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Abstract- Cellular analysis with microwave dielectric 
spectroscopy is gaining interest, as it presents attractive 
characteristics, such as being non-invasive, non-destructive, 
label-free, while cells may be analyzed directly into their culture 
medium. Most importantly, the microwave range enables 
intracellular investigations. This paper confirms such a 
capability through the evaluation of the different chemo-induced 
cell responses of two cell lines, HCT 166 and THP1. Moreover, 
this analyzing method does not only present different capacitive 
contrasts depending on cell lines. It also allows to extract distinct 
dielectric variations due to a chemical agent, which are 
attributed to different cell line-dependent internal modifications 
of the cells.  

I. INTRODUCTION 

Microwave dielectric spectroscopy is under development 
for decades and is already exploited in various applicative 
domains such as for water or canalization detection in soils, as 
well as in agriculture and food for quality assessments [1]. 
This method presents indeed many attractive features. It is 
non-destructive, non-invasive, without requiring a direct 
contact with the material under test and adapted to analyze any 
type of materials, whether solid, liquid or gaseous. Its high 
sensitivity to water makes this technique particularly suitable 
for biological materials sensing due to the high water-
molecules content of the living [2]. Moreover, combined to 
different technologies, the technique gives access to the 
characterization of matter at many scales, even at the micro 
and nanoscale with the use of micro or nanotechnologies. This 
is particularly favorable for the examination of small amounts 
of liquids, as often the case for cell suspensions and even for 
single cell analysis [3-9]. Finally, the most important feature 
of microwave dielectric spectroscopy corresponds to its 
frequency range. Within the microwave and millimeterwave 
band, the capacitive bi-lipidic membrane of the cells may be 
bypassed by the electromagnetic waves, providing access to 
the constituents of the cells and enabling intracellular 
investigations. The technique may therefore not only quantify 
but also discriminate sub-populations of cells [10].  

To go even further in demonstrating the capabilities of this 
sensing method, this paper focuses on evaluating the impact of 
chemical stimulus on different cell lines. In this case, two 
human cell lines have been submitted to the same chemical 

agent at the same concentration and have been investigated 
while applying microwave dielectric spectroscopy.  

To do so, both microwave biosensor dedicated to the 
analysis of individual cells and associated test setup are briefly 
described in a first section, while the second section is focused 
on the microwave characterization of different cells lines 
submitted or not to the same chemical agent.  

II. MICROWAVE BIOSENSOR FOR SINGLE CELL 
CHARACTERIZATION AND TEST SETUP 

A. Description of the microwave biosensor dedicated to the 
dielectric analysis of single cells 

The microwave sensor [3] includes a coplanar waveguide 
with a capacitive gap at its center, as shown in Fig. 1. The line 
presents dimensions to exhibit a 50 Ω characteristic 
impedance with air on top, while realized on a quartz substrate. 
On top is placed a microfluidic channel, which crosses the 
waveguide. A mechanical trap is placed just over the 
capacitive gap in order to trap a cell, where electromagnetic 
fields are focused.  
 

 
Figure 1. Schematic of the microwave biosensor dedicated to single cell 

analysis. 
 

Fig. 2 presents a photograph of the sensor, highlighting the 
sensing area. Even if the microfluidic channel presents a 
height of 50 µm, the mechanical trap ensures the cell to be 
placed just above the capacitive gap to maximize the 
sensitivity.  
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Figure 2. Photography of the microwave biosensor. 
 

B. Cells description and preparation 
For the experiments, two cell lines have been selected, the 

THP1 and HCT116 cell lines, which correspond to a human 
leukemic monocytic cell line and a human colon cancer cell 
line respectively.  

HCT116 cells and THP1 cells are cultured in their 
respective culture mediums: DMEM culture medium 
(“Dulbecco’s Modified Eagle Medium) for the HCT166 cell 
line and RPMI culture medium (Roswell Park Memorial 
Institute Medium) for THP1 cells, both supplemented with 
10% of fetal veal serum, penicillin, and streptomycin. Cells 
are incubated for proliferation at 37°C with 5% CO2.  

The chemical treatment used in the study corresponds to 
saponin, a detergent which creates holes into the cytoplasmic 
membrane. The obtained permeabilization is irreversible, 
leading to an artificial death of the cells. A concentration of 
0.02% (W/V) during 15 minutes is applied to the cell lines, 
which are then placed in their respective fresh culture medium 
before RF measurements.  

C. Microwave test setup and data extraction methodology 
In order to achieve the microwave characterization of the 

two cell lines, the biosensor is connected to a Vector Network 
Analyzer (VNA) with coplanar probes and cables. Microwave 
characterization is performed from 40 MHz to 40 GHz. The 
measurements are realized in two steps.  
 

 
Figure 3. Measurement methodology and extracted electrical parameters. 

 

First the structure is measured, while loaded with the host 
medium of the cells only, leading to the measurement of the 
[S]medium parameters, whereas, in a second step, the sensor is 
loaded with an individual cell, leading to [S]cell. Using an 
electrical model of the structure [3], both capacitor and 
conductance in both configurations, cell with medium and 
medium only, are extracted and correspond to the two couples 

of values (Ccell, Gcell) and (Cmedium, Gmedium) respectively, as 
depicted in Fig. 3.  

 
Two electrical contrasts, a capacitive one and a conductive 

one, are then calculated with the following equations 
respectively: 
 

∆𝐶	= 𝐶	𝑐𝑒𝑙𝑙−𝐶	𝑚𝑒𝑑𝑖𝑢𝑚     (1) 
 

∆G	= G	𝑐𝑒𝑙𝑙−G	𝑚𝑒𝑑𝑖𝑢𝑚     (2) 
 
Each medium is considered as the reference of these 

contrasts. The characterization results are presented in the next 
section.  

III. MICROWAVE CHARACTERIZATION OF INDIVIDUAL CELLS 

Each cell line has been individually characterized with and 
without the saponin treatment.  

 
A. Microwave characterization of different cell lines 

First, several individual cells have been measured for each 
cell lines. Examples of dielectric spectra obtained for 3 
individual cells are presented in Fig. 4 and in Fig. 5 for 
HCT116 and TPH1 cell lines respectively.  

 

 
 
Figure 4. Capacitive contrast spectrum for several individual living HCT116 

cells.   

 
 
Figure 5. Capacitive contrast spectrum for several individual living HCT116 

cells.   
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For both cell lines, one may observe that the capacitive 

contrast is maximal at 5 GHz, whereas the absolute value 
decreases toward the reference zero value while the frequency 
increases. If cells from the same line are considered, for both 
lines, the different measured individual cells present quite 
close capacitive contrasts curves, which differ due to intrinsic 
variations of the living. They exhibit a maximal average value 
(in absolute) of - 0.4 fF for the HCT116 cells and - 0.6 fF for 
THP1 ones at 5 GHz. Corresponding capacitive variations are 
also given in Table I for both cell lines. One may notice that 
the maximal values are quite distinctive, which confirms the 
possibility of the microwave dielectric spectroscopy to 
discriminate cell lines. The zero line on the abscissa 
corresponds to the reference level of the contrasts, i.e. the 
culture media. 

 
Based on these first results, we wondered if the sensing 

technique could be able to distinguish different cell behaviors 
when submitted to the same chemical stimulus.  

 
B. Dielectric impact of a chemical stimulus on two different 

cell lines 
Fig. 6 and Fig. 7 present respectively the mean values of the 

capacitive contrasts of HCT116 and THP1 cells, which have 
been treated or not with saponin.  

Whatever the cell line, the saponin treatment leads to a 
decrease in the capacitive contrasts in absolute value. The 
corresponding values are summarized in the Table I. This 
reduction may be explained by the fact that, due to the 
permeabilization of the cytoplasmic membrane, an exchange 
between the intracellular and the extracellular media occurs 
until reaching an equilibrium between both compartments. 
Treated cells tend then to present capacitive contrasts, which 
values move toward the culture medium one, the reference of 
the measurement. This contrast may not reach zero, as the 
saponin treatment still keeps the architecture of the cells with 
organelles inside the cytoplasmic membrane.  

 

 
 

Figure 6. Capacitive contrast spectrum for HCT116 cells with and without 
saponin treatment.   

 
 

Figure 7. Capacitive contrast spectrum for THP1 cells with and without 
saponin treatment.   

TABLE I 
SUMMARY OF THE CAPACITIVE CONTRASTS OF THE CELLS,  

DEPENDING ON THEIR TYPE,  
WITH AND WITHOUT A CHEMICAL TREATMENT 

Cell type ∆C @ 5 GHz  
(fF) 

  Untreated HCT116 -0.40 ± 0.046 

  Treated HCT116 -0.25 ± 0.04 

  Untreated THP1 -0.60 ± 0.10 

  Treated THP1 -0.30 ± 0.077 

 
As far as the variation of the capacitive contrast is 

concerned, this one is closed to 37% for the HCT116 cell line, 
whereas the TPH1 cells exhibit a contrast modification of 50%. 
The 13% difference between these cells’ behaviors may not be 
only explained by the dielectric variation between both culture 
media. Internal modifications induced by the chemical 
treatment must also differ depending on the cell lines, leading 
to such a measured variance in the cellular chemo-induced 
response.  

IV. CONCLUSIONS 

To conclude, this paper presents the dielectric 
characterization of two different cell lines, which have been 
dielectrically compared when submitted or not to the same 
chemical treatment.  

First, cell lines intrinsically present different dielectric 
properties when characterized in the microwave range. This 
result well highlights the interest of the intracellular 
investigation of the microwave dielectric spectroscopy.  

Secondly, as the applied chemical treatment is based on the 
use of a detergent, saponin, which creates pores in the 
cytoplasmic membrane, while keeping the integrity of the cell, 
it leads to an artificial death of cells, which may be 
distinguished with the microwave dielectric spectroscopy 
technique.  



Thus, this analyzing method does not only present different 
capacitive contrasts depending on cell lines. It also allows 
extraction of, due to a chemical agent, distinct dielectric 
variations, which are attributed to different cell line-dependent 
internal modifications of the cells. This last result is 
interesting as it may find applications in the evaluation of 
therapeutic agents’ efficiency notably for personalized 
treatment.  
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