
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Polymeric Materials
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713647664

Cytocompatibility of Poly(L-lactide-co-glycolide) Porous Scaffold Materials
for Tissue Engineering
Zhihua Zhoua; Xiaoping Liua; Lihua Liua; Qingquan Liua; Qingfeng Yia

a College of Chemistry and Chemical Engineering, Hunan University of Science and Technology,
Xiangtan, P.R. China

To cite this Article Zhou, Zhihua , Liu, Xiaoping , Liu, Lihua , Liu, Qingquan and Yi, Qingfeng(2008) 'Cytocompatibility of
Poly(L-lactide-co-glycolide) Porous Scaffold Materials for Tissue Engineering', International Journal of Polymeric
Materials, 57: 11, 1026 — 1035
To link to this Article: DOI: 10.1080/00914030802257438
URL: http://dx.doi.org/10.1080/00914030802257438

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713647664
http://dx.doi.org/10.1080/00914030802257438
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Cytocompatibility of Poly(L-lactide-co-glycolide) Porous
Scaffold Materials for Tissue Engineering

Zhihua Zhou, Xiaoping Liu, Lihua Liu, Qingquan Liu,
and Qingfeng Yi
College of Chemistry and Chemical Engineering, Hunan University
of Science and Technology, Xiangtan, P.R. China

The development of a suitable three-dimensional scaffold for the maintenance of
cellular viability and differentiation is critical for applications in periodontal
tissue engineering. Poly(L-lactide-co-glycolide) (PLGA) porous scaffold materials
were fabricated by using NaHCO3 particulates as progen, and the compatibility
test in vitro was carried out. The scaffold shows an interconnected structure with
large pore sizes ranging from 100 to 450 lm. Cells did attach to the culture plate
when cultured in PLGA extract, and the number of cells increased with the
increase of culture time. Von Kossa-positive mineralization nodules were first
observed after 21 days of culture time. The percent of viable cells cultured in PLGA
extract was higher than that in PLLA extract at the same culture period. Nodule
formation and multilayer structures were observed on the scaffold surface.

Keywords: cytocompatibility, poly(L-lactide-co-glycolide), scaffold materials

INTRODUCTION

Biodegradable polymers are used in an increasingly large number
of biomedical applications such as drug-releasing implants [1], bio-
resorbable surgical sutures [2], short-term fixation devices in the
orthopedic field [3] and tissue engineering [4,5]. The most important
characteristic of a biodegradable material relates to the biocompatibil-
ity of both the polymer (at implantation time) and the products of its
degradation process.
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Tissue engineering using cell transplantation appears to be the
most promising alternative to existing therapies for restoring tissue
and organ function [6–8]. Significant challenges to this technique
include the design and fabrication of a suitable biodegradable cell scaf-
fold that can promote cell adhesion, support cell growth, proliferation
and differentiation, and guide the process of tissue development
[8–10]. Transport issues are very important for tissue engineering
scaffolds and include nutrients delivery, waste removal, exclusion of
materials or cells, protein transport, and cell migration, which, in
turn, are governed by the scaffold’s porous structure [11].

Biodegradable polymers, such as poly-L-lactic acid (PLLA), often are
utilized to construct cell scaffolds for tissue engineering use. However,
the hydrophobicity of the scaffolds inhibits the cells from penetrating
into the pores. In addition, there are no cell recognition sites on the
surfaces of this kind of polylactide scaffolds which affects their cell
affinity. Many efforts have been directed towards enhancing cell affin-
ity of scaffold materials. For example, copolymers have been widely
investigated to improve the hydrophilicity of polymeric materials
[12,13]. Poly(L-lactide-co-glycolide) (PLGA) is presently utilized in dif-
ferent forms to repair and regenerate the impaired tissues due to its
faster degradation speed and higher hydrophilicity than PLLA. Its
degradation products are low molecular mass compounds such as lac-
tic acid and glycolic acid, which enter into normal metabolic pathways.

The purpose of the present study is to fabricate three-dimensional
PLGA (85=15) scaffold materials with interconnected pore structure.
Human osteoblastic cells were used to evaluate the biocompatibility
in vitro of the scaffolds.

EXPERIMENTAL

Fabrication of Scaffolds of Biodegradable Polymer

PLGA (85=15) (Mw¼ 9.4� 104, Mw=Mn¼ 1.55) was obtained under
high vacuum in the presence of stannous octoate as the catalyst at
140�C for 24 h. The PLGA was purified by dissolution of the polymer
in chloroform and precipitation in ethanol, followed by drying in
vacuum at room temperature for 48 h.

PLGA scaffolds were fabricated by using an improved solution-
casting=salt-leaching technique. Briefly, PLGA was first dissolved in
chloroform and sieved NaHCO3 particulates (the diameter 300–450mm)
were added. The mixture was cast into a mold (Ø8.5� 5 mm). After
the evaporation of the solvent, the samples were dried for 24 h at
room temperature (25�C) in air, then were placed in vacuum for
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another 24 h at 40�C in order to completely remove the solvent. The
samples were immersed in 12 wt% hydrochloric acid for 3 h, then
washed 3 times with distilled water, then immersed in distilled water
for 12 h, and the distilled water was refreshed every 4 h, all at room
temperature. The samples were dried for 24 h in vacuum at 40�C.
The polymer scaffolds were obtained after drying. The porous structure
of the PLGA scaffold was characterized by scanning electron micro-
scope (KYKY-2800) after being sputter-coated with gold.

Cell Morphology Cultured in Extracts

Human osteoblastic cells were obtained from the marrow of a young
adult male. The extract medium for cells was Dulbecco’s modification
of Eagle medium (DMEM) supplemented with 10% fetal calf serum
(FCS), 50 units �mL�1 penicillin and 50 mg �mL�1 streptomycin. The
ratio of the volume of the extractant to the surface area of the material
was 1 mL � cm�2. The extraction process was carried out in a water
bath at 37�C in 75 cm3 flasks which were shaken at a speed of
60–65 rpm. After extracting for 48 h, the extracts were passed through
a 0.22 mm filter, then stored at �20�C. Cells were seeded in 96-well
plate with cell seeding densities of 1� 105 in a humidified incubator
containing 5% CO2 at 37�C. On the second day of the experiment,
the medium from each well was removed and replaced with 2 mL of
extraction medium. Cell morphology was observed under a reverse
microscope (TE2000U, NIKON).

Von Kossa Staining

For the bone nodule formation assay, mineralized matrix was evaluated
by Von Kossa staining. Cell cultures were rinsed with phosphate-
buffered saline solution (PBS) and fixed in 4% formaldehyde in PBS
for 10 min. After washing with distilled water, cells were treated with
5% silver nitrate solution and kept for 30 min in a dark room. The
excess silver nitrate solution was then completely washed away using
distilled water, then the culture plate was treated with sodium
carbonate=formaldehyde solution for a few minutes to develop color.
Residual silver nitrate was neutralized with 5% sodium thiosulfate.

MTT Assay

The procedure followed for this test was as described previously and
corresponds to the ISO MEM elution test for short-term cytotoxicity
assessment [14]. Briefly, PLGA and PLLA samples were placed in
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conic tubes with Dulbecco’s modified Eagle medium and placed under
constant shaking (60–65 rpm) at 37�C for 24 h for the materials to
release eventual leachables (formation of extracts from the materials).
After 24 h, the extracts were filtered through a 0.22 mm pore size filter,
placed in contact with an 80–90% confluence cells’ monolayer and
further incubated for 72 h. After this time period, the viability of the
cells was evaluated by the MTT test by measuring the optical density
at 570 nm. All the materials were tested in 10 replicates for each
extract for at least two independent experiments with reproducible
results. The results are expressed as the absorbance of optical density
as mean� standard errors.

Cell Morphology on Surface of PLGA

Cell attachment and cell morphology on PLGA surface were studied.
Sterilized scaffold was cut into 5� 5� 1 mm pieces and washed in
phosphate-buffered saline (PBS) twice, each for 5 min, then trans-
ferred into 24-well polystyrene culture plates using 2% agar (to
prevent floating). 3 mL medium were added to the wells to prevent
the cover slide from floating during cell seeding. Into each well,
1.0� 105 cells (in 1 mL of medium) were then placed, and the plates
were incubated at 37�C and 5% CO2 for 7 days. The scaffolds were left
undisturbed in an incubator for 45 min to allow the cells to attach to
the scaffolds, after which time an additional 2 mL culture medium
containing 20mL dexamethasone was added to each well. Medium
was changed every two days.

The cell morphologies on PLGA scaffold surface were studied by
scanning electron microscope (KYKY-2800). The scaffolds cultured
with cells for 21 days were fixed with 2.5% glutaraldehyde for 3 h at
room temperature, then rinsed three times with PBS, and dehydrated
in a grade ethanol series. Samples were then critical-point dried,
coated with gold, and observed by SEM.

RESULTS AND DISCUSSION

Morphologies of PLGA Porous Scaffolds

SEM photomicrographs of cross-sections of scaffolds are shown in
Figure 1. It can be seen that the porous structure of the scaffold is
interconnected and the size range of the large pores is 100–450 mm
when using NaHCO3 particulates (93.7 wt%) as porogen. The porous
materials with high porosity allow the migration or entry of cultured
cells into the scaffold. The PLGA scaffolds have an enormous specific
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surface area for cells to seed and interact with the materials, and the
porous structure allows nutrients to diffuse into the scaffold to support
the growth on the seeded cells.

An ideal scaffold for bone tissue engineering applications should be
biocompatible (not toxic) and act as a three-dimensional (3D) template
for in vitro and in vivo bone growth. It therefore must consist of an
interconnected macroporous network with a modal interconnected
pore diameter of at least 100 mm to allow cell migration, bone ingrowth
and eventually vascularization [15]. The scaffold material should be
one that promotes cell adhesion and activity and ideally stimulates
osteogenesis at the genetic level [16] so that a tissue-engineered con-
struct can be grown in vitro, ready for implantation.

Cell adhesion is an important factor of concern when biodegradable
polymeric material is used as cell scaffold in tissue engineering.
Hydrophilicity=hydrophobicity, surface energy, charge and roughness
of the material surface greatly influence the cell attachment and cell
growth on the material.

Morphology of Human Osteoblastic Cells Cultured in Extracts

Cells appeared to show normal morphology, with cell sizes ranging
from 10 to 20 mm in diameter, when osteoblasts were cultured in PLGA
extract (seen in Figure 2). Human osteoblastic cells were attached to
the culture plate, which indicated that cells had strong generation
abilities. It is apparent that the number of the cells increased in PLGA
extract with increasing culture time.

In tissue engineering, it is crucial for cells to easily spread,
migrate, proliferate, and secrete extracellular matrix (ECM) in 3D
scaffold. It is known that cell shape is important for the growth,

FIGURE 1 SEM micrographs of cross-section of PLGA scaffolds: (a) Low mag-
nification; (b) High magnification.
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function, and even survival of the anchor-dependent cells [17–19].
The signals originated by adhesion plaque activation and mediated
by integrins and cytoskeleton can be processed by the nuclear matrix
and are essential for the regulation of the gene expression [20,21].
Chen et al. [17] proposed that cells with a flat shape survive better
and proliferate faster than cells with a more rounded shape. There-
fore, one can conclude that the spreading shape and the even distri-
bution of the human osteoblastic cells in the PLGA scaffolds imply an
obviously good cytocompatibility.

Mineralized Matrix Formation During Osteoblastic
Differentiation of Human Osteoblasts

Mineralized nodule formation is basically considered to be the final
result of differentiation and function of the osteoblasts. We used Von
Kossa staining, a technique commonly used to detect calcium depo-
sition in osteoblast cultures, for assessment of mineralized matrix for-
mation in human osteoblastic cells.

Mineralized nodule of the newly formed bone is markedly positive
(brownish-yellow precipitates) for Von Kossa staining. In our study,
Von Kossa-positive mineralization nodules were first observed at
day 21 followed by an increased number of positive nodules during

FIGURE 2 Morphology of cultured human osteoblastic cells in extracts of
PLGA: (a) 1d; (b) 3d; (c) 1w; (d) 3w.
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the remaining culture period (see Figure 3). Production of mineralized
nodules is one of the most reliable variables for evaluating the
osteoblastic differentiation of human osteoblastic cells. These results
suggest the occurrence of osteoblastic differentiation and mineraliza-
tion of human osteoblastic cells cultured in PLGA extract.

Cell Proliferation and Viability

The MTT test is a biochemical test widely used to assess cytotoxicity
by measuring cell viability and proliferation in a qualitative way. This
biochemical test is based on the reduction of MTT (which is water-
soluble and has a yellow tonality) by the cell mitochondrial enzyme
succinate dehydrogenase, yielding a purple-colored salt insoluble in
water. The salt absorbs light at a wavelength of 570 nm and because
only living cells have the capability to metabolize the MTT, it gives
a measurement of the viable cells.

The absorbance values of human osteoblastic cells cultured in
extracts are shown in Figure 4. It indicates that the percent of viable
cells cultured in PLGA extract was slightly higher than that in PLLA
extract during the culture period. However, there is no significant dif-
ference (P> 0.05), which demonstrates that the cell affinity of PLGA
scaffold is only slightly better than that of PLLA material.

Cell Attachment and Morphology on the Surface of PLGA

PLGA scaffolds were immersed in human osteoblastic cells culture.
After three weeks of cell culture, the SEM picture (Figure 5) confirmed
the presence of cells in confluent (multi-) layers on the surface of the
scaffold. These cells had spread extensively and exhibited filopodia.

FIGURE 3 Von Kossa staining of human osteoblastic cells culture in intro: (a)
3 w; (b) 5 w.
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The cells migrated into the pores and adhered to the walls of the pores
through the filopodial extensions. Cell metabolism was extremely
vigorous and a great deal of extracellular matrix (ECM) was secreted.
The presence of a collagen ECM shows that the osteoblastic cells are
capable of forming a matrix suitable for mineralization, and may indi-
cate initiation along a biomineralization pathway.

Cells, scaffolds, and growth factors are the three main factors for
creating a tissue-engineered construct. The development of good

FIGURE 4 MTT test on cell cultures after 3 weeks from osteoblast plating.

FIGURE 5 SEM morphology of human osteoblasts cultured on PLGA scaffold
surface after 3 weeks.
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biodegradable polymers to perform the role of a temporary matrix is
an important factor in the success of cell transplantation therapy.
The objective of this study was to evaluate PLGA materials as pro-
spective candidates for periodontal tissue engineering. The optimal
scaffold should support the movement, proliferation and differen-
tiation of specific cells. In the present study, the porous PLGA scaffold
exhibited a well-developed pore structure. The PLGA scaffold
appeared to provide a good environment for the growth of human
osteoblastic cells. After 3 weeks incubation, cells adhered, spread,
and formed a monolayer on the surfaces of the scaffold. The human
osteoblastic cells produced extracellular matrices to fill the voids in
the scaffold.

CONCLUSIONS

Highly porous PLGA scaffolds with interconnected pores were
obtained with NaHCO3 as porogen. PLGA scaffold supports the
attachment, proliferation and mineralized nodule formation of human
osteoblasts. It provides an appropriate environment for the prolifer-
ation and differentiation of osteoblasts. During short culture term in
PLGA extract, cells displayed normal morphology features, and Von
Kossa-positive mineralization nodules could be observed after 3
weeks. Multilayer structures and nodules were formed on the scaffold
surface after 21 days of culture time.

REFERENCES

[1] Fuchs, J. R., Nasseri, B. A., and Vacanti, J. P., Ann. Thorac. Surg. 72, 577 (2001).
[2] Mano, J. F., Sousa, R. A., Boesel, L. F., Neves, N. M., and Reis, R. L., Compos. Sci.

Technol. 64, 789 (2004).
[3] Middleton, J. C., and Tipton, A. J., Biomaterials 21, 2335 (2000).
[4] Nam, Y. S., Yoon, J. J., and Park, T. G., J. Biomed. Mater. Res. 53, 1 (2000).
[5] Lin, A. S. P., Barrows, T. H., Cartmell, S. H., and Guldberg, R. E., Biomaterials 24,

481 (2003).
[6] Hutmacher, D. W., Biomaterials 21, 2529 (2000).
[7] Chen, G., Ushida, T., and Tatsuya, T., Adv. Mater. 12, 455 (2000).
[8] Sheridan, M. H., Shea, L. D., Peters, M. C., and Mooney, D. J., J. Control. Release

64, 91 (2000).
[9] Anselme, K., Biomaterials 21, 667 (2000).

[10] Minuth, W. W., Schumacher, K., Strehl, R., and Kloth, S., J. Biomater. Sci., Polym.
Edn. 11, 495 (2000).

[11] Burg, K. J., Porter, S., and Kellam, J. F., Biomaterials 21, 2347 (2000).
[12] Chen, G. P., Ushida, T., and Tateishi, T., Biomaterials 18, 2563 (2001).
[13] Shi, G. X., Wang, S. G., and Bei, J. Z., J. Funct. Polym. 1, 7 (2001).
[14] Zhang, K., Washburn, N. R., and Simon, J. C. G., Biomaterials 26, 4532 (2005).

1034 Z. Zhou et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



[15] Freyman, T. M., Yannas, I. V., and Gibson, L. J., Prog. Mater. Sci. 46, 273 (2001).
[16] Hench, L. L. and Polak, J. M., Science 295, 1014 (2002).
[17] Chen, C. S., Mrksich, M., Whitesides, G. M., and Ingber, D. E., Science 276,

1425 (1997).
[18] Singhvi, R., Kumar, A., Lopez, G. P., Stephanopoulos, G. N., Wang, D. I. C.,

Whitesides, G. M., and Ingber, D. E., Science 264, 696 (1994).
[19] Ruoslahti, E., Science 276, 1345 (1997).
[20] Giancotti, F. G. and Ruoslahti, E., Science 285, 1028 (1999).
[21] Anselme, K., Biomaterials 21, 667 (2000).

Cytocompatibility of Poly(L-lactide-co-glycolide) 1035

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


