Octubre / Diciembre
2020
ISSN 0719-4706




INCLUSIONES uxz.

REVISTA DE HUMANIDADES
Y CIENCIAS SOCIALES

CUERPO DIRECTIVO Mg. Amelia Herrera Lavanchy
Universidad de La Serena, Chile
Director
Dr. Juan Guillermo Mansilla Sepulveda Mg. Cecilia Jofré Mufioz
Universidad Catdlica de Temuco, Chile Universidad San Sebastidn, Chile
Editor Mg. Mario Lagomarsino Montoya
OBU - CHILE Universidad Adventista de Chile, Chile
Editor Cientifico Dr. Claudio Llanos Reyes
Dr. Luiz Alberto David Araujo Pontificia Universidad Catdlica de Valparaiso, Chile

Pontificia Universidade Catdlica de Sao Paulo, Brasil
Dr. Werner Mackenbach
Editor Europa del Este Universidad de Potsdam, Alemania

Dr. Aleksandar Ivanov Katrandzhiev Universidad de Costa Rica, Costa Rica
Universidad Suroeste "Neofit Rilski", Bulgaria

Mg. Rocio del Pilar Martinez Marin

Cuerpo Asistente Universidad de Santander, Colombia
T.raductt?ra: Inglés Ph. D. Natalia Milanesio
Lic. Pauline Corthorn Escudero Universidad de Houston, Estados Unidos

Editorial Cuadernos de Sofia, Chile
Dra. Patricia Virginia Moggia Miinchmeyer

Portada Pontificia Universidad Catdlica de Valparaiso, Chile
Lic. Graciela Pantigoso de Los Santos
Editorial Cuadernos de Sofia, Chile Ph. D. Maritza Montero

Universidad Central de Venezuela, Venezuela
COMITE EDITORIAL

Dra. Eleonora Pencheva
Dra. Carolina Aroca Toloza Universidad Suroeste Neofit Rilski, Bulgaria
Universidad de Chile, Chile

Dra. Rosa Maria Regueiro Ferreira
Dr. Jaime Bassa Mercado Universidad de La Coruiia, Espafia
Universidad de Valparaiso, Chile

Mg. David Ruete Zuiiiga
Dra. Heloisa Bellotto Universidad Nacional Andrés Bello, Chile
Universidad de Sao Paulo, Brasil

Dr. Andrés Saavedra Barahona
Dra. Nidia Burgos Universidad San Clemente de Ojrid de Sofia, Bulgaria
Universidad Nacional del Sur, Argentina

Dr. Efrain Sanchez Cabra
Mg. Maria Eugenia Campos Academia Colombiana de Historia, Colombia
Universidad Nacional Autonoma de México, México

Dra. Mirka Seitz
Dr. Francisco José Francisco Carrera Universidad del Salvador, Argentina
Universidad de Valladolid, Espafia

Ph. D. Stefan Todorov Kapralov
Mg. Keri Gonzalez South West University, Bulgaria
Universidad Auténoma de la Ciudad de México, México

Dr. Pablo Guadarrama Gonzalez
Universidad Central de Las Villas, Cuba



INCLUSIONES uxz.

REVISTA DE HUMANIDADES
Y CIENCIAS SOCIALES

COMITE CIENTIFICO INTERNACIONAL
Comité Cientifico Internacional de Honor

Dr. Adolfo A. Abadia
Universidad ICESI, Colombia

Dr. Carlos Antonio Aguirre Rojas
Universidad Nacional Auténoma de México, México

Dr. Martino Contu
Universidad de Sassari, Italia

Dr. Luiz Alberto David Araujo
Pontificia Universidad Catdlica de Sao Paulo, Brasil

Dra. Patricia Brogna
Universidad Nacional Auténoma de México, México

Dr. Horacio Capel Saez
Universidad de Barcelona, Espafia

Dr. Javier Carredn Guillén
Universidad Nacional Auténoma de México, México

Dr. Lancelot Cowie
Universidad West Indies, Trinidad y Tobago

Dra. Isabel Cruz Ovalle de Amenabar
Universidad de Los Andes, Chile

Dr. Rodolfo Cruz Vadillo
Universidad Popular Autonoma del Estado de Puebla,
Meéxico

Dr. Adolfo Omar Cueto
Universidad Nacional de Cuyo, Argentina

Dr. Miguel Angel de Marco
Universidad de Buenos Aires, Argentina

Dra. Emma de Ramoén Acevedo
Universidad de Chile, Chile

Dr. Gerardo Echeita Sarrionandia
Universidad Auténoma de Madrid, Espaiia

Dr. Antonio Hermosa Andujar
Universidad de Sevilla, Espafia

Dra. Patricia Galeana
Universidad Nacional Auténoma de México, México

Dra. Manuela Garau
Centro Studi Sea, Italia

Dr. Carlo Ginzburg Ginzburg
Scuola Normale Superiore de Pisa, Italia
Universidad de California Los Angeles, Estados Unidos

Dr. Francisco Luis Girardo Gutiérrez
Instituto Tecnoldgico Metropolitano, Colombia

José Manuel Gonzalez Freire
Universidad de Colima, México

Dra. Antonia Heredia Herrera
Universidad Internacional de Andalucia, Espafia

Dr. Eduardo Gomes Onofre
Universidade Estadual da Paraiba, Brasil

Dr. Miguel Leén-Portilla
Universidad Nacional Auténoma de México, México

Dr. Miguel Angel Mateo Saura
Instituto de Estudios Albacetenses “Don Juan Manuel”,
Espana

Dr. Carlos Tulio da Silva Medeiros
Didlogos em MERCOSUR, Brasil

+ Dr. Alvaro Marquez-Fernindez
Universidad del Zulia, Venezuela

Dr. Oscar Ortega Arango
Universidad Autonoma de Yucatdan, México

Dr. Antonio-Carlos Pereira Menaut
Universidad Santiago de Compostela, Espafia

Dr. José Sergio Puig Espinosa
Dilemas Contemporaneos, México

Dra. Francesca Randazzo
Universidad  Nacional Auténoma de Honduras,
Honduras

Dra. Yolando Ricardo
Universidad de La Habana, Cuba

Dr. Manuel Alves da Rocha
Universidade Catdlica de Angola Angola

Mg. Arnaldo Rodriguez Espinoza
Universidad Estatal a Distancia, Costa Rica



INCLUSIONES ux.

REVISTA DE HUMANIDADES
Y CIENCIAS SOCIALES

Dr. Miguel Rojas Mix Dra. Noemi Brenta
Coordinador la Cumbre de Rectores Universidades Universidad de Buenos Aires, Argentina
Estatales América Latina y el Caribe

Ph. D. JuanR. Coca
Dr. Luis Alberto Romero Universidad de Valladolid, Espafia
CONICET / Universidad de Buenos Aires, Argentina

Dr. Antonio Colomer Vialdel
Dra. Maura de la Caridad Salabarria Roig Universidad Politécnica de Valencia, Espafia
Dilemas Contemporaneos, México

Dr. Christian Daniel Cwik
Dr. Adalberto Santana Hernandez Universidad de Colonia, Alemania
Universidad Nacional Auténoma de México, México

Dr. Eric de Léséulec
Dr. Juan Antonio Seda INS HEA, Francia
Universidad de Buenos Aires, Argentina

Dr. Andrés Di Masso Tarditti
Dr. Saulo Cesar Paulino e Silva Universidad de Barcelona, Espafia
Universidad de Sao Paulo, Brasil

Ph. D. Mauricio Dimant
Dr. Miguel Angel Verdugo Alonso Universidad Hebrea de Jerusalén, Israel
Universidad de Salamanca, Espafia

) Dr. Jorge Enrique Elias Caro
Dr. Josep Vives Rego Universidad de Magdalena, Colombia
Universidad de Barcelona, Espafia
. i . Dra. Claudia Lorena Fonseca
Dr. Eugenio Raul Zaffaroni Universidad Federal de Pelotas, Brasil
Universidad de Buenos Aires, Argentina
Dra. Ada Gallegos Ruiz Conejo
Dra. Blanca Estela Zardel Jacobo Universidad Nacional Mayor de San Marcos, Peru
Universidad Nacional Autonoma de México, México

Dra. Carmen Gonzalez y Gonzalez de Mesa

Comité Cientifico Internacional Universidad de Oviedo, Espafia

Mg. Paola Aceituno Ph. D. Valentin Kitanov

Universidad Tecnoldgica Metropolitana, Chile Universidad Suroeste Neofit Rilski, Bulgaria
Ph. D. Maria José Aguilar Idafiez Mg. Luis Oporto Ordoiiez

Universidad Castilla-La Mancha, Espaiia Universidad Mayor San Andrés, Bolivia

Dra. Elian Araujo Dr. Patricio Quiroga

Universidad de Mackenzie, Brasil Universidad de Valparaiso, Chile

Mg. Rumyana Atanasova Popova Dr..Ging Rios Patio ) ’
Universidad Suroeste Neofit Rilski, Bulgaria Universidad de San Martin de Porres, Pert
Dra. Ana Bénard da Costa Dr. Carlos Manuel Rodriguez Arrechavaleta
Instituto Universitario de Lisboa, Portugal Universidad Iberoamericana Ciudad de México, México

Centro de Estudios Africanos, Portugal
Dra. Vivian Romeu

Dra. Alina Bestard Revilla Universidad Iberoamericana Ciudad de México, México

Universidad de Ciencias de la Cultura Fisica y el Deporte,
Cuba



INCLUSIONES .

REVISTA DE HUMANIDADES
Y CIENCIAS SOCIALES

Dra. Maria Laura Salinas
Universidad Nacional del Nordeste, Argentina

Dr. Stefano Santasilia
Universidad della Calabria, Italia

Mg. Silvia Laura Vargas Lopez
Universidad Auténoma del Estado de Morelos, México

Dra. Jaqueline Vassallo
Universidad Nacional de Cérdoba, Argentina

Dr. Evandro Viera Ouriques
Universidad Federal de Rio de Janeiro, Brasil

Dra. Maria Luisa Zagalaz Sanchez
Universidad de Jaén, Espafia

Dra. Maja Zawierzeniec
Universidad Wszechnica Polska, Polonia

Editorial Cuadernos de Sofia
Santiago — Chile
OBU — CHILE



REVISTA INCLUSIONES ISSN 0719-4706 VOLUMEN 7 — NUMERO ESPECIAL — OCTUBRE/DICIEMBRE 2020

Indizacion, Repositorios y Bases de Datos Académicas

Revista Inclusiones, se encuentra indizada en:

il 4 Dy DIRECTORY OF
i . Elalrlvate OPEN ACCESS
G CITATION nalytics JOURNALS

/Npexe®.

MIATR

PLUS
1at I].deX ’ mm*n".'”::mm-::

CATALOGO

Ldl.'i'\l"’l'l
Estudios

Academic
Resource

X Index
socia - [l ResearchBib

Clencias Sociales y Humanidades

SCHOLARLY
RESOURCES

( )\ WorldCat’ 0 SHERPA/ReMEO Ra AD 5

) PRINCETON UNIVERSITY . . - -
Sranford University Uniwersytet
|2| LIBRARY Mb( @ LIBRARIES %&E‘: Wroctawski

wOttava | B == WZB v

r_)J |_J / ‘;JJ- [_r_; Berlin Social Science Center u I' A K B l M

v DUNB 4 oucn ([l 1PN

Vancouver Public Library LI BRARI ES e

DR. NIKOLAY M. ROSTOVTSEV / DR. ELENA V. ZHUKOVSKAYA / DR. ALEXEY E. PASTERNAK
PH. D. ALEXANDER N. KOTLYAROV / DR. BORIS H. MUSTAKIMOV



REVISTA INCLUSIONES ISSN 0719-4706 VOLUMEN 7 — NUMERO ESPECIAL — OCTUBRE/DICIEMBRE 2020

NMLZ

Heinz Maier-Leibnitz Zentrum

Journals Ind

BIBLIOTECA UNIVERSIDAD DE

Directory of Research

&

==

(D Dialogos

= Mercosur

exing

CONCEPCION

REX

WESTERN

THEOLOGICAL SEMINARY

Hellenic Academic Libraries Link

% BIBLIOTECA ELECTRONICA émm
£8 DE CIENCIA Y TECNOLOGIA

UNIVERSITY OF
SASKATCHEWAN

International
Innovative Journal
Impact Factor (IIJIF)

delaNackn | ¢ movact roductie

INK

IOvSeopog EAMNvik@V Akasnudikcv BipAioBnkay

DR. NIKOLAY M. ROSTOVTSEV / DR. ELENA V. ZHUKOVSKAYA / DR. ALEXEY E. PASTERNAK
PH. D. ALEXANDER N. KOTLYAROV / DR. BORIS H. MUSTAKIMOV



REVISTA INCLUSIONES ISSN 0719-4706 VOLUMEN 7 — NUMERO ESPECIAL — OCTUBRE/DICIEMBRE 2020

INCLUSIONES uxz.

REVISTA DE HUMANIDADES
Y CIENCIAS SOCIALES

ISSN 0719-4706 - Volumen 7 / Nimero Especial / Octubre — Diciembre 2020 pp. 507-524

MORPHOLOGICAL STUDY OF THE COMBINED LASER AND PHOTODYNAMIC EFFECT
WITH RADACHLORIN ON THE STRUCTURE OF EXPERIMENTAL EHRLICH SARCOMA

Dr. Nikolay M. Rostovtsev
Chelyabinsk regional children's clinical hospital (SBIH CRCCH), Russian Federation
ORCID 0000-0002-7062-1051
rostovcevnm@mail.ru
Dr. Elena V. Zhukovskaya
Dmitry Rogachev National Medical Research Center Of Pediatric Hematology, Oncology and
Immunology, Russian Federation
ORCID 0000-0002-6899-7105
elena_zhukovskay@mail.ru
Dr. Alexey E. Pasternak
Regional pathoanatomical bureau, Russian Federation
ORCID 0000-0002-4369-2401
pasternak74@mail.ru
Ph. D. Alexander N. Kotlyarov
South Ural State Medical University, Russian Federation
ORCID 0000-0001-6474-5990
bornaut@bk.ru
Dr. Boris H. Mustakimov
Chelyabinsk regional children's clinical hospital (SBIH CRCCH), Russian Federation
ORCID 0000-0003-1765-9955
bhmustakimov@gmail.com

Fecha de Recepcidn: 09 de junio de 2020 — Fecha Revisién: 20 de junio de 2020
Fecha de Aceptacion: 28 de septiembre 2020 — Fecha de Publicacién: 01 de octubre de 2020

Abstract

The relevance of the problem studied is due to the social importance of introduction of highly effective
methods of malignant tumors treatment. The article analyzes processing methods of laser radiation
used and its antineoplastic activity. The experimental method of radochlorin effect on the Ehrlich
sarcoma laboratory model was used as a basic method for the study of this problem. The main results
of the research are fundamental and describe new, previously unknown aspects of intraoperative
photodynamic therapy (using radachlorin) combined with high-intense laser radiation and its effect
on Ehrlich sarcoma tumor tissue. Laser photodynamic therapy (PDT) was followed not only by typical
circulatory disturbance, but also by suppressed growth factor expression of tumor angiogenesis.
Captose-3-dependent apoptosis was proved activate under the influence of photosensitizer of the
second generation. Apoptotic index significantly increases during the first week after laser PDT
session in a dose of 200-400 J/cm?, and laser PDT dose increase results in the lower expression of
blc-2 oncoprotein and tumor cell proliferative activity at all stages of the experiment. The results of
the study may be of great importance in developing new clinical methods for intraoperative laser
radiation effect in treatment of malignant tumors.

Keywords
Experimental Ehrlich sarcoma — Photodynamic therapy — Laser
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Introduction

Development and introduction of laser technologies in oncology, their combination
with photodynamic therapy and chemotherapy extends the scope of treatment and
significantly improves quality of life and remote results®. Photodynamic therapy (PDT) is a
method of malignancy treatment based on the ability of drugs (photosensitizers) to
accumulate selectively in tumor tissue; local exposure of tumor to laser radiation with certain
wavelength corresponding to photosensitizer peak absorption initiates photochemical
reaction producing singlet oxygen and other active radicals that have cytotoxic effect on
tumor cells?. In literature dealing with PDT its advantages over radiation therapy in treatment
of cancer are obvious and associated with selective impact on tumor tissue and absence of
systemic and severe local complications®. There is many unsolved technical problems
preventing wide spread of laser methods in practical oncology®. At the same time, it is clear
that PDT effectiveness depends not only on the properties and photosensitizer dose, but
also on the density, power and wavelength of laser radiation. Like PDT, laser radiation
involves radiation doses delivered to tumor, with the difference that in this case the cytotoxic
factor is biological tissue heating with the absorbed laser radiation. As the way of radiation
delivery to tumors is the same in these two methods, but the specifics of impact on tumor is
different, the idea of combined application of PDT and laser radiation is very promising.
Study of pathomorphosis of neoplastic process influenced by laser photodynamic therapy is
of practical importance for improving the effectiveness of cancer treatment®.

11, Y. Kubasova, “Fluorescent diagnosis and photodynamic therapy in treatment of malignant brain
tumors”, Ros. bioterapevticheskiy zhurnal, Vol: 5 num 4 (2006): 54-63; I. S. Spichenkova, “Combined
radiation and photodynamic therapy of experimental sarcoma M1 tumor in rats’. Ros.
bioterapevticheskiy zhurnal, Vol: 2 num 4 (2003): 31-64; M. A. Biel, “Photodynamic therapy of head
and neck”. Methods Mol. Biol, Vol: 635 (2010): 283- 293 y A. Juarranz, “Photodynamic therapy of
cancer. Basic principles and applications”, Clin. Transl. Oncol, Vol: 10 num 3 (2008): 148-154.
2 V. N. Zalesskij, “Apoptosis of gastrointestinal tumor cells at photodynamic therapy”, Voprosy
onkologii, vol: 50 num 1 (2004): 9-19; M. A. Kortava, “Role of uptake factor in photodynamic therapy
effectiveness in treatment of breast adenocarcinoma Ca-755 in mice with two pharmaceutical forms
of photosensitizer”, Ros. bioterapevticheskiy zhurnal, Vol: 5 num 4 (2006): 64-67 y I. Y. Kubasova,
“Fluorescent diagnosis and photodynamic therapy in treatment of malignant brain tumors”, Ros.
bioterapevticheskiy zhurnal, Vol: 5 hum 4 (2006): 54-63.
3 N. V. Kudinova, “Photodynamic therapy of tumors: immunological aspect of treatment”, Ros.
bioterapevticheskiy zhurnal, Vol: 9 num 1 (2010): 69-76; M. Fadela; N. Samyb; M. Nasrc; A. A.
Alyoussefd & E. F. Stranadko, “Topical colloidal indocyanine green-mediated photodynamic therapy
for treatment of basal cell carcinoma”. Pharmaceutical Development and Technology, Vol: 12.
Published online: 19.02.2016; P. Mroz, “Stimulation of anti-tumor immunity by photodynamic
therapy”, Expert Rev. Clin. Immunol, Vol: 7 num 1 (2011): 75-91 y A. E. O'Connor, “Mechanism of
cell death mediated by a BF-2 chelated tetraacryl-azadipyrromethene photodynamic therapeutic:
dissection of the apoptotic pathway in vitro and in vivo”, Int. J. Cancer, Vol: 130 num 3 (2012): 705-
715.
4 D. Nowis, “Direct tumor damage mechanisms of photodynamic therapy”, Acta Biol. Pol, vol: 52 num
2 (2005): 339-352.
5 I. S. Davidenko, “Role of angiogenesis in treatment of metastatic breast cancer”, Ros.
bioterapevticheskiy zhurnal, Vol: 4 num 6 (2007): 8-12; N. V. Kudinova, “Photodynamic therapy of
tumors: immunological aspect of treatment”, Ros. bioterapevticheskiy zhurnal, Vol: 9 hum 1 (2010):
69-76; E. V. Yaroslavtseva-lsaeva, “Development of photodynamic therapy method in treatment of
experimental tumor (sarcoma M1) with local administration of photosensitizer’, Ros.
bioterapevticheskiy zhurnal, Vol: 2 num 4 (2003): 19-22 y Lv. Ting, “Evolution of collagen alteration
after topical photodynamic therapy (PDT) using second harmonic generation (SHG) microscopy in
vivo study in a mouse model”, Photodiagnosis and photodynamic therapy, Vol: 9 num 2 (2012): 164-
169.
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The aim is to study the dynamics of morphological changes associated with using the
increasing doses of laser radiation combined with photodynamic therapy involving radachlorin,
partial tumorectomy and X-ray therapy. To describe changes in vessels and angiogenesis
process in experimental Ehrlich sarcoma.

Materials and methods

The experiments were performed in CBA, C57BI and C3HA white outbred mice, F
hybrids (CBA*C57BI) with Ehrlich ascites sarcoma transplanted in subcutaneous fat. The
animals were divided into 5 groups: the intact group (control), group | — the tumor exposed to
PDT with energy density of 100 J/cm?, group |l — the tumor exposed to PDT in a dose of 200
J/icm?, group Ill —in a dose of 400 J/cm?, group IV — Ehrlich carcinoma exposed to single X-
ray irradiation in a dose of 5 Gy. In group V, half of the tumor volume was resected with
intraoperative laser PDT (LPDT) in a dose 400 J/cm?. The control group of animals (n = 48)
did not receive any treatment. Second generation photosensitizer — chlorin e6 derivative —
radachlorin (Russia) introduced intraperitoneally was used in the study. Photosensitizer
dose was calculated by the formula:

V=KxMxC
3500

where K - mg/kg, M — mouse weight, C — potency.

Exposure to laser light during PDT session involved ether anesthesia. Laser
apparatus “LAKHTA MILON” with the wavelength of 920 nm, maximum output power — 30
W was used as a source of laser radiation. The tumor-bearing animals were sacrificed on
days 7, 14, 21, 28 after transplanting Ehrlich carcinoma by transcervical injection. The
treatment started on day 7 after tumor transplantation. The excised tumor was measured
and fixed in 10% neutral formalin. After histological preparation the tumor tissue specimens
were embedded in paraffin, and the sections were stained with hematoxylin and eosin, Van
Gieson’s picrofuchsin and Schiff’'s reagent combined with alcian blue. The relative amount
of tumor epithelium and necrotic zones was evaluated using eyepiece graticules by point
count in random fields®. To evaluate necrosis rate in the tumor, necrotized and intact tumor
parenchyma ratio (Vn/i coeffcient) was calculated.

Microslides were stained with hematoxylin and eosin. Tumor bloodstream was
detected with marker for endothelial cell CD34 («DAKO», QBEnNnd-10, 1:50). Using
stereometric method phases on the area unit were selected; then their measurement and
calculation in histologic specimen images were performed, tumor bloodstream area using
was determined using license program for micro-object image analysis “Videotest-
Morfologiya 5.0” (“Videotest”, Russia). Relative volume of the tumor bloodstream was
evaluated by point count’. To estimate tumor angiogenic activity, expression of Vascular
Endothelial Growth Factor (VEGF, «DAKO», VG, 1:40) — angiogenesis stimulator was
studied. VEGF results of immunohistochemical reactions were estimated using
semiguantative method. Interpretation of VEGF expression was the following: negative — no
cells are stained or less than 10% of tumor cells are stained, weak — 10-20% of tumor cells

6 M.A. Kortava, “Role of uptake factor in photodynamic therapy effectiveness in treatment of breast
adenocarcinoma Ca-755 in mice with two pharmaceutical forms of photosensitizer’, Ros.
bioterapevticheskiy zhurnal, Vol: 5 num 4 (2006): 64-67.
7 G. G. Avtandilov, Medical morphometry (Moscow: Meditsina, 1990).
DR. NIKOLAY M. ROSTOVTSEV / DR. ELENA V. ZHUKOVSKAYA / DR. ALEXEY E. PASTERNAK
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are stained, moderate — 20-50% of tumor cells are stained, intensive — over 50% of tumor
cells are stained.

Computer data processing involved parametric and non-parametric statistical
methods. Statistical significance of differences in the compared characteristics in groups
was estimated using Student’s t-test and Mann-Whitney U test®,

Carcinoma volume calculation was based on the following formula:

V:'ITxdlxdzxda
6

where di, dz, ds — three mutually perpendicular tumor dimensions.

Tumor growth dynamics was estimated using the coefficient of absolute tumor
growth rate (inhibition) (K) by the formula:

K=V:;—Vv

Vv

where V1 — tumor volume on the day of measurement, Vv - initial tumor volume. The
dynamics of tumor growth rate coefficient (inhibition) was estimated using the following
criteria:

o K>0 (tumor volume at the given time of observation was over its initial volume)
was assessed as continued tumor growth;

o -1<K<0 (tumor volume at the given time was less than or equal to its initial
volume) was assessed as tumor growth inhibition;

o K=1 was regarded as a complete tumor regression.

Treatment effectiveness was estimated based on tumor growth inhibition within set
period of time. Tumor growth inhibition (TGI) was calculated by the formula:

TGI= VK — Vo x 100%
Vk

where Vk — median tumor volume in control group, Vo — median tumor volume in
experimental group. Minimum significant criterion of tumor treatment effectiveness is at TGI
= 50%. Partial tumor resorption is decrease in tumor size by 50%, no effect - tumor size
decrease by less than 50%, complete resorption - absence of tumor signs®.

Results and discussion

Ehrlich tumor kinetics on day 7 after transplantation was characterized by 100%
carcinoma growth in the control group; the mean tumor volume was 61.2+5.4 mm3. On day
14 (logarithmic growth period) the tumor size increased more than 18 times the initial tumor
volume; on days 21, 28 it was twice as large as at the previous moment of measurement
(p<0,05). Thus, at the final stage of observation the tumor volume was 4118.1+223.9 mms3,

8 S. Glants, Medical-biological statistics (Moscow: Praktika, 1999).
9 M. A. Kortava, “Role of uptake factor in photodynamic therapy effectiveness in treatment of breast
adenocarcinoma Ca-755 in mice with two pharmaceutical forms of photosensitizer’, Ros.
bioterapevticheskiy zhurnal, Vol: 5 num 4 (2006): 64-67.
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In the experimental group | at the exposure to 100 J/cm? laser radiation the post-PDT
carcinoma growth dynamics was almost the same as the tumor growth rate in the control
group. Light radiation dose increase up to 200 J/cm? (group Il) resulted in significant
decrease of tumor growth rate just only during the first week after PDT session (Fig.1). In
comparison with these groups significantly lower tumor volume was observed after X-ray
therapy (p<0.05) during all the periods of the study.

& 4500 -
€ 4000 -
£ 3500 -
S 3000 -
> 2500 - 2574**
§ 2000 -+
= 1500 - 1474.8**
1000 -
500 - 49.8**
0 466 06 +D1
Day 7 Day 14 Day 21 Day 28
—— Control group —=—Group | Group Il
Group Il —»— Group IV —e— Group V
Note: * - p<0.05 in comparison with the control group and groups I, II; ** - p<0.05 in
comparison with the control group and groups I, Il, lll; *** p<0.05 in comparison with the
control group and groups |, 11, 111, 1V.
Fig. 1

Dynamics of Ehrlich tumor growth

The tumor growth rate suppression which was the most expressed and persistent
during the whole observation period was associated with PDT in a dose of 400 J/cm?2 (group
Il). On day 14 all the animals of this group had a sharply marginated crust located in the
region exposed to PDT; under the crust there was tumor tissue with the volume of 19.6+2.2
mm3 and inhomogeneous appearance with whitish-yellow and dark red areas of softened
tissue. In group V on day 7 after tumor resection combined with PDT there was tumor tissue
with the volume of 4.0+0.7 mm3 located in the area of post-operative suture. At later dates,
macroscopic and histological signs of tumor growth were not noticed in group V mice.

Coefficient values of the absolute tumor growth rate at low doses of laser radiation
(100-200 J/cm?) were associated with the significant tendency to increase on days 21 and
28. Negative coefficient of absolute tumor growth rate at PDT in a dose of 400 J/cm2
indicates Ehrlich tumor growth inhibition. If radiation therapy was used, this coefficient two
times decreased in comparison with the control group during the first 7 days after exposure,
and then the continued tumor growth was observed (p<0.05) (Fig.2).
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Fig. 2
Dynamics of coefficient of absolute Ehrlich tumor growth rate (inhibition)

Onday 7 after X-ray irradiation the TGl was 51% (partial resorption). However, during
the next 7 days its value was decreasing; besides, half of tumor-bearing mice died on the
background of the local radiation injuries. PDT effectiveness (dose of 400 J/cm?) was proved
by high TGI values indicating tumor resorption at all stages of the experiment (Fig. 3).
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Fig. 3

Dynamics of Ehrlich tumor growth inhibition in the experimental groups.

The TGI value of 99.6% was maximum in group V on day 7 after treatment. In this
group there was a complete resorption of the residual tumor in all the animals. Incomplete
carcinoma regression in group lll is probably associated with shielding of deep tumor layers
at PDT.

Histologic examination on day 7 showed that in mice of the control group tumor tissue
consisted of extensive layers of atypical polymorphic cells located in derma, forming
glandular structures in several areas.
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The tumor had numerous small necrotic zones in the form of oxyphil granular
masses. Parenchyma volume on day 14 after Ehrlich carcinoma transplantation reached its
maximum value — 40.1+1.69% (p>0.05) — with tumor invasion into papillary layer (Fig.4).
Different tendency was observed in values of necrotic zone volume. From day 14 till day 21
there was significant increase of spontaneous necroses in the tumor (p<0.05). Thus, the
dynamics of tumor process in the control group was associated with the early autonomic
tumor progression, its marked invasive growth with the developed parenchymal component
and spontaneous necrosis growth.

Primitive glands formed by tumor cells; multiple necroses in the tumor tissue. Hematoxylin-
eosin staining. Magnified x 200.

Relative parenchyma volume in group | significantly differed from values in the
control group just on day 7 after PDT and laser exposure; on day 14 parenchyma volume
increased up to 37.5+1.49% (p<0.05). In group Il the volume of the intact parenchyma on
day 7 was significantly less than in the control group and group |, and there was no significant
increase of this value on days 14 and 21. Morphological examination performed in group Ill
on day 7 showed prevalence of extensive zones of necrotic masses with micro bleeds in all
the fields. Small tumor epithelial cells were located in deep layers of derma (Fig. 5). On days
14 and 21 parenchyma volume in this group was slightly over 2% which is significantly less
than in the control group and in groups |, I, IV.

Groups of tumor cells amid extensive necrotic fields. Hematoxylin-eosin stain.
Magnified x 100
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Ondays 7, 14, 21 after radiation therapy for carcinoma (group V) the relative volume
of vital parenchyma was significantly less than in groups I-Il, but on day 14 the increase of
parenchyma volume (p<0.05) was observed in group IV animals (Fig. 6).
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Fig. 6

Relative parenchyma volume in the control and experimental groups.

Note: * - p<0.05 in comparison with the control group and group I; ** - p<0.05 in
comparison with the control group and groups |, II; *** p<0.05 in comparison with the control
group and groups I, II, 1II.

The volume of necrotic zones in groups I-1l was significantly higher than the same
parameter in the control group only on day 7. Necrosis in groups Ill, IV on day 7 significantly
prevailed over those in the control group and in groups |, Il. The relative volume of necrosis
by day 21 was 4.2% (p<0.05) in group Il (Fig. 7).
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Fig. 7
Relative volume of necrosis in the control and experimental groups.
Note: * - p<0.05 in comparison with the control group and groups I, II; ** - p<0.05 in

comparison with group II; *** p<0.05 in comparison with group 1.
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In group V volume of necrosis on day 7 was significantly higher than the same
parameter in the control group and groups I, I, but was lower than in groups Il and IV
(p<0.05). Pathomorphological study showed that the volume of intact parenchyma
presented as cell nests amid necrotic detritus masses was the lowest among all the
examined groups (p<0.05). By day 14 there was granulation tissue in the area of
photodynamic exposure and operative intervention, and by day 21 — cicatrix formed by the
mature fibrous tissue without any signs of tumor growth (Fig. 8).

Formation of mature collagenous picrofuchsinophilic fibers.
Van Gieson'’s picrofuchsin staining. Magnified x 100.

On day 7 Vnl/i coefficient was not significant different from the values in the control
group and groups | and Il, but was significantly lower than in groups Ill and IV (p<0.05)
(Table 1).

Days after treatment
Groups 7 14 21
Group | 0.42+0.06° 0.3+0.06 0.31+0.05
Group I 0.59+0.09 0.53+0.1°1 0.4+0.07
Group 1l 1.64+0.29012 0.2940.1 0.62+0.18
Group IV 1.61+0.33012 0.8+0.11013 0.71+0.09012
Group V 0.53+0.143*

Note: ° p<0.05 in comparison with the control group, ' p<0.05 in comparison with group |, 2
p<0.05 in comparison with group II, * p<0.05 in comparison with group lll, * - in comparison
with group IV.
Table 1
Vn/i coefficient dynamics in the experimental groups

Data presented in Table 1 show that maximum Vn/i coefficient values in groups I,
IV were on day 7. By day 14 after PDT there was rejection and resorption of most necrotic
masses, in contrast with animals that had received radiation therapy (Fig. 9, 10). Thus, tumor
tissue in mice group IV had large necrotic areas due to higher ratio of parenchyma necrosis
on days 14 and 21 (Table 2).
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Relative parenchyma volume in the control and experimental groups.
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Fig. 10

Relative volume of necroses in the control and experimental groups.
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Formation of mature collagenous picrofuchsinophilic fibers. Van Gieson’s picrofuchsin
staining. Magnified x 100.

Days after treatment

Groups 7 14 21

Group | 0.42+0.06° 0.3+0.06 0.31+0.05
Group Il 0.59+0.09 0.53+0.1°1 0.4+0.07
Group Il 1.64+0.29012 0.29+0.1 0.62+0.18
Group IV 1.61+0.33012 0.8+0.11013 0.71+0.09°12
Group V 0.53+0.143*

Note: p<0.05 in comparison with the control group, * p<0.05 in comparison with group |, 2
p<0.05 in comparison with group I, * p<0.05 in comparison with group Ill, * - in comparison
with group IV.
Table 2
Vn/i coefficient dynamics in the experimental groups

Immunomorphological study performed in the intact tumor on day 7 after
transplantation revealed a developed capillary network (Fig. 12).

Developed bloodstream in the intact Ehrlich carcinoma on day 7. Expression of endothelial
cell CD34. Immunohistochemical method. Magnified x 400.
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Tumor bloodstream volume in the control group reached its maximum values on day
14 after tumor transplantation. As experiment continued the area of vascularization was
decreasing while the tumor was growing (p>0.05). After PDT in group | the relative volume
of tumor bloodstream was decreasing in comparison with the intact carcinoma just during
the first week of exposure. More expressed changes after PDT in group Il were observed as
areas of dilated and empty blood vessels with impaired innervation. At the same time, the
values of vessel area in groups | and Il did not differ significantly from the control group
values. This fact is associated with the transient vasoconstriction and release of vasodilating
mediators. The area of vascularization and the relative volume of vessels significantly
decreased at PDT dose increase up to 400 J/cmz - in groups Il and IV (Table 3).

Days after treatment
Gro 7 14 21
Ups | Relative Vessel area, | Relative Vessel area, | Relative Vessel area,
volume of | ymz2 volume of | ym2 volume of | ym2
vessels, vessels, % vessels, %
%
12.2+0.87 | 8674.9+1439. | 13.4+0.84 | 8951.9+1015. | 12.5+0.77 | 8793.4+1390.3
° 06 10.3+0.8°t | 5 9.3+0.76°t | 1
I 10.2+0.77 | 8251.0+1892. | 0.740.14°12 | 8430.841269. | 0.7+0.13°12 | 7842.0+932.0
° 75 5 376.2+75.44°12
Il 0.6+£0.13° | 456.5+70.54°1 538.3+67.99°1
2 2 2
\% 0.3+£0.09°! | 154.6+£116.58
23 0123

Note: ° p<0.05 in comparison with the control group, " p<0.05 in comparison with group |, 2
p=<0.05 in comparison with group I, ® p<0.05 in comparison with group IlI.
Table 3
Bloodstream relative volume and area in the experimental groups

At the same time, the development of typical extensive vascular disorders, such as
thromboses, fibrinoid necrosis and vasculitis, formation of thrombotic masses with vessel
obliteration was observed in the bloodstream (Fig.13). At the final stage of experiment, tumor
endothelial cell proliferation and neovascularization were not revealed in group Ill animals.

Thrombus formation in a vessel, in tumor tissue — congestion and stases after PDT (400
J/cm?). Hematoxylin-eosin staining. Magnified x 400.
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By day 14 granulation tissue formed in group IV in the area of exposure, which
evolved into dense connective tissue by day 21. In the control group the maximum VEGF
expression was observed on day 14 after tumor transplantation. VEGF was expressed
mainly by grouped poorly differentiated cells of loose connective tissue.

In mice groups | and Il, the number of VEGF-positive cells in tumor significantly
decreased on days 14 and 21 after PDT, but no significant differences with the control group
were found.

The most prominent decrease of VEGF expression was observed in groups Il and
IV; on day 7 only poorly expressed VEGF reaction in comparison with the intact group and
groups | and Il (p<0.05) were registered. Besides, VEGF expression was observed in the
endothelial cells of the tumor vessels, and there was no positive immunohistochemical
reaction in the tumor epithelium (Fig. 14).
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Poor VEGF reaction in tumor endothelium on day 7 after PDT (400 J/cm3).
Immunohistochemical method. Magnified x 400.

Mainly negative reaction for VEGF in the remaining tumor cells was observed on
days 14 and 21 after PDT (p<0.05). Thus, the performed study shows that disturbed blood
flow in tumor at PDT is one of the most profound effects of its photodynamic destruction.

Parameters of cell kinetics were studied on days 7, 14, and 21 after the treatment
(days 14, 21, and 28 after tumor transplantation). Proliferative activity was assessed using
Ki-67 index («DAKO», MIB-1, 1:100). The level of apoptosis inhibition was determined
based on the expression of anti-apoptotic factor — bcl-2 oncoprotein («Cell margue», E17,
1:50). Expression of apoptosis was revealed with caspase-3, marker of the effector phase —
Caspase 32 («Novo castra», JHM 62, 1:85). Having counted the cells with positive reaction
of the stated antigens, apoptotic index (Al), apoptosis inhibition index (All), and proliferation
index (PI) were calculated by the formula:

Al (All, PI) = number of stained nuclei (cells) x100%

total number of cells

Immunohistochemical examination was conducted using streptavidin-biotin-
peroxidase method on paraffin sections following the standard routine. It was found that Al
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of intact Ehrlich tumor tended to increase as tumor mass and volume were growing (p>0.05).
On day 7 Al in all the experimental groups was higher than in the control group, and
statistical differences were not revealed only in comparison with group | (Fig. 15).

*

14

Day 14 Day 21 Day 28

OControl group BEGroup | OGroup Il OGroup llI OGroup V

Note. Hereinafter: * - p<0.05 in comparison with the control group and group I; ** - p<0.05
in comparison with the control group and groups | and Il
Fig. 15
Apoptotic index of tumor cells in the control and experimental groups

On day 7 the maximum Al of tumor was revealed in Ill and IV group animals (p<0.05
in comparison with group I). Morphological pattern was seen as massive cell apoptosis, and
the remaining tumor cells were in a state of dystrophy and necrobiosis (Fig. 16). On days 14
and 21, the level of apoptosis in groups I-1ll decreased; in group Il significant decrease of
Al was observed.

Prominent expression of CPP32 in tumor cells.
Immunohistochemical method. Magnified x 400.

Index of bcl-2 expression in the control group reached its maximum on day 21
(p<0.05). This fact indicated that the pool of cells containing anti-apoptotic protein grew as
experiment continued. On day 7, the All was significantly lower in groups Il, 11, and IV than
in the control group. Among the experimental groups the All was the lowest in group IV —
0.7+0.14% (p<0.05 in comparison with groups | and III).
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On days 14 and 21, the All significantly differed in group Il from the values of the
intact group and groups | and Il (Fig. 17).

Apoptosis inhibition index, %
o L N w » w o ~N -] o

Day 14 Day 21 Day 28

BEGroup | OGroup Il OGroup Il OGroup IV

Fig. 17
Tumor cell apoptosis inhibition index in the control and experimental groups.

Consequently, the number of bcl-2-positive cells in progressing tumor still tended to
grow when non-lethal volume of tumor cells were affected by PDT (in a dose of 100 and 200
J/icm?). Light radiation dose increase up to 400 J/cmz resulted in prominent suppression of
bcl-2 protein in tumor tissue.

At the final stage of experiment the Pl of tumor cells in the intact animals decreased
almost by half — 6.0+£1.33% (p<0.05). On day 7 the Pl values in the control group and groups
I and Il were considerably higher than in groups Ill and IV (p<0.05). The lowest proliferative
activity of cells was observed in group IV — 2.3+0.33% (p<0.05) (Fig. 18).
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Fig. 18
Tumor cell proliferation index in the control and experimental groups.

At the later stages the tendency toward Pl decrease was statistically significant only
in group Il (p<0.05 in comparison with the control group and groups | and II).
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Conclusion

The obtained data show that after PDT the speed of reparative processes in the area
of exposure is higher than after radiation therapy. This is mainly associated with the
immunologic mechanism of PDT effect when inflammatory response conduces to the
activation of local antitumor immunity. Besides, accelerated healing is associated with the
stimulating effect of PDT on local collagen synthesis and with the absence of destructive
effect on the collagenous fibers in the area of exposure. Circulatory disorders in tumor after
PDT lead to consequent disorders of blood rheology (thrombosis, vasculitis, vessel
obliteration), and also to transient changes in vessel filling (angiospasm, angioparesis). The
expressed decrease of tumor vessel perfusion - decrease in bloodstream volume and area
— is associated with the irreversible damage of blood rheology by PDT in a dose of 400
Jicm?. PDT leads not only to typical circulatory disturbance, but also suppresses growth
factor expression of tumor angiogenesis.

The prominent suppression of cell proliferation rate also resulted from laser PDT in
a dose of 400 J/cm2. Thus, the research confirms the data by other authors showing that
exposure to second generation photosensitizers activates caspase-3-dependent apoptosis
in tumor tissue'®. The study of this protein expression has shown that apoptotic index
significantly increases during the first week after laser PDT session (in a dose of 200 and
400 J/cm?). Moreover, laser PDT dose increase results in the lower expression of blc-2
oncoprotein and tumor cell proliferative activity at all stages of the experiment??,
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