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Abstract

The current research focused on developing a perfusion bioreactor system for
dynamic culture of bone marrow derived mesenchymal stem cells (MSC) on 3D scaffolds in
vitro. The design of the system was composed of single scaffold chamber and the Perfusion
liquid pumps for continuous circulation of medium in a control environment. This design was
aimed to reduce mass transfer limits with in 3D scaffolds. The system was tested on cell
seeding efficacy, cell proliferation, and osteogenic differentiation. Two types of scaffolds,
Thai silk fibroin conjugated with gelatin and hydroxyapatite (GCSF4) and
gelatin/hydroxyapatite (30/70 wt./wt.) (Gel/HA) were tested in different experiments.
Performance cell proliferation and differentiation in bioreactors was evaluated in comparison
to conventional static culture. Cell seeding using bioreactor or agitation or centrifugal seeding
method showed similar good cell distribution profiles. Cells spread out homogeneously
throughout the scaffolds. Numbers of cell attached on CGSF4 scaffolds were well above 25%
of the original amount of cell used. Although agitation seeding had the highest number of cell
attached, seeding using bioreactor showed possibility of using dilute cell suspension. Density
of 1.3 x10* cellssfmm?® could be achieved using cell solution of 5 x10%ells/ml in 6 hrs.
Population doubling time (PDT) for the in vitro static cell culture of MSC on Gel/HA
scaffolds was 250.8 hrs, while in a bioreactor, the PDT reduced to 192.3 hrs. In term of
osteogenic differentiation, alkaline phosphatase (ALP) activity and calcium content of MSC
in normal medium for cells on Gel/HA scaffolds in the bioreactor were enhances by 1.7 and
2.3 times, respectively over those cultured at static condition. The showed the ability of using
bioreactor to induce cell differentiation without using of chemicals. Energy-dispersive X-ray
spectroscopy of the cell surface shown Ca:P ratio was at 1.61, similar to those of the normal
bone mineralized ratios. Results of these experiments reveal potential and the needs for the
use of bioreactors in seeding, proliferation, and differentiation of stem cells which would
benefit cell culture system for research and therapeutic purposes.
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