
A Comparison between Cell Viability of
Chondrocytes on a Biodegradable Polyester

Urethane Scaffold and Alginate Beads in
Different Oxygen Tension and pH

Cartilage is a tissue that has a low potential for self-repair. One of the methods for
improvement of regeneration and metabolism in cartilge, is to stimulate physical
factors on chondrocytes as cartilage based cells. In this research, two physical

factors, oxygen tension and pH, were changed to measure the cell viability of chondro-
cytes on Degrapol®, as a biodegradable polyurethane (DBS), and alginate scaffolds and
cell viability onto these substrates are compared. The results showed that, physical fac-
tors like oxygen and pH could change cell viability. After 3 days cell culture for both types
of scaffolds, the cell viability was higher with 5% O2 and pH=7.4 and it was not depend-
ent on the type of scaffolds. Our results showed that cell viability on alginate beads is
more than DBS scaffold for different conditions.
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Damage and tear in articular carti-
lage is due to unstable shear loading
and aging and it has a limited capac-
ity for self-repair. Therefore, it is
important to find some applicable
and clinical methods to repair articu-
lar cartilage. One of the recent new

methods for articular cartilage repair
is tissue engineering. Tissue engi-
neering is an interdisciplinary field
that applies the principles of engi-
neering and the life sciences toward
the development of biological substi-
tutes that restore, maintain, or
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improve tissue function [1]. The goal of tissue engi-
neering is to restore function through the delivery of
living elements, which become integrated into the
patient [2]. Therefore, the important factors in tissue
engineering are: (1) A biodegradable scaffold with pre-
ferred surface and bulk characteristics, (2) biochemical
factors with the best cell source and growth factors that
are suitable for the tissue, (3) growth environment with
controlling physical environment and growth stimula-
tion, and finally (4) biological functionality that is
introducing grafting into the body. There are many
recent researches on cartilage tissue engineering that
the differences between them are based on the type of
scaffold, cell type and physical stimulation for growth
of cells and tissue [3-13]. However, the design and type
of scaffold is very important in tissue engineering of
cartilage, but the controlling of physical environment
for stimulation of cell growth is much more important
[14]. Some of the physical factors that can change cell
metabolism are oxygen tension (percent of oxygen in
tissue surrounding), pH, osmolarity, loading and etc.
All of these factors have different effects on cell metab-
olism and it is important to stimulate a better condition
for the best cell metabolism [14-19]. 

Some of the recent new scaffolds that have some
potential for articular cartilage repair are biodegradable
polyurethanes [13,20,21]. These polymers have good
mechanical properties; more than other biodegradable
scaffolds that are used in articular cartilage tissue engi-
neering such as PGA, PLA, PLGA and natural biopoly-
mers. As shown in literature, the threshold value for
100% fibrocartilage formation lies around 150 kPa[13]. 

Also polyurethanes could have a wide range of
properties with different chemical compositions.  One
of the latest types of these biodegradable polyurethanes
that has no toxic degradation products is Degrapolfi
biodegradable scaffold, DBS [13]. The DBS is a new
elastic, highly biocompatible and degradable synthetic
material [20]. It is primarily a block copolyester, pre-
dominantly based on β-(R)-hydroxy-butyrate and
hydroxy-alkanoates (93% by weight), linked with
TMDI (trimethylhexamethylene diisocyanate) units
(7% by weight) [26]. The degradation time length can
be adjusted between a few weeks and years through the
chemical composition of the material. Also the elastic-
ity can be varied from highly elastic and expandable to
tough and finally brittle. Young’s moduli between 20

and 800 MPa are possible to achieve. It has low poly-
mer fraction (void volume about 95%) with pore size in
about 50-300 µm [20, 26].  DBS has shown very good
potential for articular cartilage repair in vitro and in
vivo [13, 20]. A comparison between DBS and other
polyurethanes can show that DBS has wide range of
properties and higher biocompatibility; Also, it is a
commercial type of polyurethanes and therefore, it is
easy to process or purchase [20, 21, 24-26]. But accord-
ing to our knowledge, there are no reports about the
evaluation of physical factors on DBS, as a new scaf-
fold for tissue engineering of cartilage.

In this research, the effect of two physical factors
on chondrocyte metabolism, oxygen tension and pH,
were evaluated on DBS scaffold and were compared
with  alginate as a natural biopolymer that has also
demonstrated very good features in articular cartilage
repair[21].

EXPERIMENTAL

Chondrocyte Isolation
Chondrocytes were obtained from metacarpophangeal
joints of 6-9 month-old cows [14, 20]. There were two
stages for cell isolation: (1) dirty stage and (2) clean
stage. In dirty stage, the cow�s foot was washed with
water to remove the worst of the muck. The toe of the
foot was cut along the joint, just above the hoof, by
scalpel blades and the skin of foot was cut lengthwards
with the scalpel. Finally, the foot was bleached for
0.5 h. In clean stage, before cutting off the foot, every-
thing that was going into the hood was sprayed with
70% EtOH. Then, inside the hood, the joint was opened
up and the cartilage was removed from the joint and was
put into the medium solution (Figure 1). The medium
solution was a digestion solution with DMEM (Dulbec-
co�s Modified Eagle�s Medium, Gibco, BRL) 6%v/v
FBS (Fetal Bovine Serum, Gibco, BRL), 1%v/v AA
(Antibiotic-Antimycotic, Gibco, BRL) and 0.6 mg/mL
Collagenase (Gibco, BRL). Finally, this mixture was
incubated at 37oC in a 5%CO2 atmosphere for 24 h.

After this period of time, the solution was filtered
by a coarse and then a fine sterile filter. The filtered
cells were transferred to a sterile tube and centrifuged
at low speed. After centrifuging, the supernatant was
poured off and the pelleted cells were resuspended by



tapping the tube and finally the cells were counted by
heamocytometer.

Material Preparation
The DBS scaffolds, as round disks were obtained from
Zurich University (Institute of Polymers). Its dimen-
sion was 15 mm in diameter and 1mm in thickness. The
pore volume was about 95% and the pore size was
about 50-300 µm. The modulus of elasticity was about
40 MPa. The samples were sterilized by ethylene oxide
method [20,25,26] and then suspended in distilled
water and medium solution over night and then
degassed under vacuum. 

The alginate solution, as a natural biodegradable
polymer, was prepared with the following method [15].
The alginate solution of 1.2% was prepared by adding
240 mg alginic acid (Fluka, Biochemica) to 20 mL of
0.9% NaCl while stirring and then was sterilized
through 0.22 µm filter.

Cell Culture Method
There were two different methods for cell seeding on
DBS and alginate.

For DBS samples; first, the samples were put into
the bottom of a 24 well-plate and then 0.1 mL of cell-
medium suspension with 4 × 106 cell/mL concentration
was added on top of the samples for cell attachment
[13]. After 2 h incubation at 37oC and 5% CO2, the
medium (DMEM, 6%v/v FBS, 1%v/v AA) was
changed with 2 mL new medium and the plate was put
into the incubator again, at the same condition.

For alginate samples; first, the actual amount of
alginate solution was added to the pelleted cells to
obtain a suspension with 4 × 106 cell/mL of alginate
[15]. Then this suspension was mixed thoroughly and
transferred to a syringe with 22 G needle and dropped
into a sterile 102 mM CaCl2 solution for formation of
beads. After dropping all the cell-alginate suspension to
the CaCl2 solution, CaCl2 was aspirated and the beads
were washed 3-4 times with 0.9% NaCl and DMEM, to
remove all CaCl2 from the beads. Finally, the beads
were divided to a 24 well-plate and 2 mL of the medi-
um was added to each well and incubation was started
at 37oC under 5% CO2 atmosphere.

Oxygen Tension and pH Condition
The experiments were performed in three different oxy-
gen tensions; 21%, 5% and 1%. Briefly, DBS and algi-
nate samples were divided into three 6 well-plate. In
one row, 2 mL of medium with pH= 7.4 and in another
row, 2 mL of the medium with pH= 6.5 was added.
Then each 6 well-plate was put into a chamber (Figure
2). Oxygen was blown in different percentages, 21%,
5% and 1%, into the three chambers and finally the
chambers were put into the incubator at 37oC and 5%
CO2. The old medium was replacing with 2 mL of the
new medium with the same pH and oxygen, everyday.

Cell Viability
After 3 days cell culture, the cell density was deter-
mined by MTT method. The MTT is a reliable assay
method for measuring cell viability in different scaf-
folds, especially in rigid porous scaffolds [20]. This
assay determines viable cell numbers and is based on
the mitochondrial conversion of the tetrazolium salt,
3(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium-
bromide (MTT)  [22]. Briefly, a modified assay was
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Figure 1. The opened up zone of the foot for removing the

cartilage (MH: metacarpal head, PP: proximal phalanges).



employed to quantitatively assess the viable chondro-
cytes growing on the scaffolds. For measuring cell via-
bility, the medium was removed from each well and
replaced with 500 mL serum free medium and 40 µl
MTT (5mg of MTT in 1 mL PBS) and then it was incu-
bated at 37oC and 5% CO2. After one-hour incubation,
medium and MTT solution was replaced with 400 µm
isopropanol (10%  formic acid) and incubated for 5 min
again. Then the plates were shaked for 10 min for full
reaction of MTT with cells. Finally, 100  µL of the solu-
tion (per each well) was added to a 96 well-plate and the
absorbance of each well was measured in 570 nm with
ELIZA reader. The cell density for each well was meas-
ured by MTT standard curve that was obtained by the
same method.

RESULTS AND DISCUSSION

After 3 days cell culture in different pH and oxygen
tensions for DBS and alginate scaffolds, the results
showed that physical factors can change cell viability
and they do not depend on the type of scaffolds. As
shown in Figures 3 and 4 in pH=7.4, the cell density is
much more than the cell density in pH=6.5 for DBS and
alginate and there is a significant difference (p<0.001)
between these two pHs. This means that the pH=7.4 is
a physiological condition for cell growth. The shape of
chondrocytes in pH=7.4 on the surface of DBS scaf-

folds is regular and round-like as shown in Figure 5a.
In general, decreasing the pH could reduce the cell vol-
ume and the reduction of cell volume could change the
normal mechanism of transferring ions and other
digesting solutes into the cells [27]. Therefore, in
pH=6.5 the cell nutrition will be unusual and most of
the cells will die. Figure 6, is showing the effect of oxy-
gen tension on cell viability. In this Figure, it does
appear that the cell density in 5% O2 atmosphere is
maximum and there is significant difference (p<0.001)
between these three oxygen tensions. This difference
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Figure 2. Oxygen chamber.

Figure 3. Effect of pH on cell viability at 21%  O2 (after 3 days

cell culture on DBS) (n= 9, mean±SD, P<0. 001).

Figure 4. Effect of pH on cell viability at 21%  O2 (after 3 days

cell culture on alginate) (n= 9, mean±SD, P<0. 001).



can show that the results were not accidentally
obtained. It means that the cell viability is maximized
at optimum value of oxygen tension. On the other hand,
changing of oxygen tension could change cell volume
and finally affect the cell metabolism [27].

The effect of oxygen and pH= 6.5 on cell viability
is showing in Figure 7. By comparison of Figure 7 with
Figure 6, a large difference between cell densities for
pH=6.5 and pH=7.4 can be found (p<0.001). For exam-
ple in 5% O2 atmosphere, pH=7.4 and 380 osmolarity,
the chondrocyte density on DBS scaffolds is about
90%; while in 5% O2 atmosphere, pH=6.5 and 380
osmolarity is about 45%. It means that in pH=6.5,
about half of the cells were died. The results for algi-
nate were the same as shown in Figure 8. However,
there were some significant differences between per-

cent of cell viability on DBS and alginate (p<0.002)
(Figure 9). 

Figure 9 shows that the cell viability for alginate, in
all oxygen tensions and pH conditions, is higher than
DBS after 3 days cell culture (p<0.03). As shown in
Figure 5b, the cells were round with wider distribution.
It seems likely that there are some factors in alginate
that cause these differences. One of these factors is
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(a)

(b)

Figure 5. An image of chondrocytes after 3 days cell culture

on DBS (200X) (b) The shape of chondrocytes on alginate

beads after 3 days cell culture(200X) at pH=7.4,21% O2.

Figure 6. Effect of  O2 on cell viability at pH=7.4 (after 3 days

cell culture on DBS) (n =9, mean±SD, P<0.001).

Figure 7. Effect of  O2 on cell viability at pH=7.4 (after 3 days

cell culture on DBS) (n =9, mean±SD, P<0.001).



high hydrophilicity of alginate. This property causes
good cell distribution and nutrition; because the cells
are able to transfer the ions and the products through
the medium, easily. But, DBS is not hydrophilic. It has
some interconnected porosity that can help cell nutri-
tion. In static culture, cell seeding is just putting the
cells on top of the scaffold. Therefore, in rigid scaffolds
like DBS, cells cannot distribute inside the bulk of the

scaffold. Also, some of the cells can go through the
pores, slowly; but because of the situation in the static
culture, medium content cannot reach the attached cells
and the cells will die. Therefore, in rigid scaffolds like
DBS and others that are not hydrophilic and just have
some porosity, the best way for increasing the cell via-
bility is to find a method for nutrition of the cells in
entire part of the scaffold. One of these methods is per-
fusion culture. Perfusion culture is a method for perfus-
ing the cells through the scaffold [17]. There are some
good results about the ability of this method to increase
the cell viability in literature [17, 18].

CONCLUSION

In this research, the results showed that, physical fac-
tors like oxygen tension and pH can change cell viabil-
ity. In fact, the physical factors could affect cell volume
and it does not depend on the type of scaffold. When
the cell volume is changed, the nutrition will be unusu-
al and the rate of ion transferring into the cells will be
irregular. The best condition of the chondrocytes
metabolism was for 5%O2 atmosphere and pH=7.4.
Also it was found that by variations of O2 and pH, the
cell viability in alginate as a biopolymer hydrogel is
more than DBS which is a rigid scaffold. These results
can show that the hydrophilicity of alginate and distri-
bution of cells into the alginate beads are key factors
for more cell viability. Therefore, if DBS, as a stiff and
degradable scaffold, is used for cartilage repair, the cell
distribution and cell nutrition must stimulate whole of
the DBS sample; because DBS is not a soluble and
hydrophilic polymer as alginate. In fact, it is important
to use another cell culture method for DBS to distribute
or inject chondrocytes into the scaffold. Maybe, one of
these methods is perfusion culture that could be tested
in the future.    
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Figure 8. Effect of O2 on cell viability at 21% O2 (after 3 days

cell culture on alginate) (n= 9, mean±SD, P<0. 001).

Figure 9. Comparison of cell viability between alginate and

DBS at pH= 7.4 (n =9, mean±SD, P<0.03).
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