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Organ-on-Chip (OoC) is a game-changing technology in which
human cells are cultured in microfluidic chips to mimic and pre-
dict the physiology and pathology of human tissues, as well as
to provide insights into drug and disease mechanisms. Howev-
er, current limitations in manufacturing and technical usability of
existing OoC approaches must be overcome in order for indus-
try and regulators to adopt OoCs. Our goal is therefore to devel-
op a Standardized and Modular open-technology OoC platform as
a new Approach to Recapitulate human Tissues (SMART OoC),
that enables the integration of a novel microfluidic pump. This
platform is a further development of the Translational OoC Plat-
form (TOP), which includes a plate with an integrated microfluid-
ic channel network with standardized fluid input/output ports, to
which exchangeable chip modules can be connected [1]. To pro-
vide fluid pumping to the platform, we are developing a novel mi-
cropumping chip module based on magnetic artificial cilia (MAC)
[2]. MAC are flexible rod-shaped magnetic micro-actuators in-
spired by biological cilia, made of polydimethylsiloxane (PDMS)
containing magnetic microparticles. MAC can induce microfluid-
ic flow and particle transport when integrated into a microfluid-
ic module and actuated with an external magnet. In this research,
we present a novel miniaturized actuation setup for actuating bio-
compatible MAC integrated in a versatile microfluidic module that
generates a variety of fluid flow regimes in the OoC platform. In
comparison to other micropumping methods, this module does not
require tubings or electrical connections, which opens up a wide
range of possibilities for OoC applications.
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In recent years, the field of cell cultures has undergone significant
development with the goal of obtaining more relevant human da-
ta. Many researchers have moved away from classical single-cell
and flat models to more complex models, such as organoids, which
better mimic human tissue. The development of organotypic cul-
tures, on-a-chip technologies, and other 3D cultures, also known
as microphysiological systems (MPS), have shown great poten-
tial to generate human models that can reproduce human patholo-
gy more accurately. These new in vitro models enable advances in
both basic research and biomedical applications.

However, due to the complexity of the protocols and the use of
new bioengineering techniques in cell cultures, it is more chal-
lenging to standardize procedures to ensure reproducibility. There
have been numerous efforts to establish adequate guidelines and
quality controls for cellular models over the years. For example,
Good Cell Culture Practice (GCCP) has produced an initial guide-
line in 2005, which has been updated by several manuscripts on
MPS and with a new revised version of the GCCP guideline (GC-
CP 2.0). All this aligns with the internationally recognized OECD
guidance document on Good in vitro Method Practice (GIVIMP)
which is intended to support method developers and end-users
working to establish new in vitro assay methods in academic, in-
dustry or government laboratories. Additionally, the Recommend-
ed Guidelines for Developing, Qualifying, and Implementing
Complex In vitro Models (CIVMs) for Drug Discovery have been
recently published.

We have now generated or produced a document that aims to
provide guidance in the development of appropriate quality con-
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