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Abstract

The aim of the paper was to obtain a stable micellar emulsion of potent photosensitizer (PS) - O-propyloxime-N-propoxybacteriopurpurinimide
methyl ester absorbing light in long-wave region of the spectrum (A _ = 800+2 Hm). Solubilizates of the dye based on different surfactants
(Kolliphor ELP, Poloxamer 407, Emuxol 268) were obtained. Taking into account the physical and chemical parameters, the most potent micellar
emulsion for injection was selected and characterized. The emulsion based on Kolliphor ELP remains stable for 4 months, with no changes in the
fluorescence spectrum and absorption, as well as the particle diameter.
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COJIIOBUITN3ALUNA TMOAPODOBHOIO
POTOCEHCUBUITTNU3ATOPA BAKTEPUOXJTOPUHOBOIO
PAOA B MULIEJIJTAX MOBEPXHOCTHO-AKTUBHbIX BELLLECTB
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Peslome
Llenblo HacToAwe paboTbl ABMANOCH MOAyYeHUe CTabWIbHOW MULIENIAPHON SMYNIbCUN NEPCneKTUBHOro gpoToceHcmbunmsartopa (OC) —
mMeTunoBoro s¢vpa O-nponunokcnmM-N-NponoKcrbakTepronypnypuHMMAa, Noriowawero B ANMHHOBOMHOBOW 0651acTU ClekTpa
(A, = 800+2 Hm). B npouecce paboTbl 6binv NONyYeHbl COMOOUNN3ATbI KPAaCUTeNA Ha OCHOBE MOBEPXHOCTHO-aKTUBHbIX BelwecTs (MAB):
Kolliphor ELP, Poloxamer 407, Smykcon 268. Mo ¢p13nKo-XMMUYeCKNM NapameTpam oTobpaHa 1 oXxapaKTepri3oBaHa Hanbonee nepcneKkTnBs-
HaAa muuennapHasa smynbcua OC ansa napeHTepanbHoro BBeAeHusA. BbibpaHHaa smynbcunsa Ha ocHoBe Kolliphor ELP octaetca ctabunbHom B
TeueHue 4 Mec, B TeYeHMe KOTOPbIX OCTAlOTCA HEM3MEHHbIMU CNeKTP ¢GriyopecLieHLMM 1 MOrMOLEeHNA U AnaMeTp MULIEeN.
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Introduction

Photodynamic therapy (PDT) is a dynamically devel-
oping method of treating pathologies of various nature,
including malignant neoplasms. With its high efficiency
of treatment, PDT has been widely used in clinical prac-
tice [1-3]. The advantages of PDT are its minimal invasive-
ness, selectivity of exposure, possibility of repeated use if
necessary, a favorable cosmetic effect, as well as the abil-
ity to use the technique both as an independent treat-
ment method and in combination with other antitumor
therapy methods [4-6].

To date, the main drugs used in PDT are photosensi-
tizers (PS) based on porphyrins, chlorins, and phthalocy-
anines [7, 8], which are intensively absorbed in the region
of 630-685 nm, where the permeability of biological tis-
sues is low. This PS group is characterized by high activity
against tumors of small volume. It should be noted that
phthalocyanine-type PSs circulate continuously in the
body, which leads to prolonged skin toxicity [9]. In con-
nection with the above reasons, the researchers are con-
ducting a directed search for new highly effective dyes,
including among compounds of the bacteriochlorin se-
ries, which absorb in the region of 700-900 nm [10-13].
PSs of this type are predominantly hydrophobic com-
pounds; therefore, in order to make their intravenous ad-
ministration possible, the dosage form of the dye has to
be a stable emulsion [14].

The most common surfactants used to produce in-
jectable forms of hydrophobic substances are the fol-
lowing: polyethylene glycol, cremophore, pluronics and
their aqueous solutions. Co-solvents of this series are
pharmaceutical excipients that increase the solubility
and stability of drugs, increase the bioavailability and,
therefore, the effectiveness of the treatment with the use
of photodynamic therapy [14-171].

The aim of this work was to obtain a stable micellar
emulsion of methyl ester O-propyloxime-N-propoxy-
bacteriopurpurinimide.

Materials and methods

Photosensitizer

The photosensitizer substance is O-propyloxime-N
propoxybacteriopurpurinimide methyl ester absorbing
in the region of 800+2 nm [18].

Producing colloidal solutions of surfactants

To obtain colloidal surfactant solutions with a con-
centration of 4% (mass/volume), weighed portions of
solubilizers Kolliphor ELP (BASF, Germany), Poloxamer
407 (Sigma-Aldrich, USA), Emuksol 268 (FSUE “SSC” NI-
OPIK", Russia) were dissolved in injection-grade water
(LLC “Groteks”, Solopharm, Russia) and stirred for 10 min-
utes until complete dissolution. Stirring was done with a
magnetic stirrer (ThermoScientific, UK) at a temperature
of 25, 40, 50, 60, 70, and 80°C. Next, the colloidal solu-
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tion was subjected to sonication for 10 or 20 minutes.
The efficiency of the formation of colloidal solutions was
evaluated by the nature of micelles formation by dynam-
ic light scattering which determined the diameter of the
particles in the solution. The analysis was performed on
a Delsa™Nano C particle size, € potential, and flat surface
analyzer (BeckmanCoulter, USA). The light source was a
diode laser operating at a fixed wavelength of 658 nm.
Each measurement was carried out at least 3 times, then
the average value of the diameter of the micelles was cal-
culated.

Preparation of solubilizers based on surfactants

To obtain a PS emulsion based on various surfac-
tants (Kolliphor ELP, Poloxamer 407, Emuxol 268), a dye
sample was dissolved in methylene chloride (dichlo-
romethane, CP, OO0 “Khimmed”, Russia) and added in
small portions to a 4% surfactant solution heated on
magnetic stirrer to 42°C, which is the boiling point of
methylene chloride, with constant stirring and barbo-
tage with argon. The process was continued until the
solvent completely evaporated, then the emulsion was
cooled to room temperature and sterilized through a
Millipore membrane filter (Corning, Germany) with a
pore size of 0.22 uym.

The assessment of the stability of solubilizers based on
surfactants

The stability assessment included an analysis of the
absorption and fluorescence spectra over time and the
particle size distribution of surfactant-based photosen-
sitizer emulsions.

C3H:0,
N

Puc. 1. Xummnyeckan dopmyna poroceHcubunusatopa
Fig. 1. Chemical formula of the photosensitizer
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Fig. 2. Absorption spectra of the PS in dichloromethane (1), in the emulsion based on

Kolliphor ELP (2), Poloxamer 407 (3) and Emuxol 268 (4)

PS solutions were prepared ex tempore by serial di-
lution of the starting emulsions with known concen-
trations. Absorption and fluorescence spectra were
recorded on a Genesys 2 spectrophotometer (Ther-
moSpectronic, USA) and on a laser analyzer for fluo-
rescence diagnosis of LESA tumors (OOO “BIOSPEC”,
Russia), respectively. The measurements were carried
out ex tempore, as well as after 2, 4, 24 hours, 7 days, 1
and 4 months of storage in a dark place. Fluorescence
was excited by a He-Ne laser at a generation wave-
length of 632.8 nm with an optical resolution of 2 nm
in the wavelength range from 400 to 1000 nm. During
mathematical processing, the spectrum of the back-
ground fluorescence of the solvent was subtracted
from the recorded spectra and integrated within the
range from 300 to 900 nm. The concentration of the
active substance in the solution was 20 pg/ml. In the
course of the studies, the position of the maxima on
the absorption and fluorescence spectra, the optical
density, the fluorescence intensity, and also the na-
ture of the change in the profile of the PS spectra were
evaluated.

To determine the particle size in solution, the dy-
namic laser light scattering (DLS) method was used. The
analysis was performed on a Delsa™Nano C particle size,
& potential, and flat surface analyzer. Before the experi-
ment, the emulsions were sterilized through a 0.22 ym
Millipore membrane filter. The solutions for the research
were prepared ex tempore by successive dilutions of the
starting emulsions to a final concentration of the active
substance of 40 pg/ml. Each measurement was carried

out at least 3 times, after which the average diameter of
empty micelles and micelles with the introducted photo-
sensitizer was calculated.

Photosensitizer photo stability assessment

The solutions were prepared ex tempore by succes-
sive dilutions of the initial emulsion in the Igla MEM
culture medium (NPE “PanEco”, Russia) containing 10%
fetal calf serum to a final concentration of the active
substance of 25 pg/ml. 150 pl of PS solution was in-
troduced to the wells of a flat-bottomed 96-well mi-
croplate (Corning, USA). A 500 W halogen lamp with a
KS-19 broadband filter (A = 720 nm) and a 5 cm thick
water filter were used as an optical radiation source.
The power density was 18 £ 1.0 mW/cm?, and the light
dose was 5, 10, 20, 50, and 100 J/cm? The radiation
power was monitored with an IMPO meter (RPA “Poly-
us”, Moscow). The fluorescence intensity was evaluat-
ed before and after irradiation. During mathematical
processing, the spectrum of the background fluores-
cence of the solvent was subtracted from the recorded
spectra and integrated within the range from 300 to
900 nm.

Results and discussion

Producing colloidal solutions of surfactants

To solubilize PS, the following surfactants were used
as cosolvents: Kolliphor ELP, Emuxol 268 and Poloxamer
407. Kolliphor ELP is a non-ionic solubilizer obtained by
mixing castor oil with ethylene oxide in a ratio of 1:35;
Emuxol 268 is a block copolymer of ethylene oxide with
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Ta6auya

DU3MKO-XMMMYECKME CBOMCTBA CONOOMNM3ATOB Ha OCHOBE pa3nnyHbIx [MAB

Table

Physicochemical properties of solubilizates based on various surfactants

HasBaHue NAB

be3 cy6cTaHun

Kolliphor ELP 4 800+2 29285
Emuxol 268 4 9102 -
Poloxamer 407 4 8002 23492

AnameTtp yacTuu, HM

CrabunbHOCTb
C cy6cTaHymen

4 mec
10,7+0,3 10,5+0,40 4 months
362+15 He cTabuneH
+
12,0+1,1 535 +201 not stable
28,542,0 27,542,5 2
2 hours

propylene oxide and propylene glycol; Poloxamer 407
is a triple block copolymer of ethylene oxide and pro-
pylene oxide [19]. During the preparation of colloidal
solutions, it was found that Kolliphor ELP effectively
forms micelles at room temperature without the use
of ultrasound. The size of the resulting particles in this
caseis 10.7 £ 0.3 nm.

The smallest particle sizein a colloidal solution based
on Emuxol 268 was observed after heating to 40°C and
sonicated for 10 min (12.0£1.1 nm). Samples based on
Poloxamer 407, prepared at 40 and 50°C and sonicated
for 10 min, had a particle diameter of not more than
30.0 nm. Thus, a heating temperature of 40°C and the
ultrasonication time of 10 minutes were chosen as the
most optimal emulsion preparation parameters.

ex tempore / ex tempore
——1 mec/ 1 meonth

——2 mec / 2 months

750 - —— 4 mec / 4 months
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Puc. 3. Cnektpbl ¢nyopecueHunn ®C B coctaBe 3MyNbCUM Ha
ocHoBe 4% Kolliphor ELP Bo BpemeHu

Fig. 3. Fluorescence spectra of the PS in the 4% Kolliphor ELP-
based emulsion in time
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Assessment of physicochemical properties of surfactant-
based solubilizates

An analysis of the obtained data showed that the
intensity of the main absorption band of solubilizates
based on Kolliphor ELP (OD = 0.810) and Poloxamer 407
(OD = 0.635) was the highest (Fig. 2). Perhaps this is due
to the fact that these surfactants have the longest hydro-
phobic regions, while Poloxamer 407 has a larger hydro-
phobic core volume [20, 21]. It was shown that the choice
of a particular solubilizer does not affect the form of the
electronic absorption spectrum of the substance (Fig. 3).
The maximum fluorescence of PS under these conditions
is recorded at 822 + 2 nm.

The solubilization of the substance in Emuxol 268
led to its instant aggregation, with the expansion of the
main absorption band and the formation of a new band
with a maximum in the region of 910+2 nm, which cor-
responds to the formation of an aggregated form of the
dye (Fig. 2). The data on the determination of particle
diameter confirm the aggregation of the dye, with the
diameter of the solubilizate micelles exceeding 5000 nm
(see table).

Solubilizers based on Kolliphor ELP and Poloxamer
407 were monodisperse with an average particle diam-
eter of 10.5+0.40 and 27.5+2.5 nm, respectively.

The photosensitizer in the composition of the Po-
loxamer 407-based emulsion is stable for 2 hours, after
which the shape of the electronic spectrum changes
with the appearance of a high-intensity long-wave peak
in the region of 895+2 nm, as well as the disappearance
of the main absorption band in the region of 800+2 nm,
which indicates aggregation of the substance in the so-
lution resulting in a 100% decay of fluorescence. Perhaps
this effect is due to the fact that a large hydrophilic part
of the Poloxamer 407 polyethylene oxide blocks is capa-
ble of hydration, the result of which is the penetration of
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Fig. 5. Fluorescence spectra of the PS in the 4% Kolliphor ELP-
based emulsion: before and after irradiation at a dose of 5, 10,
20, 50 and 100 J/cm?

water into the micelle nuclei and their further aggrega-
tion.

Based on the obtained data, it was found that
the Kolliphor ELP-based solubilizate remains stable
for 4 months, and throughout the entire observa-
tion period there are no changes in the fluorescence
and absorption spectra and particle diameter (table,
Fig. 3-4).

Assessment of the photostability of a photosensitizer in
an emulsion based on Kolliphor ELP

It is shown that when the studied PS is irradiated in
the composition of an emulsion based on Kolliphor ELP
up to 100 J/cm? the dye is not prone to fading: no chang-
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