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Abstract

The article summarizes the results of studies of the effectiveness of photodynamic therapy using a new domestic photosensitizer liposomal borated chlorin
e6 (LBCQ) after its parenteral administration (intraperitoneal and intravenous). Antitumor efficacy was evaluated in rats with M-1 sarcoma and PC-1 alveolar
liver cancer and mice with B16 melanoma and Ehrlich’s carcinoma, which were transplanted subcutaneously into the thigh area of the animals. The aim of
the study was to determine the optimal regimes of photodynamic therapy that would allow achieving the maximum antitumor effect up to 21 days after the
photodynamic therapy. The therapy was carried out under the control of the accumulation of the photosensitizer in the tumor and surrounding tissues of the
thigh by selecting the doses of the drug and the parameters of laser radiation (energy density and power density). The effectiveness of therapy was assessed
by the inhibition of tumor growth, by the percentage of animals with complete tumor regression, by the absolute growth rate in animals with continued tu-
mor growth compared to controls. The results of our studies have shown that the domestic photosensitizer liposomal borated chlorin e6 has high antitumor
activity in vivo. In an experimental study of the photosensitizer under certain PDT modes, the maximum antitumor effect (complete tumor regression in 100%
of animals) was obtained up to 21 days after PDT in all tumor models used.
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OOTOANHAMUNYECKAS TEPANNA SKCNMEPUMEHTAJTIbHbIX
OMYXOJIEM PA3JTMYHbBIX MOPDOJIOTMYECKMX TUNOB
C JIMNMOCOMAJIbHbIM BOPHUPOBAHHBIM XJTIOPUHOM E6

O.b. A6bpamoea, B.B. OpoxxuHa, T.M. Yypukoea, E.A. Kosnoeueea, J1.M. Apxunoga,
M.A. Kannan, C.A. Meanos, A. . Kanpun

MPHL um. A.D. Lisiba — dunman PIBY «HMULL paaronormms Munsapasa Poccumn, O6HUHCK,
Poccua

Pe3siome

0O606LUeHbl pe3ynbTaThl UCCefoBaHUN 3PdeKTMBHOCTM doToanHammyeckon Tepanum (OAT) ¢ ncnonb3oBaHMEM HOBOrO OTEYECTBEHHOTO
doToCeHcnbrM3aTopa NMMNOCOManbHOro 6OPYPOBAHHOTO XJIOPVIHA €6 MOC/e ero NapeHTepasbHOro BBefeHVA (BHYTPYOPIOLIVHHOE 1 BHY-
TpuBeHHoe). MpoTuBoonyxonesyio 3bGEKTUBHOCTb MpenapaTta OLEHUBANN Ha MOLENAX NePEBUBHbIX Onyxosei: capkoma M-1 1 anbBeonsap-
HbIi pak neveHn PC-1y Kpbic, MenaHoma B16 1 KapumHoma Spnuxa y Mbieid. Onyxonu nepeBnBany NoAKOXHO B 0611acTb 6eapa UBOTHbIX.
Llenb nccnegoBaHuA coctosAna B onpeaeneHny onTumasbHbix pexkumon O/IT, no3BonALLWMX 4OOUTLCA MaKCMMaliIbHOTO MPOTUBOOMYXOEBO-
ro a¢pdekTa fo 21 cyt nocne nposepeHna OAT. Tepanuvio NPOBOAUAY NOJ KOHTPONEM HakomnneHna doToceHcnbumsaTopa B OMyXoneBom u
OKpyatoLwumx TKaHAx 6eapa, ocyliecTBnAA nogdbop Ao3 npenapata U NapaMeTpoB Na3epPHOro U3nyyeHua (MIOTHOCTb SHEPrn 1 MAOTHOCTb
MOLLHOCTM). DPPEKTVBHOCTb TEPANMM OLEHVBAIN MO ClefyLWMM NapamMmeTpam: TOPMOXKEHVE POCTa OMyXOJIU, MPOLIEHT XMBOTHbIX C MOJIHOM
perpeccuein onyxonu, Ko3bPrLMEeHT abCoNMIOTHOTO NPUPOCTA OMYXOJIN Y MMBOTHbIX C NMPOAOIIKEHHBIM POCTOM. Pe3ynbTaTbl NCCnefoBaHNi
NoKasanu, 4To oTeyeCTBEHHbIN GOTOCEHCUOUNN3ATOP NMMOCOMAbHBIN 6OPUPOBAHHDBIN XJIOPUH €6 0651aAaeT BbICOKOW MPOTVBOOMYXOEBOM
aKTMBHOCTBIO in vivo. [pun 3KCnepruMeHTanbHOM VCCNeR0BaHNN GOTOCEHCHOMI3aTopa Npw onpeaeneHHbix pexumax OAT nonyyeH Makcu-
Ma’bHbli NIPOTUBOOMYXONeBbIN 3pdeKT (MonHasa perpeccma onyxonu 'y 100% »xnBOTHbIX) Ao 21 cyT nocne nposeaeHna OAT Ha Bcex MCnosb-
30BaHHbIX OMyXONeBbIX MOAENAX.

12

BIOMEDICAL PHOTONICS T.10, N2 3/2021



Abramova 0.B., Drozhzhina V.V., Churikova T.P., Kozlovtceva E.A., Arkhipova L.M., Kaplan M.A., lvanov S.A., Kaprin A.D.
Photodynamic therapy of the experimental tumors of different morphological types with liposomal boronated chlorin E6

KnioueBble cnoBa: dotogrHammyeckas Tepanus, GapMakoKUHETVKA, Jla3ep, NIMNOCOMasIbHbI GOPUPOBAHHBIN XNOPUH €6, capkoma M-1
KpbIC, anbBeoNApHbIN pak neyeHn PC-1 Kpbic, MenaHoma B16 Mbilein, KapLnHoMa Spnnxa MblLLei.

Onsa yutpoBaHusa: Abpamosa O.b., ipoxxunHa B.B., Yypukosa T.M., Koznosuesa E.A., Apxunosa J1.M., KannaH M.A., ViBaHos C.A., KanpuH
A.Ll. DoToanHamMmYecKas Tepanusa SKCNeprMeHTanbHbIX OMyXonen pasnyHbiXx MOPdONOrNYeCcKUX TUMOB C IMMOCOMabHbIM 6OPNPOBaHHBIM
xnopuHom e6 // Biomedical Photonics. — 2021. - T. 10, N2 3. - C. 12-22. doi: 10.24931/2413-9432-2021-10-3-12-22

KoHTtakTbi: AbpamoBa O.b., e-mail: olyabramova@gmail.com

Introduction

The problem of combating malignant neoplasms re-
mains a priority for the modern society. The possibilities
of clinical oncology have significantly increased with the
introduction of the method of photodynamic therapy
(PDT), and now it is successfully taking its place in the
treatment of cancer patients [1, 2]. PDT is an effective
method of treatment carried out using modern semicon-
ductor lasers and photosensitisers (PS). PS are selectively
accumulated in tumor tissue and, upon local exposure to
laser irradiation, generate the formation of singlet oxy-
gen and other active radicals that have a cytotoxic effect
on the tumor. The realization of PDT effects directly de-
pends on the structures of the tumor node in which PS
has accumulated during the therapy session. The targets
of photochemical effects are many cellular structures:
cell membranes, mitochondria, and microtubules. As
membrane damage progresses, other electrolyte dis-
turbances and cytokine reactions can be observed due
to the stimulation of tumor necrosis factor production,
activation of macrophages, leukocytes and lymphocytes.
Sublethal damage to cells through the involvement of
many signaling systems can induce apoptosis. In addi-
tion to direct cytotoxic effects on tumor cells, indirect
effects such as ischemic necrosis due to damage to the
endothelium of blood vessels and thrombosis can play
an important role in the destruction of neoplasms [3, 4].

Further improvement of the PDT method requires the
search for new PSs with higher photoactivity, tumor af-
finity, and the excitation ability in the near infrared range
of the spectrum. It is necessary to create safe medicines
that provide a sufficient therapeutic effect with minimal
damage to surrounding tissues and the absence of a
general toxic effect. Chlorophyll derivatives are of great
interest as PSs [5-8]. Active work is underway to create
new forms of chlorin PS, for example, by conjugating
existing PS forms with liposomes, which expands the
range of their capabilities. They exhibit an order of mag-
nitude greater light toxicity in the absence of dark toxic-
ity, increase the selectivity of accumulation in the tumor,
which increases the efficiency of PDT when using lower
doses of PS [9-16].

Boronated chlorin e6 is an original domestic drug
with both photoactive properties and can be used for ra-
diation therapy, in particular for neutron capture therapy
(NCT). Boron, which possesses neutron-capture proper-

ties, was introduced into the PS. In addition, the modifi-
cation of PS by the addition of boron clusters to the tet-
rapyrrole macrocycle significantly optimized the proper-
ties of the antitumor drug. The boronated derivatives of
chlorin e6 action mechanism includes deep penetration
into the lipid bilayer of the cell membrane due to the
properties of the boron polyhedron, which provides ir-
reversible damage to tumor cells due to the induction
of primary necrosis. Thus synthesized boronated chlorin
e6 allows PDT to be carried out and, if necessary, supple-
mented with NCT. Experimental studies carried out with
boronated chlorin e6 indicated its good photoactive
properties and low toxicity [17-21].

The aim of the study was to summarize the results
of experimental research on the study of the antitumor
efficacy of a new pharmaceutical formulation based on
boronated chlorin e6 - liposomal boronated chlorin e6
(PS LBC) on various tumor models: sarcoma M - 1 and
alveolar liver cancer RS - 1 of rats, melanoma B16 and
carcinoma Ehrlich of mice.

Materials and methods

Liposomal boronated chlorin e6 was used as a PS.

At the Nesmeyanov Institute of Organoelement
Compounds of Russian Academy of Sciences was syn-
thesized (RF patent No. 2406726) drug - boronated chlo-
rin e6 (Fig. 1).

In State Educational Institution of Higher Professional
Education I.M. Sechenov First Moscow State Medical Uni-
versity at the Department of Pharmaceutical Engineering
and Pharmacology on the basis of boronated chlorin €6,
a new dosage form of membrane-active PS for PDT and
NCT "Borchlorin liposomal lyophilisate" was developed
and synthesized, used to prepare a solution for injection.

The composition of the liposomal formulation:
borchlorin/lecithin 1:200 and lecithin/cholesterol 3:1,
ensures the incorporation of borchlorin at a level of 99%,
PEG-DSPE, an acceptable liposome size of 185 + 10 nm
and a pH value of 6.9 [12].

The drug was administered to animals intraperitone-
ally and intravenously. Sarcoma M-1 and alveolar liver
cancer RS-1 of rats, melanoma B16 and Ehrlich carcino-
ma of mice were used as experimental models of tumors.
The work was carried out in compliance with interna-
tional recommendations for research using laboratory
animals.
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(13 (1)-N-{2- [N- (kno3o-moHoKapbagoaekabopaT-13T1N) MeTu]

amuHosTUN} amua-15 (2), 17 (3) -

(The patent of the Russian Federation N2 2406726)

(13 (1)-N-{2[N
aminoethyl} amide-15(2), 17 (3) -

AUMETUIOBOTO 3dUpa XNopuHa e6

- (closo-monocarbadodecaborate-1ethyl) methyl]
dimethyl ether chlorin e6

Puc. 1. CtpyKTtypHas ¢popmyna 60pMpoBaHHOro xJiopuHa €6.
Fig. 1. The structural formula of boronated chlorin e6.

Studies of the effectiveness of PDT for sarcoma M-1
(62 rats) and alveolar liver cancer PC-1 (42 rats) were car-
ried out on outbred rats weighing 150-180 g. Tumors
were transfered under the skin in the thigh area in the
form of donor tumor pieces. Animals with sarcoma M-1
were included in the experiment on days 7-9, when the
palpable tumor reached 0.7-1.0 cm in diameter, animals
with PC-1 - on days 11-13, when the tumor reached a
diameter of 1.2 up to 1.6 cm.

The study of the effectiveness of PDT of melanoma
B16 was carried out on 183 mice-hybrids of the first gen-
eration F1 (CBA x C_BL/6j) weighing 20 g. Melanoma
was transfered into mice in the form of a cell suspension
with a volume of 0.10-0.15 ml. The mice were included in
the experiment on days 4-5, when the tumor diameter
reached 0.4-0.6 cm. The response of PDT for Ehrlich's
carcinoma was studied in outbred mice (n = 87). To re-
produce a solid tumor, 0.05 ml of ascitic fluid from do-
nor mice was injected under the skin in the thigh area.
Mice were included in the experimental group on the 4th
day after the transfer, when the tumor diameter reached
0.8-1.0 cm.

Control animals were tumor-bearing animals that
were not exposed to PDT. The study design is presented
in Table 1.

The drug-light interval, that is, the time from the mo-
ment of PS administration to laser irradiation, was deter-
mined on the basis of pharmacokinetic studies carried
out by the method of laser fluorescence diagnostics us-
ing the LESA-01- "Biospec" device. Irradiation was per-
formed at a high level of PS accumulation in the tumor
and the maximum tumor/surrounding tissue contrast
index.

The source of laser radiation was an Atkus-2 semicon-
ductor laser device manufactured by Poluprovodnikovye
pribory ZAO (St. Petersburg, Russia) with a radiation
wavelength of 662 £ 1 nm. The light spot diameter was
1.0-2.0 cm.

Animals during irradiation were under general thio-

pental anesthesia. Thiopental sodium was administered
intraperitoneally: to mice, 0.03 ml of 1.25% solution per
10 g of body weight; rats, 0.2 ml of 2.5% solution per 100
g of animal weight.

Tumor volume was measured: before PDT (
days 3,7, 10, 14 and 21 (V) after therapy.

The effectiveness of PDT was assessed in accordance
with the recommendations of the Pharmacological Com-
mittee for preclinical approbation of drugs [22] accord-
ing to the following parameters:

V) and on

1. Coefficient of absolute tumor growth (K).
For this, the tumor volumes were first calculated using
the formula:

, Where:

V= rd xdyxd, O

d, d,, d, - three mutually perpendicular tumor diameters;
V is the volume of the tumor in cm?.

K was calculated by the formula:
V-V

EK=_t 0 (2),where:

v

0

Vv, is the volume of the tumor before exposure;
V, is the volume of the tumor at a certain period of ob-
servation.

2. Tumor growth inhibition (TGI, %) was calculated
by the formula:

TGI % = = %100 % (3), where:

k

V, is the average tumor volume in the control group;
V_is the average tumor volume in the experimental

group.
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Ta6nuual

Cxema aKcnepumeHToB
Table 1

Experimental design

Onyxonb / TecT-cucrema/

MapameTpbl 06nyueHus /
MeTtop BBepgeHus /

0,75
Capkoma M-1/ KpbICbl / 1,25
Sarcoma M-1 rats 2,5
5,0
ANbBeONAPHbIN pak KPbICbI / 25
neyexn PC-1/
Alveolar liver cancer RS-1 — o
5,0
5,0
5,0
MenaHoma B16 / MblILLn / 7,5
Melanoma B16 mice 7,5
10,0
10,0
10,0
0,7
KapuvHoma Spnvixa / Mbiwn / 1,25
Ehrlich Carcinoma mice 2,5
2,5
KapuuHoma Spnuxa / Mbiwm / 1,25
Ehrlich Carcinoma mice 2,5

WHTpaneputoHeanbHo /

Intraperitoneal 150 0.25

MHTpanepMTF)HeaanO / 150 0,25
Intraperitoneal

150 0,25

150 0,51

300 0,44

WHTpaneprToHeanbHo / 150 0,51

Intraperitoneal 30 0,44

150 0,25

150 0,51

300 0,44

100 0,51

WHTpaneprToHeanbHo / 100 0,51

Intraperitoneal 100 0,28

100 0,51

BHyTpurBeHHO / 150 0,51

Intravenous 100 0,51

3. The percentage of animals in the group with
complete tumor regression (CR,%) (K = -1.00). The ab-
sence of a visible and palpable tumor was taken as TR of
the tumor.

4. In some studies, the percentage of animals
cured was determined: no tumor recurrence within 90
days after PDT.

Statistical processing of research results was carried
out in the computer program "Statistica" by nonpara-
metric methods for independent groups (descriptive
statistics, the significance of differences in features). The
statistical significance of the differences between the
compared traits in the groups was assessed using the
Mann - Whitney U test. The differences were considered
statistically significant at the level p < 0.05.

Research results and discussion

Sarcoma M-1

The level of high and maximum accumulation of
the drug in the tumor and the highest contrast index
were observed after 3-3.5 h, this interval is optimal for
laser irradiation. When PDT was performed at the op-
timal time with a laser energy density (E) of 150 J/cm?
and a power density (Ps) of 0.25 W/cm?, PS doses were
selected, with the introduction of which the maximum

antitumor effect was observed: 21 days after PDT (see
Fig. 2, Table 2).

The maximum antitumor effect was obtained with
the intraperitoneal injection of PS LBC in a low dose of
1.25 mg/kg of body weight (Table 2).

When the animals were observed up to 90 days af-
ter PDT with an applied dose of LBC of 1.25 mg/kg of
body weight, a relapse was observed in 10% of rats. Re-
covery in 100% of animals was obtained with a PS dose
of 2.5 mg/kg of body weight with the same parameters
of laser exposure (E=150 J/cm? and Ps=0.25 W/cm?)
(Table 2) [23].

PC-1

Based on the pharmacokinetic studies carried out, the
highest contrast index was observed after 2.5 hours, that
is, this time of laser irradiation was optimal. Despite the
significant initial tumor size and aggressiveness, intraper-
itoneal administration of PS LBC after PDT achieved the
maximum antitumor effect: tumor CR in 100% of animals
under observation up to 21 days after exposure (E = 150
J/cm? and Ps = 0.25 W/cm?) (Fig. 3, Table 3).

A significant inhibitory effect, consisting in the CR
of the tumor in 78.4% of animals, was obtained with
the introduction of PS at a dose of 2.5 mg/kg of body
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y 2 3 Fig. 3. The effectiveness of PDT on day 21 in
[ @ Monkan perpeccia% / Complete regression% / M MpoaonxerHsii pocT% / Continued growth% the group of animals with PC-1 when using
different doses of PS LBC (mg/kg of body
weight): 1 - control; 2-2,5; 3-5,0.
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| O MonHaA perpeccua® / Complete regression% @ MpoaonxexHsiit pocT% / Continued growth% |
Puc. 4. 3pPpektuBHocTb PAT Ha 21 cyTKU B rpynne }KUBOTHbIX C MenaHomow B16 npu ucnonb3osaHuu pasHbix o3 ®C JIBX u ¢ pas-
HbIMMK NapameTpamu 06y4eHus: 1 — KoHTponb; 2-2,5 Mr/kr; 150 Ax/cm?; 0,51 B1/cm?; 3-5,0 mr/kr; 100 Ox/cm?; 0,51 B1/cm?;
4-5,0 Mr/kr; 150 3k /cm?; 0,44 Bt/cm?; 5-5,0 mr/kr; 300 xk/cm?; 0,44 Bt/cm?;6-5,0 mr/kr; 300 [1x/cm?; 0,25 BT/cm?; 7-10 Mr/Kr;
150 Ox/cm?; 0,25 B1/cm?; 8—10 mr/kr; 300 Ax/cm?; 0,44 BTt/cm?2.
Fig. 4. Efficiency of PDT with different doses of PS LBC and different irradiation parameters on the 21st day in the group of animals
with melanoma B16: 1 - control; 2-2.5 mg/kg; 150 J/cm?; 0,51 W/m?; 3-5,0 mg/kg; 100 J/cm?; 0,51 W/cm?; 4-5,0 mg/kg;
150 J/cm?; 0,44 W/cm?; 5-5,0 mg/kg; 300 J/cm?; 0,44 W/cm?; 6-5,0 mg/kg; 300 J/cm?; 0,25 W/cm?; 7-10 mg/kg; 150 J/cm?;
0,25 W/cm?; 8-10 mg/kg; 300 J/cm?; 0,44 W/cm?2.
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100 +
90 A
80 A
70 1
60 A
50 1
40 A
30 A
20 A
10 4

16,7%

MpoueHT kKMBoTHLIX / Percentage of animal:

100%

60%

1 2

3 - 5

| O MNonHanr perpeccua / Complete regression%

B MpoaonxerHbin poct% / Continued growth%

Puc. 5. 3ddpektuBHocTe AT nNpu UHTpPanepuToHeanbHOM BBeAEHUU pa3Hbix Ao3 ®C JIBX M ¢ pa3HbIMM NapameTpaMmu o6Jly4eHUs
Ha 21 CYTKM B rpynmne }MUBOTHbIX C KapuuHomon Ipauxa: 1 — KoHTponb; 2 — 0,70 mr/kr; 100 x/cm?; 0,51 Bt/cm? 3 — 1,25 Mr/Kr;
100 xk/cm?; 0,51 Bt/cm?; 4-2,5 mr/kr; 100 k/cm?; 0,28 Bt/cm?; 5-2,5 mr/kr; 100 Ix/cm?; 0,51 Bt/cm?.

Fig. 5. Efficiency of PDT with different doses of PS LBC (intraperitoneal administration) and different irradiation parameters on day

21 in the group of animals with Ehrlich’s carcinoma: 1 - control; 2 —

0,70 mg/kg; 100 J/cm?; 0,51 W/cm?; 3 - 1,25 mg/kg; 100 J/cm?;

0,51 W/cm?; 4-2,5 mg/kg; 100 J/cm?; 0,28 W/cm?; 5-2,5 mg/kg; 100 J/cm?; 0,51 W/cm?2.

100%

MpoueHT uBoTHbIX } Percentage of animal:
2

2 3

I B MNonxan perpeccua® / Complete regression% @ MpogomxexHsiit poct% / Continued growth% |

Puc. 6. 3ddexktnuBHocTb PAT Npu BHYTPUBEHHOM BBeeHMMU pa3Hbix 03 PC JIBX u ¢ pa3HbiMM napameTpamu 061y4eHUs Ha 21 cyTku
B rpynmne XXMBOTHbIX C KapLuuMHomoi Jpauxa: 1 — KoHTponb; 2 — 1,25 mr/kr; 150 [k/cm?; 3 — 2,5 mr/kr; 100 x/cm?2.

Fig. 6. Efficiency of PDT with different doses of PS LBC (intravenous administration) and different irradiation parameters on the 21st
day in a group of animals with Ehrlich’s carcinoma: 1 - control; 2 — 1,25 mg/kg; 150 J/cm?; 3 — 2,5 mg/kg; 100 J/cm?2.

weight. The maximum effective dose of PS, leading to
the CR of the MS-1 tumor in 100% of animals up to 21
days of the study after PDT (E = 150 J/cm? and Ps =
0.25 W/cm?) with PS LBC, was 5.0 mg/kg body weight
(Table 2) [24, 25].

Melanoma B16
Melanoma is one of the most aggressive tumors. A

large number of experiments were performed with dif-
ferent doses of PS, different parameters of laser radiation
and appropriate control in each experimental series. The
results were not stable, especially at low PS doses and
low values of laser radiation parameters. With an increase
in the PS dose and laser radiation parameters, the most
pronounced and stable tumor regression was observed
(Fig. 4).
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Ta6nuua 2
AvHaMKKa pocTta nepeBUBHbIX onyxoner nocae AT ¢ GC ABX B pasHbix A03aX U MPW PasAMUHbIX NapaMeTpax Aa3epHOro U3nyueHus
Table 2
(L{_l) Dynamics of the growth of transplanted tumors after PDT with liposomal boronated chlorin €6 at different doses and at different
1 parameters of laser radiation
@)
— 1. Koa¢ppuuymeHT npupocra onyxonm (K) /
2% 2. TopmoxeHue pocta onyxonu (TPO,%) /
<C 3. [poLeHT XKNBOTHbIX € NoIHON perpeccuen onyxonu (MP, %) /
— Cxema onbiTa /
<C 4, |'|pOL|eHT n3/1e4eHHbIX XKNBOTHbIX (90 cyT)/
Z BpeMil nccnepoBaHus nocne OAT /
Q X% 7 cyt/ 10 cyt/ 14 cyt/ 21 cyr/ 90 cyt/
oz
O Capkoma M-1 kpeic/ rat Sarcoma M-1 (E=150 x/cm? / J/cm?; Ps=0,25 Bt/cm?/ W/cm?)
K/K=0,19+0,57* _
o mr/ }‘kr/ MP/CR=100% TPO /TGI=94,0% “7P1/ g(';‘
/> Markg MP / CR=85,7% A7
1,25 mr/kr/ 1100 MP/CR=
2. 1,25 ma/kg MP/CR=100% 90,0%
2,5 mr/kr/ —1009
3. 2,5mg/kg [MP/CR=100%
OEAL K/K=1,28 £0,23 K/K=6,97 £1,25 K/K=12,82+2,41 K/K=20,36+3,65 K/K=52,54+10,56 -
Control (K)
AnveeonapHsbili pak neyeHu PC-1 kpeoic / rat Alveolar liver cancer RS-1
(E=150 [Ox/cm? / J/cm?; Ps=0,25 Bt/cm?/ W/cm?)
25 mr/kr / K/K=0,57+0,31" K/K=2,74+1,99"
1. 2’5 ma/k MP/CR=100% TPO /TGI=98,1% TPO /TGI=91,4% =
> MY/Kg MP/CR=857% NP /CR=78,4%
5,0 mr/kr / . s
2. 5 Dimglky MP/CR=100%
Kontpons (K)/ K/K=0,48 £0,10 K/K=1,94 +0,40 K/K=4,96+0,84 K/K=10,41+1,62 K/K=2325 16,26 -
Control (K)
MenaHoma B16 meiweli / mouse Melanoma B16
10,0 mr/Kr;
2.
(1)52%%1‘/2 o K/K=0,68+1,19  K/K=176+176  K/K=6,44+664*
1. 1’0 0 ma/ka: MP/CR=100% TPO/TGI=87,8% TPO/TGI=88,4% TPO/TGI=89,0% ”
o MI/xg; MP/CR=80,0%  MP/CR=70,0%  MP/CR=70,0%
150 J/cm?;
0,25 W/cm?
10,0 mr/Kr;
300 x/cm?;
0,44 Br/cwm?/ D x
2. 10,0 mg/kg; MP/CR=100%
300 J/cm?
0,44 W/cm?
ég:{focl”z‘lz)m / K/K=0,57 0,20 K/K=2,01+054 K/K=474+1,02 K/K=12,89+4,58 K/K=53,17+13,06 -
KapunHoma dpnuxa mbiwel (MHTpanepuToHeanbHoe BBeAeHue) /
mouse Ehrlich carcinoma (intraperitoneal administration) (E=100 Jx/cm? / J/cm?)
1,25 mr/Kr
150 Ox/cm?/ 1000 -
1. 1,25 mg/kg MP/CR=100%
150 J/cm?
102(’)513,':://2\;2/ K/K=0,72 £+ 0,39*
2. 2.5 mg/kg MP/CR=100% TPO/TGI=92,4% =
’ — 0,
100 J/cme MNP/CR=66,7%
ngfocl”z;)(") / K/K=2,44+0,64 K/K=443+096 K/K=7,87+183 K/K=15414503 K/K=32,32+12,55 -
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1. KoadpuumeHT npupocra onyxonm (K) /
2. TopmoxxeHue pocta onyxonu (TPO,%) /
3. MpoueHT KMBOTHbIX € NoNHoW perpeccuent onyxonu (MNP, %) /
Cxema onbita /
4, I1p0|.|,e|-rr M3/1e4EeHHbIX XXNBOTHbIX (90 cyT)/
Bpema nccnegoBaHua nocne OAT /
KapumnHoma dpnunxa mbiwen (BHyTprBeHHOe BBefeHme) /

mouse Ehrlich carcinoma (intravenous administration)
(Ps=0,51 B1/cm?/ W/cm?)

1,25 mr/kr
150 Ox/cm?/
1,25 mg/kg
150 J/cm?
2,5 mMr/Kr
100 Ox/cm?/
2,5 mg/kg
100 J/cm?
KoHTponb (K) /
Control (K)

MP/CR=100% -

K/K=0,72 + 0,39*
MP/CR=100% TPO/TGI=92,4% -
MP/CR=66,7%

K/K=2,44 +0,64 K/K=4,43+0,96 K/K=7,87+1,83 K/K=1541+503 K/K=32,32+12,55 "

MNpumeuaHue:
* — Ko3PMLMEHT aBCONOTHOrO NMPUPOCTa OMYXOJN B OMbITe JOCTOBEPHO HIKE MO CPaBHEHMIO ¢ KoHTposiem (p <0,05);
** — HeT flaHHbIX (3amepbl 06beMOB ornyxosiel 3akaHumBany Ha 21 cyTku nocne O[T, NOCKONbKY Ha 3TOT CPOK B KOHTPOJIE HAaUMHANCA NaAex
XKUBOTHbIX U laNibHelLLIEee CPaBHEHME NepecTaeT ObiTb KOPPEKTHbIM. Ha 90 CyTKM BbIKMBLLMX )KUBOTHbIX BO BCEX KOHTPOJbHbIX Fpymnnax He
6bIN10, COOTBETCTBEHHO pacyeT TPO He NpoBoAun).

Notes:
* — the coefficient of absolute tumor growth in the experiment is significantly lower than in the control (p < 0,05);
** _ no data (measurements of tumor volumes were done on day 21 after PDT, since at this time the deaths of animals started in the control and further
comparison ceased to be correct. On day 90, there were no surviving animals in any control groups, so the calculation of TGl was not performed.)

Tabavua 3

AvHamuKa pocTta capkoMbl M-1 Kpbic nocae ®AT ¢ UHTpanepuToHeaAbHbIM BBeAeHWEM 6opUpoBaHHOIO XAOpUHa €6
Table 3

Dynamics of M-1 sarcoma growth in rats after PDT with intraperitoneal injection of boronated chlorin €6

1. Koa¢puuymeHT npupocra onyx. (K) /

Cxema
npoBeAeHuA 2. TopmoxxeHue pocta onyxonu (TPO, %) /
oaT/
3.MpoLueHT XKNBOTHbIX € NosiHON perpeccuen onyxonum (MP, %) /

Bpemsa nccnegosanusa nocne OAT /

-

(E=150 xx/cm?/ J/cm?;
Ps=0,25 Bt/cm?/ W/cm?)

K/K=-0.88+0,12" K/K=-0.76+0,17" K/K=0,14£0,60" K/K=3.14£1,99" K/K=25_86+11,10"

1. };2 “r;‘]r/ */‘lz/ TPO/TGI=99,4% TPO/TGI=982%  TPO/TGI=965% TPO/TGI=933% TPO/TGI=86,1%
42 MIKIG " np s CR =95,0% MP / CR = 90,0% MP/CR=80,0% MP/CR=750%  MP/CR=50,0%
2,5 mr/kr/ K/K=0,30 % 1,30%
1. 25 mark MP/CR=100% TPO /TGl = 99,4%
M NP/ CR=92,0%
5,0 mr/Kr / o
% 5,0 mg/kg MP/CR=100%
ggﬂf’o‘f’zﬁ)('(” K/K=142+0,18 K/K=820+1,14 K/K=16444222 K/K=2696+391 K/K=6154+973
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According to the results of pharmacokinetic studies,
the optimal time for laser irradiation was established: 2.0
hours after the introduction of the PS. The maximum an-
titumor effect was obtained with a PS dose of 10.0 mg/
kg body weight and laser radiation parameters E =300 J/
cm? and Ps = 0.44 W/cm? (Table 2) [26].

Ehrlich's carcinoma

Intraperitoneal administration. The optimal time for la-
ser irradiation after the introduction of PS LBC at a dose
of 2.5 mg/kg of body weight occurs after 1.5 hours. The
antitumor effect depends on the PS dose and the param-
eters of laser radiation (Fig. 5).

The maximum antitumor effect, leading to the CR of
Ehrlich carcinoma in 100% of animals up to 21 days after
PDT, is manifested with the intraperitoneal injection of PS
at a dose of 2.5 mg/kg of body weight and the param-
eters of laser radiation E=100 J/cm? and Ps=0.51 W/cm?.
On the 90th day after therapy, a high level of recovery of
animals was obtained (80% of cases) (Table 2).

Intravenous administration. The optimal time for laser
irradiation after intravenous administration of PSLBC at a
dose of 2.5 mg/kg of body weight occurs in 30 - 75 min-
utes (Fig. 6).

The maximum efficiency of therapy for animals with
Ehrlich's carcinoma was observed at a PS dose of 1.25
mg/kg of body weight, a light dose of 150 J/cm? and a
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