COCTaBUT COOTBETCTBEHHO OKOJIO 7 M 16 MKI/KT MaccChl Tejla B CyTKH B IepecdeTe Ha CTaHIapTHYI0 Maccy Tena 60 Kr
n 6 1 14 MKT/Kr Macchl Tela B CyTKH nepecdere Ha 70 KT Macchl Tesa. PHCKM OIIEHUBAIOTCS Kak IpuemiieMsle (10 5 %).

B cymmapnoe cyrounoe noctyruieHue oapus i 1-2 Mozeneil alMMEeHTapHO! SKCTIO3HINHK (PEeaTnCTUYHBIHN ClieHa-
pHii) 1 KOHIIGHTPALUK €T0 B BOJIE HAa YPOBHE MEJIMaHbl YCIbHBIN BKJIa/] BoAbI He npesbimai 50 % (4042 %).

Pe3ynbrarsl McciieoBaHNI MOCTYKWIN JJOKa3aTeJIbHOW 0a30i NpH akTyaln3allid HOpMaTuBa Oapusi B MUTHEBON
BOJIE Y TI03BOJIMJIM 00OCHOBATh BO3MOXXHOCTh KOppeKTHPOBKH [1/IK B CTOPOHY €ro «cMsIr4eHus» 1o KPUTEPUSIM PHCKa
37I0POBBIO C YUETOM PErHOHANbHBIX CLieHapueB Bo3nelcTBus — 0,7 mr/in. [loarorosnen npoekt nocranosnenus Cosera
Munnctpo Pecybmmkn benapycn «O BHeceHnn m3MeHeHns B moctaHosieHne Cosera MunmcTpoB Pecryomikn bera-
pychk ot 25 strBapst 2021 . Ne 37» B yacTi BHeCEHUS H3MEHEHUH B TaONUITy 2 TUTHEHIYECKOTo HopMaruBa «lloka3arenn
0€3011aCHOCTH NMUTHEBOI BOJIBI», COIIACOBAH C KIIOYEBBIMH 3aMHTEPECOBAHHBIMH. [ITaHMpyeMBblii CPOK yTBEPIKICHUS —
2023 ron.

JIONIONTHUTENTbHO BHECEHO MPEIUIOKEHHE O JOMOIHEeHHH (OpMbI BeoMcTBeHHOW ordyerHOCcTH 17(18)-(CBenenus
0 CAaHUTAPHOM COCTOSIHUU TEPPUTOPHH)) B YaCTH TPEOOBAHMI O MPEIOCTABICHUS TaHHBIX O COOTBETCTBHH MPOO BOIBI
HOPMAaTHBHBIM TPEOOBAHUSIM TI0 ITOKA3ATEIIM «Oapuit» 1 «00p» (paHee JaHHbBIE MO YKa3aHHBIM MOKa3aTelsiM Ha YPOBHE
peCIyOIUKA OTCYTCTBOBAJIH).
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Nanosized materials based on cyclodectrins (CD) are a promising platform for creating new pharmacological
forms of drugs. Today, it has been shown that 3-CD is characterized by a high affinity for several tetrapyrrole
compounds, including Temoporfin, an effective photosensitizer (PS) for photodynamic therapy. In this work, we
studied the fluorescence characteristics of Temoporfin in solutions and in complexes with monomeric/polymeric

269



B-CD and lipid vesicles. Differences in the spectral characteristics of PS fluorescence in complexes with 3-CD
derivatives, and liposomes were established. Based on these established differences, an analysis method has
been developed, which makes it possible to monitor the distribution dynamics between different binding sites of
Temoporfin molecules in complex systems.

Hanopa3smepHble Marepualibl Ha 0cHOBe HHKJI0neKTpuHOB (L1J]) siBisttoTcst mepcnekTHBHON ru1arhopMoi 1uist
CO3/1aHMs HOBBIX (hapMaKoJIOrH4ecKuX (OopM JIEKapCTBEHHBIX IpenaparoB. K HacTosIeMy BpeMeHH NOKa3aHo, YTo
quist B LIJ] xapakTepHO BBICOKOE CPOJICTBO K Psily TETPAIUPpPOIbHBIX COSMHEHNH, B TOM Yucie K Temonopduny,
¢ dekruBHOMY (hoTtoceHcubmmzaropy (PC) mwist Mmetona GoroquHaMuueckoi Tepanuu. B naHHo#l pabore ObLIH
ucceoBaHbl UIyopecleHTHbIe XapakTepucTHk TemMornopdrHa B pacTBOpax U B COCTaBe KOMIIJIEKCOB C MOHOMED-
HbIMH/TIONTIMMepHBIME [3-11/1, TUMUIHBIMY BE3UKYJIaMH. YCTaHOBJICHBI PA3JIMYHsl B CIIEKTPAIIbHBIX XapaKTEPUCTUKAX
¢aryopecuennun @C B kominiekcax ¢ npousBonHbMy B-1J1 u aunocomamu. Ha ocHOBaHMM yCTaHOBJIEHHBIX OT-
JMYMA pa3paboTaH METOJ aHAJIN3a, IO3BOJISIIOIINI OTCIIC)KUBATh B JIMHAMUKE pacIipe/ielieHHe MEXAY Pa3IMYHbIMU
LEHTPaMH CBSI3bIBAHUS MOJIEKY) TeMornopdrHa B CIOKHBIX CUCTEMaX.

Keywords: photodynamic therapy, photosensitizer, cyclodextrrin, liposome, inclusion complexes, polymer.

Kniouesvie crosa: GporopnHamuueckas Tepanus, GOTOCECHCHOMIN3ATOP, UKIOAESKCTPUH, JTUIIOCOMBI, KOMILICKCHI
BKIIIOUEHUS, TIOJTUMED.
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Nanosized materials based on cyclodextrin derivatives (CD) attract interest as a possible platform for the develop-
ment of new pharmacological forms of drug compounds. CDs are supramolecular cyclic structures, formed by glucose
oligomers linked by a-1,4 glycosidic bonds. The spatial structure of the CD can be represented as a truncated hydrophilic
cone with a hydrophobic region inside (Fig. 1). This feature of the structure of CD molecules makes it possible to form
inclusion complexes with various organic and inorganic compounds.

Studies conducted with various CD derivatives have shown that they form inclusion complexes with tetrapyrrole
compounds with high efficiency [1]. Such molecules are widely used in clinical practice for photodynamic therapy (PDT)
- a new minimally invasive treatment method based on the application of the effect of selective laser photodestruction of
target cells/tissues, pre-stained with special substances - photosensitizers (PS).

The introduction of PS in complexes into CD prevents aggregation, increases the stability and bioavailability of PS,
and influences the processes of biodistribution and localization of photoactive compounds [2]. It should be noted that,
despite the high values of the complex formation constants of PS with CD, the rate of dissociation of PS molecules from
inclusion complexes is high. This is a significant limitation of the possibility of their use for the regulation of the biodis-
tribution processes of PS and other drug compounds in the patient’s body.

One of the effective ways to increase the lifetime of inclusion complexes is the polymerization of CD, by taking the
advantage of crosslinking agents. Thus, the presence of two reactive groups in epichlorohydrin allows it to bind bivalently
with CD, and consequently, to form polymeric structures (nanosponges). It is believed that such materials have a high
associative capacity (Fig. 1), and significantly increase the lifetime of complexes with a drug compound compared to
native CD [3].

To compare objectively between the PS dissociation from inclusion complexes, and monomeric and polymeric CDs,
it is necessary to develop quantitative methods that allow quantifying the rate of PS release from inclusion complexes, and
subsequent binding to biological structures.

Our research aimed to develop a fluorescence method for the analysis of redistribution processes between inclusion
complexes with monomeric/polymeric B-CD, and liposomes of the well-known photosensitizer Temoporfin (mTHPC). It
was previously shown in our laboratory that Temoporfin successfully forms inclusion complexes with both monomeric
and polymeric CDs [1].

Photosensitizer mTHPC was provided by Biolitec research GmbH (Jena, Germany). Soluble carboxymethyl-p-cy-
clodextrin polymer (CM-B-CDPS) and soluble cyclodextrin polymer (B-CDPS) were purchased from CYCLOLAB R&D.
Ltd., (Budapest, Hungary). CM-3-CDPS and B-CDPS are formulated by random crosslinking of the cyclodextrin mono-
mers with epichlorohydrin, and have an approximate molecular weight of 153 kDa and 152 kDa with an estimated cy-
clodextrin content of 50%—70%. Methyl-B-cyclodextrin (M-B-CD) was obtained from AraChem (Tilburg, Nederland).
Dipalmitoylphosphatidyl choline (DPPC) was purchased from Sigma Chemical Co. (Avanti, USA).

DPPC unilamellar liposomes were made by filter extrusion technique as described in Ref. [4]. After extrusion lipo-
somes were stored at 4 °C.

Aqueous solutions of monomeric/polymeric CDs and liposomes were prepared on the basis of phosphate-buffered
saline (PBS) (8 g NaCl, 0.20 g KCl, 1.44 g Na,HPO, and 0.24 g KH,PO, per 1 L of solution; pH = 7.4). The stock buffer
solution during the operation was diluted with distilled water in a ratio of 1:4.

Spectral and fluorescent characteristics were measured using a Solar CM-2203 spectrofluorimeter (SOLAR, Repub-
lic of Belarus) equipped with a temperature-controlled cell with a magnetic stirrer. Measurement of mTHPC concentra-
tion was carried out photometrically at a wavelength of A=650 nm (extinction coefficient, e&=30000 M-1 cm-1).
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mTHPC embedding into monomeric B-cyclodextrins

Figure 1 — Schematic representation of the formation of an inclusion complex
between a monomeric and polymeric CDs (host) and a mTHPC (guest)

We studied the fluorescent characteristics of mTHPC in solutions, in complexes with monomeric/polymeric CDs,
and also as part of lipid vesicles. In organic solvents, mTHPC fluoresces intensely (the fluorescence quantum yield
is about 10%). When mTHPC is transferred into an aqueous solution, nonfluorescent aggregates of PS molecules are
formed. The addition of M-B-CD, f-CDPS, CM-B-CDPS, and liposomes is accompanied by the monomerization of mTH-
PC molecules and restoration of their fluorescent properties.

The binding of Temoporfin to the monomeric M-B-CD does not lead to noticeable changes in the shape of the bands
in the fluorescence excitation spectra relative to the organic solvent, but is accompanied by a slight (2 nm) shift towards
longer wavelengths (Fig. 2).

When mTHPC is added to a solution of polymeric CDs, the maximum of the fluorescence spectrum is shifted to
the long wavelength region by 4-5 nm, the spectra become narrower, and the intensity of the short-wavelength shoulder
decreases (Fig. 2). Similar changes are also observed in the solution of liposomal vesicles; however, their amplitude is
less pronounced.

The characteristic features of spectral characteristics of mTHPC in the studied systems can be used to control the
nature of Temoporfin binding centers [5]. The value of the ratio of fluorescence intensities at two wavelengths in the Soret
band (I, /1, can act as an indicator of the nature of the binding centers of this PS in various structures.

To study the processes of mTHPC redistribution between DPPC liposomes and cyclodextrin derivatives, the
following characteristic fluorescence excitation wavelengths were used A, = 417 nm and A,= 420 nm for redistribution
with CM-B-CDPS (B-CDPS) and with A, = 405 nm and A, = 430 nm for redistribution with M-B-CD. Fluorescence
registration was carried out at a wavelength A = 653 nm.

For mTHPC in complex with CM-B-CDPS (B-CDPS), the value of parameter 1,,,/1,;, = 0.61 (0.60) corresponds to
complete binding to PS with polymeric CDs. Values 1,,,/1,;, = 0.89 indicate the presence of mTHPC in lipid vesicles.
In the case of monomeric M-B-CD (Fig. 3), the values of the parameter 1,,,/1,;, = 1.47 correspond to the location of
Temoporfin in inclusion complexes, and /1,5, = 1.08 — in liposomes.

In the course of the study, differences were found in the fluorescence characteristics of mTHPC in complexes with
monomeric/polymeric B-CDs and liposomes. It has been demonstrated that the spectral method based on the analysis of
the features of the Soret band in the mTHPC fluorescence excitation spectrum can be used to analyze the nature of binding
sites. The same developed method can be used to analyze the processes of dissociation and association of Temoporfin
molecules in the system monomeric CD vs liposomes, and polymeric CD vs liposomes.
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Figure 2 — Normalized fluorescence excitation spectra of mTHPC in ethanol and various biological media
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Figure 3 — Redistribution of mTHPC from A) M--CD and B) to liposomes
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