YJIK 535.3
Sxosen N.B.123, Sukosckuii N.B.%, Bopucos K.H.%, Bonotuna JI.H.??, 3opuH B.IT.}4

SPECTRAL TECHNIQUES FOR PHOTOSENSITIZER REDISTRIBUTION
IN BLOOD SERUM

! Belarusian State University, Biophysics and biotechnology laboratory, Minsk, Belarus.
2 CRAN, CNRS, Université de Lorraine, Nancy, France.
3 Institut de Cancérologie de Lorraine, Vandoeuvre-lés-Nancy, France
4 Belarusian State University, ISEl BSU. Minsk, Belarus. kirill_borisov98@mail.ru

Hpeanomeﬂ HOBBIA METOJ (bnyopecueHTHoro aHaJIn3a MpoUeCCOB pacIpeACICHUA HETIOJIAPHOTO HOp(i)I/IpI/IHOBO-
To (bOTOCGHCI/I6I/IJ'II/I3aTOpa MEKIY OCHOBHBIMU OenkaMu CBIBOPOTKHU KPOBH. MeTo BKIIOYAET B ce0s UCITONB30BaHKE
IMUKIIUYCCKUX OJIMTrocaxapuioB (LII/IKJ'IOJICKCTpI/IHOB) JJIA TIPS AOTBpAalllCHUA arperaiuu npernapara 1 KOJJM4YCCTBCHHOT'O
ONPEACICHNA OCHOBHBIX XapaKTECPUCTUK €TI0 CBA3BIBAHUS C Oenkamu CBIBOPOTKHU KPOBU Ha OCHOBAHWU KPUBBIX KOHKY-
PEHTHOT'O CBA3bIBAHUS.

It is well recognized that drug pharmacokinetics depends strongly on drug interactions with
plasma proteins after i.v. injection. The drug distribution between serum proteins governs its pene-
tration and localization into the tissues. Thus, the evaluation of drug distribution mechanisms in
blood serum proteins is very important to understand their pharmacokinetics behavior. In spite of
the fact, there are a large number of physical-chemical methods for direct determination of drug
molecules affinity to serum proteins, most of them meet with difficulties, when dealing with non-
polar compounds such as porphyrin photosensitizers. In this work, we describe a number of fluores-
cent techniques that can be useful when the distribution mechanisms of porphyrin photosensitizers
in blood serum is studied.

Porphyrin derivatives, especially chlorins, are widely used in photodynamic diagnostic and
therapy of oncological diseases [1]. Temoporfin (MTHPC), one of the most effective photosensitiz-
er, in photodynamic therapy of solid tumors encounters several complications resulting from its in-
solubility in aqueous medium [2]. mTHPC molecules form aggregates in aqueous bulk that compli-
cates PS biodistribution in organism after injection in blood. The aggregation leads also to the loss
of mTHPC fluorescent ability and effects on their affinity to biological structures, such as plasma
proteins and cell membranes. For this reason mTHPC aggregation restricts the applicability of fluo-
rescent measurements for the quantitative characterization of mTHPC distribution processes in
blood serum.

In our study we have used cyclic oligosaccharides (cyclodextrins) to prevent the photosensi-
tizer aggregation and to calculate the binding constants of mMTHPC to the main serum proteins. It is
widely known that cyclodextrins readily form inclusion complexes with many drugs by incorporat-
ing a drug molecule or more commonly a lipophilic moiety of the molecule into the central cavity.
Interaction of mMTHPC with B-CDs leads to the formation of inclusion complexes that completely
abolish mTHPC aggregation in aqueous solutions. The processes of complex formation between
mTHPC and B-CD derivatives have been studied by means of fluorescent techniques. Computation-
al mathematical analysis allowed us to estimate the stoichiometry and the apparent binding con-
stants of inclusion complexes. It has been shown that complexation between mTHPC and CDs is a
two-stage process. The complexes between mTHPC and B-CDs have stoichiometry 1:1 or 1:2 (Fig-
ure 1) and are characterized by the high values of binding constants, i.e. for Me-B-CD the binding
constants were calculated as K11=1.0x10" M and K1,=3.5x10° M,

154



Figure 1 — Schematic structure of CD/mTHPC inclusion complex

The alteration mechanisms of mTHPC biodistribution between the main serum proteins by
methyl-B-CD have been studied. Me-B-CD had a concentration-dependent effect on the process of
mTHPC distribution in blood serum. It was showed that the using of low concentrations of Me-3-CD
(less than 5x10° M) leads to the acceleration of mTHPC redistribution between biological struc-
tures [3,4]. In addition, the binding constants of mTHPC to the main transport serum proteins were
estimated by means of developed fluorescence polarization technique.
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mTHPC concentration — 0.5 uM. CD concentration: 1 —5; 2 - 10; 3 - 20; 4 - 50; 5 — 200 puM.
Serum concentration — 1%.

Figure 2 — mTHPC redistribution kinetics from CD inclusion complexes in blood serum

It was shown that CDs can be also used in indirect techniques of binding constants determina-
tion. To determine the mTHPC affinity to biological structures we estimated mTHPC relative affini-
ty to biological structures. The following values of the distribution coefficient were obtained:
2.6 (mg/ml)? for human serum albumin, 4.8x10% (mg/ml)? for low density lipoproteins and
1.0x10% (mg/ml)* for high density lipoproteins. The ratios of mTHPC distribution coefficients in
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plasma compounds were in a good accordance to the data obtained by means of the gel-
chromatography [4].
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1 —human serum albumin (2 mg/ml); 2 — low density lipoproteins (0,1 mg/ml);
3 — high density lipoproteins (0,1 mg/ml). mTHPC concentration — 0,5 pM.

Figure 3 - Titration curves of mTHPC in serum proteins solutions by Me--CD
by means of fluorescence polarization technique
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