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OAYOPECHEHTHOU TOMOTI'PA®NN BUMOTKAHEM in vivo
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[IpuBeneHb pe3ynbTaThl NCCICIOBAHNI 10 YCTAHOBJICHHIO YCIIOBHH, 00€CIEYMBAIOIINX KOPPEKTHYIO PErUCTPaLUI0
¢ roMouIbo Au(pPy3UOHHOTO (GIyOpEeCHeHTHOTO ToMorpada KOHIEHTpannuu (oroceHCHOnIn3aTopa Ha OCHOBE HOBOTO
WH/IOTPUKAPOOIIMaHMHOBOTO KPACUTEINS B TKaHAX in vivo. IIpu KoHLeHTpanuu KpacuTesst 4 MKMoiib/l1 B 50 % chIBOpOT-
K€ KpOBHU BpeMsi xH3HU (uryopecueHunu T, = 1,44 He, B 5 % ObldbeM CHIBOPOTOYHOM anbOymuHe T, = 1,41 He, a KuHe-
THKH 3aTyXaHus (IyOpECLECHIINY SIBIISIOTCS OJHOIKCIIOHEHINAIBHBIMU. [oKa3aHo, 4TO MpH KOHLIEHTPALUK KPacHTels
40 MKMOJIB/JI Hapsily ¢ MOHOMEpPAaMHU B pacTBOpE MPUCYTCTBYIOT HEMIOMHHECIMpYomue H-arperarsl, mosoca normore-
HUSI KOTOPBIX TEPEKPHIBACTCS CO CIIEKTPOM (hIyOpECLEHIIM MOHOMEPOB. BceiencTBue 3Toro cTaHOBUTCS BO3MOXHBIM
rporecc 0e3bI3TydaTeIbHOrO epeHoCca YIHEPIHHU EKTPOHHOTO BO30YK/ICHHUS OT MOHOMEPOB Ha HEJIFOMHHECINPYIOIIHE
accouuarsl, YTO NMPHUBOJMUT K YMEHBIICHUIO BPEMEHH JKH3HM (TyopecleHInn Moiekyn 1o 1,18 He. YcranosieHo, uTo
B Ka4decTBE Cpebl, 00eCIIeUNBAIOIICH CO3/1aHNe pacTBOpa Il paHTOMa, ONITUMAJIBHBIM SIBIISIETCS] HCIIOJIB30BAHUE CHIBO-
POTKH KPOBH ITPH KOHLIEHTPALUK KPACUTEIS, HE MPEBbIMIAoNel 4 MKMOJIB/II.

Kntoueswvle cnoséa: nyaHUHOBBIE KpacuTenu; (HOTOCEHCHOMIN3ATOP; (IIyopecueHTHas ToMorpadus; BpeMs KU3HH
(ryopectieHIIMN; (aHTOM.
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The paper presents the results obtained in studies of the conditions ensuring correct recording of the concentration of
the photosensitizer based on a new indotricarbocyanine dye in biotissues in vivo with the use of a diffuse fluorescence
tomograph. When the dye concentration in 50 % blood serum is 4 pmol/l, the fluorescence lifetime is T, = 1.44 ns and
in 5 % bovine serum albumin it comes to T, = 1.41 ns, and the kinetics of fluorescence decay are single-exponential. It is
demonstrated that, when a concentration of the dye is 40 umol/l, in the solution one can observe not only monomers
but also nonluminescent H-aggregates, with the absorption band overlapping the fluorescence spectrum of monomers.
As aresult, there is a possibility for nonradiative transfer of the electronic excitation energy from monomers to the nonlu-
minescent associates leading to a decrease of the molecular fluorescence lifetime down to 1.18 ns. It has been found that
an ideal medium to prepare a solution for the phantom is blood serum with the dye concentration below 4 umol/I.
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BBenenune

Huddysnonnas dmyopecuentHas romorpadus (JDT) siBnsieTcss mepcrneKTHBHBIM METOJOM OINTHYECKON
TUArHOCTHKH pacrpeiefieHrss OMO30HIO0B Pa3IMYHOT0 HA3HAYEHHs] B OPraHU3ME IOIOTBITHBIX JKHBOTHBIX
in vivo. JlaHHBI MeTOJ MO3BOJSET mony4ars 3D-u300paskeHHs OpraHoB J1aOOPATOPHBIX KUBOTHBIX C yue-
TOM WX WHAMBHIYaTbHBIX ocobeHHocTel [1]. Auddysnonnas dyopecrentnas Tomorpadus odecriequBaeT
PEKOHCTPYHpOBaHHE pacipeesieHus: Giuyopodopa B TKaHAX B TPEXMEPHOM BHJE ITyTeM IONy4YSHHS psiaa
npoeKnuii o0beKTa uccienoBanust [2]. HecoMHeHHBIH MHTEpeC MpeNCTaBIseT BO3MOKHOCTh PETUCTPALUU
1Mo (pIIyopecIeHITNA U3MEHEHHUSI KOHIIEHTPAIuN (POTOCECHCHOMIN3AaTOPOB MIPH (POTOAMHAMUYECKOH Teparnu,
uccienoBanust pacrpenenenus: ¢poroceHcubmmzaropa (PC) B opraHax u TkaHsx in vivo. Kunernueckas
3D-Bu3yanuzanusi pacupeaeIeHus TPUKAPOOITMaHHHOBEIX HHPpaKkpacHBIX OC y MBIl TT03BOJISET MOIYYaTh
MHPOPMALHIO 7SI TOX00Pa ONTUMAJIBHBIX YCJIOBHM, MOBHILAIOMNX 3()()EKTHBHOCTh MPOBEACHUS CCAHCOB
(dhoTommHamMmueckoit Tepanuu. Llens HacTosMmEeH padOThl — BEISICHEHUE YCIIOBHA, 00CCIICUMBAIOIIIX BO3MOXK-
HOCTh KOPPEKTHOW PETUCTPAIlMU KOHIIEHTPAIIUN (POTOCEHCHOMIN3aTOPOB B TKAHSIX i71 ViVO € TIOMOIIBIO Trh-
(dy3HOrOo (PIIyopecieHTHOro ToMorpada.

OO0beKTHI M1 METOAUKA IKCIIEPUMEHTA

B kauecTBe 00bekTa Mccaeq0BaHUS BEIOpaH pa3paboTaHHbIHM B Jaboparopuu cnekrpockonun HUY «Muc-
TUTYT NPUKIAIHBIX (puzndeckux npodiem umenn A. H. Cepuenko» BI'Y cuMMmeTpudHbiii HHAOTpUKapOOIHa-
HUHOBBIN KPaCUTEIb, TI0JI0CA MOTIONICHHST KOTOPOTO PACIIONOKEHA B OKHE MPO3PavuHOCTH OMOTKaHEH, U OH
o0J1ajjaeT BBICOKUM MOJISIPHBIM KOA((HUIIMEHTOM MOTIONIEHUS B 3TOU nojioce [3]. CrekTphl (u1yopecieHIuu
KpPAaCUTEJNS in Vivo PErMCTPUPOBAIIUCH € IOMOLIBIO CIEKTpoMeTpa, co3nanHoro B HY «MucturyT npuknan-
HbIX (usznyeckux npodiiem umenn A. H. CeBuenko» BI'Y [4], B KOTOPOM MOABOABI BO30YKAAFOIIETO H3ITy4e-
HUS K HCCIETyEeMOMY OOBEKTY M (DMIyOpECIEHIINH B MOIUXPOMATOP OCYIIECTBISUIMCH C TIOMOIIBIO ONTHYEC-
Koro BosiokHa. J{iist obecrnieueHnst ycpeqHeHUsI peruCTpUPYEMOro CUrHaja 1o o0beMy uccieyeMoro oopasna
JMaMeTp TIATHA CBETOBOTO MyYKa BO30YKIAIOIIET0 U3ITyUYEHHsI COCTABISLT 0KOJIO 4 MM. CIIEKTpPBI MOTTIOMICHUS
KpacHuTelsl B pacTBOpaxX 3apernCTPHUPOBAHbI ¢ oMoIkio criekTpodoromerpa PV1251 (benapych), criekTpsl
¢duryopecuennuu — cekrpoduryopumerpa Fluorolog (CLLA).
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Kunerunka 3aryxanus (pryopecleHIINH OIpe/IeNsyiach METOIOM BPEeMA-KOPPEIHMPOBAHHOTO CUeTa €INHUY-
HBIX (poToHOB Ha ycTaHoBke DCS-120 (Becker & Hickle, ®PI") nmpu ucmons30BaHNUN IS BO3OYKICHUS TTHKO-
CEKYH/IHOTO JIa3€PHOT0 M3Iy4EHHs C JUTMHON BOJIHBI A = 650 HM 1 (UIBTpa ¢ mpomyckanueM ot 750 HM st
perucTpanuy CUrHaia.

OKcnepuMeHTH! in vivo npoBoauninchk Ha Meimax BCF, (camku tuna C57Bl/6JxCBA), a Takxe Ha MbI-
mrax Nu/Nu. Onyxons LLC (Lewis lung cancer — MplliMHas KapiimHOMa JieTKHUX JIblonca) mpuBuBaiach mo
3 MJIH KJIETOK Ha OJHY MBIIIb MTOJIKOKHO B TIPABYIO MOJJIONATOYHYIO 00IaCTh.

BayTtpuBenHoe BBeneHne (poToceHCMOMIM3aTOpa KUBOTHBIM OCYIIECTBISIIOCH B 5 % TTIOKO3€ B KOH-
nentparuu 5,0; 1,5; 1,0; 0,5 mr/kr. B paboTe ncmonb3oBanbl 5 % pacTBOPHI OBIYHETO CHIBOPOTOYHOTO allb-
oymuna (BCA) u ceiBopotku kpoBu (CK).

HUccnenoBanus pacrpenesieHns: KpacuTes 10 TKaHsSM MPOBOIMIKCEH C TIOMOIIBI0 Auddy3rnonHoro ¢iryopec-
tentHoro Tomorpada FMT 4000 (Perkin Elmer, CILIA). B aTom ToMorpade oOecrieunBaeTcsi BO3MOXKHOCTh UC-
TIOJIH30BAHMS YETHIPeX KaHaJIOB PErHCTpaIyi (IIyopecleHIINN B CTIEKTPAIbHBIX 00NACTsAX C Jrana3oHaMH JITHH
BorH 650—670, 690—740, 770—800 M 1 60nee 805 HM 1pu BO3OYKACHUH U3ITyYSHUEM JTa3€PHBIX JHOJOB C JJTH-
HOM BonHbI 635; 670; 745 1 790 HM COOTBETCTBEHHO. BhIeneHue perucTpupyeMoro CreKTpajabHOro Adana3oHa
W3ITyYCHUsI OCYIIECTBISCTCS CBETOMHIBTPAMH, B Ka4ecTBe (DOTOAETEKTOPa UCIIOIb30BaHa BHICOKOUYBCTBUTEb-
Has oxyaxknaemas CCD-kamepa (CILIA). Pacnpenenenue duyopeciupyroiero 30H/1a B UCCIIEayeMoM 00bEKTe,
MIOMEIICHHOM B ToMorpad, oTroOpakaeTcsi Ha MOHUTOPE C MOMOIIBIO [IBETOBOM MIKAJIbL. 3HAYCHUSIM Ha 1IBETOBOM
IITKaJIe COOTBETCTBYET O0OBEMHAS MOJIIPHAST KOHIIEHTpAIUs (IyopeciieHTHOTO 30HAa. 711 HOBBIX (uryopodopoB
riepet CKaHUPOBaHUEM OMOJIOTHYECKIX 00BEKTOB MPEYCMOTPEHO ITPOBEICHUE OTIEPAIiH KATHOPOBKH TOMOTpa-
(ha myTem peructparmu (IIyopecieHInu pacTBopa (Gayopodopa ¢ U3BECTHON KOHIICHTPAIIMEH, MOMEIIEHHOTO
B (haHTOM, KOTOPBII UMEET UACHTHYHBIE HCCIIEAYEMBIM 00pa3laM reoOMeTpUUeCcKre napaMeTpsl. B memsx makcu-
MaJIbHOTO TIPHOJIFIKEHHSI ONITHUECKUX CBOWCTB (hJaHTOMA K XapaKTEPUCTUKAM HCCIIEAYEeMbIX OOBbEKTOB B KaUueCTBE
Marepuana, U3 KOTOPOTO OH M3TOTOBJIEH, MCTOJIb30BaHA pacCeMBaroNIas MmoiauMepHas Marpuua. [l BBeneHus
B (harTOM pactBopa (ryopodopa mpemrycMOTpeH MMTHHAPUICCKAN KaHaJT BBICOTON 2 cM 1 00beMoM 100 MKIT.

Pe3yJILTaTLI IKCIIEPUMEHTA U UX oﬁcym}le}me

[Tpu npoBeeHn KaTHOPOBKU ToMOrpada HEOOXOIUMO BBITIOJIHUTE PETUCTPALINIO (PIIYOPECICHIIUK PacTBOpa
KpacUTeNsI N3BECTHOM KOHIIEHTPAIINH, IIOMEIIEHHOTO B (haHTOM, B BEIOPaHHOM CIIEKTpaJIbHOM KaHajie. B mocie-
JYIOILEM 3TH JaHHbIC IPUMEHSIOTCS IS OIIPEIeSICHUs] KOHLICHTPALUY KPACUTENISI B TKAHSIX MOIOIIBITHBIX )KUBOT-
HBIX ITyTEM COIOCTABJICHMS CUTHaNa (UIyOpEeCLECHIMU OT TKaHEeH ¢ BEIMYMHON cUrHana ot (antoma. C yyetom
9TOro 00CTOSITENBCTBA TS (paHTOMA HEOOXOIUMO UCTIONB30BaTh CPEy, B KOTOPO CIIEKTPHI MOMIOMIEHHS U (ryo-
PECLEHIMN KPACHTENs COBIAAAIOT C TAKOBBIMU B OMOJIOTMUECKHUX TKAHSX. B 1IeNsX yCcTaHOBICHHS CIICKTPAIBLHBIX
XapaKTEePUCTUK KPAacUTENsI TPOBEJICHO MCCIE0BaHNE 3aKOHOMEPHOCTEeN (DiIyopecreHIny KpacuTesst B TKaHIX
Pa3IMYHBIX OPIaHOB ex Vivo.

Criextp ¢uryopecreHIuN UCCIEAYEMOro KpacuTellsl B TKaHSIX OPraHOB MOAONBITHBIX )KHBOTHBIX, KOTOPBIM
BBOJMJIM BHYTPUBEHHO H30TOHWYECKUI PacTBOP KpacuTelsl B KOHLEHTPAMHU 10 1,5 MI/KT, pacroyIoKeH B Ana-
nazoHe ot 730 no 880 HM ¢ MakCUMyMOM Ha AJUHE BOIHBEI 758 HM (puc. 1). ®opMa 1 MonokKeHne CreKTpa
KpacuTess B TKAHAX Pa3IMYHbIX OPTaHOB MPAKTUUECKH COBIA/IAIOT.

[IpumepHO B 3TOM 3Ke inarna3oHe JIexHT crektp diyopectennnu kpacuresist B BCA u CK (puc. 2).
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Puc. 1. HopmupoBaHHBIE CIIEKTPHI (rryopectienimn /1,
HCCIIETYyEeMOro KpacuTessl B TKAHAX OPraHOB IOIONBITHBIX )KUBOTHBIX €X Vivo
(TreueHs, cene3enka, omyxouns LLC u mpImima)

Fig. 1. Normalized fluorescence spectra //1, of the investigated dye
in the tissues of organs of experimental animals ex vivo
(liver, spleen, LLC tumor and muscle)
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Puc. 2. Monsipubie koddunuents noromenus € kpacutens B CK (1), BCA (2).
Hopwmuposannsie criektpsl ¢uryopectennnu kpacurens B CK (3),
BCA (4), omyxoneBbIX TKaHsX (J)

Fig. 2. Molar extinction coefficients of the dye in blood serum (7), in BSA (2).
The normalized fluorescence spectra of the dye in blood serum (3),
in BSA (4) and in tumor tissues (J)

doropusznueckue xapakrepuctuku kpacuress B BCA u CK npuBenens! B Tabnuie. CrieKTpasibHbIC Xapak-
TEPUCTUKH KPACUTEISA B 3TUX Cpefax UMEIOT OMM3KHUe 3HAYCHHS, & KBAHTOBBIN BBIXOJ M BPeMsl )KU3HH (ITyo-

PeCLEeHIH MPAaKTHYECKN COBIAAatoT. ToIbKO MOJSIpHBINA KoadduuueHT nomomenus kpacurens B CK umeer
3aMeTHO 00Jiee BBICOKOE 3HAUCHHUE.

®otopusuueckue cooiictea kpacureas B BCA u CK
Photophysical properties of the dye in serum albumin and blood serum

max max : 105: o
PacrBoputens AL, M NP, M AR, am ANP?, HM MOJIi et | 9020°C) | T, me ¥
BCA 730 752 61 53 1,3 0,18 1,4 1,33
CK 734 761 71 60 2,6 0,16 1,4 1,24

Mpumedganue. ¢— KBaHTOBBIH BEIXOM (IyOpecIEHIHY; Y — CpEIHEKBAPATHIHOE OTKIOHEHIE PA3HOCTEH PacCUMTaHHOI
1 HaOMoaeMoil KHHETHK 3aTyXaHus (DIyopecIeHINN.

Jist KXo U3 MCIONBb30BaHHBIX Cpel] IPOBEAEH 0TOOp IHana3oHa KOHLEHTPALMH KpacuTels B pacTBOpe
115 (haHTOMa, B KOTOPOM HaOJIOAAeTCsl IMHEHHOE COOTHOLIEHUE MEX Ly KOHLEHTparuen quryopodopa 1 HHTEeH-
CHBHOCTBIO ero (uryopecueHuud. st 3Toro peructpupoBaiack (UIyopecleHLHs pacTBOPa KPacuTeN sl U3BECT-
HOM KOHIIEHTpALlUK B ()aHTOME C €r0 TIOBEPXHOCTH € TOMOIIBIO CBETOBOJIOKOHHOTO CIIEKTpOMeETpa 1 Tomorpada.

B pesynbprare m3aMepeHui yCTaHOBJIEHO, YTO TPU COJACPKAHUHM KPACHUTENsI B CHIBOPOTKE B JIMATa30HE
0—4 MKMOJIB/JI CyILIECTBYET IpsMasi IPOHNOPLUOHATIbHAS 3aBUCUMOCTh MEKAY KOHLEHTPALUEeH KpacuTelis U Be-
JMYMHON curHana ero (uyopecuenunu. [Ipu Oojee BEICOKOM COAEp)aHUM KpacuTelsl HaOMooaeTcs OTKIIOHE-
HHE OT JIMHEHHOCTH. B npenenax yka3aHHOro quana3oHa KOHIIEHTpalui He HAOMIoaeTcs 3aMEeTHBIX N3MEHEHNI
B [TOJIOKEHUH U (pOpMe CTIEKTPOB uryopecteHIun kpacutensd. OTKIOHEHHE OT MPsIMOi COMMPOBOKAACTCS CMETIe-
HHUEM cIieKTpa (IyopecleHIMY B JTMHHOBOJIHOBYIO O0JIaCTh M YBEJIIMUEHHUEM €T0 MOMYIIUPUHEI (puc. 3).

Hapsiny ¢ nedopmaniueii criekrpa GIIryopecieHIInN IPH YBEIUUICHUH KOHIICHTPAIIMA KPACUTENS B CIICKT-
pax HOIVIOIIEHHs HAOII0AAETCsl POCT MHTEHCUBHOCTH HA KOPOTKOBOJIHOBOM Kpar0, MAaKCUMYM ITOIVIOLIEHUS
CMeINIaeTcsi B KOPOTKOBOJIHOBYIO OOJIACTh — C JUIMHBI BOJHBI 734 HM Ha JUTMHY BOJHBI 731 HM, MONSApPHBIN
KO3(GUIMEHT MOTIIONIEHNSI YMEHbIIACTCSA. Takoro posia M3MEHEHUsI CIIEKTPAJIbHBIX CBOWCTB C YBEITHMUCHUEM
KOHLIEHTPALIMH SBJISIIOTCS. XapaKTEPHBIMU JUISI KJIacca CUMMETPUYHBIX KaTHOHHBIX MTOJIMMETHHOBBIX KpacuTe-
Jieit u o0ycioBiieHbI 0Opa3oBanueMm H-arperaroB Mosekys kpacurens [5—8]. Ciemayer oTMETHTb, uTO (opma
crexTpa U Ko3(G(GHUUUEHT MOIVIOIIEH!s NP pa30aBIeHNH PACTBOPA KPacUTells B AMAla30HEe KOHLEHTpauui
ot 4,0 1o 0,5 MKMOIB/T OcTatoTcsi Hem3MeHHBIME. CIIeKTp BO30YKI€HHUS JIFOMHHECIIEHITIH TP PETUCTPALIAN
Ha JUIMHE BOJHBI 755 HM HMMeEeT €AMHCTBEHHBIH MakcUMyM (puc. 4, KpuBas 3), KOTOPBI MPAaKTHYECKU CO-
BIIA/Ia€T C MAaKCUMYMOM THOIVIOILEHHS Ha BOJHE JAIMHON 734 HM, HAOII0AaeMbIM TIPH HU3KHX KOHLIEHTPALHAX
kpacurensi. [Ipu sTom Gopma criekrpa Bo3OykaeHUs (pryopeclieHIIMN KPacuTells He 3aBUCUT OT KOHIIEHTpa-
un pactBopa. [lonoxenue u popma criekTpa GpayopecieHIIMN He 3aBUCST OT JUTMHBI BOJHBI BO30YXK/IAIOIIET0
cBeTa. JTO CBUAETENBCTBYET O TOM, uTo H-arperarsl He oOnanaroT (ryopecueHunei, a Takke 0 TOM, 4TO
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B pa30aBJICHHBIX PACTBOPAX MPUCYTCTBYIOT TOJIBKO MOHOMEPHI MOJIEKYII, MOJISIPHBIN KOA(Q(UIIMEHT UX TOTIOIIe-
HUSI HE 3aBUCHT OT KOHIeHTpaluu. C y4eToM MOCTOSTHCTBA 3HAYCHHS MOJISIPHOTO KOO QHUITHEHTA MOIVIOIICHHUS
MOHOMEPOB KPaCUTEIS MPU U3MEHEHHH €0 KOHIICHTPAIIUHU MPOBE/ICHBI pacyeThl CIICKTPA MOTTIONICHHUS acCoIra-
TOB Kpacureiss. OHH BBITIONHSUIACH TTYTEM BBIYUTAHHS CIIEKTPAa MOHOMEPOB M3 CIIEKTPa MOMIIOIICHHUS PacTBOPa
C BBICOKOHM KOHIIGHTpAIMEl KpacHTells, B KOTOPOM MPUCYTCTBYIOT u H-arperarbl, 1 MoHOMephL. B Takom pas-
HOCTHOM CIIEKTpE JIJIsl aCCOIMATOB MPOSIBIISIIOTCS JIBE MOJOCHI, TIEPBasi COBMAAAET ¢ KOPOTKOBOJIHOBBIM TIICYOM
B CIIEKTpE KOHIICHTPHUPOBAHHOTO PACTBOPA, a BTOPAs JIKHUT Ha JUTMHHOBOJTHOBOM KPAaro MOJIOCH! (pHC. 4, KpU-
Bas /()), 9TO coracyercs ¢ JaHHBIME padot [6; 7]. [1o Mepe yBemmueHusT KOHIICHTPAINH pacTBOPa HAOIONACTCS
POCT MODJIOLICHUSI ACCOLUATOR B 00enX mosiocax nornorieHus. CleyeT OTMETHTD, YTO MOJIOKEHUE MOTOCHI MMO-
miomieHust H-arperatoB monekyn kpacutens 1 B BCA, 1 B CBIBOPOTKE KPOBU HaXOIUTCS B OoJiee JUTMHHOBOJIHO-
BOM 0OJIACTH 1O CPABHEHHMIO C PACTIONIOKEHUEM TIOJIOC TIOMIONICHHS aCCOIATOB B BOJIE.

VWY

0,8

0,4

725 750 775 800 825 850 A, HM

Puc. 3. HopmupoBaHHbIe CrIeKTpbI (uiyopeceHInu uceiemayemoro kpacutens B CK
npu koHneHtpauu 0,34 Mxmons/i (1); 0,69 mxmons/1 (2); 2,33 mxmons/1 (3);
4,1 mxmonw/n (4); 10,7 mxmonw/n (5); 21,3 MmrMoms/i (6)

Fig. 3. Normalized fluorescence spectra of the dye in the blood serum

at a concentration of 0.34 umol/1 (Z); 0.69 umol/1 (2); 2.33 wmol/l (3);
4.1 pmol/l (4); 10.7 umol/1 (5); 21.3 umol/1 (6)

DID, A A 11,
P,%A
—H1,2 50
1,0 i
40 -
0,8 "
30+
0,6 L
04 20
0,2 10 -
0’0.|.|.|.|.| P ——l—'"ro’o [
625 650 675 700 725 750 775 800 825 850 875
A, HM

Puc. 4. HopmupoanHsle cekTpsl nornouienus D/D, (1, 2) u dimyopecteHunu
pH BO3OYKICHUU U3ITydeHHeM ¢ A = 682 uM (4, 8), A =700 um (5, 7), A =720 um (6) kpacutens B CK
npu konuentpanun C = 1,4 - 10 mons/n (1, 4, 5, 6), C=1,0 - 10° mons/n (7, 8);
CIIEKTP BO3OYKIEHHs (DIIYOPECUEHIINU IPH PerkucTpannu Ha A = 755 1M (3);
MOJISIPU3ALUOHHBIHN crieKTp P (9), pa3HOCTHBIH cnekTp mnortomeHus (10)

Fig. 4. Normalized absorption (7, 2) and fluorescence spectra excited by radiation
with A = 682 nm (4, 8), A =700 nm (3, 7) and A = 720 nm (6) dye in blood serum
at a concentration of C=1.4 - 10°mol/I (1, 4, 5, 6) and C=1.0 - 10° mol/l (7, 8);
the fluorescence excitation spectrum registered at A = 755 nm (3);
the polarization spectrum P (9) and the difference absorption spectrum (70)
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CwMerieHre B JUIMHHOBOJIHOBYIO 00J1aCTh MaKCHMYMOB TTOTJIOIIEHHUST MOJIEKYJI KPACHTENS M UX acCOI[aTOB
npu nepexone ot BoaHoro pactBopa kK BCA u CK cBuuerenscTByeT 0 TOM, 4To 00a MOMVIOMIAIOMIMX LEHTpa
pacrooXeHsl B cpefie ¢ 0ojee HU3KOM AMIIEKTPUYECKOH MPOHMLAEMOCTbIO, T. €. HaXOISITCS B OpraHude-
CKoM OKpyxeHuu. CreneHp nonsipuzanun quuyopecueHunu Moinexyin kpacuteist B BCA n CK umeer 3HaueHue
0,40—0,43 (puc. 4, kpuBasi 9), 9TO CBUICTEIHCTBYET O BHICOKOH JIOKAIILHOW BSI3KOCTH OKPYXKEHHS MOJIEKYJ
Kpacurelisi 1 00pa30BaHUU KOMIUIEKCOB ¢ OMOJIOTHYECKHMMH MaKpOMOJICKYIaMHU.

B ciiydae Gonee BhicOkmX KoHIeHTparuii kpacurens C = 1,03 - 107 MOJIB/TT HAGMIONAIOTCS CMEICHHE
crekTpa (IIyopecueHInH B JUTHHHOBOJIHOBYIO 00J1aCTh U YBEIHUEHHUE €T0 MOy IIUPUHBI. 3/1€Ch CIIEKTPHI, KaK
U TIPU MaJioll KOHLIEHTPAIMU, HE 3aBUCAT OT JUTMHBI BOJHBI BO30yXaaromiero uanyueHus. OOHapyKeHO, YTO
C YBEJINUEHUEM KOHLEHTPALUHU KPACUTENs PACTET ONTHYECKAs INIOTHOCTh B 00IaCTH MEPEKPBITHSI €r0 CIIEKT-
POB MOTIIOUICHUS U (ITyOPECIICHIINH, TAKAUM 00pa3oM, HaOIItoaeMble CTIeKTpaIbHbIe H3MEHEHHUsT 00YCIIOBICHBI
peabcopOrueii.

Hapsiny ¢ nccnenoBanneM CHEKTPATbHBIX XapaKTEPUCTHK KPACHUTENs MPOBEACHBI M3MEPEHUS BPEMEHU
JKU3HH (ITyOpECUEHIMH NPH U3MEHEHUH €r0 KOHLEHTPALUUU B MOJCIBHBIX OMOIOTHYECKUX cucTeMax. B pe-
3yJbTaTe U3MEPEHUI IpU BO30YXKIEHUH U3Iy4E€HHEM IOIyIPOBOJHUKOBOIO Ja3epa ¢ AJIUHOM BOJIHBI, pAaBHOI
650 HM, 3aperucTpPUPOBAHbI OTHOIKCIIOHEHIIMATIbHBIE KHHETHKH 3aTyXaHus (uryopecieHIun kpacurens. [Ipu
KOHLeHTpauuu Kpacuteinst 4 Mkmonb/l1 B 50 % CK Bpems xu3Hu (uiyopecueHuuu T, coctasisuio 1,44 Hc,
aB 5 % BCA — 1,41 Hc. YBennueHHe KOHIIGHTpaMK KpacuTels 10 40 MKMOJIb/JI IPUBOAUT K TOMY, YTO BpeMsI
XKHU3HU (PIyopecLeHIIMN KPacuTellsi B CHIBOPOTKE KpoBH T, paBHO 1,18 HC 1 B 2 % BCA 1, Takke cocraBnsieT
1,18 nc. HabmromaeMoe cokpalnieHne BpeMEeHH JKU3HHU (UIYOPECIICHITNN TIPU YBEIMUECHUH KOHIICHTPAIIUU pac-
TBOPOB CBHJETENLCTBYET 00 aKTyaJbHOCTH MpoLecca JUHAMHYECKOTO TYIICHHUS! (IyOpeCcUEHINH KpacuTems
IIPY BBICOKHMX KOHIIEHTpauusax. B ciy4ae koHuenTpanuu kpacuresist 40 MKMOIIb/J1 Hapsily ¢ MOHOMEPaMHU B pac-
TBOpE TMPHUCYTCTBYIOT HeJlFOMUHecIMpytole H-arperarsl, monoca momioneHns KOTOPhIX MepeKpbIBaeTCs COo
CHEKTPOM (IIyOpecLeHLIM MOHOMEPOB (cM. puc. 4, kpusas /(). BcnencTBue Takoro mepekpbITHS MOJI0C 110-
DJIOIIEHHUS U (DITyOPECIICHIIMY CTAHOBHUTCS BO3MOYKHBIM IPOIIecC 0E3bI3TydaTeIbHOTO TIEPEeHOCa SHEPTUH DIICKT-
POHHOTO BO30YKACHUSI OT MOHOMEPOB Ha HEIIOMUHECIUPYIOIIUE aCCOLUATHI, YTO U MIPUBOJMUT K YMEHBILICHUIO
BpPEMEHH XU3HU (ryopecueHuy MoieKyi. [Ipu 3tom n3BecTHo [9], 4TO BEpOATHOCTD IIEPEHOCA SHEPTUHU TPO-
MOPIIMOHAJIbHA CHJIaM OCIIHJUIATOPOB IIEPEX0/I0B B IOHOPE U AKIETITOPE, UHTETpaly EPEKPHITHS HOPMUPOBAH-
HOT'O CHEKTpa U3JIyYCHHUs JOHOPA CO CIIEKTPOM MOIIOLIEHHsSI aKLENTOPa 1 00paTHO MPOIOPLHUOHAIbHA IECTON
CTETIEHU PACCTOSHUS MEKIY MOJIeKyJlaMH. B cBSA3M ¢ 3TUM MOXKHO cJIeNaTh 3aKJII0YEHUE O TOM, YTO MOJIEKYITbI
KpacuTessl U UX aCCOIMAThI PACIIOJIOKEHBI Ha OJIM3KOM PacCTOSIHUH.

B Tomorpade onpenenenue koHueHTpauuu ¢uyopodopa B TKaHIX NPOU3BOAUTCS IIyTEM CPaBHEHUS MH-
TEHCHBHOCTH CUTHaa ero (UIyOpecUeHLUH C CUTHAJIOM OT MOMELICHHOTO B ()aHToM (IIyopecuupyromiero
BEIIIECTBA C M3BECTHON KOHLEHTPALUEH, IPH 3TOM HCIOIb3YETCs YCIOBHE JIMHEHHOTO MPUOIIKEHHUS, KOTaa
WHTEHCUBHOCTH CUTHAJNIA (IIyOpEeCICHIIMH NPSMO NPONOPIHOHANIbHA KOHIIEHTpanuu ¢iayopodopa:

I=A-1,-23 ¢, c-e-],

rae A — K03Q(UIHMEHT NMPONOPIMOHATBHOCTH, ONPEICIISIETCSI FeoOMeTpHeit BO30YKACHHS U perucTpanuei Gpayo-
pecrieHnny; /, — MHTEHCUBHOCTH BO30Y’KIAIOIEr0 M3IIy4eHHUS; (9, — KBAHTOBBIM BBIXOX (hIyOpPECLEHINH; ¢ —
KOHIIGHTPALUS KPACUTEIS; € — MOJISIPHBIA A€CATUYHBINA KOI(PPHULIUESHT MOMIOLIECHUST; | — TONIIMHA CII0Sl TKAaHEH.

[Ipu mpoBeneHnn KamHOPOBKH TOMorpada ompenesieTcss KamrnopoBouHbIi kodddurment (Scale Factor,
nanee — SF), KOTOpbIii CBSA3bIBaET KOHLIEHTPALMIO KpacuTelsl B ()aHTOME U MHTEHCHBHOCTD (DiryopecueHIny.
Bennunna SF onpenensiercst Kak OTHOIIEHHE KOHIEHTpauuu Kpacurens (kp) B Ganrome C, K cpeaHei no
o0beMy (haHTOMa HHTCHCUBHOCTH / IyOopecleHIHN:

C

SF=—2.
1

[TyTem yMHOXEHHSI 3TOTO NapaMeTpa Ha 3apEeruCTPUPOBAHHYIO IETEKTOPOM TOMOrpada MHTEHCUBHOCTD (hTyo-
PECLICHLIMH KPACUTEJIsl B TKAHSAX ONPEACIsIeTCs KOHIEHTpaus Giyopodopa B TKaHsiX. B ¢Bsi3u ¢ atum amst 00e-
CTIEYEeHUS] KOPPEKTHOW PETUCTpaINK KOHIIEHTPAIIMN KPACUTENS C TIOMOIIBI0 ToMOrpada B TKaHSIX HEOOXOTUMO
BBIIIOJIHUTD YCIIOBUE PABEHCTBA KBAHTOBOI'O BBIXOZA €ro (IyOpecLeHIMH B pacTBope (haHTOMa U TKaHAX (TK)
OPraHoB KMBOTHBIX. [3MepeHne KBaHTOBOTO BbIXoAa (piryopecuieHunu KpacuTesst B OMOJOIMYeCKUX TKAHIX He
MIPEJICTABISICTCS BOBMOXKHBIM, OJTHAKO MOYKHO OTIPEACIIUTD BpeMs 3aTyxaHus ero (uryopecueHnuu. B ciyuae on-
HOSKCIIOHEHIINATIBHOW KUHETHKN KBAaHTOBBIM BBIXOA (HIIyOPECLEHIMN MTPOIIOPLIMOHATICH BPEMEHH KH3HU:

¢ _ T
- 9
('pTK TTK

rae O, T, 1 Q,,, T, — KBAHTOBBII BBIXOJ U BpEMsI KU3HU (IIyOpPECLIEHIIMH KpacuTels B pacTBope (paHTOMa U TKa-
HSIX COOTBETCTBEHHO.
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B pesynbrare uaMepeHus ¢ MoMoIIbio KOHPOKaILHOTO CKaHepa MakpooObekToB DCS-120 KuHETHKH 3aTy-
XaHUs (QIyOpEeCUEHIIMN KPACUTENS B OIYXOJIEBBIX TKAHAX MOJOIBITHBIX XKMBOTHBIX €X ViVO YCTaHOBIEHO, YTO
OHa MMEEeT OJHOIKCIIOHEHITHAIbHBIA XapaKTep, BpeMs *KU3HHU (IIyOpeCleHIINH KPacuTeNs cocTaBusger 1,5 He
npu ’ = 1,3.

bnu3kue 3Ha4eHUsT BpeMEHH KHU3HU (PIyOpeCLeHIIMN KPAacUTes B OIyXOJIEBbIX TKAaHIX U pacTBOpax Il
¢anroma B BCA 1 CK cBUIETENBCTBYIOT O BO3MOKHOCTH KOPPEKTHOTO OTPEIEICHUsI KOHIIEHTPALH HCCIIEA0-
BaHHOTO KpPacHTeNs ¢ MOMOINbI0 muddy3noHHOTO QiryopectienTHOr0 Tomorpada FMT 4000.

CkpuHIIOTH 3D-pekoHCTPYKIMHU (IIyOpECIICHTHBIX M300paskeHUH pachpeneeHus: kpacutens (uryopec-
LEHLIUH 10 Teay MbIi Nu/Nu npu UCIoNb30BaHUM B IIEPBOM cliyyae (paHTOMa Ha OCHOBE pacTBOpa Kpacu-
tenst B CK (@) u Bo BropoMm — B BCA (6) uepe3 45-50 MuH nociie BBeICHHsI KpacuTellsl IPUBEICHBI HA pHC. 5.

ala o/b

0,00 1313,20 2626,40 3939,60 5252,80
HM

Puc. 5. 3D-pexoHCTpYKINH (DITyOpeCHeHTHBIX H300pakeHUI pacTipeesIeHUs
KpacuTens (uryopecieHInH! 1o Tesry Mol Nu/Nu npu Hcrons30BaHuH
B TIEPBOM ciTydae (paHToMa Ha ocHOoBe pacTBopa kpacutens B CK (a) u Bo Bropom — B BCA (6)

Fig. 5. 3D reconstructed fluorescence images of the fluorescence dye distribution
in the Nu/Nu mouse body using the phantom based on the dye solution
in the blood serum (a) in the first case and in the second based on the BSA (b)

OObemMHast MOJISIpHAsT KOHLICHTPALHSL KPACHTENs B UCCIIEAyeMOM 00beKTe 0TOOpakaeTcsi ¢ OMOILBIO paclo-
JIO)KEHHOM BHM3Y PHCYHKA LIBETOBOH LIKaibl. [Ipy ncronbp30BaHuM B KauecTBE OCHOBBI ULl (haHTOMa pacTBopa
kpacuressi B CK 3HaueHUs1 KOHIIEHTpAIMi KpacuTelsl B TKaHsIX opraHoB U SF-nmapamerpa npuMepHo B ABa pasza
MEHBIIIE [10 CPAaBHEHHIO C JAHHBIMH, ITOJTyUYEHHBIMH [IPU IPUMEHEHNH pacTBopa kpacuteis B BCA. OOycnosie-
HO 3TO T€M, YTO, KaK MPEJICTAaBICHO B TaOIUIIEC U Ha pHC. 2, MOJISIPHBIN KO3()(MUIMEHT MOMIOMICHHUS KPaCUTEIIst
B CK (cm. puc. 2, kpuBast /) B 1Ba pasa oomnbiue, yeM B BCA (cM. puc. 2, kpusas 2). B cBs3u ¢ 3tum npu oau-
HAKOBOM KBaHTOBOM BBIXOJIC (DITYOPECIICHIIMU KPACUTEINSI B ATUX Cpellax MHTEHCUBHOCTD ero (uryopecieHInm
B (anToMe npu ucnosnb3oBanuu CK Beimie o cpaBuenuio ¢ BCA, B pesynsrare yero SF-napamerp 11st pactBopa
B bCA BbI11IC.

B nensix ocyecTBieHHs OKOHYATEIFHOTO BEIOOpa Cpe/ibl ISl TPUTOTOBIICHUS HCIIONB3YEMOTO B (haHTOME
pacTBopa NpoBeeHA IKCTPAKLMSL KpacuTest OyTaHOJIOM U3 TKaHeH. B pesysbrare ycTaHOBIEHO, YTO 3HAYCHUE
KOHIICHTPALUK KPAacUTEeNsI B TKAHAX IMEeYeHH (2,5 MKMOJB/J), HAlIEHHOE C MOMOIIBI0 METOa IKCTParupoBa-
HUSI, IPAKTUYECKH COBIAJIO CO 3HAUYCHHEM, U3MEPEHHBIM Ha ToMmorpade ¢ (paHTOMOM Ha OCHOBE pacTBOpa
kpacureist B CK (2,2 mxmons/i). [Ipu ncnonb3oBannu kanuOposku SF, noxydenHo# s ¢panroma BCA, 3Ha-
YeHHe KOHLIEHTpaIMH B redeHH (1,2 MKMOJIb/JT) HOTYy4MIIOCh B [IBa pa3a MEHbIIIE.

3akaroueHmne

[Ipu BO30OYy>XKeHUH U3ITyIeHHEM MOy IPOBOIHUKOBOTO JIa3epa ¢ JIITMHOW BOJIHBI, paBHOH 650 HM, 3aTyXxa-
Hue (IIyopecueHIuN KPacuTeNsl UMEET OJHOIKCIIOHEHIIMAIBHBIA XapaKTep, MPH KOHLIEHTPAUN KPaCcUTEes
4 mxmonb /1 B 50 % CK Bpewmst xu3Hu QiayopecueHnuu 1, paBHo 1,44 ue, a B 5 % BCA — 1,41 ue. Ilokasano,
YTO MPH YBEJIMUYEHUHN KOHLIEHTpauuu Kpacuremis 10 40 MKMOJIb/JI HapsiAy ¢ MOHOMEPaMHU B pacTBOpE MpHU-
CYTCTBYIOT HeJIIOMUHecHHpyomue H-arperars, monoca moromeHns KOTOPBIX MIEPEKPhIBACTCS CO CHEKT-
poM ¢uryopecueHIInd MOHOMEPOB. BeiieicTBHE ATOT0 CTaHOBUTCS BO3MOXKHBIM Ipoliecc 0e3b3ydaTeabHo-
r'0 MepeHoca YHEPTUN IEKTPOHHOTO BO30YKIEHUS OT MOHOMEPOB Ha HEJIIOMHUHECIMPYIOLIUE aCCOLNATHI,
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YTO TIPUBOJUT K YMEHBIICHUIO BPEMEHH JKU3HU (uIyopecieHuu Monekyn a0 1,18 He. OnpeaeneHo, 4to
B Ka4eCTBE CpeJibl pacTBOpa Jjisi aHTOMa ONTHUMAIBHBIM siBJsieTcs ucnonb3oBanue CK. YeraHoBIeHO, UTO
JUTSI KaTUOPOBKH ()IyOPECIIEHTHOTO ToMorpada CleayeT UCIob30BaTh pacTBOp kpacurels B CK, koHIeH-
Tparysi KOTOPOTO HE MPEBbIMACT 4 MKMOIIb /J.

bubnuorpaduyeckne cCbLIKU

1. Ntziachristos V. Fluorescence molecular imaging // Annual Rev. Biomed. Eng. 2006. Vol. 8. P. 1-33. DOI: 10.1146/annurev.
bioeng.8.061505.095831.

2. Turchin I. V., Kamensky V. A., Plehanov V. I, et al. Fluorescence diffuse tomography for detection of red fluorescent protein
expressed tumors in small animals // J. Biomed. Opt. 2008. Vol. 13, Ne 4. Article ID: 041310. DOI: 10.1117/1.2953528.

3. Lugovski A. A., Samtsov M. P, Kaplevsky K. N., et al. Novel indotricarbocyanine dyes covalently bonded to polyethylene glycol
for theranostics // J. Photochem. Photobiol. A: Chem. 2016. Vol. 316. P. 31-36. DOI: 10.1016/j.jphotochem.2015.10.008.

4. Camyos M. I1., Paovko A. E., Kannesckuii K. H. u 0p. Jla3epHblii CIEKTPOMETPHUYCCKUIT KOMIUTEKC TSt PiTyOpEeCIIEHTHO# AUarHoc-
THKH 00JIaCTH JIOKAJIM3aInK oIyxoselt // KBanToBast aleKTpoHnKa : Marepransl V MexayHap. Hayd.-TexH. koH}. (MuHCk, 22-25 HOs0.
2004 r.). Munck, 2004. C. 20-24.

5. Tapacos /]. C., Kannescxuii K. H., Camyoe M. I1. u Op. AHai3 CIICKTPAILHBIX CBOWCTB MHOTOKOMIIOHEHTHBIX PACTBOPOB HOBOTO
nHAOTpUKapoonuannHoBoro kpacutens // Bectn. BI'Y. Cep. 1, ®du3nka. Maremaruka. Madopmaruka. 2015. Ne 2. C. 8-12.

6. Egorov V. V. Optical line shapes for polymethine dyes and their aggregates: novel theory of quantum transitions and its correla-
tion with experiment // J. Lumin. 2011. Vol. 131, issue 3. P. 543—547. DOI: 10.1016/.jlumin.2010.09.001.

7. Egorov V. V. Nature of the narrow optical band in H -aggregates: Dozy-chaos-exciton coupling // AIP Adv. 2014. Vol. 14, issue 7.
P.077111-1-077111-9. DOI: 10.1063/1.4889897.

8. Uwenko A. A. CTpoeHue u CeKTpaIbHO-TIOMUHECIIEHTHBIE CBOMCTBA MOJMMETHHOBBIX KpacuTesel. Kue : Haykosa aymka, 1994.

9. Epmonaes B. JI., booynos E. U., Ceewnuxosa E. b. u Op. be3bI3mydaTebHbIH NEPEHOC YHEPTUH SIEKTPOHHOTO BO30YKICHHS.
JI. : Hayka, 1977.

References

1. Ntziachristos V. Fluorescence molecular imaging. Annual Rev. Biomed. Eng. 2006. Vol. 8. P. 1-33. DOI: 10.1146/annurev.
bioeng.8.061505.095831.

2. Turchin I. V., Kamensky V. A., Plehanov V. L, et al. Fluorescence diffuse tomography for detection of red fluorescent protein
expressed tumors in small animals. J. Biomed. Opt. 2008. Vol. 13, No. 4. Article ID: 041310. DOI: 10.1117/1.2953528.

3. Lugovski A. A., Samtsov M. P., Kaplevsky K. N., et al. Novel indotricarbocyanine dyes covalently bonded to polyethylene glycol
for theranostics. J. Photochem. Photobiol. A: Chem. 2016. Vol. 316. P. 31-36. DOI: 10.1016/j.jphotochem.2015.10.008.

4. Samtsov M. P.,, Rad’ko A. E., Kaplevsky K. N, et al. [Laser spectrometric complex for fluorescent diagnostics of tumor locali-
zation area]. Kvantovaya elektronika : materialy V Mezhdunar. nauchn.-tekhn. konf. (Minsk, 22-25 Novemb., 2004). Minsk, 2004.
P. 20-24 (in Russ.).

5. Tarasov D. S., Kaplevsky K. N., Samtsov M. P., et al. Analysis of spectral properties of multicomponent solutions of new indotri-
carbocyanine dye. Vestnik BGU. Ser: 1, Fiz. Mat. Inform. 2015. No. 2. P. 8-12 (in Russ.).

6. Egorov V. V. Optical line shapes for polymethine dyes and their aggregates: novel theory of quantum transitions and its correla-
tion with experiment. J. Lumin. 2011. Vol. 131, issue 3. P. 543-547. DOI: 10.1016/j.jlumin.2010.09.001.

7. Egorov V. V. Nature of the narrow optical band in H'-aggregates: Dozy-chaos-exciton coupling. AIP Adv. 2014. Vol. 14, issue 7.
P.077111-1-077111-9. DOI: 10.1063/1.4889897.

8. Ishchenko A. A. [The structure and spectral luminescent properties of the polymethine dyes]. Kiev : Naukova dumka, 1994
(in Russ.).

9. Ermolaev V. L., Bodunov E. L., Sveshnikova E. B., et al. [Nonradiative electronic excitation energy transfer]. Leningrad : Nauka,
1977 (in Russ.).

Cmamwst nocmynuna 6 peoxoinezuro 06.11.2017.
Received by editorial board 06.11.2017.



