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4th International Symposium and
International School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine”

The 4th International Symposium and International School for Young Scientists
on «Physics, Engineering and Technologies for Bio-Medicine» will be held in
Moscow, Russia, October 26-30, 2019 under the auspices of the Russian Minis-
try of Science and Higher Education, the Russian Ministry of Health and the
State Atomic Energy Corporation ROSATOM. The Symposium is organized
by the Institute of Engineering Physics for Biomedicine (PhysBio) of the Na-
tional Research Nuclear University MEPhI (Moscow Engineering Physics In-
stitute) in close collaboration with National Medical Research Radiological
Center of the Ministry of Health of the Russian Federation and non-profit part-
nership «Kaluga pharmaceutical cluster».

Conference topics

The Symposium aims at bringing together leading scientists and experts in nu-
clear medicine, biophysics, bio-photonics, and emerging fields to present their
achievements in the format of the invited lectures on the following topics:

. Advanced materials and methods for MRI and PET

. Bioimaging technologies and materials

. Bio-photonics for diagnosis and therapy

. Bioprinting

. Brachy-, Proton and lon therapy methods

. Diagnosis methods, today and in the future

. Immuno-therapy

. Isotopes for medical applications

. Medical-biological aspects of radiation effects
. Nanomaterials for biomedical applications

. Plasma and laser technologies for biomedicine
. Translational medicine

The Symposium provides a unique opportunity for fruitful scientific discus-
sions and for establishing contacts with scientists all over the world.

Official Language
The official language of the conference is English.

The format of the Symposium — invited lectures and poster sessions.

3



COMMITTEES

Symposium Co-Chairs
Mikhail N. Strikhanov, MEPhI, Moscow, Russia
Paras Prasad, University of Buffalo, New York, USA

Program-Committee Co-Chairs
Andrei V. Kabashin, CNRS, Aix-Marseille University, Marseille, France, MEPhI,
Moscow, Russia
Oleg B. Loran, S.P. Botkin City Clinical Hospital, Russian Medical Academy of
Post-Graduate Education, Moscow, Russia.

Scientific Secretary
Yurii A. Aleshchenko, P.N. Lebedev Physical Institute of RAS, MEPhI, Moscow,
Russia

International Program Advisory Committee
Walter Blondel, Université de Lorraine, Nancy, France
Boris N. Chichkov, Leibniz University Hannover, Germany
Dmitry Yu. Chuvilin, NRS Kurchatov Institute, MEPhI, Moscow, Russia
Sergey M. Deyev, Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry,
MEPhI, Moscow, Russia
Boris 1. Dolgushin, Research Institute of Clinical Oncology of N.N. Blokhin
Cancer Research Center, Moscow, Russia
Marco Durante, GSI Helmholtz Center, Darmstadt, Germany
Dmitry K. Fomin, Nuclear Medicine Clinic of the Russian Scientific Center of
Radiology and Nuclear Medicine of the Ministry of Health of the Russian Federa-
tion, Moscow, Russia
Hans H. Gutbrod, GSI Helmholtz Center, Darmstadt, Germany, MEPhI, Moscow,
Russia
Stepan N. Kalmikov, M.V. Lomonosov Moscow State University, Moscow, Russia
Roger Kamm, Massachusetts Institute of Technology, USA
Andrey D. Kaprin, National Medical Research Radiological Center of the Ministry
of Health of the Russian Federation, Moscow, Russia
Anatoly V. Karalkin, Nuclear Medicine Clinic of N.I. Pirogov State Clinical
Hospital No. 1, Moscow, Russia
Aleksandr A. Khasin, NRS Kurchatov Institute, Moscow, Russia
Galina E. Kodina, A.l. Burnazyan Federal Medical Biophysics Center, Moscow,
Russia
Oleg E. Kononov, L.Ya. Karpov Institute of Physical Chemistry, Obninsk, Russia

4



Vitali I. Konov, A.M. Prokhorov General Physics Institute of RAS, MEPhI, Moscow,
Russia

Valentina V. Kosenko, Federal Service for Surveillance in Healthcare
(Roszdravnadzor) Moscow, Russia

Eduard V. Kotlyarov, FACNM, FACR, International Radiology and Nuclear
Medicine, USA

Oleg N. Krokhin, P.N. Lebedev Physical Institute of RAS, MEPhI, Moscow, Russia
Irina N. Zavestovskaya, MEPhI, P.N. Lebedev Physical Institute of RAS, Moscow
Russia

Hans-Peter Meinzer, German Cancer Research Center, Heidelberg, Germany

Oleg S. Medvedev, M.V. Lomonosov Moscow State University, Moscow, Russia
John Mendelsohn, University of Texas MD Anderson Cancer Center, USA

Igor R. Nabiev, University of Reims Champagne-Ardenne, France, MEPhI,
Moscow, Russia

Vladimir A. Oleinikov, Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry,
MEPhHI, Moscow, Russia

Rainer Rienmuller, Medical University of Graz, European Society of Cardiac
Radiology, Graz, Austria

Nidal Salim, European Medical Center, Moscow, Russia

Marc Sentis, CNRS, Aix-Marseille University, Marseille, France

Sergey V. Shestakov, M.V. Lomonosov Moscow State University, Moscow, Russia
Rudolf Steiner, Institute for Laser Technology in Medicine and Measurement
Technique, University of Ulm, Ulm, Germany

Sergey V. Suchkov, Sechenov University, MEPhI, Moscow, Russia

Gleb Sukhorukov, Queen Mary University of London, UK

Maksim V. Zabelin, A.l. Burnazyan Federal Medical Biophysics Center, Moscow,
Russia

Organizing-Committee Chair
Aleksander A. Garmash, MEPhI, Moscow, Russia

Organizing Committee
Yurii A. Aleshchenko, MEPhI, P.N. Lebedev Physical Institute of RAS, Moscow,
Russia
Sergey G. Andreev, Institute for Biochemical Physics of RAS, MEPhI, Moscow,
Russia
Vladimir N. Belyaev, MEPhI, Moscow, Russia
Oksana P. Vlasova, State Scientific Centre of the Russian Federation — Institute for
Physics and Power Engineering named after A.l. Leypunsky, Obninsk, Russia
Philippe Delaporte, Aix -Marseille University, Marseille, France
Vladimir R. Duflot, L.Ya. Karpov Institute of Physical Chemistry, Obninsk, Russia

5



Marco Durante, GSI Helmholtz Center, Darmstadt, Germany

Sergey M. Klimentov, MEPhI, Moscow, Russia

Natalia B. Epshtein, MEPhI, Moscow, Russia

Sergey A. Ermilov, Scientific and technical center «Amplituday, Zelenograd, Russia
Elena V. Gromushkina, MEPhI, Moscow, Russia

Igor A. Gulidov, A.F. Tsiba Radiological Medical Scientific Center, Obninsk,
Russia

Hans H. Gutbrod, GSI Helmholtz Center, Darmstadt, Germany, MEPhI,
Moscow, Russia

Evgeniy V. Khmelevskiy, P.A. Herzen Moscow Oncology Research Institute,
Moscow, Russia

Valeriy V. Krylov, A.F. Tsiba Radiological Medical Scientific Center, Obninsk,
Russia

Sergey |. Kudryashov, P.N. Lebedev Physical Institute of RAS, MEPhI, Moscow,
Russia,

Victor B. Loschenov, A.M. Prokhorov General Physics Institute of RAS, MEPhI,
Moscow, Russia

Vladimir Lysenko, CNRS, INL, National Institute of Applied Sciences (INSA de
Lyon), Lyon, France

Natalia Yu. Mueller, MEPhI, Moscow, Russia

Valentin G. Nikitaev, MEPhI, Moscow, Russia

Vasyli M. Petriev, National Medical Research Radiological Center of the Ministry
of Health of the Russian Federation, Moscow, Russia

Dmitry V. Sosin, MEPhI, Moscow, Russia

Victor Yu. Timoshenko, M.V. Lomonosov Moscow State University, MEPhI, P.N.
Lebedev Physical Institute of RAS, Moscow, Russia

Igor E. Tyurin, Russian Medical Academy of Post-Graduate Education, Moscow,
Russia

Secretary of the Local Organizing-Committee
Maria S. Grigoryeva, MEPhI, P.N. Lebedev Physical Institute of RAS, Moscow,
Russia

Local Organizing-Committee

Yulia A. Akmalova, MEPhI, Moscow, Russia
Alida F. Alykova, MEPhI, Moscow, Russia
Anna V. Evsovich, MEPhI, Moscow, Russia
Sabina J. Faizullaeva, MEPhI, Moscow, Russia
Anastasia A. Fronya, MEPhI, P.N. Lebedev Physical Institute of RAS, Moscow,
Russia
Nikita V. Karpov, MEPhI, Moscow, Russia

6



Vera E. Kondrasheva, MEPhI, Moscow, Russia
Olesia V. Rodionova, MEPhI, Moscow, Russia

Anton A. Popov, MEPhI, Moscow, Russia

Elena A. Popova-Kyznetsova, MEPhI, Moscow, Russia

CONTACTS
The Symposium webpage: http://physbio.mephi.ru/symp19/
The Symposium e-mail: PhysBioSymp@mephi.ru



Book's contents

4th International Symposium and
International School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine’

9

INVITED LECTURES

NANOMEDICINE: CHALLENGES AND OPPORTUNITIES
Paras N. Prasad
INTERACTION OF RED BLOOD CELLS IN PRESENCE OF ENGI-

NEERED NANOPARTICLES ASSESSED BY OPTICAL TWEEZERS
AND SEM IMAGING

A. Popov, T. Avsievich, A. Bykov, I. Meglinski
COMPLEX STRUCTURED LIGHT IN TISSUE DIAGNOSIS

Igor Meglinski

LASER-ABLATIVE SYNTHESIS OF FUNCTIONAL NANO-
MATERIALS FOR BIOMEDICAL APPLICATIONS

Andrei V. Kabashin

LASER FOR NANO (BIO-MEDICAL) (PIONEERING PULSED LA-
SER SYNTHESIS OF COLLOIDS)

Anton Fojtik

NANO - THE NEXT DIMENSION. COMBINE THE ARTIFICIAL
SYSTEMS WITH BIOMEDICAL PROBLEMS.

Anton Fojtik

FEMTOSECOND LASER ABLATION OF TRANSPARENT CRYS-
TALS

S. Klimentov, S. Guizard, N. Fedorov, A. Mouskeftaras, N. Karpov, A.
Popov, E. Popova-Kuznetsova, S. Faizullaeva

SILICON BASED NANOTHERANOSTICS
V. Yu. Timoshenko

22

24

26

27

29

31

33

35



Book's contents

NEW SILICON-BASED PHOTOELECTRIC SENSORS FOR MUL-
TIDISCIPLINARY APPLICATIONS

V. Lysenko, S. V. Litvinenko, B. Oliinyk, K. Isaieva, A. I. Manilov, T.
Nychyporuk, V. A. Skryshevsky

LIGHT-MATTER HYBRID STATES AND CONTROL OF CHEM-
ICAL AND BIOLOGICAL REACTIONS UNDER THE STRONG
LIGHT-MATTER COUPLING

I. Nabiev, D. Dovzhenko, M. Lednev, Irina Kryukova, I. Vaskan, K. Mo-
chalov, Yu.P. Rakovich

NANOSTRUCTURED MATERIALS AND PHOTONIC TOOLS FOR
BIOMEDICAL APPLICATIONS

D. Gorin

FABRICATION OF PLASMONIC TITANIUM NITRIDE NANO-
PARTICLES BY FEMTOSECOND LASER

A. Popov, G. Tselikov, A. Al-Kattan, K. Metwally, S. Klimentov, M.-A.
Esteve & A. Kabashin

HYBRID NANOMATERIALS BASED ON PLASMON OR FLUO-
RESCENT NANOPARTICLES AND RETINAL-CONTAINING
PROTEINS

V.A. Oleinikov, D.O. Solovyeva, E.P. Lukashev, K.E. Mochalov
BIOPHYSICAL MECHANISMS OF CHROMOSOME DAMAGE:
EARLY AND DELAYED EFFECTS

S.G. Andreev, Y.A. Eidelman, I.K. Khvostunov, V.S. Pyatenko

FROM STRUCTURAL STUDIES OF NICOTINIC RECEPTORS AND
THEIR LIGANDS TO NEW DRUGS -A LONG WAY?

V. Tsetlin

LASER MICRO- AND NANOSTRUCTURING OF SOLIDS BY SUB-
NANOSECOND LASER PULSES

E.V. Barmina, G. A. Shafeev

ADVANCED TECHNOLOGIES OF NUCLEAR NANO-MEDICINE
AND RADIOTHERAPY

|. Zavestovskaya, A. Kabashin, V. Petriev

37

39

41

43

45

47

49

51

53



Book's contents
GLIOMA METABOLISM STUDY USING 11C-METHIONINE AND
18F-FDG PET TRACERS
A. Postnov, D. Kalaeva, I.Pronin
MODELING OF LASER-INDUCED STRUCTURES FOR BIO-
SENSING APPLICATIONS IN DIFFERENT MEDIA
D. S. Ivanov, P.N. Tetekhin, M.E. Garcia, B. Rethfeld, I.N.
Zavestovskaya, A. Kabashin, and S. Klimentov
“PHYSICAL MARKERS” AS A PROSPECTIVE TOOL IN THE DE-
TECTION OF HUMAN DISEASES
M.E. Dokukin, 1. Sokolov
THE POSSIBILITY OF MULTIPARAMETRIC MRI AND PERSPEC-

TIVES OF ARTIFICIAL INTELLIGENCE (Al) IN THE DIAGNOSIS
OF PROSTATE CANCER

D.A. Goncharuk, E.I. Veliev, O.V. Paklina, G.R. Setdikova, 1.V. Shabu-
nin, E.A. Sokolov, N.A. Semiletov

PHARMACOKINETIC PROPERTIES OF A NEW POTENTIAL TU-
MOR IMAGING AGENT BASED ON GLUCOSE DERIVATIVE
AND GALLIUM-68

V.K. Tishchenko, V.M. Petriev, A.A. Mikhailovskaya, E.D. Stepchenko-
va, |.N. Zavestovskaya

MULTIFUNCTIONAL NANOSTRUCTURES FOR ONCO-
THERANOSTICS

V. Shipunova, |. Zelepukin, P. Kotelnikova, E. Komedhikova, V. Solo-
viev, S. Deyev

STATUS OF PROTOM SYNCHROTRONS FOR PROTON THERA-
PY

A.A. Pryanichnikov, V.E. Balakin, A.l. Bazhan, V.A. Alexandrov, P.A.
Lunev, A.E. Shemyakov, A.l. Shestopalov

NANOPARTICLE TRANSPORT ON RED BLOOD CELLS FOR
TREATMENT OF LUNG CANCER

1.V. Zelepukin, M.P. Nikitin, P.I. Nikitin, S.M. Deyev

10

55

56

58

60

62

64

66

68



Book's contents

MECHANISM OF LASER-INDUCED FORMATION OF METAL
NANOPARTICLES AND NANOSTRUCTURES FOR BIOTECH-
NOLOGICAL APPLICATIONS: MOLECULAR DYNAMICS MOD-
ELING

D. S. Ilvanov, M.E. Garcia, B. Rethfeld, I.N. Zavestovskaya, A. Kabashin,

and S. Klimentov

MODERN RADIOPHARMACEUTICALS: MYTH AND REALITY
N. Epshtein, A. Antipova, E. Karaseva, S. Shkavrov

PALETTE OF FLUORESCENT NANOPARTICLES FOR BIOLOGY
AND MEDICINE

V.A. Oleinikov

SUPRAMOLECULAR MULTIFUNCTIONAL STRUCTURES FOR
THERANOSTICS

S. M. Deyev

NANOPARTICLES FOR BIOPHOTONIC APPLICATIONS
A. Popov

NANOPHOSPHORUS. SYNTHESIS AND APPLICATION
A. Lybeshkin

NEW AND PERSPECTIVE METHODS AND TECHNOLOGIES OF
RADIOTHERAPY

Klimanov V.A.
NEW APPROACHES TO THE DIAGNOSIS AND TREATMENT OF
BRAIN TUMORS

T.A. Savelieva, M.V. Loschenov, A.V. Borodkin, A.V. Ryabova, A.V. Ko-
syrkova, S.A. Goryajnov, Okhlopkov V.A., A.A. Potapov, V.B. Loschenov

11

70

72

74

76

78

80

82

85



Book's contents

POSTER REPORTS

THE MAIN ASPECTS OF RADIATION THERAPY. COMPARISON
OF 3D CONFORMAL AND INTENSELY MODULATED RADIO-
THERAPY

Zh. Abdikali, M. Abishev

OPTIMAL PARAMETERS OF LASER METER OPTICAL CHAR-
ACTERISTICS OF THE CORNEA

A.A. Adamov, V.N. Khramov

MINIMIZATION OF THE NUMBER OF PROJECTIONS IN CONE
BEAM X-RAY TOMOGRAPHY

A.l. Adarova, A.E. Chernuha, A.N. Solovev

PROTOTYPE DEVELOPMENT OF AN X-RAY TOMOGRAPH FOR
THE DIAGNOSIS OF WEAKLY ABSORBING / PHASE OB-JECTS
L.L. Afanasev, A.S. Gogolev, S.G. Chistyakov

SIMULATION OF INSULIN-GLUCOSE CONCENTRATION DY-
NAMICS

A.A. Akifiev, E.V. Kabak, G.Yu. Polina, S.I Kisil, I.V. Dokukina
PRECISE FLUORESCENT DIAGNOSTICS OF CERVICAL NEO-
PLASMS FOR PHOTODYNAMIC THERAPY

P.M. Alekseeva, K.T. Efendiev, D.V. Yakovlev, A.A. Shiryaev, A.A.
Ishchenko, 4.V. Gilyadova, S.I. Samoilova, L.M. Amirkhanova, V.B.
Loschenov

IN VITRO STUDIES OF SILICON NANOPARTICLES AS PHO-
TOSENSITIZERS FOR LASER-INDUCED HYPERTHERMIA

A. F. Alykova, V. A. Oleshchenko, A. Yu. Kharin, O.V. Karpukhina, A. A.

Popov, N. V. Karpov, V. V. Bezotosnyi, S. M. Klimentov, A. V. Kabashin,

O.M. Alykova, V. Yu. Timoshenko
LASER DEPOSITION AND STUDY SURFACE AND LUMINES-
CENCE NANOPARTICLES AND FILMS Sl

S. Antonenko, S. Derzhavin, A. Harin, A. Kabashin, S. Klimentov, V.
Timoshenko, A. Fronya

12

88

90

92

94

96

98

100

102



Book's contents

LIPID-CONTAINING NANOPARTICLES AS A VEHICLES OF
DRUG DELIVERY SYSTEMS

Azarov A., Khomutov G., Sybachin A., Yaroslavov A.
ANTHROPOMORPHIC MALE PHANTOM’ DOSE ESTIMATION

FOR APOLLO MISSION ASTRONAUTS WHEN CROSSING THE
EARTH RADIATION BELTS

M.A. Basova, I.M. Medzhidov, Yu.A. Kurachenko

POROUS SILICON BASED NANOCONTAINERS FOR PROSPEC-
TIVE ANTITUMOR DRUG

T. Yu. Bazylenko, |. M. Le-Deygen, A. V. Kornilova, Yu. V. Kargina, A.
Yu. Kharin, M.A. Konoplyannikov, V. Yu. Timoshenko

FEATURES OF PENCIL BEAM SCANNED PARTICLE THERAPY
OF INTRAFRACTIONALLY MOVING TUMORS: A SHORT
ANALYSIS

M.A. Belikhin, A.P. Chernyaev, A.A. Pryanichnikov, A.E. Shemyakov
INTERPRETATION OF READINESS POTENTIAL BY USING THE
BCl FOR MANAGING BIONIC SYSTEMS

Belov Vladimir Sergeevich, Berestov Roman Mikhailovich, Bobkov Egor
Andreevic

SYNTHESIS OF NANO-SIZED BISMUTH FRAMEWORK FOR BI-
OMEDICAL APPLICATIONS

1.Belyaev, I.Zelepukin, S.Deyev

RAMAN SPECTROSCOPY FOR DIFFERENTIAL DIAGNOSIS OF
THE BRAIN TUMOR

L.R. Bikmukhametova, I.D. Romanishkin, T.A. Savelieva, A.V. Kosyrko-
va, S.A. Goryaynov, A.A. Potapov, V.B. Loschenov

OPTICAL STUDIES OF A TWO-LAYER STRUCTURE OF ZNO/
NANODIAMONDS (ZNO:DNDS)

E. Boruleva, G. Chudinova

PROSPECTS FOR THE APPLICATION OF THE VALUES SU-

VMEAN, SUVPEAK, SUVMAX IN RADIONUCLIDE THERAPY
OF DIFFERENTIATED THYROID CANCER 131-10DINE

Bubnov A.A., Trukhin A.A., Sirota Y.l., Rumiantsev P.O., Degtyarev
M.V.

13

104

105

107

109

111

114

116

118

120



Book's contents
AB INITIO MODELING BONDING ENERGY IN BIO-ACTIVE
NANO COATINGS ON DENTAL IMPLANTS
1. Dashevskiy

REALISTIC NEUTRON SOURCE MODEL D-T GENERATOR FOR
NEUTRON THERAPY

A.S. Davydov, A.V. Belousov, G.A. Krusanov, M.A. Kolyvanova, V.N.
Morozov

BIOLOGICAL EFFECTS OF SOLID RADIOACTIVE PARTICLES
ON RATS

E.N. Denisova, A.S. Snegiryov, G.V. Kozmin, Yu.A. Kurachenko
DEVELOPMENT OF THE KNOWLEDGE BASE OF BREAST CAN-
CER CYTOLOGICAL DIAGNOSIS

E.A. Druzhinina, V.G. Nikitaev, A.N. Pronichev, E.V. Polyakov, I. P.
Shabalova, T.V. Djangirova, S.M. Zaitsev

IMPACT OF CHROMATIN SPATIAL ORGANIZATION ON DSB
CLUSTERS FREQUENCY INDUCED BY LOW ENERGY IONS
Y.A. Eidelman, 1.V.Salnikov, S.V.Slanina, A.V.Aleschenko, S.G.Andreev
LOADING OF IODINE INTO PROMISSING SILICON BASED

CARRIER FOR DIAOGNOSTIC AND THERAPEUTIC BIOMED-
ICAL APPLICATIONS

A. S. Eremina, G. Villca Sossa, N. V. Karpov, A. Yu. Kharin, A. A.
Trukhin, P. O. Rumyantsev, V. Yu. Timoshenko

EVOLUTION OF THE PROPERTIES OF NANOMATERIALS OB-
TAINED BY PULSED LASER ABLATION

S.Faizullayeva, S.M.Klimentov, A.A. Popov

POLYLACTIC ACID FILMS IMPLANTATION INTO THE EYE IN
VIVO

E.O. Filippova, N.M. lvanova, V.F. Pichugin

SIMULATION BY FEM OF THE OPTOACOQUSTIC EFFECT PRIOR

TO TREATMENT BY PHOTODYNAMIC THERAPY FOR CANCER
PATIENTS

Evelyn Granizo

14

122

124

126

128

130

132

134

137

139



Book's contents

EFFECT OF ELECTROLYTE CONDUCTIVITY, SIZE AND SUR-
FACE CHARGE OF DISPERSED NANOPARTICLES ON HEAT
RELEASE IN RADIOFREQUENCY ELECTRIC FIELD

A. A. Grigoriev, Yu. V. Kargina, A. Yu. Kharin, A. P. Kanavin, I. N.
Zavestovskaya, A. V. Kabashin, V. Yu. Timoshenko
METAL-ORGANIC FRAMEWORKS FOR MRI

O. Griaznova, |.Zelepukin, S.Deyev

BiOCI NANOPLATES AS X-RAY CONTRAST AGENTS

Ilvanov I.N., Zelepukin I.V., Deyev S.M.

PHYSICAL PROPERTIES AND POTENTIAL BIOMEDICAL AP-

PLICATIONS OF SILICON NANOPARTICLES WITH IRON IM-
PURITIES

Yu.V. Kargina, A.Yu. Kharin, S. V. Savilov, A. V. Sobolev, M.V. Guyaev,

1.S. Glazkova, Yu. A. Pirogov, A.M. Perepukhov, A.A. Maximychev,
A.N. Vasilev, A.A. Ischenko, V. Yu. Timoshenko

PHYSIOLOGICALLY BASED PHARMACOKINETIC MODELING
OF CERIUM OXIDE NANOPARTICLES

V.V. Kasianova, I.N. Bazhukova

NUCLEIC ACIDS WITH MODIFIED BACKBONE: A THEORETI-
CAL STUDY

A. P. Klinov, A. V. Savin, A. A. Sharogradskaya, M. A. Mazo
DEVELOPMENT OF MODELS OF ANALYSIS OF STRUCTURAL
ELEMENTS ON IMAGES OF SKIN MELANOMA

S.A. Kobelev, V.G. Nikitaev, A.N. Pronichev, E.V. Polyakov, O.B.
Tamrazova, V.Yu. Sergeev

MODERN METHODS OF DONOR ORGANS PRESERVATION
DURING REMOTE TRANSPLANTATION

A. Kolosov

A PROPOSED MECHANISM OF DEVELOPMENT CONTROL OF
THE SERVICE OF RADIODIAGNOSIS

Komin Yu.A., Mozerov S.A., Pashkin S.B., Mozerova E.S.

15

141

143

145

147

149

151

153

155

157



Book's contents
CT AND HISTOLOGICAL SIGNS OF MUCINOUS ADENOCARCI-
NOMA OF THE STOMACH
Komin Yu.A., Mozerov S.A4., Pashkin S.B., Mozerova E.S., Kirsan 1.V.,
Khodyrev S.A., Krasnicskaya S.K.

HISTOLOGICAL AND CT DIAGNOSTIC METHODS IN THE
EVALUATION OF TUMOR RESPONSE TO CHEMOTHERAPY
AND CHEMORADIOTHERAPY IN PATIENTS WITH LOCALLY
ADVANCED GASTRIC CANCER

Komin Yu.A., Mozerov S.A., Pashkin S.B., Mozerova E.S.

MUSCLE RESPONSE REGISTRATION DEVICE FOR DIAGNOS-
TIC OF NEURODEGENERATIVE DISEASES

Konyashkina K.V.

STUDY OF CIRCUIT SOLUTION FOR A COMPUTER ELECTRO-
ENCEPHALOGRAPHY MODULE

A. V. Kosheleva

MAGNETIC LEVITATION OF CALCIUM PHOSPHATE PAR-

TICLES AS NEW APPROACH FOR 3D SCAFFOLDS BIOFAB-
RICATION

E. Koudan, S. Petrov, P. Karalkin, F. Pereira, Yu. Khesuani, E.
Nezhurina, A. Krokhmal, Yu. Zobkov, A. Fedotov, V. Komlev, V. Par-
fenov

DEVELOPMENT OF METHODS AND MODELS OF ANALYSIS OF

THE NETWORK STRUCTURE OF THE SKIN MELANOMA IM-
AGES

A.V. Kozyreva, V.G. Nikitaev, A.N. Pronichev, E.V. Polyakov, O.B.
Tamrazova, V.Yu. Sergeev

STUDY OF PRODUCTS OF PHOTONUCLEAR SELENIUM REAC-
TIONS

A. Kulichenko

HALLOYSITE NANOTUBES WITH IMMOBILIZED GOLD NA-

NOPARTICLES AS SENSITIZER FOR SPATIALLY AND TEM-
PORALLY LOCALIZED PHOTOHYPERTHERMIA

G.A. Kuralbayeva, A.V. Kornilova, A.V. Stavitskaya, M.V. Gorba-
chevskii, O.V. Karpukhina, A.A. Eliseev, V.V. Pryadun, A.N. Vasiliev
and V.Yu. Timoshenko

16

159

161

164

166

168

170

172

173



Book's contents

POLYELECTROLYTE MULTILAYER CAPSULES FOR THE DE-
LIVERY OF ANTICANCER DRUGS: PREPARATION AND EVAL-
UATION IN 3D IN VITRO MODEL

L. Kurbanova, A. Sapach, A. Gileva, D. Trushina,, E. Markvicheva
CREATION OF ACTIVE PHOTOCATALYTIC NANOSTRUC-

TURES OF TITANIUM DIOXIDE BY USING THERMAL ANNEAL-
ING OF PRECURSOR LAYERS

Lazareva A., Kolesova E., Orlova A.

VISIBLE LIGHT ACTIVITED TITANIA NPs BASED STRUC-
TURES

A. Makovetskaya, E. Kolesova, V. Maslov, A. Dubavik, Y. Gun ko, A.
Orlova

THE FEMALE PHANTOM EFFECTIVE DOSE AT CROSSING THE
EARTH RADIATION BELT

. M. Medzhidov, M. A. Basova, E. N. Denisova, Yu. A. Kurachenko
PROLONGATION OF NANOPARTICLES BLOOD CIRCULATION
VIA MACROPHAGE INHIBITION

A. Mirkasymov, |. Zelepukin, P. Nikitin, M. Nikitin, S. Deyev

IMPACT OF X-RAY TUBE VOLTAGE ON RADIOSENSITIZA-
TION EFFECT OF GOLD NANOPARTICLES

K.V. Morozov, M.A. Kolyvanova, M.H. Salpagarov, M.E. Kartseva, O.V.
Dement’eva, A.K. Isagulieva, A.V. Belousov, V.M. Rudoy, A.A. Shitil,
V.N. Morozov

DEVELOPMENT OF THE DISTRIBUTED STRUCTURE OF FOR-
MATION OF KNOWLEDGE BASES IN THE DIAGNOSIS OF MIN-
IMUM RESIDUAL DISEASE

E.V. Polyakov, V.G. Nikitaev, A.N. Pronichev, O.A. Chernysheva, I.N.
Serebryakova, N.N. Tupitsyn

FABRICATION OF SAMARIUM NANOPARTICLES BY FEMTO-
SECOND LASER ABLATION IN LIQUIDS

Elena Popova-Kuznetsova, Gleb Tikhonowski, Anton A. Popov, Vladimir
Duflot, Irina Zavestovskaya, Sergey Klimentov, Paras N. Prasad, Andrei
Kabashin

17

175

177

178

180

182

184

186

188



Book's contents
DESIGN OF NOVEL STIMULI-SENSITIVE LIPOSOME-BASED
DRUG DELIVERY CARRIERS

K.V. Potapenkov, V.P. Kim, G.B. Khomutov, A.V. Sybachin, A.A. Yaro-
slavov, 1.V. Taranov, V.A. Cherepenin, Y.V. Gulyaev

IMPLEMENTATION OF MICRODOSIMETRIC MODELS FOR
CALCULATING THE RELATIVE BIOLOGICAL EFFICIENCY OF
PROTON AND CARBON ION BEAMS IN THE RTS&T CODE SYS-
TEM

A.A. Pryanichnikov, A.S. Simakov, M.A. Belikhin, F. N. Novoskoltsev,
I.I. Degtyarev, E. V. Altukhova, Yu.V. Altukhov, R. Yu. Sunyukov

LOW INTENSITY BEAM EXTRACTION MODE ON PROTOM
SYNCHROTRON FOR PROTON TOMOGRAPHY IMPLEMENTA-
TION

A.A. Pryanichnikov, P.B. Zhogolev, A.E. Shemyakov, M.A. Belikhin, A.P.

Chernyaev, E. DeJongh, F. De Jongh, V. Rykalin

NANOPORE SEQUENCING, THIRD GENERATION TECHNOLO-
GY, REDUCES TIME AND COST OF SEQUENCING
0. Ryzhova

DSB CLUSTERS DISTRIBUTION FOLLOWING IRRADIATION OF
3D CHROMATIN STRUCTURES WITH FAST NITROGEN IONS

1.V.Salnikov, Y.A.Eidelman, S.V.Slanina, A.V.Aleschenko, S.G.Andreev

CYTOTOXICITY ANALYSIS OF SILICON NANOPARTICLES
MODIFIED BY BIOCOMPATIBLE POLYMER

N. Sharonova, E. Yagudaeva, S. Sizova, E. Smirnova, A. Sviridov, V.
Zubov, A. Ischenko

RADIOSENSITIZING EFFICACY OF GOLD POLYACRYLATE IN
RADIOTHERAPY STUDY

V. Skribitskiy, A. Lipengolts, A. Smirnova, N. Pozdniakova, V. Spiri-
donov

DOTS RECOGNITION ON IMAGES OF SKIN NEOPLASMS

M.A.Solomatin, V.G.Nikitaev, A.N.Pronichev, E.V.Polyakov,
O.B.Tamrazova, V.Yu.Sergeev

18

189

191

193

195

197

198

200

202



Book's contents
IRREVERSIBLE AND REVERSIBLE LUMINESCENCE CHANGES
IN CARBON DOTS STUDIED BY CONFOCAL MICROSCOPY
Stepanova M.S., Zakharov V.V., Khavlyuk P.D., Dubavik A.Y., Ushakova
E.V., Veniaminov A.V., Rogach A. L.
THE PRACTICAL APPLICATION OF MODERN QUANTUM
TECHNOLOGIES IN BIOMEDICINE
P.A. Tarasov, A.A. Gorbunov, E.A Isaev and G.V. Detkov
THE INFLUENCE OF TEMPERATURE ON BIODISTRIBUTION OF

N,N,N',N'-ETHYLENEDIAMINETETRAKIS(METHYLENE PHOS-
PHONIC) ACID LABELED WITH GALLIUM-68

V.K. Tishchenko, V.M. Petriev, A.A. Mikhailovskaya, K.A. Kuzenkova,
I.N. Zavestovskaya

STUDY OF MECHANISMS INVOLVED IN THE RADIORE-
SISTANCE OF HUMAN TUMOR CELLS

A.A. Tsishnatti, S.M. Rodneva, N.M. Smetanina, Yu.A. Fedotov, D.V.
Guryev

CHARACTERIZATION OF THE GUT MICROBIOTA COMPQOSI-
TION WITH CHRONIC CONSTIPATION

A. Volkova, A. Arzamasceva, E. Anisimova, M. Markelova, T. Grigo-
ryeva, K. Sakulin, O. Karpukhin, D. Yarullina

MULTYPURPOSE CYCLOTRON FOR MEDICAL AND PHARMA-
CEUTICAL PURPOSES

V.A. Vorontsov

DYNAMICS OF THE TOTAL GLUTAMATE AND GLUTAMINE

CONTENT IN RESPONSE TO A SHORT VISUAL STIMULUS IN
VIVO

A. Yakovlev, M. Ublinskiy, A. Manzhurtsev, N. Semenova
ANALYSIS OF NANOPARTICLE UPTAKE IN LIVER BY MAG-
NETIC METHODS

A.V. Yaremenko, 1.V. Zelepukin, V.R. Cherkasov, A. Ringaci, E.V. Pe-
tersen, T.V. Yaremenko, A.A. Sizikov, A.V. Yaremenko, A.N. Kozyrina,
P.1. Nikitin, S.M. Deyev, M.P. Nikitin

19

203

205

206

209

211

213

214

216



Book's contents

3D IMAGE PROCESSING ALGORITHMS: AUTOMATIC EX-
TRACTION OF THE LEFT ATRIAL SEGMENT FROM THE RCT
OF THE HUMAN RIB CAGE

D.V. Zatsarinny, A.U.Popov
INFLUENCE PRESENCE OF DIVALENT IONS ON THE MOR-

PHOLOGY OF GOLD NANOPARTICLES GENERATED BY LASER
ABLATION OF SOLID TARGET IN WATER

Margarita Zhilnikova, Ekaterina Barmina, Georgy Shafeev, Oleg Uva-
rov, Svetlana Pridvorova

DIAGNOSTIC IMAGING OF ACTIVATED LYMPHOCYTES IN
VIVO DURING CELL IMMUNOTHERAPY OF CANCER PA-
TIENTS

N. Mikhailovskiy, E. Abakushina, Yu. Gelm, O. Spichenkova, M. Sigov,
G. Davydov

EFFECT OF ETHANOL ON THE TRANSPORT OF METHYLENE
BLUE THROUGH THE RAT SKIN EX VIVO

E.A. Basko, M.V. Klementeva, A.N. Bashkatov, V.V. Tuchin, Elina A.
Genina

BIOSENSOR BASED ON POROUS SILICON

K. Ganichkina, N. Latukhina

COMPLEX STUDY OF PIPS-DOSIMETER RESPONSE FOR LOW-
IONIZING RADIATIONS: PRELIMINARY RESULTS

K.O. Inozemtsev, |.S. Kartsev, A.E. Lishnevskii, S. Kodaira, T. Kusumo-
to, H. Kitamura, V.A. Shurshakov

GLIOMA CELL INTERACTION WITH CARBON NANOTUBES

T. Kulahava, L. Golubewa, M. Shuba, A. Paddubskaia, Y. Kunitskaya, P.

Bulai, P. Kuzhir

PHOTOLUMINESCENT PROPERTIES OF SILICON NANOPARTI-
CLES PREPARED FROM SILICON MONOXIDE

A. S. Levchuk, A. A. Ischenko, V. Yu. Timoshenko

INCREASE IMAGE QUALITY OF X-RAY IMAGE SYSTEM ONYX
AT. Lobzhanidze, A. Avakyan, V. Smirnov, S. Polikhov, T. Krylova, I.
Dergacheva

20

218

220

222

224

226

228

230

232

234



4th International Symposium and
School for Young Scientists on
“Physics, Engineering and
Technologies for Bio-Medicine”

INVITED LECTURES

21



4th International Symposium and School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine”

NANOMEDICINE: CHALLENGES AND OPPORTUNITIES
Paras N. Prasad

Institute for Lasers, Photonics, and Biophotonics and Department of Chemis-
try, University at Buffalo, State University of New York, Buffalo, New York
14260, United States

This talk will address some Key Challenges in Nanomedicine and
present a discussion of the opportunities to address them. These chal-
lenges and possible directions to overcome them are:

1) Limit of Light penetration in Optical imaging and light
based-Therapies.

The questions posed and possible solutions discussed are:

Can we use light in optical transparency windows?

Can we use photon transformation to produce on-site needed pho-
tons?

Can we use deep tissue penetrating RF, Ultrasound or X-Ray in-
stead?

2) Hypoxia in Tumor making it resistant to therapy.

The questions posed and possible solutions discussed are:

Can we deliver oxygen or produce oxygen in-situ to alleviate Hypox-
ia?

Can we use therapy not affected by hypoxia?

3) Lack of Multimodal tandem therapy to treat multidrug re-
sistance.

The questions posed and possible solutions discussed are:

Can we have a multi-therapeutic nanodelivery platform for con-
trolled and staged release or activation? Do they produce synergistic
enhancement of therapy?
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4) Lack of effective and safe delivery platform for Nuclear Na-
nomedicine.

The questions posed and possible solutions discussed are:

Can we produce a targeted nanodelivery system to in-situ produce
nuclear therapy?

Can we generated on targeted site, high local concentration of nucle-
ar agents?

Is the therapeutic action highly localized to prevent damage to
healthy tissues?

1.  P.N. Prasad “Biophotonics” John Wiley & Sons, New York (2003).

2. P.N. Prasad “Nanophotonics”, John Wiley & Sons, New York (2004).

3. P.N. Prasad “Introduction to Nanomedicine and Nanobioengineering”
Wiley (2012)
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INTERACTION OF RED BLOOD CELLS IN PRESENCE OF
ENGINEERED NANOPARTICLES ASSESSED BY OPTICAL
TWEEZERS AND SEM IMAGING

A. Popov, T. Avsievich, A. Bykov, I. Meglinski

Optoelectronics and Measurement Techniques Unit,
University of Oulu, Finland
alexey.popov@oulu.fi

Nowadays, nanoparticles (NPs) are widely used both in fundamental
and applied research. A vast range of applications, from new materials
for construction and energy harvesting to agricultural and cosmetic in-
dustries benefit from the use of NPs. One of the exciting emerging areas
of research with potentially high impact on the society is nanomedicine
[1]. It promises a custom-tailored, individual approach to patients, open-
ing fascinating opportunities to enhance diagnostics and therapy of a
plethora of diseases.

Since many NPs for drug delivery are intended to be directly injected
into the bloodstream, one of the important issues to consider is how NPs
interact with the blood components, in particular, with red blood cells
(RBCs) (Fig. 1).

Fig.1. Scanning electron micrograph of red blood cells interacting with TiO»
nanoparticles. Discocytes and echinocytes are presented. Scale bar: 1 micron.
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The methods so far applied to study such an interaction, are tradi-
tional modalities limiting the number of studied phenomena: among
them are RBCs sedimentation observed with a CCD camera, morpholo-
gy of RBCs visualized by optical microscopy, scanning electron (while
fixed cells) and transmission electron (sections of fixed cells) microsco-
py. Compromised integrity of RBCs resulted in hemolysis is assessed
optically either by absorption of the leaked haemoglobin within the
blue-green spectral range or by fluorescent microscopy indicating pres-
ence of certain dyes inside cells penetrated through damaged cell mem-
branes; aggregation of the cells is usually observed by a conventional
microscopy.

Our experiments were performed on RBCs in autologous blood
plasma incubated with different NPs - TiO, ZnO, nanodiamonds and
polymeric nanocapsules [2]. Formation of RBC aggregates was ob-
served with conventional microscopy (as a reference), while quantitative
interaction force measurements between individual RBCs was assessed
with optical tweezers (OT). OT measurements were complemented with
scanning electron microscopy (SEM) to reveal diversity in NP attach-
ments to RBCs and their localization on the membrane together with
morphological changes caused by RBCs-NPs interactions. Among test-
ed NPs, nanodiamonds caused increasing the number of aggregates in
RBC suspensions, increase in the RBCs interaction force and strong
membrane surface modifications, compared to other tested NPs and con-
trol samples. The other NPs did not cause any adverse effects on RBC
properties, confirming their biocompatibility and applicability for drug
delivery purposes.

[1] E.H. Chang, J.B. Harford, M.A.W. Eaton, P.M. Boisseau, A. Dube, R.
Hayeshi, H. Swai, D.S. Lee, Nanomedicine: Past, present and future — A global
perspective, Biochem. Biophys. Res. Comm., vol. 468, pp. 511-517 (2015).

[2] T. Avsievich, A. Popov, A. Bykov, I. Meglinski, Mutual interaction of red
blood cells influenced by nanoparticles, Sci. Rep., vol. 9, 5147 (2019).
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COMPLEX STRUCTURED LIGHT IN TISSUE DIAGNOSIS

Igor Meglinskit23

L nstitute of Engineering Physics for Biomedicine (PhysBio), National Re-
search Nuclear University (MEPhI), Moscow, 115409, Russia
2 School of Engineering and Applied Science, Aston University,
Birmingham, UK
3 School of Life and Health Sciences, Aston University, Birmingham, UK
E-mail address: i.meglinski@aston.ac.uk

In turbid tissue-like scattering medium the conventional polarized light,
scattered multiple number of times, is depolarized, and the depolariza-
tion rate depends strongly on the size and shape of scattering particles,
as well as on the number of scattering events. In fact, the structure of
light can be more complicated when the polarization of light across the
laser beam can be radially or azimuthally polarized and carry orbital
angular momentum. When these structured light beams, such as cylin-
drical vector beam (CVB) and/or Laguerre-Gaussian (LG) beams, prop-
agates through a turbid tissue-like scattering medium, either anisotropic
or inhomogeneous, the spin or angular momentum are changed that
leads to spin-orbit interaction. The spin-orbit interaction leads to the
mutual influence of the polarization and the trajectory of the light prop-
agation. We investigate the applicability of using CVB and LG beams
for optical biopsy. In current presentation propagation of CVB and LG
beams in anisotropic turbid tissue-like scattering media is considered in
comparison to conventional Gaussian beams. We demonstrate that by
applying CVB and LG beams the contrast of visibility becomes at least
twice higher in comparison to the conventional tissue polarimetry ap-
proach. Both experimental and theoretical results suggest that there is a
high potential in application of structured light beams in tissue diagno-
sis.
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LASER-ABLATIVE SYNTHESIS OF FUNCTIONAL
NANOMATERIALS FOR BIOMEDICAL APPLICATIONS

Andrei V. Kabashin!?

1 Aix Marseille Univ, CNRS, LP3, 13288, Marseille, France
2 MEPNhI, Institute of Engineering Physics for Biomedicine (PhysBio), 115409
Moscow, Russia
e-mail address: kabashin@Ip3.univ-mrs.fr, AVKabashin@mephi.ru

The presentation will overview our on-going activities on laser abla-
tive synthesis of novel biocompatible colloidal nanomaterials and their
testing in biomedical tasks. Our original approach is based on ultra-short
(fs) laser ablation from a solid target or already formed water-suspended
colloids to fabricate “bare” (ligand-free) nanoparticles (NPs) with well-
controlled size characteristics [1-3], as well as coating of nanomaterials
by functional molecules (dextran, PEG etc.) during the ablation process
[4] or afterwards [5]. The presentation will describe different approach-
es to achieve appropriate characteristics of plasmonic (Au, TiN) and
semiconductor (Si-based structures) nanomaterials and overview their
biomedical applications. In particular, we show that bare laser-
synthesized Au NPs can provide unique opportunities as SERS probes
for identification of biological species such as yeast [6] and bacteria [7]
based on strong local electric field enhancement and exceptional purity
of laser-synthesized NPs. We also show that bare metal nanoparticles
synthesized by laser ablation can provide an order of magnitude better
response in glucose oxidation tasks, which promises their use as elecro-
catalysts in bioimplantable therapeutic devices [8], as well as overview
applications of plasmonic nanomaterials (TiN) in phototherapy tasks
[9]. We finally overview applications of Si NPs, which exhibit a unique
combination of biocompatibility and biodegradability options [10,11].
In particular, we show that laser-synthesized NPs can be used as effi-
cient markers in tasks of linear [12] and non-linear [13] optical bioimag-
ing. In addition, these nanoparticles can be used in mild cancer thera-
pies, e.g. as sensitizers of radiofrequency radiation-based hyperthermia
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[14] and as carriers of therapeutic ®8Re radionuclide in nuclear nano-
medicine tasks [5].

[1] A. V. Kabashin, M. Meunier, Synthesis of colloidal NPs during fs laser ab-
lation of gold in water, J. Appl. Phys., vol. 94, pp. 7941 (2003)

[2] K. Maximova, A. I. Aristov, M. Sentis, A. V. Kabashin, Size-controllable
synthesis of bare gold NPs by femtosecond laser fragmentation in water, Nano-
technology, vol. 26, pp. 065601 (2015)

[3] T. Baati et al, Ultrapure laser-synth. Si nanomat. for biomed. applications:
in vivo assessment of safety&biodistribution, Sci. Rep., vol. 6, pp. 25400
(2016)

[4] F. Correard et al, Gold NPs prepared by laser ablation in agueous biocom-
patible solutions: assessment of safety and biological identity for nanomedicine
applications, Int. J. Nanomedicine, vol. 9, pp. 5415 (2014)

[5] V. M. Petriev et al, Nuclear nanomedicine using Si NPs as safe and effec-
tive carriers of 1®Re radionuclide for cancer therapy, Sci. Rep., vol. 9, pp. 2017
(2019)

[6] S. Uusitalo et al, Surface-enhanced Raman spectroscopy for identification
and discrimination of beverage spoilage yeasts using patterned substrates and
gold NPs, J. Food Eng., vol. 212, pp. 47 (2017)

[7]1 M. Kogler et al, Bare laser-synth. Au-based NPs as non-disturbing SERS
probes for bacteria detection, J. Biophoton, vol. 11, pp. €201700225 (2018)

[8] S. Hebie et al, Advanced Electrocatalysts on basis of bare Au nanomaterials
for Biofuel Cell Applications, ACS Catal. Vol. 5, pp. 6489 (2015)

[9] A. A. Popov et al, Laser- synthesized TiN NPs as promising plasmonic al-
ternative for biomedical applications, Sci. Rep., vol. 9, pp. 1194 (2019)

[10] A. V. Kabashin, V. Yu. Timoshenko, What theranostic applications could
laser-synth. Si NPs have in cancer?, Nanomedicine, vol. 11, pp. 2247 (2016).
[11] A. V. Kabashin, A. Singh, M. T. Swihart, I. N. Zavestovskaya, P. N. Pra-
sad, Laser processed nanosilicon: a multifunctional nanomaterial for energy
and healthcare, ACS Nano, vol. 13, pp. 9841 (2019)

[12] M. B. Gongalsky et al., Laser-synthesized oxide-passivated bright Si quan-
tum dots for bioimaging, Sci. Rep., vol. 6, pp. 24732 (2016)

[13] A. Kharin et al, Bi-Modal Nonlinear Optical Contrast from Si NPs for
Cancer Theranostics, Adv. Opt. Mater., vol. 7, pp. 1801728 (2019)

[14] K. P. Tamarov et al, Radiofrequency radiation-induced hyperthermia using
biodegradable Si-based nanosensitizers for biomedical applications, Sci. Rep.,
vol. 4, pp. 7034 (2014)
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LASER FOR NANO (BIO-MEDICAL)
(PIONEERING PULSED LASER SYNTHESIS OF COLLOIDS)

Anton Fojtik!?

1Faculty of Biomedical Engineering, Czech Technical University, Prague,
Czech Republic (CR)
2Institute of Engineering Physics for Biomedicine, National Research Nuclear
University (MEPHI) Moscow, Russia
email: fojtiant@fbmi.cvut.cz

During the past several decades, “small-particle” research has be-
come quite popular in various fields of physics, chemistry and in bio-
medical. By “small particles” are meant clusters of atoms or molecules
of metals, semiconductors and others materials, ranging in size between
single atoms or molecules and bulk materials.

In the year 1992 it has been assumed, that all substantial facts and
technologies regarding nanoparticles were already known.

We have been using methods: Pulls radiolysis, Stop flow techniques,
and chemical synthesis in liquid system, in solutions, chemical dissolu-
tion of big particles to small nanostructures.

What more was left besides tuning of existing manufacturing tech-
nologies and developing clever applications?

Could lasers be put to a good use?

That work of ours which you are calling as the pioneering one, which
incited interest in the studies by other researches and was gradually de-
veloping as a new area of nanotechnologies ANGEL, leading into the
area of biomedicine, was, in fact, some kind of a crazy attempt.

At that time we did not expect that this idea would have such an en-
thusiastic following.

Available laser technology development was working with the pulse
duration of the order of nanoseconds and entering the picosecond region
was only at its infancy.

Gradually 1 arrived to a conclusion that achieving a breaking pro-
gress quite often depends on courage to realize some crazy looking idea.
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(1 do remember very well my first steps in a nuclear research that during
exposure of samples with electrons on a linear accelerator, a big prob-
lem was the darkening of glass as a undesirable effect. Application of
this idea was a realization of the glass at front of the New National The-
atre in Prague (1977-1982), (patent was awarded).)

Attempts were made, but without any particular breakthrough...

At that time, we aimed to new type of nanostructures and we really
had not expected that usage of lasers could bring us something revolu-
tionary.[1]

But there was a surprize waiting around the corner...

We hoped that by an absorption of intense laser beam by a solid state
material, producing temperature of plasma of many thousands kelvins
(similar like in sonochemistry, where several thousand kelvins are
reached in oscillating gas bubbles in a liquids [2]), similar effects could
be reached.

Nothing more, nothing less. Where are we now and what’s next?

Open the research mainly for biomedical and biomedicine applica-
tions.

For example, only this way can be prepare Fe /Ag magnetic nanopar-
ticles, with high purity, which are at top interest for research against
HIV virus and strategically defence against gram-positive batteries like
anthrax (our attempt).

See the lecture....

Literature

[1]. Fojtik A., Henglein A.: Laser Ablation of Films and Suspended
particles in a Solvent:

Formation of Cluster and  Colloid  Solutions;  Ber.
Buns.Phys.Chem.Vol.97, No.9, 1993, p.252,

[2]. Hart E. J., Fischer Ch.-H., and Henglein A., J. Phys. Chem. 94,
284 (1990).

Laser, small-particle, clusters of atoms, Pulls radiolysis, Stop flow
techniques
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Anton Fojtik!?

1Faculty of Biomedical Engineering, Czech Technical University, Prague,
Czech Republic (CR)
2Institute of Engineering Physics for Biomedicine, National Research Nuclear
University (MEPHI) Moscow, Russia
email: fojtiant@fbmi.cvut.cz

Organized metal nanoparticles on InP for environment gas sen-
Sors.

Formation of stable reproducible high-barrier metal/InP interfaces is
an essential prerequisite for development of various electronic devices.
In particular, high quality metal/InP interfaces are demanded for good
performance of InP based gas sensors. Recently, sensors of hydrogen-
gas or nitrogen-oxide-gas based on metal/InP interfaces have been re-
ported. Gas sensors have been used for industrial process controls, for
the detection of toxic environmental pollutants, in human health, and for
the prevention of hazardous gas leaks, which comes from the manufac-
turing processes.

Recently, perfection of Pd/n-InP interface has been achieved in con-
text with fabrication of sensors for hydrogen detection by employing
technology of electroless plating. A new hydrogen sensor based on
Pd/n-InP interface has been fabricated by electrophoresis deposition of
nanosized Pd particles. This kind of sensor shows a high sensitivity and
rapid response, which prevail over devices fabricated by other methods.

This talk is to refer about the progress in the project with the central
goal to find reproducible procedures for fabrication of metal/InP inter-
faces with improved properties for gas sensors of hydrogen on n-type
InP and of nitrogen oxide on p-type InP. Metal/InP interfaces will be
made by preparation of organized metal nanoparticles using electropho-
resis techniques of metal deposition from metal-in-oil colloid solutions.
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Colloid solutions of Pd sphere nonoparticles have been prepared. An
electrophoresis cell has been constructed and structures of Pd nonoparti-
cles on InP surface have been made. The structures have been character-
ized by capacitance-voltage measurements, Normarski microscopy and
secondary mass spectroscopy.

Gold nanorods: synthesis, characteristics and applications.

The gold nanorods are interesting because of their non-symmetric
shape split into two modes: transversal and longitudal. This gives a con-
trol over the optical properties of the rods.

This leads to application as very sensitive biosensors based on local-
ized surface plasmon resonance. Gold nanorods were prepared by means
of the seeded growth method.

The nanorods are very promising material, and much effort is now
put into self-assembling them to form superlattices and photonic crys-
tals. This would open new ways of developing sensors based on the SPR
effect - not in uniform metal layer, but in photonic crystal. This would
dramatically increase their sensitivity.

Interaction artificial objects with biological environment - acti-
vation of gold nanoparticles surface.

At contact of artificial surface with biological environment happen
always to fast deposition of biological matters, mainly proteins, with
which then reacting others components of environment. These phenom-
ena they are sources of expressive problems while using artificial sys-
tem in biotechnology and medicine, consequence is, nonspecific re-
sponse of biosensors, activation coagulation of blood (thrombokinesis),
inflammatory processes and dispraise transport of drugs and genetic in-
formation.

Perspective policy for solving these problem is based on coverage ar-
tificial object by synthetic or natural molecules, which taking nonspecif-
ic interaction (non-fouling). On such a modified surface, they are then
join biological active substances, handling requisite function of system.

Plasmon Sensors. Our, own results.
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Optimization of ablative laser technologies calls for detailed
knowledge of laser-matter interaction mechanisms resulting in break-
down and expelling of materials exposed to high-power laser pulses.
Femtosecond ablation is known to be a versatile and effective tool to
produce nanoparticles in a well-controlled way. The transparent NP are
of particular interest for biomedical applications. For example, the
nanocrystals doped with rare earth ions, featured by effective lumines-
cence in the transparency window of the biological tissues, can be used
in bioimaging; while converting of metals into the form of transparent
oxides, in many cases, allows to resolve the problem of toxicity of the
metal-based nanoformulations.

It seems any material can be ablated by femtosecond pulses but par-
ticular mechanisms of ablation are crucially dependent on variety of fac-
tors like parameters of laser pulses, the ambient and nature of the irradi-
ated material. In our study, we focus in interaction of femtosecond IR,
visible and UV pulses with the conventional oxide optical materials,
namely the crystalline quartz, sapphire and magnesium oxide. The ultra-
fast photo-electron kinetics is known to plays the clue role in deposition
of energy into the lattice of a transparent dielectric resulting, in the long
run, in breakdown or surface ablation.

We used two-pulse pump-probe approach in the experiments when
the first pulse in the couple is tailored to generate free electrons via mul-
tiphoton absorption, while the second aims to probe characteristics of
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intraband absorption induced by these electrons. The pulsewidth, wave-
length and delay between the two pulses could be varied. Two-pulse
ultrafast interferometry was used for in situ monitoring of the free elec-
tron concentrations. Simultaneously, the optical absorption induced by
the first pulse was measured by means of the transmission imaging
technique. Variety of ablation thresholds was measured in the same ex-
perimental conditions with respect to the electron concentrations in-
duced by the first pulse in the couple. Energy of the electrons within the
conduction band was estimated in similar configuration of the two-pulse
photo-electron spectroscopy experiments. This way, the complete set of
direct measurements was performed for gquantitative characterization of
all stages of the kinetics ending up at the surface ablation in these mate-
rials.

The obtained experimental data and the results of theoretical model-
ing indicate the intraband absorption and the following electron-phonon
relaxation to play the clue role in laser ablation of optical crystals
known for long free electron lifetime (Al,O3; and MgO). Cascade intra-
band transitions followed by relaxation of energy via electron-phonon
coupling bring the lattice to thermal instability. The detailed features of
impact ionization were revealed in SiO, known for fast trapping of free
electrons and formation of STE.

This research received funding from LASERLAB-EUROPE (grant
agreements 654148) and was partially supported by MEPhI Academic
Excellence Project (Agreement with the Ministry of Education and Sci-
ence of the Russian Federation of 27.08.2013, project #02.a03.21.0005).
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Silicon nanoparticles (Si-NPs) are biodegradable without specific cy-
totoxic effects and they possess a lot of promising properties for bio-
medical applications. For example, Si-NPs can act as labels in bioimag-
ing and sensitizer for mild therapy of cancer. These properties allow us
to use Si-NPs as novel nano-agents in theranostics (therapy + diagnos-
tics) of cancer at the nanoscale, i.e. nanotheranostics [1,2].

Aqueous suspensions of porous Si-NPs are fabricated by high-energy
milling of porous Si (PSi) films formed by electrochemical etching of
crystalline silicon (c-Si) wafers in hydrofluoric acid solutions [1]. Non-
porous crystalline Si-NPs are prepared by different physical methods as
laser-ablation [2], silane decomposition, plasma-assisted synthesis etc.

Si-NPs with efficient photoluminescence were explored as bioimag-
ing nanolabels in vitro. A comparison between the fluorescent images
obtained under laser excitation and white light illumination showed that
PSi NPs were localized into the cell cytoplasm [3,4]. Nonlinear optical
bioimaging in regimes of the second-harmonic generation and two-
photon excited luminescence was found to be possible for Si-NPs with
sizes above the quantum confinement regime because of an enhance-
ment of the nonlinear optical response due to the local field effects [5].

In vitro experiments showed that photoexcited PSi-NPs suppressed
the proliferation of cancer cells and it was explained by oxidizing prop-
erties of singlet oxygen sensitized by PSi-NPs. These results demon-
strate that PSi-NPs can be considered as a sensitizer for the photody-
namic and photothermal treatments of cancer and other tumors [1,3].
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PSi-NPs irradiated by therapeutic ultrasound (US) were found to
cavitation-induced damages of cancer cells and tumors [3]. PSi-NPs
were also loaded by anticancer drug-doxorubicin (DOX) and tested to
suppress cancer tumor growth in vivo DOX-loaded PSi NPs were found
to result in a strong suppression of the tumor growth and prolongation of
the mice’ viability. The effect was stronger when the mice additionally
were irradiated with therapeutic US. The obtained results indicate that
PSi-NPs are promising for applications in sonodynamic and combined
therapy of cancer [1,3]. Furthermore, PSi NPs with hydrophilic-
hydrophobic surface properties were found to be prospective contrast
agents for both the US imaging [6] and US-stimulated hyperthermia [7].

Aqgueous suspensions of PSi- and Si-NPs could be efficiently heated
by therapeutic radiofrequency (rf) electromagnetic radiation. The NP-
sensitized hyperthermia was used for treatment of Lewis lung carcinoma
in vivo [8]. The rf-heating sensitized by PSi-NP was demonstrated to be
efficient for spatiotemporal triggering of antitumor drug release [9]. Be-
sides, Si-NPs were found to be safe and effective carriers of 188 Re ra-
dionuclide for the cancer therapy by means of the nuclear nanomedicine
[10]. Moreover, Si-NPs with a high density of electron spin centers
have been found to be potential contrast agents for MRI diagnostics
[11,12].

[1] V.Yu. Timoshenko, In “Handbook of Porous Silicon”, Ed.
L.Canham, Springer Publ., pp. 929-936 (2014).

[2] A.V. Kabashin, V. Yu. Timoshenko, Nanomed.,11, 2247 (2016).
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[6] K. Tamarov et al., ACS Appl. Mat. & Interfaces. 9, 35234 (2017).
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A recently patented concept of silicon-based photoelectric sensor ar-
rays will be presented. Our sensing approach is based on measuring of
minority carrier lifetime in silicon by using a microwave-induced pho-
toconductive decay as shown in Figure 1. A pulse of the infrared (IR)
laser (904 nm) generates free electron-hole pairs under illuminated area
close to the front surface of a silicon wafer (penetration depth of the la-
ser radiation in silicon is about 30 pum). Since the free electrons and
holes recombine, their concentration and, consequently, conductivity of
the silicon sample decreases exponentially in time after the action of the
exciting light pulse. The decaying conductivity can be monitored by
detecting microwave reflectivity ensured by the photo-generated free
charge carriers as a function of time. The measured reflectivity decay is
fitted with an exponential curve and the obtained time constant (Tmeas)
corresponds to the effective lifetime of the photo-created charge carriers
in the given position of the silicon sample. Changing the illuminated
zone of the studied sample allows creation of its 2D map in terms of the
lifetime values Tmeas, Which depend on silicon parameters and its surface
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chemistry. If a silicon sample is put in an intimate contact with a chemi-
cal substance (liquid, for example), a new tmeas Mmap induced by the sub-
stance molecules interacting electronically with silicon surface will be
obtained. Thus, one can establish a correlation between a surface distri-
bution of the Tmess Values obtained for the given substance/silicon inter-
face and chemical composition of the liquid substance.

Microwave
emitter / detector

-
B Riaser

:  pulse

Voltage
bias

4
I— Silicon Wafer

a) b)
Fig.1. a) basic physical effects and measurement methods used in the pho-
toelectric sensor arrays; b) chemical modifications of silicon surface
leads to different lifetimes of photo-generated charge carriers.

The silicon-based sensor structure can be efficiently applied for a la-
bel-free and nonspecific recognition of various analytes and biological
cell imaging. In particular, the lifetime of photo-generated charge carri-
ers is confirmed to be an extremely efficient physical parameter ensur-
ing high sensitivity of the structures to play a role of an electronic
screen reflecting the complex physico-chemical interaction between the
bare or partially covered silicon surface and studied chemical substance.
This new kind of electronic analytical systems is an inexpensive and
environmentally friendly combinatorial electronic sensing platform that
is able to create characteristic electronic fingerprints of liquids, detect
and recognize them.
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Light-matter coupling between the molecular dipole transitions and a
confined electromagnetic field provides the ability to control the funda-
mental properties of coupled matter such as the rates of chemical and
biological reactions, efficiencies and distances of the energy transfer on
the nanoscale, etc. [1]. Hybridization of energy states of molecular exci-
tons and electromagnetic modes in cavities or plasmonic nanostructures
leads to the formation of new polaritonic states with the properties
which are significantly different from that of the original uncoupled
states. The use of tunable optical microcavities for electromagnetic field
confinement allows one to affect the coupled state properties in a con-
trollable manner, whereas the coupling strength strongly depends on the
transition dipole moment and a mode volume of the cavity. Strong de-
pendence of polaritonic state properties on electromagnetic mode char-
acteristics leads to the ability to control them using tunable microcavity
modes [2]. Importantly, achievement of the strong coupling regime for
biological molecules having low and non-oriented dipole moments
paves the way to plenty breakthrough applications.

In our previous studies we have developed tunable microcavity cell
(TMC) based on unstable Fabry-Perot resonator [3] which provides an

39



4th International Symposium and School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine”
ability of precise control of the volume of the mode, the quality factor
and the spectral position of the mode at the nm-scale [4]. These proper-
ties of TMC enable direct measurement the dispersion of polaritons in
transmission as well as in emission of the light [5].

In most studies, authors use ensembles of molecules with large di-
pole moments or highly oriented aggregates in order to increase the
light-matter coupling strength, what allows one to achieve strong cou-
pling even with the use of optical microcavities with relatively large
mode volumes [1]. However, biological and, in general, organic mole-
cules have relatively low and non-oriented dipole moments. For this
reason, the strong coupling regime has been previously regularly
reached using the extremely localized plasmonic modes, what signifi-
cantly limits the potential of practical applications of advanced coupled
systems. In our study, we have demonstrated, for the first time, an abil-
ity of realization of strong coupling regime for organic molecules with
low and non-oriented dipole moments placed in the developed TMC and
characterized in full fluorescence emission properties of created system.
Such approach can be used for control of chemical and biological reac-
tions and creation of novel sources of coherent spontaneous emission.

[1] D. Dovzhenko, S. Ryabchuk, Y., Rakovich, I. Nabiev, Light-matter interac-
tion in the strong coupling regime: configurations, conditions, and applications,
Nanoscale, vol. 10, pp. 3589-3605, 2018.

[2] S. Noda, M. Fujita, T. Asano, Spontaneous-emission control by photonic
crystals and nanocavities, Nat. Photonics, vol. 1, pp. 449-458, 2007.

[3] K. Mochalov, I. Vaskan, D. Dovzhenko, Y. Rakovich, I. Nabiev, A versatile
tunable microcavity for investigation of light-matter interaction, Rev. Sci. In-
strum., vol. 89, 053105, 2018.

[4] D. Dovzhenko, K. Mochalov, I. Vaskan, I. Kryukova, Y. Rakovich, 1.
Nabiev, Polariton-assisted splitting of broadband emission spectra of strongly
coupled organic dye excitons in tunable optical microcavity, Opt. Express, vol.
27, 4077, 2019.

[5] D. Dovzhenko, K. Maochalov, I. Vaskan, Y. Rakovich, I. Nabiev, Spectral
and spatial characteristics of the electromagnetic modes in a tunable optical
microcavity cell for studying hybrid light-matter states, JETP Lett., vol. 109,
pp. 12-17, 2019.
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At the present time a new direction of theranostics associated with
using of nanostructured multifunctional carriers is developed rapidly.
Application of nanostructured carriers is limited by absence of methods
for its in vivo visualization with sufficient spatial resolution and signifi-
cant tissue penetration depth [1]. One of the methods that allows to vis-
ualize and to detect the nanostructured carriers efficiently is a photoa-
coustic (PA) method. PA approach allows to use the photoacoustic cy-
tometry in vivo [2]. It is also very important for detection and killing of
free circulating cancer cells required for early cancer diagnostics and
decreasing the metastases probability [3]. Chemical targeting was
achieved by surface modification using targeted molecules [4]. Physical
targeting is provided by magnetic field gradient [5] or laser tweezers [6].
The most of important requirement to the carriers is safety that includ-
ing biodegradability and absence of toxicity [7]. Visualization of two
types of nanostructured carriers produced by LbL assembly method was
demonstrated recently in diluted and undiluted blood [8]. It was estab-
lished that hollow microcapsules exhibited greater photoacoustic signal
comparing to core-shell type of microparticles with the same composi-
tion of polymeric shell [8]. It was demonstrated for the first time, the
super (giant) PA contrast of BNCs both in vitro and in vivo [7]. The ob-
tained data suggest the high PA contrast of BNCs that can be associated
with synergistic plasmonic, thermal and acoustic effects, especially in
nonlinear mode with nanobubble formation in overheated absorbing
layers, in particular gold nanoclusters between two light transparent

41


mailto:d.gorin@skoltech.ru

4th International Symposium and School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine”
shells [7].

The other type based on composite indocyanine green/polymer have
using self-quenching effect has been successfully prepared and charac-
terized in vivo and in vitro by fluorescent and optoacoustic tomogra-
phies. The combination of LbL and FIL methods [9] can be allow us to
obtain the particles exhibited both PA and FL signals. This type of
nanostructured carriers has a very good perspective for clinical applica-
tions agree high safety and the easiest scaling up for their preparation
methods [10]. The analysis of published articles allows to make the fol-
lowing conclusions related to the most perspective contrast agents. It
should be multimodal and multifunctional and using such type of physi-
cal phenomena as interaction of plasmonic nanoparticles and dye for
guenching and enhancement of fluorescence [7], self-quenching [10],
spaser effect and lasing [11].

This work was partly supported by the Russian Foundation for Basic
Research (RFBR grant 18-29-08046) and by the Government of the
Russian Federation (grant n0.14.250.31.0044).
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Capable of supporting collective oscillations of free electrons (sur-
face plasmons), plasmonic nanostructures can offer a number of unique
properties, including strong resonant scattering and absorption[1], and
dramatic near-field enhancement[2,3], which makes them very promis-
ing candidates for a plethora of applications. Exhibiting a red-shifted
absorption/scattering feature compared to conventional plasmonic met-
als, titanium nitride nanoparticles (TiN NPs) look as very promising
candidates for biomedical applications, but these applications are still
underexplored despite the presence of extensive data for conventional
plasmonic counterparts. Here, we present the fabrication of ultrapure,
size-tunable crystalline TiN NPs by methods of femtosecond laser abla-
tion in liquids. We demonstrate the possibility to tune size of NPs be-
tween 5 and 40 nm by varying laser fluence and ablation strategies[4].
We show that so prepared TiN NPs demonstrate strong and broad plas-
monic peak around 640—700 nm with a significant tail over 800 nm even
for small NPs sizes (<7 nm), which is a very important fact, since this
band lies within the region of relative tissue transparency, therefore la-
ser-synthesized TiN NPs promise the advancement of biomedical mo-
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dalities employing plasmonic effects, including absorption/scattering
contrast imaging, photothermal therapy and photoacoustic imaging.

[1] Jain, P. K., Lee, K. S., El-Sayed, I. H. & El-Sayed, M. A. Calculated ab-
sorption and scattering properties of gold nanoparticles of different size, shape,
and composition: applications in biological imaging and biomedicine. J. Phys.
Chem. B 110, 7238-7248 (2006).

[2] Nie, S. Probing single molecules and single nanoparticles by surface-
enhanced Raman scattering. Science 275, 1102-1106 (1997).

[3] Kneipp, K. Surface-enhanced Raman scattering. Phys. Today 60, 40-46
(2007).

[4] Popov A. A., Tselikov G., Dumas N., Berard C., Metwally K., Jones N., et
al. Laser- synthesized TiN nanoparticles as promising plasmonic alternative for
biomedical applications. Sci Rep. 9:1194 (2019).

44



4th International Symposium and School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine”

HYBRID NANOMATERIALS BASED ON PLASMON OR
FLUORESCENT NANOPARTICLES AND
RETINAL-CONTAINING PROTEINS

V.A. Oleinikov*?, D.O. Solovyeval?, E.P. Lukashev?, K.E. Mochalov?

! National Research Nuclear University “MEPhI”, (Moscow Engineering
Physics Institute), Moscow, 115409, Russia
2 Shemyakin—Ovchinnikov Institute of Bioorganic Chemistry, RAS, Moscow,
117997, Russia
3 Department of Biology, Moscow State University, Moscow, 119992, Russia
Presenting author e-mail address: voleinik@mail.ru

Retinal-containing protein bacteriorhodopsin (bR) is a membrane
photosensitive protein that provides transmembrane charge separation
("proton pump"), using of light energy. Applicational potential of reti-
nal-containing proteins are so attractive that the scope of research relat-
ed to their use is steadily increasing. A fundamental step in the devel-
opment of devices based on such proteins is the formation of nanohy-
brid structures, a type of protein/nanoparticle.

The report addressed the formation of hybrid materials based on reti-
nal-containing proteins with fluorescent semiconductor nanocrystals
(quantum dots, QDs) and with plasmonic nanoparticles made of noble
metals (silver, gold) [1, 2], fig.1.

The effect of nanoparticles on the efficiency of charge separation on
membranes containing bR/QD hybrids was considered [3, 4]. Peculiari-
ties of the influence of nanoparticles on the photocycle of bR and its
mutant forms are discussed. The distance-dependent ability of silver
nanoparticles to suppress (“freeze”) the BR photocycle is considered
[1,5].

It can be believed, that problems associated with the interaction of
single objects (in particular, an inorganic nanoparticle with protein mol-
ecule) are very important, especially in light of the development of
(scanning) probe methods and the creation of hybrid bio-nanodevices
based on single objects.
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Fig.1. Scheme of hybrid bR/(AfNP or QD).
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Exposure of the cells at the Go/G; phase of the cell cycle to low- and
high- linear energy transfer (LET) radiation results in induction of vari-
ous types of DNA lesions. DNA double strand breaks (DSBs) are the
most biologically significant molecular lesions. They can be converted
into the chromatid or chromosome type aberrations in the first postirra-
diated cycle, termed as early aberrations. Some of chromosomal aberra-
tions (CAs) are transmitted to the following cell cycle (as clonal stable
aberrations, e.g. translocations, inversions, insertions). Other CAs, as it
is usually thought, are not transmitted but results in cell death (non-
clonal unstable aberrations, e.g. dicentrics, centric rings). However, the
experimental studies showed the increased level of nonclonal chromo-
somal aberration frequency in the progeny of irradiated cells. It was rec-
ognized as the manifestation of phenomenon of radiation induced chro-
mosomal instability (CI) which plays an important role in cancer initia-
tion and progression. The shape of the dose response curve is the fun-
damental feature of any radiobiological phenomenon. Delayed aberra-
tions follow dose-response curve which differs from that in the first
postirradiation mitosis, however, the origin of this difference is poorly
understood.

Here we report the results of studies of the early and delayed chro-
mosomal aberrations in rodent cells using experimental and theoretical
approaches. Early CAs of exchange type, related to DNA damage inter-
action-misrejoining within given chromosome, classified as intrachang-
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es, were studied by means of the new biophysical technique. This tech-
nique integrates structural information about mouse chromosome ob-
tained with 3D genomics technology (Hi-C) providing pattern of in-
trachromosomal contacts and distribution of radiation induced intra-
change breakpoints along the chromosome.

The delayed CAs were studied in experiments with hamster CHO-K1
cell line irradiated by %°Co-gamma-rays under various conditions. The
Cl endpoints were chosen as delayed unstable asymmetrical aberrations,
or dicentrics. The observation of time and dose dependencies demon-
strated the elevated level of dicentrics at many days after exposure. In
addition, we searched for the modifiers of Cl. Chemical inhibitors of
DNA synthesis and DNA DSB repair were introduced at the first cycle
after or before initial acute gamma-ray exposure. The higher incidence
of dicentrics during the prolonged time course after acute exposure to
radiation and inhibitors was detected indicating essential modification of
CIl temporal dynamics with respect to ionizing radiation only.

To explore the mechanisms of radiation induced CI in details we
proposed the biophysical model of CI predicting formation of delayed
dicentrics at various doses and at different times after irradiation. It was
found that CI dose response for CHO-K1 cells follows curvilinear shape
with sign of saturation at large doses. The biophysical model of CI pre-
dicts saturation or even plateau for Cl dose response at large doses. This
conclusion was verified for consistency with the data on other cell types
of rodent and human origin. It remains to be established to what extent
the plateau of dose response curve for delayed dicentrics is achieved for
other delayed endpoints as to delayed chromatid exchanges, micronuclei
etc. In other words, do delayed effects of different origin in various cell
types display the universal behavior at large times after exposure and at
large doses of low-LET radiation.

Taken together, experimental and theoretical data reveal that a pro-
cess of continuous generation of DNA breaks may exist in each cell cy-
cle of descendants of irradiated cells which is necessary to explain CI.
The possible origin of continuous DNA breakage, switching on the CI
phenotype, is replicative stress induced in the first postirradiation cell
cycle and persisting in the progeny of irradiated cells.
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victortsetlin3f@gmail.com

The lecture title matches “Biomedicine”, a key word of our confer-
ence, and reflects the current trend that the “ receptor” is considered not
so much as a target for elucidating its structure, mechanisms and role in
physiology, but a target for drug design. With a particular receptor, the
first question would be whether the respective gene and disease-
associated mutations are known. Nicotinic acetylcholine receptors
(nAChRs) are different in this respect: in previous century it has been
already known that they regulate muscle contraction, and for the nAChR
from the electric ray the form in the membrane has been established
before the receptor subunits were cloned. In the isolation and charac-
terization of that nAChR an important role played alpha-bungarotoxin
(aBgt), a neurotoxic protein from the snake venom. It and other related
snake venom alpha-neurotoxins are widely used in pharmacological
analysis of different NAChRs subtypes (muscle-type, neuronal and non-
neuronal) situated respectively on the muscle, nervous and immune sys-
tems. Sophisticated assistants in research on nAChRs are alpha-
conotoxins, neurotoxic peptides from the poisonous snails Conus.

Due to wide distribution, nAChRs are implicated in versatile physio-
logical functions (from muscle contraction to cognition) and, respec-
tively, their functioning or malfunctioning is more or less tightly asso-
ciated with the myasthenia, nicotine addiction, lung cancer, Alzheimer’s
and Parkinson diseases and some other.

Contemporary focusing on nAChRs as targets for drug design needs
structural information about their binding sites, in particular about those
where such agonists as acetylcholine and nicotine and such competitive
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antagonists as alpha-neurotoxins or alpha-conotoxins are bound. It is
available, but a success with drugs is very modest. Close to strong an-
algesic was ABT-594, designed on the basis of epibatidine (frog tox-
in), but testing was stopped. Virtually the only success is  varenicline
which assists to refrain from smoking.

The research of the author and its collaborators for many years was
focused on discovering new neurotoxic peptides and proteins and elu-
cidating structural aspects of their interactions  with nAChRs [ 1]. A
novel linear peptide from the viper venom in preclinical studies was
shown to be a more efficient myorelaxant than currently used rocu-
ronium [2]. We recently found that oligoarginines are a new class of
nNAChR inhibitors [3] and this should be taken into account because
these compounds are used for drug delivery into the cell.

[1] V.1. Tsetlin. Three-finger snake neurotoxins and Ly6 proteins targeting nic-
otinic acetylcholine receptors: pharmacological tools and endogenous modula-
tors. Trends Pharmacol Sci. 2015 36,109-123 (2015).

[2] 1.V. Shelukhina, M.N. Zhmak, A.V. Lobanov, L.A. Ivanov, A.l. Garifulina,
I.N. Kravchenko, E.A. Rasskazova, M.A. Salmova, E.A. Tukhovskaya, V.A.
Rykov, G.A. Slashcheva, N.S. Egorova, 1.S. Muzyka, V.I. Tsetlin, YN Utkin.
Azemiopsin, a Selective Peptide Antagonist of Muscle Nicotinic Acetylcholine
Receptor: Preclinical Evaluation as a Local Muscle Relaxant. Toxins (Basel).10
(1). pii: E34 (2018)

[3] D. Lebedev, E. Kryukova, I. Ivanov, N. Egorova, N. Timofeev, E. Spirova,
E. Tufanova, A. Siniavin, D. Kudryavtsev, |. Kasheverov, M. Zouridakis, R.
Katsarava, N. Zavradashvili, I. lagorshvili, S. Tzartos, V. Tsetlin. Oligoarginine
Peptides, a New Family of nAChR Inhibitors. Mol Pharmacol.
mol.119.117713 (2019)
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LASER MICRO- AND NANOSTRUCTURING OF SOLIDS BY
SUB-NANOSECOND LASER PULSES
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2 2National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russian Federation
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Controlling the interactions of light with matter is crucial for the success
and scalability of materials processing applications at micro and nano-scale.
When lasers are used as light sources,the optimal interplay between the laser
and material parameters may allow the fabrication of features with dimensions
of the order or smaller than the laser wavelength diffraction limit. This report
will focus on laser-assisted micro/nano structuring (NS) of surfaces and con-
trolling materials properties via this process. A variety of different material
responses have been achieved depending on the material system and the laser
parameters, allowing processes to be designed and optimized to permanently
alter the material’s surface chemistry, crystal structure, and morphology to suite
its desired function. The unique aspect of this for many applications is that the
material modifications can occur over many different length scales, adding
complexity to the surface and a new dimension to surface optimization. As a
result, direct irradiation of materials by ultrafast laser pulses in controlled at-
mosphere often induces modifications leading to complex micro- and nanoscale
surface structures, which are often found to have different and by far superior
properties tothose of the bulk materials. Indeed, we demonstrate that laser mi-
cro/nanostructured materials can be exploited for diverse emerging applications
opening up new, exciting possibilities.

Furthermore, laser initiation of phase transitions at the solid-liquid interface
results in the formation of self-organized micro- and/or nanostructures and
high-spatial-frequency laser-induced periodic surface structures (HSFL) on the
solid surface.

Formation of NS is assigned to the instability of evaporation of the liquid
that surrounds the irradiated target. In comparison HSFL are occurred due to
the development of thermocapillary instability of the melt layer on the target
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surface. The morphology of NS generated on various metallic as well as non-
metallic bulk solids is studied as a function of laser parameters and target mate-
rial.

The aim of this report to show the evolution morphology of the surface
from micro (1-10 mm) to nanoscale (till 10 nm) as different unique types of
micro and nanostructures are formed under laser ablation of target. Laser nano-
technologies presented in this topic found a lot of applications such as en-
hancement of external applied field up to 10* times, change of antifriction
properties, development of the structured surface as ultrablack absorbers with
unique optical properties. Besides presenting recent advances on the elucidation
of the possible mechanisms behind the formation of the structures obtained by
these techniques, it will also delineate existing limitations and discuss emerging
possibilities and future prospects.
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Fig.1. Self-organized nanostructures on Nickel after its ablation by 5 ps laser
pulses in ethanol.
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There has been a great deal of interest in developing nuclear nano-
medicine which utilizes nanoparticles (NPs) as carriers of radionuclides
[1]. When functionalized by biopolymers, NPs promise safe and con-
trollable transport of radionuclides in the blood stream, as well as a pas-
sive vectoring mechanism for targeting tumors based on their selective
size accumulation (enhanced permeability and retention effect). In addi-
tion, NPs can be more heavily loaded with radionuclides to ensure an
enhanced therapeutic outcome in the tumor region.

We propose silicon NPs (Si*NPs) synthesized by pulsed laser abla-
tion in liquids as a nearly ideal carrier of radionuclides for nuclear na-
nomedicine [1]. One can use these methods to make stable colloidal
dispersions of silicon nanoparticles in both organic and aqueous media,
which are suitable for a multitude of applications across the important
fields of health care. Size tailoring allows production of Si*NPs with
efficient photoluminescence that can be tuned across a broad spectral
range from the visible to near-IR.

These applications encompass several types of bioimaging and vari-
ous therapies, including photodynamic therapy, RF thermal therapy, and
radiotherapy. The uniqueness of such Si*NPs is based on their biodeg-
radability, which makes possible rapid elimination of these structures
from the organism within several days even if their initial size is large
(30-80 nm) under absence of any toxic effects, which was confirmed in
a mice model. In addition, in contrast to Si nanostructures prepared by
conventional chemical or electrochemical routes, laser-synthesized
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Si*NPs have ideal round shape, controllable size with low size disper-
sion, and are free of any toxic impurities, which promises a better
transport in vivo and the absence of side effects [2].

Synthesized nanoparticles were tested as carries for promising radio-
nuclides (Re-188, Ga-68) in nuclear medicine, as well as sensitizers in
radiation therapy. We demonstrate the possibility for fast PEGylization
and conjugation of laser-synthesized Si*NPs with Rhenium-188
(188Re) radionuclide, which is one of most promising generator-type
therapeutic beta-emitters with the energy of positron emission of 1.96
MeV (16.7%) and 2.18 MeV (80%) and half-decay time of 17 hours 1
[1]. We show that such conjugates can efficiently deliver the radionu-
clide through the blood stream and retain it in the tumor region.

We also show that Si NPs ensure excellent retention of 188Re in tu-
mor, not possible with the salt, which enables one to maximize thera-
peutic effect, as well as a complete time-delayed conjugate bioelimina-
tion. Finally, our tests on rat survival demonstrate excellent therapeutic
effect (72% survival compared to 0% of the control group). Combined
with a series of imaging and therapeutic functionalities based on unique
intrinsic properties of Si*NPs, the proposed biodegradable complex
promises a major advancement of nuclear nanomedicine.

The research was carried out with the financial support of the Minis-
try of education and science of the Russian Federation (agreement of
November 26, 2018 Ne 075-02-2018-097), unique identifier of the pro-
ject RFMEFI57518X0174, and State Corporation “Rosatom” (agree-
ment of September 05, 2019 Ne 313/1655-D).

[1] V.M. Petriev, V.K. Tischenko, A.A. Mikhailovskaya, A.A. Popov, G. Tse-
likov, 1. Zelepukin, S.M. Deyev, A.D. Kaprin, S. Ivanov, V.Y.Timoshenko,
P.N. Prasad, I.N. Zavestovskaya, A.V. Kabashin, Nuclear nanomedicine using
Si nanoparticles as safe and effective carriers of 188 Re radionuclide for cancer
therapy, Scientific Reports, 9(1):2017 (2019)

[2] A.V. Kabashin, A. Singh, M.T. Swihart, I.N. Zavestovskaya, P.N. Prasad,
Laser Processed Nanosilicon: A Multifunctional nanomaterial for Energy and
Health Care, ASC Nano, DOI-10.1021 (2019).
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Differential diagnosis in brain tumors is based on stereotactic biopsy
which is set as “gold standard”. This procedure is invasive and it is as-
sociated with considerable risk of complications. Moreover surgical
brain intervention is expensive.

The goal of this study is to develop a non-invasive method with high
specificity for diagnostic purposes. Study of brain tumor metabolism
provides better understanding of glioma evolution which in its turn as-
sists in non-invasive malignancy differentiation.

We provided two dynamic PET investigations with 11C-methionine
(20 min) and 18F-FDG (30 min) tracers for each of 30 patient of sus-
pected primary brain tumors. Stage of malignancy was further con-
firmed histologically.

Key result of the study is that grade 11 and grade 111 gliomas could be
differentiated the best with 18F-FDG. Though the uptake in tumor was
lower than in healthy grey matter in both cases, the uptake gradient was
significantly lower in grade 11l tumors.

Grade Il and grade IV gliomas separation also benefits from addi-
tional 18F-FDG study which raised specificity up to 90%.

Novel observation was that the high grade gliomas alter metabolism
of the remaining unaffected part of the brain significantly. This effect
was observed with both tracers.

As a conclusion we state that this new technology can directly be
transferred to clinic with high benefits for the patients resulting in re-
duced necessity for neurosurgery and reduced costs of diagnosis.
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Ultrashort laser pulses, focused on metal surfaces, can produce La-
ser-Induced Periodic Surface Structures (LIPSS), which have found a lot
of applications in I1T- and Bio- technologies. During the laser energy
deposition Surface Plasmon Polaritons (SPP) [1], i.e. surface plasmons
coupled to a laser-electromagnetic wave, can be excited on a rough ma-
terial surface. The interference of the plasmons wave and the incoming
pulse leads to the redistribution of the laser intensity across the materi-
al’s surface, establishing of the periodic electronic temperature field,
(Figure 1), and the subsequent formation of LIPSS.

In this work we propose a combined atomistic-continuum Molecular
Dynamics based approach as an efficient numerical tool for investiga-
tion of LIPSS formation mechanism on metals in super-large simula-
tions [2]. We introduce the corresponding source term description due to
SPP in the combined model [3].The nanostructuring mechanism is then
investigated under conditions of vacuum ambient and in the regime of
spatial confinement due to a thick water layer above the target. The
simulation results are directly compared with the experimental data,
generated on the same temporal and spatial scales, and analyzed. This
allowed to extract the main mechanisms of LIPSS formation and the
reasons for a higher quality of structures generated under water. The
performed research allows for a possibility for the structures generation
with predesigned topological, morphological, optical, and magnetic
properties.
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Fig. 1: The resulting electronic temperature distribution inside the metal
target (side view) upon 200 fs laser pulse energy deposition at the wavelength
of 400 nm, due to excitation of SPP in the vicinity of the laser spot center is
shown (a). The atomic snapshot of the structured surface (side view) is shown
for the same modelig, taken at 75ps of the simulation time (b). The atoms are
colored by Central Symmetry Parameter (SCP) for identification of the local
crystal structures as follow: solid < 0.08 < defects < 0.12 < liquid < 0.25 < sur-
face < 0.50 < vapor.

[1]. S.A. Maier, Plasmonics, Fundamentals and Applications (Springer, Ber-
lin) (2007).

[2]. D.S. Ivanov, V.P. Lipp, A. Blumenstein, V.P. Veiko, E.B. Yakovlev,
V.V. Roddatis, M.E. Garcia, B. Rethfeld, J. Ihlemann, and P. Simon, Phys.
Rev. Appl. 4, 064006 (2015).

[3]. P.N. Terekhin, O. Benhayoun, S.T. Weber, D.S. Ivanov, M.E. Garcia,
B. Rethfeld, accepted to Appl. Surf. Sci. (2019).
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Despite considerable advances in understanding the biological and
biochemical nature of human diseases, many biophysical aspects of
changes in tissue, cells, and pericellular coat are still unclear. Here we
propose a methodology based on nanoscale-resolution imaging of sur-
faces of cells together with collecting their physical information. Such
an approach can be applied to study and detection or diagnostic of vari-
ous diseases and abnormalities.

Using a combination of resonance and sub-resonance atomic force
microscopy, ringing mode [1] and machine learning analysis we demon-
strated that parameters, which are typically utilized in engineering to
describe surfaces, can be applied to classify physical alterations of the
surface of human epithelial cells. We found that the stepwise in vitro
development of cancer (from normal to immortal (premalignant), to ma-
lignant) could be associated with the emergence of simple fractal geom-
etry on the cell surface [2, 3]. Further, we applied this method for the
detection of bladder cancer by using cells collected from human urine
samples. Diagnostic accuracy of 94% achieved when examining five
cells per patient’s sample. It is a statistically significant improvement
(p<0.05) in diagnostic accuracy compared to the currently used clinical
standard, cystoscopy, as verified on 43 control and 25 bladder cancer
patients [4].

This method can also be applied for the detection of other cancers, in
which cells or body fluid are available for analysis without the need for
invasive biopsy, e.g., upper urinary tract, urethra, colorectal and other
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gastrointestinal, cervical and aerodigestive cancers. Furthermore, the
described approach can be extended to detect cell abnormalities beyond
cancer as well as to monitor cell reaction to various drugs (nanopharma-

cology).

[1] M.E. Dokukin, I. Sokolov, Nanoscale compositional mapping of cells, tis-
sues, and polymers with ringing mode of atomic force microscopy, Scientific
Reports, vol. 7, pp. 11828, (2017).

[2] M.E. Dokukin, N.V. Guz, C.D. Woodworth, 1. Sokolov, Emergence of frac-
tal geometry on the surface of human cervical epithelial cells during progres-
sion towards cancer, New Journal of Physics, vol. 17(3), pp. 033019, (2015).

[3] N.V. Guz, M.E. Dokukin, C.D. Woodworth, A. Cardin, 1. Sokolov, To-
wards early detection of cervical cancer: Fractal dimension of AFM images of
human cervical epithelial cells at different stages of progression to cancer, Na-
nomedicine: Nanotechnology, Biology and Medicine, vol. 11(7), pp. 1667—
1675, (2015).

[4] I. Sokolov, M.E. Dokukin, V. Kalaparthi, M. Miljkovic, A. Wang, J.D.
Seigne, P. Grivas, and E. Demidenko, Noninvasive diagnostic imaging using
machine-learning analysis of nanoresolution images of cell surfaces: Detection
of bladder cancer, PNAS, vol. 115(51), pp. 12920-12925, (2018).
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THE POSSIBILITY OF MULTIPARAMETRIC MRI AND
PERSPECTIVES OF ARTIFICIAL INTELLIGENCE (Al) IN
THE DIAGNOSIS OF PROSTATE CANCER
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Sokolov*?, N.A. Semiletov?, D.A. Goncharuk®
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Objectives: Assess of correlation between the apparent diffusion co-
efficient (ADC of the tumor, ADC ratio) and final grade group (GG)
after radical prostatectomy (RP), determination of the threshold values
of ADC for detecting clinically significant prostate cancer (PC) with
subsequent evaluation in a prospective group.

Materials and methods: 118 patients with PC were included in the
retrospective group. These patients underwent RP from 2012 to 2017
with preoperative 3 Tesla multiparametric MRl (mpMRT) with contrast
enhancement in a single diagnostic center. After processing MRI stud-
ies, average values of tumor ADC and benign tissue ADC were calcu-
lated using ADC maps. The prospective part of the study included 60
patients with mpMRI conducted prior to prostate biopsy and subsequent
RP from January 2018 to March 2019.

Results: Tumor ADC and postoperative GG had a statistically
significant negative correlation of moderate strength (Spearman’s
correlation coefficient = -0.733, p=0.0001). Similar correlation was
found for the ADC ratio with a slightly higher Spearman ratio (p = -
0.802, p=0.0001).

In the ROC-analysis of potential for discrimination between GG 1
and GG 2, the area under curve (AUC) was 0.898 (95%, CI 0.835-
0.961) for tumor ADC and 0.950 for ADC ratio (95%, CI 0.909-0.992).
When used as a criterion for determining GG 1 tumor, ADC values >
0.78 shown sensitivity of 78% and specificity of 98%. When using ADC
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ratio >0.4501, the sensitivity and specificity were 92 and 93%
respectively. The prospective part of the study demonstrated the
effectiveness of applying the obtained diffusion coefficient thresholds.
When used as a criterion for determining clinically significant prostate
cancer (GG > 1), threshold value of tumor ADC had sensitivity,
specificity, accuracy, positive predictive value and negative predictive
value were 81%, 61%, 73%, 77 % and 67% respectively. For the ADC
ratio sensitivity, specificity, accuracy, positive predictive value and
negative predictive value were 84%, 91%, 87%, 94% and 78%
respectively.

Conclusion: ADC of the tumor alone had a statistically significant
negative correlation with the final PC grade group. ADC ratio had a
stronger correlation, proving to be more accurate for the purpose of
distinguishing between GG 1 and GG 2. In the prospective study, ADC
ratio demonstrated high predictive value. Diffusion coefficients may
prove to be a useful predictive tool with regard to the histopathological
aggressiveness of PC. Integration of non-invasive markers in the
diagnostic process will help with personalizing the patient's treatment
plan and avoiding unnecessary risks. In the future, a combination of
artificial intelligence guided study and the keen expert eye of a
diagnostician will enable a more thorough detailed analysis of the MR
image, providing data on the localization, architecture and
aggressiveness of the prostate cancer, ensuring a more balanced
approach to both the choice of treatment strategy and the necessity of
surgical intervention.
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Tumors are characterized by increased consumption of glucose in
comparison to normal tissues. Therefore, glucose derivatives can be
used as carriers to deliver radionuclides directly to tumor tissue. Posi-
tron emission tomography (PET)-based imaging of the uptake of a radi-
oactive fluorine-labeled glucose analog, ®F-fluorodeoxyglucose has
been successfully used in the clinic for tumor diagnosis and staging, as
well as for monitoring responsiveness to treatment.

Gallium-68 (%8Ga) is a promising radionuclide for PET imaging due
to its nuclear and physical properties (Ty2 = 68 min, f* = 89 %, Eg+max =
1.9 MeV). It also can be obtained from %Ge/%®Ga generator up to 12-18
months. In this work a new glucose derivative, ®Ga-NODA.-
aminoglucose, was synthesized and its biodistribution was studied.

#Ga-NODA-aminoglucose was synthesized with high radiochemi-
cal yield. Radiochemical purity was obtained more than 95 %. All bio-
distribution studies were performed in BALB/c mice with subcutaneous-
ly transplanted colon adenocarcinoma. 10 days after tumor transplanta-
tion the animals were injected with 0.37 MBq in a volume 0.1 ml of
8Ga-NODA-aminoglucose. Animals were sacrificed at 5 min, 1, 2 and 3
h post-injection (p.i.), the samples of different organs and tissues were
collected. The radioactivity was measured by gamma counter. The up-
take was expressed as percentage of injected dose per gram of tissue
(%ID/g).
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It was observed that the highest uptake of radioactivity in tumor was
4.88 % ID/g, declined to 1.57 %, 0.54 % and 0.52 % ID/g at 1, 2, and 3
h p.i., respectively. The amount of ¥Ga-NODA-aminoglucose in blood
reached 9.83 % ID/g at 5 min p.i., but decreased later to 0.04-0.55 %
ID/g, providing the ratios tumor/blood as high as 3.38-12.78. The excre-
tion of activity occurred through the urinary system, so the accumula-
tion of activity in kidney was 1.67-37.22 % ID/g. In other soft tissue
organs the uptake of ®®Ga-NODA-aminoglucose was low and didn’t ex-
ceed its accumulation in tumor throughout the study.

In conclusion, %Ga-NODA-aminoglucose is considered to be a
promising agent for PET tumor imaging in addition to existing radio-
pharmaceuticals.

This work was financially supported by Ministry of Science and Higher

Education of the Russian Federation (project Ne 075-02-2018-097,
unique project ID RFMEFI57518X0174)

63



4th International Symposium and School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine”

MULTIFUNCTIONAL NANOSTRUCTURES
FOR ONCOTHERANOSTICS

V. Shipunova'?, I. Zelepukin!?, P. Kotelnikova?, E. Komedhikova?,
V. Soloviev!?, S. Deyev??

! Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russia,
2 National Research Nuclear University “MEPhI”, Moscow, Russia
viktoriya.shipunova@phystech.edu

A considerable attention of researchers in the field of biomedicine is
being directed toward the development of personalized medicine, espe-
cially for theranostics. Theranostics implies the combination of thera-
peutic and diagnostic properties on a single platform.

Here we describe the development of theranostic agents for the per-
sonified analysis of HER2-positive cancer cells both in vitro and in vivo.
HERZ2 is tyrosin kinase receptor and belongs to the EGFR receptor fami-
ly. HER2 is a clinically relevant oncomarker which is overexpressed in
20-30% of human breast tumors. Its overexpression predicts a high risk
of disease recurrence, high metastatic tumor potential, resistance to
chemotherapy and reduced overall survival of patients. However, this
receptor normally presented on healthy cells in a much lesser extent.

So, the precise and quantitative detection of this oncomarker has im-
portant clinical implications.

We describe the development of magnetic (1-3), silver (4), and sili-
ca-shelled (5) theranostic agents for the targeted delivery to HER2-
overexpressing cancer cells as well the development of physical meth-
ods of such agents detection (6-8).

This study is a step towards the creation of new generation of
theranostic agents, which are capable of affecting only certain cell types
under specific conditions and act as a therapeutic agent when it neces-
sary.

The research was supported in part by Russian Science Foundation
grant (project No 17-74-20146, nanoparticle synthesis) and Russian
Foundation for Basic Research (project No. 19-29-04012, cell culture).
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STATUS OF PROTOM SYNCHROTRONS FOR PROTON
THERAPY
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! Physical-Technical Center of P.N. Lebedev Physical Institute of the Russian
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pryanichnikov@protom.ru

Physical-Technical Center of P.N. Lebedev Physical Institute of RAS
(PhTC LPI RAS) and Protom Itd. are engaged in development and im-
plantation of synchrotrons for proton therapy complexes into clinical
practice. There are two proton therapy complexes (PTC) “Prometheus”
on the territory of Russia. That are fully developed and manufactured at
PhTC LPI RAS and Protom. Every day patients with head and neck
cancer get treatment at PTC "Prometheus", which is located in the A.
Tsyb MRRC, Obnisk. At the moment both complexes have accumulated
more than 3 years of clinical experience. In addition, two facilities are
based on the PhTC LPI RAS and Protom synchrotrons in the USA. One
operates in the proton center in the McLaren hospital, Flint, and another
one is as part of the single-room PTC Radiance330 in MGH, Boston.
Both these centers are equipped with gantry-type setups. The first accel-
erator complex for proton therapy in Shilat, Israel was launched in Au-
gust 2019. It is also based on Protom synchrotron. The important and
distinctive characteristics of this proton synchrotron: low weight, com-
pact size and low power consumption allow it to be placed in ordinary
hospitals without the construction of any special buildings.

This report presents current data on developments of the PhTC LPI
RAS and Protom ltd. That are related with proton synchrotrons. In addi-
tion, it provides data on the use of PTC "Prometheus” under the clinical
conditions.
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Fig.1. General view of Protom Synchrotron at the production line in Protvino
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Lung tumors are the leading cause of mortality among all cancer
types, and their treatment remains a major challenge because of the ex-
treme complexity of surgical excision of these tumors. Here we apply
RBC-hitchhiking for efficient drug delivery to metastases in lungs.

Cell-hitchhiking is an approach, which uses various cells as natural
carriers of drugs within the organism [1-2]. In our work we screened
binding efficiency of different nanoparticles (NP) with red blood cells
and showed pharmacokinetic of obtained NP-RBC complexes in organ-
ism. We observed two major changes in NP behavior. Firstly, for cation-
ic nanoparticle, their anchoring on cell surface lead to increase of blood
circulation time up to 10 times, which can be explained both stealth
properties of RBC [2] and inhibition of macrophages after first interac-
tion with nanoparticle complexes [3]. Secondly, both cationic and ani-
onic NP, showed high delivery to lungs (up to 120-fold), if they were
attached on RBC. We believe, high NP accumulation in lungs may be
due to existence of shear stress between RBC-carriers and walls in small
capillaries.

Then, we used the metastatic model of melanoma to demonstrate the
RBC-hitchhiking capabilities for tumor treatment. For this aim, we pre-
pared Doxorubicin-loaded chitosan nanoparticles and adsorb them on
the cell surface. Although, these NP were ineffective for treatment if
they circulate in free form, their delivery on RBC significantly slowed
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the growth of pulmonary metastases. We found a 3-fold decrease in the
total number of metastatic nodules in 10 days after treatment.

The demonstrated technology of NP drug delivery could become a
valuable tool for development of new strategies for the alleviation the
course of a number of acute and chronic lung diseases.

The work was supported by Russian Science Foundation
19-72-30012 (treatment studies) and Russian Foundation for Basic Re-
search 18-34-00834 (circulation studies).
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DYNAMICS MODELING
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In this work we investigate the mechanism of nanostructures and na-
noparticles generation due to laser ablation of metals in liquid media
with numerical atomistic-continuum model. The mode is capable of ad-
dressing the mechanisms of non-equilibrium laser-induced phase transi-
tion processes at atomic level with Molecular Dynamics (MD) ap-
proach, whereas the effect of free electrons, playing a determinant role
during short laser pulse ablation phenomena, is described in continuum
with Two Temperature Model (TTM). Such the combined MD-TTM
model [1] was utilized in a super large scale modeling of the process of
nanostructures and nanoparticles generation in water. The obtained
structures and nanoparticles are then analized and characterized from
the point of their morphology and size distribution correspondingly,
Figure 1. These characteristics were then studied as functions of the la-
ser parameters (pulse duration and fluence), the irradiated materials (Al
and Au), and surrounding media (air and water) [2]. The performed
simulations enable the direct comparison of the modeling results and the
experimental data [3] and allow for drawing a possibility of the manipu-
lation with the laser parameters and surrounding media for generation of
the nanostructures and nanoparticles with predesigned properties. The
results have a strong impact on the IT-and Bio-technologies.
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Fig.1. The atomic snapshots are shown from the modeling of laser-induced
nanoparticles generaation process in vacuum (a) and in liquid media (b) at the
simulation time of 500ps. The 0.3ps laser pulse is directed from the top (along
Z axis) at the incident fluence of 2 J/cm?. The atoms are colored by Central
Symmetry Parameter (SCP) for identification of the local crystal structures as
follow: solid < 0.08 < defects < 0.12 < liquid < 0.25 < surface < 0.50 < vapor.
The water atoms in (b) are blanked for visual analisys.

[1]. D.S. Ivanov and L.V. Zhigilei, Phys. Rev. B 68, 064114 (2003).
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Ivanov, D.A. Zayarny, A.V. Simakin, A.A. lonin, M.E. Garcia, Appl. Sur. Sci.
470, 1018 (2018).

[3]. D.S. lvanov, V.P. Lipp, A. Blumenstein, V.P. Veiko, E.B. Yakovlev,
V.V. Roddatis, M.E. Garcia, B. Rethfeld, J. Ihlemann, and P. Simon, Phys.
Rev. Appl. 4, 064006 (2015).
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Radiopharmaceutical (RP) - the drug in a ready to use dosage form
contains one or more radionuclides. A radiopharmaceutical is a radioac-
tive compound used for the diagnosis and therapeutic treatment of hu-
man diseases.

RPs usually have minimal pharmacologic effect, because in most
cases they are used in tracer quantities. RPs are administrated to hu-
mans, they should be sterile and pyrogen-free and should undergo all
quality control measures required of a conventional drug.

A radiopharmaceutical has two components: a radionuclide and a
pharmaceutical. In designing a radiopharmaceutical, a pharmaceutical is
first chosen on the basis of its preferential localization in a given organ
or its participation in the physiologic function of the organ. Then a suit-
able radionuclide is tagged onto chosen pharmaceutical. After admin-
istration of the RP radiations emitted from it and detected by a radiation
detector. Thus, the morphologic structure or physiologic function of the
organ can be assessed.

Ideal Radiopharmaceutical for diagnostic purposes is:

e the pharmaceutical of choice should be safe and nontoxic for
human administration;

¢ radiations from radionuclide of choice should be easily detected
by nuclear instruments, and the radiation dose to the patient
should be minimal;

o the radiopharmaceutical should be easily produced, inexpensive,
and readily available in any nuclear medicine facility;

e short effective half-life;

e no particle emission;

72



4th International Symposium and School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine”

o decay by electron cupture or isomeric transition;

e high target-to-nontarget activity ratio.

An ideal radiopharmaceutical should have all the above characteris-
tics to provide maximum efficacy in the diagnosis of diseases and a
minimum radiation dose to the patient.

A radiopharmaceutical for a particular organ study is designed on the
basis of the mechanism of its localization in the organ.

The mechanisms of RP localization, applied in nuclear medicine [1]:

1. Passive diffusion. Examples: ®™Tc-DTPA in brain imaging,
133X e in ventilation imaging.

2. lon exchange. Example: uptake of ®™Tc-phosphonate complex-
es in bone.

3. Phagocytosis. Example: removal of ®™Tc-sulfur colloid parti-
cles by the reticuloendothelial cells in the liver, spleen, and
bone marrow.

4. Capillary blockage. Example: ®™Tc-macroaggregated albumin
particles trapped in the lung capillaries.

5. Active transport. Examples: I uptake in the thyroid,
201T| uptake in the myocardium.

6. Cell sequestration. Example: sequestration of heat-damaged
®mTc-labeled red blood cells by the spleen.

7. Metabolism. Example: ®F-FDG uptake in myocardial and brain
tissues.

8. Receptor binding. Example: *C-dopamine binding to the dopa-
mine receptors in the brain.

9. Compartmental localization. Example: **™Tc-labeled red blood
cells used in the gated blood pool study.

10. Antigen-antibody complex formation. Examples: 3-, !In-,
and *"Tc-labeled antibody to localize tumors.

11. Chemotaxis. Example: *In-labeled leukocytes to localize infec-
tions.

[1] Gopal B. Saha, Fundamentals of Nuclear Pharmacy, Springer, Seventh Ed.,
P. 428 (2018). https://doi.org/10.1007/978-3-319-57580-3.
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To date, a large number of fluorescent nanoparticles have been de-
veloped, the use of which is very promising in various fields. A variety
of properties, advantages and disadvantages of different types of nano-
particles determine the choice of the type of fluorescent nanoparticles
for solving certain problems. Here we review and compare the capabili-
ties and limitations of such nanoparticles in various applications.

Potential applications of the following types of fluorescent nanopar-
ticles are considered (Fig.1):

- fluorescent semiconductor nanocrystals (quantum dots);

- carbon graphene-like and diamond-like nanoparticles;

- polymer fluorescent nanoparticles;

- porous silicon-based nanoparticles;

- nanophosphors.

From the point of view of using fluorescent nanoparticles in medi-
cine, their toxicity, stability in biological fluids, and the possibility of
their excitation / fluorescence in the area of the transparency window of
biological tissues (IR region) are of principal importance. In addition,
possibilities and limitations of the fluorescent nanoparticles for photo-
dynamic therapy, including two-photon PDT are important.

The development of new nano-instruments for medicine, based on
the formation of multifunctional systems, including the functions of de-
livery, directed and controlled release of the drugs, as well as monitor-
ing the process of administration, transport to targets, and therapy re-
quires an understanding of the physicochemical properties of nanoparti-
cles of various nature. In the work, we tried to identify the features of
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different types of nanoparticles, systematize them and analyze their
properties from the point of view of developing diagnostic and therapeu-
tic nano-instruments.
This work was supported by the Russian Science Foundation (project
19-14-00171).
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Fig.1. Fluorescent nanoparticles.
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The revolutionary progress in genetic and protein engineering meth-
ods make it possible to directionally modify the molecular size, affinity,
specificity, and immunogenicity of an antibody, their derivatives and
analogues, oriented to the use in the diagnosis and targeted therapy of
cancer. Rational design and molecular engineering allow us to model
the compounds with preprogrammed properties and to create biotechno-
logical producers of therapeutic medicines. It provides a straight-
forward technology to design wide range of recombinant proteins and
multifunctional nanoheterostructures for the highly efficient delivery of
active agents to cancer cells for therapy and monitoring of the patholog-
ical processes.

Radionuclide molecular imaging of HER2 expression in disseminat-
ed cancer provides a tool enabling personalized stratification of patients
for HER2-targeted therapies. Designed ankyrin repeat protein DARPin
G3 demonstrated promising features as a probe for imaging of HER2 in
vivo. We hypothesized that position (C- or N-terminus) and composition
(hexahistidine or (HE)s) of histidine-containing tags would influence the
biodistribution of [*MTc]Tc(CO)s-labeled DARPin G3. To test the hy-
pothesis, G3 variants containing tags at N-terminus (He-G3 and (HE)s-
G3) or at C-terminus (G3-Hes and G3-(HE)s) were labeled with
[®°™Tc]Tc(CO)s. The specificity of HER2 targeting in vivo was con-
firmed. The tumor uptake in BALB/c nu/nu mice bearing SKOV3 xeno-
grafts was similar for all four variants. On the opposite, there was a
strong influence of the tags on uptake in normal tissues. The tumor-to-
liver ratio for [*™Tc]Tc(CO)s-(HE)s-G3 was three-fold higher compared
to the hexahistidine-tag containing variants. Overall, [*"Tc]Tc(CO)s-
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(HE)3-G3 variant provided the highest tumor-to-lung, tumor-to-liver,
tumor-to-bone and tumor-to-muscle ratios, which should improve sensi-
tivity of HER2 imaging in these common metastatic sites [1-3].

We also report our recent results on design of targeted Nano Drug De-
livery Systems including gold nanorods, biological pseudomonas exo-
toxin A, etc. [3-7].

The research was supported by RFBR # 17-00-00121/17-00-00122.
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Nanomaterials are becoming more and more popular for different
applications. They are widely used in consumer products such as cos-
metics, sunscreens, food, toothpastes, and paints. Industrial applications
include anti-fogging mirrors, self-cleaning surfaces and solar cells.
Nanostructures are found also in nature (e.g. in butterfly wings, bug
shells, lotus leaves, gecko paws) and inspire scientists for creation of
light-reflecting structures, anti-wetting surfaces, and strong adhesive
materials. Nanotechnology can significantly increase strength of materi-
als used in automotive, medical, construction etc. industries decreasing
overall weight of components and devices. Future of personalized medi-
cine will significantly rely on nanoparticles (NPs) as drugs or drug car-
riers.

In this lecture, applications of different types of NPs (semiconductor,
rare-earth and gold) in biomedical optics and biophotonics are present-
ed. In particular, the following topics are covered:

- TiO2/ZnO NPs as UV filters in sunscreens;

- TiO2/ZnO NPs as antibacterial agents;

- TiO2/ZnO NPs for biotissue-mimicking phantoms;

- upconversion particles for imaging;

- gold NPs for cells and bacteria studies.

The variety of applications utilize different size-dependent properties
of NPs: dominating absorption and weak scattering in the UV spectral
range for sunscreens [1]; ability to generate free radicals upon irradia-
tion with certain wavelengths for bacteria elimination [2]; pronounced
scattering in the visible and near-infrared spectral ranges (NIR) for bio-
tissue-mimicking phantoms [3]; NIR excitation and luminescence for
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imaging of biotissue with suppressed scattering; plasmonic enhance-
ment of spectroscopic fingerprints for identification of microorganisms
[4]; ability to convert absorbed light into heat to disrupt cellular orga-
nelles for drug delivery and disease treatment [5].

[1] A.P. Popov, A.V. Zvyagin, J. Lademann, M.S. Roberts, W. Sanchez, A.V.
Priezzhev, R. Myllyld, Designing light-protective skin nanotechnology prod-
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Laitinen, Surface-enhanced Raman spectroscopy for identification and strain
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N. Khlebtsov, S. Vainio, I. Meglinski, V. Tuchin, Shape-dependent interaction
of gold nanoparticles with cultured cells at laser exposure, Las. Phys. Lett., vol.
14, pp. 055901 (2017).
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NANOPHOSPHORUS. SYNTHESIS AND APPLICATION

A. Lybeshkin
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The report describes the current state of Affairs in the field of syn-
thesis and application of nanophosphors — nanoparticles of the composi-
tion NaYF4:Re, where Re is a mixture of rare earth elements in certain
proportions, which depend on the subsequent applications of the ob-
tained particles. The synthesis of these objects by the example of ther-
molytic method with the indication of difficulties and bottlenecks of
such reactions is considered in detail.

As examples of application of nanophosphors the researches in
which the author of the report took part are given.

One of the directions relates to work in the field of biomedicine,

where radioactive (*°Y) upconverting nanoparticles (UCNPs) conjugat-
ed with recombinant target toxin DARPin-PE40 were used for synergis-
tic effect on cancer cells. It has been shown that such a combined effect
approximately 2000 times reduces the therapeutic dose of the drug re-
quired for severe inhibition of model tumor growth [1,2].
The second area of research is related to the creation of compact wave-
guide amplifiers for integrated optics operating in the telecommunica-
tion C-wavelength range 1530-1560 nm when pumped by light with a
wavelength of 975-980 nm (downconversion). The problem of creating
such amplifiers with a length of not more than a few centimeters in the
world has not yet been solved. The proposed approach is based on the
use of nanophosphors with the structure of doped core—unalloyed shell,
covalently bound to the macromolecule of fluorinated polymers. Such
nanocomposites will have high optical transparency and ultra-high
quantum yield.
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NEW AND PERSPECTIVE METHODS AND TECHNOLOGIES
OF RADIOTHERAPY

Klimanov V.A.
NRNU MEPhI, Moscow, Russia

Radiation therapy (RT) as a method of treating cancer has more than
a century of history. Over the years, it has come a long way from the
first basically unsuccessful attempts to treat cancer with ionizing radia-
tion to a powerful high-tech treatment method, recommended both as an
independent method and in combination with surgery and chemotherapy
for more than 60% of cancer patients. The lecture discusses how the
paradigms of radiation treatment have changed, from the point of view
of physics, gives a brief description of modern radiotherapy methods
and focuses on the discussion of new promising radiotherapy methods
and technologies.

For a long time, RT developed essentially on the basis of “trial and
error,” therefore there were periods in its history when interest in it al-
most completely passed. Notable successes appeared in the late 30s and
early 40s and the last century, when in physics the features of the inter-
action of ionizing radiation with matter were studied and in radiobiology
the basic mechanisms of the effect of these radiation on cells and the
human and animal body were discovered. Currently, RT is undergoing a
period of almost revolutionary development. In the middle of the last
century, the main task of physicists and technical specialists in RT was
to bring the prescribed dose to the target with as little irradiation of
normal tissues as possible. Now a fundamentally new formulation of the
problem has become possible: irradiation of only malignant cells, wher-
ever they are, in the absence of irradiation of normal tissues and organs.

From the point of view of dose delivery methods to the target, mod-
ern RT is divided into four main types: distance, contact (or brachy-
therapy), radionuclide and radioimmune RT. The lecture discusses the
main areas in which currently improving the methods and technologies
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of each type of RT. These areas of competence of medical physics are
the following:

* General increase in the efficiency and competitive ability of RT.

* An increase in the difference between the dose in the target and in
surrounding normal tissues and critical organs.

» Decrease in the integral dose received in total by the whole organ-
ism of the patient.

* Development of methods for optimizing radiation treatment plans
based on radiobiological criteria (target functions).

* Improving the accuracy of contouring of targets in order to reduce
the volume of normal tissues located in the high-dose area.

* Development of methods to increase the radiosensitivity of malig-
nant cells and reduce the radiosensitivity of normal cells.

* Development of methods for the selective irradiation of malignant
cells.

* Reducing the duration of treatment and increasing the survival time
after radiation treatment.

Stereotactic RT, radiosurgery, and image-guided RT are the most no-
table contributors to the progress and increase in the efficiency of dis-
tance radiotherapy. They make it possible to increase the accuracy of
beam targeting and reduce the total time of radiation treatment. New
opportunities in this direction are opened by the transition to irradiation
with proton and heavy ion beams. So far, this type of radiotherapy is
almost twice as inferior in price to treatment with photon and electron
beams. But progress in the development of accelerator and dose-
generating technologies will undoubtedly reduce this difference. More-
over, in some studies, it is shown that if we take into account the quality
of life and the survival time of patients after radiation treatment, then
proton treatment is now equal in price to photon radiotherapy.

Some hopes for further progress in distance radiotherapy are provid-
ed by the so-called binary methods, which include neutron capture and
photon capture therapy. Recent studies show that the latter, combined
with the introduction of elements with a high atomic number in the form
of nanoparticles into the tumor volume, more than doubles the biologi-
cal effect of radiation.
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The main feature of contact RT is a sharp dose gradient with distance
from the source. This gives the advantage of contact RT compared with
distance RT in respect of greater sparing of normal tissues. Recently, an
alternative to radionuclide sources has been superminiature x-ray tubes.

All types of RT based on the use of external sources have a very se-
rious drawback, namely the lack of selectivity. Patients with spreading
tumor diseases throughout the body cannot be treated with surgical
methods and / or distance and / or contact RT. The problem is solved if
it would be possible to create such radiopharmaceuticals that selectively
accumulate in the tumor, and even better attach only to malignant cells
and at the same time are the medicine. This direction of RT is called
targeted therapy. The main principles of targeted therapy are:

* The target volume should be determined and labeled at a biological
level.

« Irradiation should only affect diseased cells, wherever they are,
sparing normal cells located even in close proximity to malignant ones.

The most significant achievements of recent years in such types of
radiation therapy as radionuclide radiation therapy and radioimmune
radiation therapy were obtained precisely in the framework of targeted
therapy.

The lecture concludes with a discussion of chemical and physical
methods for modifying the radiosensitivity of cells and the body as a
whole.
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NEW APPROACHES TO THE DIAGNOSIS AND TREATMENT
OF BRAIN TUMORS
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A.V. Kosyrkova®, S.A. Goryajnov?, Okhlopkov V.A.3, A.A. Potapovs,
V.B. Loschenov??

! Prokhorov General Physics Institute of the Russian Academy of Sciences,
Moscow, Russia
2 National Research Nuclear University MEPhI, Moscow, Russia
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During neurosurgery of brain tumors there are two main problems:
lack of fast and sensitive methods to quantify structural and biochemical
changes in neural tissues in vivo, need in strict detection of tumor bor-
der to provide radical resection of tumor with maximal preservation of
healthy tissue. Spectroscopic studies can provide fast and accurate de-
tection of main chromophores and fluorochrome concentration in tissue.
Currently in the clinical practice intraoperative spectroscopic diagnos-
tics is carried out sequentially - first the spectroscopic registration and
than tumor destruction in approximately the same area.

The purpose of this work was to develop a method for demarcating
the boundaries of intracranial tumors and equipment that implements it
directly in the process and in the area of tumor removal.

As far as in the neurosurgery of intracranial tumors the main instru-
ment for tumor destruction is an aspirator, we proposed to combine a
fiber-optic spectrometer and video fluorescent endoscopic tool with as-
pirator cannula. A special design of the cannula was developed, contain-
ing channels for optical fibers in the walls located on the sides of the
suction port. The relative position of the illuminating and receiving fi-
bers for spectroscopy was chosen to provide spectral probing of exactly
the same region in which aspiration takes place. The distal end of the
channel for the video fluorescence endoscopic system is located at a
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working distance from the tissue surface, providing an overview and
contrasting of the tumor in the vicinity of the removal zone.

System testing was carried out on optical phantoms, rat C6 glioma
cell culture spheroids, and samples of human intracranial tumors ob-
tained during neurosurgical operations. During the removal of a tumor
from different sites (tumor center, perifocal area), the degree of in vivo
fluorescence signal was determined intraoperatively using a Zeiss Opmi
Pentero intraoperative microscope in Blue 400 mode. From the selected
area of the tumor, biopsy material was taken (presumably homogeneous
in its properties) with subsequent measurement of spectra and combined
images using the developed device.

Fig.1. The combined video fluorescent analysis on intracranial tumor tissues
ex vivo: 5mg/l and 10 mg/Il of Pp 1X were detected in tissues, which are dis-
played on the left and right images, respectively.

The reported study was funded by RFBR according to the research

project Ne 17-00-00162 (K) (17-00-00159) and partially supported by
the Competitiveness Program of MEPhI.
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THE MAIN ASPECTS OF RADIATION THERAPY.
COMPARISON OF 3D CONFORMAL AND INTENSELY
MODULATED RADIOTHERAPY
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Urgency. Today, the problem of cancer is of social importance. This
is due to the continuing trend of increasing morbidity, high frequency of
relapses and low degree of recovery, leading to a fatal outcome of pa-
tients after specialized treatment.

Despite the successes achieved in the diagnosis, currently up to 30%
of the population seek medical care already with widespread stage I1l-
IV cancer.

Purpose of research. Assessment of the dependence of dose distri-
butions on various organs and tissues using the device TRUE-BEAM.
Comparison of efficacy of conformal and intensely modulated radio-
therapy. [1]

Materials and methods. TrueBeam (TrueBeam STXTM)-gener-a
revolutionary new technology used for the purpose of curing cancer dis-
eases; it is one of the last modern developments of radiation therapy
available in the world today. This technology is a system for controlling
the conduct of radiation diagnostics, which makes it possible to regulate,
take into account and synchronize the area of imaging, the position of
the patient. It allows the most accurate and complete radiotherapy
course, and including to exercise control over the treatment process in
the dynamics. This system, created by Varian [2], combines a huge
number of innovations that make it possible to use all the latest and
modern techniques in the field of radiation therapy, including radiother-
apy with a camera of observation (IGRT and IGRS), as well as radio-
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therapy with density regulation (IMRT).[3] the Dosing speed of this de-
vice exceeds 8 times the dosage of standard linear accelerators.

Summary. Comparison of the characteristics of the depth distribu-
tions obtained during measurements by the ionization chamber and the
water fan and the longitudinal arrangement shows good agreement of
the measurement methods. The most accurate methods of dose delivery
to a particular location were identified, taking into account the density
and uniformity of dose distribution. Work continues on the Protocol,
which takes into account the child's body with the appropriate coeffi-
cients (this is not yet anywhere).

1. Intra-Operative Radiotherapy with Electron Beam / Ernesto Lamanna,
Alessandro Gallo, Filippo Russo et al. // Modern Practices in Radiation Thera-
py / Ed. by Gopishankar Natanasabapathi. — InTech, 2012. — 370 pp.

2. Absolute Dosimetry of a High Dose - per - Pulse Intraoperative Elec-
tron Accelerator: Our Experience with the SIT Novak 11 / F. Vanhoutte, G.
D’Hollander, H. Vanhauwaert et al. // Abstracts of BHPA-2014. — 2014.

3. Hensley F.W. Dose consumption for quality assurance and mainte-
nance with a dedicated IORT accelerator // Journal of Applied Clinical Medical
Physics. — 2009. — Vol. 10, no. 4. — Pp. 188-206.
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OPTIMAL PARAMETERS OF LASER METER OPTICAL
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Today, in eye microsurgery, it is required to measure the thickness of
the cornea and residual corneal layers during vision correction opera-
tions. In ophthalmology, it is required to measure the depth of the lesion
with an ulcer of the anterior tissues of the eye. Also, in some cases, it is
required to evaluate the value of the refractive index of transparent bio-
logical tissues. Such a thickness and refractive index meter should be
accurate, contactless, fast, safe to use, and etc. In world medical prac-
tice, such a thickness meter in the process of ophthalmic surgery on the
cornea is not yet available.

We solved this problem by combining the use of modified triangula-
tion [1] and interferometric [2] laser methods. The scheme of the device
is shown in Fig.1 [3]. The aim of this work is to find the optimal values
for the parameters of this meter.

The mathematical model of our gauge of the thickness z (or refrac-
tive index n) is described by the system of equations (1):

2xsin B, \n —sin’ & \/n2 —sin‘gp

z=Kk -
M sin2a n 1)
AL {n®=sin®y
I=—1——"sinf,;
k,s sin2y

where ki, are the scale factors, M is the magnification of the lens, 1
is the wavelength of laser (650 nm), L is the distance from the cornea to
the screen, x is the distance between the light marks in the image (laser
532 nm), s is the width of the interference fringes on the screen, y and ¢
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are the laser angles of incidence 650 nm and 532 nm, « is the laser angle
of viewing 532 nm, f1 is the CCD angle, and f is the screen angle.
The found optimal values of the angles are presented in table 1.

Table 1. The optimal values for angles in a triangulation-interferometric thick-
ness measurement scheme

Laser angle Laser angle Laser angle CCD angle Screen angle
of incidence | of incidence | of viewing B ’ B ’

650 nm, y 532 nm, ¢ 532 nm, « 1 2

41° 41° 13* 73° 69°

Laser Diode 532 nm 2.5 mW :‘ PC
Laser Diode 650 nm 5 mW |:| CCD
x& Screen
f——

Glan-Taylor prism
=an-Taylor prism) Cornea

Fig.1. Exp'erimental scheme of the laser meter [3]

The reported research was funded by the grant UMNIK 17-12 (b),
Volgograd Region - 2017, contract No. 12926GU/2018.
[1] A. A. Adamov et al, Modified method of laser triangulation, J. Phys.: Conf.
Ser., 1135 012049, (2018). doi:10.1088/1742-6596/1135/1/012049
[2] A. A. Adamov, M. S. Baranov, V. N. Khramov, Numerical and experi-
mental selection of optimal parameters in the interferometric method of meas-
uring the thickness of the cornea, Proc. SPIE, 11066, 1106608, (2019).
doi:10.1117/12.2521424
[3] A. A. Adamov, M. S. Baranov, V. N. Khramov, Laser triangulation-
interferometric measuring complex of optical characteristics of transparent bio-
logical tissues and films, Utility Model Patent, 23, No. 191566, (2019).
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Reconstruction of medical images based on the obtained object pro-
jections can be solved using multiple methods. One method is an itera-
tive method (ART, EART). The iterative method is advantageous both
in terms of the possibility of improving the quality of the final image
and in terms of the possibility of reducing the number of projections,
which reduces the radiation burden on the volume of interest. Both of
these aspects might improve the quality and outcome of radiation thera-
py.
Computed tomography of the patient usually performed using about
900-1000 x-ray projections. We show that the use of iterative recon-
struction methods might lead to reducing the number of projections be-
low 90-100. Thus, it becomes possible to solve the practical problem of
reducing the dose burden on the patient, which might be critical both in
terms of radiobiological indications (e.g. stimulated growth of some re-
sistant tumors) and exploiting the potential for ordinary tomography to
detect structural changes in the patient's body as a response to treatment.

The work is aimed at the description of the directly applied mathe-
matical apparatus of the ART and E-ART algorithms, as well as mecha-
nisms of minimization of the impact of reconstruction artifacts for low-
angle tomography. The paper also presents the results of the analysis
obtained of reconstructive images for a model (parallelepiped of a cer-
tain size with cavities) and native (human head) volumes. The character-
istic artifacts of reconstruction depending on the number of iterations

are shown, as well as the comparative characteristics of the suggested
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iterative method to the Feldkamp method. In addition, we demonstrate
that even in the presence of an extremely small number of projections
(two projections), it is possible to restore a distinctive image that pre-
serves the size of the structures, which might be used for the task of po-
sitioning the patient.

References

1. Likhachev A.V. Tomographic reconstruction algorithms. Text-
book. Novosibirsk - 2013.

2. Kazantsev 1.G. Numerical and geometric methods of mathemati-
cal modeling in multidimensional problems of tomography and image
processing. The dissertation for the degree of Doctor of Physical and
Mathematical Sciences. Novosibirsk - 2014.
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X-ray phase contrast imaging using Talbot-Lau interference princi-
ples is an innovative and promising approach to visualizing soft tissues
and weakly absorbing objects. Unlike the method based on the absorp-
tion of radiation, the phase-contrast method is much more sensitive to
tissue densities and structural inhomogeneities of the material. This al-
lows it to make better images of tissues and materials with a low absorp-
tion coefficient of x-ray radiation, for example: cartilage, joints, poly-
mers, etc. Thus, a high resolution of the setting can allow detecting ma-
lignant neoplasms in the early stages, for example, during mammogra-
phy examinations.

This paper describes the development process of a tomographic set-
up, a method for processing X-ray interferograms, and presents the re-
sults of the experiment.

Introduction

The essence of the phase-contrast image is to change the phase of the
radiation when passing through a substance. The refractive index of
photons is determined by the following expression:

n=1-5+ip 1)

Where 0 - characterizes the phase shift, B - attenuation index. For X-
ray radiation of 10-100 keV in soft tissues, 8> 1000p. From which it is
seen that the phase change is much more sensitive to a change in the soft
tissue than to a change in intensity.

To obtain a phase-contrast image, we use a tomograph based on the
Talbot-Lau interferometer. The Talbot-Lau interferometer is based on
the effect of the same name. When a plane wave is incident upon a peri-
odic diffraction grating, the image of the grating is repeated at regular
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distances away from the grating plane. The regular distance is called the
Talbot length, and the repeated images are called self-images or Talbot
images.

fringes

X-rays phase profile ___interference pattern

$(x)

1019919C1

X  sample
=

Fig.1. Experimental scheme of a tomograph based on the Talbot-Lau interfer-
ometer

The principle of operation of the installation is as follows. When co-
herent radiation passes through an object, the object changes the phase
of the radiation wave. As a result, the interference pattern is changing.
Thanks to this change, we can measure the phase change of the wave
and build a phase map of the object.
[1] J. Vargas, J. Antonio Quiroga, T. Belenguer. Phase-shifting interferometry
based on principal component analysis. OPTICS LETTERS / Vol. 36, No. 8 /
April 15, 2011
[2] Z. Wang, B. Han. Advanced iterative algorithm for phase extraction of ran-
domly phase-shifted interferograms. OPTICS LETTERS
[3]Momose, A.; Kawamoto, S.; Koyama, I.; Hamaishi, Y.; Takai, K.; Suzuki,
Y. Demonstration of X-Ray Talbot Interferometry. Jpn. J. Appl. Phys. 2003,
52, L866-L.868.
[4] Weitkamp, T.; Diaz, A.; David, C.; Pfeiffer, F.; Stampanoni, M.; Cloetens,
P.; Ziegler, E. X-ray phase imaging with a grating interferometer. Jpn. J. Appl.
Phys. 2005, 13, 6296-6304.
[5]Diemoz, P.; Bravin, A.; Coan, P. Theoretical comparison of three X-ray
phase-contrast imaging techniques: Propagation-based imaging, analyzer-based
imaging and grating interferometry. Opt. Express 2012, 20, 2789-2805.

phase grating absorption grating
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Glucose is the primary energy source for human’s cells. Its’ blood
level is controlled by the insulin-glucose regulatory system. In the sys-
tem working correctly, there is an adequate amount of insulin produced
to maintain the glucose level. If something goes wrong, diabetes and
other dangerous diseases might develop.

To understand the basic principles of mutual influence of “glucose-
insulin” under different conditions, both experimental [1] and theoreti-
cal [2] researches are being carried out. There are two noticeable time
delays in the dynamics of glucose and insulin in the human’s organism.
The first one is related to the electric actions inside the beta cells, since
insulin needs time to cross the endothelial barrier [3]. The second one is
related to the effect of insulin effect on glucose release from the liver

[4].

1

I ‘ body insulin I
g
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i
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Fig.1. Incorporation of time delays in our model.
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We modified mathematical model [2] to include the two time delays
(see Fig. 1) to get a better understanding of what are critical factors in
normal and abnormal work of insulin.
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dl

i fila®)—d-1(e)
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The model analysis showed results, consistent with experimental
damta [1]. Besides, our model allows predicting some changes in the
work of the glucose-insulin regulatory system in both a healthy organ-
ism and obesity.

[1] Polonsky K.S., Given B.D., Van Cauter E. Twenty-four-hour profiles and
pulsatile patterns of insulin secretion in normal and obese subjects. J. Clin. In-
vest. Vol.81, p.442-448 (1988).

[2] Li J., Kuang Y., Mason C.C. Modeling the glucose-insulin regulatory sys-
tem and ultradian insulin secretory oscillations with two explicit time delays. J.
Theor. Biol. Vol.242, p.722-735 (2006).

[3] Gilon P., Ravier M.A., Jonas J.C., Henquin J.C. Control mechanisms of the
oscillations of insulin secretion in vitro and in vivo. Diabetes 51 (Suppl. 1),
S144-S151 (2002).

[4] Cherrington A.D., Sindelar D., Edgerton D., Steiner K., McGuinness O.P.
Physiological consequences of phasic insulin release in the normal animal. Di-
abetes 51 (Suppl. 1), S103-S108 (2002).

97



4th International Symposium and School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine”

PRECISE FLUORESCENT DIAGNOSTICS OF CERVICAL
NEOPLASMS FOR PHOTODYNAMIC THERAPY

P.M. Alekseeval?, K. T. Efendiev?, D.V. Yakovlev?, A.A. Shiryaev 4,
A.A. Ishchenko 4, A.V. Gilyadova 4, S.I. Samoilova®*, L.M. Amirkhanova?,
V.B. Loschenov 12

!Prokhorov General Physics Institute of the Russian Academy of Sciences,
Moscow, Russia
2National Research Nuclear University MEPhI, Moscow, Russia
3Pirogov Russian National Research Medical University, Moscow, Russia
41.M. Sechenov First Moscow State Medical University, Ministry of Health of
the Russian Federation, University Clinical Hospital no. 1, Moscow, Russia
Presenting author e-mail address: alekseeva.polina2012@mail.ru

The method of photodynamic therapy (PDT) is one of the newest,
organ-preserving methods of treating tumors. However, it is necessary
to develop a diagnostic method that would allow controlling the process
of photodynamic therapy by changing the fluorescence intensity for ef-
fective photodynamic therapy.

Aim. To develop a method of precise fluorescent diagnostics (FD) of
internal female genital organs (cervix, cervical canal, vagina) for PDT.

Materials and equipment. Chlorin e6 (Photolon) at a dose of 1
mg/kg was used as a photosensitizer (PS). The fiber spectrometer LE-
SA-01-BIOSPEC with the PS excitation using He-Ne laser (A = 632.8
NM, Pmax= 15 mW) and semiconductor laser (A = 660 nm, Pmax = 1.5 W)
was applied for precise FD. PDT was performed using the semiconduc-
tor laser (A = 660 nm, Pmax = 1.5 W) 3 hours after a drip intravenous
administration of the PS. The two-channel video-system [1] was em-
ployed to obtain fluorescent images of the studied normal and patholog-
ical tissues.

Results. The fluorescent images of the cervix and vagina at the ap-
plied dose of the PS had high contrast between normal and pathological
tissues. The ones obtained by a video-system have allowed estimating
the PS concentration parallel measured with the fiber spectrometer. Tak-
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ing into account the fact it was possible to control the PS concentration
in the irradiated tissues by fluorescence, the doses of light energy was
changed based on the fluorescence intensity and amounted to 100-200
Jiem?, Video-fluorescent diagnostics of the cervical canal in this config-
uration was uninformative. The diffuser used for PDT provides suffi-
ciently uniform irradiation, however, does not allow controlling the
treatment effectiveness via photobleaching. The use of angular optics is
required to solve these problems.

Conclusions. The combined use of video- and spectral-fluorescent
diagnostics for cervical and vagina neoplasms during PDT has shown
good correlation between the obtained values, which allows for better
estimation of the treatment process and, if it is necessary, the change of
tactics.

[1] A.A. Shiryaev, G.Kh. Levkin, I.V. Reshetov, M.V. Loshchenov, P.M. Ale-
kseeva, V.V. Volkov, K.G. Linkov, V.I. Makarov, 1.0. Shchekoturov, A.V.
Borodkin, V.B. Loschenov. Combined Treatment of Nonresectable Cholangio-
carcinoma Complicated by Obstructive Jaundice. Photodiagnosis and photody-
namic therapy, 26, 2019, 218-223.
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IN VITRO STUDIES OF SILICON NANOPARTICLES AS
PHOTOSENSITIZERS FOR LASER-INDUCED
HYPERTHERMIA

A. F. Alykoval, V. A. Oleshchenko?, A. Yu. Kharin!, O.V. Karpukhina?®,
A. A. Popov:, N. V. Karpov?, V. V. Bezotosnyi?, S. M. Klimentov?,
A. V. Kabashin* O.M. Alykova*, V. Yu. Timoshenko!%
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3 Lomonosov Moscow State University, 119991 Moscow, Russia
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Silicon nanoparticles (Si NPs), including nanocrystals silicon is widely
investigated for applications in Biomedicine, in particular for
theranostics (simultaneous diagnosis and treatment) of oncologic and
other socially significant diseases [1-3]. Silicon (Si) nanoparticles (NPSs)
are promising for biomedical application due to the fact that they have
low toxicity and can be eliminated from the body by biodegradation.
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Figure.1. Viability of Paramecium Caudatum cells under laser irradi-
ation conditions
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The method of laser ablation was used to obtain Si nanoparticles, femto-
second laser irradiation was used to obtain them. Paramecium Caudatum
were selected to analyze the toxicity of nc-Si and to study the effect of
continuous and pulsed wave long laser radiation (808 nm) on living or-
ganisms. Paramecium Caudatum, despite the simplicity of the organiza-
tion, combine the characteristics of a single cell and a whole organism.

It was shown that Si based NPs can be used in cancer therapy as drug
carriers, sensitizers of ultrasound and high frequency electromagnetic
radiation. Control of the NPs accumulation in the tumor after intrave-
nous administration is crucial for the effectiveness of therapy. The best
results can be achieved when the NPs can be controlled and simultane-
ously used in therapy. For the analyze of the Si NPS particles toxicity
and to study the effect of continuous and pulsed longwave laser radia-
tion (808 nm) on living infusoria of Paramecium Caudatum was select-
ed.

We found that silicon nanoparticles alone do not exhibit significant tox-
icity in given concentrations, nevertheless, application of pulsed laser
radiation to them leads to reduction of cell viability. This results should
be improved by optimization of Si NPs concentration and pulse parame-
ters to enhance the effect of sensitation without negative side effects of
irradiation and NPs exposure alone.

[1] Nanosilicon: Properties, Synthesis, Applications, Methods of Analysis
and Control. Eds. A.A. Ischenko, G.V. Fetisov, L.A. Aslanov, CRC Press, Tay-
lor& Francis Group. Boca Raton, London, New York, 2015, 707 p.

[2] A. V. Kabashin, V. Yu. Timoshenko. What theranostic applications
could ultra-pure laser-synthesized Si nanoparticles have in cancer? Nanomedi-
cine, 11 (17): 2247-2250 (2016).

[3] L.A. Osminkina, V. Yu. Timoshenko. Porous Silicon as a Sensitizer for
Bio-medical Applications: Mini-review. Mesoporous Biomater 3:39-48 (2016).
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The abstracts are devoted to a research the laser deposition and
study surface and luminescence of the films and nanoparticles Si, which
under certain conditions can activate molecular oxygen and burn
biological objects. This effect can be used to detect cancer cells in
photodynamic therapy.

The thin films and nanoparticles Si were prepared by PLD/MBE-
2000 deposition installation and Coherent/Lambda Physik COMPex
PRO 110 excimer laser [1, 2]. It is recommended for the formation
of nanoparticles and films Si: laser operates at repetition rates 15 —
105 Hz at 100 — 250 mJ per pulse (248-nm, KrF) for an average power
output of 3 — 25 Watts. Range of He or He + N working pressure were
from 5*10° to 5 Torr. The spectrums of luminescence were shot in
spectrograph Mightex CCD Spectrometer USB 2.0, blue laser 450

nm MingNuo OptoElectronicCoLtd and were recorded by the MSS
matrix.
Figure 1 provides a dependence on the intensity of luminescence

(a.u.) depending on the wavelength of radiation. Thus, work was carried
out on a laser installation to prepare Si films to create photo-excited na-
noparticles.
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Series PLD Si with He and N

1200 4 Si41218 He+N2 0,5+0,5 torr 155 mJ
Si1111218 He+N2 2,5+2,5 torr 130 mJ
Si2111218 He+N2 5+5 torr 120 mJ
10001 Si151218 He+N2 1+1 torr 150 mJ

1 4l Si251218 He+N2 0,25+0,25 torr 143 mJ
800 ﬁ
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Fig. 1. Dependence of luminescence intensity (a.u.) depending on the
wavelength of radiation

[1]. S. Antonenko, S. Derzhavin, S. Klimentov Preparation of silicon nanopar-
ticles and films by pulsed laser deposition The 2nd International Symposium
“Physics, Engineering and Technologies for Biomedicine”, KnE Life Sciences,
pages 25-27. DOI 10.18502/5

[2]. S. V. Antonenko, S. I. Derzhavin, S. M. Klimentov, O. Uvarov, A.A.
Fronya "Preparation nanoparticles and films Si and study of their properties by
SPM and TEM” The 3rd International Symposium “Physics, Engineering and
Technologies for Biomedicine”, 15-17.10. 2018, M. Book of abstracts, pages
76-77.
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LIPID-CONTAINING NANOPARTICLES AS A VEHICLES OF
DRUG DELIVERY SYSTEMS

Khomutov G., Sybachin A., Yaroslavov A., Azarov A.
Lomonosov Moscow State University

This work is dedicated to solving an urgent scientific problem - the crea-
tion of a fundamental scientific base of technology for the controlled
delivery and release of drug and biologically active substances in living
systems. The urgency of this problem is due to the need to create new
highly effective methods of drug therapy that provide targeted delivery
and spatiotemporal control of drug activity in local target areas of the
body. The development of such methods will provide a radical increase
in the effectiveness of the use of drugs and a decrease in their negative
side effects. The aim of my work is to develop new vehicles of targeted
delivery of drugs and biologically active substances based on colloidal
lipid-containing particles, which are mimetics of lipoproteins - biogenic
carriers of hydrophobic molecules in the human body. Directly in this
work, new lipid nanostructured magnetic colloidal systems are created
and investigated, which will be carriers of water-insoluble drugs in the
aqueous phase, the spatial localization of which can be controlled using
an external magnetic field. At the moment, a technology has been de-
veloped for the synthesis of nanostructured lipid nanoparticles with the
inclusion of magnetite nanoparticles and model drug compounds in their
composition, which in the future can be used as vehicles of controlled
targeted delivery of a number of medicinal and biological active sub-
stances. The analysis of the obtained lipid nanoparticles using a com-
plex of methods of structural diagnostics: atomic force microscopy and
transmission electron microscopy. This work was supported by the Rus-
sian Science Foundation (project 18-29-02080).
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ESTIMATION FOR APOLLO MISSION ASTRONAUTS WHEN
CROSSING THE EARTH RADIATION BELTS

M.A. Basova, |.M. Medzhidov, Yu.A. Kurachenko

Russian Institute of Radiology and Agroecology, Obninsk, Russian Federation
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During space flights astronauts are exposed to space radiation. The
main dose commitments at quiet Sun is formed by the passage of the
Earth radiation belts (van Allen belts), the remaining dose provides by
galactic cosmic rays (GCR) and solar cosmic rays (SCR). In this work
we estimated the “Apollo” mission astronaut’s radiation exposure with
the help of computational models: (a) anthropomorphic male phantom
of “MIRD Humans” [1] series, and (b) precise radiation transport model
(by the MCNP code [2]). Together with the universal transport code
MCNP, the nuclear data library received by the TALY'S nuclear reaction
simulation program was used. The belt passage scenario is taken from
the available literature data [3]. A comparative analysis with the data
from the official “NASA” report [4] was carried out

The calculation model of the command module with the astronaut,
presented in figure 1, consists of 175 surfaces, that are combined using
Boolean algebra into 46 cells and as a result, 43 organs of the human
body are simulated. The command module is a sphere of aluminum with
a thickness of 7.5 g/cm? — the equivalent thickness of the command
module shielding [5].

Protons and secondary radiation generated during proton transport
form ~ 90% of the dose, the remaining 10% is provided by X-ray radia-
tion. Proton energy is in the range from 20 to 1000 MeV. The radiation
transport model takes into account a wide range of secondary particles.
Contributions of all energy degradation chains to the calculated flux
functionals for all particles were taken into account up to the boundary
energy of 1 keV (the lower energy of particles in the data library).
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Figure 1 — Calculation model of the “Apollo” command module with an an-
thropomorphic astronaut phantom

The main dose commitments in the male phantom are received by
the reproductive organs. The equivalent dose in other organs is
tenths/hundredths of Sievert. The average value of the dose equivalent is
2.07 Gy. The received value of the effective dose is 5.8 Sv. It can be
concluded that the results depend on the choice of the van Allen belt
scenario passage, taking into account various factors such as geometry
of irradiation and shielding, as well as the chosen method of calculation.

[1] Authors: Tim Goorley X-3 MCC, Los Alamos National Laboratory. MCNP
Medical Physics Database // LA-UR-07-2777. 2007.

[2] Authors: Denise B. Pelowitz, MCNPX User’s Manual Version 2.6.0 // LA-
CP-07-1473. April 2008. 551 p.

[3]
http://bolshoyforum.com/wiki/%D0%9A%D0%BE%D1%81%D0%BC%D0%
B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%80%D0
%B0%D0%B4%D0%B8%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%
D0%BD%D0%B0%D1%8F %D0%B7%D0%B0%D1%89%D0%B8%D1%82
%D0%BO0.

[4] Robert A. English, Richard E. Benson, Vernon Bailey and Charles M.
Barne «Apollo experience report protection against radiation». National aero-
nautics and space administration — Washington — march 1973.

[5] Richard S. Johnston, Lawrence F. Dietlein, M.D., and Charles A. Berry,
M.D. «Biomedical results of Apollo», Washington, 1975.
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Porous silicon (PSi) prepared by electrochemical etching of crystal-
line silicon (Si) is a promising material for biomedical applications be-
cause its biodegradability, low toxicity and ability to act as an agent for
different therapeutic modalities [1]. Moreover, PSi nanoparticles (NPs)
were successfully tested in vivo as nanocontainers for anticancer drug as
doxorubicin [2,3]. While doxorubicin is well water soluble and rather
efficient even without nanocontainer’s delivery, it does not effective
aganst chemotherapy-resistant cancer stem cells [4]. Another promising
antitumor drug is salinomycin, which is a polyester ionophore antibiotic.
The ability of salinomycin to efficiently eliminate cancer stem cells and
induce partial clinical regression of highly treated and therapy-resistant
cancers has been clinically proven [5]. However, salinomycin is not well
soluble in water that complicate its application in the chemotherapy of
cancer. The objective of our work is to create nanocontainers based on
PSi-NPs for the delivery and controlled release of salinomycin.

Agueous suspension of PSi-NPs with given sizes about 100 nm were
prepared by high-energy ball-milling of electrochemically prepared
mesoporous layers. The pore morphology and chemical composition of
the coating of the inner surface of pores in PSi-NPs were investigated by
means of the electron microscopy and optical spectroscopy. Then, the
prepared NPs were loaded with salinomycin by mixing its saturated
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aqueous solution and suspension of PSi-NPs at a certain mass ratio of
the drug and NPs. The next step consisted in separation of the insoluble
fraction, washing with water the resulting nanocontainer filled with the
drug, and their subsequent drying. The above described procedure al-
lowed us to obtain powder of PSi-NPs loaded with salinomycin.

It was checked that the prepared nanocontainers being dispersed in
aqueous medium resulted in gradual release of salinomycin. The free
salinomycin concentration in water was measured by using Fourier in-
frared spectroscopy in attenuated total reflection mode. The release rate
was found to be dependent on the PSi/Salynomicine ratio during the
nanocontainer preparation (see Fig.1). The nanocontainers with larger
initial loading with salinomycin exhibited its slower release for 6 h.
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Fig.1. Temporal dependences of the released salinomycin from PSi-
NPs with different PSi/Salynomicine ratio as 1:1 (1), 1:2 (2) and
2:1(3), in water at 37 ° C.
The revealed possibility of slow drug release from nanocontainers is
promising for both local mild chemotherapy of primary tumor and kill-
ing cancer stem cells.

1. Handbook of Porous Silicon, Ed. L. Canham. Springer, 2018.

2. E. J. Anglin, L. Cheng, W.R. Freeman, M. J. Sailor, Adv. Drug Del. Rev. 60,
1266 (2008).

3. J. Park, L. Gu, G.v.Maltzahn, E. Ruoslahti, S.N. Bhatia, M.J. Sailor, Nat.
Mat., 8, 331 (2009).

4.S. ALA. Rizvi, A. M. Saleh, Saudi Pharm J., 26, 64 (2018).
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Recently the pencil beam scanned particle therapy such as proton or
heavy ion therapy is the most actively developing method of radiation
oncology. The main advantages of this method are higher accuracy, bet-
ter dose conformation, lower radiation load on healthy tissues and high-
er LET and RBE rates (for heavy ions) than in case of conventional pho-
ton therapy. These ones are based on the fundamental features of inter-
action of the accelerated heavy charged particles with matter and high-
tech patient immobilization and beam delivery systems. In clinical prac-
tice there are already a lot of confirmations of these advantages [1].

Nonetheless, benefits of particle tharapy can be achieved only in case
of complete immobility of the CTV, for example, for head and neck
cancer. In case of other prevalent localizations in thorax and abdomen
areas, such as lung, liver, breast, prostate and others, the sufficient pre-
cision may not be obtained. It is due to intrafractional motion of the tu-
mor and internal organs caused in the main by cardiac work and respira-
tion. This motion leads to distortion of planned dose distribution in the
CTV, to emergence of hot and cold points, i.e. areas with overdosage
and underdosage respectively, to increase in radiation load on healthy
tissues and vital organs [2-3].

In conventional photon radiotherapy a similar problem already has
enough solutions in the form of various methods and techniques, such
as: expansion of CTV-PTV margins, using of mechanical compression;
real-time monitoring of tumor position with the help of various respira-
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tion sensors, radio-opaque fuducial markers and X-ray systems, elec-
tromagnetic transponders; treatment planning based on 4DCT; irradia-
tion in modes: breathing-hold, gating, tracking and etc [1-2]. However,
it can be very difficult to implement a direct transfer of these methods to
pencil beam scanned particle therapy due to a number of factors.

Firstly, the motion of internal organs leads to a change of density in
the beam path that causes a shift of Bragg peak from calculated position.
Secondly, there is an inconsistency between motion of the scanning
beam and the target volume [3]. Thirdly, the radio-opaque markers and
electromagnetic transonders can limit the possible angles for beam de-
livery and can distort dose fields [2]. Fourthly, a pattern of the tumor
motion, in general, is complex and represents a combination of transla-
tional, rotational movements and deformations, and also depends on the
tumor parameters: dimensions, location and etc [2-3]. Fifthly, the respi-
ration and cardiac cycle is usually unstable in time, phase and amplitude
so higher tumor motion monitoring and irradiation accuracy is required.
Sixthly, the treatment planning is carried out based on X-ray CT where-
as proton or heavy ion CT can not only have a higher density resolution,
but also will allow us to get information about the stopping properties of
tissues in the beam path [2].

All these factors can substantionally influence on the treatment plan-
ning, tumor motion monitoring and irradiation. Therefore, a close coop-
eration of physicists, engineers, oncologists and others is necessary for
both a large-scale research, optimization of the existing strategies in the
context of particle therapy and development of the new ones.

[1] P. Trnkova et al., Clinical implementations of 4D pencil beam scanned par-
ticle therapy: Report on the 4D treatment planning workshop 2016 and 2017,
Physica Medica, vol. 54, pp. 121-130, (2018).

[2] T. Kubiak, Particle therapy of moving targets — the strategies for tumour
motion monitoring and moving targets irradiation, Br J Radiol, vol. 89, pp. 1-
13, (2016).

[3] C. Bert, M. Durante, Motion in radiotherapy: particle therapy, Phys. Med.
Biol., vol. 56, pp. 113-144, (2011).
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INTERPRETATION OF READINESS POTENTIAL BY USING
THE BCI FOR MANAGING BIONIC SYSTEMS

Belov V. S., Berestov R. M., Bobkov E. A.
NRNU MEPHI
Keywords :EEG, BCI, bionics, neurophysiology

Research Project Description

Relevance

In modern neurophysiology, there is a global problem associated with
the interpretation of EEG signals, i.e. at the moment there is no full-
fledged map of interpretation of encephalogram signals. Our proposed
technical solution will help partially solve the presented problem. The
introduction of neuro-computer interface technology in human condition
monitoring systems will simplify and accelerate this process, and most
importantly, significantly reduce the cost of the equipment necessary for
this procedure. Another field for applying our solution is bionic pros-
thetics, modern prostheses work using the myographic principle, the
main disadvantages of which are expressed in high cost and in the long,
requiring a significant number of invasive surgical procedures installa-
tion process, which is suitable not for all patients, due to health reasons,
but also requires a lot of time for rehabilitation and adaptation to the
management of the prosthesis.

Scientific problem

At the moment, to install a full-fledged bionic limb prosthesis, several
invasive operations are necessary to prepare the patient for its use. Gen-
eral rehabilitation after surgery takes from several months to a year. The
cost of a bionic prosthesis and associated operations for its installation is
prohibitively high for the average patient.

At the same time, the bionic prosthesis cannot fully restore sufficient
motor freedom to the patient, since it uses only one or two control chan-
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nels and allows you to only change the position of the upper limb and
restores simple grasping functions.
The purpose and objectives of the study
Study objectives:
Development of technology to reduce the cost of installing a prosthesis.
And also the time for rehabilitation and mastery of patient management
1. To increase the number of control channels of the bionic sys-
tem, thereby increasing its functionality.
Research objectives :
1. To conduct a study of brain activity associated with motor
functions, and in particular the work of the precentral gyrus.
2. Selection of components and development of equipment for
taking readings of activity of the precentral gyrus.
3. Software development for the interpretation of the EEG of the
precentral gyrus.
Research methodology
Signal acquisition from the precentral gyrus, for use as a training sam-
ple, to create an artificial neural network, duplicating these readings
with the readings of the restorative EMG restorative system for a more
accurate classification of EEG signals.
Development of a new principle of interaction “Brain <=> Computer*,
or rather, the transition to the system “Brain < Hypervisor & Comput-
er”, where Hypervisor is an artificial neural network for interpreting
data from the brain, in perspective and feedback between Computer <
Brain.
Development of principles for interpreting signals of the precentral gy-
rus for the development of an artificial neural network of the hypervi-
sor.
Research results, their interpretation and scientific significance
1. An activity map of the precentral gyrus of the brain with a train-
ing vector of the electromyogram of muscle activity.
2. The principle of using the hypervisor in the Brain system <=>
Computer.
3. A trained artificial neural network for interpreting EEG signals
from the precentral gyrus of the brain.
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Practical application of research results

Further development and improvement of methods for classifying EEG
signals, increasing the functionality of bionic systems, increasing the
quality of life of patients with limited motor functions and further appli-
cation of the presented systems in medical practice.
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MOFs (metal organic frameworks) are porous structures, based on
metal ions and organic linkers [1]. Compared to coordination polymers,
they usually possess higher surface area and tunable pore volume. It
should be noted, that for efficient drug delivery must be used only nano-
sized MOFs (nano-MOFs), because they don’t cause embolism and have
better pharmacokinetic than micro-sized ones [2].

Bismuth is one of the least toxic heavy metals and due its excellent
X-ray attenuation properties may be considered as the perspective CT
agent. Combining high drug loading capacity of nano-MOF with CT
contrasting properties of bismuth it is possible to make diagnostics and
therapy of oncological diseases simultaneously. However, bismuth-
based nano-MOF syntheses haven’t been reported yet.

Here we suggest the method of nano-sized CAU-17 framework prep-
aration by surfactant-modulated microwave synthesis. CAU-17 frame-
work consists of Bi3+ ions and trimesic acid and has a unit formula
[Bi(BTC)(H20)] [3]. MOF particles were characterized with DLS,
SEM, EDS and Raman spectroscopy. Drug loading capacity and CT
contrasting properties were also determined in vitro.

The further decreasing of CAU-17 particle size and investigation of
its X-ray contrast in vivo have to be the next steps of this research.

The work was supported by Russian Science Foundation (Project
19-72-30012).

[1] A.A. Tregubov, I.L. Sokolov, A.V. Babenyshev, et al., Magnetic hybrid
magnetite/metal organic framework nanoparticles: facile preparation, post-
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[2] 1.V. Zelepukin, A.V. Yaremenko, E.V. Petersen, et al., Magnetometry based
method for investigation of nanoparticle clearance from circulation in a liver
perfusion model, Nanotechnology, 30, 105101, (2019);

[3] G. Wang, Y.Liu, B.Huang, A novel metal-organic framework based on
bismuth and trimesic acid: synthesis, structure and properties, Dalton transac-
tions,44,16238-16241, (2015).
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OF THE BRAIN TUMOR

L.R. Bikmukhametova?, 1.D. Romanishkin®, T.A. Savelieva®,
A.V. Kosyrkova?, S.A. Goryaynov?, A.A. Potapov?, V.B. Loschenov!

! Prokhorov General Physics Institute of the Russian Academy of Sci-
ences, Moscow, Russia
2 N.N. Burdenko National Medical Research Center of Neurosurgery,
Moscow, Russia
bikmukhametovalenara@gmail.com

Surgical removal of glial tumors is complicated due to infiltration of
tumor cells into healthy brain tissue. Intraoperative navigation methods
are widely used for their detection. Raman scattering (RS) spectroscopy
allows detecting differences in the composition of the tissues in the ab-
sence of a fluorescent marker. In particular, the ratio of lipids to proteins
in tumor cells is significantly different compared to normal cells.

The target of this work was to study the Raman scattering spectra of
intracranial tumors of laboratory humans, respectively, in order to detect
significant differences.

Materials and Methods: Studies were performed ex vivo samples of
intracranial tumors of patients (glioblastomas and meningiomas). The
raman spectra were obtained under irradiation at 785 nm.

Results: Significant lipid and cholesterol lines prevailed in the RS
spectrum of normal brain tissue. In the tissues of intracranial tumors, the
content of nucleic acids according to the Raman spectra was higher than
in normal tissue. In addition, the glioma was characterized by a lower
concentration of lipids compared with normal tissue and a higher con-
centration of nucleic acids and proteins, which can be explained by a
less developed surface of the tumor cells membranes compared to nor-
mal cells and higher amount of cells participating in mitosis.

Conclusions: The results of the RS studies of the human intracranial
tumors showed significant differences in the bands related to lipids, pro-
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teins and nucleic acids, which can be used for developing a method of
brain tumor optical biopsy based on Raman spectroscopy.

The study was carried out with the financial support of the Russian

Foundation for Basic Research in the framework of the scientific project
No 18-29-01062.
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OPTICAL STUDIES OF A TWO-LAYER STRUCTURE OF
ZNO / NANODIAMONDS (ZNO:DNDS)
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The two-layer ZnO/DNDs structure provides a number of combined
properties, including a large surface area, a defect-free interface, im-
proved crystallinity, improved electrical properties and effective surface
passivation, making these structures an ideal building block for optoe-
lectronic applications. ZnO/DNDs dual-layer structures offer good per-
formance in PD applications, field emission cathodes, and biosensors
[1].

ZnO is a universal oxide semiconductor and has unique properties,
such as a wide direct forbidden zone (3.37 eV) and a relatively large
exciton binding power (60 eV at room temperature), which makes it
promising for use in optoelectronics, including ultraviolet (UV) photo-
detectors, field emission cathodes and solar cells.

The aim of this work was to analyze the optical properties of ZnO
films doped with DNDs. The fluorescence spectra of ZnO films doped
with DNDs at various concentrations and ZnO films without impurities
and AFM images of these samples were obtained.

It should be noted that, in comparison with pure zinc oxide, DNDs
additives increase its fluorescence by 5 times for the maximum DNDs
concentration and lead to the formation of a shoulder in the region of
365 nm (fig. 1).
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Figure 1. Fluorescence spectra of ZnO films doped with DNDs of various con-
centrations and ZnO films without impurities.

Thus, it was revealed that the presence of DNDs on the surface of
ZnO films affects the optical properties of the material.

[1] Lin, J. C .; Juan, B. R. Lin, T. S. Bilayer structure of ZnO Nanorod /
Nanodiamond film Based on ultraviolet photodetectors. Journal of the Electro-
chemical Society 2013, 160 (8),

509-512.
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SUVmean, SUVpeak, SUVmax IN RADIONUCLIDE THERAPY OF
DIFFERENTIATED THYROID CANCER 131-10DINE

Bubnov A.A.%, Trukhin A.A.%*?, Sirota Y.1.2, Rumiantsev P.O.?,
Degtyarev M.V.2
INRNU "MEPhI". Moscow, Russia.
2Endocrinology Research Centre, Moscow, Russia.
Contact number: +79152268195
email: bubnov96@mail.ru

Relevance:

Standardized uptake value of radiopharmaceutical (SUV) is one of
the most perspective direction in nuclear medicine that focused on quan-
titative analysis using combined SPECT/CT systems.

Currently, annual growth of new cases of endocrine system diseases
equals 4.5 % [1]. The most common are benign and malignant thyroid
pathologies. Therefore, timely and evidence-based instrumental diag-
nostics is a necessary part of the medical care process.

There are countries such as South Korea, the USA, and Japan that ac-
tively apply SUV. This value has already proved its effectiveness in
detecting malignant neoplasms such as: papillary, follicular forms of
thyroid cancer [2-3].

Purpose:

Development of method segmentation image SPECT/CT and deter-
mination ablative range of reference values SU-
Vmean/SUVpeak/SUVmax for different forms of thyroid tissue at post-
therapeutic SPECT/CT during radioiodine therapy of differentiated thy-
roid cancer with 131-iodine.

Materials and methods:

SPECT/CT GE Discovery NM/CT 670 was used in this study. Soft-
ware for segmentation of image - GE Medical Systems Xeleris 4.0
(Volumetrix MI) [4]. Segmentation was carried out according to a pre-
viously developed method, which is based on work with post-
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therapeutic SPECT/CT images with: attenuation correction, scatter cor-
rection, resolution recovery [5].

Results:

Guidelines for segmentation of images SPECT/CT for radiologists
and method of determination sensitivity was developed for SPECT/CT
GE DISCOVERY NM/CT 670 during the study. The obtained data were
used to plot dependency chart of SUVpeak/SUVmean/SUVmax and the
region of interest volume. According to the SUV frequency distribution,
ablative reference intervals for the corresponding quantities were ob-
tained.

Conclusion:

The method of segmentation is applicable in semi-
quantitative/quantitative object dosimetry and it’s easily reproducible in
the presence of a SPECT/CT workstation.

The obtained ablative reference intervals of values of SUVpeak/
SUVmean/SUVmax guarantee ablation effect for residual thyroid tissue
during radioiodine therapy differential thyroid cancer with 131-iodine.

A preview protocol was developed for SUV implementation in dif-
ferentiated thyroid cancer management.

References:
[1] Alexandrova G.A. The incidence of the entire population of Russia in 2016
/ Statistical materials. Part I1 M.: Ministry of Health of the Russian Federation,
Department of Monitoring, Analysis and Strategic Development of Healthcare,
Federal State Budgetary Institution “Central Research Institute of Organization
and Informatization of Healthcare” of the Ministry of Health, pp.15-17, (2016).
[2] Park S, Lee E, Rhee S, Cho J, Choi S, Lee S, et al. Correlation between
semi-quantitative (18)F-FDG PET/CT parameters and Ki-67 expression in
small cell lung cancer. Nucl Med Mol Imaging, pp.24-30, (2016).
[3] Lee H, Kim JH, Kang YK, Moon JH, So Y, Lee WW. «Quantitative single-
photon emission computed tomography/computed tomography for technetium
pertechnetate thyroid uptake measurement». Medicine (Baltimore). (2016);
[4] GE Healthcare.Organ Dose estimates for Radio-Isotope Therapy treatment
planning purposes Dosimetry toolkit package, (2014).
[5] Yuni K. Dewaraja, Eric C. Frey, George Sgouros. «MIRD Pamphlet No. 23:
Quantitative SPECT for Patient-Specific 3-Dimensional Dosimetry in Internal
Radionuclide Therapy». J Nucl Med. Jun. 28, (2012).
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AB INITIO MODELING BONDING ENERGY IN BIO-ACTIVE
NANO COATINGS ON DENTAL IMPLANTS

I. Dashevskiy
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To minimize the implants fusion time with bone, special bioactive
coatings are surfaced upon implants [1]. The most common biocompati-
ble material for implants is titanium, one of the typical coating materials
is hydroxyapatite (HAp) Caio(PO4)s(OH). (Fig. 1). Since cases of de-
lamination at the implant-coating interface were observed in clinic [2],
the actual problem is to study the adhesion strength of HAp with titani-
um. The characteristic of that strength is the binding energy between
titanium and HAp. The purpose of this work was determination of the
binding energy between the hydroxyapatite functional groups (anions)
and Ti (I1) titanium [3] with the help of computational quantum chemis-
try methods (computational chemistry suite Gaussian 09, Rev. C.01 [4]).

Fig.1. Hydroxyapatite (HAp) Caio(PO4)s(OH)2

The study was carried out together with A. Balueva, P. Todebush C.
Campbell, J. Magana, and N. Clement on the theme of the state assign-

122



4th International Symposium and School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine”
ment (state registration number AAAA-A17-117021310386-3) and with
partial support of RFBR grants No. 17-08-01579 and No. 17-08-01312.

Table 1. Binding Energy of Ti(ll) With Constituent lons of Hydroxyapatite

Ti{OH)2 PO4* TiPOa] HOsPTi]?
Picture H'
Ti-O Bond N/A N/A 1.8 1.73 N/A 1.94 per 1.82 1.87
Lengths (,5\) bond to
Oxygen
Ti-O Bond N/A 180 180 126 N/A Approx. 81.4 78.0
Angles 74 per
(degrees) bond to
Oxygen
Ground -844.42 | -75.246 | -9204 -996.2 -638.2 -1484.5 -1559.9 -1635.2
Energy of
Structure
(a.u.)
Charge of 2+ N/A 1.124+ 0.486 N/A 0.124+ -0.215 -0.888
Titanium
Binding N/A N/A 734 1.28 N/A 1.88 2.03 2.09
Energy (a.u.)

[1] A. Civantos, E. Martinez-Campos, V. Ramos, C. Elvira, A. Gallardo, A.
Abarrategi, Titanium Coatings and Surface Modifications: Toward Clinically
Useful Bioactive Implants, ACS Biomater. Sci. Eng., vol. 3 (7), pp. 1245-1261,
(2017).
[2] M. Roy, A. Bandyopadhyay, S. Bose, Induction Plasma Sprayed Nano Hy-
droxyapatite Coatings on Titanium for Orthopaedic and Dental Implants, Sur-
face & coatings technology, vol. 205, Ne 8-9, pp. 2785-2792, (2011).
[3] I. Dashevskiy, A. Balueva, P. Todebush, C. Campbell, J. Magana, N. Clem-
ent, On Estimation of Adhesive Strength of Implants Bioactive Coating with
Titanium by Density Functional Theory and Molecular Dynamics Simulations.
Materials Research, 22(3), (2019), e20190030. Epub May 30, 2019.
https://dx.doi.org/10.1590/1980-5373-mr-2019-0030

[4] http://www.gaussian.com/
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REALISTIC NEUTRON SOURCE MODEL D-T GENERATOR
FOR NEUTRON THERAPY
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M.A. Kolyvanova?, V.N. Morozov!

IState Research Center - Burnasyan Federal Medical Biophysical Center of
Federal Medical Biological Agency, Moscow, Russia
2L omonosov Moscow State University, Moscow, Russia
Presenting author e-mail address: davydov.andrey@physics.msu.ru

Since the 1950s, the reaction 3H(d, n)*He has been used to obtain
guasimonochromatic neutrons. Such generators are widely used to study
the interaction of neutrons with reactor materials. They are also used in
neutron activation analysis and neutron therapy. The wide resonance of
the D-T reaction cross section in the neutron energy region of ~ 100 keV
allows one to obtain a large neutron yield when using low-voltage deu-
teron accelerators. It is often believed that such neutron sources are iso-
tropic and monochromatic with an energy of 14.1 MeV.

A real source is neither isotropic nor monoenergetic. Primary neu-
trons are generated by deuterons that interact with the target material
and their energy changes. Since radiation therapy places high demands
on the accuracy of dose delivery, a careful specification of the source is
required. Particular attention should be paid to the anisotropy of the neu-
tron yield and their energy distribution.

To take into account deuteron beam deceleration during passage
through a titanium-tritium target, it was divided into layers with a thick-
ness Ax = 0.1 mgmM. The change in the number of deuterons due to their

elimination from the beam as a result of D-T reactions can be neglected.
With a target density of p = 3,7 g/cm?® and an elemental composition

of TiT, the linear attenuation coefficient at the maximum of the D-T
cross section of the reaction is ~0.4 cm™*, and the range is about 2 um.
The deuteron energy E; at the entrance to the j-th layer was calculated
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as E; = E;_, — S7(E;_,) x Ax, where S, — stopping power of the tar-
get. Total number of neutrons ", formed in the j-th layer of the target,
is determined by the energy of deuterons at the entrance to the j-th layer

N = Lu- (E) x np-5Ax. Where n. - concentration of tritium nuclei

in the target, u-f,.._(Ej) — cross-section. The probability of neutron emis-

sion at theta angle and its energy were calculated based on kinematic
relations. The energy distribution was obtained by summing over all
layers. Fig. 1 shows the energy (A) and angular distribution (B) of neu-
trons.
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Fig.1. A) Angular distribution of the average kinetic energy of neutrons emitted
from a thick target when it is irradiated with deuterons with a kinetic energy of
200 keV. B) Angular distribution of the neutron yield emitted from a thick tar-
get when it is irradiated with deuterons with a kinetic energy of 200 keV.
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PARTICLES ON RATS
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The radioactive particles production can occur when using “dirty
bombs”, nuclear explosions, as a result of radioactive emissions from
nuclear industry facilities production of raw materials with high content
of natural radionuclides, as well as nuclear and radiation accidents [1].

By now, much material much scientific matter has been accumulated
on the protection of humans and animals from ionizing radiation [2],
however, due attention is not paid to information about radiation injuries
of the gastrointestinal tract. The aim of the study was to evaluate the
biological effect on the internal parts of irradiating laboratory rodents
(rats).

The study of the radioactive particulates biological action on labora-
tory rodents of both sexes, the rats of Wistar breed weighing from 200
to 300 g were used. In the experiments the silicate fused radioactive par-
ticles gage 80-160 um got by "uranium", "three-component" and "rheni-
um" models were used being approximately close to radiation character-
istics of instantaneous fission products of about 10-15 hours age[3]. At
the time of particles penetration into the animals body, their specific
activity ranged from 3.7 to 7.4 GBk/g (100-200 MCi/qg). Figure 1 shows
the dependence of the activity and average energy of B-radiation on the
time age of "uranium", "three-component" and "rhenium" model parti-
cles.

"Uranium" and "three-component” models are close to each other in
the decline of activity in time. Beta radiation on average is not the same:
the "uranium™ model average beta radiation decreases over time from
0.65 to 0.35 MeV, and the "three - component” - increases from 0.53 to
0.87 MeV. "Rhenium" model differs from “uranium” in the terms of
activity decline, but they are similar in changing of average energy of -
radiation in time.
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Fig. 1 Dependences on activity time and average energy of f-Radiation model
of particles.

[1] Radioactive particles in the Environment: Sources, Particle Characterization
and Analytical Techniques. IAEA-TECDOC-1663. IAEA. Vienna. 2011. 77 P.
[2] Radiatsionnaya meditsina [Radiation medicine] in 4 Vol. Ed. L.A. II’in.
Moskva. 2001. T. 2: Radiatsionnye porazheniya cheloveka [Radiation-induced
conditions in humans]. V.M. Abdullaeva [et al.]. Eds.: A.K. Gus’kova, G.D.
Selidovkin. 432 p. (In Russian)

[3] Kozmin G.V., Epimakhov V.G., Snegirev A.S., Sanzharova N.I., Budarkov
V.A., Transport of radioactive particles in the gastrointestinal tract of sheep //
Radiat. Biology. Radioecology. 2018; 58(3). 305-316 pp. (In Russian)
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DEVELOPMENT OF THE KNOWLEDGE BASE OF BREAST
CANCER CYTOLOGICAL DIAGNOSIS
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I. P. Shabalova? T.V. Djangirova? S.M. Zaitsev!

INational Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Kashirskoe shosse 31, 115409, Moscow, Russia.
2Russian Medical Academy of Continuous Professional Education of the Min-
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Currently, there is a significant increase in the number of oncological
diseases such as stomach cancer, lung cancer, breast and thyroid cancer,
etc.

The cytological method of research, in which the cellular composi-
tion of various human tissues and fluids is studied, helps to correctly
and timely diagnose cancer. A cytologist with a light microscope detects
the presence of cancer cells (or their absence).

Cytological research all over the world is used as a complete method
of morphological verification of the diagnosis. The simplicity of obtain-
ing the material, the preparation of preparations, the great potential ca-
pabilities of the method attract the attention of doctors of various spe-
cialties.

But even experienced specialists sometimes have objective difficul-
ties: with rare or diagnostically complex tumors and tumor-like lesions;
tumors, the clarification of the histological form of which requires addi-
tional diagnostic methods; border states; non-tumor lesions morphologi-
cally similar to tumors. Therefore, a cytologist, like any other doctor,
must constantly study, replenishing theoretical knowledge and improv-
ing practical skills.

The availability of a sufficient database by a doctor would lead to a
decrease in errors in the diagnosis and the selection of an adequate
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course of treatment. To date, such systems that can provide comprehen-
sive support to a doctor are absent.

The purpose of the work is the development of an intelligent system
for supporting the adoption of medical decisions in breast cancer.

To solve the problem, it is necessary to solve the following tasks of
the project:

1. To form a set of signs for describing images of cytological gland
preparations.

2. To select a sample of reference images of cytological images ac-
cording to classical and problematic nosologies.

3. To develop a rating method for the support of medical decision-
making

4. To form a model for processing diagnostic information in the deci-
sion support system.

5. To develop a model for the formation of a poor knowledge base of
the decision support system.

6. To develop an algorithm for describing objects on cytological
preparations of images of the mammary gland.

7. Implementation of the proposed solutions in the form of a software
product (atlas directory to support the adoption of medical decisions)

8. Conducting experimental research

9. Development of techniques for working with the program and
conducting descriptions to replenish the knowledge base.

The work is aimed at objectification of the morphological study of
cytological preparations using artificial intelligence technologies.

The resulting system will make it possible to use it later in training
medical students using high-tech diagnostic systems in continuing edu-
cation of doctors from specialized and regional medical institutions.
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IMPACT OF CHROMATIN SPATIAL ORGANIZATION ON
DSB CLUSTERS FREQUENCY INDUCED BY LOW ENERGY
IONS

Y.A. Eidelmant, 1.V.Salnikov?, S.V.Slaninal, A.V.Aleschenko?,
S.G.Andreev!?
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When charged particle tracks penetrate a cell nucleus the most signif-
icant damage that occurs in the DNA owing to energy deposition are
DNA single and double-strand breaks (SSBs and DSBs). A significant
proportion of the initial energy of the charged particle is lost at the end
of its path in the cell nucleus on a fairly short segment. For low energy
ions linear energy transfer (LET) at the end of particle track reaches
values much higher than in the initial part of the track at the cell or nu-
cleus surface. This leads to much higher local energy deposition_and
results in more severe chromatin damage of increasing complexity.

To characterize severity of DNA/chromatin damage induced by low
energy ions we simulated 3D stochastic structure of ion tracks and gen-
erated ensemble of chromatin structures with different spatial organiza-
tion. Using polymer physics we modeled 3D structures of ~1 Mbp
chromatin segment of different spatial organization: polymer globule
and decondensed, looped conformations. By means of this technique we
are able to assess simultaneously the impact of DNA topology and track
structure with increasing LET on the incidence of clustered DNA DSBs
within megabase-sized subunits of cellular chromatin. We simulated
tracks of the following particles — a-particles, nitrogen, carbon and oxy-
gen ions with the following LET — 125, 267, 400, 648, 2128, 2200
keV/um.

The numerical data reveal increasing the yield of clustered DSBs ob-
served as yield of short DNA fragments as a function of ion’s LET, see
Fig.1.
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Fig.1. Relative incidence of DNA fragments (0.2 — 100 kbp) as a function of
ion LET for N, a, C, O ions. Irradiated structure: globular Mb-sized chromatin
domain.

The calculations were performed per single energy deposition events
in the chromatin. Data in Fig.1 are normalized on the yield of fragments
for N ions with LET=125 keV/um. The elevated yield of short DNA
fragments with rise of LET is explained by increased track width with
multiple intersections of the chromatin fiber within supramolecular 3D
structure. Calculations for other chromatin structures indicate that the
more decondensed is the structure, the gentler increase of DNA frag-
ments yield with LET is observed.
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Silicon (Si) nanoparticles (NPs) exhibit interesting physical proper-
ties, which are different for those of the bulk Si [1]. Biomedical applica-
tions of Si-NPs are stimulated by their low toxicity and biodegradability
[2]. Si-NPs can be obtained by electrochemical etching [1,2] and laser
ablation [3]. Radioactive iodine (131-1) is widely used in radionuclide
therapy for patients faced differentiated thyroid cancer [4], but there are
several types of the thyroid cancer without selective iodine accumula-
tion. Solid NPs can be used as containers for the 131-1 delivery to the
malignant non-differentiated thyroid tissue. lodine loaded NPs can also
act as a “marker” for the X-ray diagnostics of cancer.

In the present work we have explored iodine loading into porous Si-
NPs by using tyrosine amino acid as a linker. Porous (P) Si-NPs were
produced by electrochemical etching of crystalline silicon wafers in a
hydrofluoric acid solution (HF 50%): C,HsOH (1: 1) for 1 h. Next, the
films were dried and milled using a Fritsch Pulverisette 7 planetary mill
to obtain powder and aqueous suspensions of PSi-NPs. The physical
properties of PSi films and NPs were investigated by means the scan-
ning electron microscopy (SEM), X-ray fluorescence (XRF), photolu-
minescence (PL) and dynamic light scattering (DLS).

It was observed a strong quenching of the PL intensity of microPSi
layers and PSi-NPs after sorption of iodine molecules from ethanoic
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solutions. This effect is explained by interaction of negatively charged
iodine-related centers with excitons in Si nanocrystals of PSi. The XRF
analysis of iodine loaded PSi-NPs revealed characteristic peaks at 5.07
keV and 1.7 keV, which corresponded to iodine and Si, respectively.
The iodine/Si ratio was found to be depended on pre-treatment of PSi.

Agqueous suspensions of PSi-NPs and those pre-treated by tyrosine
solution were mixed with aqueous solutions of sodium iodine (Nal) to
study the iodine sorption into pores of PSi. When the loading with io-
dine was done in acidic medium, which was controlled by adding of
hydrochloric acid, the adsorbed iodine ions ware detected in the pre-
pared PSi NPs before and after centrifugation (see Table 1).

Table 1. Relative composition of iodine in the prepared samples of PSi NPs.

. | Iodine“Si
Treatment of PSi Tyrosine+Nal HCI+Tyrosine+Nal
as prepared 0.36 1.63
after centrifugation 0 0.28

SEM and energy-dispersive X-ray (EDX) diagnostics indicated the
binding of iodine ions to PSi-NPs. The EDX element maps showed that
iodine ions were mainly bound to the surface of PSi-NPs with tyrosine
coating in the presence of HCI. Thus, the acidic ambient is required to
ensure significant binding of iodine ions to PSi-NPs. Further experi-
ments are required to enhance the efficiency of iodine loading into PSi-
NPs and to ensure the iodine binding stability for applications in the ra-
dionuclide therapy and X-ray diagnostics.

1. AA. Ischenko, G.V. Fetisov, L.A. Aslanov. Nanosilicon: Properties, Synthe-
sis, Applications, Methods of Analysis and Control. CRC Press, 2015.

2. Handbook of Porous Silicon, Ed. L. Canham. Springer, 2018.

3. A.V. Kabashin, V.Yu. Timoshenko. Nanomedicine, 11, 2247-2250 (2016).

4. P.I. Garbuzov, B.Ya. Drozdovsky, A.A. Rodichev et al. Practical Oncology,
8, 42-45 (2007).
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The synthesis and application of metal and ceramic nanoparticle are
significant subject in science and engineering. The metal nanoparticles
such as gold, silver, and copper nanoparticles have more application in
material science, nanomedicine, electronic, photonic, and art. One of the
‘green’ method for preparation of metal nanoparticles is laser ablation
technique.

Colloidal solutions of plasmonic nanoparticles, such as gold and tita-
nium nitride, have a number of unique properties, in particular, resonant
absorption and scattering of light [1], as well as a huge amplification of
the electromagnetic field near the surface [2], which makes them very
effective both in catalysis [3] and in biomedical applications [4]. How-
ever, arbitrary transformations of the size, morphology and structure of
nanoparticles during synthesis, and most importantly after its comple-
tion, during storage, temperature fluctuations and dilution of solutions is
a significant problem. Uncontrolled and often unpredictable transfor-
mations lead to a loss of useful properties and a decrease in the repro-
ducibility of the properties of nanoparticles, and hinder their practical
application in biomedicine.

It should be noted that in laser ablation mechanism selection of pa-
rameters of laser radiation (wavelength, pulse duration, its power) al-
lows you to finely control the process of formation of nanostructures,
and therefore, allows you to obtain materials with the required charac-
teristics [5].

Laser ablation of solids in liquids is an effective technique with con-
siderable potential in the generation of nanocrystals, which allows mul-
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tilateral design through choosing appropriate solid target materials and
confining liquids [6].
In this work, gold colloids were prepared by pulsed laser ablation of
high purity gold plate immersed in deionized water and 10uM NaCl so-
lution.

Parameters of laser radiation:

Liquid Energy,J | Laser Power,W | RR,Hz | Total Dura-

WL,nm tion,mins
Deionised 40 min;
water; 100 1030 1000m 10k 30 min
10uM
NaCl

In this communication, we study the change in the size distribu-
tion of nanoparticles after the ablation process over time. From the end
of ablation to the 21st day. Size distribution of obtained nanoparticles
was measured using dynamic light scattering (DLS) method. TEM im-
ages of nanoparticles were obtained at regular intervals after laser abla-

tion process.
Au Target

Au nancparticle

Laser

Schematic diagram of the experimental setup of PLAL.
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Polylactic acid (PLA) is a biodegradable aliphatic non-toxic and eco-
friendly polyester and is widely used as medical implants in the form of
anchors, screws, plates, pins, rods, and as a mesh [1]. A comprehensive
literature search reveals the applications of PLA and its polymeric com-
posites in medical fields such as: orthopedics, drug carriers, facial frac-
ture repair, tissue engineering, antimicrobial agents, antitumor, ureteral
stents, biomaterials, miscellaneous applications [1]. Of particular inter-
est is the use of PLA as a corneal implant for the bullous keratopathy
treatment.

The purpose of this research is the study of the influence of thin pol-
ylactic acid films implantation on the corneal morphology in vivo exper-
iment.

Material and methods. The feedstock for the films was obtained by
dissolving polylactic acid (PURASORB® PL 10, Netherlands) in the
chloroform (CHCIs). The surface topography was studied on “Centaur
HR” (Russia). The surface roughness was estimated using the Gwyddi-
on software. SEM of polylactic acid films was obtained by using Hitachi
S3400N Type Il microscope (Japan).

For in vivo experiment 8 pubescent female Sylvilagus bachmani rab-
bits (SSMU, Tomsk, Russia) weighing 2.0-2.5 kg were used. Polylactic
acid films were implanted into the anterior chamber of one animal eye.
The overall duration of the experiment comprised 21 days.

Results. The study of the structure and morphology of polylactic ac-
id films showed that its roughness and topography depended on the side
of the surface of the material: the outer side had a more embossed sur-
face as opposed to a smoother inner surface. The surface roughness

137



4th International Symposium and School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine”
analysis showed that Ry of PLA films (inner) surface was 0.01+0.003
um, Rq was 0.014 um, Rs was -0.001. PLA films (outer) surface had Ra
=0.17£0.06 pm, R;=0.4 pm, Ry=-1.0..

The implantation of the PLA film did not cause an inflammatory re-
action and did not increase an intraocular pressure.

The following histological results were obtained. The anterior epithe-
lium was represented by 4-5 layers of squamous epithelium with
normochromic nuclei. Bowman's membrane was unchanged and visual-
ized as a homogeneous eosinophilic strip. Collagen fibers were located
compactly. In some places collagen fibers had increased twisted stroke.
Descemet's membrane was visualized throughout. The endothelial layer
was represented by a single layer of cells. In some places proliferation
of endothelial cells in the form of process cells was observed.

Conclusion. The implantation of the PLA films into the anterior
chamber of eye does not induce an inflammatory reaction and does not
increase an intraocular pressure. The study showed the possibility of
PLA films using as a corneal implant.

Acknowledgments. The research was conducted with the financial
support of the Russian Foundation for Basic Research (RFBR) as part of
the project Ne 19-415-703005.
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The optocoustic effect that is generated when a laser interacts with a
structure is simulated qualitatively and quantitatively by in silico tests to
describe the physical quantities obtained from the interaction of a pulsed
laser with a medium [1]. These physical quantities were calculated and
compared with the simulation. The working interface of the ANSYS
software allows to model and attribute controllable properties to simple
and complex structures allowing the analysis of different materials with
approximations to the properties of biological structures. Additionally,
these in silico tests allowed us to understand the dynamics of the physi-
cal principles of the optoacoustic effect, such as the variation of temper-
ature, pressure and intensity of the laser and the dynamic-qualitative
description of the particle wave duality of light, physical phenomena of
transmission, reflection, dispersion, absorption, depending on the prop-
erties of the medium with which the radiation interacts. An overview of
the rapidly expanding field of photoacoustic imaging for biomedical
applications and cancer detection is provided.

Different ANSYS tools were used to analyze the temperature, pres-
sure and intensity of the laser interaction individually. Water was estab-
lished as aqueous medium contained in a cuvette of negligible optical
properties, a laser light source at 1064 nm wavelength, with a pulse time
of 10 ns, energy per pulse of 20 / (EO) and a radiation area of 1 mm
(rspot). From these simulations have been obtained thermal confinement
results in the order of 6.699 x 10-3 ° C that is generated in a measure of

139



4th International Symposium and School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine”
pressure in the medium with measurable magnitude in the range of
5.606 x 10-3 Pa [2].

This technique is an alternative in detection systems of cancer cells,
enzymes, physiological parameters, biomarkers, chromophores, oxygen
concentration and saturation of hemoglobin and gene expression prod-
ucts allowing to obtain biomedical images. This technique in detection
systems has a high temporal resolution, constitutes a low cost non-
invasive method where ionizing radiation is not used and it does not
generate side effects. Optical imaging has a nanomolar-level of sensiv-
ity, parallel to nuclear methods such as PET and SPECT, and has the
capability to detect over a dozen different molecular species [3,4]. Giv-
en that it constitutes a method with high sensitivity and specificity, the
study and analysis of this by in silico tests determines its importance
prior to any type of in vivo treatment.

Fig.1. Experimental scheme of a dye laser with semiconductor pumping

[1] M.W. Sigrist, Laser Generation of Acoustic Waves in Liquids and Gases.
(Journal of Applied Physics, 1986), pp. R83-R121.

[2] Granizo et al. “Optoacoustic Effect Analysis by FEM” in AIP Conference
Proceedings. VVol. 2003, 020006 (2018).

[3] Pogue et al. Adapted from Am.J.Roentgen 195, 321(2010).

[4] F.Leblond et al. JPhotochem. Photobiol.B 98, 77-94(2010).
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Currently, there is a need for new methods for cancer therapy. One of
these methods is based on local hyperthermia (HT) because of heating
of nanoparticles (NPs) localized in cancer cells and tumors. While fer-
romagnetic or superparamagnetic NPs heated by alternating magnetic
field are usually explored in magnetic HT [1], the residual toxicity of
those NPs is a limiting factor for their clinical applications. As an alter-
native to the magnetic HT it was proposed to use nontoxic silicon (Si)
NPs, which act as sensitizers of radiofrequency (RF) electromagnetic
HT because of the Joule heating related to local electric currents around
NPs [2].

We analyze spherical NPs with radius a in an electrolyte with vari-
ous electrical conductivity under irradiation with RF electric field
E(t) = E, coswt. Considering the electric field distribution nearby the

NP, which is determined by solving the corresponding Poisson’s equa-
tion, the mean rate of heat release around the NP can be calculated as
follows:

':\.}c wt __ ‘, ‘GL ‘,J E?._;, (t,7,8)

qT =Y

I

sin (8)r=dr dadrt, (1)

72w

where T = 2m /w is the period of the RF electric field oscillations, & is
the specific electrical conductivity and & is the permittivity of electro-
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lyte, 2 = — is the reciprocal Maxwell relaxation time, L is the charac-

L

teristic dimension of the thermal fields overlapping from neighboring
NPs, and q is the elemental electrical charge. The total heating rate can
be obtained by multiplication of ¢, on the NP concentration and the
contribution of NPs into the heating is obtained by subtracting the heat-
ing rate of the homogeneous electrolyte of the same electrical conduc-
tivity.

Fig. 1 shows calculation results and experimentally determined
heating rate for RF-irradiation of aqueous electrolytes with dispersed Si-
NPs versus the specific electrical conductivity of the electrolyte.
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Fig.1. Dependence of the heating rate of aqueous suspension of Si-NPs with
mean size of 15 nm and concentration of 1 g/L under RF irradiation at 27 MHz
with mean power 10 W versus the specific electrical conductivity of electrolyte
adjusted by adding of small amount of hydrochloric acid. Open circles and sol-
id line represent the experimental data and their fitting by using Eq.(1).

The proposed model allows us to explain the observed nonmonotonic
dependence of the RF-heating rate on the electrolyte conductivity and it
can be useful for choosing the optimal parameters of NPs and RF-
radiation for applications in hyperthermia of malignant tumors.
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2. K. P. Tamarov, L. A. Osminkina, S. V. Zinovyev, K. A. Maximova, J. V.
Kargina, M. B. Gongalsky, Y. Ryabchikov, A. Al-Kattan, A. P. Sviridov, M.
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It is impossible today to imagine modern clinical evaluation in cardi-
ology, oncology, and many other realms of healthcare without magnet-
ic-resonance imaging. Over the past decade, the application of MRI has
increased, due to its ability to generate sharp images without resorting to
ionizing radiation. MRI is known for its high resolution, sensitivity and
specificity. However, the presence of artifacts at MR imaging can ob-
scure relevant anatomy and disease.

An artifact of MRI is a false intensity of signal on the image which
does not correspond to parameters of an evaluated tissue. It should be
noted that almost any MR image has artifacts.

Acrtifacts appear in MRI for a variety of reasons. Potential sources of
artifacts include biological behavior and intrinsic tissue properties like
presence of air microbubbles, ferritin deposition, etc. Presence of arti-
facts decreases diagnostic possibilities of MRI, making accurate data
interpretation more difficult.

This problem can be solved by using smart contrast agents [1]. Here
we propose to use metal-organic frameworks of the MIL family based
on Fe* ions [2] for that purpose. We can specifically detect signal only
from Fe-MIL-101_NH2 nanoparticles due to its rapid change of MR
contrasting properties from T1 to T2 during frameworks degradation in
the presence of phosphate-ions. We suggested to use nanoparticles with
surface modification by covering with a layer of SiO2 [3] to control
their rate of degradation. The particles were studied by dynamic light
scattering, Raman spectroscopy, and scanning electron microscopy.

The work was supported by Russian Science Foundation (Project
19-72-30012).
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A wide variety of nanoparticles (NPs) are used currently in biomedi-
cine. One of the perspective directions is creating X-ray contrast
nanoagents for computer tomography (CT) investigations. Bismuth NPs
can significantly improve CT-diagnostics because Bi have the largest X-
ray absorption cross-section among non-radioactive materials and low
toxicity for the organism. Here, we synthesized BiOCI nanoplates and
investigate their properties as peroral CT-agent.

For NPs synthesis BiCl; was hydrolyzed in NaOH until white precip-
itate of nanoparticles was formed. Then, NPs were stabilized by coating
with citric acid. The smallest fraction of NPs was separated by centrif-
ugation in sucrose gradient. Reaction yield was 88%.

Obtained NPs were characterized with SEM, DLS, EDS and differ-
ent spectroscopy methods. SEM shown, that NPs have a form of nano-
plates with 120 nm length and 20 nm thickness. Hydrodynamic size in
distilled water also was 120 nm, NPs have negative {-potential. Sum-
mary data from RAMAN, FTIR, UV-VIS spectroscopies and EDS anal-
ysis shown that material have BiOCI composition without significant
impurities.

To investigate particle stability in gastric and intestine conditions, we
incubated them in simulated fluids (0.1 M HCI — for stomach, 6.8 pH
PBS — for intestine) for 1 day. We didn’t observe any signs of bismuth
ions leakage by ICP-mass spectroscopy measurements.
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X-ray contrast properties of BiOCI nanoplates were tested in vitro
and in vivo, in comparison with classic peroral CT-agent: BaSO4 meal.
In vitro NPs shown 2 times brighter signal then BaSOs. Also, BiOCI
NPs allow us to clearly visualize stomach and small intestine loops even
at low voltage X-Ray investigation.

We believe, BiOCI nanoplates can be used in future as non-toxic and
bright X-ray contrast agent for CT-diagnostics of various pathologies of
gastro-intestinal tract.

The work was supported by Russian Science Foundation (Project
19-72-30012).
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Silicon (Si) nanoparticles (NPs) are promising for biomedical appli-
cation due to the fact that they have low toxicity and can be eliminated
from the body by biodegradation into orthosilicic acid [1]. It was shown
that Si based NPs can be used in cancer therapy as drug carriers, sensi-
tizers of ultrasound and high frequency electromagnetic radiation [2-4].
Control of the NPs accumulation in the tumor after intravenous admin-
istration is crucial for the effectiveness of therapy. The best results can
be achieved when the NPs can be controlled and simultaneously used in
therapy.

Diagnosis and treatment monitoring of internal human cancers by
current available methods involve the use of monitoring systems based
on magnetic resonance imaging (MRI) technique. The method is excel-
lent for diagnosis of primary and metastatic lesions and for monitoring
in subsequent follow-up of cancer therapy.

Si-based NPs with 0.2, 2.5, 5 and 10 atomic % of iron (Fe) were pre-
pared by arc-discharge plasma-assisted ablative synthesis from poly-
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crystalline Si powder mixed with metallic iron powder and then were
used to prepare stable aqueous suspensions. The physical properties of
the prepared NPs were investigated by means of the electron microsco-
py, X-ray diffraction, Mossbauer spectroscopy, Rama scattering, dy-
namic light scattering and magnetic properties measurements.

Both the transverse proton relaxation time and longitudinal one de-
crease strongly in the prepared suspensions due to a high density of the
electron spin centers in NPs and iron impurities. The maximal trans-
verse proton relaxivity was around 10 L/(g's). Aqueous suspensions of
NPs at concentrations above 0.1 g/L exhibit noticeable contrast en-
hancement for the T2-weighted MRI.

In-vivo MRI visualization of mice with grafted malignant tumor and
intravenously administrated NPs revealed darkening of the tumor area in
T2-weighted images, which indicates the accumulation of nanoparticles
in the tumor. The obtained results show possibility of using Si NPs with
iron impurities in biomedicine.
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ko V.Yu. Porous silicon nanoparticles as efficient sensitizers for sonodynamic
therapy of cancer. Micropor & Mesopor Mater, 210, 169-75, (2015).
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Recently, interest in the field of nanomedicine has been steadily
growing. Cerium oxide nanoparticles are one of the promising materials
in this field due to their ability to interact with reactive oxygen species
(ROS) and perform the functions of enzymes. It was shown that these
nanoparticles are able to protect cells from ROS and prevent diseases
associated with oxidative stress in the body [1]. However, the further
development of their biomedical applications, for example, the design of
drugs based on CeO- nanoparticles, is difficult due to the deficiency of
necessary information about the toxicity and distribution of nanoparti-
cles in the body.

A physiologically based pharmacokinetic modeling (PBPK) is a use-
ful tool for predicting the absorption, distribution, metabolism and ex-
cretion of nanoparticles, as well as evaluation their toxicity under vari-
ous conditions [2]. Therefore, the aim of this work was to develop a
physiologically based model of pharmacokinetics for intravenously in-
jected cerium oxide nanoparticles.

Simulations were performed using Matlab SimBiology® R2018b
software. The model was optimized using derivative-based method.

The pharmacokinetics model includes ten compartments, each of
which describes the nanoparticles behavior in a certain organ. The mod-
el consists of lungs, spleen, liver, kidneys, heart, brain, gastrointestinal
tract, other organs, as well as arterial blood and venous blood. Each
compartment contains three subcompartments: capillary blood, tissue,
and phagocytes. Like biological systems, all compartments in the PBPK
model are linked to each other by the circulating blood system.
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The biokinetics of nanoparticles within each compartment was de-
scribed using a series of linked ordinary differential equations.

The model was optimized based on the known experimental data on
the distribution of CeO, nanoparticles in various organs of rats (for ex-
ample, [2]). The model parameters characterizing the physiological and
anatomical properties of the object, as well as the physicochemical
properties of the nanoparticles, were taken from the literature sourses
[3]. The remaining parameters with unknown values were optimized by
fitting the model parameters and comparing the model results with ex-
perimental data. In order to simplify the model, the parameters had the
same values for most organs.

The sensitivity analysis of the model was carried out to determine the
parameters that have the greatest effect on the nanoparticles biokinetics.
It was found that the pharmacokinetics of nanoparticles is more depend-
ent on the distribution coefficient between tissue and blood, the permea-
bility coefficient between blood and tissue, and the maximum rate of
phagocyte uptake. Thus, it was shown that both the anatomical and
physiological parameters of rats, as well as the physicochemical pa-
rameters of nanoparticles, influence the biodistribution of nanoparticles.

[1] G. Wang, J. Zhang, X. He, Ceria Nanoparticles as Enzyme Mimetics, Chi-
nese Journal of Chemistry, vol. 35, pp. 1-10, (2017).

[2] U. Carlander, T. Moto, A. Desalegn, Physiologically based pharmacokinetic
modeling of nanoceria systemic distribution in rats suggests dose- and route-
dependent biokinetics, International Journal of Nanomedicine, vol. 13, pp.
2631-2646, (2018).

[3] D. Li, M. Morishita, J. Wagner, In vivo biodistribution and physiologically
based pharmacokinetic modeling of inhaled fresh and aged cerium oxide nano-
particles in rats, Particle and Fibre Toxicology, vol. 13, (2016).
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Xeno Nucleic Acids (XNAs) are a group of chemically modified nu-
cleic acid analogues with altered properties compared to natural
DNA/RNA that are widely used in biological and medical applications
[1,2]. Furthermore, XNAs are important for investigating the chemical
etiology behind why nature chose ribofuranosyl nucleic acids over other
possible nucleic acid chemistries [3,4]. There are two main directions of
changing the structure of nucleic acids: modifications of the backbone
or nucleic bases. Both of them are exploited in drug discovery. For ex-
ample, oligomers containing modified nucleotides are considered as a
drug in antisense oligonucleotide therapy and as a source of sequences
in aptamer selection. Artificial nucleic acids have a lot of advantages
over biological nucleic acids: the modified backbone can be charge-
neutral facilitating cellular uptake; some of XNA molecules form more
stable hybrid complexes with biological oligomers and molecules with
modified phosphate moiety are less vulnerable to cleavage by nucleases.

Despite tremendous advances in the experimental synthesis of xeno-
nucleic acids, there is a lack of theoretical knowledge about a relation-
ship between the structure of backbone and mechanical and structural
properties of resulting double-helix. To pave the way for understanding
this relationship we conducted a series of all-atom molecular dynamics
simulations of novel xeno-nucleic acids with different backbones. We
considered double helices consisting of nucleic acids with backbone
based on two types of flexible chains (polyethylene and organosilicon)
with different monomer size (Fig. 1). First of all, we found out that mol-
ecules with such backbones form stable double-helical structures under

temperature of 300 K. Also, increasing the size of monomer widens
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double-helix. While the energy of base-pair hydrogen bonds is almost
unaffected by the structure of backbone, stacking interaction is more
constrained in case of short monomers. Presented results have the poten-
tial for application in the rational design of novel xeno-nucleic acids.
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Fig. 1. Structures of nucleotides with modified backbone studied in this work
(only adenine is shown as an example)

[1] V. B. Pinheiro, P. Holliger, Towards XNA nanotechnology: new materials
from synthetic genetic polymers, Trends Biotechnol., V. 32, pp. 321-328,
(2014).

[2] K. Morihiro, Y. Kasahara, S. Obika, Biological applications of xeno nucleic
acids, Mol. Biosyst., V. 13, pp. 235-245, (2017).

[3] M. Schmidt, A metric space for semantic containment: towards the imple-
mentation of genetic firewalls, Biosystems, V. 185, 104015, (2019).

[4] R. Koskinen, Multiple Realizability as a design heuristic in biological engi-
neering, Euro Jnl Phil Sci., V. 9, Iss.1, Art. 15, (2019).
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A promising direction for the use of artificial intelligence systems for
the diagnosis of skin melanoma is the study of machine learning algo-
rithms, whose capabilities have not been previously evaluated in similar
works. The aim of work is creation of a system designed for the study of
artificial intelligence algorithms in the task of automated diagnosis of
melanoma.

The initial step in creating a system for automated recognition of
medical images is to search for images of organs or tissues with a diag-
nosis. These may be images provided by medical institutions, but sam-
ples in such cases often do not have the required representativeness. In
view of this, you can use existing image repositories. Their plus is that
they accumulate medical images in themselves specifically for solving
the recognition problem. In this case, we will consider some dermato-
scopic atlases with examples of diagnosed melanomas (“malignant”)
and cases where the diagnosis was not confirmed by subsequent studies
(“benign”).

With the help of digital processing of dermoscopic images,
knowledge bases, expert systems, medical decision support systems, a
significant increase in diagnostic accuracy can be obtained, since only
digital image processing can give quantitative characteristics for the ob-
jective classification of images by type of neoplasm.
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Many modern dermoscopic algorithms (modified pattern analysis,
“Chaos and Signs”) are based on the number, location and description of
neoplasm elements, such as “lines”, “pseudopodia”, “circles”, “lumps”,
“points”, etc. Therefore, the selection and description of areas of the
element of pigmented skin neoplasm is an important step in the frame-
work of the program implementation of dermoscopic algorithms and the
construction of an automated diagnostic system for skin neoplasms.

During the implementation of structural element analysis models, a
segmentation map is built — an image in which the pixel brightness is
equal to the segment identifier. Thus, having received the coordinates of
all segments, it becomes possible to calculate the area of the segments in
pixels. If the area of any segment is less than the specified value, then
on the segmentation map, all pixels adjacent to this segment (boundary
pixels) are searched. Among the found pixels, the class segment of the
majority is determined, to which this segment joins.

Based on the obtained map of segments, an analysis is carried out
and structural elements are selected to assess the malignancy of the neo-
plasm.

The work was supported by the RSF project Ne 19-11-00176.
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Currently, the shortage of donor organs problem has acquired a new,
non-classical form. On the one hand, the success of health care is such
that many diseases that previously required transplantation of the affect-
ed organ can now be treated medicamentally, often in the early stages of
the disease. So there are fewer potential recipients (and there should be
more "free" donor organs). But, on the other hand, the same people now
cured by modern medicine previously could become postmortem donors
of their healthy organs (in case of unsuccessful treatment). So there are
fewer potential donors too. Thus these two features somehow balance
each other.

The "discovery" of previously unavailable for high-tech medicine re-
gions of the country also suggests an increase in the number of potential
donors and recipients. The ubiquity of transport (public and personal)
and the concomitant increase in the number of accidents accompanied
by injuries to vital organs (potential recipients) or fatal outcomes (poten-
tial postmortem donors) lead to the same result. According to the Inter-
national Registry of Organ Donation and Transplantation in the 6 years
period (since 2012) the deficit of donor organs in Russia has increased
by 4.7 % (table 1).

An essential problem with transplantation, both in the past and now
is the inefficient use of even those scarce donor organs that are available
[1]. This is primarily due to:

- Impossibility of the correct selection of a suitable "donor-recipient"
pair

- Biological death of a donor organ on the way to a potential recipi-
ent.
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Table 1. Statistical information on the number of organ donors in Russia

Donors\Year 2017 2016 2014 2012 2010
Postmortem 516 432 359 291 281
Multiorgan 375 312 235 195 174
Relative 332 381 316 299 256
Effective 564 487 465 412 487

The first problem is caused by the applied methods of preservation
[2], which do not allow all the necessary analyzes of the donor organ to
be carried out. The second one is an acute lack of time, although some
organs can last in vitro for only a few hours (e.g. liver).

The solution to both problems can be the creation and implementa-
tion in clinical practice of systems that ensure the preservation of donor
organs for a long time using mechanical perfusion methods. Such sys-
tems have a number of advantages that make transportation and subse-
guent transplantation more effective, which helps to save scarce donor
organs:

- Donor organs connected to the perfusion system are stored for sev-
eral days

- All the necessary tests can be carried out due to zero cooling.

An example of such system is Organ Ox Metro support system de-
veloped at Oxford University. It implements the functions of auxiliary
circulation and blood oxygenation. It is assumed that the system will be
able to support the donor lungs, heart and liver. The system is currently
undergoing clinical trials at the Royal medical hospital of Oxford Uni-
versity.

[1] S. Bagnenko, Y. Moysyuk, A. Skvortsov, O. Reznik. Rehabilitation of or-
gan from deceased donors. New preservation trend or new paradigm in trans-
plantology? Russian Journal of Transplantology and Artificial Organs. Vol. 11,
Ne 3, pp. 17-30, 20009.

[2] E. Guiberta, A. Petrenko, C. Balaban. Organ Preservation: Current Con-
cepts and New Strategies for the Next Decade. Transfusion Medicine and
Hemotherapy. Vol. 38, pp. 125-142, 2011.
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Described existing problems is not an efficient use of resources and
diagnostic units. Identified three objectives to address them: the mod-
ernization of the regulatory framework of the service of radiodiagnosis,
optimization of the education of specialists in radiation diagnosis, classi-
fication of managerial decisions on the level of medical organizations.
Shows the activities for implementation of these tasks.

To solve the first problem it is necessary:

1)conduct the timing of diagnostic studies on various types of mod-
ern equipment by different vendors, and organize this data for a more
rational use of equipment;

2)to determine the order of interaction between structural units of the
service of radiodiagnosis and interoperability specialists;

3)introduce the concept of “diagnostic complete case” Completed
case treatment in hospital - a set of diagnostic health services in accord-
ance with the standard of medical care for major diseases provided by
the patient on a schedule date in the form of diagnostic medical aid, con-
firmed by the original medical records.

These regulations consolidate the law.

To solve the second problem it is necessary at the state level to
change existing educational system:

1)increase the number of hours of educational programs on to the di-
ploma stage to 200;
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2)in all clinical disciplines within higher education to study carefully
all radiation semiotics of diseases with the development of practical
skills;

3)to introduce a comprehensive clinical residency, after which award
the qualification doctor of radiation diagnosis with the competences of
classical radiology, ultrasound diagnostics, CT, MRI,

4)it is necessary to implement the new unified program that takes in-
to account all the new “revolutionary” technology;

5)require all clinical specialists to receive professional training in x-
ray diagnostics in the framework of their professional competence;

6)effectively used to improve the training of specialists of the system
of continuous medical education.

To solve the third problem managers of healthcare organizations to
optimize the activities of the service of radiodiagnosis to use the princi-
ples of LEAN management, in the framework of existing legislation to
motivate staff to develop new research methods, conduct personnel rota-
tion within the units.

The proposed activities under this project approach:

Dreduce the financial and time costs of preparation of specialists;

2)improve the quality of services;

3)enhance the rational use of equipment.
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With the help of computer tomography (CT) and histological meth-
ods to demonstrate features of histological types of cancer of the stom-
ach - mucinous adenocarcinoma (synonyms: mucoid, colloid, gelatino-
sis cancer) and tumor response to preoperative chemotherapy (NCT)
and chemoradiotherapy (NCRT).

Describes two cases of mucinous cancer of the stomach in the pro-
cess of neoadjuvant therapy: clinical observation Nel — the patient re-
ceived preoperative chemotherapy, clinical case N2 - the patient at the
preoperative stage was conducted chemoradiation therapy. The patients
underwent multislice computed tomography (MSCT) before treatment
and 2 months after its completion. We compare data initial and control
CT to analyze the changes of symptoms of neoplastic lesions, structure,
size, densitometric density of the tumor and regional lymph nodes
lymph nodes. Preparation of material for histological examination was
carried out according to standard protocols. To assess the therapeutic
pathomorphosis used a four-level system of evaluation of tumor re-
sponse was proposed by the Japanese research society of gastric cancer,
in both cases, therapeutic pathomorphosis of 3 degrees.

Clinical case Nel.

Slime poorly-differentiated adenocarcinoma with signet ring cell
component body, and cardia of the stomach, pT2N2MO0G3. CT studies
before and after preoperative therapy, the tumor was characterized by
irregular, indistinct contours due to infiltration parasternal fiber, its
structure is heterogeneous with areas of decreased density in the treat-
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ment process, the number of hypodense areas had increased. These areas
correspond to “lakes” of mucus, which was confirmed by histological
examination of surgical material.
Clinical observation Ne2.

Slime poorly-differentiated adenocarcinoma of the gastric cardia,
pT4aN2MO. CT before and after preoperative therapy of a tumor with
uneven, sharp contours, its structure is heterogeneous with extensive
circumscribed areas of decreased density in the treatment process, hy-
podense areas were consolidated with the formation of clear hipertensao
delimiting their contour, due to the fibrous tissue. These areas corre-
spond to “lakes” of mucus, which was confirmed by histological exami-
nation of surgical material. The decline in quantitative CT of the
symptoms and the appearance of fibrous loop, and Association “lakes”
of mucus can be explained by the effects of radiation therapy.

These clinical cases demonstrate CT and histology of mucous cancer,
as well as features of the response of the tumor to preoperative treat-
ment. It is shown that under the influence of chemotherapy increases the
production of mucus by the tumor, while radiotherapy is the consolida-
tion of a mucous component with the formation of extensive lakes and
marked fibrosis separating them.

Isolated application of methods of diagnostic imaging does not cover
the entire depth of the changes of the tumor in the process of pre-
treatment, in particular a CT scan allows us to see its entire scope, to
assess the macrostructure, to determine the involvement of neighboring
anatomical structures and regions. Histological method, by contrast,
shows the changes of the microstructure of the tumor, the number of
remaining “live” tumor cells, the presence of fibrosis in the parenchyma.

Thus, the use of an integrated diagnostic approach clinical (CT) and

histological gives you the opportunity to compare these data, to see the
full picture of tumor response to therapy and to predict the course of the
disease [1].
[1] S.A. Mozerov, Y.A. Komin, E.S. Mozerova, O.V. Krasovitova, Morpho-
logical and clinical changes of gastric cancer after neoadjuvant chemoradio-
therapy (review of literature), International journal of applied and fundamental
research, vol. 6, Ne 1., pp. 59-64, 2016.
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Gastric cancer is a problematic disease, despite the introduction of
new treatment regimens. Therefore, still deals with selecting the optimal
extent of surgery and efficacy of neoadjuvant and adjuvant treatment.
Given that the objective assessment of tumor response to the proposed
treatment plan — definition of therapeutic pathomorphism, which was
only possible after the surgery, an urgent task is the development and
implementation of objective criteria for the evaluation of tumor changes
in patients with gastric cancer at the preoperative stage. At the moment,
one of the leading methods of evaluating changes of the tumor in the
combined treatment process is computed tomography (CT). Thus the
aim of this work was comparison of the CT symptoms of tumor re-
sponse and histological pattern in patients with locally common form of
stomach cancer receiving different types of neoadjuvant therapy to as-
sess the most effective method of preoperative effects.

We analyzed the results of CT examinations of 103 patients with his-
tologically verified diagnosis of gastric cancer (T0-4bNO-3aMO0) before
and after treatment: 41 patients treated with preoperative chemoradio-
therapy (NCRT) and 62 patients who received preoperative chemother-
apy (NCT).

To determine the degree of therapeutic pathomorphosis of surgical
material used the system of the Japanese society for the study of gastric
cancer. The distribution of the patients are shown in table 1.
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Held a vintage analysis of the CT symptoms and findings of thera-
peutic pathomorphism.

Table 1. Histological characteristics of patients

Treatment All patients The degree of pathomorphosis
la-1b 2 3
abs. % | abs. % | abs. %
NCT 62 - - 19 | 306 | 43 | 69,4
NCRT 41 15 | 366 | 3 7,3 23 | 56,1

Revealed that therapeutic pathomorphosis 1a and 1b of degrees was
found only in the group of patients treated with preoperative chemoradi-
otherapy. Pathognomonic symptom for these degrees has been the
emergence of similarity “stratification”. According to the received data,
statistically significantly differed in the dynamics of densitometric den-
sity of the tumor in the native and the arterial phase of contrast en-
hancement in the process of neoadjuvant therapy in patients depending
on the degree of pathomorphosis. In native phase among patients with
la-1b with the degree of pathomorphosis of the tumor density de-
creased, on average, 22% with grade 2 in 17%, and in patients with 3
degree of variability remained at approximately the same level (in-
creased by 0.2%). Similarly was characterized by a change of the densi-
tometric density of the tumor in the arterial phase in patients with 1a-1b
degree of variability, the average was reduced by 31%, from 2 degrees
to 7%, and in patients with 3 degree of variability of 2%.

Therefore, a comprehensive multidisciplinary diagnostic assessment
of tumor response, in particular, histological examination, immuno-
histochemical and molecular status, radiation data visualization, and
their comparison can give a more precise answer about the effectiveness
of the treatment used [1,2,3].

References
[1] S.A. Mozerov, Y.A. Komin, E.S. Mozerova, O.V. Krasovitova, Morpholog-
ical and clinical changes of gastric cancer after neoadjuvant chemoradiotherapy
(review of literature), International journal of applied and fundamental re-
search, vol. 6, Ne 1., pp. 59-64, 2016.
[2] Yu.A. Komin, S.A. Mozerov, N.Y. Novikov, S.B. Pashkin, E.S. Mozerova,

0.V. Krasovitova, Prognostic value of immunohistochemical and molecular
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Neurodegenerative diseases are characterized by slowly pro-
gressing death of neurons and gradually increasing atrophy of the corre-
sponding parts of the brain and (or) spinal cord. One of the main signs
of neurodegenerative diseases is motor dysfunction, which leads to a
decrease in the patient's ability to move and serve himself. This fact in-
dicates the important social significance of the problem of such diseases
[1].

The study of nerve conduction is an informative diagnostic assess-
ment method in determining the degree of muscle damage in neuro-
degenerative diseases, which shows the relevance of this work.

Evaluation of muscle responses to peripheral nerve stimulation can
be performed by the following methods: according to clinical signs, in-
strumental evaluation methods (tactile evaluation, electromyography,
accelerometry, mechanomyography) [2].

The developed monitor allows you to evaluate the response of the af-
fected muscle in neurodegenerative diseases to stimulation of the pe-
ripheral nerve and calculate the blockade of neuromuscular conduction.
The device is based on the electromyography method, which was not
used in serial domestic analogues. The advantage of the method is the
availability of application for a wide range of patients both for the pur-
pose of diagnosing the early stages of diseases and identifying risk
groups at the preclinical stage, and the ability to assess the condition of
patients with an already developing disease. This fact shows the practi-
cal significance of the work.

164


mailto:ksuhakon@mail.ru

4th International Symposium and School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine”
A block diagram has been developed. It is shown in Figure 1.
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Fig. 1. Generalized block diagram of the device

On the basis of the structural scheme, a principal was developed.

To enable further analysis of the received muscle responses, it is pos-
sible to transfer data to a personal computer.

Literature

1. M.V. Ugryumov. Neurodegenerative diseases: fundamental and
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2. Eriksson LI. Evidence-based practice and neuromuscular monitor-
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In the course of this work, an eight-channel module for recording an
electroencephalogram of a person was developed. The analysis of op-
tions for constructing structural schemes for recording the brain's biopo-
tentials is performed.

An electroencephalograph is a device consisting of a number of elec-
trodes that record the difference in biopotentials taken from the head[1].
The block diagram of the EEG module is shown in Figure 1.
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Figure 1 - Block diagram of a computer electroencephalograph

The developed module contains 8 active electrodes; therefore, the
corresponding number of OA-based buffer amplifiers was chosen.
In the block of restriction and protection, Schottky diodes provide pro-
tection against high-amplitude power surges of the defibrillator. Buffer
amplifiers implemented on operational amplifiers included in the re-
peater circuit provide a large input impedance. Protection of the amplifier
inputs from pulses of high-frequency interference from an electrosurgical
instrument is implemented on the basis of the low-pass filter.
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The registration channel selection block includes an 8-channel multi-
plexer with differential switching of inputs. In this work, we selected a
multiplexer as part of a 24-bit ADS1258 ADC. The amplification and
filtering unit consists of a tool amplifier and a neutral electrode driver,
which is based on a dual operational amplifier. Sigma-delta ADCs must
have high resolution and also have a built-in amplifier with adjustable
gain. The microcontroller MK is needed to control the blocks for select-
ing the registration channel, amplification and filtering, ADC, as well as
for transferring data to a PC. To ensure the electrical safety of the pa-
tient, it is necessary to realize galvanic isolation both by the transmitted
signal and by power. The device will be powered from the USB port.
For galvanic isolation on power supply, it is advisable to use a DC / DC
converter chip, which provides the required protection for the patient.
To provide bipolar power to the circuit, an inverter of supply voltage of
5V is used.

To implement the next block, PIC18F4550 was chosen. This micro-
controller allows you to transfer data in USB 2.0 format to a personal
computer. Fairchild HCPL 2631 was used as an optical isolation ele-
ment. Optical isolation is necessary to ensure the patient’s electrical
safety in case of current leakage on the USB port. The circuit power is
supplied to the TMEOQ505S DC-DC converter, which provides isolation
of the circuit for power. At the output of the converter, a voltage of +5
V is formed. ADP3605 series DC voltage inverter is used to generate -
5V negative voltage. To obtain the required voltage level + 2.5 V, the
LM3670 voltage converter microcircuit is used, and the MAX660 in-
verter is used to generate a negative voltage of 2.5 V [2].

The developed device fully meets the applicable technical require-
ments.

[1] Electroencephalography of the brain [Electronic resource]. - Access
mode: http://sosudinfo.ru/golova-i-mozg/eeg/ - (Date of access: 12. 12. 2018).

[2] Titze, U. Semiconductor circuitry [Text] / U. Titze, K. Schenck. 12th ed.
Volume 1: Per. with him. - M.-DMK Press, 201. -828 p.
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The main mineral component of bone is calcium phosphate (CP), so
the application of 3D scaffold based on CP is highly promising for bone
defects replacement [1]. Synthetic calcium phosphate granules can be
used as building blocks for 3D printing of tissue-engineered bone scaf-
folds. One of the promising 3D printing technologies is formative tech-
nology that engages the simultaneous assembly in the whole volume of
fabrication chamber. Magnetic levitation, as a special case of formative
technology, can be considered as a novel way to fabricate biomaterials
and scaffolds for tissue engineering, including the assembly of three-
dimensional scaffolds from single CP diamagnetic granules [2-3].

The aim of this study was to demonstrate a principal feasibility the
3D fabrication of biocompatible CP-based constructs using magnetic
levitation.

It was found that a-tricalcium phosphate (a-TCP) particles with av-
erage size 250-500 um and certain porosity can be assembled in 3D
scaffolds via levitational formative method by using non-homogeneous
magnetic field in the presence of 3M Gd** salts at room temperature.
The resulting CP-based constructs demonstrate non-toxicity and high
biocompatibility.
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Thus, in the present work we show that magnetic levitation of calci-
um phosphate particles is a promising approach for rapid 3D fabrication.
Taking into account the good surface properties of the obtained CP-
based constructs, these data opens a unique opportunity for biofabrica-
tion of tissue-engineered scaffolds based on CP and living cells.

The reported study was funded by RFBR according to the research
project Ne 18-29-11076.
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Figure 1. (a) Schematic showing of installation and scaffold fabrication.
(b) The dynamics of assembly of a-TCP particles. (c) The effect of me-
dium after 4-days incubation with CP-based 3D scaffold on the SHED
cell viability (Alamar Blue assay, 72 h). (d) SEM image of CP-based 3D
scaffold with SHED spheroids on the surface after 7 days incubation.

References
[1] Suba Z. et al. [Quantitative and qualitative comparison of the maxillary
bone regeneration after beta-tricalcium phosphate and autogenous bone implan-
tation], Fogorv. Sz., vol. 99, Ne 1, pp. 21-28, (2006).
[2] Mirica K.A. et al. Using Magnetic Levitation for Three Dimensional Self-
Assembly, Adv. Mater., vol. 23, Ne 36, pp. 4134-4140, (2011).
[3] Parfenov V.A. et al. Scaffold-free, label-free and nozzle-free biofabrication
technology using magnetic levitational assembly. Biofabrication, vol. 10, Ne 3,
pp. 034104, (2018).
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In the early stages of melanoma development, the symptoms are mild
and do not look dangerous to the patient, so the person is in no hurry to
see a doctor. The number of highly qualified specialists is small, and
there are more and more patients. The lack of automated diagnostic sys-
tems further complicates the situation.

One of the first studies of methods for extracting pigment network
lines was the system proposed by S. Fischer, which was based on the
alignment of the image histogram and the application of certain morpho-
logical operations. M. Fleming used differential geometry and Hessian
functions for the same purpose. Also the application of methods based
on the Hessian. An option for using energy masks and a matrix of the
dependence of the neighboring average level is packaged. M. Sadeghi in
her research applied graph theory to highlight the grid structure. The
pigment pattern is distinguished using a combination of spectral (Fouri-
er transform) and structural (median filtering, morphological operations)
methods. The work of M. Pap (M. Pap) presents the use of adaptive his-
togram alignment with the subsequent application of the Laplace opera-
tor to the Gaussian filter, and the algorithms proposed in the study are
based on the Gabor filter.

Thus, it is seen that the analysis of the grid structure on dermatoscop-
ic images of pigmented skin neoplasms is relevant, which is confirmed
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by a large number of studies in this area. Therefore, a proprietary ap-
proach to isolating the pigment network lines was proposed, which con-
tributes to the study of the diagnosis of melanoma.

The system is designed to work with digital dermatoscopic images of
melanocytic neoplasms of the skin, on which the neoplasm is direct-
ly[1,2].

Before the main image processing, a bilateral filter is applied to elim-
inate the noise present on it. Such a filter smooths the image, but at the
same time leaves the subject clear. Then, matched filters are applied,
oriented in four directions: vertical, horizontal and two diagonal. The
task of applying these filters is to highlight extended objects in the im-
age, which are the desired lines of the pigment network. The result of
the study was a system for isolating the pigment network line on mela-
nocytic skin neoplasms and calculating the characteristics of the select-
ed area. The resulting program allows you to view the image, process it,
observe the processing result and save it, as well as build histograms
based on the calculated characteristics. In the future, when finalizing the
functionality of the resulting program and improving its efficiency and
speed, it can be used as an integral element of the melanoma recognition
system, because pigment network characteristics in melanocytic skin
neoplasms play an important role in the diagnosis of melanoma.

The work was supported by the RSF project Ne 19-11-00176.

[1] V.G. Nikitaev, A.N. Pronichev, O.B. Tamrazova, V.YU. Sergeev,
YU.YU. Sergeev, A.V. Kozyreva, E.V. Polyakov, E.A. Druzhinina. Avtoma-
tizirovannyj analiz pigmentnoj seti na dermatoskopicheskih izobrazheniyah
melanocitarnyh novoobrazovanij kozhi / Medicinskaya tekhnika Ne 4, s. 20-22
(2019)

[2] V.YU. Sergeev, YU.YU. Sergeev, O.B. Tamrazova, V.G. Nikitaev,
A.N. Pronichev. Avtomatizirovannaya diagnostika novoobrazovanij v dermato-
logii s primeneniem distancionnyh tekhnologij // Medicinskaya tekhnika Ne 4,
s. 32-33 (2019)
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Positron-emitting radionuclides are used to diagnose cancer. One of
the promising medical radionuclides is 72As (T1 / 2 = 26 h, positron
energy = 2.5 MeV), which can be obtained in a generator from 72Se.

the photonuclear production of the isotope of arsenic 72As was stud-
ied in this work. The isotope of arsenic was prodused from selenium of
a natural isotopic composition. The formation of 72As occurs in two
ways - through the direct reaction of 74Se (y, np) 72As, and also as a
result of the decomposition of 72Se formed by the reaction of 74Se (y,
2n) 72Se. The selenium powder was irradiated by bremsstrahlung pho-
tons obtained as a result of braking of 55 MeV electrons on a tungsten
plate. Experiment was carried on a split microtron at the Research Insti-
tute of Nuclear Physics, Moscow State University. The gamma spectra
of the reaction products were recorded on a HPGe-spectrometer [1]. It is
shown that the method can be used to produce 72As.

[1]. Belyshev S.S., Ermakov A.N., Ishkhanov B.S., Khankin V.V.,
Kurilik A.S., Kuznetsov A.A., Shvedunov V.1., Stopani K.A., Studying
photonuclear reactions using the activation technique. Nuclear Instru-
ments and Methods in Physics Research, 133-137, 2014.
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Halloysite clay is a two-layered aluminosilicate, chemically similar
to kaolin, which has hollow tubular structure in the submicrometer
range. Kaolin sheets are rolled into tubes because of the strain caused by
lattice mismatch between adjacent silicone dioxide and aluminum oxide
layers [1]. As for most natural materials, the size of halloysite particles
varies from 50 to 70 nm in external diameter, ca. 15 nm diameter lumen
and 1 + 0.5 um length [2]. Halloysite exhibits interesting physical and
chemical properties due to predominantly hollow tubular structure and
site dependent chemistry. A significant advantage of halloysite is its
availability and relevantly low price compare to tubular nanomaterials
like carbon nanotubes [3].

Currently, a number of attempts have been made to develop novel,
efficient and environment-friendly antibacterial materials. A wide varie-
ty of antibacterial materials have been reported to prevent attachment
and proliferation of microbes [4]. However people have often come
across the fact that antibiotics do not help during the treatment of many
infectious diseases. Their use is limited due to problems of bacterial re-
sistance to antibiotics. Nanostructures containing silver, copper, zinc,
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iron oxides, and their combinations are well known for killing even an-
tibiotic resistant bacteria, which is why they are widely applied for mak-
ing materials with antibacterial properties. The use of templates helps to
overcome the aggregation of particles and their release to the environ-
ment. Halloysite has great potential as a carrier for metal particles graft-
ing and metal complexes formation [5].

Halloysite nanotubes (HNTSs) with surface-immobilized gold (Au)
nanoparticles (NPs) with mean size of about 6 nm were explored as sen-
sitizers for spatially and temporally localized photohyperthermia (PHT).
The structure and plasmonic properties of NHTs:Au nanotubes were
analyzed by means of the transmission electron microscopy and optical
extinction spectroscopy, respectively. A remarkable PHT response un-
der cw and pulsed laser photoexcitation in the plasmonic extinction
band near 0.5 um was measured for HNTs:Au dispersed in water, while
the same photoexcitation of pure HNTs without Au NPs did not result in
any remarkable heating. In-vitro experiments with infusoria cells have
revealed an effect of the PHT induced suppression of the cell viability
under cw and especially pulsed photoexcitation. The obtained results
indicate that NHTs/Au nanocomposites are promising nanosensitizers
for biomedical applications as antibacterial treatment and mild cancer
therapy.

[1] E. Joussein, S. Petit, J. Churchman, B. Theng, D. Righi, B. Delvaux, Hal-
loysite Clay Minerals: A Review, Clay Minerals, 40, pp. 383-426, 2005.

[2] Y. Lvov, W.C. Wang, L.Q. Zhang, R. Fakhrullin, Halloysite clay nanotubes
for loading and sustained release of functional compounds, Adv. Mater., 28, pp.
1227-1250, 2016.

[3] Y.M. Lvov, D.G. Shchukin, H. Mohwald, R.R. Price, Halloysite Clay
Nanotubes for Controlled Release of Protective Agents, ACS Nano, 2, pp. 814—
820, 2008.

[4] S. Jana, A. Kondakova, S. Shevchenko, E. Sheval, K. Gonchar,
V.Timoshenko, A.Vasiliev, Halloysite nanotubes with immobilized silver na-
noparticles for anti-bacterial application, Colloids and Surfaces B: Biointerfac-
€s, pp. 249-254, 2017.

[5] G. Lazzara, G. Cavallaro, A. Panchal, R. Fakhrullin, A. Stavitskaya, V.
Vinokurov, Y. Lvov, An assembly of organic-inorganic composites using hal-
loysite clay nanotubes, Curr. Opin. Colloid Interface Sci., 35, pp. 42-50, 2018.
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Among a large number of different drug delivery systems, polyelec-
trolyte multilayer capsules (PMC) are of great interest.

The aim of the study was to obtain a unique anticancer drug delivery
system, namely PMC based on dextran sulfate and poly-L-arginine
(DS/Parg) loaded with doxorubicin (DOX) and to study their cytotoxici-
ty and accumulation efficiency in an in vitro model. The capsules were
fabricated by layer-by-layer (LbL) technique using vaterite particles
(500 nm) as sacrificial templates. An approach was developed for the
simultaneous miniaturization of capsules to a size of 260 nm and load-
ing of DOX [1].

In this work, the physicochemical properties of PMC were also studied
(average size, encapsulation efficiency, -potential, etc.). The cytotoxici-
ty of these capsules was studied on human breast adenocarcinoma
(MCF-7 cells) using the MTT test. The efficiency of accumulation and
localization of the system (DS/Parg)-DOX in a 3D model (tumor sphe-
roids formed by adding a synthetic cyclic RGD-peptide to a monolayer
of cell culture [2]) was investigated using confocal microscopy. It was
found that these capsules after 15 minutes of incubation with tumor
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spheroids were adsorbed on their external surface, and then evenly
spread within its internal volume for 1 hour.

Thus, DS/Parg-based PMC can be used as a promising antitumor
therapy system.

This study was supported by Russian Foundation for Basic Research
(grant 18-34-00919, grants 17-54-33027 and 18-04-01087 in part of 3D
tumor spheroids)

[1] D. Trushina, et al, Doxorubicin-loaded biodegradable capsules: temper-
ature induced shrinking and study of cytotoxicity in vitro, J. Mol. Liq, Vol. 284,
pp.215-224, (2019)

[2] R. Akasov, et al, Formation of multicellular tumor spheroids induced by
cyclic RGD-peptides and use for anticancer drug testing in vitro, Int J Pharm,
Vol. 506(1-2), pp.148-157, (2016)
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CREATION OF ACTIVE PHOTOCATALYTIC
NANOSTRUCTURES OF TITANIUM DIOXIDE BY USING
THERMAL ANNEALING OF PRECURSOR LAYERS

Lazareva A., Kolesova E., Orlova A.
ITMO University

Creation effective generating active forms of oxygen structures by
light-activated wide-range. Such structures may be applied in case of
antibacterial systems.

It could be interesting to compare the effectiveness of the structures
established on colloidal nanoparticles of titanium dioxide and the struc-
tures on nanoparticles formed as a result of thermal annealing precursor
layers.

Firstly, we use Langmuir-Blodgett technique for the preparation of
organic ultra-thin is a traditional object of research. This technique has
one disadvantage: the thin films were washed off the substrate.

Our samples were received by picking up the titanium dioxide thin
films from the surface of distilled water. Then some samples were an-
nealing in stove in 500°C. We have create active photocatalytic
nanostructures of titanium dioxide by using thermal annealing of pre-
cursor layers. This nanostructures generate the active forms of oxygen.
This active forms of oxigen could be used in antibacterial therapy.

After that we compare graphs of absorption sample with annealing
and without it in photospectrometer. We got two different types of ad-
dictions. For the samples without annealing we have graphs with strong-
ly marked peak about 430 nm. Another samples which were annealing
at 500°C have peaks which decrease by increasing irradiation time.

This research give us expected results. We registrate that the peak
which was connected to absorption intensity decreased with increasing
of exposure time. This fact connected with ability of titanium dioxide
nanostructures to create the active forms of oxygen.

At the end of our research we've got the nanostructures which could
create the active forms of oxygen. In future, we will improve this feature
and apply it to bacterial therapy.
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Titania nanoparticles (NPs) are in a focus of many studies because of
their high photocatalytic activity [1].This feature of Titania NPs is due
to their ability to generate reactive oxygen species (ROS). The presence
of a large concentration of ROS in bacterial cells leads to their destruc-
tion, and thus the antibacterial activity of titanium dioxide is carried out.
However, utilization of Titania NPs as antibacterial systems is limited
because of its high band gap energy (3.2 eV). It means that Titania NPs
can be activated only by UV radiation, which is harmful for living sys-
tems. Up to now some approaches to increase Titania NPs activity under
visible light have been demonstrated. It has been shown that a combina-
tion of Titania NPs with semiconductor quantum dots (QDs) is the most
promising because of unique optical and electrical QD properties [2].
Hybrid structures with QDs can act effectively under the visible irradia-
tion, owing to photoinduced electron transfer from QDs to Titania NPs.
The suitable relative position of the donor's (QDs) and acceptor's (Tita-
nia NPs) conduction bands with minimal donor-acceptor distance are
required for achieving the efficient electron transfer in the structures [2,
3]. Thus, finding the way to develop QDs/Titania NPs structures with
excellent electron transfer efficiency will allow to apply these structures
in antibacterial therapy.

In this work, the multilayered QDs/Titania NPs hybrid structures
have been formed by Langmuir-Blodgett technique that provides a min-
imal distance between nanoparticles [4]. We have used 2.6 nm core
CdSe QDs because their conduction band position is the best for pho-
toinduced electron transfer to Titania NPs [5]. We have found that lumi-

178



4th International Symposium and School for Young Scientists on

“Physics, Engineering and Technologies for Biomedicine”
nescent fractions of the QDs are capable of very fast electron transfer to
Titania NPs' conduction band (ker = 4-10% s?). It allows to realize
85+5% electron transfer efficiency in the structures. At the same time
the analysis of ROS generation of the structures under visible light has
shown that average electron transfer efficiency is 55+5% because of the
dark fraction in the QD ensemble. Therefore, reducing the QD dark
fraction improves electron transfer efficiency in QDs/Titania NPs struc-
tures and it will lead to advent of a new extremely efficient antibacterial
agent.

[1] R. Fagan, D. E. McCormack, D. D. Dionysiou, S. C. Pillai, A review of
solar and visible light active TiO2 photocatalysis for treating bacteria, cyano-
toxins and contaminants of emerging concern, Materials Science in Semicon-
ductor Processing, vol. 42, pp. 2-14, (2016).

[2] L. Sang, Y. Zhao, C. Burda, TiO2 Nanoparticles as Functional Building
Blocks, Chemical Reviews, vol. 114, pp. 9283-9318, (2014).

[3] E. Talgorn, R. D. Abellon, P. J. Kooyman, J. Piris, T. J. Savenije, A. Goos-
sens, A. J. Houtepen, L. D. A. Siebbeles, Supercrystals of CdSe Quantum Dots
with High Charge Mobility and Efficient Electron Transfer to TiO2, American
Chemical Society Nano, vol. 4, pp. 1723-1731, (2010).

[4] J. Cabaj, J. Sotoducho, A. Nowakowska-Oleksy, Langmuir—Blodgett film-
based biosensor for estimation of phenol derivatives, Sensors and Actuators B:
Chemical, vol. 143, pp. 508-515, (2010).

[5]K. Tvrdy, P. A. Frantsuzov, P. V. Kamat, Photoinduced electron transfer
from semiconductor quantum dots to metal oxide nanoparticles, Proceedings of
the National Academy of Sciences, vol. 108, pp. 29-34, (2011).
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In Apollo missions, astronauts are exposed to corpuscular, x-ray and
gamma radiation with a wide range of energy. According to available
publications, the radiation dose of an astronaut with the quiet Sun is
formed mainly when crossing the Earth radiation belts. The average ab-
sorbed dose was 0.41 rad [1].

In one of the article [2], the van Allen belts overcoming scenario is
described in detail and the equivalent dose value is given [2]. In this re-
gard, the following task was posed: Calculate the radiation dose for the
anthropomorphic model of the astronaut and compare the result with the
official values of "NASA" and the values of conspiracy theorists.

The MCNPX code from the MCNP family was chosen as the
transport code [3], which allows to take into account all reactions whose
products form the astronaut's radiation dose using the universal
«TALYS» nuclear data library [3].

Of all the types of radiation that exist in the van Allen belts, protons
are the main source of danger — about 90 % of the radiation dose, the
remaining 10 % of the radiation is the x-rays of the solar wind. The
range of proton varies from 20 to 1000 MeV.

A sphere of aluminum with a thickness of 7.5 g/cm? — 2.8 cm was
adopted as a command module — the equivalent thickness of the com-
mand module shielding [1]. The internal inner radius of the model is
160 cm, which provides a volume equal to the volume of the real com-
partment.

The astronaut was modeled by an anthropomorphic female phantom
from the series - MIRD Humans [4].

In the calculation the values of absorbed ("physical™) and equivalent
dose in organs and tissues of the phantom were obtained, as well as the
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effective dose during the passage of the Earth radiation belt according to
the scenario taken from the Internet [2]. Table 1 shows the absorbed and
equivalent dose values for some organs.
Table 1 — Absorbed and equivalent dose to the organs of the anthropo-
morphic phantom when crossing of the Earth radiation belt according to
the scenario [2]

Cell Name Absorbed dose | Equivalent dose
(Gy) (Sv)
4 Legs 7.79E-1 4.32E+0
7 Skin 7.87E-1 3.67E+0
13 Urinary bladder 2.12E+0 1.11E+1
15 Ovaries 2.94E-1 1.88E+0
19 Large bowel 1.07E+0 5.94E+0
21 Leg bones 5.72E-1 2.82E+0
24 Hand bones 2.84E-1 1.76E+0
64 Uterus 4.96E-1 3.10E+0
65 Thorax 1.44E-1 8.44E-1

Further, the effective dose was calculated — 2.3 Sv taking into ac-
count the weighing coefficients for the organ or tissue [5].

The doses obtained in our computational experiment are many times
higher than the official data on the dosimetry of the Apollo missions [1].
The Flights under this scenario are impossible. The radiation dose is too
high and the probability of survival after such exposure is extremely
small.

[1] Richard S., Johnston, Lawrence F., Dietlein M.D. and Charles A. «Biomed-
ical results of Apollo» pp. 9 — 41 // Washington — 1975.

[2] https://clck.ru/JFjgD

[3] Authors: X-5 Monte Carlo Team. MCNP — A General Monte Carlo N-
Particle Transport Code. Version 5, Volume I: Overview and Theory. LA-UR-
03-1987, 484 p. (2003).

[4] Tim Goorley «kMCNP Medical Physics Database», LA-UR-07-2777, Cali-
fornia, Los Alamos National Laboratory, 14 p. (2007).

[5] «Hopwmsbl paguaumonnoii 6ezonacoctu (HPB-99/2009)» (Radiation safety
standards), 225 p.
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The use of nanomaterials for targeted drug delivery is a promising
direction of modern biomedicine [1]. However, many types of nanopar-
ticles that have been shown to be effective in vitro are unsuitable for in
vivo use. One of the main reasons for this is the rapid removal of parti-
cles from the bloodstream into the liver and spleen and their uptake by
macrophages [2]. In order to prolong the circulation of nanoparticles in
the bloodstream, we inhibited the ability of macrophages to phagocyto-
sis using blocker particles.

Various nano- and micro- particles were used as blocking particles.
The effectiveness of the method varied greatly depending on the basic
physicochemical characteristics of the particles.

Non-invasive real-time quantitative analysis of nanoparticles in the
bloodstream was carried out based on the nonlinear magnetization of
superparamagnetic nanomaterials in response to an applied alternating
magnetic field (MPQ-detection) [3]. The method eliminates the influ-
ence of dia- and paramagnetic materials and has a sensitivity of several
picograms of magnetic nanoparticles [4].

Inhibition of the ability of macrophages to phagocytosis with nano-
materials made it possible to significantly prolong the circulation of par-
ticles in the bloodstream and also affect their biodistribution. In addi-
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tion, we studied how the characteristics of blocking particles affect the
effectiveness of the method.

Thus, the inhibition of phagocytosis of particles can be a solution to
the problem of rapid elimination and uptake of nanoagents by macro-
phages of the liver and spleen and will allow to expand the range of par-
ticles used in vivo.

The work was supported by the grant of the Russian Foundation for
Basic Research 18-34-00834.

[1] I.L. Sokolov, V.R. Cherkasov, A.A. Tregubov, et al., Smart materials on the
way to theranostic nanorobots: Molecular machines and nanomotors, advanced
biosensors, and intelligent vehicles for drug delivery, Biochimica et Biophysica
Acta (BBA)-General Subjects, 1861(6), 1530-1544, (2017);

[2] 1.V. Zelepukin, A.V. Yaremenko, V.O. Shipunova, et al., Nanoparticle-
based drug delivery via RBC-hitchhiking for the inhibition of lung metastases
growth, Nanoscale, 11(4), 1636-1646, (2019);

[3] I.V. Zelepukin, A.V. Yaremenko, E.V. Petersen, et al., Magnetometry based
method for investigation of nanoparticle clearance from circulation in a liver
perfusion model, Nanotechnology, 30, 105101, (2019);

[4] M.P. Nikitin, A.V. Orlov, I.L. Sokolov et al., Ultrasensitive detection ena-
bled by nonlinear magnetization of nanomagnetic labels, Nanoscale, 10(24),
11642-11650, (2018).
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Nanoparticles (NPs) of metals with a high atomic number (Z), par-
ticularly gold nanoparticles (GNPs), are a new promising class of anti-
tumor radiosensitizers both for classical photonic and particle radiother-
apy (RT). The selection of optimal irradiation conditions that provide
the highest efficacy of NPs radiosensitization is a key factor for their
use. We investigated the dependence of efficacy of radiation induced
damage of the plasmid DNA in the presence of 26 = 2 nm GNPs on X-
ray tube voltage. The GNP concentration was 2.4 mg/mL (1.5 NPs per
one DNA molecule). Irradiation was carried out on a RUST-M1 X-ray
machine. The voltage on the X-ray tube was varied from 100 to 200
kVp; the dose rate was 0.2 Gy/min. To quantify magnitude of radiosen-
sitization, we used the sensitizer enhancement ratio (SER):

SER = M, o

Danps
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where Deontror 1S dose for the observed effect in the control sample (with-
out GNPs), Denes is the dose evoking the same effect in the presence of
GNPs.
= w/o GNPs
B s GNPs 200 kVp

a0 4 GNPs 150 kVp
2 GNPs 100 kVp

70

60 4

20

Dose, Gy

Fig.1. The dependence of plasmid DNA damage on radiation dose at different
voltage on the X-ray tube. No GNPs (200 kVp; black). 2.4 mg/mL GNPs: 100
kVp (blue), 150 kVp (green), 200 kVp (red).

The increase in voltage on the X-ray tube significantly increased the
radiosensitizing effect of GNPs. The highest SER equal to 5.84 + 0.84
was observed at 200 kVp. Reduction of voltage on the X-ray tube to 150
kVp and 100 kVp led to a smaller magnitude of radiosensitization (4.96
+ 0.90 and 3.98 £ 0.76, respectively). Thus, voltage on X-ray tube is one
of the key parameters, that must be optimized to accomplish GNPs radi-
osensitization efficacy in practical settings.

The reported study was funded by JSC Science and Innovation of
ROSATOM according to the nuclear medicine development program.
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Currently, the diagnosis of malignant neoplasms of the lymphatic
and hematopoietic systems (hemoblastoses) is one of the urgent medical
and social problems of modern oncology.

To search for objective criteria, work is underway to compare im-
munophenotype and computer microscopy data in the diagnosis of leu-
kemia. A correctly formulated diagnosis allows the doctor to determine
the clinical course, standard therapeutic measures, and the prognosis of
the disease.

Among the problems, relapses in children with acute lymphoblastic
leukemia (ALL) are also worth noting. The results of treatment of chil-
dren with relapses are determined by several factors: the period of its
development, the localization of relapse and the immunophenotype of
tumor cells.

In modern treatment protocols for ALL in children, in addition to
standard prognosis factors, it is possible to separate patients taking into
account the assessment of the number of residual blasts in the bone mar-
row - the minimum residual disease (MOB).

The standard risk group is the presence of up to 0.1% of MOB cells
among myelokaryocytes. The intermediate risk group includes patients
with a residual blast level from 0.1 to 10.0% in CM. The high-risk group
includes patients with the number of MOB cells of 10.0% or more.
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Recently, numerous attempts have been made to automate micro-
scopic studies to increase the accuracy of detection of young forms of
cells.

Automated microscopy is a research method based on digital pro-
cessing and recognition of objects on microscopic images. The use of
which makes it possible to objectify the obtained data in the form of
numerical indices when studying the structure of nuclear chromatin fil-
aments, while qualitative microscopes are obtained by visual microsco-
py.

So, in the context of the diagnosis of MOB, it is computer microsco-
py that can improve the accuracy of the differentiation of blasts and
lymphocytes in the bone marrow of patients during treatment. This will
provide an opportunity to improve control over the disease. It is im-
portant that it is on the basis of regular analyzes of MPS in the patient’s
bone marrow that it is possible to suspect an early onset of relapse and
to start a comprehensive examination at the same time.

In the work, several approaches are proposed to solve the problems
described. The first is the development of a classifier system with the
ability to separate blood cells and bone marrow in cell groups. The sec-
ond is the creation of distributed software to optimize the stages of
forming the knowledge bases necessary when replenishing cells in vari-
ous groups and bringing them to equivalent values.

The reported study was funded by RFBR according to the research
project Ne 18-29-09115

[1] V. Nikitaev et al, Application of texture analysis methods to computer mi-
croscopy in the visible range of electromagnetic radiation, Bulletin of the Leb-
edev Physics Institute, vol. 43, Nel0, pp. 306-308, (2016).

[2] V. Nikitaev et al. Approach to building knowledge bases in information-
measuring systems diagnostics of acute leukemias, Journal of Physics: Confer-
ence Series, vol. 945, Ne. 1, p. 012007, (2018).
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Nuclear nanomedicine provides unique opportunities to treat tumors
due to its targeting ability, good loading capacity and enhanced reten-
tion. This field of science has become increasingly important over the
last decades, promising an attractive and powerful alternative to conven-
tional chemotherapy. However, synthesis of radioactive agents in na-
noscale is rather challenging. Here, we have chosen a different way.
First, we produce nanomaterials and only after that “activate” them into
radioactive form. Our approach is based on synthesis of enriched 152Sm
oxide nanoparticles (NPs) by two-step femtosecond laser ablation and
fragmentation in liquids. We show that the direct ablation of a samarium
oxide target leads to widely size- and shape dispersed populations of
NPs. We also demonstrate that application of additional laser fragmenta-
tion step allows one to produce spherical NPs and finely tune their size
between 7 and 70 nm. The formed NPs are of importance for catalytic
and biomedical applications.

The authors acknowledge financial support from Russian Science
Foundation (Grant Ne 19-72-30012).

188



4th International Symposium and School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine”

DESIGN OF NOVEL STIMULI-SENSITIVE LIPOSOME-BASED
DRUG DELIVERY CARRIERS

K.V. Potapenkov?, V.P. Kim?, G.B. Khomutov'3, A.V. Sybachin?,
A.A. Yaroslavov?, 1.V. Taranov®, V.A. Cherepenin®,
Y.V. Gulyaev®

! Faculty of Physics, M.V. Lomonosov Moscow State University, Moscow, Rus-
sian Federation
2 Faculty of Chemistry, M.V. Lomonosov Moscow State University, Moscow,
Russian Federation
3Kotel ‘nikov Institute of Radio Engineering and Electronics, Russian Academy
of Sciences, Moscow, Russian Federation
e-mail: metalsonic@inbox.ru

Design of a controllable and targetable drug delivery system is im-
perative and important to reduce the side effects and enhance the thera-
peutic efficacy of drugs. There is a number of approaches to solving this
problem; one of the most popular approaches are biomimetic lipid vesi-
cles - liposomes as encapsulation agents and drug carriers. This method
has significant advantages due to the non-toxicity and complete bio-
compatibility of the lipids used, since lipids are the main structural
components of biological cell membranes. A wide range of possible lip-
osome synthesis techniques is also an advantage, since it allows you to
vary the size of the resulting liposomes, for example, allowing drug cap-
sules to penetrate through the smallest capillaries (5-10 um), or, on the
contrary, to achieve the accumulation of carrier capsules directly in tu-
mors, due to the enhanced permeability and retention effect (EPR).

Various functional inclusions allow liposomes to provide new ad-
vantages as carriers of drugs. For instance, gold or magnetite (FesOa)
nanoparticles can be incorporated directly into the liposomal membrane.
Magnetite particles have magnetic and semiconducting properties, and
therefore can provide sensitivity to external electric and magnetic fields.
Gold particles can act as nano-sized antennas for an external electric
fields and electromagnetic influences. Exposure to ultrashort electric
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field pulses of 10 ns duration and intensity of the order of 1 x 107 V/m
leads to effective liposome decapsulation —destruction of the liposome
membrane and release of encapsulated substances into the outer space.
The mechanism of this effect is similar to the processes leading to irre-
versible electroporation of the membranes, however, the feature of this
case is a significant amplification of the local electric field by conduct-
ing inorganic nanoparticles, which are sensitive to external controlling
physical stimuli and provide high selectivity of such effects.

Another approach to achieving controlled release of drugs from
magnetic liposomes is to use an external magnetic field. An external
magnetic field not only allows the localization of magnetic carrier cap-
sules in a specific area of the body, but also leads to the release of lipo-
somes containing magnetite nanoparticles in the structure of the lipo-
some membrane. The advantage of an external magnetic field is its
complete harmlessness to humans. In particular, it was experimentally
shown that placing a solution of nanocomposite liposomes between the
poles of a magnet creating a field of 1.9 kOe intensity leads to the re-
lease of liposome contents. In this case, unlike the use of a pulsed elec-
tric field, liposome destruction does not occur - under the influence of
an external magnetic field, liposomes reversibly change their shape from
spherical to ellipsoidal, which leads to deformation of the liposome
membrane and a change in its permeability. A theoretical analysis of
this effect indicates that such deformations are caused by the desire of
the system to minimize the magnetostatic energy of magnetic liposomes,
while the minimum free energy of the magnetic liposome is achieved
for the shape of an ellipsoid with an elongated half-axis oriented along
the field, which corresponds to the obtained experimental results.

This work was financially supported by the Russian Foundation for
Basic Research (project code 18-29-02080).

[1] Khomutov G.B., Koksharov Yu.A., Potapenkov K.V., et al, Nanocompo-
site biomimetic vesicles based on interfacial complexes of polyelectrolytes and
colloid magnetic nanoparticles, Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 532 (2017) P. 26-35.

190



4th International Symposium and School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine”

IMPLEMENTATION OF MICRODOSIMETRIC MODELS FOR
CALCULATING THE RELATIVE BIOLOGICAL EFFICIENCY
OF PROTON AND CARBON ION BEAMS IN THE RTS&T
CODE SYSTEM

A.A. Pryanichnikov'3, A.S. Simakov?, M.A. Belikhin??,
F. N. Novoskoltsev?, I.1. Degtyarev?, E. V. Altukhova?, Yu.V. Altukhov?,
R. Yu. Sunyukov?

! Physical-Technical Center of P.N. Lebedev Physical Institute of the Russian
Academy of Sciences, PhTC LPI RAS, Protvino, Russia
2 Institute for High Energy Physics named by A.A. Logunov of NRC “Kurchtov
Institute”, IHEP, Protvino, Russia
% Lomonosov Moscow State University, Moscow, Russia
pryanichnikov.al@gmail.com

The exact calculation of the delivered dose in the process of irradiat-
ing tumors with proton and carbon ion beams is one of the most im-
portant components of the process of planning radiation therapy. Today
there are two advanced microdosimetric models for calculation the rela-
tive biological efficacy of radiation, that are used in clinical practice.
This is Microdosimetric Kinetic Model (MKM) and Local Effect Model
(LEM). This work contains descriptions of the features of the imple-
mentation of the MKM and LEM as models that are included in the
RTS&T software package [1-2]. The results of theoretical and experi-
mental studies of the main microdosimetric characteristics for cellular
structures placed in homogeneous water phantoms irradiated with 454
MeV/u 2C®" jons are presented [3].

This report compares the calculated (RTS&T using different hadron
generators and several methods for calculation of ionization losses and
the standard version of the FLUKA code) with experimental data for the
depth-dose distribution, flux- and dose-averaged linear energy transfer
from the primary carbon ion beam. There is also a comparison of the
depth-RBE distributions at different levels of survival and biological
dose distributions, calculated for 9 types of cellular structures using the
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RTS&T and FLUKA codes. In conclusion, the results of modeling the
parameters of modified Bragg curve obtained in the framework of
RTS&T for the conditions of irradiation a homogeneous water phantom
with a carbon ion beam using a ridge filter are given in comparison with
the experimental results.

|

Fig.1. Depth RBE distributions obtained in the framework of the MKM
model based on LETp values calculated using the FLUKA (first two graphs)
and RTS&T (second two graphs) codes. Graphs are given for 10% (the left
ones) and 37% (the right ones) cell survival in the water phantom.
[1] I.l1. Degtyarev et al.,, The RTS&T-2014 code status, Nuclear Energy and
Technology, v.1, Issue 3, November 2015, p.222-225.
[2] A.A. Pryanichnikov et al., Verification of the world evaluated nuclear data
libraries on the basis of integral experiments using the RTS&T code system.
Problems of Atomic Science and Technology. Series: Nuclear and Reactor
Constants, 2018, no. 1, pp. 127-136. (in Russian).
[3] A.A. Pryanichnikov et al., Comparation between computer simulations and
experimental data for carbon ion ranges in homogeneous using the RTS&T
particle and ion transport code system. Problems of Atomic Science and Tech-
nology. Series: Nuclear and Reactor Constants, 2019, no. 2, pp. 5-19. (in Rus-
sian).
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ProtonVDA has developed a highly efficient and inexpensive proton
tomography system based on solid state photomultipliers and fiber de-
tectors [1-2]. One of the main advantages of this system is a lower,
compared with similar X-ray imaging systems, equivalent dose that is
received by the patient. This feature is explained by the accurate recon-
struction of the tracks of individual protons passing through the patient’s
body, as well as by using a special mode of operation of the accelerator
with extremely low intensity of the extracted proton beam during the
entire tomography time.

The purpose of this work is to show the possibility of using the de-
veloped proton tomography system as part of the Russian proton therapy
complex (PTC) «Prometheusy», which has been working in clinical mode
for more than 3 years [3-5], as well as other proton therapy facilities that
based on Protom synchrotron. This synchrotron is capable to accelerate
protons to energy up to 330 MeV. This fact makes proton tomography
of entire patient body possible. The use of a synchrotron will signifi-
cantly simplify the design of the scanner, and makes it cheaper.

A special tomographic accelerator operation mode was developed
and tested. It will increase the percentage of useful proton events regis-
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tration that are used for further proton track reconstruction. This mode
will increase the efficiency of the tomography setup and reducing the
dose. The report presents the results of the first testing of the tomo-
graphic beam extraction mode at the Protom synchrotron; examples of
reconstructed proton scanner tomograms for physical objects and tissue-
equivalent phantoms in case of irradiation with a proton cyclotron beam.

£
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Fig.1. The principle of detection individual protons (left one) and example of
double and single proton extraction per beam turn inside the synchrotron (right
one)

This work shows the possibility of the PTC «Prometheus» (as well as
other facilities based on the Protom synchrotron) to operate in a special
proton beam extraction mode, in which single protons are released for
each revolution, that allows such facilities to work effectively in tomo-
graphic mode.

[1] Miller C et. al., Reconstructed and real proton radiographs for image-
guidance in ptoton beam therapy. Journal Radiation Oncology 8:97— 101; 2019
[2] S. Welsh et. al.. The Use of Established Methods to Quantify Proton Range
Uncertainty Reduction When Using Proton Tomography. International Journal
of Radiation Oncology Biology Physics 99(2): E737; 2017

[3] A.A. Pryanichnikov et al., “Status of the Proton Therapy Complex Prome-
theus”, in Proc. RUPAC'18, Protvino, Russia, Oct 2018, pp. 135-138.
d0i:10.18429/JACoW-RUPAC2018-FRXMH03

[4] Pryanichnikov, A.A., Sokunov, V.V. & Shemyakov, A.E. Phys. Part. Nuclei
Lett. (2018) 15: 981, DOI: /10.1134/S1547477118070592;[5] V.E. Balakin et
al., Clinical Application of New Immobilization System in Seated Position for
Proton Therapy. KnE Energy, [S.I.], p. 45-51, apr. 2018. DOI:
10.18502/ken.v3i2.1790

[5] V.E. Balakin et al., Clinical Application of New Immobilization System in
Seated Position for Proton Therapy. KnE Energy, [S.l.], p. 45-51, apr. 2018
DOI: 10.18502/ken.v3i2.1790
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Over the past fifteen years second generation sequencing or SGS
platforms applied jointly with innovative computational approaches
have revolutionized the field of biomedical research leading the way for
a new cycle for personal genomics and decreasing the time for sequenc-
ing of full human genomes at affordable prices. Albeit SGS technology
has ultimately changed our ability to analyze the genetic variation of
any organism, it is apparent that the short reads of 100 to 500 base pairs
generated by these platforms are insufficient to resolve complex ge-
nomic structures that are relevant for examining and comprehending
evolution, diseases, viruses and mutations.

The past few years have seen the development of a third generation
of sequencing or TGS technologies based on single-molecule real-time
and nanopore sequencing, which examine single molecule of DNA and
are capable to produce sequences much longer than those of SGS meth-
ods.

Nanopore sequencing involves the transit of a single stranded DNA
molecule through a nanoscopic pore and the contemporary measurement
of its effect on an electric current, when disruption of ionic current is
measured in signal trace. Raw current signals are then utilized to inter-
pret the sequence of the single stranded DNA by means of machine
learning algorithms[1].

Oxford nanopore technology, ONT, enables identification of a broad
range of analytes, such as of DNAs, RNAs, microRNAs and proteins.
The nanopore is inserted into an electrically resistant membrane created
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from synthetic polymers, a potential is applied across the membrane
resulting in the current flowing only through the aperture of this na-
nopore. Single molecule that enters the nanopore causes characteristic
disruption in the current, by measuring this disruption the molecule can
be identified.

—— DNA double helix
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Fig.1. Nanopore sequencing scheme [2]

ONT MinION is the only portable, real-time device for DNA/RNA na-
nopore sequencing being commercially available, simply by paying a
starter-pack fee of $1,000 with single molecule data accuracy of 95%
[3], thus having simplified the sequencing procedure and making it af-
fordable and accessible in remote locations for clinical research, micro-
biology, human genetics, cancer research, biodefense and forensics.

[1]. Alberto Magi, Roberto Semeraro, Alessandra Mingrino, Betti Giusti, and
Ro-mina D’ Aurizio, Nanopore sequencing data analysis: state of the art, appli-
ca-tions and challenges, Briefings in Bioinformatics, 2017, 1-17

[2]. Nicole Hasler, Pore Over This: Advances In DNA Sequencing , the Oxford
Sci-entist

[3]. Oxford Nanopore Technologies product review, Nanoporetech website.
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DNA double strand breaks (DSBs) constitute the most significant
molecular lesions induced after irradiation of cells with charged parti-
cles. The distribution of DNA fragments length measured by pulse field
gel electrophoresis carries information about the clustering of DSBs, i.e.
heterogeneous distribution of breaks along the DNA molecule. For cell
irradiation by charged particles the distribution of DNA fragment
lengths differs significantly from the homogeneous distribution specific
for random breakage mechanism or low-LET radiation. The quantitative
interpretation of the heterogeneous DNA fragmentation after cell irradi-
ation by ions requires detailed knowledge of stochastic structure of
charged particle tracks as well as information about 3D structure of bio-
logical targets within the cells, i.e. 3D chromatin structure.

Using polymer physics methods we modeled spatial conformations
of 1 Mbp chromatin domains with different spatial organization, as to
polymer globule, rosette-like and decondensed, looped conformations.
Chromatin globule was obtained during the condensation of chromatin
fiber to the dense state using molecular dynamics approach. Stochastic
track structures of fast ions with LET = 50 and 125 keV/pm were simu-
lated by DeTrack and Geant4 packages. We calculated the distribution
of DNA fragment lengths for different irradiated chromatin structures. It
was demonstrated that frequency of small DNA fragments (~5 kbp) was
impacted mainly by molecular structure of chromatin fiber. Frequencies
of intermediate and large DNA fragments (more than 100 kbp) were
determined by folding of chromatin in loops within the Mb-sized do-
mains. Thus, spatial organization of chromatin efficiently contributes to
the DNA DSBs clusters induction by fast ions.
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Nanoparticles nc-Si are light-emitting particles on the nanometer
scale that have emerged as a new class of fluorescent labels for chemical
analysis, molecular imaging, and biomedical diagnostics. A distinctive
feature of nc-Si is a high absorption coefficient in the near UV and
blueviolet range and the ability to transmit light in the visible region of
the spectrum [1].

The aim of this work is to analyze the toxicity of polymer-modified
composite materials based on nanocrystalline silicon (nc-Si) as an alter-
native to organic fluorescent dyes and quantum dots. For hydrophiliza-
tion of silicon nanoparticles, their surface was modified by the am-
phiphilic biocompatible polymer cremophore. Silicon nanoparticles (nc-
Si) with an average diameter of 4.5 nm were synthesized by heatingof
SiO at 1150 °C. The sedimentation and aggregationstability of the parti-
cles in water wasanalyzed. Colorimetric MTT-assay of the cytotoxicity
of the nanoparticles modified with polymers towards human cervical
carcinoma cell line HeLa showed no toxicity against the cells in culture
at particle concentrations of up to 50 pg/ml. Subcellular localization of
silicon nanoparticles in HeLa cells was shown by confocal fluorescence
microscopy.
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a b

Fig.1. Photoluminescence of the unmodified silicon nanoparticles nc-Si (a) and
nanoparticles modified by Cremophor RH 40 (D=36 nm) (b) in HeLa cells. To
the right of the photoluminescence image are photographs of the same cells
obtained by visible light microscopy. The concentrations of the nanoparticles in
the growth mediaare indicated on the left.

The photoluminescence of silicon nanoparticles was detected using
an excitation at 405 nm and emission was registered at 706 nm. It
should be noted that the particle concentration by an order of magnitude
leads only to a slight decrease of the intensity of the photoluminescence
that can be explained by the accumulation of the particles in the cells.
Second, the photoluminescence of the Cremophor modified nanoparti-
cles is observed in the cells as well. Thus, the ability of nanoparticles to
penetrate cells and emit light is preserved after hydrophilization of nc-Si
by Cremophor. Therefore, the obtained polymer-modified nc-Si parti-
cles can be recommended for the purposes of biocimaging in vitro and in
Vivo.

[1] Ischenko A.A., Fetisov G.V., Aslanov L.A. Nanosilicon: properties, syn-
thesis, applications, methods of analysis and control. M.: Fizmatlit. 646 p.
2011.
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RADIOSENSITIZING EFFICACY OF GOLD
POLYACRYLATE IN RADIOTHERAPY STUDY

V. Skribitskiy?, A. Lipengolts?, A. Smirnova?, N. Pozdniakova?,
V. Spiridonov?®
!National Research Nuclear University « MEPhI», Moscow, Russian
Federation
2N.N. Blokhin National Medical Research Center of Oncology, Moscow,
Russian Federation
3Lomonosov Moscow State University, Moscow, Russian Federation
89102875554, E-mail: skvseva@yandex.ru

Oncological diseases are currently one of the leading causes of hu-
man death. Main methods of malignant tumors medical treatment are:
surgical removal, chemotherapy and radiotherapy. According to WHO
data, up to 70% of oncology patients need radiation therapy. Conse-
quently, today the issue of increasing the effectiveness of radiation ther-
apy is relevant. One of the ways to increase the efficacy of the ionizing
radiation use in treating tumors is to increase the radiosensitivity of tu-
mor tissue by the use of radiosensitizers. [1-2]

In this work, radiosensitizing properties of the drug based on gold
polyacrylate were studied. Promising results on potential antitumor effi-
cacy of this drug were obtained earlier elsewhere. [3-4] Current study
was performed on female C57BI/6 mice weighing 20-22 g (nursery
Pushchino, Moscow region). Melanoma B16F10 was used, as a tumor
model. Tumor cells suspension was injected subcutaneously in the mid-
dle third of the right hind limb into the lower leg region. Gold polyacry-
late was administered intraperitoneally at a dose of 11 mg / kg of gold in
a volume of 0.2 ml. Irradiation was made with x-ray generator operating
at 225 kVp and 13.3 mA and with an aluminum filter of 1 mm thick.
The distance from x-ray source to the irradiated tumor was 26 cm. Ani-
mals were divided into four groups. The first group was the control
group. The second group was administered with studied drug only. The
third group was irradiated in a dose of 20 Gy only. The fourth group
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was administered with gold polyacrylate and irradiated in a dose of 20
Gy.
Tumor suppression was evaluated by tumor growth delay and in-
crease in life span after the treatment. The average tumor volume for all
four groups of mice are shown in Figure 1.

—-Control group
—&-Drug group

—+-Drug-irradiation group

irradiation group

Days after gold polyacrylate administration

Fig.1. The average tumor volume at different groups of mice after irradiation.

The study of the antitumor efficacy of gold polyacrylate as a radio-
sensitizer did not reveal statistically significant inhibition of tumor
growth compared to control irradiation. However, the administration of
gold polyacrylate prior irradiation increases the median of life span from
35 days post tumor inoculation for irradiated control group to 46 days
for the group irradiated with gold polyacrylate administration.

[1] Rahman W. N. et al. Enhancement of radiation effects by gold nanopar-
ticles for superficial radiation therapy //Nanomedicine: Nanotechnology, Biol-
ogy and Medicine. — 2009. — T. 5. — Ne. 2. — C. 136-142.

[2] Mello, R. S., Callisen, H., Winter, J., Kagan, A. R., & Norman, A. Radi-
ation dose enhancement in tumors with iodine //Medical physics. — 1983. — T.
10. — Ne. 1. — C. 75-78.

[3] Ostrovskaya L. A. and others. Gold polyacrylate - antitumor activity in
the experiment // Russian biotherapeutic magazine. — 2016. — T. 15. — Ne. 1.

[4] Ostrovskaya L. A. and others. Experimental study of the antitumor ac-
tivity of gold polyacrylate //// Russian biotherapeutic magazine. — 2018. — T.
17.— Ne. S. - C. 54-55.
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DOTS RECOGNITION ON IMAGES OF SKIN NEOPLASMS
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! National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
2 Central state medical Academy of Presidential administration of Russian
Federation, Moscow, Russia
3 Peoples ' Friendship University of Russia, Moscow, Russia
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Melanoma of the skin is one of the most dangerous human malignant
tumors, often metastasizing to almost all organs. Primary diagnosis of
melanoma is based on routine examination and dermatoscopy. The in-
terpretation of the observed picture is ambiguous and expert assessment
is required for the correct diagnosis. The result of the analysis is subjec-
tive and largely depends on the experience of the doctor. In this regard,
it is important to create automated image analysis systems for the diag-
nosis of melanoma, which would act as a means of supporting decision
systems.

One of the promising approaches to the diagnosis of melanoma is the
use of the algorithm "Chaos and signs" [1]. “Dots” are the important
structural elements for the analysis of tumors. The paper deals with the
problems of automated “dots” allocation. A model of “dots” recogni-
tion on dermatoscopic images of skin tumors is proposed. The software
is developed according to the presented model. The results of experi-
ments on automatic recognition of “dots” on images of skin tumors are
presented.

The developed software can be used as an part of the decision sup-
port system in the analysis of skin tumors. It will help to reduce the
number of diagnostic errors in the diagnosis of melanoma.

The work was supported by the RSF project Ne 19-11-00176.

[1] M.V.Zhuchkov, A.K.Bulinska, H.Kittler. Application algorithm “Chaos
and Clues” in assessing dermatoscopy images of pigmented skin lesions. Der-
matology (Suppl. Consilium Medicum). 2017; 2: 5-13.
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IRREVERSIBLE AND REVERSIBLE LUMINESCENCE
CHANGES IN CARBON DOTS STUDIED BY CONFOCAL
MICROSCOPY

Stepanova M.S.!, Zakharov V.V.}, Khavlyuk P.D.}, Dubavik A.Y %,
Ushakova E.V.12, Veniaminov A.V.}, Rogach A. L.*?

LITMO University, St. Petersburg, Russia
2 City University of Hong Kong, Kowloon, Hong Kong
mafa0002@gmail.com, +7(999)535-45-34

Carbon dots are a promising class of carbon-based fluorescent nano-
particles, the surface of which may contain functional groups. Carbon
dots have a number of advantages, such as the availability and simplici-
ty of synthesis, luminescence that can be rearranged along the wave-
length, high photostability and biocompatibility with bioimaging poten-
tial.

Carbon dots were synthesized by the solvothermal method by dis-
solved citric acid and ethylenediamine in water. The obtained solution
was heated for 5 hours at 200°C and then cooled down to room tempera-
ture. The sample for the study is a film obtained by evaporation from an
high-concentration aqueous solution of carbon dots. When a 405 nm
laser light was applied to a 50x50 pm section of the sample, an increase
in luminescence intensity and light transmission was observed.

Figure 1 (right) shows the luminescence spectra of the film areas
from carbon dots before (1) and after (2) laser exposure. Along with a 2-
fold increase in intensity, a shortwave shift of 50 nm in maximum lumi-
nescence is observed.

The change in intensity and the shift in the maximum luminescence
spectrum during laser exposure are irreversible; they are supposedly
caused by photo-influence on the internal structure of carbon dots.
These processes do not depend on the ambient temperature and are not
caused by the local heating of the area illuminated by the excitation la-
ser. To confirm this, the optical properties of the obtained film in the
temperature range from -200°C to 200°C were studied with the help of
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Linkam temperature-controlled cell. As a result of thermal at 200°C, the
luminescence intensity decreased but no maximum shift of the spectrum
was observed, whereas returning to room temperature, the initial lumi-
nescence intensity values were restored. When the temperature drops to
-200°C, the luminescence intensity of the sample increases, in this case
the reaction is reversible.

The effect discovered can be used to create thermostable fluorescent
marks, the physical size of which is limited by the diffraction resolution
of the optics (~ 200-300 nm) used for exposure.

548 nm
s

E
s
=
7]
c
2
5

A, nm

Fig.1. Fluorescence image (left) and luminescence spectrum (right) of
the carbon dots film before (1) and after (2) 405nm laser exposure

[1] Yuan Xiong, Julian Schneider, Elena V. Ushakova, Andrey L.
Rogach, Nano Today, 23, Nel6, 124-139, (2018).

[2] Katerina Hola Maria Sudolska Sergii Kalytchuk, Dana Nachtigallo-
va Andrey L.Rogach, Michal Otyepka, Radek Zboril, ASC Nano, 11,
12402-12410, (2017)
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THE PRACTICAL APPLICATION OF MODERN QUANTUM
TECHNOLOGIES IN BIOMEDICINE

P.A. Tarasovi, A.A. Gorbunov?, E.A Isaev?? and G.V. Detkov*

! National Research University “’Higher School of Economics”, Moscow, Rus-
sia, E-mail: PTarasov@Hse.ru
National Research University ”Higher School of Economics”, MosCow, Rus-
sia
3P.N. Lebedev Physical Institute of the Russian Academy of Sciences
ALLC "Information technologies and electronic communications”, MoSCOW,
Russia

Currently, biomedicine uses a large number of scientific perspective
technologies [1]. First of all, it is quantum technologies. Their utiliza-
tion allows us to solve actual problems in various fields of biomedicine.
The modern quantum biomedical technologies such as quantum sensors,
qguantum computers and quantum communication lines will be consid-
ered. It will be shown that the use of modern technologies based on the
latest advances in quantum physics can provide better patient care.

[1] Isaev E., Tarasov P. A., The utilization of information technology in bio-
medicine, Journal of Physics: Conference Series, Vol. 784, No. 012023, P. 1-5,
(2017).
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THE INFLUENCE OF TEMPERATURE ON
BIODISTRIBUTION OF N,N,N*,N'-
ETHYLENEDIAMINETETRAKIS(METHYLENE
PHOSPHONIC) ACID LABELED WITH GALLIUM-68

V.K. Tishchenko®?, V.M. Petriev!?, A.A. Mikhailovskaya®?,
K.A. Kuzenkoval, I.N. Zavestovskaya?

1 Tsyb Medical Radiological Research Centre, Obninsk, Russia
2 National Research Nuclear University MEPhI (Moscow Engineering Physics
Institute), Moscow, Russia
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Many solid tumors are known to metastasize into bones. These bone
metastases can induce various complications such as severe bone pain
and pathological fractures [1]. Nowadays, positron emission tomogra-
phy (PET) provides improved spatial resolution and lesion contrast as
compared with other imaging techniques of bone metastases detection.
Cyclotron produced *8F-fluoride and *8F-fluorodeoxyglucose have wide-
ly used as bone imaging agents, but they have high costs.

Alternative radionuclide for PET imaging is positron-emitting galli-
um-68. %8Ga (T2 = 68 min, B* = 89 %, Epmax = 1.9 MeV) can be pro-
duced on-site from %8Ge/*®Ga generator throughout 1 year. Phosphonates
are ideal ligands for ®Ga due to their high affinity to hydroxyapatite of
bone tissue. In this study we synthesized three ®Ga- N,N,N',N'-
ethylenediaminetetrakis(methylene phosphonic) acid (®®Ga-EDTMP)
formulations at different temperature and evaluated their biodistribution.

All studies were carried out in intact healthy Wistar rats. The animals
were divided at 3 equal groups. The rats of first groups were injected
with 0.37 MBq in a volume 0.1 ml of ¥Ga-EDTMP prepared at room
temperature. The rats of second and third groups were injected with 0.37
MBq of %8Ga-EDTMP prepared at 50 °C and 95 °C, respectively, in a
volume 0.1 ml. Animals were sacrificed at 5 min, 1, 2 and 3 h post-
injection (p.i.), the samples of different organs and tissues were collect-

ed for gamma count. The uptake was expressed as percentage of inject-
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ed dose per gram of tissue (%ID/g). Also the total skeletal uptake was
counted assuming the skeleton to be 10 % of the total body weight.

It was shown that temperature had an impact on skeletal uptake of
8Ga-EDTMP. Thus, the amounts of %Ga-EDTMP prepared at 95 °C
were higher as compared with the other formulations (Tab. 1). The peak
concentration was 34.38+1.20 %ID at 1 h p.i., whereas the highest
amounts of ¥Ga-EDTMP prepared at 20 °C and 50 °C were 22.34+2.12
%ID and 31.18+3.89 %ID, respectively.

Table 1. Total amount of radioactivity in skeleton after intravenous
injection of ®8Ga-EDTMP prepared at different temperature (in % ID).
The data are presented as mean + standart error (M + m)

Time after administration
5 min 1lh 2h 3h
8Ga-EDTMP 15.52+2.53 | 21.88+0.45 | 22.34+2.12 | 20.36+4.17
(20 °C)
8Ga-EDTMP 16.70+2.57 | 29.794+2.27 | 24.824+4.71 | 31.18+3.89
(50 °C)
8Ga-EDTMP 25.72+1.67 | 34.38+1.20 | 32.01+2.79 | 27.98+4.36
(95 °C)

Among the soft tissue organs, the increasing temperature hadn’t great
impact on %8Ga-EDTMP biodistribution, but ®Ga-EDTMP prepared at
50 °C and 95 °C had slightly lower uptake than the other one.

In conclusion, all ®Ga-EDTMP formulations had high stability and
predominantly bone tissue uptake. The growth of temperature affected
8Ga-EDTMP biodistribution in skeleton and slightly decreased amounts
of activity in soft tissues and organs.

[1] A. Lipton, Pathophysiology of bone metastases: how this knowledge

may lead to therapeutic intervention, J. Support Oncol., vol. 2, pp. 205-
220, (2004).
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STUDY OF MECHANISMS INVOLVED IN THE
RADIORESISTANCE OF HUMAN TUMOR CELLS

A.A. Tsishnatti!, S.M. Rodneva!, N.M. Smetanina?!, Yu.A. Fedotov?,
D.V. Guryev!?

IState Research Center, Burnazyan Federal Medical Biophysical Center of
FMBA, Moscow, Russia,
2FClI, Semenov Institute of Chemical Physics, Moscow, Russia
e-mail: Denis.Guryev@gmail.com

Currently, radiation therapy is one of the main methods of the solid
tumors treatment. The possible recurrence in long-term survivors after
tumor treatment is associated with the occurrence of de novo or selec-
tion of already existing tumor cell clones that are resistant to ionizing
radiation [1]. Clarification of the causes and mechanisms of this re-
sistance, and at the same time, the search for ways to reduce it, remains
an urgent task of experimental and clinical oncology and radiation biol-
ogy for many years [2,3]. The aim of this study was to identify the char-
acteristics of the formation of radioresistance of tumor cells at the mo-
lecular-cellular level.

In present study, the radioresistant clones of human tumor cells
(A549 cell line) was obtained by X-rays acute treatment at a dose of 15
Gy (group “15 Gy”). A significant decrease in the residual foci of
YH2AX in cells of the “15 Gy” group compared with the “Control”
group after the test-irradiation at a dose of 10 Gy was shown (Fig. 1).

60 ® Control
m15 Gy
40 15 Gy
20
T 1 [
Control 5 Gy 10 Gy

Fig.1. Number of residual foci of YH2AX in different experimental groups
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A significant decrease in the number of micronuclei (MN) in the “15
Gy” group was revealed after additional exposure to X-rays at doses of
5 and 10 Gy compared to the cells of the “Control” group. Moreover,
the number of cells containing three or more MN per cell is extremely
low in “15 Gy” group (Table 1).

Table 1. Frequency of MN in A549 cells in different experimental condi-

tions.

Dose (Gy) 0 1 2 | 3 |>3| Total (cells) | MN | % MN
Control 481 17| 1|10 500 22 4.4
0+5Gy 246 | 100 | 71 | 37 | 34 488 489 | 100.2

0+10Gy | 149 | 41 | 43|30 | 37 300 365 | 121.7

15 Gy 493 | 6 11010 500 8 1.6

15+5Gy |402| 73 |24 0 | O 499 121 | 243

15+10Gy (387 | 64 |37| 7 | 5 500 179 | 35.8

According to the results obtained in three independent experiments
to assess the ability of “Control” and “15 Gy” cells to form colonies, it
was found that the clonogenicity of “15 Gy” group is significantly high-
er and confirms the data obtained by DNA residual YH2AX foci and
cytogenetic analysis, specifically, the ability of radioresistant cells to
repair of lethal DNA damages more successfully.

Thus, one of the mechanisms determining the radioresistance of hu-
man tumor cells is their ability to repair of potentially lethal damages in
genetic material more effectively.

[1] Dalerba P, Cho RW, Clarke MF (2007) Cancer stem cells: models and
concepts. Annu Rev Med 58: 267-284;

[2] Henning W., Stiirzbecher H. W. Homologous recombination and cell
cycle checkpoints: Rad51 in tumour progression and therapy resistance // Toxi-
cology. — 2003. — Vol. 193, No.1-2. — P. 91-109;

[3] Bhogal N, Kaspler P, Jalali F, Hyrien O, Chen R, Hill RP, et al. Late re-
sidual gamma-H2AX foci in murine skin are dose responsive and predict radio-
sensitivity in vivo. Radiat Res. 2010; 173:1-9.

210



4th International Symposium and School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine”

CHARACTERIZATION OF THE GUT MICROBIOTA
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volkov-alisa@yandex.ru

Chronic constipation (CC) is a prevalent gastrointestinal disorder
with significant impact on patient's quality of life. Alterations of the gut
microbiota have been suggested as a possible pathophysiologic mecha-
nism of the disease [1]. Gut microbiota may affect intestinal motility via
metabolites or end-products of bacterial fermentation, through the medi-
ators released by the gut immune response, or intestinal neuroendocrine
factors [2]. The aim of the present study is to characterize the composi-
tion of the gut microbiota of patients with CC and to identify microbes
that are functionally active in relation to the motor-evacuation function
of the intestine.

Fifteen colonic tissue samples were obtained from patients undergo-
ing colectomy for CC. The mucosal microbiota was studied using cul-
ture-based and 16S rRNA pyrosequencing methods on the high-
throughput Illumina MiSeq platform. The obtained sequences fer-were
grouped into operational taxonomic units (OTU) based on the 97% simi-
larity. Alpha- and beta-diversity parameters, such as the OTU number in
the sample, Simpson, Chaol, and Shannon indices, were calculated to
assess biodiversity and perform comparative community analysis. Beta-
diversity was evaluated using the “unweighted” and “weighted” Unifrac
algorithms followed by visualization by principal coordinate analysis
(PCoA).

As a result, samples produced a total of 1,478,190 reads with an av-
erage of 98,546 + 31,776 reads per sample. An average of 460 OTUs
were identified, with a minimum of 201 OTUs and a maximum of 592
OTUs. Analysis of biodiversity indices showed that for all samples, the
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obtained sequencing data were sufficient to cover the vast majority of
prokaryotic species. Based on PCoA analysis, eight samples were
grouped into a cluster, indicating phylogenetic similarity in the compo-
sition of their microbiota. However, beta-diversity analysis of the sam-
ples revealed absence of clustering by age and sex. The relation-between
the anatomy of the colon and the composition of the intestinal microbio-
ta was also not detected. Consequently, age, sex, and anatomy of the
colon do not have a significant impact on the development of CC in pa-
tients.

The microbiota in constipated patients was dominated by bacteria be-
longing to the phyla Firmicutes (31-52%) and Bacteroidetes (34-43%),
followed by Proteobacteria (4-26%) and Actinobacteria (1-4%). In CC
patients we found an increased occurrence of the representatives of phy-
la Proteobacteria, Actinobacteria, and Verrucomicrobia. Besides, the
proportion of Firmicutes / Bacteroidetes was changed compared to
healthy individuals. We identified no functional relation between the gut
microbiota composition and CC, but identified some microbes which
may affect motility via production of methane (Methanobrevibacter),
hydrogen sulfide (Desulfovibrio, Bilophila, Escherichia, Akkermansia),
butyrate (Clostridiales), propionate (Bacteroides, Akkermansia) and
acetate (many taxa). Thus, our findings suggest a role for gut microbiota
in constipation and promote a novel therapy strategy for constipation.

The study was performed by using the equipment of Interdisciplinary
center for collective use of KFU for cellular, genomic and post-genomic
research in Volga region and supported by Russian Foundation for Basic
Research (grants 18-34-00268 and partly 18-415-160005 p_a).

[1] Shakurov. A, Karpukhin, O., Surgical approach to the treatment of chronic
constipation: a historical review, Practical medicine, vol. 6, pp. 37-41, (2012).
[2] Barbara, G. et al., Interactions between commensal bacteria and gut sen-
sorimotor function in health and disease, American Journal of Gastroenterolo-
gy, vol. 100, pp. 2560-2568, (2005).
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MULTYPURPOSE CYCLOTRON FOR MEDICAL AND
PHARMACEUTICAL PURPOSES

V.A. Vorontsov
vva@inbox.ru, NRNU MEPHI, Moscow, RF

Among methods of treatment of oncological diseases proton therapy
takes the unique place. Laid the foundation of proton therapy, William
Bragg Sr. The point is that the proton at hit in a target at first almost does
not lose energy, and then, before the stop, loses it very intensively. The
curve received the name of a curve of Bragg, and the peak began to be
called Bragg peak. Experiments with radiation of tumors a proton bunch
began in Berkeley. For their receiving medical cyclotrons were used. Now
in the world there are many centers of proton therapy.

Construction of the proton centers costs hundreds of millions dollars.
Requirement them is very high. Main "instrument™ of proton therapy — the
accelerator of elementary particles, most often a cyclotron. Typical medical
accelerators disperse protons to energy from 75 to 200 MEV. The possibil-
ity of receiving protons with different energy is important for therapy: they
have Bragg peaks at the different penetration depth, forming thus the plat-
eau of dozny distribution or the modified Bragg's peak (spread out Bregg
peak, SOBP). Selecting the necessary distribution of protons for energy, it
is possible "to fill" a tumor with ionization maxima evenly. The removed
bunch of protons from the accelerator is transferred to the so-called medical
room (treatment room, in the centers of their proton therapy usually from
three to five) where there is a patient.

Cyclotrons are applied also in the pharmaceutical purposes to an operat-
ing time of isotopes for SPECT and PET.The pharmaceutical cyclotron can
positively disperse also negatively charged ions to energy to 70 MEV.

In work the possibility of use of one cyclotron, both for medical, and for
the pharmaceutical purposes is considered. At the same time the quantity of
a gentra can be reduced, and advance of waiting list for treatment of pa-
tients can be accelerated. Besides modification of the existing cyclotrons
for their use in the medical and pharmaceutical purposes is possible.
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The aim of this study is to compare the dynamics of the Glx (total
signal of glutamate and glutamine) and the BOLD signal.

Philips Achieva dStream 3T, SENSE Head-8 coil and InVivo Sen-
saVue (for stimulus transmission) were used. 10 healthy subjects took
part in the study. The 8 Hz flashing checkerboard was used for stimula-
tion in similar blocks (3s - checkerboard, 21s -black screen).

EPI sequence was used with parameters: TR=3000 ms, NSA=120,
the voxel size was 2.4x2.4x4mm3. The spectra were obtained using the
PRESS sequence (TR=2000 ms, TE=35ms, NSA=864(12*72), voxel
size - 20x30x20mm3). The fMRI data were processed using the
SPM12[1] software package. Statistical analysis of the images was per-
formed using GLM. As a result, an activation map was obtained in re-
sponse to visual stimulation. CBF obtained as the 1st core of the Vol-
taire series using a special algorithm in the SPM12 package[2].

Spectra were processed using LCmodel. For further statistical pro-
cessing, the signal intensity ratios GIx/Cr were obtained. The difference
between the obtained values between the spectra corresponding to indi-
vidual time points was statistically determined by the Wilcoxon criteri-
on.

A statistically significant difference in the ratio of GIx/Cr intensities
between time points was revealed (fig.1). A correlation was found (r
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=0.7113, p<0.05) between the ratio of the intensity values of the 1st and
23rd seconds and cerebral blood flow.

P-value
0.1
0.1

<0.05
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Fig. 1. A matrix showing the significance of differences between the ratio of
intensities corresponding to two time points.
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Fig. 2. The dynamics of the ratio GIx/Cr, normalized to 23 second intensity
ratio. Dots mark the medians of the ratio, and the error bars show the 1st (bot-
tom) and 3rd (top) quartiles.
Two periods of growth of the GIx were revealed, which indicates the
activation of the glutamate-glutamine cycle twice per period. Correla-
tion of the first peak of Glx growth with CBF may confirm the feedfor-
ward mechanism of the cascade of Glutamate induced hemodynamic
response reactions.
[1] https://www.fil.ion.ucl.ac.uk/spm/
[2] Friston K. J. et al. Neurolmage. — 2000. — T. 12. — Ne. 4. — C. 466-477.
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Targeted drug delivery by nanoparticles is the development of a
theranostic paradigm in modern nanomedicine [1] and a step to high-
tech and safe medicine of the future [2]. Understanding the pharmacoki-
netic of nanoparticles is a milestone in these studies, as it determines not
only the effectiveness, but also the safety of such therapy. The liver is
known to be the main organ eliminating the nanoparticles bigger than 5
nm diameter from the blood stream. However, due to the complex or-
ganization of a living organism and many mutually affecting factors, it
is impossible to study only interaction of particles with liver in vivo.

Here we offer a simple and convenient method based on perfusion
model for studying pharmacokinetic of magnetic nanoparticles in the
liver of laboratory animals (Fig.1). To detect magnetic particle concen-
tration in the perfusate we used previously invented Magnetic Particle
Quantification technique (MPQ) [3], which can measure nanoparticles
concentration in wide range, non-invasively and in real-time [4,5].

We show that this model correctly describes the qualitative behavior
of commercial and synthesized nanoparticles with various colloidal-
chemical properties in the mice liver and can be used for further quanti-
tative studies of pharmacokinetic nanoparticle properties.
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MPQ:

Applied field: f; f,
Detection: f = f,£2f,
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= Magnetic coils
liver

|

Pump Nanoparticles

Fig.1. Experimental scheme of liver perfusion model for magnetic particle
pharmacokinetics investigation (adapted from [4]).
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Description of the research: The main idea of the project is isola-
tion of the left atrium from the results taken on a computed tomography
with the injection of contrast medium. During the research, the results of
groups of patients were analyzed, statistical results were obtained, pro-
grams for working with histograms and their approximation were writ-
ten, programs for detecting concentration contrast regions in different
places of rib cage were written to obtain clear 3D model of the left atri-
um.

Relevance: Atrial Fibrillation becomes a dangerous pathology if not
detected and eliminated the sources of origin in time. It can lead to heart
attack and stroke in case of untimely treatment. The surgeon treats a
heart by catheter ablation to prevent these serious pathologies.

There are no programs for automatic selection of the left atrial region
from the results of CT scan today.

Research methodology: Based on CT scan results of twenty pa-
tients, a statistical range of contrast media densities was found on the
Hounsfield scale. It belongs to the interval: x € [168 + 36; 430 + 73].
Approximation by various functions was performed on this range. The
Gauss function approximation was chosen on the course of the research,
because time for post-processing of the 3D-image by the following algo-
rithms is reduced when Gauss function approximation is used. Then an

algorithm, exploring areas with zero contrast is used, and a contrast
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mask is obtaining. This distribution of the contrast of non-zero voxels
allows automatically cut off the previously adjacent areas of the atrium
by using the function "Remove unconnected areas" and get clear left
atrium.

The results: The result of the work is a set of algorithms:
* For processing the obtained histograms
* For image processing in order to isolate the left atrium from them.

a) The fragment of the rib cage b) Expected Result - Left Atrial Fragment

-

(purpose
of the work)

c) Real Result - Left Atrial Fragment
= -

Fig.1. The purpose and the result of the research.

Practical application of research results: The developed programs
and algorithms will be used in the software for equipment intended for
the treatment of Atrial Fibrillation. The program will be able to speed up
the work with the primary image, which is necessary during the opera-
tion.
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In this work we investigate the formation of elongated gold nanopar-
ticles, which occurred by laser ablation of gold target in aqueous solu-
tions containing divalent ions (CaClz, BaSO4, MgSO4, Be(NO3).) [1].

In all our experiments Ytterbium fiber laser (wavelength at 1060-
1070 nm, pulse width of 200 ns, pulse repetition rate of 20 kHz, pulse
energy of 1 mJ) was used as a radiation source. The peculiarity of our
experiments is the use of additives of bivalent cations. The first experi-
ments on irradiation of the gold target by laser ablation in liquid
were carried out in water obtained by Milli-Q purification system with
different concentration of calcium chloride (CaCl,). Extinction spectra
show that a pronounced shift in the absorption maximum is observed
with increasing concentration.

Results of the second part of experiments show that formation of
elongated gold nanoparticles as chains is common process under laser
ablation of the solid target in the presence of any divalent ions in water.
TEM-image of a colloidal solution of gold nanoparticles at a concentra-
tion of MgSOs in 1 mg/l is shown in Figure 1. The work discusses the
mechanisms of formation of elongated nanoparticles by laser ablation of

220


mailto:margarita.zhilnikova@phystech.edu

4th International Symposium and School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine”
solids depending on the concentration of divalent ions in the liquid and
the time of laser exposure [2].

This work was performed within the framework of National Re-
search Nuclear University “MEPhI” (Moscow Engineering Physics In-
stitute) Academic Excellence Project (Contract No. 02.a03.21.0005) and
supported in part by the Russian Foundation for Basic Research (Pro-
jects 18-32-01044—mol—a, 18-52-70012—e—Aziya—a and 19-02-00061-
a) by the Grant’s Council of the President of Russian Federation (State
Support of Young Scientists Programme, Grant Ne MD-3811.2018.11)
and Presidium RAS Program No. 5 “Photonic Technologies in Probing
Inhomogeneous Media and Biological Objects” and Common Use Cen-
ter of A. M. Prokhorov General Physics Institute.

Fig.1. TEM-image of a colloidal solution of gold nanoparticles at a concentra-
tion of MgSO4 in 1 mg/l in water after laser irradiation of solid gold target.
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Currently, malignant neoplasms are one of the most common causes
of mortality. The lack of effective traditional methods of treatment is
due to both late diagnosis and resistance of certain forms of cancer to
the ongoing regimens of systemic therapy.

Over the past decades, significant progress has been made in the field
of immunotherapy of oncological diseases, namely, the use of effector
cells of innate immunity, in particular natural Kkillers and T-
lymphocytes, whose antitumor potential is enhanced by in vitro cultiva-
tion in the presence of cytokines [1]. This method has been developed
and successfully implemented in clinical practice based on A. Tsyb
Medical Radiological Research Center, it has shown a relatively high
therapeutic efficacy in an integrated approach [2,3]. However, now there
is no consensus on the key components of such therapy: how many cells
(how and where) should be administered to the patient in order for such
therapy to be crowned with objective success. Migration of activated
human lymphocytes during intradermal injection have not been studied.

The aim of the work was to develop a technique for labeling of acti-
vated lymphocytes and their further visualization in vivo using SPECT /
CT.

Materials and methods. The studied person was a patient diagnosed
with breast cancer (T3NOM1), who received radical surgical treatment
and chemotherapy; she also underwent accompanying immunotherapy
with activated cytotoxic lymphocytes. Lymphocytes were isolated from

the blood by the standard method, activated in a complete nutrient me-
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dium with the addition of IL-2, IL-15 and IFN-gamma for 3-5 days.
Then selected activated lymphocytes were subjected to labeling with
compound 99mTc-THEOXIM. For detection of distribution of radio-
pharmaceutical reagent and labeled cells, the study was divided into
three stages: 1) the injection of labeled non-activated cells; 2) the injec-
tion of pure radiopharmaceutical reagent; 3) the injection of labeled ac-
tivated lymphocytes; for each stage, planar scintigraphy and a combined
study of SPECT/CT were performed. The preparation and reagent were
injected intradermal paravertebral at the level of the shoulder blades in
two points, the break between injections was 7 days.

Main results. 1) the developed method of cell labeling (activity of 1
million cells — 2.0 MBq, viability — 95%) allowed to use them for imag-
ing in vivo by SPECT/CT. 2) in the case of the injection of the patient
labeled non — activated lymphocytes and pure radiopharmaceutical rea-
gent on scintigrams can be observed hyperaccumulation of the reagent
only in the places of their introduction, as well as the physiological ac-
cumulation of free reagent (kidneys, bladder, stomach), whereas the in-
jection of labeled activated lymphocytes detected specific focus accu-
mulation-axillary lymph node.

Conclusion. The study showed that labeled activated lymphocytes in
the intradermal method of injection are deposited in the secondary or-
gans of the immune system-lymph nodes, which are the place of their
functioning, non-activated lymphocytes do not have this ability.

[1] N. Volkov, Cell-based anticancer immunotherapy methods, Practical oncol-
ogy, vol. 17, pp.90-98 (2016).
[2] Yu. Gelm, I. Pasova, Yu. Anokhin, E. Abakushina, Methodological ap-
proaches for the NK cells immunotherapy of cancer, 2nd International Sympo-
sium on «Physics, Engineering and Technologies for BioMedicine», pp. 124-
125 (2017).
[3] E. Abakushina, Yu. Gelm, I. Pasova, A. Bazhin, Immunotherapeutic Ap-
proaches for the Treatment of Colorectal Cancer, Biochemistry, vol. 84, No. 7,
pp. 720-728 (2019).
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Nowadays dyes are used in a wide class of medical supplies in opti-
cal methods of diagnostics, therapy and surgery. Methylene Blue (MB)
is one of the most popular dyes used in medicine due to its biocompati-
bility, commercially, availability, safety and its fluorescence properties.
[1-2] Nevertheless, despite of its popularity, diffusion of this dye
through the skin has not been observed enough yet. The main goal of the
study is to investigate the effect of ethanol aqueous solutions with vol-
ume concentrations 30, 40, and 50% on the transport of Methylene Blue
(MB) in rat skin ex vivo.

Skin samples were taken from the hip area of white laboratory rats
within an hour postmortem. Both hair and subcutaneous fat layers were
thorough removed. Sample thickness was measured before and after MB
solution penetration. MB was dissolved in aqueous 50%-, 40%-, 30%-
ethanol solutions and in distilled water with a MB concentration 0.5
mg/mL.

Estimation of effective diffusion coefficient was performed on the
base of measurement and analysis of skin diffuse reflectance under ac-
tion of dye solution. More details of current work were performed in
work [3].

Analysis of the differential absorbance (AA) kinetics has allowed
evaluation of effective diffusion coefficient of MB (D) in skin and char-
acteristic time (1) of the dyeing process. Characteristic time corresponds
to a relative change in the value of AA in e folds.
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Values of the effective diffusion coefficient of the MB solutions have
been evaluated as (1.85+0.06) x107 cm?/c in aqueous solution,
(3.34£0.07) x10 cm2/c, (3.04+0.07) X105 cm?/c, and (2.59+0.07) x10°®
cm?/c in 50%-, 40%-, and 30%-ethanol solutions, respectively. The av-
erage values of the characteristic time of skin samples dyeing have been
evaluated as (24.6+4.42) min, (40.1£3.16) min, (46.8+2.7) min and
(79.4+11.92) min in 50%-, 40%-, 30%-ethanol and aqueous solutions,
respectively. Results of evaluation of the effective diffusion coefficient
values have shown that addition of ethanol into the dye solution has led
to a noticeable increase diffusion rate of the dye.

[1] Yaroslavsky, A.N., Feng, X., Neel, V.A., “Optical mapping of nonmelano-
ma skin cancers-A pilot clinical study,” Lasers Surg. Med.. Vol. 49(9), 803-809
(2017).

[2] Yux, S., Yan, X., Jiagiang, Q., Guoxin, N., “Visualization of the wrist gan-
glion capsule by methylene blue

staining as an aid for complete resection in children,” J. Hand. Surg. Am. Vol.
40, 685-688 (2015).

[3] Basko E.A., Klementeva M.V., Bashkatov A.N., Tuchin V.V., Genina E.A.
"Effect of ethanol on the transport of methylene blue through the rat skin ex
vivo ," Proc. SPIE 11065, 1106509 (2019)
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Abstract. The object of this study is nanostructured composite sys-
tems based on porous silicon with glucose, tear and NaCl. The purpose
of the work is to determine the possibility of manufacturing biomaterial
based on porous silicon for a glucose sensor, for example, measuring the
level of glucose in the blood. The electrical and optical properties of
porous silicon and nanocomposites were studied. A study was conduct-
ed by IR spectroscopy of the composition of samples of porous silicon
(PC) and nanocomposites: PC with glucose. A comparative analysis of
the obtained results shows a noticeable difference between the IR spec-
tra of nanocomposites and the IR spectrum of the initial porous silicon
and allows one to identify the substance in the pores of PC.

Keywords: PC, glucose, nhanocomposite, IR spectroscopy, biosensor.

One of the promising biomedical nanomaterials for various applica-
tions is porous silicon, which is a system of nanocrystals of various siz-
es and shapes, as well as porous silicon nanocomposites with various
biological and inorganic substances [1].

A characteristic feature of porous silicon is the large total area of its
inner surface. Depending on the value of porosity and pore geometry, it
can be from 10 to 100 m2 / cm3 for macroporous silicon. The presence
of a developed chemically active surface determines the possibility of
porous silicon as a sensitive element of biosensors. In this paper, the
possibility of using porous silicon as a material of glucose biosensor
was investigated.

For various samples of porous silicon with NaCl; 1%, 2%, 3%, 4%,
5%, 6%, 10%, 12% glucose solutions measured current-voltage charac-
teristics and calculated the conductivity in the dark and when illuminat-
ed with white light. During the experiment, it was found that the pres-

ence of glucose on the porous layer shows a significant increase in dark
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and light conductivity. The presence of NaCl in the sample does not
significantly change the conductivity; the order remains the same.

A study of the surfaces, chips, and powders of samples of porous sil-
icon and nanocomposite PC + glucose was carried out. The composition
of the samples was studied by IR spectroscopy. The studies were carried
out on the FSM 2201 using a diffuse reflection attachment and on a Per-
kin Elmer Spectrium 100 Fourier spectrometer using an attachment of
impaired total internal reflection.

A study of IR spectroscopy of PC + glucose nanocomposites shows
that the presence of glucose in the pores significantly changes the
transmission spectra of the samples. Due to the presence of glucose,
new transmission bands at 1847 nm, 2005 nm, 2669 nm appear on the
spectra of porous silicon. To develop a PC-based material suitable for
use in glucose biosensor, it is necessary to provide for the unification of
the surface of the samples. From this we can conclude that porous sili-
con is a promising material for creating a glucose biosensor.

[1] O.1. Ksenofontova et al. J. Technical Physics, 2014, 84, 67-78.
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Biological objects in a space flight are exposed to different compo-
nents of space radiation. More than 90 % of the absorbed dose can be
delivered with low-ionizing charged particles [1].

Semiconductor dosimeters-radiometers for example DB-8 [2] or
Lyulin type [3], were used for the space radiation monitoring for many
years. However, the rapid development of element base and semicon-
ductor detector technologies made a challenge for developers of space
radiation instruments.

In this paper the prototype of novel silicon dosimeter (Dose Rate In-
strument — DRI, manufactured by SNIIP-Plus Co., Ltd., Russia) is pre-
sented for space radiation registration as energy deposition spectrome-
ter. Signals from different particles produced in modern PIPS-detector
(Passivated Implanted Planar Silicon) are discriminated by amplitude
and recorded with 256-channel amplitude-digital converter (ADC). The
results are saved in flash-memory in the form of energy deposition spec-
tra (EDS) for every 60 seconds of measurement. Analysis of the EDS-
data allows obtaining information on flux, dose rate and accumulated
dose of incoming radiations in real time mode.

The DRI prototype was calibrated at the Heavy lon Medical Acceler-
ator in Chiba (HIMAC, NIRS-QST, Chiba, Japan) with 100 and 160
MeV protons (which constitute the main fraction of total proton flux at
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low-Earth orbit [4]) at different incident angles. DRI provided reliable
flux measurements, which were controlled by HIMAC scintillation
counter.

Additionally, a run of DRI on board commercial flight Tokyo-
Moscow was performed to test the possibilities of low-ionizing space
radiation monitoring at aviation altitudes [5].

Preliminary analysis of DRI response has demonstrated its reliability
for the registration of low-ionizing radiations. DRI instrument can be
used for routine dosimetry for aircrew and space crew members. How-
ever, additional calibration with heavier particles such as He, C and O
are required.

This work was performed as part of joint research project with heavy
ions at NIRS-QST HIMAC facility (18H376) and supported by NIRS-
QST. Authors would like to express their highest gratitude to NIRS-
QST Administration and HIMAC stuff for their kind support throughout
experiment. The DRI instrument was designed in cooperation with
S.P. Korolev Rocket and Space Corporation «Energia» (Korolev, Mos-
cow Region, Russia).

[1] I. Ambrozova, et al., Cosmic radiation monitoring at low-Earth orbit by
means of thermoluminescence and plastic nuclear track detectors, Radiation
Measurements, vol. 106, pp. 262—266, (2017).

[2] A.E. Lishnevskii, V.V. Benghin, Separation of the Galactic Cosmic Rays
and Inner Earth Radiation Belt Contributions to the Daily Dose Onboard the
International Space Station in 2005-2011, Cosmic Research, vol. 56(2), pp. 94—
100, (2018).

[3] T. Dachev, et al., Liulin-type spectrometry-dosimetry instruments, Radia-
tion Protection Dosimetry, vol. 144, pp. 675-679, (2011).

[4] T.P. Dachev, et al., “BION-M” No.1 spacecraft radiation environment as
observed by the RD3-B3 radiometer-dosimeter in April-May 2013, Journal of
Atmospheric and Solar-Terrestrial Physics, vol. 123, pp. 82-91, (2015).

[5] L. Sihver, et al., Radiation environment at aviation altitudes and in space,
Radiation Protection Dosimetry, vol. 164(4), pp. 477-483, (2015).
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Single-walled carbon nanotubes (SWCNT) are effectively used in
developing new biosensors [1], in targeted delivering the biologically
active substances and are promising drugs for non-invasive treatment of
tumor cells, so-called photo-thermolysis of malignant tumors [2, 3]. The
aim of the study was to investigate the short- and long-termed effects of
SWCNT in complex with DNA (SWCNT-DNA) on C6 glioma cells.
Short-length (100-250 nm) SWCNT were previously dispersed in DNA
aqueous solutions using ultrasonification.

It has been revealed, that SWCNT-DNA do not influence the cell vi-
ability at concentrations of up to 10 ug/ml. SWCNT-DNA in nontoxic
concentrations has been found to penetrate and accumulate in cells after
2 h of cells cultivation in the presence of the complexes and nanotube
accumulation reaches the saturation point after 18 h of cells exposure to
SWCNT. Using Raman microspectroscopy it has been shown that
SWCNT complexes accumulate in cytoplasm as small agglomerates, do
not permeate nuclei and remain in cells throughout 5-8 passages. Pro-
longed C6 cells cultivation in the presence of SWCNT-DNA complexes
(10-15 pg/ml) led to the decrease in cells proliferative activity during
the first 3 passages followed by its further recovery, causing, therefore,
activation of cell stress adaptation mechanisms. Contrary, SWCNT-
DNA at concentration of 1.5-3.0 ug/ml slightly stimulate cell prolifera-
tion that results in the increase of cell number in samples.

Simultaneous application of Raman microspectroscopy and confocal
fluorescent microscopy shows that the process of SWCNT-DNA com-
plexes penetration into cells is accompanied by the modification of actin
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cytoskeleton. During SWCNT accumulation F-actin in cytoplasm forms
the coating over SWCNT agglomerates.

The resting membrane potential of C6 glioma cells exposed to
SWCNT-DNA was measured using patch-clamp method. The signifi-
cant decrease in plasma membrane potential was observed in 1-2 h with
its further recovery in 18-24 h of cells interaction with nanotubes. After
24 h of cells exposure to SWCNT-DNA the value of resting membrane
potential reaches the value of the membrane potential in control cells.

SWCNT-DNA were found to localize near mitochondria leading to
the decrease of mitochondrial membrane potential in 18 h compared to
that of control cells, initiate the increase in the production of superoxide,
cause the changes in electron transfer in complexes I and IlI.

Our findings support the hypothesis of the SWCNT-DNA endocyto-
sis by C6 glioma cells as the main mechanism of SWCNT uptake. In
spite of modification of cellular metabolism by intracellular SWCNT-
DNA accumulation and aggregation, C6 glioma cells proliferate distrib-
uting nanotubes between daughter cells. Thus, SWCNT-DNA complex-
es could be used for cancer theranostics.

[1] M. Sireesha, V.J. Babu, A.S.K. Kiran, S.Ramakrishna, A review on carbon
nanotubes in biosensor devices and their applications in medicine, Nanocompo-
sites, vol. 4(2), pp. 36-57, (2018).

[2] G. Ku, Q. Huang, X. Wen, et al, Spatial and temporal confined photother-
molysis of cancer cells mediated by hollow gold nanospheres targeted to epi-
dermal growth factor receptors, ACS Omega, vol. 3(5), pp. 5888-5895, (2018).
[3] R. Singh, S.V. Torti, Carbon nanotubes in hyperthermia therapy, Adv. Drug
Deliv. Rev. vol. 65(15), pp. 2045-2060, (2013).
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Silicon nanoparticles (Si-NPs) are low cost and non-toxic and they
exhibit interesting physical and chemical properties [1]. Furthermore,
Si-NPs can be used in biomedicine, for example, in the form of biopol-
ymer coated quantum dots for the diagnostics and therapy of cancer [2].

In our work Si-NPs were synthesized by the disproportionation reac-
tion of silicon monoxide followed by etching in hydrofluoric acid [3]:

2S5i0—%€ 5Si0, + Si
SiQ, +6HF =H,SiF, +H,0
Since hydrosilylation leads to an increase in the intensity of photo-
luminescence (PL), the surface of Si-NPs was modified by 1-octadecene
[4]. Also, this process provides significant possibilities for controlling
the hydrophilicity of nanosilicon, eventually allowing them to dissolve
in organic solvents. In our work, n-hexane was used.

PL was excited by using cw radiation of a laser diode at 450 nm with
intensity below 10 mW/cm? .
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Fig.1. PL spectra of Si-NPs over time under laser irradiation.

The PL intensity of the obtained Si-NPs gradually decreased in air
(see Fig. 1). For dried Si-NPs, this effect was much more noticeable.
This problem can be solved by dissolving them in dextran.

The introduction of Si-NPs into the body in the form of a solution in
n-hexane is unacceptable, therefore, the possibility of their dissolution
in water should be investigated in further experiments.
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The goal of work is development and implementation of algorithms
to increase quality of projection images on x-ray imaging system of ra-
diation therapy complex Onyx. Different factors affecting on projection
image quality — dark signal, lag effect, gain, bad pixel, scatter, geometry
blur — were analyzed.

Several methods were developed to minimize negative factors and
increase quality of projection images. Images were compared before and
after correction via analysis of modulation transfer function, signal-to-
noise ratio, and noise power spectrum

Correction of the dark signal increased the contrast ratio from 0.55 to
0.71 for 0.56 Ip/mm. Gain correction increased signal-to-noise ratio by
1.3.

Scatter reduction using antiscatter grid increased contrast ratio of im-
age, however, entailed radiation intensity increasing. Implementation of
the grid with a ratio 1:12 increased contrast ratio from 0.22 to 0.39, and
decreased signal-to-noise ratio from 60 to 40.

Deconvolution reduced effect of geometric blur in image, details
with a higher spatial frequency became more distinguishable, bounda-
ries of small objects were defined more clearly. On the other hand, de-
convolution increased noise and artifacts, so that wrong contours of the
structures appeared.

Correction and suppression of affecting factors can significantly im-
prove quality of projection images. This allows enhancing the infor-
mation and diagnostic properties of x-ray imaging system.

234


mailto:TKLobganidze@niitfa.ru

4th International Symposium and School for Young Scientists on
“Physics, Engineering and Technologies for Biomedicine”

235



IToanucano B neyats 24.10.2019
®opmar 60x84 1/16 Tleu. n. 14,0 Tupax 150 sk3.

HanonaneHelii nccienoBaTenbkuil suepHblid yHuBepeuteT « MUDID
Tunorpadpus HUSY MUDU
115409, Mocksa, Kamupckoe 1., 31



