conditions,
an auricular cartilage was removed from NZ
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White Rabbit and immediately transferred to the
cell culture laboratory. Cartilage was cut into
small pieces and digested with in collagenase
solution (3mg/ml PBS) for 24 hours. Solution
was then washed with DMEM/F12 culture medium
twice. Isolated cells were then seeded into 25cm?
flask and a condition medium (CM) (DMEM/F12,
10% FBS, 1% L-Glutamine, 0.25 % Penicillin-
Streptomycin, 0.25 %, Gentamycin, 0.1% Insulin)
was used for the growth of the cells. Chondrocytes
were cultured until passage 4 at 5% CO,, 37°C.

Material cytotoxicity

Cytotoxicity by means of cell viability was
determined by 3-(4, 5-dimethylthiazoyl-2-yl)-2,
5-diphenyltetrazolium bromide (MTT) assay [20].
Briefly, 1x10% cells were seeded on 96 well plates
and 150 pl of fresh medium containing Dulbecco’s
Modified Eagle Medium (DMEM/F12), 10% (v/v)
FBS and 0.5% (v/v) penicillin/streptomycin
antibiotic solution, was added. Indirect and direct
cytotoxicity assays for the prepared scaffolds
were performed. For indirect assay, scaffolds
were incubated for 48 hours in DMEM F12/HAM's,
10% (v/v) Fetal Bovine Serum (FBS) and 0.5%
penicillin/streptomycin solution and then this
solution was added to the wells. Later on, MTT
assay was performed. For the process of direct
MTT assay, cells were incubated 48 hours in
DMEM F12/HAM's, 10% (v/v) Fetal Bovine Serum
(FBS) and penicillin/streptomycin solution with
the scaffolds at 37°C in 5% CO,. Later on, in order
to determine the cell viability with respect to
control group freshly prepared 13 pl sterile MTT
solution and 100 ul fresh medium were added to
each well. Following 3 hours incubation at 37°C in
5% (v/v) CO,, the medium was discarded and 100
pl fresh acidic isopropanol (0.04 N HCL) added to
each well and mixed gently in order to solubilize
the formazan crystals. The absorbance values
were measured at 570 nm with a micro plate
reader (Biotek Instruments, USA). Cell viabilities
were calculated with respect to control group
(Tissue Culture Polystyrene) and the absorbance
value of the control group was selected as 100 %
cell viability.

Haemocompatibility and Hemolysis
The anticoagulant activity of the scaffolds were
evaluated by performing a haemocompatibility

assays using a semi-automatically START4
compact blood coagulation analyzer (Diagnostica
Stago, France). All assays were tested using
citrated human plasma from a healthy donor.
The, prothrombin time (PT), activated partial
thromboplastin time (APTT), fibrinogen counting/
adsorption tests were performed as following
nephelometry measurements [21]. Briefly;
scaffolds with 5 mm diameter, (n=3) were
incubated with healthy human blood plasma
(anticoagulated blood with 1:10 (v/v) of 3.8% tri-
sodium citrate solution) for 1h. at 37°C under
gentle agitation. After the incubation the plasma
and reagents were added in a transparent plastic
tube immediately and coagulation times were
measured. Each sample was tested for twice.

To evaluate the hemolysis, scaffolds were cut
into 5 mm diameter and placed into 1.5 mL tubes.
Anticoagulated blood (with EDTA/K2) from healthy
donor was diluted (200 uL blood in 10 mL PBS)
and added 2ml to per tube. As a positive control for
hemolysis, 200 uL of blood was diluted in distilled
water. For negative control, 200 uL of blood was
diluted in PBS. Diluted blood and samples were
incubated under gentle agitation for 1 h at 37°C.
Samples were then removed and each tube was
centrifuged at 1500 rpm for 10min. The supernatant
from each tube was measured at 545 nm. The
percent hemolysis was calculated as follows,

% Hemolysis = (Absorbance of the scaffold) - (Absorbance of

negative control)/ (Absorbance of positive control) X100.

Genotoxicity

Possible genotoxicity of the scaffolds were
evaluated in term of DNA damage and
fragmentation [22]. Briefly 1x10° primary

chondrocytes were seeded on scaffolds and
incubated for 48 hours in DMEM F12/HAM's, 10%
(v/v) Fetal Bovine Serum (FBS) and penicillin/
streptomycin solution with the scaffolds at 37°Cin
5% CO,. Cells were then trypsinized and genomic
DNA was isolated by High Pure PCR products
Purification Kit (Roche Applied Sciences, USA).
DNA integration was analyzed on a 1% agarose
gel (Sigma, USA). The gel was subjected to
electrophoresis for 20 min. at 120V and the bands
were observed by Kodak EDAS (Kodak Company,
USA) electrophoresis analysis system.

4an



Cells-Scaffold Interactions

Gelatin/ox-dextran scaffolds were sterilized with
70% Ethanol for 3 hours prior to the experiment.
Scaffolds were then washed 3 times with condition
medium (CM) and incubate with the condition
medium for 3 hours at 5% CO,, 37°C before cell
seeding. 1x10° cells were seeded onto gelatin/
ox-dextran scaffolds. Cell viability was tested by
using Trypan Blue Dye Exclusion Test. The bio-
hybrid construct were incubated for 14 days at
37°C 5% CO,. Medium was changed three times
a week.

Cell adhesion, morphology and the interaction
with scaffolds were investigated up to 14days by
using Scanning Electron Microcopy (SEM) and
Confocal Microcopy (CLSM). Before imaging on
SEM; cells were fixed with 2.5% Glutaraldehyde/PBS
solution for 30min. The cells were then dehydrated
with increasing concentrations of ethanol (30, 50,
70, 90, and 100 %) for 2 min in each solution. After
dehydration with ethanol, scaffolds were dried and
immersed in hexamethyldisilazane solution for 5
min. The hexamethyldisilazane was removed, and
the samples were air dried for 5 min. Imaging was
performed using a TM-1000 system (Hitachi, Japan)

For Confocal Laser Scanning Microscopy
Imaging, cells were fixed with 2.5% Glutaraldehyde/
PBS solution for 30 min. Furthermore, samples
were washed with PBS (pH 7.4) 3 times at room
temperature. Later, samples were placed in 1%
Triton X-100 solution for 5 min. in order to increase
the cell membrane permeability. Then samples
were washed 3 times with PBS solution. Later; 2.5%
(v/v) Alexa Fluor 488 phalloidin (Invitrogen, USA)
solution was added in order to stain actin filaments
(F-actin) of the cells and incubated for 20min. at
room conditions in dark. Later on, 3 ug/ml propidium
iodide solution was added for 5min. for staining the
cell nuclei. Finally samples were washed with 1%
Bovine Serum Albumin (BSA) solution in PBS (pH
7.4). Imaging was performed using (CLSM, Hal 100
Axiovert 200M Zeiss, USA) system.
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RESULTS AND DISCUSSION

Scaffold Properties

Gelatin and dextran are well known natural
biopolymers for scaffold preparation [23-24]. We
use cryogelation techniques for the preparation
of a highly biocompatible gelatin/ox-dextran
scaffolds. Ox-dextran is the cross-linker in the
structure so one did not have to use a highly toxic
crosslinking agents like glutaraldehyde or others
[25]. A scaffold as biomaterial should show a
proper degradation pattern with correlation
of tissue formation and healing in in-vivo. We
analyzed their degradation pattern with enzyme
and without enzyme media. Figure 1 shows the
bio-degradation pattern of the prepared scaffolds.
The enzyme in the degradation studies was
lysozyme which is one of the most active enzymes
in the initial biological tissue response in the body.
Therefore, the degradation profile was faster in
enzyme containing media. It is also observed that;
in the end of degradation period, the scaffolds
in without enzyme media were remain their gel-
like structure. Swelling and mechanical behavior
properties of the scaffolds were also investigated
and reported elsewhere [17].

Beside these; pore size and size distribution
of the prepared scaffolds were observed by SEM.
Figure 2 shows the structural and pore morphology
of the scaffolds. The properties like as pore size,
interconnectivity of the pores, biodegradation has
play critical roles in cell adhesion, cell viability, cell-
cell interaction, mass transfer etc. As indicated in
Oh et al. reports; scaffolds having larger pore sizes
could enhanced cell growth better than others [26].
Note that, these gelatin/ox-dextran scaffolds have
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Figure 1. Bio-Degradation pattern of gelatin/ox-dextran
scaffolds
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high porosity with well-established pore size and
the pore diameter which can allow cell adhesion,
growth and cell-cell/cell-matrix interactions. Except
for the surface region of the scaffold, the pores
were fairly uniform ranging averagely from 200
um in diameter. Note that chondrocytes are nearly
20nm diameter size in the body but they stay in
isogen groups which is a structure that consist 4-8
chondrocytes together. So when we think about cell
size, material transfer requirements and migration
of the cells. The scaffolds have a proper pore size
in all. Yang and his colleagues found similar results
in their research about tissue formation on bone
matrix gelatin scaffolds [27].

Cytotoxicity
The degree of possible cytotoxicity of the gelatin/
ox-dextran scaffolds was investigated by MTT

SO_HU_GeOX0005 == 25 SO_HU_GeOx0006

Haemocompatibility and Hemolysis
Fibrinogen  adsorption,  activated partial
thromboplastin  time (APTT), prothrombin
time (PT) tests were widely used coagulation
assays to determine the haemocompatibility
of materials [28-29]. Results summarized in
Table 1 demonstrate the haemocompatibility of
the scaffolds. Note that coagulation times give
the information about the haemocompatibility
through intrinsic and extrinsic coaqgulation
pathways [30]. As seen in Table 1, scaffold
has negligibly higher coagulation times from
the control. All values were in the range of
reference values. Fibrinogen adsorption onto
biomaterials surface is a key factor to determine
the haemocompatibility of the interested material
because of its role in coagulation, and its ability
to promote platelet adhesion [31-32].

Figure 2. Scanning Electron Micrograph of gelatin/ox-dextran scaffolds.

assay method. Asthedatain Figure 3indicate that
percent cell viabilities were quite well comparing
to the control (TCPS), in which the exposure time
was 48 h. There are slight differences in cell
viability between direct and indirect methods. The
cell viabilities on both direct and indirect assays
are around 92% which is quite well. According
to these results we can surely assume that the
scaffolds are quite non-toxic to the cells and also
scaffolds are well biocompatible.

100

The hemolytic activity of biomaterials plays
an important role with regards to toxicity and

correlates with inhibition of cell growth [34-35].

After 1 hour incubation at 37°C, scaffolds had the
absorbance value of 0.044 £ 0.007 while the
negative control (blood in PBS) was 0.040+0.005
and positive control (blood in distilled water) was
0.924+0.028. Thus, gelatin/ox-dextran scaffolds
had shown no evidence of hemolysis after 1 h of
incubation (<0.5% hemolysis).
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Figure 3. Cell Viabilities on gelatin/ox-dextran scaffold both direct and indirect MTT
assay within 48h.
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Table 1. Haemocompatibility of the gelatin/ox-dextran scaffolds.

PT(sec) APTT(sec) Fibrinogen (g/I) Haemolysis (Abs. 540 nm)
Control 10.7 £ 0.1 26.7+0.1 3.65 +0.03 No
Scaffold 10.9 +0.2 26.9 +0.3 3.60 +0.05 No

*Ref.val.33 PT (10-11sec.) APTT (25-35sec.) Fibrinogen 2-4,5g/I

Coagulation assay and hemolytic activity assay
were both demonstrated that our scaffolds have
negligible effects on coaqulation time and have
excellent blood compatibility.

Genotoxicity

Materials that used in the preparation of scaffolds
may have genotoxic effects which lead to DNA
strands damage [36]. We evaluated the possible
genotoxic effects of the scaffold material by
analyzing the DNA damage under electrophoretic
circumstances. As depicted in Figure 4; there was
no significant difference in the resulting DNA of
both cells on control (Chondrocytes in Tissue
Culture Polystyrene Flask) and cells on gelatin/
ox-dextran scaffold after 48 hours interaction
under culture condition.

Cells-Scaffold Interactions
In order to evaluate the cell-scaffold interaction,
primary chondrocytes were seeded on gelatin/

Figure 4. DNA damage after 48h interaction. C:
Control / Cells on TCPS flask G: Cells on gelatin/ox-
dextran scaffold M: Marker.

ox-dextran scaffold, prepared by cryogelation.
The chondrocytes grown on gelatin/ox-dextran
scaffold were observed using a SEM and CLSM
to evaluate cell morphology and proliferation
on 14th day of cultivation on condition medium.
Figure 5 shows the interaction of cells with the
scaffolds both in SEM and CLSM. Green colors in
CLSM images shows scaffold/matrix and orange
color shows cell nuclei where cells interact with
the scaffold.

There are several studies indicated the interac-
tion between cells and cryogel scaffolds. Hwang et
al. demonstrated the potential three-dimensional
macroporous poly(ethylene glycol) (PEG) cryogel
for tissue development [37]. Moreover Bolgen et al.
demonstrate the 3D bone formation on 2-hydrox-
yethyl methacrylate (HEMA)-lactate-dextran cryo-
gels [12].

The  gelatin/fox-dextran  scaffolds  have
open pore microstructure with a high degree
of interconnectivity that supports cell matrix
interaction. Scaffolds also have well-organized
interconnected pores which allows cells to migrate
easily to the inner part of the scaffold and continue
their growth, cell-cell interactions and matrix
synthesis for tissue forming.

Figure 6 shows the laser cross-sections
of scaffold layers. As it is seen in both figures,
gelatin/ox-dextran scaffolds could provide suitable
environments for the cells with their highly
interconnected structure so cells could spread all
around the scaffold and easily moved along through
to scaffold and maintained their viability.

CONCLUSIONS
Scaffolds are one of the essential components

for cell/tissue engineering. There are several
techniques for the preparation of the scaffolds
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Figure 5. Cells-Scaffold Interactions on (A-B) Confocal Laser Imaging
Microscope (C) Scanning Electron Microscope.

Figure 6. Cells on gelatin/ox-dextran scaffold's layers.
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which let scaffolds having various different
properties. Beside all these, biocompatibility is
one of the vital points that a scaffold should hold.

In this current study we demonstrate a well-
constructed cryogels as scaffold using gelatin and
oxide dextran. Primary chondrocytes-scaffold
interactions were evaluated by means of Scanning
Electron Microscope and Confocal Microcopy
analysis. Possible cytotoxicity, hemolytic activity
and genotoxicity were also evaluated. According
to our results, these cryogels shows excellent
biocompatibility which can have promising
candidate for tissue engineering.
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