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Abstract
Mechanical stimulation can enhance cardiac cell maturation
and promotes intercellular communications. We propose a novel
bio-compatible PDMS diaphragm for real-time monitoring of
applied mechanical stimulation. The PDMS diaphragm consists of
two different layers. The top layer contains nano-grooves that
help to realize cells to be aligned in a single direction as well as
elevate the connection between cells. The bottom layer contains a
liquid metal strain gauge which is used for controlling the
mechanical stimulation in real time and it doesn’t show any crack
formation even for large deformations. Mechanical stimulation is
performed for 7 days and visible changes are observed between
stimulated and control cells as sarcomere length and Cx43
expression has increased more in stimulated cells compared to
control cells, indicating cell maturation. Moreover, the integrated
strain gauge exhibits excellent stability even after long term
mechanical stimulation which indicates it’s suitability in various
cell studies.
Keywords: Mechanical stimulation, Cardiac cell, PDMS
diaphragm, Liquid metal, Strain gauge
1. Introduction
Various artificial and nature-inspired processes are extensively
investigated to better understand the effects of various stimulation
techniques such as electrical, mechanical, electromechanical, long
term culture, and biochemical on the maturation of cardiac cell [1].
Mechanical stimulation has been used as a maturation tool in
many of the in vitro studies as mechanical stimulation can
enhance the communication between cells and it impacts the
overall action potential. In a study, it is revealed that cyclic stress
can enhance contractile function, cell alignment and gene
expression of cardiac cell along the stretch axis [2]. Nitsan et al.
investigated the mechanical communication between two adjacent
cell and found out that one cell can communicate with its
neighbors mechanically through the deformation created on the
surface by cell [3].
In this study, we have developed a novel stage top bio-reactor
with nano-groove patterned PDMS diaphragm to monitor the
cardiac cell behavior in real time. For better cell alignment, nano-

groove was patterned on the PDMS surface. Another novelty of
this device is the integration of liquid metal based strain gauge to
monitor the mechanical stimulation with the help of change in
resistance while capitalizing the liquid metal properties like
flexibility and self-healing capability to negate any crack
formation on the sensor due to larger deformation during
mechanical stimulation.
2. Fabrication and Results
2.1 Fabrication
A simple PDMS diaphragm is fabricated to control and monitor
the mechanical stimulation that is externally applied to the cell
and real time monitoring is also a possibility using this platform.
PDMS is used as the base material due to its bio compatibility and
elastic nature as well as high light transmittance of the PDMS
material is utilized here for the real time imaging and monitoring
of the live growing cells. Galinstan based liquid metal strain
sensor will be embedded into this device to remove the cracks that
is usually created if solid metals are used on elastic materials. The
whole fabrication is carried out in 3 different steps. In first step,
nano-grooves are formed on top of a PDMS layer (thickness 80
µm) with the help of a PUA mold. Secondly, A PDMS layer
(thickness 120 µm) with micro-channels (thickness 11.4 µm) is
fabricated with the help of soft lithography and moulding
processes. Then these 2 layers are plasma bonded together and
then this bonded PDMS layers are again bonded with PDMS
supporting structure for injection of Galinstan. After injection,
these PDMS layers are attached to a pressure applying structure
and a glass with the help of o2 plasma bonder. Finally the PS ring
is placed on top of the nano-groove layer. Optical and
microscopic image of the fabricated liquid metal based sensor is
illustrated in Figure 01.
2.2 Characterization
To characterize the fabricated sensors, pressure was applied and
corresponding change in displacement, resistance and strain are
observed. Figure 02 illustrates the effect of pressure on the
resistance and change in displacement of integrated strain gauge
as well as relationship between dc bias voltage of mechanical
stimulator and corresponding pressure change. Pressure ranging
between (27-160) mm Hg is applied by varying the dc bias and

corresponding change in displacement are observed (Figure 2a &
2b). For 6% change in strain, the diaphragm’s change in
displacement is found to be around 1.5 mm. To apply pressure, a
customized pressure applying equipment is used and a pipe with
diameter of 2mm was utilized as amount of pressure change can
vary with the volume of the pipe and corresponding structure.
Moreover, relation between displacement change and resistance is
characterized in Figure 2c and it is observed that resistance
changes linearly with a linearity factor of (R2=0.98878) with the
change of displacement till 1.3 mm but after that a slight change
is observed due to the dimension constraint of the micro-channels.
From Figure 2d, it is identified that resistance varies almost
linearly (0.98859) with the change of strain and the curve shows
the similar kind of trend as Figure 2c.
2.3 Results
To mature the cardiac cell, mechanical stimulation with
frequency 1 Hz and duty cycle of 50% is applied for 7 days and
this stimulation is controlled by the integrated liquid metal strain
gauge. It is found that the fabricated sensor shows excellent
stability even after 7 days of stimulation and the error margin is
less that 1% which enables more precise control over mechanical
stimulation. This is portrayed in Figure 3. To check the effect of
mechanical stimulation on maturation of cardiac cell, the
immunofluorescence staining is performed and difference in
sarcomere length and connexin43 is observed between control
and stimulated cells. It is observed that both sarcomere length and
connexin43 expression has significantly increased in stimulated
cell which is illustrated in Figure 4.
2.4 Conclusion
To conclude, a novel cell culture platform is introduced with
integrated liquid metal strain gauge for monitoring and
controlling of mechanical stimulation. The fabricated sensor
exhibits excellent stable behavior even after long term mechanical
stimulation. Moreover, stimulated cells are found to be more
mature from immunofluorescence staining images in terms of
sarcomere length and connexin43 expressions.
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Fig. 1. Optical (a, b) & microscopic (c, d & e) image of fabricated
liquid metal strain gauge

Fig. 2. Characterization of liquid metal based sensor (a)
Relationship between applied dc bias voltage and corresponding
pressure change, (b) Relationship between pressure change and
change in displacement, (c) Relationship between displacement
change and corresponding change in resistance & (d) Relationship
between strain and corresponding change in resistance

Fig. 3. Controlling and monitoring of mechanical stimulation with
integrated liquid metal based strain gauge and it exhibits excellent
stability even after 7 days of continuous stimulation

Fig. 4. Immunofluorescence experiment results with both
presence and absence of external mechanical stimulation. (a) ICC
protein expressions (nucleus-blue, α-actinin-green, and Cx43-red)
& (b, c) Quantitative analysis of sarcomere length and Cx43
fluorescence intensity
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