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Introduction
      In the paper, the preliminary results on the microfluidic platform fabrication equipped with hydrogel matrix are shown. A 3D printing technique was
used to provide a “sandwiched” type structure including two different microfluidic substrates. A special attention was paid herein to achieve uniformly bio-
printed hydrogel layers of the unique composition and to cross-linking process as well, which properties were then verified by mechanical durability tests.
Further investigation concerning the biomedical application of the LOC platform will be done shortly. For instance, the structure will be biologically
validated and the magnetic field effects on the selected cancer cell lines will be studied in the context of cells viability and proliferation.

Materials and methods

Summary and conlusions
      To sum up, the original lab-on-chip was designed using biocompatible materials. The developed hydrogels showed adequate adhesion to the substrate
made of photo-cured resin. Two types of hydrogel with different compositions were developed to properly reflect the geometry of the designed 3D model
of the structure. Crosslinking the structures with CaCl  improved the geometry and strength of hydrogel layers.
       We hope that our studies constitute a good base for the further, potential application of LOCs
supported by hydrogel matrix towards new anti-cancer therapies and their validation. Recently,
we are working on cultivation of cancer cells (for e.g. melanoma and glioma cells) in a prepared
LOC platform. Next, our biological system will be exposed to a magnetic field (at first a static
magnetic field) to check the viability and proliferation of the cells cultured under these
conditions. This is especially interesting, since there is no clear pattern of cell behavior after
exposure to the magnetic field, according to the other studies [2], [3]. Moreover, to date no LOC
platforms were used for this purpose which is a great scientific novelty in the medical and
engineering fields (Fig. 6).

    For the microfluidic chip fabrication, ink-jet 3D printed substrates (material:
biocompatible VisiJet M3 Crystal, printer model: ProJet 3500 HD Max) were used as
a base and a cover of the hydrogel layers (Fig. 1). Two different types of hydrogel
were manufactured (4% sodium alginate, 2% agar, 1% methylcellulose and 4%
sodium alginate, 2% gum arabic, 1% methylcellulose) and applied. The process of
bio-print was optimized and deposited layers were in a close relation to the model
geometries (Fig. 3).

     It was decided to create an originally designed device (Fig. 2). Base and cover were
made of a light-curing resin and a hydrogel structure was printed in the central part,
which was then cross-linked in two steps with a Calcium Chloride solution. After the
structure was printed on the substrate, its central part was crosslinked for 10 minutes. It
was then covered and the edges of the device were crosslinked, too (Fig. 4).
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Fig. 1. Bioprinting of hydrogels Fig. 2.  3D LOC project

Results

Fig. 4. LOC assembly

the temperature of the extruded mixture,
the speed at which the head with the syringe moves along the given trajectory, 
the pressure with which the hydrogel is extruded, 
the temperature of the working table and the head heating the syringe. 

         It was noticed that the key parameters for the hydrogel printing process are:

     The tensile  strength of LOCs was tested (Fig. 5). The test
results are listed in the table (Tab. 1). According to the literature
data [1], Young's modulus, e.g. for the skin, is about 30 MPa and
for the cornea 3 MPa. Referring to the values   obtained during the
strength tests, it can therefore be concluded that the hydrogel
structures have the potential to perform biological functions, e.g. in
cell tissues.

Tab. 1. Tensile strength test results
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Fig. 6. Research scheme   
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Fig. 5.  Tensile strength test

Fig. 3. Hydrogel layer 3D-printed on the substrate 
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