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Abstract

The present work is devoted to the study of pharmacokinetics of infrared photosensitizer (PS) based on hydroxyaluminium tetra-3-phenyl-
thiophthalocyanine in a sterically stabilized liposomal form. The study was carried out on adult female mice. The PS was administered once
intravenously at a dose of 6 mg / kg. Evaluation of the PS accumulation dynamics in the mice tissues and organs was performed at time in-
tervals from 5 minutes to 7 days using spectral-fluorescent method. The maximum accumulation of the PS photoactive form was recorded in
lungs (32 ug / g in the interval of 5-30 minutes after introduction), liver (20.8 pug / g in the interval of 4-24 hours after introduction) and spleen
(28 ug / g 4 hours after introduction). At the same time, by the end of the observation period (7 days after administration), trace amounts of the
PS photoactive form were still detected in the liver and the spleen at a calculated concentration of 0.5-1 ug / g. The PS accumulated the least in
muscles and skin. The fluorescent signal from the PS accumulated in skin was detectable almost immediately, and its concentration remained
at the same level (1.2-1.5 pg / g) for up to 3 days of observation. In the muscles, the concentration of the PS reached 1.5 ug / g 15 minutes after
administration, and then gradually decreased until 0.25 pug / g at 24 hours.

Data on the pharmacokinetics of PS in blood, basic organs and tissues of animals were obtained, pharmacokinetic parameters were calcu-
lated. 7 days after the administration, the PS concentration in the skin and muscles was below the detection limit. The studies confirmed that
PEGylation of the PS liposomal form slows down the process of its capture by reticulo-endothelial system. It was shown that the PS circulates
in blood and organs of mice for a long time and it completely distributes only when 4 hours pass after administration.
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Pesiome
Hactoswaa pa6ota nocBAlleHa MCCNenoBaHmio  $apMakoKUMHETUKM — poToceHcMounm3aTopa MHGPaKPacHOro AvanasoHa Ha OCHOBe
TeTpa-3-peHnnTropTanoLmaHHa MMaPOKCUAIOMHUA B CTabMIM3MPOBaHHON JIMMOCOMAbHON JieKapCTBEHHON ¢opme. ViccnenoBaHysa npoBo-
VI Ha MOJOBO3pPeNbIX Mblllax-camkax. DoToceHcMOMAM3aTop BBOAWAM MblllaM OAHOKPATHO BHYTPMBEHHO B A03e 6 MI/Kr. OLEeHKY AVHaMMKM
HakomneHnA GpoToCceHCMOUNM3aTopa B TKaHAX 1 OpraHax Mbillell MPOBOAUIN B MHTEPBANaX BPEMEHU OT 5 MUH A0 7 CyT C CMONb30BaHNEM CreK-
TpanbHO-pyopecLieHTHOro Metoaa. MakcuManbHoe HakoreHre (OoTOaKTMBHON GopMbl doToceHCUbum3aTtopa Obio 3aperucTpypoBaHo B
nerkux (32 Mkr/r B uHtepBane 5-30 M1H nocne BBeaeHus), neyeHn (20,8 MKr/r B MHTepBane 4-24 4 nocne BBefeHNA) U ceneseHke (28 MKr/r uepes
4 u nocne BeefeHVA). [py 3TOM B NeyeHN 1 cene3eHKe K KOHLY Cpoka HabntoaeHus (7 cyT nocne BBeAeHWA) NPOAOIKany ONpeaenaTbca CnefoBble
KonmyecTBa pOTOAKTUBHON HOPMbI HOTOCEHCMOMNIM3ATOPa — pacyeTHas KOHLIEHTpaLwA cocTaBniAna 0,5-1 MKI/r. Xyxe Bcero ¢potoceHcmbmnmsatop
HaKarn1Basnca B MbiLLLIaX 1 Koxe. [pu 3Tom B Koxke dryopecLieHUmA GpoToceHcMburnmsaTtopa onpeaenanac NpakTnIeckm cpasy, 1 KOHLEHTpaLya ero
ocTaBanacb Ha ofjHoM ypoBHe (1,2-1,5 MKr/r) fo 3 cyT HabntopeHuA. B MbilLLiax KOHLEeHTpaLma doToceHcbunmsatopa AocTirana sHaueHna 1,5 MKr/r
yepes 15 MVH noc/e BBeAeHWA, MOC/e Yero NoCTeNeHHO CHKaslach 1 K 24 4 coctaBuna 0,25 MKr/r. Yepes 7 cyT nocine BBeAEHNSA, 3HaUEHNA KOHLIEH-
Tpauum poToceHcbunmsaTopa B Koxe 1 MbILLLIAX HaXOAWNVCh HUxe npeAena AeTeKTnpoBaHua. Miccnenosanua nogteepanny, uto M3lnmposaHvie
NMNOCOMaJTbHOW NekapCTBeHHO GpopMbl GoToceHCbunM3aTopa 3aMeAnAeT NPoLIecC ero 3axeata PETUKYNIO-3HAOTENMAIbHON cucTemol. MokasaHo,

4yTO ¢OTOC€HCM6I/IJ'II/I3aTOp LONUTENTbHO LMPKYNPYET B KPOBU U OpraHax MblLLEl, pacnpeneneHne 3akaH4MBaeTCA TOJIbKO K 4y nocne BBegeHNA.
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dapMaKkoKMHETVKN POTOCEHCHOMAM3aTOPa Ha OCHOBE NIMMOCOMasibHOW GOopMbl TeTpa-3-peHnnTrodpTanounaHuHa rMAPOKCUANIOMUHNA Y
mbiwwei // Biomedical photonics. — 2018. - T. 7, N2 4. - C. 16-22. doi: 10.24931/2413-9432-2018-7-4-16-22.
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Introduction

Photodynamic therapy (PDT) is widely used for the
treatment of malignant tumors, especially in cases of
their surface and intracavitary location. The desired ef-
fect on the deep layers of large tumors is achieved with
the use of photosensitizers (PS) of near infrared (IR) range
[1]. The use of liposomal dosage forms (LLF) makes it pos-
sible to use new effective hydrophobic and hydrophilic
substances in PDT, to increase the selectivity of PS ac-
cumulation in the tumor compared to the surrounding
tissues and the effectiveness of the technique as a whole
[1, 2.

For preclinical studies of the developed dosage form,
including that on the basis of PS, it is necessary to study
the pharmacokinetics [1-3]. This study is to determine
the concentration of the active substance in various or-
gans, tissues and body fluids at certain times after the
administration and provides information on the duration
of circulation of the PS in the body, target organs, which
makes it possible to correlate the concentration and dos-
age of the PS with the pharmacological effect [4].

One of the most important requirements for phar-
macokinetic studies is a wide dynamic range of the
measurement method and tools, which must be at least
three orders of magnitude.

Chromatographic, spectrophotometric, flame emis-
sion [5], atomic absorption [6], optical-spectral and
spectral-fluorescent [7-11], and a number of other meth-
ods are used to determine the concentration of drugs
in biological media. However, in the study of pharma-
cokinetics of PS, serious issues arise in connection with
the use of many conventional methods of quantitative
determination of the substance. Thus, when performing

BIOMEDICAL PHOTONICS T.7,N24/2018

chromatography and spectrophotometry, it is necessary
to extract the studied substance as fully as possible from
the organs and tissues, including skin (it is the accumula-
tion of PS in the skin that leads to negative side effects),
which is quite difficult, especially in the case of quantita-
tive determination of tetrapyrroles, to which the major-
ity of PS belong. The task is even more complicated in
the case when nanostructured PS based on hydropho-
bic substances is used (including the PS studied), since
at different time after the introduction, some of the ac-
tive substance molecules remain in the nanocarriers,
whereas the other part is already transferred to the cell
structure.

Flame emission and atomic absorption methods of
elemental analysis [5,6], which can be used for the analy-
sis without extraction of the studied pharmaceutical
substances from tissues, have a limited dynamic range,
especially for substances that consist of the same chemi-
cal elements as the body tissues (H, N, C, O) and do not
contain rare elements, for example, metal atoms. The
atomic absorption method was used by P. H. Brun et al.
to study the pharmacokinetics of the Tookad photosen-
sitizer in the blood and major internal organs, and the
dynamics of its content in organs and tissues was evalu-
ated by the intensity of the line of palladium included in
Tookad [6].

At present, optical-spectral and spectral-fluorescent
methods are used to determine the concentration of
active substances in biological samples, in particular PS
with characteristic absorption and fluorescence bands
[7-11]. The use of equipment with high spectral resolu-
tion provides high sensitivity of such methods [10].
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The purpose of this study was to investigate PS
pharmacokinetics on the basis of tetra-3-phenylthio-
phthalocyanine hydroxylamine (3-(PhS)4—PcAIOH) in
LLF when administered intravenously to mice at a dose
of 6 mg/kg.

Materials and methods

The studies of pharmacokinetics of PS were conduct-
ed on the basis of the substance developed in FSBI «N. N.
Blokhin Russian Cancer Research Centre» of the Ministry
of Healthcare of the Russian Federation LLF hydrophobic
photoactive substance of tetra-3-phenylthiophthalocya-
nine hydroxyaluminium (abbr. 3—(PhS)4—PcAIOH) (Fig. 1),
created in FSUE «SRC «NIOPIK». The spectral absorption
maximum of 3—(PhS)4—PcAIOH corresponds to a wave-
length of 717 nm. Stabilized LLF liposomes included
3-(PhS),-PcAIOH, lecithin lipids (USP30-NF25, P. 1145, Lip-
id GmbH, Germany) and cholesterol (USP30-NF25, P. 1101,
Avanti Polar Lipids, Inc., USA), sucrose (FS.2.1.0034.15
GOST 5833-75, KHIMMED, Russia) as a cryoprotector,
PEG-2000-DSPE ((1,2-dystearoyl-sn-glycero-3-phospho-
ethanolamine-[methoxy-(polyethylene-glycol)-2000]
ammonium salt), Avanti Polar Lipids, Inc., USA). for the
reduction of liposome capture by the reticuloendothelial
system and a longer period of their circulation in blood
[12-16].

Studies were carried out on 50 sexually mature fe-
male mice hybrids (C57BI/6J><DBA/2) F1, weighing 20-22
g, bred at FSBI «N. N. Blokhin Russian Cancer Research
Centre» of the Ministry of Healthcare of the Russian Fed-
eration. The animals were randomly arranged into 10
groups of 5 animals in each.

'A/

wn

Puc. 1. Xumunyeckasn ¢popmyna tetpa-3-peHuntmodpranoymaHnHa
rMAPOKCHANIOMUHUSA

Fig. 1. Chemical formula of hydroxyaluminium tetra-3-phenylthioph-
thalocyanine

All animals were healthy and had a veterinary certifi-
cate of quality and of the health status. The animals were
kept at an air temperature of 20-23 °C and relative hu-
midity of 60-65% in the conditions of natural light and
forced ventilation, on a litter of wood chips sterilized in
a dry-air sterilizer. Animals were given standard indus-
trial certified briquetted, fixed shelf life, feed for rodents.
Feeding was done at the same time. Animals had free ac-
cess to food and water.

All the experiments were performed in accordance
with the recommendations of Good Clinical Practice [17].

Lyophilisate LLF 3—(PhS)4—PcAIOH was redispersed
with injection-grade water, 5.8 ml per vial, so that the
content of 3-(PhS)4-PcAIOH in the dispersion was 0.25
mg/ml. The volume of the dispersion for the injection
was calculated based on the data on the body weight
of the animal, and the dispersion was injected once by
stream infusion into the tail vein, at a dose of 6 mg/kg.

The equipment and materials included a mechani-
cal homogenizer (GlasCol, USA), Heildolph Reax Top
vortex (Heidolph, Germany), Microman 1000 positive-
displacement pipettes (Gilson, France), 24-hole plates
with 16-millimeter holes 3424 MACG |l for tissue culture
(Costar, USA), distilled water.

The study of fluorescence was performed with the
use of a modified laser electronic spectrum analyzer
to LESA-01-«Biospec» (OOO «BIOSPEC», Russia). The
dynamic range of the fluorescence signals recorded
by the spectroanalyzer was extended to 3.5 orders of
magnitude thanks to an additional algorithm for auto-
matic control of the photosensor accumulation time.
The linearity of response of the spectroanalyzer was
established on samples of liposomal dispersions of
3-(PhS)4-PcAIOH in distilled water with concentrations
of 0.01 mg/ml 0.05 mg/ml; 0.1 mg/ml; 0.5 mg/ml; 2 mg/
ml; 10 mg/ml; 25 mg/ml; 50 mg/ml and 0 (water as the
control sample).

The statistical analysis was performed with the use of
regular tools of Excel 2003 for Windows.

The preparation for the study of pharmacokinetics
was performed as follows. The animals were killed by de-
capitation after 5 min, 15 min, 30 min, 1 h,2 h, 4 h, 24 h,
48 h, 72 h and 168 h after the administration of the PS,
after which blood was extracted from the jugular vein
and heparin was added as an anticoagulant.

Samples of tissues and internal organs of mice
(liver, kidneys, lungs, spleen, heart, muscle and skin)
were obtained surgically. Liver, kidneys, and muscles
were separated, reduced to a small size with eye scis-
sors in a Petri dish on ice and divided into samples
weighing 300g+1 mg, to which 1.5 ml of distilled
water was added, followed by homogenization in
glass on a mechanical homogenizer. For the spleen,
lungs, heart and skin (skin samples were separated
from subcutaneous tissue by scraping), the sample

BIOMEDICAL PHOTONICS T.7, N24/2018
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Puc. 2. 3aBucumoctb KoHueHtpauuu 3-(PhS),-PcAIOH ot Bpe-
MEHU Nocie ero BHyTPUBEHHOTO BBEAEHUS B J03€ 6 Mr/Kr B pas-
HbIX OpraHax u TKaHsiX Mblllei: 1 — neyeHb; 2 — ceneseHka; 3 —
KOXKa; 4 — KpoBb; 5 — MbILLbl

Fig. 2. The dependence of 3-(PhS),-PcAIOH concentration on time
after its intravenous administration at a dose of 6 mg/kg in different
organs and tissues of mice: 1 - liver; 2 — spleen; 3 — skin; 4 — blood;
5 — muscle

Puc. 3. 3aBucumoctb KoHueHTpauun 3-(PhS),-PcAIOH ot Bpe-
MEHU Mnocsie ero BHYTPMBEHHOIrO BBeJEHUA B A03€ 6 MI/Kr B
pasHbIX OpraHax U TKaHaX Mbllen: 1 — Nnoyku; 2 — nerkue; 3 —
cepaue; 4 — KpoBb

Fig. 3. The dependence of 3-(PhS),-PcAIOH concentration on time
after its intravenous administration at a dose of 6 mg/kg in differ-
ent organs and tissues of mice: 1 — kidneys; 2 — lungs; 3 — heart;
4 - blood

weight was 100g+1 mg, the amount of water added
decreased proportionally. The amount of homoge-
nate equivalent to 100 mg of tissue was pipetted and
transferred to the wells of the plates for subsequent
measurement of fluorescence. Water was added in
proportion to 100 mcl of blood.

Fluorescence of 3—(PhS)4—PcAIOH in homogenates
of samples was excited by laser radiation with a wave-
length of 633 nm and recorded in the spectral range of
720-770 nm, and its concentration was determined by
the integral intensity of fluorescence normalized by the
intensity of the exciting laser radiation signal. To convert
the values of fluorescence intensity into the values of PS
concentration in the tissue, calibration curves were con-
structed by adding a known amount of PS to biological
samples. Experimental and calibration samples under-
went the same treatment.

Calibration showed that the dependence of the nor-
malized integral fluorescence intensity on the concentra-
tion of 3-(PhS)4—PcAIOH in samples within a wide range
(for blood, within 0.1 to 129 pug/ml) is linearly dependant
on the concentration, and with an accuracy of 6% for all
organs it can be described by the function

I = kxC,
where k = 27.99 (ug/g)* for the measurement conditions
recorded in the study, | is the normalized integral fluores-
cence intensity, and C is the concentration.

The ratio obtained from the calibration was used to
quantify the concentration of 3-(PhS)4-PcAIOH in the or-
gans and tissues under examination.

Results and discussion

The dependences of the concentration of 3—(PhS)4-
PcAIOH in the blood and major organs and tissues (liver,
spleen, kidneys, muscle, skin, heart, lungs) on the dura-

tion of the time interval between the introduction of the
PS and the measurement of fluorescence in organs and
tissues are shown in Fig. 2, 3.

The values of PS concentrations presented in the fig-
ures are the arithmetic mean of the obtained data and
are accompanied by a confidence interval (p=95% at
n=>5).

The concentration in the blood 5 minutes after ad-
ministration is 73.4 pg/l, going down to 3.9 ug/l over
24 h.

In the lungs, the maximum concentration of 32 ug/g
is reached after 5 min of observation, does not change
for 30 min, and then slowly decreases: the concentration
drops to 2.45 ug/g over 24 hours. In the lungs, heart and
kidneys there is no phase of growth of concentration
3-(PhS)4-PcAIOH at the beginning of observation.

In the liver, the concentration of 3-(PhS)4-PcAIOH in-
creases from 6.2 pg/g after 5 min of observation to 20.8
pg/g after 4 h, remains at this level for up to 24 h and
then slowly decreases to 0.5 pg/g for 168 h.

In the spleen, the concentration increases from 8.2
pg/g after 5 min of observation to 28 ug/g after 4 hours,
then rapidly decreases to 8.5 ug/g to 24 hours, but is ob-
served for up to 168 h.

In muscles, the concentration of 3—(PhS)4—PcAIOH is
maximal by 15 min after administration and is 1.5 pg/g,
after which it decreases to 24 h to 0.25 pg/g.

In the kidneys, the maximum concentration of 12.5
pg/g is achieved by 2 h of observation, then by 4 h it
is reduced 2 times to 6.64 pg/g, and by 72 h, to 0.65
H9/g.

In the skin (homogenized, without subcutaneous tis-
sue), the concentration of 3-(PhS)4-PcAIOH gradually in-
creases from 1.2 ug/g after 4 h to 1.7 ug/g after 72 h after
administration.
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Ta6nauua 1
dapMakoKMHEeTUUYECKKEe napameTpbl

Table 1
Pharmacokinetic parameters

OpraH, TKaHb

C,MKr/mn

Kposb

Blood 769

MapameTpbl

AUC mKrxu/mn

411,43 0,32 0,96 9,76

By 168 h of observation, the concentration values of
3—(PhS)4—PcAIOH in the skin, kidneys, lungs, heart, and
muscles are below the detection limit.

The obtained results allowed to calculate the fol-
lowing pharmacokinetic parameters in accordance with
[18] for the dependence of PS concentration/time in
the blood of mice after intravenous administration of
3—(PhS)4—PcAIOH at a dose of 6 mg/kg: C,is the calculated
concentration in the blood at the time of observation: 0
h; V, is the apparent estimated volume of dose distribu-
tion at the time of observationO h;

Vv, : kinetic volume of distribution;

AUC - area under the curve of «concentration — time»;

Clmz total clearance, i. e. the volume of blood cleared
from the pharmaceutical product over the time unit;

T,,,is the distribution half-life of the pharmaceutical
agent, the fast phase of the concentration decline;

T, 08 the elimination half-life of the drug, the slow
phase of the concentration decline.

It follows from the obtained data that the concen-
tration-time dependence for blood is described by
the two-component model equation. The distribution
phase, with its rapid decrease in the concentration of
3—(PhS)4—PcAIOH in the blood, is characterized by a high
value of t,5,=0.96 h. The analysis of the data (first of all,
of the high value of T , ) points in the long circulation of
LLF 3-(PhS)4—PcAIOH in the blood, the distribution ends
up to 4 hours after its introduction. High concentrations
of 3-(PhS)4-PcAIOH in the organs of the reticuloendothe-
lial system (liver, spleen) are achieved only 4 h after ad-
ministration. These data are consistent with the findings
[14-16] that PEGylation reduces the capture of liposomes
by the organs of the reticuloendothelial system, and ex-
travasation of liposomes through the defects of the en-
dothelial layer of neovascularization due to prolonged
circulation leads to an increase in the level and selectiv-
ity of PS accumulation in the tumor. This correlates with
the results obtained in the study of the level and selectiv-
ity of accumulation of the studied PS on tumor models
[11], where the highest values of the level and selectiv-
ity of accumulation were observed 4-7 hours after its
introduction (depending on the selected tumor model),

and this time interval was recognized as the appropriate
timeframe for the start of irradiation as a part of PDT.

The excretion phase with the slow decrease in the
concentration of PS in the blood continues to 72 hours
after administration: T ., = 9.76 h.

Based on the value of V,, the apparent volume distri-
bution at the initial time for LLF, PS is distributed only in
the blood. The value of the kinetic volume of V, distribu-
tion is about 21% of the body volume of the animal.

The highest values of the area under the AUC curve
were obtained in the liver and the spleen (2.3 and 1.6
times, respectively, higher than in the blood); in the kid-
neys, the ratio of AUC__ /AUC __ was 0.7. The organs of

tissue blood

FS accumulation are the spleen, the liver and the lungs.

Ta6nuuya 2

MAowanb Noa KPUBOM 3aBUCUMOCTU KOHLLEHTPAUUS-BpeMs
AUC aAsi TKaHeW Mblwwei, cooTHoweHue naowaaen AUC  /
AUC

KpoBb

Table 2

Area under curve AUC for tissue, area ratio AUC”We /AUCb,ood
AUC mKrxu/mn AUCmmu/AUCKpm
fleveHt 959,7 23

Liver

[Moukn

Kidneys 2 o7
Jlerkue 3428 08

Lungs

CeneseHka

669,4 1,6

Spleen

Mbiwuypl

Muscles 22,1 01
Cepaue

Heart 87.7 0.2

Koxa

Skin 111 0,3
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The kidneys and probably the liver are the organs re-
sponsible for PS excretion.

Conclusion

A method was developed for the preparation of bio-
logical samples for quantitative determination of con-
centration of PS.

The study examined the pharmacokinetics of the
photosensitizer based on tetra-3-phenylthiophthalocya-
nine hydroxyaluminium in liposomal dosage form.

High (more than 20 pg/g) concentration values are
observed in the liver, spleen, and, in the first hour of ob-
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