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Abstract
A successful application of the 3D

printed materials in the biomedical field
requires extensive studies to ensure their
biocompatibility at every step of the pro-
cess. Here, different components suitable
for cell applications, including a microflu-
idic device, were 3D printed using common
resins and a deep analysis of their biocom-
patibility and post printed protocols was
conducted.

Introduction
Digital Light Processing (DLP) is widely

used in 3D printing, because of its scalability,
mild working conditions and fast printing
speed. DLP consists in the photopolymeriza-
tion of photo-curable precursors starting from
a CAD project and commonly used inks are
acrylates and their derivatives.1 Due to its high
precision and flexibility, light-based 3D print-
ing techniques represent a valuable instrument
for the fabrication of components suitable for
biological studies. However, the poor biocom-
patibility of the inks and the lack of protocols
that ensure their sterility slowed down their
application in the biological field. Herein, we
tested the biocompatibility of three different
acrylate-based formulations to assess the feasi-
bility to use them to realize device for cell cul-
ture. After adjusting printing parameters, we
optimized washing and sterilization protocols
to improve cell viability.2 In addition, since
microfluidic devices enable to control cell cul-
ture environment and may be used for drug
screening or other cell-based assay to improve
reproducibility,3 we designed a DLP printed
microfluidic device mimicking a 96-well plate,
suitable for cell culture and cell-related assays.

Materials and Methods
Bisphenol A ethoxylate diacrylate

(BEDA), 1,6-hexanediol diacrylate
(HDDA) and polyethylene glycol diacrylate
(PEGDA) with 0,2% or 1% of a phosphine
oxide-based compound (BAPO) were print-
ed using a PICO 2 DLP-3D printer (Asiga,
Australia) with a LED light source (405
nm). Washing protocols consisted in incu-
bation or sonication in selected solvents
(ethanol or acetone) followed by UV post
curing. UV-light, ethanol or autoclave were
tested as sterilization methods before cell
seeding. Cell viability was assessed using
MTT and live and dead assays.3 The design
of the microfluidic device was done using
SolidWorks and the dimension recapitulat-
ed the well of a 96-well plate.

Results
96- and 24-like-wells were 3D printed

after the optimization of the printing param-
eters. The samples were deeply washed, to
remove un-reacted materials, evaluating the
efficacy of four different post printing pro-
tocols. The sonication protocol consisting in
sonication for 5 minutes in a solvent
(ethanol or acetone) followed by 5’ UV
post-curing resulted the most biocompati-
ble. Indeed, incubation seems to be too mild
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Figure 1. The CAD design of the microfluidic plate (a) and the 3D printed one (b). 
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to remove toxic products leading to a major
extent of cell death. Between the different
sterilization methods, the ethanol wash
allowed to better preserve the mechanical
and optical characteristics of the 3D printed
wells, without affecting the cell viability.
The biological tests identified PEGDA
0,2% BAPO sonicated in ethanol as the best
candidate to be used as main material for a
3D printed device, due to its printability,
transparency and cell compatibility [3].
Indeed, BEDA was associated to the lower
cell proliferation, while the loss of trans-
parency of the HDDA after the washing
step, made it impossible to use for imaging
analysis. 
Next, the PEGDA formulation was cho-

sen to design a microfluidic plate that reca-
pitulated the 96-well plate dimensions
(Figure 1). Fluidic tests showed that the
channel succeeded in filling all the wells

when connected to a peristaltic pump and
the precise design made it suitable to be
used in normal plate reader. Finally, viabili-
ty tests demonstrated that cells can be seed-
ed and grow on the surface of this material
assessing its cytocompatibility. 

Discussion and Conclusions
We produced biocompatible 3D printed

polymer parts using a commercial DLP-3D
printer. 
Our results underline the importance of

post printing processing to ensure the mate-
rials cytocompatibility, needful to proceed
with cell cultures tests. Indeed, washing
steps are essential in removing non-reacted
monomers and photoinitiators to reduce the
toxicity of printed parts towards cells. In

addition, we demonstrated the feasibility of
these materials to produce microfluidic
devices for cell cultures.

References 
1. Zhang J, Hu Q, Wang S, et al. Digital
light processing based three-dimension-
al printing for medical applications. Int
J Bioprint 2019;6:242.

2. González G, Baruffaldi D, Martinengo
C, et al. Materials Testing for the
Development of Biocompatible
Devices through Vat-Polymerization 3D
Printing. Nanomaterials 2020;10:1788.

3. Lee PJ, Ghorashian N, Gaige TA, Hung
PJ. Microfluidic System for Automated
Cell-based Assays. JALA Charlottesv
Va 2007;12:363-7. 

[page 50]                                           [Biomedical Science and Engineering 2021; 4(s1):161]

                             Article

Non
-co

mmerc
ial

 us
e o

nly




