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Abstract

Microwave dielectric spectroscopy constitutes an
attractive sensing technique for cellular analysis. One key
feature is its ability to non-invasively and dielectrically
monitor cellular modifications at the single cell level. The
proposed microwave sensor dedicated to single cell
measurement includes a mechanical trap, which permits
to apply on individual cells whatever liquid-based
environment. The dielectric consequences on the cell due
to the application of saponine at 0.02% is recorded every
two minutes, demonstrating the possibility to reach
dielectric transformation kinetic of cells. This proof of
concept opens the door to the non-invasive and non-
destructive evaluation of biological reactions at the
cellular level.

1 Introduction

Microwave dielectric spectroscopy is very attractive as it
presents many advantages suitable for performing non-
destructive and non-invasive sensing [1]. Solid, liquid or
gaseous materials may be characterized by their dielectric
properties, with a frequency-dependent response. The
technique was firstly developed with large and
cumbersome materials detection due to a lack of
miniature equipment for various applicative domains such
as the moisture sensing in agriculture, wood industry
or food quality assessments [2, 3].

Since the advent of the microtechnologies and more
recently microfluidic, it is possible to envision new
applications for biology and medicine with molecular and
cellular sensing notably. The intrinsic features of the
microwave sensing naturally fulfil interesting abilities for
cellular analyzes. It does not require any direct contact or
labels. The microwave frequency range also gives access
to internal modifications of cells as electromagnetic
waves may bypass the bi-lipidic cytoplasmic membrane.
Additionally, cells may be measured directly within their
rich and salty traditional culture medium.

Firstly = demonstrated  with  tissues, = microwave
spectroscopy was demonstrated for cell quantification,
pathological state discrimination and even cell
identification [4, 5], for cells suspensions and also at the
single cell level [6, 7].

One attractive ability of the technique consists in
monitoring the evolution of the material under test. This

paper therefore focuses on the demonstration of
monitoring the reaction of a cell to a chemical stress.

2 Description of the microwave sensor
dedicated to single cell measurements

The microwave sensor includes a coplanar waveguide
with two tapers and a capacitive gap located at its center.
A photography is given in Fig. 1. This configuration
permits to focalize the electromagnetic field, where the
cell is placed for analysis.

Perpendicularly is crossing a microfluidic channel with a
mechanical trap in its middle. This latter presents a small
interstice below, in order to attract any cell arriving in
front of it. Once a cell is trapped, the hydrodynamic flow
rejects the other cells apart the blocker, leaving only one
cell in the sensor for RF measurement. The main
advantage of this trap is that it works regardless of the
liquid used, whereas dielectrophoresis requires to fulfil
specific rules between the dielectric properties of the
element to trap compare to the host medium.
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Figure 1. Photography of the microwave sensor dedicated
to individual cell measurement, which includes a coplanar
waveguide surmounted by a microfluidic channel with a
cell trap. As an example, this photography includes a bead
solution passing through the fluidic channel before

trapping.

3 Investigated cells and preparation protocol



THP1 cell line is selected. These cells are derived from a
human with an acute monocytic leukemia. They are
grown in the RPMI culture medium. These circulating
cells present a round shape.
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Figure 2. Protocol used to prepare the cell suspension
samples.

For measurement, a cell suspension exhibiting a
concentration of 1 million cells/ml is prepared. Cells are
removed from their culture plate with trypsine and placed
in an Eppendorf. After counting, cells are centrifugated,
allowing the replacement of the supernatant by a fresh
culture medium, as indicated in Fig. 2.

To enable the monitoring of a short duration stress, a
detergent, called saponine, is used. This chemical agent
creates pores in the cytoplasmic membrane while
maintaining the integrity of the rest of the cells. This
chemical is used at 0.02% in combination to the culture
medium.

4 Evaluation of the time stability of cellular
dielectric response

Before monitoring a chemical stress, the stability of the
test setup and the dielectric response of different models
are evaluated. The sensor is consequently measured every
3 minutes for 15 minutes, while unloaded, followed by
loaded with de-ionized water, RPMI culture medium, a
polystyrene bead and finally a cell.

The capacitive response of the sensor is given in Fig. 3 for
the different configurations.
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Figure 3. Time stability of the extracted capacitor of the
sensor for different conditions : unloaded, loaded with DI
water, with the RPMI culture medium, with one bead in
culture medium and finally with a cell in culture medium.

The low measured standard deviations for each case
enables the use of the sensor for monitoring cellular
modification.

S Monitoring of a chemical stress on a single
cell

In a second step, a THP1 cell is trapped in the sensor.
After 10 minutes, the culture medium is replaced by the
saponine based one. Dielectric measurements are
performed from 40 MHz to 40 GHz, while the cell
reaction is recorded for 10 additional minutes. As
expected, the dielectric response of the cell changes, as
visible on the fig. 4. The capacitive contrast of the sensor
loaded by the cell in liquid, compare to the sensor with
only the culture medium starts to decrease in absolute
value. The zero level on the ordinate axis corresponds to
the culture medium employed as the reference level.
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Figure 4. Monitoring of the capacitive contrast of a cell
submitted to a chemical treatment.

As soon as the chemical is inserted in the vicinity of the
cell, poration of the cell occurs, leading to its artificial and
rapid death. This translates into the decrease of the
capacitive contrast toward the reference level, as an
exchange between the extra and intracellular liquids
happens, progressively reaching an equilibrium between
both compartments. The reference liquid level may not be
reached as all organelles are still maintained within the
cell.

To better highlight the cellular reaction, the dielectric
kinetic is plotted at 5 GHz in fig. 5. The cell exhibits a
stable capacitive contrast, while maintained in its culture
medium during the first 10 minutes. Once the chemical
agent is added to the culture medium, the dielectric
response of the cell is abrupt, reaching in only 4 minutes
the smallest difference, compare to the culture medium
followed by strong internal modifications.
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Figure 5. Evolution of the extracted capacitive contrast at
5 GHz of an individual cell in its culture medium,
submitted to a chemical treatment.

6 Conclusions

This paper deals with the possible monitoring of cellular
modification with microwave dielectric spectroscopy. A
microwave-based sensor suitable for the analysis of single
cells is described. Its cell trapping mechanism based on a
mechanical blocking with hydrodynamic flow enables to
modify the host medium, whatever the dielectric
properties of the liquids and the cells.

The proof of concept is obtained with the monitoring of a
cancer cell submitted to a chemical agent, which creates
rapidly holes in the cytoplasmic membrane. The dielectric
response is recorded and reflects the cell modifications,
leading to the death of the cell. In the proposed example,
the time resolution is of 2 minutes. This value may be
both increased or decreased depending of the targeted
biological reactions to evaluate. Kinetic of biological
processes may therefore be monitored, which may be of
high interest in personalized medicine notably or to
further understand both rapid or slow transformations of
the living.
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