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Solid freeform fabrication (SFF) corresponds to a variety of technologies capable of additive layer-by-
layer manufacture of three-dimensional constructs through computer-aided design (CAD) and computer-
aided manufacturing (CAM) [1]. Combining SFF and tissue engineering techniques resulted in cell
bioprinting. In bioprinting techniques; cells and other biological materials are incorporated into carrier
materials during the fabrication process and concurrently extruded using a dispensing device [2-3]. An
advantage of this technology is the ability to incorporate three-dimensional medical technologies, such
as magnetic resonance imaging (MRI) and computer tomography (CT), into the designs resulting in
patient-specific scaffolds [2]. The Palmetto Printer was designed to deposit biomimetic tissues for tissue
engineering. This study demonstrates the bioprinter is capable of producing cell-laden hydrogel
constructs with a complex geometry while maintaining high cell viability.

Normal human dermal fibroblasts (NHDF’s) and human adipose microvascular endothelial cells
(HAMEC’s) were cultured in FGM-2 and EGM-2, respectively, until confluent. Alginate, the hydrogel,
was dissolved in sterile, distilled water to produce a solution with an alginate concentration of 3%. This
solution was then autoclaved for sterilization. NHDF and HAMEC cells were suspended in the alginate
at a ratio of 4:1 and a concentration of 1.0 million cells per milliliter alginate [4]. The printing substrate
was a 100mM CaCl, gelatin solution comprising of calcium chloride dehydrate, sodium chloride (0.9
wt%), porcine gelatin (3 wt%), and titanium dioxide (1 wt%) in distilled water.

The cell-laden alginate was deposited in a bifurcated ellipse pattern to demonstrate the bioprinter’s
ability to generate viable structures. The constructs gelled for 10 minutes post-printing. They were then
stained, following the kit protocol, with a mammalian viability/cytotoxicity assay by Invitrogen Life
Technologies. The stained constructs were imaged one hour post-printing with a Leica TCS SP5 AOBS
Confocal Microscope System using Z-stack parameters of X over Y depth. Cells that appear green or
yellow are counted as live. Red cells are counted as dead. Cell viability was calculated using the

following equation: Viability = % x 100%. Cell viability for the bioprinted ellipses was

quantified by imaging five different sections, counting the live and dead cells. Cell viability was 98.1%.

Additive manufacturing is the logical next step in tissue engineering and design. For tissue engineering,
the unique features of the ability to precisely place nanoliter size aliquots of cell containing hydrogel as
well as the ability to recapitulate a more natural process will move the field forward substantially. The
Palmetto Printer is a step along the way of creating workable solid free form fabrication of living tissues
as has been demonstrated here.
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Figure 1: Palmetto Printer. A Programmable
Logic Controller (PLC) coordinates the
actions of all printer functions (A). The
bioprinter is enclosed in an airtight
containment chamber (B) with filtered intake
and exhaust (C) that maintains a regulated
internal positive pressure to reduce risk of
contamination. There are dual UV lights (D)
that are mounted at the top of the chamber and
are controlled by the PLC. The Janome 2300N
XYZ Robot (E) is programmed and controlled
by an integrated computer (J). There is a
distance laser (I) mounted on the robotic arm’s
Z-axis dispenser holder. There are three
independent dispenser controllers (F) that are
programmed manually to regulate the output
of the dispenser guns available to be loaded
onto the Z axis arm under computer control.
Temperature of the substrate (printing surface)
is maintained by a water bath controller (K)
between 4°C and 40°C. Dual digital cameras
(L) are available to monitor printer activity
and sample formation.

Figure 2: Bioprinted Construct. Image of
bioprinted constructs stained with mammalian
live/dead fluorescence. Live cells appear green
and dead cells appear red taken with Leica
TCS SP5 AOBS Confocal Microscope. Inset,
photomicrograph of printed ellipse.
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