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Abstract
The 3D printability of cold-water fish

gelatin used as co-initiating species for the
crosslinking of PEGDA monomers in pres-
ence of camphorquinone (through a Norrish
II reaction) is evaluated. The 3D digital
light processing (DLP) leads to the creation
of biocompatible printed structures able to
support cell viability and proliferation.

Introduction
Recently, one of the main goals in bio-

engineering is the possibility to provide per-
sonalized scaffolds to resemble patient’s tis-
sue defects. Three-dimensional (3D) bio-
printing can have the ambition to fulfill the
needed requirements.1 In particular, Direct
Light Processing (DLP) printers can create
layer-by-layer models with high resolution
and printing speed, regardless of the layer
complexity and area.2 To be used as hydro-
gels, printable materials need to satisfy var-
ious criteria regarding printability, biocom-
patibility, and biomimetic properties,
including mechanical and structural stabili-
ty. Both synthetic and natural polymers
were proposed to mimic the characteristic
of extracellular matrix (ECM), but while
natural polymers possess poor mechanical
properties, synthetic polymers suffers of
low biocompatibility. Herein cold-water
fish gelatin is proposed as a new co-initiator
for CQ in presence of PEGDA monomers3
to create a bioink where gelatin in fully
incorporated into the PEGDA network.

Materials and Methods
Gelatin from cold-water Fish skin

(CFG), poly(ethylene glycol) diacrylate
(PEGDA, Mw 700), camphorquinone (CQ,
97%), Phenylbis(2,4,6-

trimethylbenzoyl)phosphine oxide (BAPO),
and Brilliant Green (hydrogen sulfonate,
BG). The formulation compositions are
resumed in Table 1.

To characterize the reactivity of the sys-
tem, photo-rheological tests were per-
formed. To certify the incorporation of the
gelatin into the PEGDA network, FT-IR and
Insoluble fraction (IF) measurements were
carried out, while amplitude sweep, DMTA
and swelling kinetics test evaluated the
mechanical performances of the hydrogel.
Lastly on the 3D-printed geometries, MTT
assays and phase contrast/fluorescence
images were taken to prove the cells viabil-
ity, cytotoxicity, and proliferation of the
bioink.

Results
Firstly, the photo-rheological measure-

ments proved the suitable reactivity of the
system for DLP printing with a decrease of
the reaction time and an increase of storage
modulus with the gelatin content (in this
stage two compositions were selected for
further investigation, CFG15 and CFG50).
Then some simple samples, 3D-printed both
with CQ and BAPO photo-initiators, under-
go to FT-IR and IF measurements confirm-
ing the chemical bonding of gelatin inside
the PEGDA network by proving higher and
sharper peaks of gelatin in the FT-IR and a
higher IF (sign of the incorporation of gela-
tin) in the case of CQ-mediated Norrish II
reaction. The mechanical properties of the
hydrogel were tested through amplitude
sweep, DMTA and swelling kinetics meas-

urements, all confirming the improved char-
acteristics with the increasement of gelatin
quantity.  Complicated geometries were
then successfully 3D-printed (Figure 1) and
use firstly to conditionate a medium to text
the cells viability, cytotoxicity and prolifer-
ation. Cells were then seeded into the sam-
ples demonstrating the cell attachment and
viability (Figure 2). In both cases, again, the
increasements in gelatin content favored the
biocompatibility of the bioink. 
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Figure 1. DLP scheme and printed geometries.
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Discussion and Conclusions
In this study, gelatin was successfully

incorporated into PEGDA network to form
an interpenetrated hybrid system. Results
showed improved mechanical and biologi-
cal properties with the increase of the gela-
tin content. Furthermore, the implementa-
tion of this material leads to the creation of
precise and rapidly printed structures that
are biocompatible and promote cell viabili-
ty and proliferation. Considering those fea-
tures, the hydrogel may be a promising can-
didate for a 3D-printing bioink.
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Table 1. Formulation compositions.

                   PEGDA (wt%)      WATER (wt%)      CFG (phr)*       CQ (phr)*      BG (phr)*

CFG5                            35                                  65                                 52                          0.01
CFG10                          35                                  65                                10                              2                          0.01
CFG15                          35                                  65                                15                              2                          0.01
CFG30                          35                                  65                                30                              2                          0.01
CFG50                          35                                  65                                50                              2                          0.01

Figure 2. Phase-Contrast images and
Fluorescence with two cell lines on PEGDA
(used as control), CFG15 and CFG50.
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