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Microwave dielectric spectroscopy for biological cells
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Abstract— This paper presents the capabilities of microwave
dielectric spectroscopy for biological cells suspensis analysis.
The dewloped biosensor integrates both microfluidic channel fio
biological samples manipulatim together with a microwave
circuit for dielectric spectroscopy. Experimental investigation
validates the success and accuracy of the microwave dielectric
spectroscopy technique. This technique is applied with various
cells concentrations in suspesion in their culture medium.
Results demonstrate that both rehand imaginary parts of the
contrast of the dielectric permittivity are proportional to the cells
concentration with a correlation coefficient (R-square) greater
than 0.99. The technique is awsequently suitable for
proliferation evaluation of cells. More widely, this work
contributes to settle down the capabilities of microwave sensing
for biochemical and bio-cellular analysis applicatios.
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l. INTRODUCTION

Traditional biochemical and ib-cellular analytic tools, like
flow cytometry for instance, already provide quantitatand
qualitative information of cells very efficiently. Howewr
these techniques are time consugiras it requires the

preparation bthe samples with labels. Investigated cells are

also submitted to a laser illun@tion, which may drastically
damage the biological samples.

Consequently, ew biosensig tools, permitting to opate
(1) non-invasively, i.e. withat interfering and alténg the
cells, (2) in a biologgal medum environment ah (3) at a
microscale to fit with cellsdimensions, may proval real
added value ircomplement with classical celéwr analyzing
tools.

microsensors are now to be considered as excellent challenger
for biosensing.

In this context, His publication aims consequently to
demonstrate the capabilities ofmicrowave dielectric
spectroscopy for biological cells suspensions analysis. The two
next paragraphs detail the obensor architecture, micro-
fabrication and experimental sptand protocols. Experimental
results are presented in part IV. Accuracy of the dielectric
spectroscopy is demonstrated for cells concentrations ranging
from 4 to 35 millions of cells per milliliter of culture medium.
This result consequently points the capabilities of microwave
dielectric  micro-spectrospy for non-invasive cells
proliferation quantification.

II.  MICROWAVE DIELECTRIC SPECTROSCOPYDEVICE
ARCHITECTURE ANDMICROFABRICATION

To perform microwave @ilectric spectroscopy on
biological cells solutions, a coplanar waveguide is used with a
microfluidic channel perpendicularly placed on top, as
presented on the schematic of Figure 1. This channel permits
to precisely localize the biological samples.

Due to the possible convergence of microfluidics [1-3]
with microwave circuits, it isnow possible to consider
microwavebasedbiosensing at the cellular level as a goodFig. 1. Device's architecture for broadband dielectric spectroscopy of liquid
candidate for lab-on-chip applicati®. This emerging
detectim and analyzing technique has indeed already
demonstrated  attractive  features fitting the threeThe technological process to elaborate such a component is

aforementioned challenges [4-8}icrowave sensing may thus Simple. A gold metallization is fi@rned on a quartz substrate,
provide an innovative way tawestigate biological cells for Whereas a PDMS elastomer is used to realize the microfluidic

medical applications. Combinealith the miniaturization and channel. MBothda{ell assembblefd trc'f.nksg to a plasma-bonding
parallelization capabilities offered bythe micro and process. More details may be found in [8].

nandechnologies [6-8], really innovative microwave  To better illustrate the developed structure, Fig. 2 presents a
microphotograph of the microfidic coplanar waveguide




loaded with a cells suspension. The cells are in liquid, in theidetermined by means of a broadband measurement technique
traditional culture medium, and may be distinguished on th¢s,8]. The test setup also imcles microfluidic inlet and outlet
gold waveguide as the n@mous bright dots. of bio-species under investigation, which injection is driven by

¥ ET a syringe pump. Finally, a PC and appropriate software assure
the controls and measurements of the test setup. The
architecture of the test setup is presented in the Fig. 3.

As far as biological samples are concerned, B lymphomas
cells of RL type, which are traditionally employed as a
reference model by biologists for blood cancer investigations,
are used in this study. To prepare the cells for the HF
measurements and assureatththey are healthy during
characterization, a biological protocol is appropriately
developed for living cells analigs After their culture in an
incubator, the cells are collected and placed in an Eppendorf

Fig. 2. Microphotograph of the microfalwated device dedicated to the t he within their culturemedium (reference mediumas
microwave dielectric spectroscopy of biological cells suspensions, loaded dicated in Fig. 4
with a cells suspension Indicated In Fig. <

Next paragraph introducebe microwave and biological {
protocol developed to accurBtecharacterize the biological
samples through dielectric permittivity extraction.

I1l.  MICROWAVE AND BIOLOGICAL PROTOCOL

As far as both nerofluidic capabilities and microwave
measurements are jointly considd, a specific test setup is
developed. Measurements tfie microwave biosensor are
performed on wafer with a probe station and two coplanar
probes connected to an ANRITSU 37369C vector network
analyzer. A thermal system is used to assure a stable liquid
temperature of 20°C+0.1°CThe probe system is also
equipped with a microscope alliing the visual inspection of
the correct liquid filling inside the channel.

Fig. 4. Biological protocol for cells preparation before microwave
----------------------- measurements

The used culture medium corresponds to the Roswell Park
Memorial Institute one, called RPMI, with 10% of Fetal Bovin
Serum (FBS). For this work, 4 cells concentrations are
prepared: 4, 8, 17 and 35 millions cells per milliliter plus a
pure reference medium (which corresponds to a null conc. of
R cells).

IV. RESULTS AND DISCUSSION

The mcrowave dielectric spectroscopy has been
performed when the microfluidic channel is successively filled
with the five bio-liquids. The fit tested liquid corresponds to
--------------------- pure RPMI medium, which serves to normalize the complex
permittivity of each following masurements according to :

Fig. 3. Microwave and microfluidic test setup X= X~ RPMI

Prior to biological measuresnts, a full-two-port SOLT Where x and rpw correspond to the extracted complex
calibration procedure is applied using CSR 8 calibratiorpermittivity when cells suspension and RPMI medium (resp.)
standards. The frequency range extends from 40 MHz to 4&e filled in the channel. x consequently corresponds to the
GHz. Values of the liquids’ complex permittivity are



permittivity contrast of cells suspension relative to their hosB. Application of microwave dielectric spectroscopy for cells

medium. proliferation evaluation
A. Experimental results ém microwave dielectric This part exploits the last remark. The cells suspension
spectroscopy quantification is indeed of iportance for efficient mdication

Figures 5 and 6 present the real and imaginary (resp.) parts c(i)llscovery. For such an application, targeted cells are

. .~ submitted to medication in charge of inducing cell apoptosis
g]sesoiie;?ggv'tyercmoﬂg\ift' ?t?otﬁpt/gaf e;\;]eds ?;arﬁazfnceér'tf)(programmed death). This final cell state is evaluated when
corres onds?oanull c)(/)ntrast ginary p cells stop to proliferate. It is consequently mandatory to

P ' develop high throughput screeni(idTS) of cell proliferation

guantification systems.

ettt AL i Our development aims to demonstrate that microwave
v . — diele_ctri_c spectroscopy is a good _c_:andidate for_ such an
: ] application. Moreover, the integrability of the microwave
w” L . h .
A d technique, on the contrary to optical or laser-based techniques,
L/“ // makes possible to have access to a lab-on-chip HTS, which is
] // mandatory to develop personalized medicine.
/ Table | regroups the dielectric luas at 10 GHz obtained for
/"' the various cells concentrations. This table also recalls the
N 7 standard deviation obtained from repetitive tests [10].
TABLE I. DIELECTRIC VALUES AT10GHz
Biological Dielectric contrasts at stan_dard d_eviation of
cells 10GHz the dielectric values at
concentration 10GHz [10]
Fig. 5. Microwave dielectric spectroscopy (real part) of biological cells in millions A A
suspension with increasing cells concentration cells per ml real part mag;rr\flry real part mag;rr]tary
. . . L -0.46 -0.25 - -
As it can be seen on these two figures, the dielectric signatures
are clearly distinguishable even for low cells concentratiorjs.___8 -0.75 041 - -
This is made possible as permittivity contrasts are extracted 17 -1.56 -0.98 0.08 0.08
instead of direct values of permittivity, as in [9]. We wouldj 35 -3.17 -1.93 0.05 0.03

like also to rise that a cell concentration of 4 millions cells per
milliliter represents a low cellsoncentration value, which is
classically used dumg bio-experiments.

N Lok o
A ‘

As can be noticed on Table I, theelectric contrasts are larger
than the typical standard deviation and thgohetion can be
estimated around 1 million cells per milliliter.

Figure 6 presents the dielectricontrast versus the cells
- suspension concentrations. The linear relationship between
" /T'{l these two variables is assureithaa correlation coefficient (R-

X oo ‘ — J‘, square) larger than 0.99; which demonstrates the high level of
\ accuracy of microwave dielectric measurements.

L

\.

\\ T The linear regression performed on both the real and imaginary

b e parts of the dielectric contrastsalds to define two sensitivities:

e N e -0.091 per rillion cells for the real part of the contrast and

-0.055 per rilion cells for the inaginary part of the contrast.

I These tw coefficients then permit to predict froamy future
microwave measurements thellgeconcentrationsOre can

notice that the sensitivitgoefficients are cells, mediyrdevice

and selected frequency (here 10GHz) dependents.

Fig. 6. Microwave dielectric spectroscopyimaginary part) of biological ~These results then demstrate the ability of such a technique

cells suspension with increasing cells concentration for cells quantification with a resolution around 1 million cells
per milliliter.

This demonstrates that microwave dielectric spectroscopy

reaches sufficient accuracy for biological cells suspension

guantification/analysis.
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Fig. 7. Microwave dielectric parameters at 10 GHz of biological cells

suspension versus cells concentration

V. CONCLUSION

Capabilities of ntrowave dielectric

spectroscopy

[1]
(2]

(3]
[4]

[5]

[6]

[7]

technique are then experimentally demonstrated in the context
of biological cell analysis/quantification. The technique has

been evaluated with cells concentration as low as 4 million
cells per milliliter and resolution has been estimated around
millions cells per milliliter. Experimental results demonstrate
that microwave dielectric paramees provide accurate readouts
for cells proliferation quantification. Abilities of the developed

Bl

technique in terms of cells suspension quantification, non-

invasivity, operation in culturenedium and high integrability,

9]

make the microwave dielectric spectroscopy a good candidate

for high throughput screening applications.
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