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Design of a new dynamic load and circulating-perfusion bioreactor
system

CHEN Xue-zhong'?, SHI Cai-hong', LI Rui-xin', GUO Yong', LI Zhi-hong', WANG Liang',
ZHANG Xi-zheng' (1. Institute of Medical Equipment, Academy of Military and Medical Sciences, Tianjin
300161, China;2. Biomedical Engineering College, Southern Medical University, Guangzhou 510515, China)

Abstract; Objective To design and build a new dynamic load and circulating perfusion bioreactor system and
test its performance. Methods The design principle of the bioreactor system was specified and the dynamic
strain loading system and 3D perfusion culture system were designed and built accordingly. A special culture
chamber for 3D perfusion and compressive loading was also developed. The sterility of the culture chamber and
the accuracy and stability of the strain loading were measured, and the result from the culture of tissue engineer-
ing bone was preliminarily observed. Results This bioreactor system could provide compressive strains with dif-
ferent magnitudes and frequencies, as well as perfusions under different flow conditions. It could be controlled ac-
curately and operated easily with a steady performance. No germs were grown in the culture medium after 5
days’ running. The preliminary results showed that after the tissue engineering bones were cultured in the biore-
actor for 10 days, cell proliferation and ALP activity in this perfusion culture and loading group were significantly
higher than those in the static culture group and the simple perfusion culture group. Conclusions The bioreactor
could be an ideal dynamic culture and loading device for biomechanical study of tissue engineering bone.

Key words; Bioreactor; Bone tissue engineering; Biomechanics; Cell culture; Compressive strain; Dynamic
loads
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Fig.1 Schematic diagram of the dynamic load and circulating-
perfusion bioreactor system (a) 3D circulating-perfusion system,
(b) Loading device, (c) Loading power and control system
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Fig.2 Schematic diagram (a) and photo (b) of the culture
chamber
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Fig.3 Phote of the dynamic load and circulating-perfusion biore-
actor under working condition ( arrow points to the culture medi-
um)
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Fig.5 Observation of MC3T3-E1 cells and scaffolds cultured for ten days ( middle layer of scaffolds, thick tissue section x 200)
(a) ~ (c) Observation by inverted phase contrast, (d) ~ (f) HE staining;(a),(d) Static culture group;(b) ,(e) Perfusion culture group;

(c¢),(f) Perfusion culture and strain loading group
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Fig.6 Observation of middle layer of scaffolds by SEM for MC3T3-E1 cells and scaffolds cultured for ten days (a) Static culture group
( x150), (b) Perfusion culture group( x300) , (c) Perfusion culture and strain loading group( x500)
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