P18081: Flexing Cells (Mechanical Bioreactor)
Project Goal

Design Features

In the body, cells are loaded with many different mechanical
forces. Our team’s objective was to create a device that applied
cyclic mechanical strain to cell culture. This device would be used
in an advanced cell culture academic course to teach students
the different effects of static versus dynamic conditions on cell
culture. The device would be used as a final project for students
previously trained in static, mammalian cell culture.

Cell culture: 3T3 fibroblast cells
Culture chamber: Polydimethylsiloxane (custom-moldable stretchy
polymer)
Attachment: Hole-and-peg supports
Movement: one-dimensional actuator motion
User Interface: Screen with pre-programmed Arduino code for
experiment conditions

Basic Project Requirements
Sustain cell life over multiple weeks.
Maintain 37 , 100% humidity, 5% CO2, and pH 7.4.
Allow tensile strain on cells of up to 20% +/- 1%.
Compatible with Leica DFC3000 G imaging microscope for analysis.
Assembly, programming, and disassembly had to be intuitive,
efficient, and safe for a student.

Figure (AAA): Initial brainstorm (left) and final CAD model (right) of mechanical
bioreactor. The actuator is stabilized in a stainless steel housing. The PDMS cell
chamber (top right) is mounted on a hole-and-peg mechanical strain apparatus.

Buildable in a two-semester time frame with a budget of $1200.

Cell Culture Testing

PDMS Strength Testing

Figure (BBB): A PDMS mold designed using ASTM D638 was used to create
material tabs for testing (left). Tabs were stretched to failure on an Instron 1125
(middle). FEA analysis helped apply these results to the chamber mold (right).

Figure (CCC): Cell culture orienting perpendicularly to uniaxial stretch. (Godlyn et al.)
Static cell culture testing of 3T3 fibroblast cells grown on PDMS with an extracellular matrix
coating of collagen at a concentration of 12.5 !g collagen per cm2 PDMS. Pictures were
taken on a Leica DFC3000 G imaging microscope.
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