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Preface
The student conference Instruments and Methods for Biomedicine is held annually by the Faculty of
Biomedical Engineering of the Czech Technical University in Prague. This year’s eighth event took place on
10th May in the Galerie Kladno conference hall. The conference is organized primarily for the first year students
of the master’s study program Instruments and Methods for Biomedicine. This program is exceptional by its
emphasis on project-based learning. Early on in the first year of the study, each student chooses a topic from
a variety of projects offered by the academic staff of the Faculty as well as researches from collaborating
institutions. Those include several institutes of the Czech Academy of Sciences and commercial companies.
While working in established research groups focused on topical scientific and technological challenges,
students face real scientific problems. This gives them an opportunity to utilize theoretical knowledge and
skills gained during undergraduate studies. The study program is highly interdisciplinary, and students come
to join the program from various backgrounds, giving varied entry knowledge based on their previous studies.
Dealing with highly complex problems of their selected project is therefore very challenging at the beginning.
However, after two years of intense effort and after completing their selected courses, most of the students
would graduate as well aware and self-confident experts ready to join an interdisciplinary R&D team. The
conference is an exceptional opportunity to witness student’s progress and see the real strength of projectbased learning.
Beyond any doubt, presentation skills are of utmost importance in any profession. Students must defend
their ideas and results throughout their study, and they are likely to give presentations on a regular basis in
their new job. To develop their presentation skills, students actively attend seminars throughout their study
where they present progress in their projects. Participating in a conference in front of an international audience
is then a highlight in their training and represent an invaluable experience. Students give a lecture in English
on a semi-formal meeting with a format resembling real scientific conferences. My desire is that, despite the
initial struggle and perhaps lack of motivation and excitement from the students, all of them would see the
conference as a highlight of their studies and appreciate the opportunities to discuss their research project with
a broad audience and get useful feedback. To some, it opens routes for future cooperation or a job. In many
ways, making this conference happen is a painful process for the organizers as well. What comforts me is the
hope that the participants will appreciate this experience in the future. Gain through pain!
The Proceedings you are holding is the part II of our effort to educate students to present their work. The
articles also provide an overview of the quite extensive portfolio of student projects, presented by students
halfway through their study. Sorting the contributions to thematic sections is too difficult of a creative task.
The contributions are, therefore, sorted alphabetically by the first authors’ surnames.
Here I would like to express gratitude to my fellow organizers, particularly Miroslava Vrbová, who
originally inspired the conference, Vlaďka Petráková for her enthusiasm and help during the event, and my
co-editor Tomáš Parkman for his patience. I would also like to thank the audience for coming to the conference
to support and encourage the speakers. My special thanks are to the referees who carefully read through the
submitted articles and commented on the imperfections. I would also like to thank the Czech Technical
University in Prague for the generous financial support of the conference – CTU grant No. SVK 44/18/F7. At
last, I thank all participants and authors for doing their best.
In Kladno, October 22nd, 2018
Dalibor Pánek
Conference coordinator
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Consequence of the decrease of dopaminergic neurons and movement
parameters in the presymptomatic and manifest phase of Parkinson's
disease
Martin Bejtic*, Radim Krupička
Czech Technical University in Prague, Faculty of Biomedical Engineering, Kladno, Czech Republic
*

bejtimar @fbmi.cvut.cz

Abstract: Parkinson's disease is a long-term degenerative disorder of the central nervous system. This disease
correlates with a decrease of dopaminergic neurons. Common analysis and processing of SPECT data is done
manually. We aim to improve and automate these methods and process. The program BGV2 is used to measure
uptake of Ioflupane (123I) in putamen and caudate. With the help of MATLAB with SPM software package,
we created an application which processes the data acquired from DaTScan. This pipeline generates regions
of interest in SPECT scans. From these regions of interest, we obtain the parameters describing the status of
left and right caudate and left and right putamen. This newly developed program can be beneficial in assessing
the status of patients with Parkinson's disease.

Introduction
Parkinson's disease (PD) is a long-term
degenerative disorder of the central nervous system
that mainly affects the motor system. The
symptoms generally progress slowly over time.
Early in the disease, the most obvious symptoms
are shaking, rigidity, slowness of movement, and
difficulty with walking. Thinking and behavioral
problems may also occur. Dementia becomes
common in the advanced stages of the disease. [1]
It is increasingly recognized as a prodromal
stage of neurodegeneration since a majority of
RBD subjects ultimately develop and a
neurodegenerative
disorder
from
the
synucleinopathy group, i.e., Parkinson's disease
(PD), dementia with Lewy bodies (DLB) or
multiple system atrophy (MSA) 1. Overlap
syndromes were also described, and it is possible
that neurodegenerative disorder with initial RBD is
a distinct subtype of synucleinopathies
characterized by a specific motor, cognitive and
autonomic profile 2. The conversion rate is high:
33% at 5 years, rising to 91% at 14 years 3. The
median interval between the emergence of RBD
and diagnosis of the neurodegenerative disorder is
11 years but may range up to 50 years. It is not clear
whether all RBD patients ultimately convert to
neurodegeneration. [2]
This Master's project aims to find out which
parameters of kinematic analysis of a finger
movement in patients with REM sleep disorder and
Parkinson's disease correlate with a loss of

dopaminergic neurons. Finger movements will be
analyzed using the BradykAn device; the loss of
dopaminergic neurons were measured by
displaying a dopamine transporter using Ioflupane
(DaTscan) and neuromelanin-sensitive magnetic
resonance (MR).
There is a correlation between RBD (Rem
sleep disorder) and a decrease of dopaminergic
neurons [3, 4].

Equipment
DaTscan
DaTscan™ (Ioflupane I-123 Injection) is a
radiopharmaceutical method indicated for striatal
dopamine transporter visualization using SPECT
brain imaging to assist in the evaluation of adult
patients with suspected parkinsonian syndromes
(PS). DaTscan may be used for helping
differentiate essential tremor from tremor due to
PS. The effectiveness of DaTscan as a screening or
a confirmatory test and for monitoring of disease
progression or response to therapy has not been
established. [6]
MRI
Magnetic resonance imaging (MRI) is one of the
most commonly used tests in neurology and
neurosurgery. MRI provides an exquisite detail of
the brain, the spinal cord, and the vascular system
and has the advantage of being able to visualize the
anatomy in all three planes: axial, sagittal and
coronal MRI has an advantage over CT in being
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Figure 1: Images after the process of dicom convert,
coregistration, normalization and smoothing.

able to detect flowing blood and cryptic vascular
malformations. It can also detect demyelinating
diseases and has no beam-hardening artifacts such
as can be seen with CT. Thus, the posterior fossa is
more easily visualized with MRI than with CT. The
MRI imaging is also performed without any
ionizing radiation. [7]
Finger tapping
The tapping rate is a psychological test given to
assess the integrity of the neuromuscular system
and examine motor control. The finger tapping test
has the advantage of being a relatively pure
neurologically driven motor task because the
inertial and intersegmental interactions are so
small, that biomechanical influences on the
movement are reduced. Finger tapping involves
three important features: time, spatial amplitude,
and frequency. Studies have reported that the
average number of taps per 10-second interval can
be used to distinguish between patients with mild
traumatic brain injury and the healthy controls, is
slower for people one month after sustaining a mild
traumatic brain injury, experienced boxers, and
soccer players who frequently "headed" the ball.
The speed of finger tapping has also been found to
be related to the severity of initial traumatic brain
injury and can be used to help assess the recovery
from mild and moderate traumatic brain
injuries [8]

Subjects and methods
Subject consisted of 5 parkinsonian patients
(1 female and 4 males, mean age ± SD, 70.8 ± 2.78.
All patients were retrospectively selected, and they
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Figure 2: DaTScan with illustrated brain regions putamens and
caudates.

all were part of both I-123 DaTScan and MRI
studies.
T1w MRI: 3D T1-weighted Magnetization
Prepared Rapid Gradient Echo (MPRAGE;
repetition time (TR) = 2200 ms; echo time
(TE) = 2.43 ms; inversion time (TI) = 900 ms; flip
angle (FA) = 8°; voxel resolution = 1×1×1 mm3;
176 slices; scan time 4:16 min)
Neuromelanin sensitive MRI: 2D GRE with
magnetization transfer pulse (TR = 394 ms;
TE = 2.7 ms; FA = 40; voxel resolution = 0.5x0.5x3 mm3; 14 slices positioned
perpendicular to the dorsal edge of the brainstem at
midline covering the pons and mesencephalon,
7 measurements, total scan time = 12:43 min).
DaTscan: dopamine reuptake transporter
(DAT) single photon emission computed
tomography (SPECT) was performed using the
[123I]- 2 – b-carbomethoxy - 3b - (4-iodophenyl) N - (3-fluoropropyl) nortropane ([123I]FP-CIT,
DaTSCAN®,
GE
Healthcare)
tracer.
Approximately 185 MBq [123I]FP-CIT was
injected intravenously. Scans were acquired
3 hours after tracer injection on a dual-head camera
system (Siemens). The acquisition parameters
were as follows: rotational radius 13-15 cm, matrix
128×128, angular sampling with 120 projections at
3° interval and 40 seconds per view, zoom 1.3,
peak 159±10 % keV. Reconstruction of the raw
SPECT projection data was performed using the
ordered subset expectation maximization (OSEM)
algorithm with 10 iterations and 10 subsets
including attenuation correction (μ = 0.11 cm−1)
and 3D Butterworth post-filtering with
FWHM = 8 mm.
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Figure 3:nrt1 images.

Figure 4: Segmentation of left caudate and right caudate.

Before the data analysis, both SPECT and
MRI images were converted to the analyzed
format, i.e., from the DICOM format to the Nifti
format.
First of all, we want to measure the uptake of
I-123 in anatomical structures putamen and
caudate. For this problem, we choose the BGV2
program (Basal Ganglia Version 2). In the software
BGV2, we measure the volume of left/right
putamen and left/right caudate. This program is
from the year 2000, and it can not measure the
volume automatically, and we must correct the
position of Region of interest (ROI).
We measured all patients using this program,
but there are only results from patient 104 to patient
108 and results can be seen in Table 1.
Firstly, we must convert DICOM image to
Nifti. Nifti is the format for working in MATLAB
and SPM12. After this process, we must realign the
images because images from MRI and SPECT are
in different position and they are rotated and
translated differently.
Secondly, we did the coregistration, where we
coregistered SPECT images to T1 images. The
result of this step were new images in a new
dimension and better quality.
Thirdly, we did the normalization, where we
normalized the new images, which we got from
coregistration to the European’s brain map TPM.
Fourthly, we did the smoothing of the images
with FWHM (Full width at half maximum; see
Figure 1).
Now we have images shown in (Figure 2),
which we can use for segmentation of the ROI To
solve this problem we wrote Matlab script, which
can find putamens and caudates on the base of the

anatomical atlas, where we get Nifti formats of
putamens and caudates. [9]
Garcia templates
The
123I-FP-CIT
(Ioflupane/DaTSCAN)
templates are intended for use as templates for
SPM automated normalization. Created for SPM8
but SPM12 compatible. Available in NifTI file
format on this website: https://www.nitrc.org
/projects/spmtemp-lates. So we use this templates
for normalization. [10]

Results
Measuring of I-123 uptake in BGV2
We measured the uptake of I-123 in left/right
caudate and left/right putamen in program BGV2.
BGV2 measured volumes of putamens and
caudates with a sufficient precision BGV2 have
created ROIs on the base of averaging SPECT
images.
SPM 12
We have images from SPECT, MRI and we have a
template for European´s brain by Garcia.
Firstly, we realign images from SPECT and
MRI, so we have new images rSPECT and rt1.
After this step we normalize rt1 images by
segmentation, we want inverse transformation
matrices y_rt1.nii and iy_rt1.
Secondly, we use the inverse matrix y_rt1 and
deformation to normalize rt1, we have new images
nrt1, and we check nrt1 with a template by Garcia
(Figure 3).
Thirdly, we use iy_rt1.nii and inverse
deformation we denormalize the template by
Garcia to the space of rt1, now we have new images
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of the template (wsTemp) We check new images of
the template with rt1.
Now we coregistrate wsTemp with rSPECT,
and we have new images rrSPECT. We check
rrSPECT.nii with rt1.nii.

References
[1]

Kalia, L. V. & Lang, A. E. Parkinsons disease. The
Lancet 386, 896–912 (2015). doi: 10.1016/S01406736(14)61393-3

[2]

Claassen, D. O. et al. REM sleep behavior disorder
preceding other aspects of synucleinopathies by up to
half a century. Neurology 75, 494–499 (2010). doi:
10.1212/WNL.0b013e3181ec7fac

[3]

Sixel-Döring, F., Zimmermann, J., Wegener, A.,
Mollenhauer, B. & Trenkwalder, C. The Evolution of
REM Sleep Behavior Disorder in Early Parkinson
Disease. Sleep 39, 1737–1742 (2016). doi:
10.5665/sleep.6102

[4]

Louis, E. K. S. & Boeve, B. F. REM Sleep Behavior
Disorder: Diagnosis, Clinical Implications, and Future
Directions. Mayo Clinic Proceedings 92, 1723–1736
(2017). doi: 10.1016/j.mayocp.2017.09.007

[5]

Kuya, K. et al. Correlation between neuromelaninsensitive MR imaging and 123I-FP-CIT SPECT in
patients with parkinsonism. Neuroradiology 58, 351–
356 (2016). doi: 10.1007/s00234-016-1644-7

[6]

Soret, M., Koulibaly, P. M., Darcourt, J. & Buvat, I.
Partial volume effect correction in SPECT for striatal
uptake measurements in patients with neurodegenerative
diseases: impact upon patient classification. European
Journal of Nuclear Medicine and Molecular Imaging 33,
1062–1072 (2006). doi: 10.1007/s00259-005-0003-4

[7]

Yan, J., Lim, J. C.-S. & Townsend, D. W. MRI-guided
brain PET image filtering and partial volume correction.
Physics in Medicine and Biology 60, 961–976 (2015).
doi: 10.1088/0031-9155/60/3/961

[8]

Picillo, M. et al. Learning More from Finger Tapping in
Parkinsons Disease: Up and Down from Dyskinesia to
Bradykinesia. Movement Disorders Clinical Practice 3,
184–187 (2015). doi: 10.1002/mdc3.12246

[9]

Hida, K. et al. Creation and validation of an I-123 FPCIT template for statistical image analysis using highresolution SPECT for parkinsonian patients. Annals of
Nuclear Medicine 30, 477–483 (2016). doi:
10.1007/s12149-016-1085-8

Table 1: Results of measurement of I-123 uptake in left/right
caudate and left/right putamen, patients 104-108.

104

3.88 ml

3.75 ml

Right
Caud
3.54 ml

105

4.51 ml

4.17 ml

3.23 ml

3.79 ml

106

3.15 ml

2.84 ml

2.61 ml

3.12 ml

107

3.58 ml

4.16 ml

4.19 ml

4.09 ml

108

4.86 ml

2.74 ml

3.97 ml

3.06 ml

Patient Left Caud

Left Put

Right
Put
3.13 ml

Conclusion
The first part of this project was focused on
measuring uptake of I-123 in the program Basal
Ganglia vrs.2
The second part of this project was focused on
automatization of processing DaTScan and MRI;
all the script was written well and look very well.
The first step of the adjustment of the raw data
obtained from General Faculty hospital in Prague.
These scripts Dicom to nifti, realign,
coregistration, normalization, smooth work
without problems. So we decided to display the
region of interest, left/right caudate and left/right
putamen.

Further work
The next step of the work is measuring of uptake
of I-123 in the left/right caudate, left/right
putamen. Correlate the decrease of dopaminergic
neurons with parameters from finger tapping.
This method and its further results need to be
consulted with clinical medical doctors involved in
the study to verify its precision and reliability.

[10] Salas-Gonzalez, D. et al. Building a FP-CIT SPECT
Brain Template Using a Posterization Approach.
Neuroinformatics
13,
391–402
(2015).
doi:
10.1007/s12021-015-9262-9
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Applicator for regional hyperthermia with metamaterial excitation of
electromagnetic field
Matouš Brunát*, David Vrba
Czech Technical University in Prague, Faculty of Biomedical Engineering, Kladno, Czech Republic
*

brunamat@fbmi.cvut.cz

Abstract: The regional hyperthermia is an established method for cancer treatment used in combination with
radiotherapy. However, there are just a few applicators on the market, and they usually are very expensive.
This work presents a novel concept of the affordable applicator. This paper uses a software COMSOL
Multiphysics to model and test series of shapes, sizes and their energy efficiency. The final model uses a
frequency of 433 MHz and should be ready to use in matrices of applicators as it would be mostly used for
regional treatment by hyperthermia.

Introduction

Methods

Hyperthermia is a treatment, which is based on
suitably elevating the temperature of the tissue.
This work deals with heating a tissue using
microwave radiation with a frequency of 433 MHz.
The main benefits of using microwaves for heating
the tissue are 1) the method is non-invasive, 2) with
appropriate configuration, it can be used to heat a
region deeper in the tissue compared to usual
contact heater. On the other hand, it cannot be used
in order to heat a tissue deeper than a few
centimeters, which is not practical for applications
in a human torso. Another disadvantage is the lack
of feedback information as currently there is no
way to measure non-invasively temperature
beneath human skin.
From the biological and medical perspective,
the microwave hyperthermia is a tool to treat
cancer. Due to the altered morphology of cancer
cells, heat dissipates more slowly from a tumor
compared to healthy tissue when increasing
temperature. This means that there is a temperature
window when healthy tissue cannot be damaged
while cancer tissue suffers heat damage. The
damage to the cancer tissue ranges from structural
damage and wrong protein configuration to DNA
damages. However, the most important effect
occurs when the hyperthermia is combined with
other treatments because it stops regeneration of
the cancer tissue in between treatments, which will
greatly increase the treatment efficiency.
Efficiency can be seen in figure 1, which shows
how much more effective is treatment with and
without hyperthermia. [1, 3]

To create a functional applicator model, software
COMSOL Multiphysics was used.
Firstly, a core idea about construction and
geometry is modeled into the software; then
optimization is done by changing the geometry in
order to obtain desired results. Every change made
on the model and its effect is then computed using
the finite element method. The result of the
computation is then evaluated by absorbed energy
distribution. Because the desired shape of the
temperature of the tissue surface is to be a
continuous decline from the center right beneath
the applicator to the sides, all changes which
created discontinuities of the temperature decline
are discarded.
The core idea about the applicator geometry is
suggested for reasons explained in the following
text:
A coaxial cable is used to transfer energy into
the applicator. The inner and outer diameters of the
coaxial cable are adapt so that the final impedance
is 50 Ω. This is done by equation

Z  138  log(

D
),
d 

(1)

where Z is characteristic impedance in Ω, D is the
outer diameter of the coaxial cable (dielectric
substrate), d is the inner diameter of the coaxial
cable (conductor) and  is the relative permittivity
of the substrate.
The coaxial cable is connected to a microstrip
line conductor, which serves to distribute energy
between radiating parts. Again, the impedance
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Figure 2. Scheme of used microstrip line conductor. Blue is the
conductor, which is in this case copper and grey is substrate.
Lower copper is the ground plane, and upper copper is
conductor connected to coaxial cable.

Figure 1. Percentage of successfully treated tumors using
conventional treatment and combined treatment with
hyperthermia. [2]

characteristic is set to 50 Ω, and so the dimensions
are calculated using equation [4]

Z

 eff
where

120  
2
W
W
 (2)
   1.393   ln(  1.444)
3
H
H


 eff

calculated as

 eff 

is

 1
2

the



effective

permittivity

 1
H
2  1  12  ( )
W

,

(3)

where H is the height of the substrate on which the
microstrip line is lying, W is the width of the
conductor (see fig. 2) and  is the relative
permittivity. [4]
As there already are many applicators for
hyperthermia available on the market, the purpose
of the new applicator is to address problems, which
all of today's applicators share. The biggest of them
is the fact, that none of them can be effectively
composed into a large-area matrix for regional
hyperthermia and so they cannot be used on bigger
parts of the human body. This problem arises from
the principles of the waveguide or planar
applicators themselves, as their construction
simply does not allow it. In order to address this
problem, a new concept is needed. The inspiration
for the new type of construction comes from
radiofrequency metamaterials. [5]

12

Figure 3. Two copper airbridges used as antennas for radiating
energy into the tissue. Dimensions are from the final model.

Figure 3 shows the new concept with
airbridges, which can be called 1D metamaterial
and one of the advantages of this geometry is that
more airbridges can be added without loss of
efficiency.
Figure 4 shows electric intensity around
applicator which is judged by the shape of the
electric field. If airbridges are further from each
other, electric field in the tissue will create two socalled hotspots, which is counter-productive for an
even spread of temperature. If airbridges are closer
together, one dominant hotspot will be created
effectively reducing the treatment on one small
spot.
For this geometry to work, it is essential that
the electric current in the airbridges flows in the
same direction. Otherwise the electric field would
just cancel itself. The direction of current flowing
through an airbridge is controlled with a capacitor.

Results
The final applicator after optimization is shown in
figure 5. The biggest part of the applicator is the
ground plane with the substrate. Dimensions of the
ground plane are 23 cm and 13.1 cm. These
dimensions are of great importance, as they
massively influence the radiation pattern of the
whole applicator. In the ideal case, the ground
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Figure 4. Transverse cut through parallel airbridges showing
intensities of the electric field and its displacement. The upper
line is the ground plane, and the radiation should be propagating
downwards.

plane should be larger, in order to transmit less
energy into the surroundings, but as the main
purpose of this applicator is to be composed into
matrices, a trade-off between energy distribution
and size was chosen.
A function of the applicator can be
summarized as follows: electric current flows from
the coaxial cable into the microstrip line conductor,
which distributes the energy between airbridges,
and the capacitors provide the appropriate phase
shift to ensure parallel current in the airbridges.
The abridges radiate energy into the surroundings,
and current flows through the ground plane back to
the coaxial cable through four wire holes.
Capacitors are mounted on top of the substrate
because they could otherwise interfere with
electromagnetic wave between the microstrip
conductor and ground plane. Their capacitance was
chosen for two reasons. It creates a sufficient phase
shift, and the capacitors are available on the
market. The capacitance is 10 pF.
Dimensions and parameters
The wanted result of this simulation is an
applicator, which radiates the most homogenous
pattern with one big heated center. The bigger the
hotspot in the middle is the better the applicator is,
as it can treat bigger areas. Size of the hotspot can
be widened by changing the geometry of the
airbridges. The limiting factor of the size is the
creation of two hotspots next to each other.
To create such an applicator dimensions of the
geometry were changed by centimeters,
millimeters and sometimes tenths of millimeters
zooming to the limit when there is still one wide
hotspot.

Figure 5. a) The complete applicator with the ground plane.
b) Zoomed view on the applicator without a ground plane.
Table 1. Dimensions and parameters of the applicator.

Coaxial cable inner radius
Coaxial cable outer radius
Substrate thickness
Microstrip line width
Relative permittivity of substrate
Conductivity of substrate

0.885 mm
5 mm
1.5 mm
2.94 mm
4.3
0 S/m

Finite element method settings
An important part of microwave hyperthermia
treatment is water cooling. As every radiation
absorbed in medium, it obeys Lambert-Beers law
and so most of the energy is absorbed close to the
tissue's surface. In order to heat deeper layers of the
tissue without burning the skin, the heat is drained
into the water cooling system. The water cooling
system can be seen in figure 6 as a thin layer of
water on the surface of the tissue. The applicator is
surrounded by air and edges of the simulation are
set as to simulate air and tissue beyond the box.
The smallest elements in the simulation
1.2 · 10-5 m and the biggest to 0.06 m.
Results of simulation
Figure 6 shows there is energy escaping through
the sides of the applicator. This problem is
negligible as the vast majority of the energy is
directed beneath the applicator and the final
temperature distribution, as figure 7 shows, has
only one vast hotspot.
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Figure 6. Applicator's radiation pattern. 70% of energy is
transmitted right below the applicator, and 30% of energy is
distributed around the applicator due to the size of the grounding
plane. The plane on which the pattern is shown is the surface of
the tissue. Lower layers look similar with lower electric
intensity.

References

Conclusion
Hyperthermia is an effective way to boost the
efficiency of cancer treatment, and this applicator
provides a new geometry in order to solve
problems with composing applicators to matrices.
The model of the applicator is optimized for a
shape of an electric field which provides the
biggest area for treatment without splitting up to
two hotspots. Thanks to its predictable field
behavior, it can be put into matrices. However, a
better solution for the ground plane would be
beneficial, as there is a third of the energy radiated
into the surroundings, which is stopped with a
longer and wider ground plane. The next step in
this work is to create a real prototype and test it on
agar phantoms using the thermal camera as an
evaluation technique.
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Figure 7. Heat pattern produced by the applicator. The plane is
again a surface of the tissue. The 30% of energy which is
transmitted to the sides in figure 8 is compensated thanks to
water cooling system.
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Abstract: Compact laboratory system with double stream gas puff target soft X-ray source is used for
NEXAFS spectromicroscopy. The plasma formed by the interaction of Nd:YAG nanosecond laser pulse with
krypton/helium gas target is emitting in the range of 1.5 to 5 nm wavelength. This broadband radiation is used
to acquire emission spectra and absorption spectra of a small area of EUV irradiated thin PET film using
grazing incidence spectrometer. Measurements in transmission geometry reveal fine structures in the vicinity
of carbon K absorption edge. Composition calculation shows hydrogen decrease in irradiated PET and raster
scanning is used to obtain 2D elemental composition map. Data are in agreement with reference measurements
and theoretical values.

Introduction
NEXAFS spectromicroscopy refers to the Near
Edge X-ray Absorption Fine Structure and it is a
well-known method used for measuring biological,
organic or inorganic samples and obtaining
information about elemental composition through
observations of the spectral features in the vicinity
of the absorption edge. Structure of electronic
transitions from the core level to unoccupied states
of the probed molecule is revealed. Due to the fact
that energy levels of initial and final states depend
on involved molecular bonds and are shifted
depending on forces and fields from other atoms
near the investigated atom, changes in the
elemental
composition
or
surrounding
environment are detectable. Every transition can be
seen in the absorption spectra as a fine feature.
Analysis of these features allows one to identify
and characterize materials under study [1].
As a source of soft X-ray radiation,
synchrotron with high monochromaticity,
tunability and large photon flux is typically used,
allowing for low exposure time measurements with
high spectral resolution. Sample as a whole is
scanned by radiation with varying energies [2],
obtaining a dataset of two-dimensional
microscopic images. Features of interest are traced
over the images obtained with different energies,
acquiring NEXAFS spectra. Radiation dose
absorbed in the sample with such an approach is

high because of the scanning at different energies
of the whole area near the point of interest.
To reduce the radiation dose, each spatial point
can be illuminated by a broad spectral source.
NEXAFS spectrum in that point is acquired in one
exposure and the 2D image is obtained through
raster scanning. Such approach is used in this work,
where compact, laser plasma soft X-ray source
based on a double stream gas puff target is utilized
to demonstrate the possibility to perform NEXAFS
spectromicroscopy on a thin organic sample.
Helium/krypton radiation is used to obtain spatially
localized NEXAFS spectra of structured 1 µm
thick polyethylene terephthalate (PET) foil with
exposure times of 10 s and spatial resolution of
38 µm. The composition of the sample in each
point and its resemblance to unmodified PET
spectra can be evaluated, confirming the
applicability of compact laser plasma SXR source
to NEXAFS spectromicroscopy measurements.

Experimental setup
Schematic of source chamber is depicted in Fig. 1.
Nd:YAG laser from EKSPLA, model NL 303 HT,
with laser pulse energy 0.65 J and duration time of
3 ns is focused by an f = 25 mm focal length lens
onto the double stream gas puff target consisting of
two, independently driven collinear nozzles [3].
The inner nozzle for working gas has a diameter of
0.4 mm, the outer nozzle is annulus with diameter
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Figure 1: Schematics of the double stream gas puff target source.
Focused pump laser pulse is interacting with inner working gas,
which is shaped by outer gas and is emitting soft X-ray radiation
in 2 to 5 nm wavelength range.

0.7–1.5 mm. Working gas is krypton pressurized to
3 bar, the outer nozzle is connected to helium with
the backing pressure of 5.5 bar. This outer gas
helps to increase the density of working gas while
not absorbing emitted soft x-ray radiation in 2 to
5 nm wavelength region (photon energies of
approximately 250 to 600 eV).
Soft X-ray radiation enters the sample
chamber. The sample is mounted on a holder in
such way, that one part of the beam goes through
the sample, obtaining information about the
absorption (sample beam), while the other part of
the beam continues unobscured, carrying
information about source emission spectra
(reference beam). The sample holder can be moved
by remote-controlled micrometric motors,
allowing spatial raster scanning. Sample beam then
enters spectrometer through pinhole 53 µm in
diameter, which is located 1.5 mm from 48 µm
wide, 10 mm long slit made in 50 µm thick brass
sheet. The pinhole allows one to obtain spatially
localized sample spectra (equivalent pinhole size
on the sample plane is about 38 µm), and at the
same time, slit serves as spectrometer entrance for
the reference beam. Simultaneous acquisition of
both reference and sample spectra allows the
system to remain unaffected by energy fluctuations
and mechanical instabilities of the source. Spectra
are obtained using home-made spectrograph with
grazing incidence diffraction grating form Hitachi
with 2400 lines per mm and CCD camera from
greateyes, model GE20482048 with 2052 times
2046 pixels 13 × 13 µm2 in size, cooled to –40 °C.
Resolution of such spectrometer is
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Figure 2: The optical arrangement of the experiment. SXR
radiation from plasma goes through movable sample holder and
through entrance slit and pinhole it enters the spectrometer. The
beams are diffracted onto the CCD chip, where reference and
spatially localized sample spectra are obtained simultaneously.

Figure 3: Photograph of the experimental setup used for
NEXAFS spectromicroscopy measurements.

𝐸
= 230
Δ𝐸

(1)

at 281 eV, around carbon Kα absorption edge.
Scheme of the optical arrangement is depicted in
Fig. 2. Snapshot of the experimental setup on Fig.
3 shows the compact size of the system, as it takes
up roughly 1.5 × 1.5 m2 and fits onto one laboratory
table.
More information about the system and its
optimization for effective emission and
measurements can be found in [4, 5].

Experimental results
To test the feasibility of the described system, the
simple structured sample was prepared by means
of polymer surface modification by xenon EUV
radiation, as is described in [6]. Image of copper
mesh with a period of 250 µm was burned on to the
1 µm thick PET foil from Lebow by gaussian EUV
beam from xenon/helium double gas puff target
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Figure 4. Sample preparation. PET foil was irradiated with a
gaussian EUV beam (spectrum on the right side, [6]). Copper
mesh served as a mask.

Figure 5. Image of the studied sample from the optical
microscope. The black part is burned with EUV radiation,
highlighted is the measured area.

with maximum intensity at 11 nm. Schematics of
the procedure, as well as EUV spectrum, are
depicted in Fig. 4.
Image from the optical microscope of the
irradiated PET foil in Fig. 5 shows that in the center
the beam was too intense and the foil is burned
through, leaving openings, but on the edges, the
thickness of the foil is reduced, and morphology
and composition are changed. This part of the
sample will be measured.
Typical raw data from spectrometer are
presented in Fig. 6. The left part shows the
emission spectrum of the source, in the middle is
bulk PET spectrum measured through the slit. On
the right side is small, few pixels wide band of light
from pinhole representing spatially localized
spectrum from a point in the mesh structure. In bulk
PET spectrum, carbon Kα absorption edge is
clearly visible. Similar spectrum was registered for
360 points by raster scanning by 20 µm steps in
two directions, 18 × 20 steps. Each image was
obtained with 100 SXR pulses in 12 seconds.

Figure 6. Raw data spectrum obtained with compact
spectromicroscopy system, with reference source spectrum on
the left side, PET spectrum in the middle and spatially localized
spectrum on the right side. Carbon Kα edge is also indicated.

Figure 7. Correlation map between spatially localized spectrum
and bulk PET spectrum. Scanning was performed in two
directions, 18 × 20 steps by 20 µm.

To check the viability of such spatially
localized data, correlation of the spectrum in each
point with integrated bulk PET spectrum was
performed. This common approach was already
used for example to map plant biopolymers
through correlation with a database of known
biopolymers [7]. The results of correlation in the
form of 2D maps for measured part of the sample
highlighted in Fig. 5 are shown in Fig. 7. Higher
values of correlation coefficient indicate higher
similarity to the bulk PET spectrum and correspond
to the regions covered by copper mesh. The darker
yellow region with slightly reduced correlation
coefficient corresponds to part of the spectrum that
was not burned through but was still affected by
EUV beam. This map shows that the signal to noise
ratio is sufficient and data can be used for
subsequent compositional analysis, following [4]
or [8].
From the intensities, the absorption coefficient
can be calculated using
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Figure 8. Normalized absorption spectra of irradiated and
pristine PET, together with peak fitting and composition
estimation. Colored lines represent measured data, the thick
black line is the sum of curves fitted for individual features
represented by dotted black lines and step function is the solid
black line.

1 𝐼𝑠𝑎𝑚 (𝐸)
𝜇(𝐸) = − ln
,
𝑑 𝐼𝑟𝑒𝑓 (𝐸)

(2)

where 𝐼𝑠𝑎𝑚 (𝐸) and 𝐼𝑟𝑒𝑓 (𝐸) are intensities of the
sample and reference beam, respectively, recorded
with CCD camera, 𝑑 is the thickness of the sample
and 𝜇(𝐸) is the absorption coefficient. Absorption
coefficient is smoothed using Golay-Savitzky
algorithm, normalized from zero to one, and
features in the spectrum are identified and assigned
based on literature [9]. Each fine feature
corresponds to an electronic transition and can be
fitted with gaussian function using Matlab
nonlinear fitting algorithm. Parameters (width and
height) of each peak are proportional to the number
of transitions in the sample and thus allow
approximation of elemental composition [8]. Part
of the spectrum corresponding to transitions to
vacuum states is fitted with arctan step function,
located at 287.8 eV. Area of each peak assigned to
a certain resonance allows one to estimate
elemental composition, as each peak is assigned to
one element based on the corresponding molecular
bond, as was done in [4, 8]. Elemental composition
can thus be acquired by methods described in [4,5].
Fitted reference absorption spectra of pristine and
EUV irradiated PET foil together with elemental
composition estimation are shown in Fig. 8. The
largest difference in both spectra is a slope located
above the step function (small peak influencing this
slope corresponds to carbon-hydrogen bond), and
peak at 288.5 eV. This difference is affected by
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Figure 9. Map of errors from the theoretical value of hydrogen
composition together with the corresponding image from the
optical microscope. Blue color shows the decreased amount of
hydrogen, while red color shows the increased amount of
hydrogen. White is ideal.

changes in the hydrogen occurrence, the irradiated
sample shows decreased amount of hydrogen.
Similar fitting, normalization and composition
calculation can be done in every scanned point,
obtaining elemental composition map. Map of
hydrogen composition difference from the
theoretical value of 4.2 % by mass is depicted in
Fig. 9. It can be seen, that in the irradiated part of
the foil there is the significantly lesser amount of
hydrogen, following the trend observed on the
isolated spectrum, although the data are very noisy
and signal to noise ratio is low. The area is
damaged by high energy photons, which have the
capability of dissociating molecular bonds in the
polymer and freeing some atoms from the polymer
chains. Similar maps were also created for oxygen
and carbon and were published in [5].

Conclusion
To conclude, viability of compact laser driven soft
X-ray source based on double stream gas puff
target for a NEXAFS spectromicroscopy
measurements was demonstrated by studying
microstructured polymer sample.
The system was described and the
methodology used for measuring and processing
samples was presented.
The source can emit radiation in water window
range and so is useful for studying carbon, nitrogen
and oxygen Kα absorption edges. Together with
low radiation dose received by the sample, the
system is convenient for use in biology to study
organic samples.
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Spectral resolution is not high enough to
resolve every single peak in the spectrum known
from synchrotron measurements by eye, e.g.
feature corresponding to σ*C-H bond, responsible
for hydrogen amount in the sample. Yet the fitting
algorithm is able to compensate for this.
Signal to noise ratio of the data is low for
fitting spectral components and for calculation of
elemental composition and other data processing,
but correlation map indicates the possibility of
detecting different materials through correlation
with a previously compiled database of spectral
features for known materials. This approach can be
scaled down in the future by focusing soft X-ray
radiation to a smaller area, allowing for more
precise spatial localization.
One point of interest can be directly measured
and NEXAFS spectrum can be acquired in one
exposure. If the higher spectral resolution or more
precise spatial localization is needed, using
synchrotron radiation is the method of choice. If
low radiation dose and small size are required,
cheap compact gas puff target source is more
suitable.
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Abstract: The project deals with the optimization of hyperthermic treatment of tumors with
superparamagnetic nanoparticles. Superparamagnetic nanoparticles, in the form of a colloidal solution placed
in tumor tissue and subjected to alternating magnetic field, generate heat as a result of periodically recurring
changes in the magnetic field, which subsequently causes the nanoparticles to be heated and their surroundings
nearby are thus heated as well. In this way the required temperature level is achieved more rapidly than in
conventional hyperthermia. Moreover, the effect is more localized. In this project, a planar microwave
applicator for 2.45 GHz frequency was realized. SAR (specific absorption rate) measurements were made in
the phantom of the muscle tissue, with the result that the biological tissue with applied nanoparticles heated
faster than the biological tissue itself. Moreover, the behavior of superparamagnetic nanoparticles was studied
to optimize hyperthermia cancer treatment. The effect of nanoparticle presence was tested in several
experiments on mice. These experiments described the course of hyperthermia temperature for nano-treated
mice as compared to control mice. The effect of nanoparticles on cytokine synthesis was also evaluated. As a
contribution of this study, it is also possible to consider the design of a suitable methodology for experiments
to study the effect of nanoparticles on biological tissues as well as the possibility of optimizing the
hyperthermal treatment of tumor diseases with the help of these nanoparticles.

Introduction
Cancer (malignant tumor disease) affects people of
all ages around the world. [1] Consequently, the
contemporary research concentrates on developing
new methods of treatment and optimizing the
existing ones. Cancer is a complex disease. It
affects somatic cells and causes marked
biochemical and biological changes in their
environment, leading to a global effect of the
biochemistry of the whole body. Oncological
findings vary in their character, for instance,
according to the kind of affected cells or the stage
of progress of the disease. [2] As a consequence,
there are different kinds of treatments: surgical,
radiational, hormonal, chemotherapeutic, biotherapeutic (hyperthermia), etc. A combination of
the latter treatments is also quite common. As
confirmed by clinical studies, substantially better
results can be achieved when using radiotherapy
and hyperthermia in combination than when using
radiotherapy alone. [3] Most often, surgical
treatment is only resorted to in case of a solid
tumor.
Hyperthermia is defined as an exogenous,
supra-physiological increase of temperature in the
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treated area. The method is based on an increased
sensitivity of tumor cells to temperatures higher
than the normal body temperature. [4] The origin
of hyperthermia can be traced back to the year 1700
when a repeated observation was made that a
bacterial disease leads to a temporary improvement
of concurrent malignant tumor disease. However,
the latter effect was only investigated
systematically by the turn of the 19th century.
Patients with irremovable malignant tumors were
given a dose of bacterial vaccines in order to elicit
fever. The rate of successful treatment was 20%.
The technological advance of local/regional
application of heat took further several decades
until hyperthermia per se became available for
clinical practice.
These days, hyperthermia (HT) is used either
as the only method of treatment or, more often, in
conjunction with radiotherapy (RT) or
chemotherapy (CT). HT alone is used for direct
removal of single tumor lesions. To achieve a
required distribution of heat various techniques can
be used, for instance, focused ultrasound or radiofrequency, microwave, or laser heating. In this
work, the microwave heating technique using
2.45 GHz frequency will be treated.

Proc. of IMBM 2018

Hadravová et al.: Application of microwave hyperthermia to mice tumors treated with ferric nanoparticles

Materials and methods

Figure 1: The final experimental setup for verification of
thermal effect of nanoparticles.

In bimodal schemes of treatment, for instance,
thermo-radiotherapy (RTHT) and chemoradiotherapy (RTCT), and also in trimodal thermochemo-radiotherapy (RTHTCT), HT is used in
order to extend or support the main effect of the
other modalities. [5]
Depending on the size of the treated area, we
distinguish among whole-body, regional, and local
HT. [6] The present work deals with local HT
realized using a suitable planar applicator.
Hyperthermic applicator is a device which
transduces electromagnetic energy from a
generator to the treated area. The suitable shape of
the applicator is determined from the morphology
and locus of the tumor in question. [2]
Placement of nanoparticles made of an iron
oxide directly in the tumor tissue results in higher
selectivity of heating and, consequently, in a lower
risk of damage to the surrounding healthy tissue.
The heightened temperature in the treated area
affects the entire "ecosystem" of the tumor in many
different ways, without affecting the healthy cells
around. One of the latter effects, namely
stimulation of the immune system, has been
investigated experimentally in the present work
using the ELISA test from cytokines separated
from mouse blood serum.
The aim of the present work is to realize a
microwave applicator for the frequency of
2.45 GHz, carry out the measurement of SAR
generated by it in a phantom of muscle tissue,
expose mouse tumors treated with nanoparticles
made of an iron oxide to microwave radiation and
record the time course of temperature in the
tumors, and, finally, assess the effect of the
exposition on general and local immunity in the
mice.

For experimental modelling of temperature
distribution, special artificially-prepared phantoms
are used, which try to simulate electrical and
temperature parameters of biological tissues. [7]
The phantom we used was made of 3 g of kitchen
salt, 40 g of agar, and 1 l of water.
As it turned out during the experiments, one
achieves the best results in terms of precision and
reproducibility by inserting the nanoparticles into
the agar phantom enclosed in a micro-tube. Each
micro-tube was placed empty in the agar before
hardening. After hardening, it was removed, filled
with nanoparticles, and put back. Then, a
thermocouple was positioned at the bottom of the
micro-tube whose purpose was to measure the
temperature at a precise point in the solution with
nanoparticles during the expositions. After cooling
of the phantom to the pre-exposition temperature,
the micro-tube with nanoparticles was replaced
with a control micro-tube filled with water. Both
micro-tubes had the same dimensions and
dielectric properties. With this experimental setup
(Figure 1), the same experimental conditions for
the test and the control sample were guaranteed.
The series of experiments with phantoms was
followed by a series of in-vivo trials. Each of the
mice which were subject to the latter experiments
had a 25 mm tumor under the skin on its back.
100 𝜇l of superparamagnetic Fe2O3
nanoparticles without surface modifications was
placed 7 mm deep into the tumor. The
concentration of nanoparticles in the solution was
4.4 mg/ml. Control mice were treated with 100 𝜇l
Phosphate-buffred saline. Two thermocouples
were implanted to the tumor. One of them was
placed in the lower part of the tumor, around
15 mm deep, and the other was placed near the
surface, approximately 3 mm deep. Both
thermocouples were positioned in such a way, that
they stood perpendicular to the direction of the
electromagnetic field, if possible. Another
thermocouple was placed in the ear to measure the
change of the systemic body temperature.
Above the tumor, a planar applicator of bowtie
type was positioned, connected to the 2.45 GHz
microwave generator with a coaxial cable. The
generator was set to 5 W of power. The temperature
from all three thermocouples was recorded for
5 minutes. The same setup was used for the control
mice. After the hyperthermical treatment, blood
samples were taken from the mice. The blood
serum was used in the ELISA test afterwards to
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Figure 2: The time course of temperature –the blue line
represents the temperature in the tube with nanoparticles, the
orange line represents the temperature in the tube with water.

Figure 3: Aggregated nanoparticles.

determine the effect of the nanoparticles on
cytokine synthesis.

Results and discussion
From the comparison of the time course of
temperature measured in the micro-tube filled with
nanoparticle solution and placed in the agar
phantom, and the micro-tube filled with water and
placed in the same phantom, one can conclude that
the nanoparticles make the temperature rise faster
(Figure 2). However, for the reasons listed below,
the finding should be supported by a further set of
experiments.
In many trials, the reliability of measurements
was affected by an interaction of the metal
thermocouple with the electromagnetic field due to
the thermocouple not being placed exactly
perpendicular to the vector of intensity of the field.
In this case, a bidirectional interaction could have
taken place with the thermocouple being heated by
the electromagnetic field propagating from the
generator and the distribution of the
electromagnetic field being, in turn, affected by the
thermocouple. The latter effect was easily
detectable from the steep change of temperature,
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Figure 4: The time course of temperature – blue line represents
the temperature in the tumour treated with nanoparticles, the
orange line represents the temperature in the control tumour.

which accompanied turning on and off the
generator.
The reliability of the investigation of the
temperature-related effects of nanoparticles could
have been further affected by the possible
clustering of the nanoparticles into larger
aggregates (see Figure 3) with different magnetic
properties and behavior in the magnetic field.
Another issue, related to the measurement of
temperature in the tumor (see Figure 4), was caused
by the impossibility of precise placement of the
thermocouples at the same point across the trials,
so that the same conditions are not guaranteed for
the test and control subjects. In addition, there were
always some differences in tumor morphology
between the test and the control mouse. The latter
issue could be addressed in future experiments by
measuring the temperature in the same mice before
and after the application of nanoparticles.
However, this would make subsequent tests of the
effects of the nanoparticles on the immune system
impossible.
With the exception of TNF-α, which stayed
below the detection limit in all mice, the results of
the ELISA test suggest a mild trend of increase of
interleukin concentration in blood plasma of
control mice. We conjecture that the latter effect
might have been caused by too small volume or
concentration of the injected nanoparticles. As a
consequence, the nanoparticles might have been
washed out of the tumor quickly without
contributing to the heating of the tumor.

Conclusion
A planar microwave applicator for the frequency of
2.45 GHz was designed and subsequently
implemented. In addition, numerical calculations
of the SAR distribution in a phantom of muscle
tissue were performed using the EM field simulator
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"Sim4Life". Since two other planar applicators
were available for further work, we compared all
three applicators. The radial dipole type applicator
was chosen as the most suitable applicator for
hyperthermia in mice.
Using this applicator, a large series of
experiments was conducted, where the temperature
changes in a muscle tissue with nanoparticles
applied were compared to the temperature changes
of a muscle tissue without nanoparticles.
Performing these experiments was challenging due
to high accuracy requirements (placement of
thermocouples and applicator) and time
requirements (to retry the experiment it was
necessary to wait for the phantom to cool down).
That is why we focused on optimizing these
experiments.
The results of our experiments show a slightly
higher temperature rise in the nanoparticle
phantom compared to the phantom without
nanoparticles. To confirm these results, it would be
advisable to repeat the measurements using optical
temperature sensors.
Another objective was to investigate
temperature changes in mice tumors treated with
nanoparticles during hyperthermia and the
immunological effects of the treatment. The
temperature measurements in the tumors suggest a
faster increase of temperature in the tumors treated
with nanoparticles compared to the tumors without
nanoparticles. However, our immunological tests
have not confirmed any immune response
corresponding to the faster increase of temperature.
In my opinion, further experiments of this type
should be performed, this time with a larger

selection of different types of ferromagnetic
nanoparticles. [8]
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[8] Hadravová Hana. Aplikace mikrovlnné hypertermie na

Proc. of IMBM 2018
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Abstract: The study of the cellular environment is basic research and results can reveal possibilities of using
nanoparticles in biomedicine. A possible route to evaluate the cellular conditions is to study properties of
cellular membrane. The membrane has a semi-fluid character, where proteins and lipid molecules are in
constant motion. This work presents achieved results of the design and verification of methodology for the
measurement of mechanical properties of living cells. Our method is focused on measurement of Young
modulus and adhesion. Atomic force microscopy was selected as it allows to measure live cells in their natural
environment. Force spectroscopy mode was used as it can measure forces in nanonewtons for detecting the
forces between the tip and the membrane. Different surfaces were created by molecular coating of glass
substrate, or the measuring tip. The work shows the possibilities of an ECM (extracellular matrix) protein
binding on the tip of the cantilever and the measurement of adhesion of the membrane and the protein. Working
with living cells requires specific approach in all parts of the research. The result is a comparison of parameter
membranes Young modulus of healthy living CT26 and 3T3 cells with a set of fixed CT26 and 3T3 cells.
Based on the findings from this work, we should be able to verify the truth the disease affects the membrane
itself and vice versa.

Introduction
The cell membrane is an external part of cells. The
mechanical properties of cells play a critical role in
many cellular processes (differentiation, migration,
growth, division, etc.) [1, 2].
Current research is focused on detecting the
difference between healthy and cancerous cells.
However, we can look for differences between
other types of cells, Epilepsy and Alzheimer's
disease are unresolved cases where mechanical
properties of the membrane could play an
important role.
Young's modulus is one of parameters which
describes the mechanical property of the cell
membrane. It can be measured by using an atomic
force microscope (AFM) [1].
The aim of this study is to propose a
methodology for measuring the mechanical
properties of living cells using the atomic force
microscope and force spectroscopy. Another
important part is choosing the right mathematical
model. In this section, based on materials research
and takes the Hertz model.

Equipment and methods
AFM
Atomic force microscopy is a type of scanning
probe microscopy for high-resolution imaging. The
method is based on optical observation of a

24

deflection of a cantilever with a tip which is in
contact with a sample [3]. The contact mode for
simplicity was used to measure the cells. AFM is
used in several industries for its simplicity. The
disadvantage is it can measure only topography.
The next disadvantage is scanning. For measuring
we have to scan it pixel by pixel and for better
resolution we have to scan slower.
Cantilevers from Applied NanoStructures Inc.
were used for experiment. HYDRA and SHOCON
line were used. That was special cantilever for
measuring in liquid recommended by vendor.
It is necessary that measuring takes place in
liquid for imaging cells. Specially modified
microscopes and tips are commonly sold
nowadays. There are several adjustments on
microscopes for measuring in liquid. A chamber
for measuring must be waterproof and removeable
for better cleaning. The diode for detecting the
laser beam reflected from the cantilever must be
adjustable for different liquids (amount and
refractive index). For better reflexivity of laser
beam from cantier the cantilever was coated by
aluminium by vendor. The resonance frequency of
the tip must be far from a resonance frequency of
the component in solution. Vendors offers special
tips for measuring in liquid and the resonance
frequency is given by dimensions of cantilever.
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equation (2) is working for small depth of
penetration. For higher depth the equation (2)
works as for parabolic shape of a tip. Poisson's ratio
is defined as the ratio of the transverse strain to the
strain along the direction of elongation [6]. The
value of Poisson’s ratio is always between 0 and
0.5. For our calculations it was used 0.5 because it
was recommended by a vendor of the microscope.
It is not possible to measure δ depth of
penetration and it has to be recalculated from
deflection of cantilever as schematically shown in
Figure 1.
Four-sided pyramid tip shape was used in our
experiment. There exists more accurate model for
this shape than the equation (2):

𝐹=

Figure 1. Top: Sketch of the object's push into the material.
Bottom: Schematically highlighted height correction where k
parameter is stiffness of cantilever [7].

Force spectroscopy
Another application of AFM is force spectroscopy
which is based on measuring interaction forces
between the tip and the sample.
The elasticity of an object can be described by
Hooke’s law for small deformation

𝜀=

𝜎
,
𝐸

(1)

where ε is relative elongation (or truncation), σ is
mechanical stress and E is Young’s modulus [4].
All data was measured on the JPK
NanoWizard 3 from JPK Instruments AP. We used
3 types of tips with different shape of tips and theirs
cantilever from Applied NanoStructures Inc.
Hertz model
Hertz model is mathematical model for calculating
Young’s modulus of the sample. Hertz theory
considers shape of the undeformable tip and
deformation of the cantilever moves to deformable
sample. Hertz theory is can be described for sphere
shape by the equation

𝐹=

𝐸 4√𝑅 3/2
𝛿 ,
1 − 𝜇2 3

(2)

where F is force against a flat substrate, E is Young
modulus, μ is Poisson ratio, δ is depth of
penetration and R is radius of sphere [5]. The

𝐸 tan 𝛼 2
𝛿 ,
1 − 𝜇 2 √2

(3)

where α is face angle of side of the pyramid [8].
Fitting the measured data was used for finding
Young modulus. E is only one parameter for fitting
in equations (2) and (3). Differences between
equations are only in a shape of curve. Three
parameters are counted while fitting because
baseline and contact point is not clear modulus [4].
Adhesion
Next important part is adhesion. Adhesion is ability
of two surface to contact each other. It is possible
measure adhesion while force spectroscopy
measuring. The tip detachment from the sample is
used to determine adhesion.
Biological samples
We were searching durable biological material for
our first experiments and calibrating apparatus.
Our possibilities were limited by the offer of the
faculty and its capacity for biological materials.
Non-living CT26.WT mice colon cancer cells
and 3T3 embryo fibroblast have been used for the
first measurement. It is necessary to learn how to
measure in liquid and these cells are good for their
endurance and ability to attach to the cover glass.
These cells can be conserved in PBS (Phosphate
Buffered Saline) for few months.
The next step was the use of living cells that
were cultivated for a minimum of 24 hours and a
maximum of 72 hours.
There is main disadvantage of this choice.
Cells are too large for our set up. Maximum
window for measuring was 100 μm to 100 μm. It is
limited by the device. The cells for measuring were
selected randomly by user. This selection may
affect the results of the entire experiment.
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Figure 2. Mouse (Mus musculus) fibroblast – CT26.WT
(ATCC® CRL-2638™) non-living cancer cell in PBS
(Phosphate-buffered saline) 512x512 pixels imaged by AFM.

Figure 3. Mouse (Mus musculus) fibroblast – CT26.WT
(ATCC® CRL-2638™) non-living cancer cell in PBS
1024x1024 pixels imaged by AFM.

Preparation cells for measuring
The fixed samples were prepared by a method
described below. The cell colonies were removed
from the freezer where they were stored at -80 ° C
and incubated for 18 hours in 37 °C order to attach
the viable fibroblasts to the cover glass by
pseudopodia. After 18 hours cells were killed and
unattached cells were washed off. The samples can
be stored in a fridge in 4 °C for several months.
Changes properties by aging were not observe
because it was not a part of the experiment.
The living samples were measured after
removal from the incubator.

the cell. Low resolution was caused by measuring
speed and reduction measuring time. The next
factor affecting image quality is height of cell.

Results

Force spectroscopy
Force spectroscopy method was used for measured
only relative values of Young modulus. To
determine the absolute value, it would be necessary
to calibrate the instrument using a known standard.
Approximate calibration occurred only with
control inserts to glass, which were considered as
obscurely hard.
Comparison of Young modulus 3T3 cell on
different surfaces is in Table 1. These values were
calculated from a set of measured data on a
25 points matrix on the cell.

Imaging
The sample was inserted to the microscope in room
temperature and could be measured for several
hours without visible damage. Special cantilever
was used for measuring cells in liquid. This
cantilever is very soft and the cell would not be
damaged by a tip. The first image (Figure 2) is
fibroblast with a diameter more than 30 μm and
height less than 6 μm and three pseudopodia
attached to the glass.
Smaller fibroblast with two pseudopodia is
imaged with higher resolution and higher
enlargement in the second picture (Figure 3). Both
pictures were measured less than hour.
Many samples were measured for clear image
because a lot of measuring was accompanied by
problems which caused repeat the experiment or
set up the device again. We can still see many
artefacts in the image but these measurements were
used for force spectroscopy and precise targeting
26

Imaging of living cells
The living samples were more difficult to measure.
It often happens that the cells were damaged during
the measurement. Therefore, lower scanning
speeds have to be used to obtain a full-featured
image (Figure 4).
For better adhesion and durability living cells
were cultivated on coated glass. Collagen I and PEI
(polyethylenimin) was used for coating glass.

Table 1. Comparison the same cells on different surfaces.
NIH/3T3 (ATCC® CRL-1658™).

Young
modulus
1st quartile
2nd quartile
3rd quartile
Standard
deviation
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Fixed

Collagen

PEI

58.00 Pa
130.97 Pa
289.25 Pa

30.85 Pa
58.69 Pa
143.54 Pa

147.31 Pa
201.95 Pa
268.66 Pa

184.57 Pa

86.08 Pa

126.70 Pa
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Figure 4. Mouse (Mus musculus) fibroblast – NIH/3T3
(ATCC® CRL-1658™) living cell from embryo in PBS
512x512 pixels imaged by AFM. Cell was cultivated on
collagen I coated glass.

The measured values correspond to the order
of literature [7, 9]. An important factor for the
solution of the results is the area of fitting. There is
an example on the Figure 5, area of fitting is more
than 100 nm of deflection of cantilever.
The last but not least, it made the
functionalization of tip by an extracellular matrix
protein fibronectin. Adhesion between tip and cell
was observed (Figure 6) and the shape of the
deviation curve has changed.
We assume that small jumps correspond to the
binding force of the active site on fibronectin and
membranes. The area that is highlighted gray
corresponds to the total work that is needed to
remove. Since we do not know how much the fiber
is stuck on the tip, we cannot determine the work
that is needed to cut one fiber from the membrane.
Larger jumps correspond to fibronectin fiber
release or partial unfastening. The largest jump at
the end was always more than 1 micrometer from
the surface of the cell.

Conclusion
Imaging of non-living and living cells in liquid by
AFM is possible and figures are shown in this
work. The basic rule for selecting a right
combination of tip and cantilever is minimum
height of the tip must be greater than the maximum
height of the cell.
An important part of this work was
determination of Young modulus of cell
membrane. For such small depths of penetration,
we assume that it is only interaction with the

Figure 5. Example for area evaluation. Grey colour shows
fitting area of data.

Figure 6. Adhesion between functionalized tip by fibronectin
and cell membrane NIH/3T3 (ATCC® CRL-1658™).

membrane. We used Hertz model for data
evaluation.
The measured Young's module is attributed to
the membrane, since the data was evaluated only
until the first suspected jump after contact (always
less than 10% of the cell height).
Adhesion between functionalized tip by
fibronectin and cells 3T3 was observed (Figure 6)
but not evaluated. The aim is to establish a small
number of fibronectins fibers and observe forces
between an active center and membrane. This
method can be modifed by preparing the tip and
making as few threads as possible. Then the results
should be quantized, and we could distinguish
individual fibers.
Acknowledgements. This work was supported by Czech
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Abstract: Cytokinesis is the final stage of cell division during which the daughter cells are physically separated
from each other. For cytokinesis, the formation of the contractile ring composed of the actin-myosin
cytoskeleton is characteristic. The contractile ring creates a constrictive force and ultimately divides the cell
into two daughter cells. Anillin is a multidomain protein that participates in the organization of structural
components of the contractile ring including actin filaments. Anillin has three actin-binding sites, having,
therefore, an ability to bundle actin filaments. The regulation and the dynamics of binding of anillin to actin
filaments remains largely unclear. In this work, we investigate how reconstituted actin filaments are bundled
by anillin in vitro by using TIRF (Total Internal Reflection Fluorescence) microscopy.

Introduction
Cytokinesis is the final stage of cell division when
two daughter cells are formed from the parental
one. Cytokinesis is driven by the contraction of the
actomyosin contractile ring, which is anchored to
the inner side of the plasma membrane in the
equatorial plane. The assembly and the contraction
of the ring at the right time are necessary for
successful cell division (Fig. 1) [1].
Anillin is a highly conserved protein that is a
supposed to be the crucial regulator of the
cytokinesis. Anillin is a multi-domain scaffolding
protein which binds several key players of the
cytokinesis,
including
F-actin,
myosin,
microtubules, septins, phospholipids, and RhoA.
Anillin has three actin-binding sites, having
therefore supposedly an ability to bundle actin
filaments. Depletion of anillin leads to cytokinesis
failure.
Although previous studies have focused on
how the inputs from various pathways are
integrated by anillin to spatially control the
contractile ring [2, 3], it remains unclear how the
interactions between actin and anillin are regulated
and what is the dynamics of their interaction [4].
Here, we present an experimental approach
targeting the mechanism of bundling of
reconstituted actin filaments by anillin in vitro. Our
results provide evidence that anillin alone can
cross-link actin filaments into bundles.

Materials and methods
We aimed to study how anillin bundles actin
filaments. This study is performed in vitro by using

TIRF (Total Internal Reflection Fluorescence)
microscopy.
TIRF microscopy is a variant of fluorescence
microscopy that is capable of imaging only a thin
layer above the glass substrate, suppressing the
fluorescence background from the volume of the
solution. See Fig. 2 for the schematic
representation of the TIRF microscopy.
Actin filaments were studied in microfluidic
chambers placed above the objective of the
microscope. These chambers are made of lowfluorescence glass, and the surface is passivated to
prevent binding of free proteins from the solution
to the glass surface. Following the general
approach described in ref. [5], we prepared clean,
low fluorescence glass with the correct reactivity to
enable silanization of the surface later. Glass
silanization was performed with a 0.05 % solution
of
dimethyldichlorosilane
(DDS)
and
trichloroethylene
(TCE).
This
allows
functionalizing the cleaned glass surface whereby
hydrophobic silane allows passivation.
We used the 22x22 mm and 18x18 mm DDS
coated coverslips to make convenient sample
chambers. Typically, four or five approx. 1.5 mm
wide strips of parafilm are lied down to form four
or three channels onto 22x22 mm slide. Then the
smaller 18x18 slide is carefully pressed down onto
the bigger one (Fig. 3). Using custom-made
coverslip holder with the central aperture, the
microscope objective can approach from
underneath the coverslip [5].
Actin filaments were polymerized from Gactin that was isolated and purified from rabbit
muscle using acetone powder protocol [6, 7] and
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Figure 1. During cytokinesis, the contractile ring composed of
the actin-myosin cytoskeleton is formed (left). The ring
constricts and eventually physically separates the daughter cells
(right).

subsequently lyophilized and stored at 80 °C for
future use.
Phalloidin-stabilized actin filaments were
polymerized according to the protocol which
follows. Dry rhodamine-phalloidin (Thermo
Fisher) was re-suspended in methanol (final
concentration 125 M). Then 21.7 l of ultrapure
H2O (Milli-Q), 25 l of 2x polymerization buffer
(200 mM KCl, 20 mM HEPES, pH 7.0), 1.3 l of
G-actin solution (4.5 mg/ml), and 2 l of
rhodamine-labeled phalloidin solution (final
concentration 5 M) were gently mixed together.
The solution was left for incubation overnight at
4 °C before use.
Green Fluorescent Protein (GFP)-tagged
anillin was prepared by recombinant protein
expression in HEK293 cells.
Using the protocol described below, we ensure
the binding of actin filaments in the presence of
anillin.
Imaging was performed in a HEPES buffer
supplemented with Cleland’s reagent (DTT), an
anti-photo-bleaching cocktail and a crowding
agent. The imaging buffer consists of 1000 l of
the 880 l HEPES buffer, 10 l DTT 10 mM, DGlucose 20 mM, 10 l Tween 20 (10 % in HEPES)
0.1 %, 50 l Casein 0.5 mg/ml, and 10 l ATP
1 mM. The mixture was gently stirred and put to
degas on ice for 20 minutes. Ten microlitres of
glucose oxidase (0.22 mg/ml final concentration)
and 10 l of catalase (0.02 mg/ml final
concentration) were added just before use because
of its extinction time of about 20 minutes, as
glucose oxidase oxidizes D-glucose to gluconic
acid which reduces the amount of oxygen in the
solution. The by-product of this reaction is
hydrogen peroxide which is degraded by catalase;
it is called the anti-photo-bleaching cocktail [5].
The flow sequence in the microfluidic
channels starts with the passivation of the
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Figure 2. Schematic representation of the TIRF microscopy. The
incident laser beam reflects from the glass/sample interface, and
the thin evanescent field excites the fluorophores.

Figure 3. Schematic representation of three microfluidic
channels made of glass coverslips and four stripes of parafilm.

coverslips by 40 l of the F127 pluronic copolymer
for approximately one hour. The channels were
subsequently washed by 40 l of HEPES buffer.
After that, we took 1.5 l of the solution containing
polymerized actin filaments and filled the channel
with it. Then we flushed the channel with 15 l of
the imaging buffer to which we added 1.5 l of
methylcellulose (crowding agent which helps to
press the actin filaments down to the surface of the
coverslips). Now, using TIRF microscopy with
excitation wavelength 561 nm, we can observe
actin filaments which are free to move and
fluctuate in the lateral plane, which is identical with
the focal plane. To study the binding of anillin, we
flushed the channel with GFP-anillin diluted
(1:100) in the imaging buffer with methylcellulose.
Live imaging was performed using Nikon HTIRF microscope with 60x oil immersion
objective. We used 488 nm and 561 nm lasers,
which were set to 10-30% power depending on the
intensity of the fluorescent signal. Fluorescence
images were recorded with an exposure time of
approximately 200 ms. The raw data were recorded
using Nikon NIS-Elements acquisition software
and were processed in Image J.

Results and discussion
Using the methods described above, we firstly
imaged reconstituted actin filaments labelled with
rhodamine. The filaments in our experiments have
a typical length from 5 to 30 m with only a few
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Figure 4. An actin filament. The upper part shows 561 nm
channel (rhodamine labelled actin). The lower part shows 488
nm channel in the presence of actin filament and in the absence
of Anillin. There is no crosstalk between those channels.

exceptions. The distribution of the length is
governed by the conditions of the polymerization,
namely the concentration of free actin in the
solution and concentration of the nucleotides.
We imaged the filaments in both 561 and
488 nm channels. The filaments are visible in the
561 nm channel only as corresponds to labelling by
rhodamine. No crosstalk between channels was
observed under conditions (the laser power and
filters) used. See Fig. 4 for details.
As the filament is free to move in a lateral
plane, its position changes in subsequent images.
With an exposure time of 200 ms and fast filter
switching the position of the filament does not
change dramatically and, therefore, individual
filaments may be tracked under the condition of
low concentration of filaments, which was typical
for our experiments. No interaction between
filaments was observed in the absence of Anillin.
After the introduction of Anillin, fluorescence
signal appeared in 488 nm channel. The signal
follows the shape of the filament. Although we
could not perform the colocalization experiment
due to unrestricted movement of the filaments, and
we did not have the beam splitter for dual-colour
recording available, we can conclude that the
signal comes from the filament as the movements
in 561 and 488 nm channels have identical
characteristics.
The fluorescence signal in 488 nm channel is
uniform along the filament which suggests that
Anillin binds uniformly with no preferences
concerning the structural polarity of the filament.
No change of the binding characteristics was

Figure 5. Anillin binds to the actin filament. The upper part
shows 561 nm channel (rhodamine labelled actin). The lower
part shows 488 nm channel (GFP-tagged anillin). The change
between the position of the upper and lower part is given by
the fact that actin filament is free to move in a lateral plane
while the green and red channels are recorded sequentially.

observed during the typical length of the
experiment (10 minutes).
When we increased the concentration of actin
filaments in the channel, we observed actin
bundles. These bundles can be distinguished from
individual filaments by their higher fluorescence
intensity. Occasionally, filaments branching from
the central bundle were visible. See Fig. 6 for
example. This observation is in agreement with the
fact that Anillin has three actin binding sites and
can bundle the filaments [4].

Conclusions
Using reconstituted actin filaments and passivated
microfluidic channels we have shown that Anillin
binds to the actin filaments (see Fig. 5). This
binding is uniform along the filament and does not
change in the course of time.
At higher concentration of actin filaments,
anillin promotes the formation of actin bundles (see
Fig. 6). The bundle usually consists of several
filaments, some of them branching out from the
main bundle.
Our work shows proof of concept that
interaction of anillin and actin filaments can be
studied in vitro. The future work will aim at
studying the influence of the chemical composition
of the buffer on the binding. The same
experimental setup may also be used for
investigation of the dynamics of the binding and
bundle formation.
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Figure 6. The bundle of rhodamine-labeled actin filaments
formed in the presence of anillin ( = 561 nm). The brighter
central part of the bundle consists of more filaments; the
individual filaments are visible as branches protruding from
the main bundle.
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Abstract: Diamond-like carbon layers doped with germanium are able to improve the biocompatibility of
perspective biomedical applications, including implants covering. Advantages and present state of the art and
experiences with Ge-DLC layers are summarized and discussed. The system of combination of two laser beams
for coating of implants was developed. The system is able of fine-tuning of dopants concentration Deposition
arrangement and deposition conditions using one pulsed laser ablation with KrF excimer lasers, and one target
(germanium) is presented. We prepared 5 samples. The Ge layers were deposited on silicon substrate by pulsed
laser deposition (PLD). The 5 samples surfaces were analysed by a mechanical profilometer (Alphastep IQ –
KLATencor) and atomic force microscopy (AFM) (Solver NEXT –NT-MDT) combined with an optical
microscope.

Introduction
DLC (diamond-like carbon) film is metastable
amorphous carbon film, which has many excellent
properties for using in many areas. DLC has been
intensively used for the coating of implants. DLC
layers have potential applications in cardiovascular
areas for coating and improving the
hemocompatibility of prosthetic valves, stents,
artificial heart and heart-lung machines, in
orthopaedic areas for coating hip and knee
implants, in ophthalmic areas for improving the
function of lenses, and for conformal coating of
medical and surgical instruments.
Dopants in DLC layers produce changes in
hardness, the coefficient of friction, surface
roughness, adhesion, and even biocompatibility
and medical properties. The properties of a lot of
proposed elements were successfully tested and
characterized. The elements are shown in Fig. 1.
In our contribution, we plan to prepare and
study doped DLC by germanium (Ge-DLC).
Pure DLC or doped DLC can be created by
many methods such as of combining PLD with
magnetron sputtering (MS), PLD with RF
discharges, ion gun layers modification and on the
combination of two simultaneously running PLD
systems (dual PLD). The methods allow carefully
study the influence of dopation on a large scale of
dopants and to create nanocomposite biomaterials
of new properties. [3]

Germanium as dopant
Pure germanium is a semiconductor with an
appearance similar to elemental silicon. Like
silicon, germanium naturally reacts and forms
complexes with oxygen in nature. Unlike silicon, it
is too reactive to be found naturally on Earth in the
free (elemental) state [2]. The melting point is
1211.40 K (938.25 °C). Until the late 1930s,
germanium was thought to be a poorly conducting
metal [4].
Under standard conditions, germanium is a
brittle, silvery-white, semi-metallic element [1].
Germanium and health
Germanium is not thought to be an important
element for any living organism. Some complex
organic germanium compounds are being
investigated as possible pharmaceuticals, though
none have yet proven successful. Similar to silicon
and aluminium, natural germanium compounds
tend to be insoluble in water and thus have little
oral toxicity. However, synthetic soluble
germanium salts are nephrotoxic, and synthetic
chemically reactive germanium compounds with
halogens and hydrogen are irritants and toxins [2].
Germanium occurs in the human body at
concentrations of 71.4 parts per billion. A
biological role for germanium is not known,
although it does stimulate metabolism. In 1980,
germanium was reported by Kazuhiko Asai [2] to
benefit health, but the claim has not been proven.
Germanium can interfere with such enzymes as
lactate and alcohol dehydrogenase. Organic
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Figure 1: Modified scheme of proposed doping elements of
DLC [12].

germanium compounds are more toxic than
inorganic germanium compounds. Severe
germanium poisoning can cause death by
respiratory paralysis [5]. On the other hand, it is
claimed, that despite serious safety concerns,
germanium is used for the improvement of heart
and blood vessel conditions, including high blood
pressure, high cholesterol, and heart disease; for
eye conditions, including glaucoma and cataracts;
and for liver conditions, including hepatitis and
cirrhosis. Some people use germanium for
osteoarthritis, rheumatoid arthritis (RA), pain,
weak bones (osteoporosis), low energy, and AIDS.
Germanium is also used for increasing the
circulation of blood to the brain, supporting the
immune system, and as an antioxidant. Germanium
might act against inflammation. It might also have
antioxidant properties and affect the immune
system [6]. It is worth noting here, that although
germanium is relatively less investigated, no
significant cytotoxicity of it has heretofore been
observed [7]. However, it has been shown that
germanium products might present a potential
human health hazard [8]. Therefore, we will
conduct thorough and complete biocompatibility
tests of fabricated materials. Of particular interest
with regard to health issues and toxicity will be
studies that assess the effect of different
germanium-based materials on cellular functions,
e.g., triggering of apoptosis, or production of ROS
and NO in immune cells that can be followed by
suitable fluorescent markers in situ. In order to
validate optimal chemical composition and
treatment regimes, different materials will be tested
on distinct cell types. The studies will be conducted
at the cellular level using distinct cell lines
(monocytic cells, fibroblasts, keratinocytes, etc.).
In addition, we will monitor parameters of shortterm cell death such as PI staining as well as
parameters of apoptosis such as annexin V
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staining,
mitochondrial
leakage,
caspase
3 activation, and DNA fragmentation.
Ge-DLC were prepared in many ways, mostly
by radio frequency plasma enhanced chemical
vapour deposition (RF-PECVD). [9] In our case a
dual-pulsed laser deposition (PLD) will be used.
The Ge-DLC films were fabricated by KrF
excimer laser PLD of germanium target in pure
methane atmosphere at room temperature.
Deposition pressure of methane was from 0 to
75 mT. Laser energy was 200 mJ and 6000 pulses
with a repetition rate of 5 Hz. Characterization was
used by XPS, Ellipsometry, and AFM. [10]
Germanium doped DLC was prepared by RF
plasma enhanced chemical vapor deposition (RFPECVD). Power of RF was 200W. Germanium
content changed from 15 to 56 %. Change of band
gap was observed in the region from 1.6 to 2.8 eV.
Protective antireflective DLC coating on
germanium was prepared by RF plasma enhanced
CVD method. [9]
The Ge-DLC film was prepared on the
germanium substrate by an ultraviolet laser. Pulse
fluence was 8.3J/cm² and the experiment was
performed in a vacuum chamber. The coating was
analyzed by ellipsometry, FTIR and Raman
analysis. Enhancement in maximum transmission
above 90% in 3 – 6 micrometer wavelength was
measured. Multilayer DLC and germanium doped
DLC (Ge-DLC) films were prepared on
germanium substrate by ultraviolet laser from two
separate targets. [11]
Films were characterized by XPS, SEM, nanohardness, scratch testing and by fastness test. The
hardness of the Ge-DLC film was above 48.1 GPa,
which is almost the same as that of pure DLC film
which has 53.7 GPa.
The critical load of Ge-DLC film on the
germanium substrate increase from 71.6 mN to
143.8 mN. Moreover, Ge-DLC film had no change
after fastness test. [11]
Pulsed laser deposition
Pulsed laser deposition method using the focusing
mechanism to leads the laser beam into the
chamber and focuses it onto the target. The plasma
vapor evaporating from the target must be pointed
at the substrate, where it condenses. To achieve the
best results, this whole process must be performed
in the high vacuum. In our study, we will use the
dual pulsed laser deposition. Scheme of deposition
is shown in figure 2.
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Figure 2: Deposition arrangement for Ge-DLC synthesis using
two KrF excimer lasers.

Methods

Figure 3. Picture of Germanium surface of Sample 2 (2 J/cm²).

Deposition conditions
The Ge layers were deposited on silicon substrates
Si (99.99%) by pulsed laser deposition (PLD). The
target was ablated by one beam pulsed laser. KrF
excimer laser (248 nm wavelength) was used for
deposition. The silicon substrate was cleaned
ultrasonically in acetone, toluene, and ethanol and
dried in air before putting into the vacuum
chamber. The substrate was at a distance of 45 mm
from the target. The films were created at room
temperature. The vacuum of the coating system
was evaluated 5 × 10−4 Pa. The films were
deposited in argon ambient (0.25 Pa). The energy
density ranged from 3 to 1 (J/cm²). The repetition
rate was constant for each sample. In total,
5 samples were created. Deposition conditions are
summarized in table 1.

Atomic force microscopy (AFM) combined with
an optical microscope. The atomic force
microscope (AFM) measurement was realized in a
dynamic regime with etalon HA_NC tips (6 nm or
better curvature) on Solver NEXT (NT-MDT)
device. Several AFM scans (50×50 µm) were made
and quantified by roughness average (Sa) and root
mean square (Sq), adapted from ISO 4287/1
(Software Gwyddion 2.39).

Table 1. Deposition conditions.

Density
Number
distance
of
Frequency
Sample
of
substrate –
(Hz)
energy
pulses
target (mm)
(J/cm²)
1

7000

3

10

45

2

10000

2

10

45

3

10000

1,5

10

45

4

20000

1,3

10

45

5

10000

1

10

45

Surface homogeneity - AFM
We have made 50×50 µm square scan of sample 5
using AFM technology.

Results and discussion
Thickness and roughness
Results of thickness measured by Alphastep IQ
show that sample 1 with the highest energy density
(3 J/cm2) has the highest thickness. With the
decreasing energy density we can observe that
thickness is decreasing too – table 2. Results of
roughness checked by a mechanical profilometer
and by AFM show that roughness change with
layer thickness and AFM show generally smooth
surface with rare droplets see in figure 4.
Table 2. Results of thickness measurements on Alphastep IQ.

Sample

Number of
pulses

Density of
energy
(J/cm²)

Average
Thickness
(nm)

1

7000

3

694

2

10000

2

117

3

10000

1,5

35

4

20000

1,3

20

5

10000

1

26

Surface homogeneity – Optical microscope
We first observed the surface homogeneity of
samples using an optical microscope – figure 3.
Thickness and roughness
The 5 samples surfaces were analyzed by a
mechanical profilometer (Alphastep IQ –
KLATencor) with diamond tip (diameter 5 µm tip
radius under the angle of 60°) and with stylus force
8.59 mg. Morphology was characterized by the
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results as AFM of the layer surface prepared by
2 J/cm2 energy density.
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Abstract: Previous studies proved that Parkinson disease relates to loss of neuromelanin in the human brain,
more specifically - loss of neuromelanin in substantia nigra pars compacta and locus coeruleus. It is also proven
that the status of the neurodegenerative disease correlates with the amount of neuromelanin in brain. Current
data suggest that neuromelanin could be used as a biomarker for neurodegenerative diseases. Currently, all
methods of processing data from MRI are made manually. Our project is focused on improving these methods
and more importantly on automatization of the process. Using MATLAB with SPM software package we
created a pipeline processing the data acquired from neuromelanin-sensitive MRI. This pipeline generates
regions of interest in MRI scans. From these regions of interest, we will obtain the parameters describing the
status of the substantia nigra.

Introduction
Neuromelanin is a black pigment present in
neurons in substantia nigra. Neurons which are
colored with neuromelanin are typically in a higher
risk of cell death than neurons without
pigmentation. The death of these neurons leads to
depletion of dopamine in the corpus striatum.
Because the corpus striatum is responsible for body
movement control, symptoms are typically tremor,
rigidity and generally lower quality of motion.
These symptoms are typical for Parkinson’s
disease (PD). [1, 2]
Before PD, many people suffer from REM
sleep behavior disorder, known as RBD. This
disease has typical symptoms such as loss of
muscle atonia during sleep and abnormal behavior
during sleep, even violent. [3] Long-term studies
have proven, that up to 81 % of people suffering
from
RBD
develop
PD
or
another
neurodegenerative disease in 15 and more years. In
shorter periods of time, up to 48 % patients with
PD and RBD developed dementia in 4 years. 0 %
of patients in the control group with PD but without
RBD developed dementia. [4]
Pigmentation of substantia nigra (SN) with
neuromelanin is a physiological process. The
volume of pigmented neurons is increasing during
life until approximately the age of 60. Pigmented
neurons are more vulnerable and die easier than
non-pigmented neurons. The loss of neuromelanin
in SN is directly connected to the degeneration of

neurons in SN and suggests PD or other
neurodegenerative diseases. [1]
Neuromelanin-sensitive imaging using MRI is
a promising approach for monitoring disease
development in time and even for detecting early
stages of PD in patients with or without RBD.
Another method used for such purposes is DaTscan
scintigraphy. However the localization of SN is not
as precise as in MRI scans. [6]
Several approaches are currently used for
processing of neuromelanin-sensitive MRI scans.
All of them are at least partly done manually. This
human factor is the biggest problem in case of
processing more data or creating some reliable,
precise and at least partly universal quantification
system.
Our project is therefore focused on
automatization of data processing and elimination
of human factor during evaluation of the data
acquired from MRI. This should help to process
more data in a shorter time and increase precision
and reliability of obtained results. On the other
hand, we want to maintain possibility for the doctor
to intervene into the process of data processing in
case of some non-standard data sequences.

Patients and methods
Participants
Information about the study and its goals were
published in media, and interested patients were
invited to fill in RBD screening questionnaire.
Patients scoring above the threshold were

Proc. of IMBM 2018

37

Lang et al.: Neuromelanin quantification in the substantia nigra in neuromelanin-sensitive MRI scans

Figure 1: Comparison of neuromelanin in substantia nigra in
healthy brain (Control brain, left) and brain suffering from
Parkinson's disease (right). [5]

contacted by hospital personnel, and those with
symptoms suggestive of RBD were invited for
clinical examination. About 50 subjects with no
history of RBD or neurodegenerative disease were
enrolled as controls. After signing informed
consent, all patients and subjects underwent a set
of clinical, cognitive, neurophysiological,
biochemical and neuroimaging investigations.
After the baseline tests, patients were regularly reexamined in one-year intervals. In total, there were
75 patients involved in the study. Most of the
patients are men (65), age vary from 40 to 77 years.
MRI scanning protocol
All MRI scans were performed on 3T system.
High-resolution T1 and T2 weighted sequences
were included for morphometric analysis and to
exclude focal lesions in the brainstem. The
experimental neuromelanin-sensitive T1 weighted
sequence was included among other sequences.
Addition of experimental sequences prolonged the
standard protocol by approx. 20 minutes. Final
sequences have voxel size 0.5x0.5x3 mm.
Software
For processing sequences of images acquired from
MRI, we used MATLAB (matrix laboratory)
developed by MathWorks. In addition, to be able
to process MRI images, we used SPM 12
(Statistical Parametric Mapping) as a suite of
MATLAB. SPM is a free but copyright software,
distributed under the terms of the GNU General
Public Licence. This software enabled us to create
a pipeline, which processes acquired MRI
sequences. Partial steps of this process are
described later in the text.

Processing of the data
All patient data obtained from General University
Hospital in Prague are anonymized, a combination
of letters and numbers is used as the identification
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Figure 2: Neuromelanin-sensitive MRI sequence with
displayed left and right SN (red and yellow color).

of each patient involved in the study. The dataset
contains seven repeated neuromelanin-sensitive
sequences of mesencephalon area, displaying SN.
In addition to these sequences, we are also
provided with T1 and T2 weighted sequences of
the whole brain.
Primary data adjustment
Raw data from MRI are in TAR format, containing
images in DICOM format (Digital Imaging and
Communications in Medicine). First, we must
unpack the TAR archives. For this purpose, we
created script “RBD01 untar”. This script generates
a new folder and unpacks all the data inside.
After this, we need to transfer the data from
DICOM to NIfTI Data Format (Neuroimaging
Informatics Technology Initiative) so SPM can
process and work with the data. Script created for
this step generates a new folder and imports images
through SPM into this folder. As a result, we get
one file containing a large number of individual
images of MRI scans.
The final step of primary data adjustment
consists of changing file names accordingly to their
content. After this step, we have an individual
folder for every patient named with his code. In
every folder, there are data named “nm” for
neuromelanin-sensitive sequences and “t1”, “t2”
for T1 and T2 weighted sequences of the whole
brain.
Pre-processing of images
The first step of this process is realigning of T1 and
T2 weighted images. During this procedure, all
images are realigned and if necessary cropped
according to the first image of the whole sequence.
At the end of the realigning, a new set of images is
generated in which all individual images have the
same spatial orientation.
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These data can now be used for further work
focused on SN and its parameters.

Results and further work

Figure 3: Cropped neuromelanin-sensitive MRI sequence of
left SN (left) and right SN (right) with a displayed overlay of
left and right SN signal (red color).

The next step is focused on neuromelaninsensitive images. Firstly, all the 7 sequences are
individually realigned the same way as T1 and T2
weighted sequences described before. After that, a
new set of images is created, containing mean
values
from
each
neuromelanin-sensitive
sequence.
The sixth step of processing is co-registration
of T1 and T2 weighted sequences according to the
mean neuromelanin-sensitive sequence. Mutual
registration of sequences enables us to localize
functional information contained in NM-sensitive
sequences in topographical images of the brain
(T1, T2 weighted sequences). At the end of this
step, there is no new set of sequences. The output
is a transformation matrix, which will be applied to
sequences in the last step of the process. The reason
for this is to minimalize the negative influence of
the transformation.
In the next step, the tissue probability map for
the brain is used for segmentation of the different
tissues in the brain. This map enables us to specify
tissue type for every voxel in the sequence and
helps us to localize substantia nigra more
accurately. Segmentation is done on the T1
weighted image.
The final step of image pre-processing is back
transformation. In this step, the areas of SN are
transformed into the neuromelanin-sensitive
sequences. In this step, the transformation matrix
generated in step six is used to match the template
of SN with actual neuromelanin-sensitive images
in the sequence.
Sets of images and template of localization of
SN in the brain are obtained after all the steps
described above are applied to the MRI sequences.

Applying all the steps described above, we get
normalized set of sequences for each patient. It is
the first input for further analysis of these
neuromelanin-sensitive sequences. We can now
display these sequences to visually inspect the
position of automatically highlighted SN. Usually,
we use SPM 12 display function, which allows us
to display full neuromelanin-sensitive sequence
and add the area of SN as an overlay. We can
decide whether we want to display SN on both
sides or only one side, as same as whether we want
to display them on neuromelanin-sensitive
sequence or on T1 weighted image.
The simple display of the image is not precise
enough for our work as we focus on a small part of
the brain only. Therefore, we needed to crop the
image displaying the whole brain only to the area
of SN. For this purpose, we wrote another script.
As a result, we got two sets of images displaying
only the area of SN.
Further work will be focused on developing a
method of quantification of neuromelanin in
neuromelanin-sensitive sequences. For quantifycation will be used a total volume of SN area
calculated by simple multiplication of a number of
voxels and its dimension. The area used for
calculation within the topographically marked area
will be determined by the threshold method. We
will measure intensity in the background of the
sequence, outside of SN area and according to the
intensity of this signal appropriate threshold will be
set. All the voxels with signal intensity higher than
the threshold will be involved in calculations of SN
volume.

Conclusion
The first part of this project was focused on
automatization of processing neuromelaninsensitive MRI sequences and so far, all the scripts
we have written work well and look very
promising. The first important steps of adjustment
of the raw data sequences obtained from the
General Faculty hospital in Prague and
normalization as well as segmentation of these data
sequences work without problems. So far, we
managed to display the region of our interest in the
sequences.
In further work on this project, we need to
invent a reliable method of quantification of
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neuromelanin. This method and its further results
need to be consulted with clinical medical doctors
involved in the study to verify its precision and
reliability.
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project. Project was supported by Czech Science Foundation
(GACR), grant. number 16‐07879S.

not a spectator. Neural Regeneration Research 12, 372
(2017). doi: 10.4103/1673-5374.202928
[3]

Montplaisir, J. Abnormal motor behavior during sleep.
Sleep Medicine 5, 34-34 (2004).

[4]

Kim, Y. et al. REM sleep behavior disorder portends
poor prognosis in Parkinson’s disease: A systematic
review. Journal of Clinical Neuroscience 47, 6–13
(2018). doi: 10.1016/j.jocn.2017.09.019

[5]

The Science of Parkinson's Available at: https://science
ofparkinsons.com/tag/substantia-nigra/. (Accessed: 12th
October 2018)

[6]

Ohtsuka, C. et al. Differentiation of early-stage
parkinsonisms using neuromelanin-sensitive magnetic
resonance imaging. Parkinsonism & Related Disorders
20,
755–760
(2014).
doi:
10.1016
/j.parkreldis.2014.04.005

References
[1]

Zecca, L. et al. Substantia nigra neuromelanin: structure,
synthesis, and molecular behaviour. Journal of Clinical
Pathology. Journal of Clinical Pathology 54, 414–418
(2001).

[2]

Haining, R. & Achat-Mendes, C. Neuromelanin, one of
the most overlooked molecules in modern medicine, is

40

Proc. of IMBM 2018

4D embryogenesis study using X-Ray micro-CT: the pilot experiment
Kristýna Merglová1*, Jan Žemlička2, Jan Dudák1, 2
1

Czech Technical University in Prague, Faculty of Biomedical Engineering, Kladno, Czech Republic
Czech Technical University in Prague, Institute of Experimental and Applied Physics, Prague, Czech Republic

2

*

kristyna.merglova@fbmi.cvut.cz

Abstract: The pilot study deals with the use of X-ray micro-CT to monitor the embryonic development of
mammals on laboratory mice specimens. As a measuring system, we use the micro-CT system built at the
IEAP CTU in Prague. Its construction utilizing nano-focal source and cone beam geometry enables
measurements with a spatial resolution smaller than 1 μm. Suitable methods for the sample´s stabilization and
contrast staining were selected on the basis of pilot radiography and tomography measurements. The
contribution presents the data obtained from measurement the reference P1 stage of mice stabilized by
ascending alcohol line and contrasted with the iodine tincture.

Introduction
Microradiography and microtomography are
imaging modalities based on the X-ray attenuation
observed behind the examined sample. The x-ray
beam is usually generated using an X-ray tube, and
it is recorded on an imaging detector. A great
advantage of these modalities, unlike standard
microscopic and histological processing, is the
non-destructiveness of both methods, so the
samples can be used for further research [1].
X-ray based methods are used extensively in
medicine and research to visualize bone and soft
tissue structures [2]. The use of contrast media is
often necessary for the visualization of the subtle
differences between soft tissues. When these
substances are used, the soft tissue density changes
and the X-ray differential attenuation increases [3].
There are several methods for stabilization and
contrast staining of biological samples [4, 5].
Standard fixation of the sample is done by, e.g.,
ethanol, paraformaldehyde or glutaraldehyde.
Solutions of agents such as Lugol's solution or
iodine tincture, phosphotungstic acid (PTA) or
osmium tetroxide are used for staining purposes.
The suitable contrast agent is usually selected
based on its affinity to examined tissues.
Previously published papers have shown that a
commercially available micro-CT device can be
used for 3D imaging of mice with a high spatial
resolution [6]. An atlas based on the measurements
of mammalian embryogenesis that includes
detailed information about the brain development
in stages E11 to E15.5 was also published [6, 7].
Nevertheless, early postnatal samples often lacked
detail in organs such as heart, lung, liver, and
intestine, most likely due to shorter iodine staining

times leading to insufficient contrast. Moreover, in
some cases, samples were shrinking during the CT
measurements.
In the pilot experiment, we were monitoring
the development of laboratory mice at P1 stage
using the X-ray micro-CT built at the IEAP CTU
in Prague. To detect X-rays, the system uses a large
area hybrid-pixel photon counting detector.
Our goal is to optimize the process of
stabilization and staining to achieve the best
contrast in soft tissues. Moreover, the specimen
deformation caused by tissue drying out was
addressed to avoid motion artifacts in CT
reconstructions and to be able to identify individual
organs easily.

Materials and methods
Sample
Laboratory mice are commonly used to monitor the
embryonic development of mammals due to the
high homology between human and mouse
genomes. The experiments use the embryonic
stages of laboratory mice designated E (first
21 days), and postnatal stages marked P. The
standard time span for the embryogenesis study of
mice is from the embryonic phase E8.5 to the
postnatal phase P3.
In our experiment, we used the P1 stage of the
mouse as a reference (see Fig. 1). Samples were
stabilized by alcohol and stained with iodine
solution. A detailed description is given in the
following section.
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Figure 1: Photograph of P1 (postnatal) stage of laboratory
mouse stabilized in ascending alcohol line and stained in
iodine tincture.

Stabilization and contrast staining of samples
The stabilization of the reference P1 stage
specimens was done by an ascending alcohol line.
All samples were immersed in a 50% ethanol
solution for 48 hours and then moved to 75%
ethanol solution for another 48 hours. Reference
measurement (M1) was performed after this
standard sample alcohol fixation.
Contrast staining of samples was done using
iodine tincture. It is a solution of elemental iodine
and potassium iodide in ethanol (IKI) where iodine
(with Z=53) is the contrast agent. The second
measurement (M2) was done after further
stabilization of the sample with 96% alcohol and
staining in 5% IKI solution. The third measurement
(M3) was performed on the same sample as M2. To
avoid drying out and shrinking of the specimen, it
was additionally fixed in food gelatine.
Micro-CT system
To monitor the embryonic development of mice,
we have used the micro-CT system built at the
IEAP CTU in Prague (see Fig. 2). The whole
system is placed in a shielding cabinet and consists
of a detector, an X-ray tube, and a positioning
system. The used X-ray tube is of nano-focus type
(FeinFocus FXE-160.51), and the measurement
was performed with a tungsten target. The next
component is the in-house built motorized sample
positioning system with a precise rotation stage
(Newport URS75BBP). This system is used for the
alignment of the sample in several axes.
To detect X-rays, the system uses a large area
hybrid-pixel photon counting detector WidePIX4×5
with a resolution of 1280 × 1024 pixels. The
detector consists of 20 individual edgeless Timepix
assemblies which create a continuous sensitive
area. Timepix chip with a resolution of 256 × 256
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Figure 2: The used micro-CT system built at the IEAP CTU in
Prague consists of detector WidePIX4×5, nano-focus X-ray
tube FeinFocus FXE-160.51, motorized positioning system
with a rotating table Newport URS75BPP, revolver with a set
of aluminum filters for beam-hardening correction [8].

pixels includes two interconnected parts: an
electronic read-out chip and 500 μm thick layer
silicon as a semiconductor sensor. Each individual
55 μm large pixel has an integrated digital counter
for recording of individual X-ray photon hits. This
ensures images with very high contrast and
virtually unlimited dynamic range [8, 9]. Both the
detector and the positioning system are controlled
via PC by Pixet acquisition software package [10].
An important component of the measurement
system is also a revolver consisting of two discs,
each disc bearing aluminum filters of different
thicknesses. The filter set serves to significantly
improve image quality with the so-called beamhardening correction. This is used to correct the
beam-hardening effect caused by higher absorption
of low energy photons in the sample [11].
Data Acquisition and processing
The following parameters were set for the
acquisition of the reference P1 stage data (M1) to
obtain sufficient image quality. The distance from
the source to the detector (SDD) was set to 300 mm
and the distance from the source to the object
(SOD) to 110 mm. The magnification factor being
2.7× resulted in effective pixel size (EPS) of
20 μm.
A voltage of 60 kV and a current of 20 μA was
set on the X-ray tube operated in the micro-focus
mode. The value of the angular step of the rotating
table with the sample was 0.4 degrees, taking
900 projections. We imaged the sample twice in
order to cover both the top and the bottom halves.
With the parameters selected, the time of one
sample half was measured for 90 minutes; each
projection lasted 5 seconds. The total measurement
time was 180 minutes.
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Figure 3: CT reconstruction of the sample (M1) immersed in
50% ethanol for 48 hours and then moved to 75% ethanol
solution for another 48 hours. Sagittal (left) and coronary
(right) slices with well visible bone structures. Air bubbles
indicate cavities such as the lungs, intestines and nasal cavity.

After the measurement, a beam-hardening was
applied using a set of aluminum filters in a revolver
from 0.02 mm up to 2 mm thick. Reconstruction of
the measured data was performed using the
NRecon program. The Dragonfly program was
used to visualize the 3D sample volume and
individual planes.
Same measurement geometry was used for the
other two measurements of the IKI stained samples
(M2, M3). X-ray tube parameters were changed to
100 kV and 15 μA to increase mean X-ray beam
energy. Only 180-degree rotations were taken
(450 projections) and acquisition time of
projection was prolonged to 7.5 seconds. The
thickness of the aluminum filter used for BH
correction rose up to 4 mm as the attenuation of
stained samples rose.

Results
Not surprisingly, the mouse bones are very well
displayed in the resulting projections of all P1
samples as the bones absorb X-rays more
efficiently than surrounding soft tissues.
Additionally, the bones that come to existence in
later stages by chondrogenic or desmogenic
ossification are still nicely separated by soft
cartilages. This fact is well visible in the sternum
and the skull. The skull also shows that the
occipital bone has not been fully formed yet.
For M1, it is surprisingly easy to recognize the
embryonic tissue of the lungs (see Fig. 3). In

Figure 4: The sample (M2) additionally fixed with 96%
ethanol and stained with 5% IKI. Sagittal (left) and coronary
(right) slices show affinity of iodine to muscle tissue, adipose
tissue is darker. Many organs can be recognized even with the
presence of motion artifacts in the reconstruction.

addition, we can also see air bubbles in the
abdominal cavity indicating the presence of
intestines in these places.
Again the bones are well visible in the sample
that was fixed with 96% ethanol + IKI (M2). As the
IKI contrast agent accumulates in soft tissues,
some organs became visible (see Fig. 4). The heart,
liver, and lungs are relatively well recognizable.
Moreover, the adipose tissue can be observed
(darker areas) as the iodine preferably accumulates
in muscle tissue.
However, the sample was drying out during
the measurements (M1, M2) and therefore even
with applied displacement correction, some motion
artifacts occur in reconstructed CT data.
The last measurement (M3) of the sample
fixed with 96% ethanol containing IKI, was
mechanically fixed in food gelatine. As expected,
the sample was perfectly stable during whole
measurement and reconstruction artifacts almost
disappeared (see Fig. 5). Unfortunately, IKI
contrast agent started to diffuse back from the
tissues during measurement into the food gelatine,
and therefore the contrast was reduced.

Conclusion and future work
We have performed pilot measurements of the
mouse embryonic development using the microCT system. As a reference sample, we used the P1
stage of the laboratory mouse. The radiography and
tomography of three specimens were carried out. In
the first case (M1), the sample was only stabilized
with ethanol, bones and lungs were clearly
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Figure 5: The sample (M3) additionally fixed with 96%
ethanol, stained with 5% IKI and further stabilized with food
gelatine to provide mechanical support. Sagittal (left) and
coronary (right) slices show a minimal number of motion
artifacts. Unfortunately, IKI contrast agent started to diffuse
back from the tissues during measurement, and therefore the
contrast was reduced.

recognizable. In the second case (M2), the sample
was further contrasted with IKI; we were
additionally able to recognize some inner organs
and muscles. However, the sample was shrinking
during the measurement in both cases. Due to this
fact, we have tried to mechanically stabilize the
stained sample for the last measurements (M3)
drying out of the specimen. Therefore, we
measured sample stabilized and contrasted in 96%
ethanol containing IKI, which we fixed with food
gelatine. This treatment resulted in minimization of
motion artifacts in the reconstructed CT
volume. Unfortunately, IKI diffused from the
tissue into the food gelatine during the
measurement, and the resulting contrast in soft
tissues decreased. Nevertheless, most of the organs
were recognizable. We will further investigate the
stabilization and contrast staining methods in our
future experiments. Resulting protocols will be
then applied for the measurements of other
embryonic and postnatal stages of mice.
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Abstract: International Statistical Classification of Diseases and Related Health Problems (ICD) is a
publication based on codification and classification of diseases, that are sorted into specific chapters based on
several conditions like specific types of diseases or location in body on which disease is based, and each one
is given specific code used for identification in this structure. ICD-10, which is the tenth version of the
publication, is nowadays used as an international standard for the classification of diseases in many medical
documents, reports and several statistics. The main goal of our work is to create a new web-based portal, which
could be used as a tool for presentation of data and information stored in ICD. It should be capable of complex
searching and location of all possible results for given input information, if it should be the whole name of
disease, only code identification, or even part of a description of the disease which could be used to improve
effectivity in work with those medical data in healthcare reports and patient records, or specific medical
statistics and research.

Introduction
Mezinárodní klasifikace nemocí (MKN) is a Czech
translation of International classification of
diseases, which is a publication used for
codification and classification of diseases, injuries,
symptoms and causes of death sorted into specific
chapters based on an affected part of human body
and each having specific code designation that is
always unique in the whole structure.
It is commonly used as a data source in many
medical information systems to create patient
records, to create reports or statistics, or by
insurance companies to fill out insurance records.
In most of these cases, it is however used wrongly,
where the classification is only used in the form of
an unsorted list of terms where the user has to know
the specific names of the terms with minimal to
none space in cases of mistyping and errors in
searched terms. The same problem goes with a
PDF form of classification [3], where looking for a
specific term without the proper knowledge of its
name is very ineffective. [1]
We are trying to create a web-based tool that
would be able to present us the data in this
classification, either through the searching options
for specific terms, chapters or codes, or through
unfold able hierarchical tree that would allow us
fast and easy navigation through the whole
structure of the classification. This would allow the
user finding every possible piece of required

information without the need of knowledge of the
whole complex terms or specific designations.
With the basic knowledge of this structure, or just
a part of a term, or code, terms in this publication
could be easily navigated through.
International classification of diseases
The International classification of diseases is
currently maintained by the World Health
Organization (WHO), which is also responsible for
releasing new versions and regular updates to
current versions. Currently used the tenth version,
the ICD-10 has been released in the year 1990, and
the Czech translation, the MKN-10 has been used
in Czech Republic since the year 1993. This delay
is due to the time required to translate the
classification and implement the new version.
This version offers a list of up to 30 000+
terms sorted into specific chapters with adequate
codes. This code is composed of an alphabetical
letter and up to 6 another digits, where those digits
are selected specifically to represent the chapter,
which into this term belongs. The whole
classification consists of three volumes, where the
first – the Tabular part is the main volume with a
complete list of those terms, codes, and specific
structural additional information, the second – the
Alphabetical part contains those terms
alphabetically sorted with their alternative names
attached and specific references between the terms
and chapters, and the third volume- the Instructions
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Figure 1. Measurement results of user n.10 for the searched
term “Cholera NS”.

manual that has all the information on the usage of
the classification, the codes with their system and
its structure.
At the end of the year 2018, the new version,
ICD-11 should be released, which should contain
much more information than just a name of a term
and its code, for example, descriptions of the
disease, symptoms, and signs or suggested
treatment procedure. This should significantly
increase the information capacity of this
classification, which could be then used with our
tool easily as a complex and reliable source of
information. [2]

Creating a design
Before we could create a tool, we needed to create
a design of it and its functions, how they should
work and the complex logic behind them.
Firstly we focused on user interface, where we
wanted to be as much simple as possible, so it
would be easy to use while having the full capacity
to search a present the data in our classification.
The user interface would consist of a search bar
with complex autocomplete shadow help the would
give us hints of possible searched terms. It would
also allow us to search specific codes, or for
example, each word from multi-word searched
terms independently for the maximum amount of
results. There would also be autocorrection
functions that would allow us to find required
terms from miss typed or wrongly written searched
terms. This could allow us a complex searching
through the classification using the minimal
knowledge of the proper term name.
The second part of the user interface would be
a large results window, where the results of
searching would be shown. This window would
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also allow us to select a specific term a look
through its additional information- which would be
required for the presentation of the complex
information from ICD-11 version. We would also
like to connect terms from our database to
additional external sources of information- like
statistics and incidence rate from NZIS Regional
reporting [4], or Classification of medical
procedures.
The third and the last part, the hierarchical tree
structure, would allow us to present the complete
hierarchical structure of the classification with all
of its chapters and subchapters, which could be
used for fast navigation and the selected
chapter/term from this hierarchical tree would also
show the full description in a results window.
Secondly, we were trying to design the logical
background of the functions that would manage the
user interface, where right now we focused for
example on logic behind the searching functions
used for looking through the informational sources,
being it the classification, or the external sources
and giving us the best results for specific searched
terms, the autocorrection abilities used during
searching, designing the shadow help that would
give us hints of possible searched terms, or the
logical sorting of the results list, where we were
trying to find the best order of found terms.
The third part of the application to design was
the database where the used data would be stored.
As a main source of information, we would be
using the current version of the MKN
classification, where we would like to create links
at specific terms that would link us to mentioned
external sources of information.

Creating testing version
To test the abilities and usefulness of our design,
we created both desktop version and web-based
beta version of this application using the functions
created in design and used these applications on 10
users. Those users got a specific term that they
needed to search, in our case those terms were
“Cholera NS” and “Miliární tuberkulóza” and they
were supposed to search for them using specific
ways.
At first, they needed to search the whole name
of the term, then we told them to search for it using
only parts of the terms without diacritics- for
example, “cholera”, “tuberkuloza” or “miliarni”
and finally, use the hierarchical tree available to
them to search for the term using the knowledge of
the code and chapters structure.
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Figure 2. Measurement results of user n.10 for the searched
term “Miliární tuberkulóza”.

We were testing how fast the users would be
able to search those specific terms and compared
those times to the same parameters searching using
the PDF version of the publication of the
classification, which allows us searching using the
CTRL+F function or the content at the start of the
PDF. The PDF does not have the hierarchical tree
available, which is an advantage of our application,
so the users had to use the available content that
would point them only to the start of the main
chapter where the code should be located.

Testing results
In Figure 1., we can see the results from the results
from the tenth measured user. We were always
comparing the time results from the application
(blue) and the PDF publication (orange) for the
specific searched parameters. The first pair of
columns shows the results while searching the
whole term “Cholera NS”. As you can see, the time
difference is minimal due to the exact knowledge
of the term. But, as we can see on the second pair,
where users were searching only for a term
“cholera”, the application time required to find the
correct time is much smaller. This can be explained
by the advantage of the results window of our
application, where the user can see all the found
results sorted by the most probable term, so finding
the correct one is easy. On the other hand, the PDF
searching takes much longer time, due to the need
of searching one term containing the cholera word
after another using the next button until the user
finds the correct one, which takes much longer time
as we can see. Even larger difference can be seen
on the results using the hierarchical tree, where
using the tree in our application, the user needed
only 2.5 seconds to find the term by selecting the

pdf

Figure 3. Measurement results comparison from all users
while searching the term Cholera NS using the word
“cholera”.

specific chapters in the tree. In the PDF, on the
other hand, the user could only find the main
chapter where our term is somewhere located and
then scroll through until he found the term, which
takes much longer time and is quite inefficient.
On the Figure 2., we can see similar results for
the term “Miliární tuberkulóza”, where, while
searching for the wrong term, we even gave the
users miss typed version (“Miliármí tuberkulóza”)
of the term on purpose to test the autocorrection
abilities of our application compared to none using
the PDF file reader.
As you can see, while using PDF file, the user
needed more time because he needed to correct the
typo, while our application found the correct result
even with it. Also, you can see, because the term
“tuberkuloza” is much more common, the time
required to go through all the terms that contain this
word is much larger than when searching the word
“miliarni” which is very rare. On the other hand,
thanks to our well arranged sorted results list in our
application, the user could easily find the needed
term in both cases.
In Figure 3., you can see a comparison of times
of all users. As you can see, in all cases the time
required to find the correct term using our
application was smaller, almost half the time
needed to find the term using the PDF file. Those
times would separate more and more the more
complex and more difficult terms we would be
searching. And as we can see the advantage of our
application even at those simple terms is clear, we
can say that while searching more complex terms,
our application would almost always be better and
more efficient to use.
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Abstract: In this study, we have summarized the basic advantages of Calcium doped DLC. So far, we have
performed an experiment using the PLD method to prepare five CaO layers on silicon-based substrates using
Kr:F laser. We have tested various deposition conditions and observed the results. We have performed surface
morphology tests (thickness and roughness) using Alphastep IQ with the 5 µm tip radius under the angle of
60°. We have taken pictures using an optical microscope, and then we have studied samples using AFM
method. Based on this experiment, we have concluded the final deposition conditions we are yet to use for our
CaO + DLC dual pulsed laser deposition.

Introduction
As a summarization of research performed by
scientific teams working in this field [1-4], the
main reasons for speaking about Calcium-doped
diamond-like carbon (DLC) will be discussed. At
first, all of those have presumed that Calcium as a
biogenic element contained in the human bones
could be a suitable answer to the calcium
biocompatibility question. Although undoped DLC
proved to be tolerated by human tissue, the
connection to adjacent tissues did not seem to be
satisfying. The Ca-doped DLC offers the DLC’s
qualities combined with smoothness and biological
acceptance of Calcium [1-4].
DLC is well known for its hardness, both
hybridizations, graphite (sp2) and diamond (sp3),
are considered the right choices regarding
resistance. DLC is a material that combines these
two forms of Carbon. DLC surface is also very
smooth, that plays a major role when in contact
with the adjacent tissues. The rough surface might
damage adjacent structures [8].
From the measurements that either Kwok and
Dorner-Reisel and their teams have done, it is
evident, that even the contact angle plays a major
role in biocompatibility regarding wettability.
Again wettability is important when speaking
about the coating contact with blood. Wettability
of Ca-doped DLC is slightly better than for the
undoped DLC [1-4].
The difference between those two experiment
performers is in the form of Ca incorporation to
DLC. Dorner-Reisel’s team used the Calcium
oxide that also brings Oxygen to the final product.
On the other hand, Kwok made his product by

combining Ca with the DLC. Ca-O-DLC although
looks like a better idea, because of oxygen as
another element, that the human body needs and
works well with [1-4].
We believe that Ca-O-DLC will be a usable
material for implantology due to its’ good
biocompatibility,
firmness,
hardness
and
resistance. For our experiment, we have chosen the
dual pulsed laser deposition. We will need two
laser beams produced simultaneously by 2 KrF
excimer lasers (λ = 248 nm, t = 20 ns). Each of
them will be pointed at a target as shown in Fig. 2.
As one of the laser targets the graphite will be used,
as the second, Calcium powder target will be used.
Pulsed laser deposition
Since depositing Calcium via laser method is an
entirely new thing, our first experiment (single
target PLD) is designed to give us information
about depositing Calcium and its behaviour during
and after the deposition. It will also lead us to the
right deposition conditions for the dual pulsed laser
deposition. Scheme of pulsed laser deposition is
shown in Figure 1.
Dual pulsed laser deposition
Pulsed laser deposition is composed of the focusing
mechanism, that leads the laser beam into the
chamber and focuses it onto the target. The plasma
vapour evaporating from the target must be pointed
at the sample, where it condenses and creates the
thin film. To achieve the best results, this whole
process must be performed in the high vacuum.
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Figure 2. Scheme of dual pulsed laser deposition (dual PLD)
[5].

Figure 1. Scheme of pulsed laser deposition (PLD) [5].

Next up we will have two targets (CaO + DLC), so
we will have to modify this process to make it dualpulsed laser deposition. The process is similar to
the single target PLD, but the vapour from two
separate targets will create one film.

Methods
Deposition conditions
We have performed a pulsed laser deposition under
the conditions listed in tables 1a, 1b, 1c and 1d. As
a substrate, we have used a Si plate with Si
fragment on top of it. As a target, we have used
CaO powder sample.
The deposition was performed with the
presence of Argon gas in the deposition chamber.
Surface homogeneity – Optical microscope
At first, we have observed the surface homogeneity
of our samples using an optical microscope.
Table 1a. Table of deposition conditions before the process.

Sample
1
2
3
4
5

Pressure (Pa)
10-3
5 ∙ 10-3
2 ∙ 10-3
2 ∙ 10-3
1.5 ∙ 10-3

Temperature (°C)
Room Temperature
Room Temperature
RT
RT
RT

Table 1b. Table of deposition conditions during the process.

Sample
1
2
3
4
5

50

Pressure
(Pa)
0.25
0.25
0.25
0.25
0.25

Flow (sccm)
3.5
5
5
5
5

Temperature
(°C)
RT
RT
RT
RT
RT

Table 1c. Table of general deposition conditions 1.

Sample

Number
of pulses

Frequency
(Hz)

1
2
3
4
5

5000
10000
10000
10000
10000

10
10
10
10
10

Laser energy (mJ)
/ energy behind
the lens (mJ)
90/63
90/63
150/105
187/130
187/130

Table 1d. Table of general deposition conditions 2.

Sample
1
2
3
4
5

Track on
target
(mm2)
10
10
10
10
7.33

Energy
density
(J/cm2)
0.6
0.6
1
1.3
1.8

Distance
substrate-target
(mm)
45
45
45
45
45

Thickness and roughness - Profilometer
We have performed thickness and roughness
measurement using the line scans on profilometer
Alphastep IQ (by KLA-Tencor). Table of used
parameters is included below. We have used the
same parameters for both thickness and roughness
measurements.
Table 2. Conditions used for thickness and roughness
measurements on Alphastep IQ.

Sample
Scan length (mm)
Tip radius (µm)
Angle
Force (mg)
Scan speed (µm/s)

1
2
3
4
5
5
5
5
5
5
5
5
5
5
5
60° 60° 60° 60° 60°
8.58 8.58 8.58 8.58 8.58
50
50
50
50
50

Roughness - AFM
We have made 10×10 µm square scans of our
samples using AFM technology in order to obtain
better
information
about
the
surface
microstructure. We have measured samples 1, 2, 3,
and 4 only because sample 5 was damaged.
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Figure 3. Picture of the surface of Sample 2.

Figure 4. Picture of the surface of Sample 4.
Table 4. Table of measured average film thickness.

Results and discussion
Sample 5 was damaged during the measurements.
Results of measuring it will not be presented.
Growth rate
Due to our deposition conditions and measured
film height, we were able to calculate the average
film growth rate for each sample. We were
calculating growth rates using equation 1:

GR 

FT
,
nP

(1)

where GR is growth rate, FT is film thickness,
and nP is the number of pulses used. Growth rates
for our samples are shown in table 3.
Table 3. Table of calculated growth rates for our samples.

Sample
Film height (nm)
Number of pulses
Growth rate

1
2
3
4
79
545
589
701.5
5000 10000 10000 10000
0.014 0.0753 0.0603 0.0638

Optical microscopy
At first, we have briefly examined our samples’
surfaces using an optical microscope with
magnification 50 times. We have searched the
surface for major damage or inhomogeneity.
Selected pictures are presented as Figure 3, 4.
Thickness and roughness
With the increase of energy density used during
deposition, we can observe the thicker deposited
film prepared by the same number of pulses.
The lower mean we obtain, the better
acceptance by tissues can be expected. Also, the
deviation should be as low as possible so no
adjacent structure can be damaged by inequality.

Sample
1
2
3
4
Average film thickness
0.079 0.545 0.589 0.702
(µm)
Table 5. Table of measured mean and standard deviation
(roughness).

Sample
Mean (µm)
Standard
deviation (µm)

1
0.134

2
0.135

3
4
0.0517 0.0283

0.00133 0.0179 0.00748 0.0019

Atomic force microscopy
Atomic force microscopy (AFM) was realized in a
dynamic mode using etalon HA_NC tips (6 nm or
better curvature) on Solver NEXT (NT-MDT)
device. Several AFM scans (10×10 µm) were made
and quantified by roughness average (Sa), and the
root-mean-square (Sq), adapted from ISO 4287/1
(Software Gwyddion 2.39). AFM pictures are
shown below (Fig. 5-8).

Conclusion
In this stage of our research, we can say, that for
CaO, the optimal growth rate is around 0.6 – 0.7
nm per pulse. In further research, we will combine
this result with the optimal growth rate of DLC.
From the AFM images and surface
morphology results, we can say, that Sample 2 and
Sample 4 were the thickest. From the pictures, we
can also observe that the surface should be
homogenous enough. By that, we can say, that their
deposition conditions are the right for us to go for
in further research.
For our further research, we want to achieve
layers as thick as possible while keeping the
surface flat. We will prioritize thickness over low
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Figure 7. AFM image of sample 3 (10 µm2).

Figure 5. AFM image of sample 1 (10 µm2).

Figure 8. AFM image of sample 4 (10 µm2).

Figure 6. AFM image of sample 2 (10 µm2).

roughness because the more material we will
create, the more accurate results we should obtain.
Now we are about to calculate deposition
conditions for dual pulsed laser deposition of
Calcium with Carbon (DLC). This research
provided us with the required data for Calcium.
DLC data will be obtained from previous research
led by M. Jelínek and his team.
Acknowledgements: Author wants to thank to his supervisor
Miroslav Jelínek for guiding him through the work. Also, he
wants to thank Jan Remsa for guiding him during the
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Abstract: NADH emission spectra analysis is a promising method of photomedicine to determine the vitality
of cells and to obtain information about the metabolic processes in them. The aim of this work is to find the
differences in emission spectra between cell cultures of healthy and tumor cells by analyzing the influence of
individual contributions from the biofluorophores contained in the cell at the excitation of 260 nm, 340 nm,
and 365nm. 260 nm and 340 nm are the excitation maxima of NADH. 365 nm is the excitation wavelength we
had found that gives the most intense fluorescence of NADH compares to the rest of biofluorophores. The
influence of different cultivation media, glucose adding and oxygen reduction of cell samples on the
fluorescence spectra are shown. The experiments were made with the cell cultures of cell line CT26 and 3T3.
Measured data were treated by software GASpeD (Genetic Algorithm Spectra Decomposition).

Introduction

Materials

The incidence and mortality of patients with cancer
are constantly increasing both in the Czech
Republic and worldwide. Early diagnosis and
initiation of therapy are very important factors that
affect this statistic. In the treatment of benign
tumors, the functional status and vitality of the cells
are key parameters for determining the efficiency
of therapy. For the time being, cell vitality tests
have only been performed in vitro, but this only
allows a one-off measurement on a given sample.
However, some are toxic and therefore unusable in
medicine. Therefore, the aim of our project is to
find a way to distinguish tumors from healthy cells
in vivo using non-invasive fluorescence techniques
mainly using reduced nicotinamide adenine
dinucleotide (NADH) [1-4]. NADH is a coenzyme
and a principal electron donor within the cell for
both
oxidative
phosphorylation
(aerobic
respiration) and glycolysis (anaerobic respiration).
The author published two form of NADH – free
and bond [4].
The motivation for this work is to compare the
emission spectra of the tumor and healthy cells as
a possibility to find a method for detecting tumor
cells. This would allow in vivo to diagnose tumors
in time which is very important in therapy.
Diagnoses
using
autofluorescence
of
biofluorophores would be non-invasive and nontoxic [5]. The main problem with emission spectra
of cells is the recognition of each contribution if
different biofluorophores containing in cell as is
discussed by authors [1, 6].

Two cell line types were selected and used: the
BALB / 3T3 cell line and the CT26.WT cell line
from Sigma Aldrich.
The BALB / 3T3 cell line is fibroblasts
removed from the mouse embryos between the
14th and 17th days of gestation [7]. The second cell
line (CT26.WT) is fibroblasts getting from adult
colon carcinoma of the mouse [8].
Cultivation medium M.I - Dulbecco's
Modified Eagle's Medium media (DMEM - low
glucose with 1000 mg / L glucose and sodium
bicarbonate, with L-glutamine and without phenol
red, Sigma Aldrich, USA).
Cultivation medium M.II - Dulbecco's
Modified Eagle's Medium media (DMEM - low
glucose with 1000 mg / L glucose and sodium
bicarbonate, without L-glutamine and phenol red,
Sigma Aldrich, USA).
For cells cultivation, Fetal Bovin Serum (FBS)
from Gibco USA and Antibiotics Gentamycin from
Sandoz, Switzerland were added to cultivation
media.
The samples of cells were diluted in Phosphate
Buffered Saline (PBS) with pH 7 from Sigma
Aldrich.

Methods
Cell lines cultivation
Cells were cultured from frozen cells at -80 °C in
10% FBS and Antibiotics in a Petri dish
approximately 2 days in an incubator at 37 °C and
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5% carbon dioxide atmosphere. All processes were
performed under sterile conditions in a laminar
flow box BIOAIR aura vertical S.D.4.
Preparation of the cell suspension
The transfer of the cells from the Petri dish to the
suspension was made after controlling cultured
cells by microscopy. The cultivation medium was
removed from the Petri dish, and then the dish was
washed twice with PBS to remove the dead cells.
A solution of trypsin and ethylene
diaminetetraacetic acid (EDTA) was then added to
the dish, which was kept about 8 minutes in the
incubator. Subsequently, the dish was examined
under a microscope to see if the cells were released
from the bottom of the dish and float freely in
solution. Immediately, 10 ml of the culture medium
must be added to stop the protease activity.
The mixture was transferred to a cone tube,
then centrifuged for 5 minutes at an overload of
193 g. After centrifugation, the supernatant was
removed, and the cell pellet was resuspended in
1 ml of PBS solution.
Determination of cell concentration
The cell concentration in the sample was
determined using a Burker chamber.
10 μl of the suspension was pipetted onto the
side of the cover glass of the Burker chamber, and
the cells in the individual squares were counted
under the microscope.
The number of cells in the 1 mm3 (μl)
suspension is determined by [9]:
𝑏 = 𝑛 ∗ 𝑧/(𝑐 ∗ 𝑣 ∗ ℎ)

(1)

Where:
b ... number of cells in 1 mm3
n ... total number of count cells
c ... the number of squares in which it was
counted (most often 25 or 50)
v ... area of square used (small or large)
h ... the depth of the chamber
z …the number of dilutions of the
suspension
Fluorescence spectra measurement
Fluorescence spectra of samples, prepared as
described above, were measured on Fluoromax4
HJY [10] with a 2 mm slit for excitation and
emission light. The fluorescence spectral regions
were selected 290 nm – 600 nm, 360 nm – 600 nm,
and 380 nm – 600 nm for excitation wavelength
260 nm, 340 nm, and 365 nm respectively.

54

The measured spectra must be corrected for
accurate measurements by following ways:
1. The fluctuation correction of the light
source, the xenon lamp, the intensity of which is
measured by the reference detector. The signal
from the detector is therefore divided by this
reference signal. Thus the spectrum is treated by
the influence of the time instability of the
excitation source.
2. To modify data using correction files
supplied by the manufacturer to remove artifacts
embedded in the optical signal in the
monochromator.
3. The emission spectrum of pure puffer PBS
corrected by the way described above was
subtracted from measured fluorescence spectra of
samples to eliminate of Raman scattering of PBS.
The spectra were fitted by software GASpeD
[11], to look for differences between emission
spectra of CT26 and 3T3 cells samples. We used
four Gaussian curve which represents NADH (free
and bound) Flavin and proteins [1].
To eliminate the effect in intensity of different
cell concentrations, we used as well the normalized
fluorescence intensity IFN(λ) defined as
IFN(λ) = IF(λ)/IFM where IF(λ) is measured and
corrected fluorescence intensity as a function of
wavelength and IFM is maximum value of
fluorescence intensity in measured spectral range.

Results
The fluorescence spectra of samples CT26 and 3T3
were prepared and measured by the way described
above. 1st and the 2nd measurement took place on
March 3, and March 15, 2018, after 3 days of cell
line cultivation. The cell concentration of the
solution was adjusted to 5E4 cells/ml for both cell
types. Measurements of emission spectra were
performed immediately after the cell suspension
was obtained to keep the live cell concentration
unchanged. The entire experiment was done the
same for both cell lines and experiments. The
corrected measured spectra of CT26 and 3T3
samples for excitation wavelength 260 nm, 340
nm, and 365 nm, as was described above, are
shown in the top and middle graph, respectively, in
Figure 1.
Repeatability in the measurements of the
spectra was achieved only when the CT26 and 3T3
samples were excited at a wavelength of 340 nm.
At the excitation wavelength of 260 nm, a large
difference in fluorescence intensity was observed
between the two cell lines. After the spectra are
normalized, these spectra overlap. The difference
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Figure 2: Emission spectra CT26 and 3T3 at 365 nm.

Figure 1. Top: Emission spectra CT26 and 3T3 at 340 nm,
middle: Emission spectra CT26 and 3T3 at 365 nm, bottom:
Emission spectra of CT26 from the first and second
experiment.

in fluorescence intensity at excitation at
wavelength 365 nm is evident from the middle
graph in Figure 1.
From the bottom graph in Figure 1, we can see
a big fluorescence difference of CT26. After
normalization, the fluorescence curves do not
overlap. The explanation could be the influence in
different type of cultivation mediums M.I and M.II.
On the basis of the possible influence of
media, CT26 and 3T3 were cultivated in M.I. and
M.II. Identically as the two previous experiments.
By controlling the cultured cell culture under a
microscope, it was found that, in the M.I.
environment, cells of both types grew more than in
M.II. Therefore, a sample of both cell types with a

concentration of 5∙104 cells/ml was prepared for
M.I only and a concentration of 1.25∙104 cells/ml
for both media. The measurement results are
processed in the graphs shown in Figure 2 for
excitation wavelength of 365nm.
From the figure 2, we can observe differences
in fluorescence for both M.I and M.II. The big
difference is the fluorescence intensity of the first
peak (about 450 nm) is higher than the
fluorescence intensity at the second peak (about
530 nm) in M.I which is the opposite of the result
obtained from the M.II and the previous
experiments.
At excitation wavelengths of 260 nm and
340 nm, the differences are only in fluorescence
intensity. After normalization, emission spectra
were overlapped. Therefore, other experiments
were performed only for excitation wavelength
365 nm.
The results of all experiments are not giving
conclusive results that would clearly characterize
healthy and tumor cells. Therefore, the program for
the decomposition of spectra GASpeD was used to
compare the possible shift of the emission peaks
corresponding to the wavelength of 460 nm, which
is the NADH emission maximum. An example of
decomposition is shown in Figure 3.
The decomposition of spectrum using
GASpeD allowed identification of two major
emission peaks in the region of 460 nm and
525 nm, which correspond to the emission maxima
of NADH and flavin adenine dinucleotide (FAD),
which is consistent with the literature [5]. The
differences in CT26 and 3T3 were only in intensity.
For the 460nm peaks, no shifts were seen in both
M.I and M.II, a shift of 5 nm was observed for the
peaks in the 525 nm region of M.II.
Since CT26 and 3T3 measurements did not
show significant differences that would clearly
characterize a tumor or a healthy cell, the emission
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Figure 3: GASpeD decomposition of emission spectra CT26
and 3T3 for M.I. (top) and M.II. (bottom).

spectra were measured under changed metabolic
conditions at excitation wavelengths of only
365 nm. Samples of CT26 and 3T3 were prepared
by the same procedure as above. Emission spectra
were measured for the prepared samples and
changing the metabolic conditions: a) by adding
the same amount of glucose, b) by removing
oxygen - the sample was bubbled for 1 minute with
pure nitrogen. One measurement of the emission
spectrum in the range of 380 to 600 nm took
40 seconds. Measurements were performed on
each sample three times to confirm the
reproducibility of the measurements. The results
are shown in Figure 4.
The measurement results, shown in Figure 4,
show that other phenomena causing by quenching
of fluorescence did not appear.
As with the previous measurement of the
emission spectrum, it was decomposed by the
GASpeD software.
Unlike in the previous measurements, it was
observed the wavelength shift of those major peaks
at 460 nm and 525 nm by 15-20 nm (see Figure 5).
The metabolism of the cells was now changed
by adding 100 μl of a 100 mg/l glucose solution to
the sample in the cuvette. The spectra were

56

Figure 4: Three measurements of emission spectra of CT26
(top) and 3T3 (bottom).

measured by the identical procedure at the given
time intervals shown in the graphs.
The results are shown in Figure 6. There is a
marked increase in the intensity of fluorescence in
the 460 nm region of both CT26 and 3T3 and in the
520 nm region of CT26 after adding glucose. For
CT26, this increase is higher than for 3T3, which is
consistent with the assumption that increased
NADH formation occurs in glycolysis. The higher
difference in fluorescence intensity in CT 26 than
in 3T3 may be related to the difference in tumor
and healthy cell metabolism (tumor cells have a
faster metabolism and divide much faster).
Another change of the cell metabolism was the
removal of oxygen from the sample by bubbling
with nitrogen.
A significant effect of oxygen removal was
observed only on the 3T3 sample in M.I. In other
cases, the oxygen removal effect did not occur. In
the anaerobic environment, the NADH saturation
of the cells occurs according to the respiration
chain as it cannot oxidize to NAD+ which does not
show fluorescence. One possible explanation for
the other samples is that nitrogen bubbling was not
enough (duration time of 1min. was too short).
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Conclusion

Figure 5: GASpeD decomposition of emission spectra CT26
and 3T3 for M.I. (top) and M.II. (bottom).
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The work was aimed at comparing the fluorescence
spectra of healthy and tumor cell cultures at
excitation wavelengths of 260 nm, 340 nm, and
365 nm. The measurement was progressively
performed on different re-cultured cell cultures of
healthy and tumor cells at the same procedures.
Differences in emission spectra were observed in
some cases, but not always. Even with the same
cultivation, sample preparation and measurement
procedures, the differences in 3T3 and CT26
spectra were always only in fluorescence intensity
and peak emission ratio for wavelengths around
460nm and 520nm. Using the GASpeD program to
decompose spectra, some peak shifts at
wavelengths of up to more than ten nanometres
were found for the last experiment, but not for each
spectrum recorded during previous experiments.
We have shown how much the culture media type
has a big influence on cell growth and the
amplitude of fluorescence intensity. When the
same type of cells (genotype) have grown in
different environments, their phenotypes may
differ in their metabolism. This was demonstrated
by comparing their emission spectra. Tumor cells
have a faster metabolism. Therefore, more NADH
has been generated after adding the same amount
of glucose, and the change of fluorescence
intensity around the wavelength of 460 nm is more
significant than in the case of a healthy cell.
Unfortunately, in the anaerobic environment, the
results of the experiment failed to be verified with
100% validity. One possible reason is the duration
of the process of removing oxygen from the cell
suspension. The 1 minute bubbling of the sample
with nitrogen was most likely too short.

3T3

Acknowledgements: Author would like to thank to his
supervisor, Marie Pospíšilová, Pavel Kučera and Jana Turňová
for their support.

3000

CT26+glucose
2000

CT26
1000
0
400

450

500

550

600

Wavelength (nm)

References
[1]

Croce, A. & Bottiroli, G. Autofluorescence spectroscopy
and imaging: a tool for biomedical research and
diagnosis. European Journal of Histochemistry 58,
(2014).

[2]

Podrazky, O. Monitoring of Environmental Influence on
Model Microorganism Cultures by Optical Methods.
Dissertation thesis, University of Chemistry and
Technology, Prague, (2002).

[3]
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Abstract: High-Pressure High-Temperature nanodiamonds are considered to be highly biocompatible due to
their low acute toxicity, which makes them suitable for biomedical applications. However, next to interaction
with the cell membrane, nanoscale allows particles to penetrate the plasma membrane and even accumulate in
the cell cytoplasm. Recently it brought up questions regarding sustainable nanoparticle application in vivo and
potential toxicity hazards. The neuronal tissue consists of neurons and glial cells, and it is separated by a bloodbrain barrier from the peripheral blood system. Neurons are nerve cells forming a complex network of synapses
that carry signals in the brain. The neurons are nourished and protected by glial cells. This project aims to find
out whether nanodiamonds pass the blood-brain barrier when applied intravenously as a drug carrier and
whether they directly interact with the neuronal tissue.

Introduction

Methods

In biological materials, systems, and medicine,
fluorescence nanodiamonds (ND) are very good
material for cell imaging. Nanodiamonds are
characterized by their crystalline structure and
biocompatibility. Their advantage is the small size
of 50 nm and the presence of luminescent centers
(N-V centers). The nanodiamond with N-V center
possesses photostable luminescence and represents
an alternative to fluorescent labels. [1]
The ND photoluminescence can be detected
from individual N-V centers in the red spectral
region (emission 630 – 730 nm). In the fluorescent
spectrum of ND, there are two characteristic lines
– so-called zero photon lines, ZPL, at 576 (N-V0)
and 638 nm (N-V-). One of the important properties
of luminescence from N-V centers, their
photostability enables the monitoring of ND
particles by fluorescence confocal microscopy. [2]
Nerve tissue is one of the most important
tissues in the mammalian organism. It contains two
different types of cells – neurons and neuroglia.
Glial cells provide nutrition for neuronal cells,
participate in homeostasis, and create a barrier to
the entry of unwanted substances from the
bloodstream in the central nervous system. Glial
cells also have the role of immune cells. [5] If we
use nanodiamond as a carrier in treating the
disease, it is very important that it does not exceed
the blood-brain barrier. If this barrier has been
exceeded, it is necessary to keep track of the events
in the brain.

Nanodiamond Characteristics
We use 35-50 nm HPHT nanodiamonds. These
nanodiamonds possess oxidized surface and
negative zeta potential (about -35mV). In order to
use them as a drug carrier, their surface is coated
with a polymer and nucleic acids.
Cell cultures and nanodiamond treatment
3T3 mouse fibroblast used for methods
optimization were maintained in medium DMEM
Sigma with 10% FBS and 1% Gentamicin
antibiotic. After seeding, the 3T3 mouse fibroblasts
were incubated at 37 °C and 5% CO2. Twenty-four
hours after seeding, the cells were stimulated with
25 μg of nanodiamonds per 1 ml media for
24 hours.
Primary neurons were isolated from newborn
mouse C57BL/6 and regenerated in neurobasal
media with a B27 supplement or in DMEM/F12
media with 10% of FBS for three weeks (37 °C, 5%
CO2). The regeneration of neurites has been
checked continuously by light microscopy
(Meopta).
Cell staining and confocal microscopy
At the end of incubation period, the cells were
washed by PBS, fixed by 4% paraformaldehyde,
permeabilized by 0.1% Triton X-100, stained for
specific markers, and visualized by confocal
microscopy. 3T3 fibroblasts were checked for
nanodiamond presence, F-actin, and nuclei
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Figure 1: A) representation of the atomic structure of
nanodiamond with N-V center [3] and B) emission spectrum
of fluorescent nanodiamond. [4]

Figure 3: Staining of neurons and glial cells. A bright field
microscopy image of the mixed culture (A), Beta – III-Tubulin
(green) and nuclei (B), F-actin (red) and nuclei (C). The green
color is specific for primary neurons. The Blue color is
specific for nuclei of all the cells. The red color is specific for
cytoskeleton, here in glial cells.

Figure 2: Regeneration of postnatal neurons after nine and
seventeen days in the culture medium, zoomed 20x.

staining. The primary neurons were checked for
staining of F-actin, Beta-III-Tubulin, and nuclei.
Confocal microscopy was used for
visualization of non-stimulated and stimulated
cells to evaluate their characteristics. When viewed
in a confocal microscope, the sample is illuminated
by a spot light source, most commonly a laser
beam. The light that is reflected by the sample
passes back through the lens. Opposite to an optical
microscope, the confocal microscope has a higher
resolution. [6]
The F-actin fibers were stained with Phalloidin
conjugate, which has an orange color and
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excitation of the 559 nm laser. For staining of the
cell nuclei, we used the blue color of Hoechst,
whose laser excitation is 405 nm.
In order to detect Beta-III-Tubulin we
performed blocking of permeabilized cells in 5%
bovine serum albumin, incubation with primary
antibody specific to mouse Beta-III-Tubulin
(derived from goat), and finally incubation with
secondary anti-goat antibody conjugated with
Alexa-Fluor 488. Here, Alexa-Fluor 488 is excited
by wavelength 470 nm and its emission is detected
at 525 nm. We use an Olympus FV 1000 and a
Fluoview 2.0 software with 40x zoom to create
images.

Results
Nanodiamond uptake
Here we used a medium that suppresses glial cell
growth and stimulates neuronal regeneration
(neurobasal media with B27 supplement). Images
are from an inverse microscope. We can see the
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bodies and neurites of individual neurons and
clusters of neurons.
Neuronal tissue staining
In the figure 3A and B, we can see staining of
neurons and glial cells in order to differentiate
individual cells in mixed culture (neurobasal media
with B27 supplement). The green color is Beta
III-Tubulin, which is a specific marker of primary
neurons. Blue is Hoechst, which marks the nuclei
of all the cells. In the figure 3C, we can see staining
of glial cells growing in DMEM/F12 media with
10% of sera that does not support the neuronal cells
adhesion. Thus this culture contains only glial
cells. Red is F-actin, which shows cytoskeleton of
glial cells. Blue is Hoechst, which stains nuclei.

Conclusion
Nanodiamonds belong to a large group of carbon
nanomaterials, such as graphene or diamond thin
films [1]. Fluorescent nanodiamonds are an
interesting alternative to fluorescent labels and
drug carriers. However, we need to evaluate the
interaction of nanodiamond particles with different
biological systems including brain cells.
In this work, We have optimized staining of
specific cell markers and visualization of

nanodiamond particles under a confocal
microscope. We have also optimized the detection
of cytokines production that may be one of the cell
responses to nanodiamonds.
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Abstract: Obesity and its associated metabolic disorders are characterized by specific changes in the structure
and function of an intestinal microbe which is actively involved in many of the host’s physiological processes.
A change in the intestinal microbial composition along with its genetic predispositions can contribute to
metabolic disorders in the host. The next generation sequencing method on the Ion Torrent platform was used
for bacterial diversity analyses, to compare the digestive tract microbes of obese and control mouse models
(C57BL / 6N males) under various nutritional conditions. Differences in the diversity of caecum and colon
microbiota were analyzed, depending on the type of diet, and phenotypic differences of mouse models were
also observed. The high-fat diet compared to the standard diet for the microbiomes of both tracts increased the
Firmicutes to Bacteroidetes ratio, food supplements (omega-3 acids) had tendencies to shift the microbial
composition back towards to the STD diet, more significant changes were observed in the caecum. There were
differences in the representation of the Clostridiales and Bacteroides bacteria, for example, the family S24-7,
Lachnospiracae or Prevotellaceae.

Introduction
The gut microflora includes all the microorganisms
living there. Microbiota plays a very important
physiological role in biological processes such as
digestion, vitamin synthesis, metabolism of
xenobiotics, sugars and amino acids, and others. It
further prevents the colonization of pathogens and
helps in the development of the immune system.
Most microbial research is currently focused on the
intestinal microflora, where most bacteria are
present. The data are retrieved from the stool due
to its easy accessibility. Intestinal microbial
analyses demonstrate the relationship between diet,
intestinal microflora and several metabolic
diseases, such as obesity. Although the precise
mechanism of the interconnection of intestinal
microflora to obesity is not yet known, it has been
found that intestinal microbiota can increase
energy production from food, help reduce
inflammations in the digestive tract, and regulate
the composition of fatty acids. The intestinal
microbiome is 99% bacteria but includes fungi,
protozoa and archaea. Although the microbial
composition is individual, 90% of the bacterial
population belong to the two main strains, grampositive
Firmicutes
and
gram-negative
Bacteroidetes. Other important strains are gramnegative
Proteobacteria
or
gram-positive
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Actinobacteria. The main factor affecting the
diversity of the microflora is the diet. A 20%
increase in Firmicutes and a corresponding
decrease in Bacteroidetes are associated with an
increase in energy intake, which causes obesity
[1-7].
Obesity is a multifactorial condition resulting
from the interaction of genotype with
environmental conditions and carries serious health
consequences. One of the factors contributing to
the development of obesity is, in addition to
genetic, environmental and immune-related
factors, the intestinal microbiome. In obesity, the
intestinal microflora is changed. Obese individuals
have less taxonomic units than those with normal
weight. Intestinal microbes can influence both
energy intake from food components and how
energy is stored and processed [5, 8, 9].
Obesity is probably related to an increase in
the frequency of Firmicutes bacteria, a reduced
occurrence of Bacteroidetes. These disproportions
are associated with increased permeability of the
intestinal wall due to the changes in the microflora
composition, allowing for the introduction of more
lipopolysaccharides. This leads to the activation of
inflammatory processes and reduced tissue
responsiveness to insulin, which is the cause of
many complex diseases [5, 8, 10, 11].
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Materials and methods
Mice
C57BL / 6N (B6) mice were used for the
experiment, performed in the Laboratory of
Adipose Tissue Biology at the Institute of
Physiology of the CAS. Black-colored males at
10 weeks of age were purchased from Charles
River Laboratories (Sulzfeld, Germany) and
maintained for 2 weeks in a 12-h light/dark cycle
(light from 6:00 a.m.) at 22°C. The animals had
constant access to water and low-fat chow. At
twelve weeks of age, mice were converted to
experimental diets, including metabolic in vivo
tests. The body weight of the mice was monitored
during the tests. Fresh food was provided every two
days. At the end of the experiment, after

8 weeks of experimental diet administration,
the mice were sacrificed by cervical
dislocation under diethyl ether anaesthesia.
The mice and selected tissues were weighed,
the tissues subsequently frozen in liquid
nitrogen and stored at -70 °C for further
analysis. All animal experiments were
approved by the Ethics Committee of the
Institute of Physiology of the Academy of
Sciences (Approval number 127/2013).
Experimental diets
The diets were administered to the mice at the
Laboratory of Adipose Tissue Biology at the
Institute of Physiology of the CAS. Samples were
analysed at the Institute of Animal Physiology and
Genetics of the CAS in the Laboratory of
Anaerobic Microbiology.
Lean control animals were maintained on a
low-fat standard diet based primarily on
carbohydrates, protein, and fibre. Obesogenic diets
were used for the induction of obesity and some
symptoms of metabolic syndrome . Six different
diets were used in the experiment: the
aforementioned standard low-fat diet (STD), the
high-fat cHFc diet, and the high-fat diet with
supplements: cHFc-F, Krill-H, Krill-L, and Cal-L.
Food supplements, omega-3 fatty acids (EPA and
DHA derived from marine animals) reduce the risk
of cardiovascular disease and can improve
pathological conditions associated with obesity.
cHFc diet
A high-fat diet with a 33% lipid content, the major
lipid component is corn oil rich in omega-6
unsaturated fatty acids.

cHFc-F diet
In the cHFc diet, 15% of the lipids were replaced
with sea-fish omega-3 fatty acids, Epax® 1050 TG
(EPAX AS, Norway). It is a highly concentrated
triglyceride oil obtained from seafood containing
approximately 60 % EPA (eicosapentaenoic acid)
+ DHA (docosahexaenoic acid).
Krill-H diet
The cHFc diet supplemented with a higher dose of
krill oil (Rimfrost USA, Avoca Farm Road, Merry
Hill, NC), which corresponds to EPA + DHA in the
diet cHFc-F. Krill is rich in both EPA and DHA in
phospholipid fatty acids.
Krill-L diet
The cHFc diet supplemented with a lower dose of
Krill oil equal to Epax® 1050 TG, where EPA +
DHA corresponds to 1/3 of the cHFc-F diet.
Cal-L diet
The cHFc diet supplemented with a low dose of
Calanus (Calanus AS, Stakkevollvegen 65, N9010, Tromso, Norway) corresponding to the
amount of Epax® 1050 TG from the cHFc-F diet.
The oil is extracted from the zooplankton Calanus
finmarchicus.
Upper caecum and colon contents were taken
from all mice.
DNA isolation and amplification
Microbial DNA was isolated using a commercial
QIAamp® PowerFecal® DNA Kit. The procedure
followed precisely according to the manufacturer's
enclosed manual, dated August 2016.
Determination of microbial diversity by NGS
Next-generation sequencing provides fast and
accurate information about the metagenome of
bacteria. Several commercial platforms are
currently available. In this work, the Nextgeneration sequencing by Ion TorrentTM
Platforms from Thermofisher Scientific was used.
The 16S rRNA gene was amplified according
to Fliegerova et al. 2014 [12]. The NEBNext® Fast
DNA Library Prep Set for Ion Torrent (BioLabs
Inc.) and the KAPA Library Quantification Kit for
TorrentTM Platforms were used to prepare and
quantify sequencing libraries. The template was
prepared using an Ion PGM™ Hi-Q™ View OT2
Kit in the Ion OneTouch™ 2 System
(Thermofisher Scientific). The commercially
available Ion PGM Hi-Q View Sequencing Kit and
the Ion 316 Chip Kit v2 BC were used for
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Figure 1: Caecum, a graph showing microbial diversity at
phylum level.

Average body weight of mice
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Figure 2: A graph showing the average body weight of mice
at the end of the experiment.

sequencing. Data analysis was performed in
QIIME software.

Results
Body weight of mice
These data were obtained from the Laboratory of
Adipose Tissue Biology at the Institute of
Physiology of the CAS, where the experiment was
performed.
Figure 1 is a graph showing the average body
weights for all groups of experimental diet mice;
weights were found after 8 weeks of experimental
diet (at the end of the experiment).
The best results (the lowest weight gain) were
achieved by administering higher doses of omega3 acids in the phospholipid form. Mice with the
Krill-H diet had the second lowest average weight
(34.8 g).
Caecum
The following chart (Figure 2) shows the
percentages of the individual strains of bacteria.
Figure 3 shows the division into families or orders
of caecum bacteria. Samples were divided
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Figure 3: Caecum, a graph showing microbial diversity at the
family level at caeca.

according to the diet described above. The ratio of
Firmicutes and Bacteroidetes (Figure 2) varies
depending on the diet, as well as the representation
of individual bacteria families (Figure 3).
Changing the diet from a standard low-fat to a
high-fat cHFc diet resulted in a change in the
composition of the major bacterial strains,
Firmicutes and Bacteroidetes (Figure 2). Obesity is
associated with an increase in the level of phylum
Firmicutes and a corresponding decrease in
phylum Bacteroidetes [5, 11]. Food supplements in
the form of omega 3-acids affected the
representation of the two basic strains. All caused
an increase in the relative counts of Bacteroidetes
bacteria, thus bringing microbes closer to the
microbe composition of standard mice. The
standard microbe composition most resembled that
of the Krill-L diet. However, the change in
microbiome toward lean mice did not correspond
to phenotypic changes, since mice with this diet
weighed an average of 43.6 g, which is almost
comparable to the weight of obese mice with a
high-fat diet without supplements. The highest
increase in Bacteroidetes at the expense of
Firmicutes was observed in obesogenic diets with
the addition of a high dose of krill oil (Krill-H),
where the relative frequency of the Bacteroidetes
strain exceeded those with the STD diet. This
change in the microbiome correlated with a
phenotypic change in which the mice reached the
lowest weights within the obese diet group
(average 34.8 g).
The bacterial composition at the family-level
in the caecum is shown in Figure 3. The most
striking change between the microbial composition
of mice with the STD and cHFc diet is evident in
the Clostridiales (Firmicutes, deep brown).
Unfortunately, it was not possible to further
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Figure 5: Caecum: representation of bacterial diversity.
Figure 4: Unweighted PCoA caecum.

classify the bacteria. The reason for this may be a
sequence error or an unclassified type of bacteria.
The high-fat diet causes a dramatic increase in the
Clostridiales community (from 34.7% (STD) to
59.2% (cHFc)) at the expense of the
Lachnospiraceae family (Firmicutes strain), with
only 6.6% of the cHFc levels of Clostridiales
Clostridiales, with further changes observed in
S24-7 (Bacteroidetes), which are among the noncultivated families representing the essential
component of microbial community mice. In
Figure 4, an unweighted PCoA analysis can be
seen, that shows the relationships between
microbiomes based on beta diversity. The samples
were color-coded according to the type of diet.
Yellow points represent mouse models with a
standard low-fat diet; it is possible to observe their
clustering and separation from other samples.
PCoA analysis for the caecum (Figure 4.17)
shows that the composition of the caecum
microbiome is more influenced by diet than food
supplements, the microbiome of animals on the
standard diet (yellow points) differed significantly
from other microbiomes on the high-fat diet.
Furthermore, no other another significant cluster
was observed.
Figure 5 shows boxplots defining the bacterial
diversity for caeca samples (the number of detected
OTUs). The graph is again divided by diet.
The highest diversity was observed in the
microbiome of standard mice, but also in the Cal-L
and Krill-H diet groups, suggesting that Calanus oil
supplements and a high dose of krill oil positively
affect the diversity and composition of species
within the microbiome. For other supplements, the
range of diversity is lower. A higher number of
OTUs is considered a positive sign. However the
scattering in the animals was so great that no
statistically significant dependence was shown.

Colon
The following chart (Figure 6) shows the
percentages of the individual phyla of bacteria.
Figure 7 indicates division into families or orders.
The samples were also divided according to the
diet. The ratio of Firmicutes and Bacteroidetes
(Figure 6), as with the caecum, varies depending on
the diet, as well as the representation of individual
bacteria families (Figure 7).
For colon microbes, smaller differences were
observed between individual diets in the ratio of
Firmicutes and Bacteroidetes (Figure 6). In mice
with a standard low-fat diet, the relative frequency
of the predominant Bacteroidetes strain was 62.5%
and the Firmicutes strain 32.3%. The high-fat diet
in the colon also caused an increase in Firmicutes
bacteria, but there was no apparent effect of dietary
supplements such as in the caecum.
In a more detailed view of the bacterial family
of the colon microbiome (Figure 4.20), a change in
the representation of the non-cultivated family
S24-7. Due to the high-fat diet can be seen, with
reduced numbers of members of this family.
Figure 8 shows the unweighted PCoA analysis
showing the relationships between microbiomes
based on beta diversity. Samples were also colorcoded by type of diet. Yellow points represent
mouse models with a standard low-fat diet, as with
caeca, it is possible to observe their clustering and
separation from other samples.
Even in the colon, the PCoA analysis of
microbiome composition is more influenced by
diet than food supplements, but larger differences
between microbiomes can be observed.
Figure 9 shows boxplots determining bacterial
diversity for colon samples (number of detected
OTUs). The graph is again divided by diet.
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Figure 8: Unweighted PCoA colon.
Figure 6: A bar chart representing the microbial diversity on
the colon phylum level. Each bar represents the samples from
one diet.

Figure 9: Colon: representation of bacterial diversity.

Figure 7: A bar chart representing the microbial diversity on
the colon family level. Each bar represents the samples from
one diet.

A colon microbial plot showing the total
diversity of the bacterial population (the number of
detected OTUs) indicates that the microbiome of
mice with a standard diet exhibited a large range of
species, whereas the amount of bacterial diversity
decreased with the high-fat diet.

that food supplements affect the microbiomes as
well as the body weight of mice, and obesity
parameters were improved. The diet affected both
microbial composition (the ratio of bacterial strain
Firmicutes and Bacteroidetes), and dietary
supplements administered along with the obese
diet significantly changed the microbiome to more
closely resemble that of mice with the standard
body weight. Changes in the microbiome
associated with weight chages were detected,
however, it is difficult to say which of the food
supplements used was most beneficial.
Acknowledgements: This work is supported by grant:
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Research
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Conclusion
Molecular biological methods, such as DNA
isolation, amplification of selected genes by PCR,
qPCR and NGS, have been used to analyze and
compare the intestinal microbiomes of mice with
several types of diet - low-fat, high-fat and high-fat
diet with food supplements in the form of
phospholipids and triglycerides. It has been found
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Abstract: Photoablation occurs in laser-irradiated tissue when the laser parameters are adjusted appropriately.
This effectively removes the target tissue directly by breaking the molecular bonds and expunging the
decomposed fragments. Excimer lasers in pulse mode emit photons carrying enough energy to break the bonds.
To analyze the profile of ablation craters and their depth, a new method using CT imaging was developed and
verified. Values of depth determined through this method were compared with values obtained by other
methods. The aim of our experiments was to determine the ablation depth – the thickness of the layer removed
with a single laser pulse in photoablation for different types of tissue. It was determined by dividing the ablation
crater depth values obtained through CT imaging by the number of applied laser pulses. Experimentally
obtained values of all measured variables are in accordance with values obtained in previous experiments, and
with values available in current publications.

Introduction
The type of laser beam’s interaction with tissue
depends on the parameters of the laser
(wavelength, energy density, pulse duration) as
well as on the tissue’s parameters.
From a biomedical point of view, the most
interesting ones are the photoablative interactions,
which effectively remove tissue via decomposition
without excessive heat damage to the remaining
tissue. To create an ablation crater, the tissue must
be exposed to a laser with a power density from 107
to 1010 W·cm-2 for 10 to 100 ns. The decomposition
occurs through the direct breaking of molecular
bonds followed by swift dissipation of decomposed
particles into surrounding space. The breaking of
the bonds requires dissociation energy provided by
the photons of the laser. Because the dissociation
energy of organic molecules starts at 2.7 eV (C-S
bond), equivalent to 459 nm laser, and goes up to
7.1 eV for C=O bonds, which is equivalent to
175 nm, it is beneficial to use a UV laser, the most
common lasers used for photoablation are excimer
lasers. [1]
The thickness of the material extracted by a
single pulse is called the ablation depth.
Knowledge of the depth is key to plan out concrete
medical procedures; it enables to precisely
ascertain the number of pulses required. Ablation
threshold is the lowest energy density, at which
ablation occurs. It can be calculated from the
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knowledge of dependence between ablation depth
and energy density [2].
The most common techniques used in ablation
depth measurements are optical coherent
tomography, confocal microscopy or optical
profilometry [3]. As an alternative to these, we
have developed a new method of measuring the
ablation depth using CT images of the ablation
craters, the results of which we compared to results
available in the literature [4, 5] and values obtained
by other methods.

Experiments
Ablation craters were created using excimer KrF
laser COMPEX F 205 Pro, Lambda Physik, which
generates radiation at 248 nm wavelength.
Maximum pulse energy is 700 mJ, pulse duration
of 25 ns and maximum repetition rate 50 Hz. In our
experiments we used energy densities ranging from
760 to 2170 mJ·cm-2, a varying number of pulses
(50 – 500) and repeating frequencies 5 – 50 Hz.
The experimental device is shown in Fig. 1.
Tissue samples
Tissues of a domestic pig (lat. Susscrofa f.
domestica) were used in the experiment due to
similarity to human tissues. Namely: white adipose
tissue, skeletal striated muscle tissue, liver, bones
(ribs) and heart striated muscle tissue. The samples
came from recently butchered animals and were
cooled and stored at a temperature of 4 °C to
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Figure 1. Experimental setup for exposing samples to the laser
and making photoablative craters in the tissue.

Figure 2. Ablation craters in porcine heart striated muscle
tissue (energy density 760 – 2170 mJ·cm-2, 400 – 2000
pulses).

prevent tissue damage and any change in their
parameters. Samples treated with the laser and later
used in measuring of ablation depths were
preserved at -18 °C. Freezing of the tissue has no
effect on the ablation craters and thus does not alter
the results.
CT imaging of craters
To obtain images of the crater’s profile in the tissue
samples a PHYWE XR 4.0 RTG unit was used, it
is primary implementation being basic RTG
applications. Four different X-ray tubes (Cu, Mo,
Fe, W) can be used as a source of X-rays. Lead
supports and acrylate tables are used as a shield
against X-rays. The maximum acceleration voltage
of the X-ray tube can be set up to 35 kV and the
maximum anode current up to 1 mA.
The CT images should be further processed.
The ImageJ software had been developed to
process such images in medical and biomedical
fields, and it has been used to successfully evaluate
our images of the ablation craters. Using the
ImageJ software the images were edited so that
every single detail of the structure could be
precisely discerned; this had been achieved
through outlining the craters’ edges in the image.
The exact depth of the crater was determined using
an etalon of known length (Fig. 3).

Figure 3. CT image of ablative craters in porcine skeletal
striated muscle, 769 mJ·cm-2, 5 Hz, number of pulses from left
2000, 1800, 1600.

Ablation depth values determined through CT
images were compared to those obtained through
other methods. The first method which uses an
optical microscope is based on focusing the
microscope at the bottom of the crater and then at
the edge of the crater. The objective and the
eyepiece remain static throughout the focusing
which is done by moving the stage upon which the
sample is placed. This method works with the fact
that the distance the stage moves during the
focusing is equal to the actual distance between the
two structures. The Olympus BX51 microscope
that had been used for this is equipped with a fine
focus knob which, when turned all the way around,
moves the stage 100 μm vertically.
A very simple non-destructive method to
determine the craters’ depth is the casting method;
the crater is filled with melted wax. Since the tissue
is moist, the wax cast can be easily removed from
the crater without damaging it and then determine
its proportions. This method is also appropriate for
describing the crater surface structure, upon which
any changes caused by the laser-tissue interaction
are apparent, and for establishing its shape as well.
The advantage of both last methods is their
non-destructiveness and quick results, but the
probability of a gross error using the focusing
method is higher because the focusing is done
manually. The casting method is less accurate, but
it is sufficient for reference measurements and
validation of ablation depth values obtained
through the CT imaging method.

Results
Ablation depth can be calculated from the known
depth of crater measured from CT images and the
number of applied pulses by dividing. Since it is
possible to determine the ablation threshold – the
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Figure 4. Graph for liver tissue: Dependence of the ablation
depth on energy density. Ablation threshold is 136 mJ·cm-2.

lowest energy density, at which ablation occurs –
using the relation of ablation depth to laser energy
density. The ablation depth depends on the density
of the energy directly proportional, as can be seen
from the graph (fig. 4). The intersection with the
horizontal axis corresponds to the value of the
ablation threshold. We measured ablation depths at
different energy density values and determined the
ablation threshold for five different types of tissue.
The results are in Table 1.
Table 1: Ablation thresholds

Type of tissue
Heart striated
muscle tissue
White adipose
tissue
Liver
Skeletal striated
muscle
Bone (ribs)

Ablation threshold
[mJ·cm-2]
151 ± 11
185 ± 19

similarity to the published values and values
obtained experimentally through other methods it
is apparent that the CT imaging method is correct.
Ablation depths of adipose tissue vary greatly,
which is likely caused by the tissue melting and
then solidifying at the bottom of the crater, which
may significantly affect the final depth of the
crater.
The CT imaging method’s advantage is that it
shows the entire profile of the crater (Fig. 3), which
minimizes the chance of a gross error (such as not
measuring from the deepest point of the crater)
when determining the ablation depth from the final
image. On the other hand, a disadvantage of this
method lies in possible damage to the sample after
applying the contrast agent. Diffusion of said agent
into the tissue can also reflect negatively on the
results. This issue had to be addressed in skeletal
striated muscle tissue samples; application of
hydrophobic gel diminishes it.
The accuracy of the ablation threshold
depends on the accuracy of the ablation depth
measurement, our method using CT imaging is
very accurate and allows the determination of the
ablation threshold with a 12% deviation.
From the measured depth ablation values and
its dependence on energy density, ablation
thresholds for different types of tissue were
successfully calculated. These values are in very
good agreement with past experiments and
published values.

136 ± 10
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119 ± 12
131 ± 12

Publications before 2000 mostly provide
approximate values for ablation threshold, less than
5 J·cm2 [1] or 1 J·cm2 [6-7]. New studies give more
precise results, 0.1 – 0.2 J·cm2 for dielectrics in [8]
or 0.1 J·cm2 for dentin in [9]. Our values are in
good agreement with these published values.
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Abstract: Leishmaniasis is a disease caused by the protozoan parasite genus Leishmania. The disease is a
current health problem in 98 countries worldwide. There is increasing knowledge about Leishmaniasis
manifestation and its immunological background, but limited information about the microbiota dysbiosis
caused by the disease. Gastrointestinal tract microbiota plays a role in the development of the immune system.
The study was aimed to better understand the complex pathogenesis of Leishmania infection by examining the
influence of Leishmania major on the gut microbiome of the mammalian host. The microbiome diversities
were estimated by the PCR-DGGE method, selected bands were identified by Sanger sequencing, which led
to dendrogram creation and cluster analysis. In the study, a weight loss and lesions appeared in susceptible
mice. There were bands identified as Lactobacillus taiwanensis in colon samples. No significant linkage
between strains was observed.

Introduction
Leishmaniasis is a disease caused by protozoan
parasites, and it is a neglected global problem.
Leishmaniasis is expanding because of risk factors
such as climate changes, population movements,
long-distance tourism and trade [1, 2].
Leishmaniasis causes asymptomatic infection
and three main clinical syndromes. The cutaneous
form of the disease, the mucocutaneous form and
the metastatic spread of infection to the spleen and
liver, which leads to visceral leishmaniasis (also
known as kala-azar) [1, 2].
The infection of the parasite has a negative
effect on the health of the host. The Leishmania
parasite causes changes in metabolic and
immunological responses. Healthy intestinal
microflora is largely responsible for the health of
the host. The intestinal microbiota interacts not
only with each other but also interacts with the
host, especially with its immune system. They also
affect a number of physiological processes. [3]
Intestinal microbiota identification changed
after the development of sequencing technologies.
A detailed description of the microbiome
composition is now provided. Comparisons
between the colonization of the healthy and
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pathological gastrointestinal tract led to
considering the therapeutic modification of the
microflora, whether by probiotics, symbiotics,
targeted antibiotics or intestinal microflora
transplantation. [4]
The study was aimed to determine changes in
gastrointestinal flora after Leishmania major
infection in susceptible, partly susceptible and
resistant mice.

Material and Methods
A mouse model was used to determine the
composition of gastrointestinal flora after parasitic
infection. The bacterial diversity was assessed by
molecular genetics methods.
Mice
58 female mice from three strains were tested,
18 individuals from the parental strains BALB/c
and STS, and 22 individuals of recombinant
congenic strain CcS-20. Half of the number from
each strain were infected with Leishmania major.
The other half were kept as controls. After eight
weeks, the mice were killed by cervical dislocation.
From each mouse, a sample of the colon and small
intestine were obtained for analysis. Additional
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Figure 2: PCR-DGGE core construction and tank.

Figure 1: PCR-DGGE apparatus.

parameters such as weight change, hepatomegaly,
splenomegaly, and lesion size were also observed
to evaluate the manifestation of Leishmaniasis.
The manifestation of Leishmania major
infection after eight weeks caused weight loss in
susceptible mice strains BALB/c and CcS-20.
However resistant STS mice put on weight. Also,
lesions were developed in susceptible mice. (Table
1, 2).

electrophoresis of 16S rDNA amplicons was used
(PCR-DGGE). The DNA was used to prepare PCR
amplicons according to Muyzer et al. (1993) [5].
The DCode™ Universal Mutation Detection
System (BioRad) was used for the electrophoresis.
The acrylamide gel with denaturating gradient was
prepared from reagents mentioned in table 3. Two
separated solutions were prepared: one with 35%
and another with 60% denaturating concentration,
according to table 3.

Table 1: Weight change after infection.

Table 3: Reagents for 1 PCR-DGGE gel.

strain
BALB/C
BALB/C
CcS-20
CcS-20
STS
STS

condition
inf
non-inf
inf
non-inf
inf
non-inf

weight
change (g)
-1,09 ± 0,96
2,3 ± 1,49
-0,62 ± 1,34
1,76 ± 1,13
2,03 ± 0,53
1,97 ± 0,47

weight
change (%)
-4,7
10,1
-2,6
7,4
11,4
11,1

Table 2: Lesion sizes.

strain
BALB/C
BALB/C
CcS-20
CcS-20
STS
STS

condition
inf
non-inf
inf
non-inf
inf
non-inf

lesion size (mm2)
79,15 ± 34,48
0
20,16 ± 34,35
0
5 ± 14,14
0

DNA extraction
DNA extraction is the purification of DNA from
biological samples. Several methods are used in
molecular biology to isolate DNA from samples.
The QIAamp PowerFecal DNA Kit (Qiagen) was
used in this study. For better cell disruption, a
horizontal vortex MP-FastPrep-24 was used.

40% Acrylamide (ml)
50% TAE buffer (ml)
Formamide (ml)
Urea (g)
dH2O (ml)
10% APP (μl)
TEMED (μl)

35 % gel
5,56
0,5
3,5
3,675

60 % gel
5,56
0,5
6
6,3

Fill to volume 25
200
200
20
20

These two solutions were continually mixed
using a system of connected vessels and pumped to
the apparatus (Figure 1) to create the gradient
gel.The glass with the prepared gel was fixed into
a core and submerged into a tank (Figure 2) with
0.5x TAE buffer.The samples were then loaded,
and the electrophoresis was run at 60 °C and 60 V
for 18 hours.
After the reaction, the gel was stained with
SYBR green for 30 minutes. The gel was then
visualized in a GelDoc+ system.
Bands of interest were cut from the gel and
sequenced at seqme.eu company. This led to the
identification of bacterial DNA sequences in the
BLAST platform and the creation of a phylogenetic
tree in a Geneious program.

Bacterial profiling analysis
To determine changes in microbial populations
between particular strains after infection, a
fingerprinting method denaturating gradient gel
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Figure 3: Result of PCR-DGGE of BALB/c colon samples.

Figure 6: Result of PCR-DGGE of BALB/c small intestine
samples.

Figure 4: Result of PCR-DGGE of CcS-20 colon samples.

Figure 7: Result of PCR-DGGE of STS small intestine
samples.

Figure 5: Result of PCR-DGGE of STS colon samples.

Figure 8: Result of PCR-DGGE of CcS-20 small intestine
samples.
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Figure 9: Fylogenetic tree.

Results
The results of DGGE analysis in colon samples are
shown in figures 3, 4, and 5. Results of DGGE
analysis in small intestine samples display
following figures 6, 7, 8. The identified sequences
are presented in the form of a taxonomic tree
(Figure 9).

Conclusion
This experiment was aimed to detect changes in the
gut bacterial composition between different mice
strains and also on changes between infected and
uninfected samples of the same strain.
A similarity in the uninfected colon samples of
BALB/c and CcS-20 was observed, and these
bands also coincided with bands of uninfected STS
colon samples. These bands were identified as
Lactobacillus taiwanensis. This similarity is

classified to be a healthy model of the microbial
profile of the Lactobacillales order. In the small
intestine samples, there was a very strong row of
bands which occurred in all the strains, regardless
of the condition of the mouse. In the phylogenetic
tree which we created, these samples exhibited
anomalous clustering. After re-examining these
samples, we found that the murine genome was
amplified during the PCR reaction.
No significant linkage between strains was
observed. When comparing infected and
uninfected samples, we observed a band which
appeared in infected and not in uninfected samples,
but nothing significant.
Acknowledgements:
This work was supported by Czech Technical University,
Ministry of Education, Youth and Sports of the Czech
Republic, Czech Science Foundation and Czech Academy of
Sciences foundations by grants: SGS18/202/OHK4/3T/17 and
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