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Abstract

Interdigitated Electrode Arrays (IDEs) have been extensively
used to measure electrophysiology of cardiac cells. Recently, our
team developed a novel device that consists of an IDE integrated
on a micro-cantilever. We had fabricated IDEs of different
dimensions on the top of the cantilever. This current study reports
the relationship between the dimensions of the IDE and the output
impedance. This study highlights the relationship between various
parameters of a cell culture medium and their electrical equivalent.
It was found that lower values of electrode length lead to lower
impedance. Also, increase in cross-section of IDE leads to decrease
in impedance. Further, the impedance changes due to Verapamil
drug, a Calcium ion channel blocker, was tested. This study shows
that IDEs are an important tool for measuring the
electrophysiological properties of cardiomyocytes. IDEs can also
be used for screening of drugs and their toxic effects on
cardiomyocytes.

Keywords: Cardiomyocytes (A1 E), Impedance (5512,
Interdigitated Electrode Array (Interdigitated =+ ZJ &)

1. Introduction

Some of the leading causes of untimely deaths worldwide are
diseases related to the heart and its irregular functioning [1]. A
significant amount of research is going on for understanding the
mechanical and electrophysiological — characteristics  of
cardiomyocytes and their corresponding behavior owing to
cytotoxicity caused by various drugs [2]. IDEs have been used to
measure the impedance of the cells and their culture, that enables
us to understand the growth and contraction forces of
cardiomyocytes [3]. This is a non-invasive technique and real-time
information of the cell can be obtained for a range of frequencies.

Recently, our team had developed a novel device for analyzing
the growth and
simultaneously with deflection force occurring because of the
cardiomyocytes. This device can measure deflection of the

contraction forces of cardiomyocytes

cantilever as well as measure impedance from the IDEs
simultaneously. This latest study focuses on changing the
dimensions of the IDEs and observing changes in the output
impedance to improve the accuracy of the experimental results.

2. Description of the Method and Results
2.1 Description of the Method
We fabricated a cantilever device that was used as a base layer

for IDE. Multiple devices have been fabricated with varying the
dimensions of electrode. IDEs with width of Sum, 10pm and 15pum
were fabricated. The IDE was fabricated with gold as electrodes on
the photosensitive polymer base layer of cantilever. Figure 1 shows
the optical image of IDE patterns of various widths. Neonatal rats’
cardiac cells are cultured on the device for analyzing the bending
displacement and impedance. Figure 2 shows the device in cell
culture medium and distribution of cardiomyocytes on IDE.

2.2 Results

Figure 3 shows the schematic of distribution of cardiomyocytes
on the IDE, along with the equivalent circuit. R; is the resistance of
bulk solution and wire connection, Cp; and Rp; are resistance and
capacitance at electrode and cardiomyocyte interface respectively,
Cp2 and Ry2 are resistance and capacitance between the uncovered
electrode and solution respectively.

Capacitance and solution resistance can be calculated from the
following equation [3]:

K =R, = gc"—g 1
p1

where K is the cell constant of the IDE assembly, R;s is the
solution resistance, o is the conductivity of solution, &y is
permittivity of vacuum, & is relative permittivity of solution and
Cyp1 1s the capacitance between electrode and solution.

Cell constant can be calculated from the following equation [3]:

K=2 s (@)

L(N-1)
where S is inter-trace distance, /¥ and L are finger width and
length and N is number of fingers in IDE.

Figure 4(a) shows the impedance curves of IDEs of various
dimensions on day 8 after cell seeding. As is evident from the graph,
the net impedance of the system is decreasing at high frequencies
on increasing the electrode width. Table 1(a) gives details of the
IDE patterns that have been used in this study. The cell constant K
is also calculated. We can see that the cell constant is more
dependent on the electrode length and is inversely proportional to
it. Table 1(b) shows the values of each component of the equivalent
circuit on day 8 of cell seeding. Equivalent impedance values Z;
and Z> are also calculated from R;-C; and R>-C:> respectively, at 100
kHz frequency. 100 kHz was chosen to calculate the impedance
because IDEs were found to have a slightly more linear impedance
at higher frequencies. The value of Z is slightly increasing at 10pm
and then decreasing at 15um. The major contributing factor in this
is the electrode width, because of which the cross-sectional area
changes.



Figure 4(b) shows the impedance change on addition of 150nM
Verapamil drug, which is a calcium ion channel blocker. As we
compare both Figures 4(a) and 4(b), we observe that the impedance
is linear over a higher range of frequencies on addition of
Verapamil. The resistive component begins to dominate from
~5kHz, whereas in absence of drug, it begins at above 10kHz. We
can see that IDE of width 5pm has a resistive component that
dominates more than the capacitive component — over a higher
range of frequencies, which is evident from the linearity of the
graphs. Also, it has a lower K value which is desirable (Table 1(a)).
Hence, based on the current configuration, we can conclude that
the IDE of width 5um is preferable.

From this study, we can successfully conclude that IDE is an
important tool to study electrophysiological properties of cardiac
cells. IDEs can also be used to study the effect of various drugs on
cardiomyocytes.
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Fig. 1. Optical image of IDEs with widths (a) Snm, (b) 10nm and
(c) 15 nm. Scale bar: 500um

Fig. 2. (a) Image of device in cell culture medium (b) distribution
of cardiomyocytes on IDE

(a) () R (0

Working electrode  Counter electrode

Fig. 3. Schematic of distribution of cardiomyocytes on IDE (b)
equivalent circuit (c) schematic of IDE
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Fig. 4. (a) Impedance data of IDEs of Sum, 10um, 15um on day 8
after cell seeding (b) Impedance data on addition of 150nM
Verapamil drug

Table 1. IDE results
(a) IDE dimensions and calculated K value

Finge | Finge
D No. of r r Interspac Electrod K
E# finger | length | width e S (fm) elength | (1/cm
s (V) L W ’ (mm) )
(um) | (um)
1 60 495 5 5 150 0.68
2 30 990 10 10 297 0.70
3 30 985 15 15 443 0.70

(b) Parameters extracted from equivalent circuit model on day 8
after cell seeding

ZI at Zz at
Wi R, (Q) Ry Cor Ry Cp2 100 100
dih | @ | &b | @ | @h | kHz | kilz
(D) Q)
e e e [
02 |04 08 | a5 | b3 | 1885 | 3114
" +3.67 4232 | +£1.03 4‘ 1.
[0 | 496E | 4.ISE | 6.12E é‘fog ;:t%%
m +02 +04 -08 34 i-3 X 26 36.58
" +594 | +147 | +1.18 5‘ 1.
15 | 417E | 84IE | 536E ];‘45093 é%&;
o | 02 +04 -08 137 i'32 29.69 | 29.58
" +7.59 | £2.56 | +0.93 9‘ O.
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ABSTRACT

Interdigitated Electrode Arrays (IDEs) have been extensively used to measure electrophysiology
of cardiac cells. Recently, our team developed a novel device that consists of an IDE integrated
on a micro-cantilever. We had fabricated IDEs of different dimensions on the top of the
cantilever. This current study reports the relationship between the dimensions of the IDE and the
output impedance. This study highlights the relationship between various parameters of a cell
culture medium and their electrical equivalent. It was found that lower values of electrode length
lead to lower impedance. Also, increase in cross-section of IDE leads to decrease in impedance.
Further, the impedance changes due to Verapamil drug, a Calcium ion channel blocker, was
tested. This study shows that IDEs are an important tool for measuring the electrophysiological
properties of cardiomyocytes. IDEs can also be used for screening of drugs and their toxic effects
on cardiomyocytes.

Keywords: Cardiomyocytes (&2 E), Impedance (&L FH2), Interdigitated Electrode
Array (Interdigitated =" Zff E)

INTRODUCTION

What is an IDE ?

= Interlocked planar microelectrode arrays

= Interdigitated configuration typically enhances sensitivity
and detection limits.

= Used to measure impedance spectroscopy of a system — a
label-free, non-invasive, real-time monitoring technique that
can detect subtle cellular changes

Figure 1: Schematic of an IDE

Motivation
Optimize dimensions of IDE so that it can be integrated with the cantilever — a device that
can simultaneously measure mechanical and electrophysiological properties of cardiac cells

OBJECTIVE

Integrate interdigitated electrode array
(IDE) with cantilever

IDE on top of

cantilever Optimize dimens of the IDE (width,

spacing and no. of fingers)

Study the changes in impedance of
cardiac cells on addition of drugs such

Figure 2: Schematic of the target device of IDE 5
as Verapamil
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Figure 3: Fabrication process flow of the IDE-cum-cantilever device
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Figure 4: Optical image of IDEs with widths (a) Sum, (b) 10um and (c) 15um. Scale bar: 500um
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Figure 5: Schematic of distribution of cardiomyocytes on IDE (b) equivalent circuit (c) schematic of IDE
SULTS

Figure 6: (a) Optical image of device in cell culture medium (b) distribution of cardiomyocytes on IDE on
day 8. Scale bar = 50um
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Figure 7: Impedance data of IDEs of Sum,
10um, 15um on day 8 after cell seeding

" ) Z at 100
Width Rs (kQ) Rp (kQ) Cp (nF) Q (nF) KHz (Q)
417.8+ 622+ 0.702 +
5 0.517+0.02 | 0.723+0.178 699.1
wm 114.3 23.95 0.006
33.78+ 596.7 + 0.706 =
. + 0. . + 0. .
10 pm | 0.611 +0.061 | 8.136 £ 0.497 2216 65.76 0.019 543.7
0.724 +
15pm | 0.206+0.022 | 9.702 + 1.988 | 236.7 +23.7 | 391.9+27.0 0.006 330.3
Table 2: Parameters extracted from equivalent circuit model on day 8 after cell seeding
Drug Toxicity Results 3
® Verapamil is a calcium ion channel blocker 10
drug, that  is known  to affect =
electrophysiological properties of cardiac cells. [
Q
510
e is linear over a higher range of E
frequencies on addition of Verapamil. E —5m
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IDE of width 5pum has a resistive component 10" - il - -
10 10 10

that dominates more than the capacitive
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; P ies. H ‘ ) "’. f l;l = Figure 8: Impedance data on addition of
requencies. rience, S more preferable. 150nM Verapamil drug

CONCLUSION

" #I type IDE of width and spacing of Sum is more preferable to use for impedance
measurement, as the impedance is more linear over a higher range of frequencies.

® IDE is an important tool to study electrophysiological properties of cardiac cells.

® This device can be used to study the effect of various drugs on cardiomyocytes.
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