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Abstract

Cardiomyocytes are being frequently used to analyze their
response to various drugs during the preclinical phase. However,
temperature effects, including hypothermic conditions, on the
electrophysiology and mechanical response have not been studied
simultaneously till date. In this study, we fabricated a novel dual-
function biosensor that can measure both these responses of
cardiomyocytes synchronously in a non-invasive manner and at
the tissue level. Our biosensor was capable of detecting and
measuring minute differences in field potential and contraction
force on lowering the well-plate temperature. Field potential
duration and beating duration started increasing on lowering
temperature, and significant change was observed at 28 °C. This
shows that our biosensor was accurately able to predict heart
parameters related to hypothermia.

Keywords: Cardiomyocytes (%124 %), Cantilever (7} € 2 H)),
Microelectrode array ((PJA] #=5 HJE), Temperature(2XE),
Hypothermia( A £%)

1. Introduction

Cardiomyocytes have been regularly used to investigate their
underlying mechanisms pertaining to electrophysiology and
contractility to screen their responses to various drugs and
nanoparticles [1]. Studies have also been done to determine the
effect of hypothermia (that is, temperatures < 28 °C) on in-vitro
cultured animal and human-induced stem cells [2-3]. Action
potential duration (APD) increases on reducing temperature, as
cardiomyocytes experience stress.

However, along with electrophysiological readouts, mechanical
readouts also need to be undertaken, so that a broader
understanding of the entire electro-mechano-physiological
activity can be formed.

In this study, we undertook the objective of studying the
simultaneous response of contraction force and extracellular field
potential and how the cardiomyocytes responded to lowering
temperature. The device was a miniature polymer-based

cantilever, patterned with Cr/Au microelectrodes on the top.
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Neonatal rats’ ventricular myocytes (NRVM) were cultured on
this biosensor and simultaneous measurements were done by

lowering temperature in a step-wise manner.

2. Methods and Materials
2.1 Working Principle of the Device
This  dual-function biosensor simultaneously measures
electrophysiology as well contractile response of cardiomyocytes,
both of which are essential to understand cardiotoxicity in-depth.
Contractile response is measured by fabricating an SU-8 based
polymer cantilever. Thickness of the cantilever is kept low to
enhance sensitivity. Upon culturing cardiomyocytes on the
cantilever, measurement of the corresponding cantilever
deflection upon their contraction and relaxation give the estimate
of the amount of contraction force exerted by the cardiac tissue.
Furthermore, microelectrodes made of Cr/Au are patterned on top
of the cantilever that simultaneously measure field potential of the
cardiomyocytes. 6 nos. of MEAs have been placed each on (1)
free end of cantilever, (2) fixed end of cantilever and (3) on the
device body, so that overall field potential trend is understood.
Figure 1(a) shows the schematic of the proposed device, and
figure 1(b) shows working principle of measurement of
contraction force.

2.2 Experimental Details

Field potential was measured with the help of fabricated MEAs
using a 64-channel amplifier (Intan Technologies RHD2164)
connected to the Intan acquisition system (RHD2000). Sampling
rate was kept at 15 kHz and the bandwidth of recorded
measurement was 0.1 Hz — 5 kHz. For measurement of
contraction force, a laser vibrometer (Polytec GmbH) based
measurement setup was used. The laser vibrometer, that measures
displacement in nanoscale, is placed vertically facing a home-
made tabletop incubator, in which the cell cultured sample is
placed for drug toxicity screening. Atmospheric temperature in
the incubator is controlled at 37 °C and CO: level at 5%.

Temperature of the well-plate was initially maintained at 37 °C,
after which it was lowered in steps of 3°C, up to 22 °C. The dual-



function biosensor measured both

3. Results and Discussion

Once the device was fabricated and prepared for cell culture,
NRVM were seeded on it, as shown in figure 2(a).
Cardiomyocytes were distributed uniformly throughout the
cantilever. Our fabricated device is capable of accurately
measuring field potential as well as contraction force in the form
of cantilever displacement, as can be seen from figure 2(b).

Figure 3 shows the effect of lowering temperature on field
potential. The field potential duration is increasing as the
repolarization peak shifts towards the right side. Since the action
potential duration increases at lower temperature, increase in the
corresponding field potential is expected. Figure 4 shows how
beating duration increases with lowering of temperature. Beating
duration increases at 34 °C and 31 °C, however significant change
occurs from 28 °C. This can be attributed to the hypothermic
conditions developed in cardiomyocytes. Contraction force
showed no significant change.

From this study, we have proven our device capability to detect
minute responses of cardiomyocytes with respect to changes in
atmospheric conditions.
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Fig. 1. (a) Schematic of the proposed dual-function biosensor
denoting positions of the microelectrodes on the cantilever.
Diameter of MEAs = 50 pm and pitch = 200 um. Dimensions of
cantilever are 6 mm x 2 mm, (b) working principle of
measurement of contraction force by cantilever displacement.
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Fig. 2. (a) Optical image of the cantilever in cell culture medium,

(b) simultaneous measurement of field potential and contraction
force from the biosensor.
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Fig. 3. Field potential duration (corrected using Fredricia’s
formula) with lowering temperature. n=3, * denotes P < 0.05.
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Cantilever base layer Cr/Au of thickness Isolation layer Body layer fabricated
fabricated using SU-8 10/100 nm patterned on deposited and using SU-8 of Figure 3. Optical image of neonatal rats’ ventricular myocytes
polymer photoresist. the base layer using patterned on the thickness ~120 pm (NRVM) distributed on the entire cantilever.
Cantilever dimension = photolithography cantilever of thickness
6 mm x 2 mm x 14 ym ~1.5 ym using SU-8
Figure 2. (a) Fabrication p flow of the prop: dual ion bi The il layer is deposi first using i aphy using a p itive poly A
then microelectrodes of Cr/Au, then isolation layer and, lastly, body layer of the device is fabricated, (b) optical image of the final dual: ion bi howing iti
of microelectrodes and reference electrode on the cantilever. Scale bar = 200 ym.
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