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Abstract

Authors have studied the antitumor efficacy of contact radiation therapy (CRT) in combination with a chlorin-based photosensitizer (PS)
in an experiment on laboratory animals with transplanted tumors. The experimental study was performed in 50 white outbred rats weighing
250+50 g. Subcutaneously transplanted Pliss lymphosarcoma (PLS) and alveolar liver cancer PC1 (PC1) were used as tumor models. Chlorin-
based PS photolon (RUE «Belmedpreparaty», Republic Belarus) was injected intravenously at a dose of 2.5 mg/kg. The radiation sessions were
carried out 2.5-4 hours (depending on the tumor model) after the administration of the PS using the device «microSelectron HDR V3 Digi-
tal» («Nucletron», Netherlands) with a 192-Ir radiation source in single focal doses 5 and 10 Gy. All laboratory animals (for PLS and PC1) were
subdivided into 5 groups of 5 animals each: intact control, CRT 5 Gy, CRT 10 Gy, PS + CRT 5 Gy, PS + CRT 10 Gy. For the PLS tumor model -
on the 14" day from the beginning of the experiment V_. in groups were 26.31+5.81; 22.45+6.97; 18.99+4.86; 10.75+5.18 and 28.06+2.85 cm? re-
spectively (p<0.05). The coefficients of tumor growth inhibition in the experimental groups were 14.67%, 27.82%, 59.14% and 6.65%, respectively.
The frequency of complete tumor regressions 60 days after the start of the experiment was 0%, 20%, 20%, 60%, and 20%, respectively. On PC1
tumor model - on the 14™ day from the beginning of the experiment V_.in groups were 4.48+1.03; 0.80+0.21; 0.29+0.09; 0.19+0.07 and 0.32+0.08
cm?, respectively (p=0.009). The coefficients of tumor growth inhibition in the experimental groups were 82.14%, 93.53%, 95.76% and 92.86%,
respectively. The frequency of complete tumor regressions 60 days after the start of the experiment was 0%, 0%, 20%, 0%, and 0%, respectively.
Systemic administration of chlorin-based PS before the CRT session increases the antitumor efficacy of radiation therapy in animals with trans-
plantable tumors of different histological structure and growth patterns. The data obtained indicate that further studies of the radiosensitizing
properties of PS are promising.
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MPOTUBOOIMYXOJIEBAY SPPEKTUBHOCTb
KOHTAKTHOWM JTYSMEBOWU TEPATNTNU B KOMBMHALUU

C POTOCEHCUBHNITNM3ATOPOM XJTIOPUHOBOTO PAOA
B OKCMEPUMEHTE

O.A. Uepkosckun, E.J1. NMpoTtonosuny, [.U1. Koznosckui, B.A. Cycnosa
PecnybnmnkaHCkmit HOYYHO-NPAKTUYECKMUI LEHTP OHKONOMM M MEAMLIMHCKOM
paguonormun um. H.H. Anekcarnaposa, JlecHoi, Pecnybnuka Benapycs

Pesiome
ABTOpamMM M3yyeHa NpoTrBOONyXoseBasd 3pGEKTUBHOCTb KOHTaKTHOM JiyyeBor Tepanun (K/IT) B KOMOUHaUMn ¢ poToCeHCMOUImn3aTopom
(®C) xnoprHOBOro pAAa B IKCNepUMEHTE Ha JTabopaTOPHbIX XKMUBOTHbIX C MEPEBUBHbIMK onyxonAMU. PaboTa BbinonHeHa Ha 50 nabopatop-
HbIX >KMBOTHbIX (6enble 6ecnopofHble Kpbicbl) ¢ Maccor Tena 250150 . B kauecTBe onyxoneBbix MOAENel NCMoNb30Banu IMMpocapkomy
Mnucca (ICMN) n anbBeonsApHbIi pak nedenn PC (PC1), nepeBuTble nogkoxHo. OC xnoprHoBoro psaga ¢potonoH (PYIN «benmepnnpenapartbi»,
benapycb) BBOAUNCA BHYTPMBEHHO KanenbHO B fo3e 2,5 Mr/Kr maccbl Tena. CeaHc KJTT nposogmnm yepes 2,5 — 4 4 (B 3aBUCMMOCTM OT OMyXosie-
Bol mopaenu) nocsie BBeaeHna OC c ucnonb3osaHrem annapata «microSelectron HDR V3 Digital» («<Nucletron», HuagepnaHabl) ¢ UICTOUHMKOM
n3nyyeHna 192-Ir B pa3oBbix ouarosbix fo3ax (POM) 5 n 10 p. Bce nabopatopHbie XMBOTHbIE, Kak B noarpynne c JICM, Tak v B nogrpynmne ¢
PC1, 6binn pa3geneHbl Ha 5 rpynn no 5 ocobeil B KaXAON: MHTaKTHbIM KOHTposb, KITT PO 5 p, KNT POA 10 p, ®C + KJIT PO 5Tp, ®C + KNT
POJ 10 I'p. Ha mopenn JICI Ha 14-e cyTKv OT Hauana BO3[eNCTBUI CPefHUIA 0O6beM Omnyxonu (ch) B rpynnax coctasun 26,31+5,81; 22,45+6,97;
18,99+4,86; 10,75+5,18 1 28,06+2,85 cm?, cooTBeTCTBEHHO (P<0,05). KoadpduumeHT TopmoxkeHUs pocta onyxonu (TPO) B oMbITHBIX rpymnnax
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coctaBun 14,67%; 27,82%; 59,14% v - 6,65%, COOTBETCTBEHHO. YacToTa NOMHbIX perpeccuii onyxonein yepes 60 CyTOK Nocne Havana sKkcnepu-
MeHTa coctasuna 0%, 20%, 20%, 60% 1 20%, cootBeTcTBeHHO. Ha Mogenn PC1 Ha 14-e cyTKM OT Hauana BO3AeNCTBUMN ch. B rpynnax coctaBu
4,48+1,03; 0,80+0,21; 0,29+0,09; 0,19+0,07 1 0,32+0,08 cm®, cooTBeTCTBEHHO (p=0,009). KoadpPpuumeHT TPO B OMbITHBIX FPynnax coctaBun
82,14%; 93,53%; 95,76% 1 92,86%, cCOOTBETCTBEHHO. YacToTa MOMHbIX perpeccui onyxosnein yepes 60 CyToK Nocne Havyana SKCnepumeHTa co-
ctaBuna 0%, 0%, 20%, 0% v 0%, cooTBeTCTBEHHO. Pe3ynbTaTbl NcCnefoBaHNA NoKasanu, 4to BBeaeHne OC xI0pUHOBOrO pAfa nepes ceaHcoM
KNT yBennumBaeT NpoTrBOONyXxoneByto 3GPeKTMBHOCTb Jly4eBO Tepanum y >KMBOTHbIX C Pa3/INYHbIMY MO FUCTONOrMYECKON CTPYKTYpe U Xa-
paKkTepy pocTa nepeBrBHbIMU OMyxXonAMu. MonyyeHHble AaHHble CBUAETENbCTBYIOT O MEPCNEKTUBHOCTY fallbHENLWNX NCCIE[0BaHNI paano-
ceHcnbunusnpytowmx csorcts OC.

KnioueBble c/ioBa: 3KCrepYMeHTaibHOE MCCeoBaHNeE, 1abopaTopHble KIBOTHbIE, MEPEBUBHbIE OMYyXONM, KOHTAKTHas Ny4yeBas Tepanus,
doToceHcnbunmzatop.

Onsa untupoBanus: Liepkosckuia [.A., Mpotonosuy EJ1., Kosnosckun [.U., Cycnosa B.A. lpoTuBoonyxoneBas 3GpdEKTUBHOCTb KOHTAKTHOW
Jly4YeBOI Tepanumy B KOMOMHaLMM ¢ GOTOCEHCMOUNN3ATOPOM XJIOPUHOBOTO pAAa B dKcnepumeHTe // Biomedical Photonics.—2021.-T.10,N2 2. -
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Introduction

Radiomodifiers are used in clinical oncology in the
treatment of patients with malignant tumors in order
to selectively enhance the antitumor effect of radiation
therapy (RT) or to weaken its negative impact on normal
tissues. The radiomodifying agents used are electron
acceptor compounds (metronidazole, mesonidazole,
etc.), hyperthermia (general and local), and artificial
hyperglycemia. The use of radiomodifiers makes it possi-
ble to increase the radiosensitivity of tumor cells located
in hypoxic zones of the tumor, without increasing the
degree of radiation damage to normal oxygenated cells
[11.

At the end of the twentieth century, the results of
the first clinical studies were published, which demon-
strated that the combined use of RT with antimetabolites
(5-fluorouracil, methotrexate) significantly improves the
results of treatment of patients with squamous cell car-
cinoma of head and neck. Cytostatic drugs, ultrasound
and laser radiation in low-intensity modes, magnetic and
electric fields are used as physico-chemical factors that
modify the radioresistance of tumors [1].

In recent years, the method of photodynamic therapy
(PDT) has been increasingly used in clinical practice [2-8].
Of particular interest are studies into the radiosensitizing
properties of photosensitizers (PS) used in photodynamic
therapy. The first PSs whose radiosensitizing activity was
proved in experimental studies in vitro and in vivo were
hematoprophyrin and photofrin 11 [9-11].

The main scientific idea of this study is to examine and
prove new properties of the photolon chloride series PS in
an invivo experiment on laboratory animals with inoculated
tumours. The paper studies the possibility of enhancing
radiation damage to inoculated tumors due to the com-
bined use of ionizing radiation and PS as a radiomodifier.

It is for the first time that research in this direction
is conducted in the Republic of Belarus and in the CIS

countries. In the available literature sources, there are
only a few publications (by author groups from Germany,
Lithuania, and Japan) on the study of the radiosensitizing
effect of PS (hematoporphyrin, photofrin Il, 5-aminolev-
ulinic acid) [10-13].

There are no works devoted to the treatment of ani-
mals with induced tumors using photolon chloride series
PS, which makes this study relevant and promising for
experimental oncology.

Materials and methods

Laboratory animals

The pilot study was performed on 50 white mon-
grel rats of both sexes, obtained from the vivarium of
the N. N. Alexandrov RRPC of OMR, with a body weight
of 250450 g, aged 2.5-3 months. The duration of quar-
antine before the inclusion in the experiment was 14
days. Laboratory animals were kept in standard con-
ditions in terms of food and drinking rations, with a
12-hour lighting mode, at a temperature of 20-22° C
and a humidity of 50-60% in cages with 5 individuals in
each.The indicators of humidity, temperature, and illu-
mination in the room complied with the current sani-
tary rules for the device, equipment and maintenance
of vivariums [14].

Tumor strains

The study used tumor strains (Pliss lymphosarcoma,
PLS) [15] and PC alveolar liver cancer (PC1) [16] obtained
from the Russian collection of cell cultures (Institute of
Cytology of the Russian Academy of Sciences, St. Peters-
burg, Russian Federation).

Tumor model

The tumor model in laboratory animals was created
by subcutaneous passivation in vivo. Subcutaneous graft-
ing included the introduction of 0.5 ml of a 10% suspen-
sion of tumor cells in a 0.6% Hanks’ solution subcutane-
ously in the left inguinal region. Laboratory animals with
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PLS were included in the experiment on the 7th day after
the transfer, and those with PC1, on the 21st day after the
inoculation.

Ethical aspects

The experimental studies were conducted in accor-

dance with the international legislation and the regula-
tory acts in force in the Republic of Belarus on conducting
experimental studies with laboratory animals, namely:

1. The European Convention for the Protection of
Vertebrate Animals used for Experimental and
other Scientific Purposes (Strasbourg, France,
dated 18.03.1986), as amended in accordance
with the provisions of the Protocol (SED No. 170
of 02.12.2005).

2. Directive 2010/63/EU of the European Parliament
and of the European Union on the protection
of animals used for scientific purposes (dated
22.09.2010).

3. TPC 125-2008 «Good Laboratory Practice» (GLP)
(Resolution of the Ministry of Health of the
Republic of Belarus No. 56 of 28.03.2008).

Laboratory animals were put under anesthesia (neu-

roleptanalgesia: 0.005% fentanyl solution + 0.25% dro-
peridol solution, in a ratio of 2:1, 0.2 ml per 100 g of body
weight, intramuscularly). After the end of the observa-
tion period for laboratory animals, they were put to death
with generally accepted methods of euthanasia (aether
pro narcosi) with the observance of humane methods of
laboratory animals treatment.

The radiosensitizer

Photolon (RUE «Belmedpreparaty», Minsk, Republic

of Belarus), which is a trisodium salt of e6 chlorine with
povidone K17, was used as a radiosensitizing agent. The
PS was a lyophilized powder for the preparation of intra-
venous solution in the form of a porous mass of greenish-
black color, 100 mg (registration number 16/11/886 of
08.11.2016). The PS was introduced by intravenous infu-
sion in a darkened room at a dose of 2.5 mg/kg of body
weight (according to the instructions for medical use).

The contact radiation therapy session

The animals were exposed to ionizing radiation once,

with «microSelectron HDR V3 Digital device (the Neth-
erlands) with 192-Ir microSelectron V2 radiation source.
Irradiation was performed in single focal doses (SFD) of
5 and 10 Gy. The activity of the radiation source at the
beginning of the experiments was 5.2 Ci. The irradiation
time was 73.1 seconds and 146.2 seconds, respectively.
Irradiation was started 2.5-3 hours after the end of the
PS infusion (on the PLS model) and 3.5-4 hours after
the infusion (on the PC1 model). The time between the
completion of the PS infusion and the beginning of the
irradiation sessions was determined in previous studies,
which showed exactly these time intervals for inoculated
tumors as the time to reach the maximum concentration
of PS in the tumor tissue.

The design of the research

All the treatments were performed after the tumor
node reached the diameter of at least 4-5 mm: on the 7th
day after PLS transplantation and on the 21st day for PC1.
The study was performed on 25 laboratory animals ran-
domly distributed into groups of 5 animals each (for each
of the tumor strains). The characteristics of the experi-
mental groups are presented in Table 1.

Ta6nuua 1

Av3aiH uccnepoBaHUA
Table 1

Study design

lpynna nccnepoBanuns

WHTaKTHbIN KOHTPOSb
Intact control

, KITPOASTP
CRT, single focal doses 5 Gy
3 KNT, POO 10 Ip
CRT, single focal doses 10 Gy
4 OC poTonoH 2,5 mr/kr + KIT, POA 5 p
PS photolon 2.5 mg/kg + CRT, single focal doses 5 Gy
5 OC dpoTonoH 2,5 mr/kr + KINT, POA 10 p

PS photolon 2.5 mg/kg + CRT, single focal doses 10 Gy

Criteria for evaluating antitumor efficacy

The antitumor effectiveness of exposure was evalu-
ated according to the indicators characterizing the
dynamics of volume changes (V), the coefficient of
absolute tumor growth (K) and the coefficient of tumor
growth inhibition (TG/).

The volume of tumors was calculated by the formula (1):

=g x dyx dyx ds, where

d, , , are three mutually perpendicular diameters of the
tumor (in cm);
/6 = 0.52 is a constant value;

Vis the volume of the tumor (in cm3).

The absolute tumor growth coefficient (K) was calcu-
lated by the formula (2):
V=¥
K: | A

Ve where

V,is the initial volume of the tumor (before the introduc-
tion of the chemotherapy drug);
V. is the volume of the tumor at a certain period of obser-
vation.
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The coefficient of tumor growth inhibition (TGl) was
calculated by the formula (3):

TGI%= (V control = Vexperiment)/ V contror*100 , Where

V . — the average volume of the tumor in the control
group (cm?);

experiment ™ the average volume of the tumor in the main
group (cm?).

The quantitative criteria for evaluating the inhibitory
effect on inoculated tumors in laboratory animals were
as follows (Table 2) [17].

The dynamics of the growth of inoculated tumors was
recorded starting from day 7 after the inoculation of the
tumor strain of PLS and from day 21 for PC1, for 2 weeks
with an interval of 2-3 days.

The frequency of complete regressions (CR) was esti-
mated 60 days after the performed exposures. In each
group, the share of animals (%) with no visual and palpa-
tory signs of tumor growth was evaluated [17].

Statistical data processing

Statistical processing of experimental data and
graphical representation of the results were carried out
with Excel 2010, Origin Pro (version 7.0) and Statistica
(version 8.0) software. The results are presented in the
form M+m, where M is the arithmetic mean and m is the
error of the mean. To assess the reliability of the differ-
ences, the Mann-Whitney U criterion was used. The dif-
ferences were considered statistically significant at the
significance level of p<0.05.

Results

The inoculation rate of both tumor models (PLS and
PC1) in laboratory animals was 100%.

The study compared the antitumor effectiveness of
CRT as an independent therapy and the combination of
CRT with the use of chlorin-type PS as a radiosensitizer.
The results of the CRT effectiveness evaluation after sys-
temic administration of photolon on the PLS model are
presented in Fig. 1 and in Table 3.

As can be seen from the presented data, CRT in the
SFD 5 Gy caused a slight inhibition of the growth of inocu-
lated tumors, compared with the intact control group. An
increase in the SFD to 10 Gy enhanced the effect of CRT,
but the differences in the average tumor volumes (V_.)
in the groups of animals exposed to radiation at doses
of 5 Gy or 10 Gy were statistically insignificant (p=0.69).

Intravenous administration of photolon at a dose of
2.5 mg/kg of body weight, followed by CRT in the SFD
of 5 Gy, increased the antitumor effect of the radiation
exposure, compared with CRT with the same SFD with-
out a sensitizer. Thus, on the 14th day after the irradiation
session in the group of rats receiving combined treat-
ment,V__ was 2 times lower than in the group of animals
subjected to only CRT (10.75+£5.18 cm® and 22.45+6.97
cm?, respectively), although this difference did not reach
a statistically significant level (p=0.19).

Intravenous administration of photolon preceding
CRT with the SFD of 10 Gy did not lead to an increase in
the antitumor effect of radiation exposure, compared
with CRT with SFD of 10 Gy without a sensitizer.

Thus, the optimal treatment regimen for the PLS
model was intravenous administration of photolon at a
dose of 2.5 mg/kg of body weight, followed, after 2.5-3

Taonuua 2

KpuTepum oLeHK1 NpoTUBOONYXOAEBOM 3PPEKTUBHOCTU
Table 2

Evaluation criteria for antitumor efficacy

TPO*<20% 0
TGl <20%
TPO<20-50% "
TGl <20-50% -
TPO<51-80% +
TGl <51-80%
TPO<81-90% o
TGI <81-90%
TPO<91-100% + MNP"<50% n
TGl <91-100% + CR<50%

~1009 9
TPO<91-100% + NP>50% P

TGl <91-100% + CR>50%

MprimeyaHune: TPO — KO3PPULIMEHT TOPMOXKEHUA POCTa OMYXONW;
MNP - nonHan perpeccus.
Note: "TGI - tumor growth inhibition; CR - complete regression

OdLem omyxoaeii, em?
Tumor volume, cm?*
by

CYTKH noc/ie mepeBHBKH omyxoaeii
Days after tumor transplantation

s | THTAKTHBIT KOHTPOE / Intact control
e KJIT POJT 5 [p/ CRT 5 Gy
====FJIT POO 10Ip /CRT 10 Gy

@C +KIT POJ[ 5Tp/PS + CRT 5 Gy

Puc. 1. luHaMmuKa pocta nepeBUBHbIX onyxonen mogenu JICI
npu uccnepyembix cxemax TepaneBTUHECKOro BO3elCTBUSA

Fig. 1. Dynamics of growth of transplanted tumors of the PLS
model under the studied therapeutic regimens
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Ta6naumua 3

AP PEKTUBHOCTb A€UEHUSA AaBOPATOPHbIX XMBOTHBIX C NEPEBUBHbLIMM OnyXoAsivu ACT

Table 3

Effectiveness of treatment of laboratory animals with transplantable PLS tumors

HanmeHoBaHune
rpynnbi

V_ onyxonu
<p.
A0 Hauyana
3KCNepuMeHTa, cm>

VIHTaKTHbIN KOHTPOMb

ch onyxonu Ha 14-e cyTkun
3KCMepuMeHTa, cm®

Mokasarenu

K
Ko3pduumeHT
a6contoTHOro npupocra

TPO, % MNP, %

onyxonen

0,83+0,12 26,3145,81 30,70 - 0
Intact control

KIIT POAL 5 Tp

CRT 5 Gy 0,48+0,19 22,45+6,97 45,77 14,67 20
KIIT PO 10 Tp

CRT 10 Gy 0,51£0,13 18,99+4,86 36,24 27,82 20
OC +KNTPOA 5 Tp

PS4 CRT 5 Gy 0,4620,15 10,75+5,18 22,37 59,14 60
OC+KNTPOA10Tp 0,75+0,48 28,06+2,85 36,41 665 20

PS + CRT 10 Gy

hours, by a single exposure to ionizing radiation with the
SFD of 5 Gy. On the 14th day after the treatment of ani-
mals, the K coefficient was 22.37%, the value of TGI, com-
pared with the intact control group, was 59.14%, and the
frequency of CR was 60%. The effectiveness of the treat-
ment corresponded to «+» on a semi-quantitative assess-
ment scale (Table 2).

The evaluation of the effectiveness of the combined
use of CRT and photolon as a radiosensitizer on the PC1
model in rats showed the following.

As can be seen from the data presented in Fig. 2 and
in Table 4, CRT in the SFD of 5 Gy caused a statistically
significant inhibition of the inoculated tumors growth
compared with the intact control: on day 14 of observa-
tion,V__inratsin the control group was 4.48+1.03 cm3,
while in the group of animals after a session of CRT in
the SFD 5 Gy it was 0.80+0.21 cm?. An increase in SFD to
10 Gy led to an increase in the antitumor effectiveness
of exposure, and the difference in the values of V__in
the groups of animals receiving CRT with the SFD of 5
Gy and 10 Gy approached the level of statistical signifi-
cance (p=0.053).

Intravenous administration of photolon at a dose of
2.5 mg/kg of body weight, preceding radiation exposure,
significantly potentiated the antitumor effect of CRT in
the SFD 5 Gy: on the 14th day after the irradiation ses-
sion,V__in this group of animals was 0.19+0.07 cm?3. was
0.19+0.07 cm?. The differences in the values of V__ in the
group of rats that were injected with photolon before
CRT, and in the group of animals that received only CRT
with the SFD 5 Gy, are statistically significant (p=0.022).

As in the PLS model, in rats with an inoculated PC1
tumor, intravenous administration of photolon, pre-

ceding CRT with the SFD of 10 Gy, did not lead to an
increase in the therapeutic effectiveness of radiation
exposure.

Thus, the optimal combined treatment regimen
for the PC1 rat model was intravenous administra-
tion of PS at a dose of 2.5 mg/kg of body weight, fol-
lowed, after 3.5-4 hours, by a single exposure to ion-
izing radiation with the SFD of 5 Gy. On the 14th day
of the follow-up after the treatment session, the K
coefficient was 5.33%, and the value of TGIl, compared
with the control group of animals, was 95.76%. The CR
of tumors in rats with an inoculated PC1 tumor after

Obbem omyxoeii, em*
Tumor volume, em?

CYTRH moc/ie NepeBHBKN OMyXoaeil
Days after tumor transplantation
== [[HTAKTHBI KOHTpONS / Intact control
~===KJIT POOSp/CRT 5 Gy
===IJIT PO 10Tp / CRT 10 Gy
@C + KJT PO STp / PS + CRT 5 Gy
=——®C+KITPOJ 10Ip/PS CRT 10 Gy

Puc. 2. luHamuKa pocTta nepeBuBHbIX onyxonein mogenu PC1 npu
nccneayeMbix cxemax TepaneBTM4eCcKoro BO3aencTBus

Fig. 2. Dynamics of growth of transplanted tumors of the PC1 model
under the studied therapeutic regimens
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Ta6nuua 4

APPEKTUBHOCTb ACUEHUS AaBOPATOPHbIX XXMBOTHBIX C NEPEBUBHBIMM onyxoasivu PCL

Table 4

Effectiveness of treatment of laboratory animals with transplantable PC1 tumors

HanmeHoBaHune

rpynnbI \"/ . ONYXONU A0 Ha4aNa

JKCcnepu-meHTa, cwm’

NHTaKTHbIN KOHTPOSb

Mokasatenn

Vv . ONyX0Nn Ha 14-e
CYTKW SKCNepuMeHTa, cm?

K
Ko3¢punumeHT
abconoTHOro

TPO,% | MNP, %

npupocTa onyxoner

0,05+0,02 4,48+1,03 88,60 - 0
Intact control

KNT POLL 5 p

CRT5 Gy e 0,800,21 19,00 82,14 0
KNT POJL 10 Ip

CRT 10 Gy 0,03+0,01 0,29+0,09 8,67 93,53 20
OC +KNTPOJ 5 Tp

PS4 CRT5 Gy 0,03+0,01 0,19+0,07 5,33 95,76 0
OC +KNT PO/ 10 Tp 0,0340,01 032008 06r 0256 .

PS+ CRT 10 Gy

treatment was not registered. The effectiveness of the
impact corresponded to « ++ » on the semi-quantita-
tive assessment scale.

Discussion

Studies into the radiosensitizing properties of vari-
ous classes of PS are currently relevant and promising.
The overwhelming number of publications devoted to
the consideration of this area of therapy, in experimen-
tal studies in vitro and in vivo, use hematoprophyrin and
photofrin Il as PS [9-11].

The main mechanisms of the antitumor response in
the combined use of RT and PS have not been sufficiently
studied. According to Shaffer M. et al., on the one hand,
PS (for example, photophrine II), when exposed to ion-
izing radiation, can enhance the radiolytic effect due to
oxygen species formed in the tumor cell under the influ-
ence of radiation itself [18]. On the other hand, RT leads
to sublethal and lethal damage to tumor cells. In the
future, sublethal changes are usually reversible based on
the mechanisms for restoring the functions of the tumor
cell. In the case of activation of photofrin Il by ionizing
radiation, the oligomeric components of this PS, inter-
acting with intermediate free radicals (hydroxyl radicals)
formed in the tumor cell during irradiation, prevent the
development of these processes and, consequently, this
combination creates antitumor effects [18, 19].

The results of experimental studies of the radiosensi-
tizing effect of photosensitizing agents are presented in a
number of research publications by other authors.

For instance, the study Kulka U. et al.,, performed on
the cell lines of bladder cancer RT4 and glioblastoma
U-373 MG, evaluated the effectiveness of the combined

use of ionizing radiation with SFD from 2 to 8 Gy and pho-
tophrine. The maximum antitumor effect, expressed in a
statistically significant decrease in the number of viable
tumor cells, was noted when using PS and irradiation with
SFD of 6 and 8 Gy. The percentage of viable U-373 MG
tumor cells in the groups «PS + SFD 6 Gy» and «PS + SFD
8 Gy» was 2.7+1.1% and 0.2+0.1%, respectively, and was
statistically significantly lower than when irradiated with
the same parameters without adding PS to the nutrient
medium (3.9+£1.1% and 0.5+0.2%, respectively; p<0.05).
The percentage of viable RT4 tumor cells in the groups
«PS + SFD 6 Gy» and «PS + SFD 8 Gy» was 4.7+2.3% and
0.9+0.5%, respectively, and was statistically significantly
lower than when irradiated with the same parameters
without adding PS to the nutrient medium (6.7+1.1%
and 1.7+0.7%, respectively; p<0.05). The authors came to
the conclusion that irradiation of tumors sensitized by PS
and in maximum concentrations adsorbed in mitochon-
dria leads to the formation of a large number of reactive
oxygen species and, as a result, the initiation of oxidative
stress, which causes lethal and sublethal cell damage by
apoptosis [20].

Shaffer M. et al., based on the results obtained in in
vivo experiments on linear mice with a subcutaneous
model of bladder cancer RT4, concluded that the com-
bined use of photophrine and ionizing radiation (10 Gy)
allows to increase the time of tumor volume doubling
from 6.2 to 10.9 days compared with single-mode irra-
diation (p<0.05) [21].

Rutkovskiené L. et al. studied the radiosensitizing
properties of hematoporphyrin (1 mcg/ml) and temo-
porphin (0.1 mcg/ml) derivatives on glioma C6 cell cul-
ture. The irradiation of the cell culture in the monolayer
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was carried out with gamma rays using cobalt-60 (dose
rate: 1.1 Gy/min) with a variation of SFD from 2 to 8 Gy.
The authors showed that the use of PS without irradia-
tion did not have a toxic effect on glioma C6. Irradiation
without PS with the SFD of 2 Gy reduced the number of
viable cells by 20%, and with the TFD of 4 Gy, by 50%.
Radiosensitization with a hematoporphyrin derivative
in combination with irradiation with TFD of 2-8 Gy sig-
nificantly reduced this indicator compared to the single-
mode irradiation group (p<0.05). Temoporphine did not
show radiosensitizing properties [22].

In the research of Schaffer M. et al., attempts are made
to test the treatment regimens developed in the experi-
ment in patients with malignant neoplasms [10, 23-25].

In 2002, the results of treatment of 2 patients with
unresectable recurrent bladder cancer were published.
Photofrin Il was used as PS, and irradiation (remote RT)
was carried out with TFD of 44.8+14 Gy 24 hours after the
introduction of PS at a dose of 1 mg/kg of body weight.
The method used made it possible to reduce the volume
of tumors by 35% and 40%, respectively, and perform
surgery at the end of the RT course [23].

In 2006, Schaffer M. et al. presented the experience of
clinical use of photofrin Il in combination with RT in 12
patients (7 with unresectable solid pelvic tumors, 3 with
malignant gliomas, 1 with a relapse of oropharyngial car-
cinoma, 1 with a relapse of sphenoidal sinus adenocar-
cinoma). Irradiation (remote RT) was performed in TFD
30-50.4 Gy 24 hours after intravenous administration of
PS at a dose of 1 mg/kg of body weight. The median fol-
low-up time was 12.9 months. No serious adverse events
were observed. The frequency of CR was in 33.3% cases (4
patients), a decrease in the volume of the tumor by 45%
or more was in 33.3% (4 patients), and the stabilization
of the process in 33.3 % (4 patients). Only in 1 patient, 5
months after treatment, the occurrence of a local relapse
of the disease was observed [10].

In 2013, a group of scientists published the results
of treatment of a patient with grade Ill astrocytoma
using remote RT (TFD 60 Gy) with a preliminary intra-
venous infusion of photofrin Il at a dose of 1 mg/kg of
body weight. The PS was administered 24 hours before
the start of irradiation. The authors note a long progres-
sion-free follow-up period (106 months), the absence of
adverse events and phenomena [24].

REFERENCES

Tzerkovsky D.A., Protopovich E.L. Radiosensitizing effect of pho-
tosensitizers (review of the results of experimental and clinical
studies). Oncological Journal, 2018, Vol. 12(2), pp. 110-115 (in
Russian).

2. Sokolov V.V, Filonenko E.V.,, Telegina L.V. et al. Combination of
fluorescent imaging and local spectrophotometry in fluorescent

In 2019, Schaffer P. et al. presented the results of treat-
ment of a patient with cervical carcinoma (FIGO lllb deg.).
Photofrin Il was used as PS, and irradiation (remote RT)
was carried out 24 hours after the introduction of PS at
a dose of 1 mg/kg of body weight, with TFD 50.4 + 14
Gy (fractionated; SFD of 1.8-2 Gy daily, 5 times a week).
According to the authors, a local relapse of the disease
was detected 30 months after the end of the course of
treatment (hysterectomy was performed) [25].

It is worth noting that the overwhelming majority of
studies is aimed at studying the antitumor effectiveness
of the combined use of PS and remote RT. In the available
literary sources, we found only one publication dedicated
to the use of contact RT. A. Morandi et al. presented the
results of the combined use of photofrin Il at a dose of 3
mg/kg of body weight and intratissual RT. The model used
was a solid form of mammary adenocarcinoma in linear
BALB/c mice. Exposure to ionizing radiation was carried
out 24 hours after the completion of PS infusion, with SFD
of 5 and 10 Gy. The results obtained indicate an increase
in the antitumor effectiveness of intratissual RT when it is
used with PS [26].

Conclusion

The pilot data obtained from the analysis of the imme-
diate and long-term results of an experimental study on
various models of inoculated tumors in rats indicate a
pronounced tendency to a higher antitumor effect of
combined treatment, including the use of PS followed by
CRT sessions at certain radiation doses, compared with
CRT alone. No experimental studies were found in the
available literature sources that examine the effective-
ness of the combined use of chlorine-type PS and ion-
izing radiation and demonstrating positive results, which
brings us to the conclusion that more in-depth research
in this direction is necessary and will be promising.

Experimental studies of the effects of combined treat-
ment on laboratory animals with inoculated tumors will
be continued in order to further optimize the CRT regi-
mens with the use of chlorin-series PS as a radiosensitizer.

The work was carried out with the financial support of
the Belarusian Republican Foundation for Fundamental
Research of the National Academy of Sciences of Belarus
(grant No. M19M-137, 2019-2021).

J'II/ITEPATVPA

LlepkoBckuin .A., MpoTonosuy EJI. PagnoceHcnbunusmpyto-
W 3¢pdekT doToceHcMbunmnsaTopos (0630p pesynbTaToB KC-
nepuMeHTaNbHbIX 1 KNMHUYECKX nccnepaoBaHuii) // Onkonoru-
Yyeckuii xypHan. - 2018.-T. 12, N2 2. - C. 110-115.

2. Sokolov V.V, Filonenko E.V, Telegina L.V., Bulgakova N.N., Smirnov
V.V. Combination of fluorescent imaging and local spectrophotom-

ORIGINAL ARTICLES

BIOMEDICAL PHOTONICS T.10, N22/2021

31



w
-
O
—
(0
<
<
yd
O
oz
O

20.

diagnostics of early cancer of larynx and bronchus. Quantum
Electronics, 2002, Vol. 32(11), pp. 963-969 (in Russian).

Sokolov Victor V., Chissov V.., Filonenko E.V. et al. Photodynamic
therapy of cancer with the photosensitizer PHOTOGEM. Pro-
ceedings of SPIE - The International Society for Optical Engineering,

1995, Vol. 2325, pp. 367-374.

Filonenko, E.V. The history of development of fluorescence di-
agnosis and photodynamic therapy and their capabilities in
oncology. Russian Journal of General Chemistry, 2015,Vol. 85(1),
pp.211-216.

Sokolov Victor V., Chissov V.I, Filonenko E.V., Yakubovskaya R.I.
et al. First clinical results with a new drug for PDT. Proceedings
of SPIE - The International Society for Optical Engineering, 1995,
Vol. 2325, pp. 364-366.

Semyonov D.Yu., Vasil'ev Yu.L., Dydykin S.S. et al. Antimicrobial
and antimycotic photodynamic therapy (review of literature).
Biomedical Photonics, 202, Vol.10(1), pp. 25-31 (in Russian).
https://doi.org/10.24931/2413-9432-2021-10-1-25-31

Filonenko E.V, Trushina O.l, Novikova E.G. et al. Photodynamic
therapy in the treatment of intraepithelial neoplasia of the cervix,
vulva and vagina. Biomedical Photonics, 2020, Vol. 9(4), pp. 31-39 (In
Russian.) https://doi.org/10.24931/2413-9432-2020-9-4-31-39
Rakhimzhanova R.l., Shanazarov N.A., Turzhanova D.E. Photody-
namic therapy of intradermal metastatic breast cancer (literature
review). Biomedical Photonics, 2019, Vol. 8(3), pp. 36-42 (In Rus-
sian.) https://doi.org/10.24931/2413-9432-2019-8-3-36-42
Kulka U. et al. Radiosensitization of tumours by porphyrins. Can-
cer Lett, 2006, Vol. 235, pp. 40-47.

Schaffer M. et al. Feasibility of photofrin Il as a radiosensitizing
agent in solid tumors — preliminary results. Onkologie, 2006,
Vol. 29, pp. 514-519.

Schaffer M. et al. Radiation therapy combined with photofrin or
5-ALA: effect on Lewis sarcoma tumor lines implanted in mice.

Preliminary results. Tumori, 2002, Vol. 88, pp. 407-410.
Bloznelyté-Plédniené L. and Rutkovskiene L. Radiosensitized
treatment of primary or metastatical malignant brain tumors
with hematoporphyrin derivative. Electron. Electric. Engineer,
2006, Vol. 4(68), pp. 83-86.

Yamamoto J. et al. Radiosensitizing effect of 5-aminolevulinic
acid-induced protoporphyrin IX in glioma cells in vitro. Oncol.
Rep, 2012, Vol. 27, pp. 1748-1752.

Sanitarnye pravila i normy 2.1.2.12-18-2006 «Ustrojstvo, oboru-
dovanie i soderzhanie jeksperimental’no-biologicheskih klinik
(vivariev)», Postanovlenie ot 31.10.2006 g. N° 131, g. Minsk, Re-
spublika Belarus’ [Resolution No. 131 of 31.10.2006, Minsk, Re-
public of Belarus] (in Belarus).

Limfosarkoma Plissa [Electronic source]. http://www.bionco.ru/
methods/exp_chemotherapy/strains/char_strains/LSP/. - Ac-
cessed: 15.03.2021 (in Russian).

Holangioma (al’veolyarnyj rak pecheni RS1) [alveolar liver cancer
PC1] [Electronic source]. - Rezhim dostupa: http://www.bionco.
ru/methods/exp_chemotherapy/strains/char_strains/rs1/. — Ac-
cessed: 15.03.2021 (in Russian).

Metodicheskie ukazanija po izucheniju protivoopuholevoj ak-
tivnosti farmakologicheskih veshhestv / Treshhalina E.M. i dr. //
V kn.: Rukovodstvo po jeksperimental’nomu (doklinicheskomu)
izucheniju novyh farmakologicheskih veshhestv / pod obshhej
red. chlen-korr. RAMN prof. R.U. Habrieva. - 2 izd., pererab. i dop. -
M.: OAO izd. «Medicina» [2nd ed., reprint. and add. - M.: JSC ed.
“Medicine”], 2005, Vol. 832 S, pp. 637-651 (in Russian).

Schaffer M. et al. The application of photofrin Il as a sensitizing
agent for ionizing radiation — a new approach in tumor therapy?
Current Med. Chem, 2005, Vol. 12, pp. 1209-1215.

Schaffer M. et al. Effect of Photofrin Il as a radio-sensitizing agent
in two different oesophageal carcinoma cell lines. J. Porphyrins
Phthalocyanines, 2005, Vol. 9, pp. 470-475.

Kulka U. et al. Photofrin as a radiosensitizer in an in vitro cell sur-

Tzerkovsky D.A., Protopovich Ya.L., Kozlovsky D.l., Suslova V.A.
Antitumor efficiency of contact radiotherapy in combination with a chlorin-based photosensitizer in experiment

32

etry in fluorescent diagnostics of early cancer of larynx and bron-
chus // Quantum Electronics. - 2002. - Vol. 32(11) . - P. 963-9609.
Sokolov Victor V., Chissov V., Filonenko E.V. Sukhin Garry
M. Yakubovskaya R.l., Belous T.A., Zharkova Natalja N., Kozlov
Dmitrij N., Smirnov V.V. Photodynamic therapy of cancer with
the photosensitizer PHOTOGEM // Proceedings of SPIE - The In-
ternational Society for Optical Engineering. - 1995. - Vol. 2325. -
P.367-374.

Filonenko, E.V.The history of development of fluorescence diagnosis
and photodynamic therapy and their capabilities in oncology // Rus-
sian Journal of General Chemistry. - 2015.-Vol. 85(1) .- P.211-216.
Sokolov Victor V., Chissov V.I., Filonenko E.V., Yakubovskaya R.l.,
Sukhin D.G., Galpern Maria G., Vorozhtsov Georgij N., Gulin A.V.,
Zhitkova M.B., Zharkova Natalja N., Kozlov Dmitrij N., Smirnov
V.V. First clinical results with a new drug for PDT // Proceedings
of SPIE - The International Society for Optical Engineering. -
1995. - 2325. - P. 364-366.

CemeHos [.10., Bacunbes t0.J1.,, Obigbiknn C.C., CtpaHagko E.O.,
Ly6uH B.K., Boromasos 0.K., MopoxoTos B.A., LLlep6iok A.H.,
Moposzos C.B., 3axapos l0./. AHTUMUKPOGHas 1 aHTUMUKOTHYeE-
ckasa doToanHammyeckas Tepanua (063op nutepatypsl) // Bio-
medical Photonics. — 2021. - T. 10(1) . - C. 25-31. https://doi.
org/10.24931/2413-9432-2021-10-1-25-31

QunoHeHko E.B., TpywwuHa O.M., Hosukosa E.I, 3apoueHueBa
H.B., PoBuHckaa O.B., VBaHoBa-PagkeBuu B./., Kanpun A.[.
QoToavHamnyecKas Tepanus B JIEYEHUU WHTPasnuTeNnmasib-
HbIX HeOMnasun LWenKkn MaTKu, ByNbBbl WU Bnaranuwa. // Bio-
medical Photonics. — 2020. — T. 9(4) . - C.31-39. https://doi.
org/10.24931/2413-9432-2020-9-4-31-39

PaxumkaHosa P, LLlaHa3apoB H.A., TypxaHosa [.E. ®otogmHamu-
YecKas Tepanua BHyTPMKOMKHbIX METaCTa30B paka MOIOYHON Xese-
3bl (0630p NuTepatypbl) // Biomedical Photonics.— 2019.-T.8(3) .-
C.36-42. https://doi.org/10.24931/2413-9432-2019-8-3-36-42
Kulka U. et al. Radiosensitization of tumours by porphyrins //
Cancer Lett. - 2006. - Vol. 235. - P. 40-47.

Schaffer M. et al. Feasibility of photofrin Il as a radiosensitizing
agentin solid tumors — preliminary results // Onkologie. - 2006. -
Vol. 29.-P.514-519.

Schaffer M. et al. Radiation therapy combined with photofrin or
5-ALA: effect on Lewis sarcoma tumor lines implanted in mice.
Preliminary results // Tumori. - 2002. - Vol. 88. - P. 407-410.
Bloznelyté-Plédniené L. and Rutkovskiene L. Radiosensitized
treatment of primary or metastatical malignant brain tumors
with hematoporphyrin derivative // Electron. Electric. Engineer. -
2006. - Vol. 4(68). — P. 83-86.

Yamamoto J. et al. Radiosensitizing effect of 5-aminolevulinic
acid-induced protoporphyrin IX in glioma cells in vitro // Oncol.
Rep.-2012.-Vol. 27.-P. 1748-1752.

CaHuTapHble npasuna n Hopmbl 2.1.2.12-18-2006 «YCTPONCTBO,
obopyfoBaHNe U cofiepKaHne 3KCneprMeHTanbHo-6ronornye-
CKUX KNMHUK (BMBapueB)», MoctaHoBneHne ot 31.10.2006 r. N°
131, r. MuHck, Pecny6nuka benapyco.

Jlumdocapkoma Mnucca [InekTpoHHbIV pecypcl. — Pexum fjo-
cTyna: http://www.bionco.ru/methods/exp_chemotherapy/
strains/char_strains/LSP/. — lata goctyna: 15.03.2021.
XonaHroma (anbBeonsApHbli pak neuveHn PCT) [DNeKTPOHHbI
pecypc]. — Pexxum poctyna: http://www.bionco.ru/methods/exp_
chemotherapy/strains/char_strains/rs1/. - [lata goctyna: 15.03.2021.
MeToanyeckue ykasaHusA MO M3y4YeHW0 MPOTMBOOMYXONEeBO
aKTMBHOCTY dapmakonornyecknx BewecTts / TpewanuHa E.M.
v ap. // B KH.: PyKoBOACTBO MO 3KCMeprMeHTanbHOMY (HOKM-
HUYECKOMY) M3yUYeHI0 HOBbIX hapMaKonornyeckux Belects /
nog obuien peg. uneH-kopp. PAMH npod. PY. Xabpuesa. - 2 n3ga.,
nepepab. n gon. — M.: OAO un3a. «<MegunumHar, 2005 r. - 832 C. -
C.637-651.

Schaffer M. et al. The application of photofrin II" as a sensitizing
agentforionizing radiation—anew approachin tumortherapy? //

BIOMEDICAL PHOTONICS T.10, Ne2/2021



Tzerkovsky D.A., Protopovich Ya.L., Kozlovsky D.I., Suslova V.A.
Antitumor efficiency of contact radiotherapy in combination with a chlorin-based photosensitizer in experiment

21.

22.
23.
24.
25.

26.

BIOMEDICAL PHOTONICS T.10, N22/2021

vival assay. Biochem. Biophys. Res. Commun, 2003, Vol. 311, pp.
98-103.

Shaffer M. et al. Photofrin as a radiosensitizing agent for tu-
mors: studies in comparison to other porphyrins, in an experi-
mental in vivo model. J. Photochem. Photobiol, 2002, Vol. 66(3),
pp. 157-164.

Rutkovskiené L. et al. Sensitization of rat C6 glioma cells to ion-
izing radiation by porphyrins. Acta Medica Lituanica, 2011, Vol.
18(2), pp. 56-62.

Shaffer M. et al. Application of Photofrin Il as a specific radiosen-
sitizing agent in patients with bladder cancer - a report of two
cases. Photochem. Photobiol. Sci, 2002, Vol. 1(9), pp. 686-689.
Schaffer M. et al. Treatment of astrocytoma grade Il with Photo-
frin Il as a radiosensitizer. A case report. Strahlenther Onkol, 2013,
Vol. 189(11), pp. 972-976.

Shaffer P. et al. Treatment of cervix carcinoma FIGO lllb with Pho-
tofrin Il as a radiosensitizer: a case report. Photochem. Photobiol.
Sci, 2019, Vol. 18(5), pp. 1275-1279.

Moradi A. et al. In vivo evaluation of photofrin Il radiosensi-
tivity for the treatment of adenocarcinoma tumors in balb/C
mice using brachytherapy. IFMBE Proceedings, 2009, Vol. 25(1),
pp. 141-143.

20.

21.

22.

23.

24.

25.

26.

Current Med. Chem. — 2005. - Vol. 12. - P. 1209-1215.

Schaffer M. et al. Effect of Photofrin Il as a radio-sensitizing agent
in two different oesophageal carcinoma cell lines // J. Porphyrins
Phthalocyanines. - 2005. - Vol. 9. - P. 470-475.

Kulka U. et al. Photofrin as a radiosensitizer in an in vitro cell sur-
vivalassay//Biochem.Biophys.Res. Commun.-2003.-Vol.311.-
P.98-103.

Shaffer M. et al. Photofrin as a radiosensitizing agent for tumors:
studies in comparison to other porphyrins, in an experimental in
vivo model // J. Photochem. Photobiol. B. - 2002. — Vol. 66(3). -
P.157-164.

Rutkovskiené L. et al. Sensitization of rat C6 glioma cells to ion-
izing radiation by porphyrins // Acta Medica Lituanica. - 2011. -
Vol. 18(2). - P. 56-62.

Shaffer M. et al. Application of Photofrin Il as a specific radio-
sensitizing agent in patients with bladder cancer - a report of
two cases // Photochem. Photobiol. Sci. - 2002. - Vol. 1(9). -
P. 686-689.

Schaffer M. et al. Treatment of astrocytoma grade Il with Photo-
frin Il as a radiosensitizer. A case report // Strahlenther Onkol. -
2013.-Vol. 189(11). - P. 972-976.

Shaffer P. et al. Treatment of cervix carcinoma FIGO lllb with Pho-
tofrin Il as a radiosensitizer: a case report // Photochem. Photo-
biol. Sci. - 2019. - Vol. 18(5). - P. 1275-1279.

Moradi A. et al. In vivo evaluation of photofrin Il radiosensitiv-
ity for the treatment of adenocarcinoma tumors in balb/C mice
using brachytherapy // IFMBE Proceedings. - 2009. - Vol. 25(1). -
P.141-143.

ORIGINAL ARTICLES

33



