BIOMEDICAL TECHNOLOGY AND MEDICAL INSTRUMENTATION

DYNAMIC CELL MONITORING USING
A NEW FRACTAL MICROSCOPE SYSTEM

Description

A new Fractal Microscope System (FMS) for continuous
monitoring of the tiniest changes of an object's optical density
is developed. FMS provides a quantitative view of virus-cell
interactions in a time-series of frames at any stage of the inter-
action. The FMS is useful in life sciences and drug design, in
agriculture and veterinary sciences, in physics of liquid crys-
tals and surface phenomena, in polymer and colloid chemistry.

Innovative Aspect and Main Advantages
The FMS is based on the fractal structural properties of an
object's organization. The computerized fractal microscope
could take frames of any nano-scale process, monitoring it
in real time. The FMS has numerous benefits as compared
to standard techniques, such as the direct infected cells’
luminescent microscopic counting:
It is a better and simpler way of providing a quantita-
tive description;
It provides an objective quantitative numeric measurement;
It allows in-line quick monitoring of virus-cell inter-
action could be realized at any stage.

What does a Fractal image tell you?

A fractal image after processing makes it possible to esti-
mate the size of minimal cluster composed by the units
under consideration (e.g. cells, nuclei or viruses) and the
fractal dimension D of the cluster itself which demonstrates
the level of the space filling.

In one example, we have shown that the intraspinal
brain fluid has liquid crystalline properties and forms a fractal
cluster. The cluster's fractal dimension was changed as a result
of brain trauma and the recovery process was accompanied by
the changes of the fractal dimension. The treatment of the
trauma enhanced the rate of the fractal dimension changes.

In another experiment a fractal microscope was used
for leukemia blood serum samples study. The normal serum
had distinctively other values of the fractal dimension than
that taken from the leukemia patient. The treatment of the
leukemia case demonstrated the changes in fractal dimen-
sion towards normal values of this system parameter.

Areas of Application

Apphcatlons of FMS in life sciences and drug design:
For antiviral applications FMS provides a quantitative
view of the virus-cell interaction in a time-series of
frames at any stage of the interaction,

—  For detecting viral infections of the animal semen
during artificial insemination,
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—  For drug design process acceleration.
Applications in agriculture and veterinary sciences:

—  Food and drug quality monitoring,

—  Viral infection transfer monitoring in domestic ani-
mals and wild nature.
Applications in surface science phenomena:

—  For organic materials water dissolution limits estab-
lishment,

—  For chain polymerization process monitoring and for
production of polymers,

—  For problems of surface and interface exchange in
physics and physical chemistry,

—  Self-organization and clusterization control in nano-
technologies.

Stage of Development
A prototype of the FMS has been assembled and tested.
International patent applications are anticipated.
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BIOMEAWNYHI TEXHOJ10ri, MEAUYHE OBJIAQHAHHSI TA IHCTPYMEHTU

ANUHAMIYHE CIIOCTEPESREHHA 3A KIITMHOIO
3A 10IIOMOTOIO HOBOI ®PARTAJIbHOI
MIRKPOCKOIIIYHOI CUCTEMHU

02110 npono3uuii

SanpornioHoBanuii ppakranbuuii Mikpockor (OM) (Puc. 1),
OPIEHTOBAHUI HA PeecTpallito HalMEHIITUX 3MiH ONTUYHOT
rycrunn 06'exty. @M 3abesreuye KibKicHe BizoOpaskeHHsT
BIPYCKJIITUHHOI B3a€EMO/Ii1 Y BUTJIs/II 4aCOBOI 110CJIi/IOBHO-
CTi 3HIMKIB, 3p0bJIeHIX Ha OYIb-sIKill cTamii B3aemoIii. 3a-
crocyBartsi OM Moske OyTH KOPHCHUM Yy MeIHKO-6ioio-
riYHKX HAyKax Ta [IpK po3po0ili HOBUX JIKapChKKX 3aC00iB,
y ClJIbCbKOMY TOCIIOZIAPCTBI Ta BeTepuHapii, y ¢isuiti pin-
KUX KPUCTAJIIB Ta TOBEPXHEBUX SIBUIIL, y XiMii TTOJIiMePiB Ta
KOJIOTHIN XiMil.

IHHOBaulﬁHuﬁ acnexm ma OCHOB8Hl nepesasu

3acrocysannst DM Gazyerbest Ha (hpakTaIbHUX CTPYKTYP-

HUX BJIACTUBOCTSIX opratizail 06'exry. KoMt torepusosatuii

DM moske oTpUMyBaTH Ta 06POOJIATH 3HIMKU OYIb-SIKOTO

HAHOMACIITAGHOTO TIPOLIECY, CIIOCTEPITAIYY 32 HUM Y PEaib-

nomy vaci. @M mae 3HauHi repeBaru y mopiBHSHHI i3 cTaH-

JAPTHUMU TEXHOJIOTISIMU, TAKUMHU SIK TIPSIMUH T/IpaxXyHOK

iH(IKOBAHWX KJITUH Y TOJi 30pY JIOMiHECIIEHTHOTO Mi-

KPOCKOILY:

—  BiH € kpaumm i npocTimmm 3aco60M NPOBEAEHHS Kijib-
KiCHOTO onucy 00'eKTy Ta 10ro po3-BUTKY.

—  Bin 3abesneuye 06'€eKTUBHE KiJIbKICHE YHCI0BE BUMi-
PIOBAHHAL.

—  Bim ymosksmBITioe mBU/IKE CcIIOCTEPEsKEHHS 32 Bipyc-
KJITMHHOIO B3aEMOZIEI0 Ha Oyb-sAKiii il cTaii.

IIJo noxasye ppaxmanvie 300paxcennsn?
DpaxranbHe 300paKeHHS MTicIIst KOMIT I0TepHOT 00po0KH 1ae
MOXKJIUBICTh BCTAHOBUTU PO3MIP MiHIMAJIbHOTO KJIACTEPY,
CTBOPEHOTO YAaCTUHKAMM, SIKi JOCHIKYI0OThes (TOOTO K-
TUHaAMHU, gapamMu abo Bipycamn), a TAKOK BEJIMYMHY (paK-
TasbHOI po3MipHOCTi D camoro kiracrtepy, sSka TOKa3ye cTy-
IiHb 3aMI0BHEHHSI IPOCTOPY 00'€EKTOM.

B oxnomy 3 npukiazii 3acTocyBaHHs, MU TIOKA3aJIH, 1110
CIIMHHOMO3KOBA PIJIMHA MA€ PiIMHHO-KPUCTAJIIYHI BJIACTU-
BOCTI Ta yTBOPIOE (hpakTaibuuii kiactep. DpakraibHa pos-
MIPHICTD 1IbOTO KJIaCcTepy 3MiHIOBAJIAcd BHACIZIOK MO3KOBOI
TPaBMU 1 ITPOLIEC OJTy>KaHHS CYNPOBOKYBABCS 3MiHAMU Be-
JmanHU (PpakTaIbHOI po3MipHOCTi. B iHIoMy ekcriepumen-
TaJIBHOMY 3acTOCYBaHHi 3a fornomoroo OM nocmikyBanu-
€51 3pa3Ky CUPOBATKU KPOBi XBOPUX Ha JiefikeMito. CrpoBaTka
3/I0POBOI JIIOMHI Majia 3HAYCHHST (DPAKTATBHOI PO3MIPHOCTI,
SKi CYTTEBO BIJIPI3HATNMCS BiJl 3HAYeHDb, XapaKTEPHUX I
XBopuxX Ha Jelikemifo. Ilpm sikyBaHHi JsiefikeMil 3HAUEHHS
(paxTasbHOI PO3MIPHOCTI MPSAMYBAJIO /10 HOPMHU.

Tanysi sacmocyeanns

—  Meayko-6i0J0riuHi HAYKU: TTPU 3aCTOCYBaHHI Y aHTH-
BipycHux pociimkentsax MM 3abesneuye cTBOPEHH
KIJTbKICHOTO 300paskeHHsT BipyC-KJIITHHHOI B3aEMOIIi
Y BUTJISA/II 4aCOBOI TIOCJIiZIOBHOCTI 3HIMKIB, OTPUMAaHUX
Ha Oyzb-sKiii cramii B3aeMozil;

—  Jlist npHUCKOPEHHsSI MPOIeCy PO3POOKU HOBUX JIi-
KapChKMX 3ac00iB;
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Puc. 2. 3o6paskenns knitin Hep-2, Puc. 3. @paxraibue 306pa-
iHikoBaHHX BipyCOM 3BMYAIHOrO >KEHHS TOTO 5K CAMOTIO 3pa3Ka,
reprecy, OTpuMaHe 3a 0IoMoroio 1o i Ha Mai. 2.
JIIOMiHECI[EHTHOTO MiKPOCKOIY

—  CispecbKOrocnoiapehbKi Ta BeTepUHAPHI HAYKU: &) IS
BU3HAYEeHHs BipyCHOTO iH(IKYBaHHS CiMeHi TBapwWH
[IPU MITYYHOMY 3aILliIHEHH], 0) CIIOCTEPeKEHHS TIPO-
1lecy mepeadi BipycCiB y CBIfiCBKUX Ta TUKUX TBAPHH.

—  CuocrepeskeHHs 3a SIKICTIO TKi Ta JiKapcbKuX 3ac00iB;

—  BuBYenHns noBepxHeBUX SBUIIL ) 1T BUSHAYCHHS MeXi
PO3BYMHHOCTI OPraHiYHUX PEYOBUH Y BOJI, 0) /I KOH-
TPOJIIO TIPOXO/KEHHST MPOIECiB JTAHIIOTOBOI TTOTiMe-
pu3allii Ta oKparleHHs sSKO-CTi MPOYKITI ITOJIMePHUX
MarepiaiB, B) s PO3B'sI3aHHs PoGJIeM TT0OBEpXHe-
BOTO Ta MiK TIOBEPXHEBOr0 0OMiHY y (hi3uIli Ta Ximii;

—  CroocrepeskeHHST 32 TIpollecaMU caMOOpTaHizaiii Ta
KJIacTepusallii y HaHOTeXHOJIOTISIX.

Cmaois po3pooxu

ITpororun MM siGpano i nmporecroBano. Hamionanpamit
[aTEeHT Ha CTa/lil PO3IJILLY i OYIKY€ETbCS HA MATEHTYBaHHS
32 KOPZIOHOM.
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