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Abstract 
In the field of microtechnologies applied to the 
simulation of controlled biological environments are 
the so-called organ-on-a-chip, microfluidic cell 
culture devices. The gradient model plays an 
indispensable role in this technology. Here, we 
present a novel microfabrication process for 
pillarless microfluidic platforms which enables the 
creation of gradients inside them. 

Introduction 
Human tissues are highly complex systems where 
numerous cell types and microenvironmental factors 
are intertwined. Microfluidic devices for cell culture 
applications have recently allowed to resemble that 
complex microenvironment. Among the different 
designs described, one is recurrent by their versatility 
to simulate multiple pathophysiological conditions. 

This chip design (also known as gradient chip) is 
composed by a central chamber flanked by one or 
two lateral channels to confine a hydrogel. Apart 
from the mechanical stimuli simulation, this chip 
design can promote multiple gradient formations. 

Different types of gradients, such as chemical or 
oxygen gradients, have an essential role in several 
biological activities in vivo. Gradient devices, for 
organ-on-chip applications, made of PDMS can be 
widely found in the literature [1][2]. Gradient devices 
made of thermoplastic materials [3] can be also found 
in literature [4], but most of them include 
micropillars. This inert hydrogel alteration can create 
a physical barrier between the central chamber and 
side channels, hindering the gradient formation and 
cell interactions. Recently, some pillarless devices 
have been described in the literature [5] but it was 
limited to parallel geometries where the shear stress 
could not be variable along the chip. Here, a novel 
microfluidic fabrication process for thermoplastic 

chips without pillars is presented, which can achieve 
a wide range of geometries and variable shear stress. 

Theory and experimental 
procedure 
Our approach has been to obtain the hydrogel 
confinement by local surface modification creating 
hydrophilic/hydrophobic interfaces in thermoplastic-
based chips.  

The fabrication process consists in 4 phases: design, 
fabrication, treatment, and bonding. The first one, 
chip design, is performed using AutoCAD and Solid 
Edge to establish the 3D model (Figure 1). The 
second step is the cutting of different layers of 
thermoplastic materials with a plotter. Third phase 
consist of the pattern of the desired hydrophilic 
chamber designs through a surface treatment based 
on O2 plasma activation and later permanent 
hydrophilic surface activation with aminosilane 
compounds. Finally, all the layers and the injection 
piece are aligned and sealed with a pressure and 
thermal process.  

The biological validation consisted in a static 
biocompatibility test to measure cell viability over 
time using U-251 cell line seeded in the central 
chamber. Computational simulation of different 
geometries was performed to study the shear profile. 

Conclusions 
A novel fabrication technique to create pillarless 
microfluidic platforms with different geometries is 
presented. This approach can create devices within 
different shear stress profiles along the chip and non-
altered gradients by inert materials. We have 
demonstrated that the fabrication process ends with 
biocompatible chips and works perfectly both in 
static and flow modes. 
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Figures 

 

Figure 1: a) 3D design of the gradient chip without pillars and b) fabricated and seeded final device. 

 
Figure 1: Nikon Eclipse Ti confocal images. a) Seeded device: collagen gel with green fluorospheres (central chamber) and PBS with 
red fluorospheres (lateral channels). b) Biological validation (4 million cells/ml of U-251 after 24 h of culture). 
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