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Filonenko E.V., Kaprin A.D., Suleymanov E.A., Urlova A.N., Khomyakov V.M., Vashakmadze L.A., Sokolov V.V., Kirillov N.V.
Intraoperative photodynamic therapy in gastric cancer patients

INTRAOPERATIVE PHOTODYNAMIC THERAPY
IN GASTRIC CANCER PATIENTS

Filonenko E.V., Kaprin A.D., Suleymanov E.A., Urlova A.N., Khomyakov V.M.,
Vashakmadze L.A., Sokolov V.V, Kirillov N.V.

National Medical Research Radiological Centre of the Ministry of Health

of the Russian Federation, Moscow, Russia

Abstract

Results of intraoperative photodynamic therapy (IOPDT) in patients with gastric cancer are represented in the article. The study included 240
patients with gastric cancer stage II-1IV (T3-4N0O-3MO-1) with evident or suspected peritoneal dissemination who underwent examination and
treatment in P.Herzen Moscow Oncology Research Institute. The group 1, the study group, included 140 patients who underwent nominally
curative or palliative surgery for locally advanced and disseminated gastric cancer with IOPDT as additional intraoperative intervention for
antiblastics and cancer treatment. The group 2, the control group, included 100 patients who also underwent nominally curative or palliative
surgery (equal to extent of surgery in patients from the study group) for locally advanced and disseminated gastric cancer and no intraopera-
tive implication of physical or chemical treatment methods. IOPDT did not worsen a course of early post-operative period, did not impact on
severity of post-operative complications and was not associated with increase of post-operative mortality. IOPDT allowed for improvement of
1-year and 3-year disease-specific survival rates: by 16.1% and 16.7%, respectively. For nominally curative resections, median survival, 1-year
and 3-year disease-specific survival rates were improved by 14 months, 17.8% and 31.3%, respectively. For R1, R2 resections, IOPDT improved
1-year disease-specific survival rates by 16.4%. Additionally, for nominally curative resections IOPDT did not increase the recurrence rate and
improved median recurrence-free survival, 1-year and 3-year recurrence-free survival rates by 16 months, 27.2% and 25.4%, respectively.

Key words: gastric cancer, peritoneal carcinomatosis, intraoperative photodynamic therapy.

For citations: Filonenko E.V., Kaprin A.D., Suleymanov E.A., Urlova A.N., Khomyakov V.M., Vashakmadze L.A., Sokolov V.V., Kirillov N.V. Intra-
operative photodynamic therapy in gastric cancer patients, Biomedical Photonics, 2017, T. 6, No. 4, pp. 4-12.
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UHTPAONEPALUMNOHHASL POTOOAMHAMUYECKAA4
TEPAMUSA BOJIbHbIX PAKOM XEJTYOKA

E.B. ®unonenko, A.l. Kanpun, E.A. Cynenimaroe, A.H. Ypnoea, B.M. Xomsikos,
JI.A. Bawkamapse, B.B. Cokonos, H.B. Kupunnos

HaunoHanbHbIM MEOULMHCKUIA MCCNEROBATENBCKUIM PAAMONOTMYECKMM LEHTP
Mwnszapasa Poccun, Mocksa, Poccums

Pe3iome
B cTaTbe mpeAcTaBAEHbl Pe3yAbTaTbl MPUMEHEHUS MHTPaonepauuoHHOW doToprHamuueckoin Tepanun (MODAT) y 6OAbHbIX pakom
Xenyaka. B nccanepoBaHve BkAoUeHbl 240 naumMeHToB pakoMm xeayaka ll-IV ctaamm (T3-4N0O-3MO-1) ¢ HaAMYMEM UAU NOAO3PEHUEM
Ha NePUTOHEAAbHYI AMCCEMMHAUMIO, koTopbiM B MHUOW mm. M.A. TepueHa 6biAv NpoBeAeHbl 06cAepOBaHUE U AeyeHre. B nepsyto,
OCHOBHYIO rpynny BKAOYEHO 140 60AbHbIX, KOTOPbIM BbIMOAHEHbI YCAOBHO-PAAUKAAbHbIE MAM MAAAMATUBHbIE OmMepaunu Mo NMOBOAY
MECTHO-PacnpoOCTPAHEHHOrO0 U AWCCEMUHWPOBAHHOIO paka XeAyAka C NpMMEHEHWEM B KayecTBe MeToAa AOMOAHUTEAbHOrO
MHTPaonepaLMOHHOr0 BO3AENCTBUSA C LLEAbIO MHTPaonepaLnoHHON aHTMOAACTUKM M MPOTMBOONYXOAEBOr0 Bo3aencTBUA - MODAT. BTopyto,
KOHTPOABbHYIO rpynny coctaBuarM 100 60AbHbIX, KOTOPbIM ObIAM BbIMOAHEHbI TAKXE YCAOBHO-PAAUKAAbHbIE U MAAAMATUBHbIE OMepaLun
(no 06beMY COOTBETCTBYIOLLME XUPYPTUUECKUM BMELLATEALCTBAM Y BOAbHBIX OCHOBHOW rpyMnbl) MO NOBOAY MECTHO-PACNPOCTPAHEHHOTO
1N AUCCEMUHUPOBAHHOIO paka XeAyaka 6€3 MHTPaonepauMoHHOro NPUMEHEHUA GUBUYECKUX UAU XUMUUYECKUX METOAOB BO3AENCTBUSA.
MO®DAT He yxyAluMAa TEYEHWE PAaHHETO NOCAEONEPALUMOHHOTO NEPUOAA, HE BAUSIAG HA TAXECTb MOCAEONEPALMOHHbBIX OCAOXHEHUN U He
accouMmnpoBaHa C yBeAMYEHMEM NOCAEONEPaLMOHHON AeTaAbHOCTU. MTpoBepeHne NODAT NO3BOAMAO YAYULLUTb NOKa3aTeAn 1-AeTHeWN
1 3-AeTHeln obuen cneynduryeckon BbXnBaeMocTu: Ha 16,1% v 16,7%, cooTBETCTBEHHO. pK YCAOBHO-PaAMKAAbHbBIX OMepaumsax —
MeAMaHy BbIXXMBAeMoCTH Ha 14 mec, nokasaTteAu 1-neTHel u 3-AeTHel o6Liel cneumduueckon BoxkuBaemocT — Ha 17,8% v 31,3%,
COOTBETCTBEHHO. lMpu onepauuax B o6beme R1, R2 nposeaeHne MODAT yayulIMAO 1-AeTHIOIO 06LLYO cnieLrdUUecKyo BbIXXKMBAEMOCTb
Ha 16,4%. Kpome TOro, npu yCAOBHO-paAuKaAbHbIX onepauunax nposeaeHne NODAT He yBEAMUYMAO YACTOTY PELMAMBOB U YAYULLIMAO
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Filonenko E.V., Kaprin A.D., Suleymanov E.A., Urlova A.N., Khomyakov V.M., Vashakmadze L.A., Sokolov V.V., Kirillov N.V.

Intraoperative photodynamic therapy in gastric cancer patients

MeAraHy 6e3peuMAMBHON BbIXXMBAEMOCTH Ha 16 Mec, nokasatean 1-AeTHel 1 3-AneTHeln 6e3peunArBHON BbXXKMBaAEeMoCTU — Ha 27,2%

n 25,4%, COOTBETCTBEHHO.

KnioueBble cnoBa: pak »esyfka, KaHLepomMaTo3 6pioLnHbI, MHTpaonepaLoHHas GoToaguHaMnYecKas Tepanms.

Ona yntunposaHusa: Filonenko E.V., Kaprin A.D., Suleymanov E.A., Urlova A.N., Khomyakov V.M., Vashakmadze L.A., Sokolov V.V., Kirillov
N.V. Intraoperative photodynamic therapy in gastric cancer patients // Biomedical Photonics. - 2017. - T. 6, N2 4. - C. 4-12.

KonTakTtbi: QunoHeHko E.B., e-mail: derkul23@yandex.ru

Introduction

Gastric cancer is one of the most common cancer diges-
tive tract. In 2015 in Russia in structure of oncological dis-
eases this pathological condition occupied 6th place (6.7%)
after cancer of skin, breast and lung [1]. For gastric cancer
peritoneal carcinomatosis is the most common type of
metastasis [2,3,4] with incidence of 30-40% and median
survival no more than 3.1 months without treatment [5].

The main method of treatment of resectable gastric can-
cer stage I-1V is curative surgery aimed at removal of primary
tumor and all loco-regional metastases [6-9]. However, even
for macroscopically complete cytoreduction the possibility
of tumor cells diffusion over peritoneum cannot be excluded
[10]; consequently surgical methods should be combined
with additional antitumor methods. Considering disadvan-
tages of systemic chemotherapy combined with cytoreduc-
tive resections for peritoneal carcinomatosis, there is neces-
sity for development of new antitumor methods aimed
at not only prevention of tumor cells from spreading over
peritoneum but also at destruction of tumor cells. One of the
promising directions is photodynamic therapy (PDT).

Results of IOPDT in patients with gastric cancer are rep-
resented in the article.

Materials and methods

The study included 240 patients with gastric cancer
stage II-IV (T3-4N0-3M0-1) with evident or suspected
peritoneal dissemination who underwent examination
and treatment in P. Herzen Moscow Oncology Research
Institute from 2005 to 2012. In all patients gastric tumor
invaded to serosa and infiltrated adjacent organs and
structures with no distant hematogenous and extraperi-
toneal lymphogenous metastases.

The group 1, the study group, included 140 patients
who underwent nominally curative or palliative surgery
for locally advanced and disseminated gastric cancer with
IOPDT as additional intraoperative intervention for antiblas-
tics and cancer treatment. The group 2, the control group,
included 100 patients who also underwent nominally
curative or palliative surgery (equal to extent of surgery in
patients from the study group) for locally advanced and dis-
seminated gastric cancer and no intraoperative implication
of physical or chemical treatment methods.

The study group included 83 (59.3%) men and 57
(40.7%) women, the control group - 61 (61%) men and 39
(39%) women. There were no differences in the gender

distribution between groups (F-test, x>=0.07; p=0.79).

The age of patients accounted from 20 to 73 y.o. The
minimal age in the study group and in the control group
was 20 and 27 y.o., respectively; the maximal age - 72
and 73 y.o., respectively. The average age in the study
group was 54.4+11.1 y.o., in the control group - 57.1+11.2
y.0. More than a half of patients (133 patients (55.5%))
were in socially active age group of 20-59 y.o. There were
no differences by age between groups (t-test, p=0.95).

According to full examination data, 180 (75%) of 240
patients had different co-morbidity: 111 (79.3%) patients
in the study group and 69 (69%) patients in the control
group. There were no differences in the co-morbidity
rate and structure between groups (F-test, x*=3.29; p=0.07).

The clinical diagnosis according to international TNM
staging system (6th ed.) was assigned in all patients after
standard examination.Forthestudygroup,stagell (T3NOMO)
was in 17 (12.1%) patients, stage llIA (T3N1MO, TANOMO) - in
21 (15%), stage llIB (T3N2MO) - in 18 (12.9%) and stage IV
(T3NO-3MO-1; T4N1-3MO0-1) - in 84 (60%). For the control
group, stage Il (T3NOMO) was in 13 (13%) patients, stage llIA
(T3NTMO, T4ANOMO) - in 18 (18%), stage 1B (T3N2MO) - in 15
(15%) and stage IV (T3N0-3MO0-1; T4N1-3MO0-1) — in 54 (54%).
In the study and control groups the majority of patients had
gastric cancer stage IV - 60% 11 54%, respectively. There was
no difference in stage distribution between groups (F-test,
for stage Il - p=0.49; for stage IlIA - p=0.32; for stage llIB -
p=0.39; for stage IV - p=0.21).

According to full examination data in the study and
control groups, involvement of one portion of stomach
was diagnosed in 32 (22.9%) and 28 (28%) patients, subto-
tal involvement - in 77 (55%) and in 63 (63%), total involve-
ment - in 31 (22.1%) and in 19 (19%), respectively. There
was no difference in tumor location in stomach between
groups (F-test, for lower third involvement (antral portion)
- p=0.25, middle third (body of stomach) — p=0.31, upper
third (cardiac portion) — p=0.39, for subtotal involvement -
p=0.43, for total involvement — p=0.34).

According to histological data in the study group, well
differentiated adenocarcinoma was diagnosed in 2 (1.4%)
patients, moderately differentiated adenocarcinoma -
in 12 (8.6%), poorly differentiated adenocarcinoma - in
31 (22.1%), signet-ring cell carcinoma - in 40 (28.6%), com-
bination of signet-ring cell carcinoma with adenocarci-
noma - in 55 (39.3%). For the control group, well differen-

OPUTUHAJIBHBIE CTATBW
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tiated adenocarcinoma was diagnosed in 2 (2%) patients,
moderately differentiated adenocarcinoma - in 14 (14%),
poorly differentiated adenocarcinoma - in 20 (20%),
signet-ring cell carcinoma - in 22 (22%), combination of
signet-ring cell carcinoma with adenocarcinoma - in 42
(42%).Thus, the study and control groups had predomi-
nately a combination of signet-ring cell carcinoma with
adenocarcinoma (39.3% and 42%, respectively). There
was no difference in morphological diagnosis between
groups (F-test; well differentiated adenocarcinoma -
p=0.55; moderately differentiated adenocarcinoma -
p=0.13; poorly differentiated adenocarcinoma - p=0.41;
signet-ring cell carcinoma - p=0.16; combination of sig-
net-ring cell carcinoma with adenocarcinoma - p=0.39).

Intraoperative photodynamic therapy technique

For PDT we used photosensitizer fotogem (produced
by “Fotogem”, Russia), a hematoporphyrin derivative.
Fotogem was administered intravenously at a dose of 2.5
mg/kg body weight 48 h before surgery. Patients kept
light regimen for 3-4 weeks after injection.

Surgical step was performed according to tumor
distribution. If applicable, complete removal of primary
tumor and all peritoneal metastases was done, where
definitive treatment was impossible, palliative surgery
with removal of primary tumor and maximal volume of
peritoneal dissemination was carried out.

For both scenarios, IOPDT session was performed
after completion of surgical step with sequential polypo-
sitional irradiation of all regions of parietal peritoneum at
a dose of 6-10 J/cm? (Fig. 1). Exposure of visceral perito-
neum was carried out by scattering irradiation and irra-
diation from a source of incoherent emission — operating
lamp - for the duration of surgical procedure.

Results

Efficacy of IOPDT in patients with gastric cancer was
analyzed by comparing results of treatment in the study
and control groups. For this purpose completeness of
cytoreduction, rate and profile of post-operative com-
plications, mortality in early post-operative period and
long-term results were assessed.

Characteristics of the surgical step

All patients had extended and combined surgery.
The duration of surgical step accounted from 3 to 6.5 h.

The curative potential of gastric surgery was charac-
terized using Japanese Classification of Gastric Carcinoma,
JGCA (1998) [11]. According to this classification 3 types
of resections are defined: A, B and C. Resection A implies
curative surgery and appropriate for primary tumor T1
or T2 and for stage M0 (HO - no liver metastases, PO — no
dissemination); NO treated by D1, D2, D3 lymphadenec-
tomy; N1 — D2, D3 lymphadenectomy; this type of resec-
tion is characterized by Cyt 0 — no tumor cells in peritoneal

Intraoperative photodynamic therapy in gastric cancer patients

Fig. 1. IOPDT session:
a —irradiation of upper region peritoneum;
b - irradiation of pelvic peritoneum

Puc. 1. Ceanc MODAT:
a — 06ny4yeHue OPIOLIMHbI BEPXHUX OTAEN0B
OPIOLHOM NONOCTH;
6 — 06ny4yeHue OpPIOLIMHBI MaNoro Tasa

lavage, and also by proximal and distal margins clearance
more than 10 mm. Resection B implies resections with no
residual disease (RO) but not fulfilling criteria for “Resec-
tion A". This type of resection was defined as nominally
curative surgery. For resection C, there is micro (R1) or
macro (R2) residual tumor, this type is equivalent to pallia-
tive surgery. If unresectable tumor is detected during the
surgery and surgery is terminated on this step this surgical
intervention is defined as exploratory surgery. There were
no resections A and no exploratory surgeries in our study.
Distribution of patients according to curative potential of
gastric surgery is represented in table 1.

For the study group, 78 (55.7%) patients underwent nom-
inally curative resections (R0), 62 (44.3%) patients had pallia-
tive surgery (R1—in 17 (12.2%), R2 - in 45 (32.1%) patients). For
the control group, 58 (58%) patients underwent nominally
curative resections (R0), 42 (42%) patients had palliative sur-
gery (R1 -in7 (7 %), R2 — in 35 (35%) patients).

Thus, in the study and control groups rates of resec-
tions RO and R1, R2 were approximately equal (rates of
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Table 1

Distribution of patients according to curative potential of gastric surgery

Ta6nuua 1

PacnpeneneHme 6OsbHbIX B 3aBUCMMOCTM OT PaAnKaJIbHOCTU BbIMO/THEHHON onepaunn

Type of resection
C

Group of patients

Study group, abs. (%)

OcHoBHas, abc. (%) 78 (55.7%)
Control group, abs. (%)

KoHTponbHas, abce. (%) 58 (58%)
Total, abs. (%) 136 (56.7%)

Bcero, abc¢. (%)

Total,
abs. (%)

17 (12.2%) 45 (32.1%) 140 (100%)
7 (7%) 35 (35%) 100 (100%)
24 (10%) 80 (33.3%) 240 (100%)

resection RO accounted for 55.7% and 58%, resection
R1, R2 - 44.3% and 42%, respectively). There was no dif-
ference in curative potential of gastric surgery between
groups (F-test, for RO p=0.41; for R1 p=0.14; for R2 p=0.37).

Distribution of patients according to the extent of
surgery is represented in table 2. Distal subtotal gastric
resection was performed in 17 (12.2%) patients from the
study group and in 12 (12%) patients from the control
group, gastrectomy - in 37 (26.4%) and 27 (27%), com-
bined resections —in 86 (61.4%) and 61 (61%), respectively.

In the study and control groups the majority of sur-
gical procedures were combined resections (61.4% and
61%, respectively) due to extent of tumor. Gastrectomy
was combined with resection of transverse colon, pan-
creas, liver, diaphragm, spleen. D2, D3 lymphadenec-
tomy was performed. There was no difference in extent
of surgery between groups (F-test, for distal subtotal
gastric resection — p=0.57; for gastrectomy — p=0.52; for
combined resection — p=0.53).

Early post-operative period
To compare the study group with the control group
for course of post-operative period we used follow-

ing criteria: rate of acute post-operative complications,
profile of acute post-operative complications, grade of
acute post-operative complications, necessity for surgi-
cal treatment of complications and mortality. Chosen cri-
teria allow assessing feasibility of IOPDT with no risk of
worsening of early results of treatment.

Acute post-operative complications were in 32 (22.9%)
of 140 patients in the study group and in 26 (26%) of
100 patients in the control group. Statistical analysis of rates
of post-operative complications in the study and control
groups with F-test showed no differences (p=0.32).

Patients in the study group had following acute post-
operative complications: necrotizing pancreatitis — 19
(13.6%), esophago-intestinal anastomotic leakage - 4
(2.9%), colon anastomotic leakage — 1 (0.7%), acute intes-
tinal obstruction - 4 (2.9%), postoperative wound infec-
tion - 3 (2.1%), pleuritis — 9 (6.4%), pneumonia — 5 (3.6%),
pulmonary thromboembolism - 2 (1.4%). For the control
group necrotizing pancreatitis was in 14 (14%) patients,
esophago-intestinal anastomotic leakage - 1 (1%), acute
intestinal obstruction — 2 (2%), postoperative wound
infection - 2 (2%), pleuritis — 5 (5%), pneumonia - 3 (3%),
pulmonary thromboembolism - 2 (2%), acute myocardial

Table 2

Distribution of patients according to the extent of surgery
Ta6bnuua 2

PacnpegeneHvie 60nbHbIX B 3aBUCMMOCTM OT 06bema onepaumm

Type of operative procedure

Group of patients

Distal subtotal gastric resection

Study group, abs. (%)

OcHoBHas, abc. (%) 17 (12.2%)

Control group, abs. (%)
KoHTponbHas, abc. (%)

Total, abs. (%)
Bcero, abc¢. (%)

12 (12%)

29 (12.1%)

Total, abs. (%)

Gastrectomy Combined resection

37 (26.4%) 86 (61.4%) 140 (100%)
27 (27%) 61 (61%) 100 (100%)
64 (26.7%) 147 (61.3%) 240 (100%)
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infarction — 1 (1%), intra-abdominal hemorrhage - 1 (1%).

Thus, patients in the study and control groups most
commonly had necrotizing pancreatitis and inflammation
in lungs and pleura (13.8% and 9.1%, respectively) (table 3).
Such profile of post-operative complications is due to the
fact, that the majority of surgical procedures in the study
and control groups were combined resections (61.4% and
61%, respectively). Additionally, pleuritis and pneumonia
was associated with other types of complications (necro-
tizing pancreatitis, esophago-intestinal anastomotic leak-
age etc.) in the study and control groups.

In the profile of acute post-operative complications
there was no colon anastomotic leakage in the control
group (p=0.58) comparing with the study group, but
there were acute myocardial infarction (p=0.42) and intra-
abdominal hemorrhage (p=0.42). Statistic analysis using
F-test showed no significant differences in the profile of
acute post-operative complications. The p-values for nec-
rotizing pancreatitis, anastomotic leakage, acute intestinal

Intraoperative photodynamic therapy in gastric cancer patients

obstruction, inflammation in lungs and pleura, thrombo-
sis, wound infection when compared control group vs.
IOPDT were 0.53,0.21, 0.51, 0.39, 0.46, 0.65, respectively.

Surgical treatment for early post-operative complica-
tions was performed in 9 (28.1%) of 32 patients of the study
group and in 8 (30.8%) of 26 patients of the control group.
Statistic analysis of rates of surgeries for early post-operative
complications using F-test showed no significant differences
between the study and control groups (p=0.52).

There were 3 (2.1%) deaths in the study group and 3
(3%) patients died in the control group. Causes of death
were pulmonary thromboembolism and necrotizing
pancreatitis. Statistic analysis of mortality using F-test
showed no significant differences between the study
and control groups (p=0.32).

Long-term results
To evaluate efficiency of IOPDT long-term results in
the study and control group were analyzed. For disease-

Table 3

Profile of acute post-operative complications

Ta6bnuuya 3

CTpyKTypa paHHMX NocsieonepaLioHHbIX OCTIOXKHEHWI

Study group, abs. (% of
total number of patients in
the group)

Type of complication

Necrotizing pancreatitis

Total, abs. (% of
total number of
patients)

Control group, abs. (% of
total number of patients
in the group)

MaHKPEOHeKPO3 19 (13.6%) 14 (14%) 33 (13.8%)
Esophago-intestinal anastomotic leakage

HecocTosiTenbHOCTb NULLIEBOAHO- 4 (2.9%) 1(1%) 5(2.1%)
KULIEYHOro aHaCcToMo3a

Colon anastomotic leakage

HecocToATenbHOCTb TONICTOKMULLEYHOIO 1(0.7%) 0 1 (0.4%)
aHacTomosa

Acute intestinal obstruction

OcTpas KuleyHasa HenpoXoANMOCTb 4(2.9%) 2(2%) 6 (2.5%)
Postoperative wound infection

HarHoeHue nocneonepaurioHHON paHbl 3 (2.1%) 2(2%) 5(2:1%)
Pleuritis

Mnesput 9 (6.4%) 5 (5%) 14 (5.8%)
Pneumonia

MHEBMOHMA 5 (3.6%) 3(3%) 8(3.3%)
Pulmonary thromboembolism

Tpom603mMb0nKA NIerouHon apTepun 2(1.4%) 2(2%) 4(1.7%)
Acute myocardial infarction

OcTpbii NHPAPKT M1OKapAa 0 1(1%) 1(0.4%)
Intra-abdominal hemorrhage

BHyTpurb6ploLLHOEe KpoBOTeUEH e 0 1(1%) 1(0.4%)
Total number of patients with

complications, abs. (% of total number of

patlensll i ) 32 (22.9%) 26 (26%) 58 (24.2%)

Bcero nauneHToB € OCNIOXHEHUAMY,
a6c¢. (% oT 06Lero KoNMYecTsa NaLMeHToB
B rpynmne)

BIOMEDICAL PHOTONICS T.6, N24/2017



Filonenko E.V., Kaprin A.D., Suleymanov E.A., Urlova A.N., Khomyakov V.M., Vashakmadze L.A., Sokolov V.V., Kirillov N.V.

Intraoperative photodynamic therapy in gastric cancer patients

specific survival the end-point was a death of a patient
from cancer disease. For recurrence-free survival the

72 months with median survival of 20 months. One-year

disease-specific survival accounted for 70.6+3.9%, 3-year — <
end-point was a recurrence or progression of cancer 39.6+4.3%. For the control group, maximal follow-up ia)
in patients who underwent nominally curative surgery.  period was 58 months with median survival of 13 months. |<_]:
Patients who died in early post-operative period from One-year disease-specific survival accounted for 54.5+5.1%, —
complications (n=6) were excluded from the analysis. 3-year — 22.9+4.4%. Statistic analysis using Log-Rang Test @,
Long-term results were obtained in 97.5% of patients. showed no significant difference between groups but data L
For the study group, maximal follow-up period was tended toward significance (p=0.07) (Fig. 2). n
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Fig. 2. Disease-specific survival in the study and control groups
Puc. 2. 06wasn cneunduryeckas BbIXKUBA€MOCTb B OCHOBHOM U KOHTPOJIbHOM rpynnax

For the study group, in patients with nominally
curative resections maximal follow-up period was 72
months with median survival of 41 months. One-year
disease-specific survival accounted for 96.1+2.2%,
3-year - 71.4+5.5%. For the control group, maximal fol-

low-up period was 58 months with median survival of
27 months. One-year disease-specific survival accounted
for 78.3+£5.5%, 3-year - 40.1+6.8%. Statistic analysis using
Log-Rang Test showed significant difference between
groups (p=0.05) (Fig. 3).
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Fig. 3. Disease-specific survival in the study and control groups in patients with nominally curative resections
Puc. 3. 06was cneynduryeckas BbIXKUBA€MOCTb B OCHOBHOM U KOHTPOJIbHOM rpynnax Nnpu yCaoBHO-paAguKaibHbIX ornepauuax
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For the study group, in patients with R1, R2 resections
maximal follow-up period was 21 months with median
survival of 8 months. One-year disease-specific survival
accounted for 38.3+6.3%. For the control group, maximal

Intraoperative photodynamic therapy in gastric cancer patients

follow-up period was 20 months with median survival of 7
months. One-year disease-specific survival accounted for
21.9+6.4%. Statistic analysis using Log-Rang Test showed
significant difference between groups (p=0.04) (Fig. 4).
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Fig. 4. Disease-specific survival in the study and control groups in patients with R1, R2 resections
Puc. 4. O6wasn cneymdpuryeckasn BbXKMBAeMOCTb B OCHOBHOWM M KOHTPO/bHOW rpynnax npu onepauusax R1 u R2

For the study group, in patients with nominally cura-
tive resections the recurrence diagnosed in 52 (66.7%) of 78
patients, in the control group — in 43 (74.1%) of 58. Statistic
analysis using Log-Rang Test showed no significant differ-
ence between groups (F-test, p = 0.23).

For the study group, in patients with nominally cura-
tive resections maximal follow-up recurrence-free period
accounted for 72 months with median recurrence-free

survival of 37 months. One-year recurrence-free survival
accounted for 89.4+3.5%, 3-year - 51.9+6.1%. For the con-
trol group, maximal follow-up recurrence-free period
accounted for 58 months with median recurrence-free
survival of 21 months. One-year recurrence-free survival
accounted for 62.2+6.5%, 3-year - 26.5+6.2%. Statistic
analysis using Log-Rang Test showed significant difference
between groups (p=0.03) (Fig. 5).
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Fig. 5. Recurrence-free survival in the study and control groups in patients with nominally curative resections
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Discussion

Historically methods of additional antitumor methods
developed from irrigation with solutions and instillation
of radioactive substances to implication of photosensi-
tizing agents for photodynamic destruction of tumor
implants and also to implication chemotherapeutical
agents injected to peritoneum at doses exceeding stan-
dard ones for systemic treatment [12]. Toxicity of intra-
peritoneal chemotherapy may be high and efficiency
of disease control depends considerably on histological
structure of the tumor [13,14]. Despite the active devel-
opment of intraperitoneal chemotherapy treatment
results in patients with gastric cancer with peritoneal car-
cinomatosis remain unsatisfactory: post-operative com-
plications are up to 40%, post-operative mortality — 20%,
median survival rates - 6-15.4 months, 1-year survival
rates by Kaplan-Meier — up to 50.7% [15-171].

In our study, IOPDT did not worsen a course of early
post-operative period, did not impact on severity of
post-operative complications and was not associated
with increase of post-operative mortality when com-
paring the study and control groups (p=0.32). IOPDT
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allowed for improvement of median survival, 1-year and
3-year disease-specific survival rates: by 7 months, 16.1%
and 16.7%, respectively (p=0.07). For nominally curative
resections, median survival, 1-year and 3-year disease-
specific survival rates were improved by 14 months, 17.8%
and 31.3%, respectively (p = 0.05). For R1, R2 resections,
IOPDT improved median survival and 1-year disease-
specific survival rates by 1 month and 16.4% (p=0.04),
respectively. Additionally, for nominally curative resec-
tions IOPDT did not increase the recurrence rate (p=0.23)
and improved median recurrence-free survival, 1-year
and 3-year recurrence-free survival rates by 16 months,
27.2% and 25.4%, respectively (p =0.03).

Conclusion

Intraoperative photodynamic therapy is an efficient
and safe method of intraoperative intervention in patients
with gastric cancer with high risk or confirmed perito-
neal dissemination. Widespread implementation of the
method into clinical practice will promote improvement
of oncological treatment results in this group of patients.
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Abstract

Current paper presents the results of the system development for intracranial implantation aimed on therapy and prevention of brain gliomas
relapse. The main property of the system, in prospective, will be to direct the growth of glioma cells localized in the region adjacent to the site
of the removed tumor along the fibers towards the proximal part of the fiber-optic scaffold (neuroport). Such approach will allow carrying out
cells diagnostics by the photoluminescence signal and provide subsequent destruction of malignant cells by photodynamic action. Besides,
this system could be used for monitoring the processes occurring in the probed area in order to control the possible relapses. The localization
of cells along the fiber structures covered with gelatin compound, which is the source of amino acids during cultivation, was shown during
the glioma cells growth dynamics study. Moreover, four different designs of intracranial scaffold models, serving as ports for diagnostic and
therapeutic laser radiation delivery, were developed and successfully tested in the framework of the research. The results obtained on the
rats brain with induced tumors (glioma C6) after neuroport implantation demonstrate sufficiently intense fluorescence in the tumor bed after
intravenous injection of the nonmetallic sulfonated phthalocyanine based photosensitizer, and a pronounced photodynamic effect leading to
total destruction of the tumor. In this way, the results of this study open the prospects of creating the neuroport with an internal fiber structure
that focuses the glioma cells growth.

Key words: spectroscopy, fluorescent diagnostics, photodynamic therapy, fiber-optic scaffold, nonmetallic sulfonated phthalocyanine, neuro-
photonics, glioblastoma.
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TAMOMbI, AOKaAM30BaHHbIX B 0OAACTH, MPUAEratoLLEN K MECTy YyAAAEHHOW OMyXOAM, BAOAb BOAOKOH MO HaMpPaBAEHUIO K MPOKCUManbHOW
UacTu BOAOKOHHO-OMTUUYECKOrO MMMAGHTaTa (HEMPOMOPT) C LEAbD MX PErUCTPaLMu Mo CUrHaAy GOTOAIOMUHECLEHLMU U MOCAEAYHOLLEN
UX AECTPYKLMWM B pe3yabTaTte (GOTOAMHAMUUYECKOTO BO3AEWMCTBUS. Takoe YCTPOMCTBO AOAXHO 0O6ECMeYUTb MOHWUTOPUHI MPOLECCOB,
NPOUCXOASALLUX B 30HAMPYEMOW OBAACTH C LieAblO KOHTPOASI MPOLECCOB PELMAMBUPOBAHUS. B XoAe A@HHOrO MCCAeAOBaHUS AMHAMUKK
pocTa KAETOK TAMOMbI NMoKa3aHa AOKaAM3aLIUA KAETOK BAOAb BOAOKOHHbIX CTPYKTYP, MOKPbITBIX XEAGTUHOM, KOTOPbIN ABASIETCS UCTOUHUKOM
aMWHOKMCAOT MPU KYABTUBMPOBaHWUWU. Takxke B Xoae paboTbl ObiAM paspaboTaHbl M ycrewHo anpobupoBaHbl YETbIPE PA3AMUHbIX
KOHCTPYKLIMKU MAKETOB BHYTPUUYEPEMHbIX UMMAGHTATOB, BbINOAHSIOLLME POAb MOPTOB AASl AOCTAaBKM AMArHOCTUYECKOTO U TEpaneBTUYECKOro
Aa3epPHOro 13nyUYeHus:. MoAyYeHbl Ha FOAOBHOM MO3Ie KPbIC C UHAYLIMPOBAHHbBIMU OMyXOASiIMU (TAMoMa C6) MocAE UMMAAHTALMM HEMPOMOPTa,
AEMOHCTPUPYHOLLME AOCTATOUHO UHTEHCUBHYH (GAYOPECLEHLMIO B AOXE OMYXOAU NP BHYTPMBEHHOM BBEAEHWU GOTOCEHCMBUAM3aTOpa
Ha OCHOBE 6€3METaAbHOTO CyAbGUPOBAHHOrO (GTAAOLMAHMHA U BbIPaXeHHbIN GOTOAMHAMUYECKUN IDDEKT, MPUBEALIWI K TOTaAbHOMY
paspyLUEHWIO OMyXOAU. MOAYUEHHBIE PE3YALTAThl OTKPbIBAOT NEPCMNEKTUBLI CO3AAHUS HEMPOMOPTA C BHYTPEHHEH BOAOKOHHOW CTPYKTYPOIA,
bOKYCUPYHOLLLEN POCT KAETOK FAMOMbI.

KnioueBble cnoBa: cnekTpockonus, GnyopecueHTHas AMarHocTnka, GoToanHammyeckas Tepanus, 6eameTtanbHblii CynbGrpoBaHHbIA dTano-
LiYiaHWH, ONTOBOIOKOHHbIV MMMaHTaT, HePOdOTOHMKA, 3NI0KaYeCTBEHHAA MMIOMa.
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Potapov A.A., Chekhonin V.P, Shcherbakov I.A., Loshchenov V.B. The development of neuroscaffold for the glioblastoma therapy // Biomedical

Photonics. - 2017.-T. 6, N2. 4. - C. 13-19.
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Introduction

Currently, the general treatment of patients with
glial brain tumors is characterized by a comprehensive
approach that includes surgical removal, radio- and che-
motherapy [1, 2]. Other methods, such as immunocor-
rective therapy and specific antitumor immunotherapy,
being developed in some clinics, are not considered the
standard and are still at clinical trials stage [3-5]. Despite
the improvement of the surgical intervention methods
and the enhancement of technical equipment capacity
of clinical units performing postoperative radio- and che-
motherapy, the results of combined malignant gliomas
treatment have not significantly improved. The median
overall survival of patients with multiform glioblastoma
is 14 months. A number of factors determines the high
mortality rate, one of which is the deep invasiveness of
the multiform glioblastoma. Due to the specific infiltra-
tive growth of such neoplasms type, the key shortcom-
ing of surgical intervention is the lack of total tumor
removal feasibility. That circumstance is the major rea-
son leading to disease recurrence. It is significant to note
that at present there are scaffolds that are placed into
the tumor bed after resection. This therapy approach
is based on the prolonged action of chemotherapeu-
tic drug, which is gradually released from the scaffold,
affecting the tumor cells remaining after surgical inter-
vention thereby preventing recurrence [6-7]. Such way of
brain neoplasms therapy is considered the most effec-
tive among the currently existing ones, however, some
glioma types are resistant to chemo- and radiotherapy,
which does not allow this method to be universal. Malig-
nant brain gliomas are known to invade and spread along
the white matter channels and blood vessels [8-10]. Due
to the characteristic features of infiltrative growth along
nerve fibers and vessels, the definition of primary intra-
cerebral tumors boundaries is a particularly difficult task
[11-12]. The recent studies of American scientific groups

have shown that C6 glioma cells migrate massively along
the polymer nanofibers coated with nutrient media. Fur-
thermore, scientists achieved significant reduction of
the tumor intracranial volume by implanting the fiber
structures inside the cranium and the externally affect-
ing with the chemo based on cyclopamine gel [8]. Based
on this scientific observation, the creation of conditions
for centripetal residual tumor cells proliferation ten-
dency, not centrifugal (from the center to the periphery),
appears to be perspective. Optical fibers, structurally
imitating the white matter channels and blood vessels,
are particularly relevant for such a system that sets the
direction of tumor growth. Photodynamic therapy is the
most appropriate and effective method for providing a
destructive impact on pathological tissues due to the
fiber-optic internal structure of the scaffold.

In this way, the major goal of this study is to create a
system the main property of which is to provide the direct
growth of glioma cells, localized in the region adjacent to
the site of the removed tumor, along the fibers towards
the proximal part of the fiber-optic scaffold (neuroport).
Such configuration will allow malignant cells registration
by the photoluminescence signal and their subsequent
destruction as a result of photodynamic effect [10]. Thus,
the neuroscaffold should be based on a biocompatible
material framework with an internal fiber structure that
focuses the glioma cells growth by branching from the
proximal end to the distal one. Such a device will also
provide monitoring of processes occurring in the probed
area in order to control the relapse processes.

Materials and methods

Biological material

To conduct the study of cells localization under incu-
bation conditions with optical fibers structures in vitro, a
culture of rat brain tumor cells C6 was used. Cells were
maintained by subculture method in RPMI medium.
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Then, the cells were taken off the plastic culture flasks
surface using trypsin. Tumor cells were incubated with
optical fibers in the flat-bottomed culture panels during
5-7 days at 37°C until a monolayer was obtained.

For biointegration study of the developed scaffold
framework, a series of experiments was conducted on
mature Wistar rats models with 200-220 g mass at the
beginning of the experiment, in which multiform Glio-
blastoma was modeled by stereotactic implantation of
5x105 cells of C6 glioma line into the striatum region
[13]. Dynamic magnetic resonance imaging (MRI) of
rats’ brains was carried out weekly, starting from the
5th day after glioblastoma modeling, by tomograph
("BioSpec 70/30" Bruker, Germany) with 7 T permanent
magnetic field. Ketamine anesthesia was injected into
the femoral vein of rats at a dose of 100 mg/kg. The
photosensitizer was then injected into the tail vein in a
dose of 5 mg/kg of the experimental animal under the
anesthesia.

The investigated photosensitizer

Phtalosens (Scientific Research Institute of Organic
Intermediates and Dyes "NIOPIK") was used as a pho-
tosensitizer based on nonmetallic compound of sulfo-
nated phthalocyanine, which is considered to be a good
photocatalyst of oxidation processes, which is essential
for effective fluorescence diagnostics and photody-
namic therapy. The photosensitizer was injected into the
experimental animals intravenously at 5 mg/kg dose.

Methods
The growth dynamics research of C6 glioma cells
under incubation conditions with the optical fibers struc-

tures in vitro was carried out using confocal microscopy
(LSM-710-NLO Carl Zeiss, Germany).

Experimental studies in vivo, devoted to monitor-
ing and correction of conditions of laboratory animals
with C6-induced glioma after intracranial implantation
of the developed scaffolds of various design, were per-
formed by fluorescence diagnostics method with the use
of LESA-01-BIOSPEC spectrometer (Russia), which has
proved its efficiency in clinical trials [14-15]. Moreover,
tumor growth and intracranial scaffold behavior in con-
tact with the tumor tissue were also visualized and moni-
tored by Magnetic resonance imaging (MRI) method
using "BioSpec 70/30" tomograph (Bruker, Germany).
Fluorescent diagnostics with the nonmetallic sulfonated
phthalocyanine derivative photosensitizer (c=5mgkg)
was carried out by laser radiation with 100 mW/cm?
power density and A=632.8 nm. Photodynamic therapy
with the use of a nonmetallic sulfonated phthalocyanine
derivative (c=5 mg/kg) was also carried out by A=675 nm
laser radiation in three 10-minute approaches with two-
minute intervals for fluorescent diagnostics with a total
dose of 200 J/cm?*

Results and discussion

Results of in vitro studies

The growth processes of C6 malignant glioma cells
and their localization on the optical fibers surface,
which in the plans will constitute the internal structure
of the brain scaffold, were visualized by laser scanning
confocal microscopy method. In vitro studies showed
that malignant glioma cells form agglomerates around
the optical fibers, create bindings and localize directly
along the fiber structures (Fig. 1). The obtained results

Fig. 1. 3D-reconstruction of fluorescent images showing the C6 glioma cell growth along the optical fiber:

a - single C6 glioma cell (highlighted area);

b — C6 glioma cell clusters, stained with acridine orange (AO) (Green - living cells) and propidium iodide (PI) (Red — dead cells)
Puc. 1. 3D-peKoHCTpyKUUA GayopecLEeHTHbIX M306parkeHunin pocta BAOIb ONTUHECKOro BONTIOKHA:

a — eAMHNYHasA KneTKa rnmombl C6 (BbiaeneHHas o6nactb);

b — ckonneHusa KNeTok rmuombl C6, oKpalleHHbIX aKPUAMHOBbLIM opaHKeBbiM (AO) (3eN1eHbli LBET — U306paXKeHue XKUBbIX Kie-
TOK) U nponuauin-noamaom (Pl) (KpacHbIi LBET — U306parkeHne NorubLImMX KNeTokK)
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suggest that the approach of directed malignant gli-
oma cells growth from the intracranial region into the
depth of the developed scaffold with subsequent pho-
todynamic impact leading to cell death can be realized
in vivo conditions.

The development of neuroscaffold for the glioblastoma therapy

During the course of the study, the scaffold design
was optimized to provide the most favorable conditions
for carrying out fluorescence diagnostics and photody-
namic therapy (Fig. 2, 3). Moreover, the biointegration
process of scaffolds made of various promising biocom-

TTY

Fig. 2. Scheme of neuroscaffold design evolution

Puc. 2. CxemaTnyeckoe U3o6paxKeHune 3BOJIIOLUMN KOHCTPYKLIUU HEelponopTa

Results of in vivo studies

During the study, different designs of scaffolds
made of various materials were developed and tested
on experimental animals. Scaffolds of various designs,
hollowed and with internal fiber structure, were pre-
designed and adapted to the scale of the fiber-optic
probe (Fig. 2). Samples were installed inside the cra-
nium of the experimental animals and served as ports
for local delivery of diagnostic and therapeutic laser
radiation (Fig. 3).

Fig. 3. Intracranial neuroscaffold device mount.
Puc. 3. KpenneHue HeiponopTa Ha YepenHon KOpoGKe aKcnepu-
MEHTaNbHOro }KMBOTHOIO

patible materials (hydroxyapatite, sapphire and poly-
meric materials) was investigated (Fig. 4).

The process of scaffold biointegration was moni-
tored by MRI method. The optimal properties and
nature of material for neuroport manufacturing were
identified by a series of experiments. According to MRI
results, the absence of extensive abscesses and scaf-
fold rejection was established only in case of poly-
mer structures implantation (Fig. 4). However, this
obstacle does not mean that hydroxyapatite- and sap-
phire- based scaffolds are not biocompatible, though
the quality requirements and the cleaning degree of
their surface should be higher. Successful approba-
tion allowed determining the optimal properties and
external size of the brain scaffolds for experimental
animals: polymer PLA d=3 mm, h=5 mm. It is worth
noting that designs based on biocompatible PLA
material were produced using 3D printing that makes
it easy to vary the scaffolds sizes.

Polymeric constructions with an internal fiber-optic
structure of the scaffolds were fixed subcutaneously on
the skull so that the scaffold frame and the end of the
fiber-optic interior part were set into the tumor bed of
the experimental animals (Fig. 4c). The scaffolds placed
into the tumor bed acted as a port for the local diagnos-
tic and therapeutic laser radiation delivery that allowed
monitoring of the experimental animals condition after
implantation. Control was carried out by fluorescent
diagnostics based on the nonmetallic sulfated phthalo-
cyanine photosensitizer at A_=632.8 nm excitation (Fig.
5, 6), and by MRI (Fig. 7). It was shown that the internal
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a b

C

Fig. 4. MRI T2 mode scans of the rat’s brain on the 5th day after neuroscaffold implantation; the devices are made of:

a — hydroxyapatite;
b — sapphire;
¢ — polymer PLA

Red arrows mark areas of inflammation; green arrows mark areas of protruding fiber part
Puc. 4. MPT-CHUMKM FOJIOBHOrO MO3ra KpbiCbl B pexxume T2 Ha 5-e cyTKM nocne UmnaaHTauun KOHCTPYKLUMIA C BHYTPEHHEeN

OMNTOBOJIOKOHHOW 4acCTblO U BHELLUHEN YacTbio, U3roTOBJIEHHbIX U3
a — rMapoKcuanaTur;
b — candup;
¢ — nonumep PLA

KpacHbiMK cTpenkamu oTMe4veHbl Npo6GieMHble 06/1acTU B npouecce GUOUHTErpaLunmn

pas/IMyHbIX NEPCNEKTUBHbIX GUOCOBMECTUMbIX MaTepuanoB:

HeipornopTa. 3efeHbIMU CTPesikamu

BbICTynaloLyas 4acTb BHYTPEHHE BOJIOKOHHOWM CTPYKTYpbl HeWponopTa

fiber structure allows tracing the cells growth into the
deep of neuroport by spectral methods. However, the
experiment complexity of MRI evaluation of C6 glioma
cells migration into the depth of neuroport is associated
with the need for the long-term monitoring that leads
to extensive accompanying tumor growth outside the

scaffold. Nevertheless, the high sensitivity and efficiency
of spectral methods for the early glioma cells detection
in the immediate vicinity of the scaffold by fluorescent
signal has been experimentally established. Hollowed
polymeric structures were also tested in experimental
animals. Hollowed scaffolds were fixed subcutaneously

AN
0
}_
<
|_
@)
LLl
s
T
0
=
<
I
AN
—
X
o
O

2,5

A, =664 nm
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FluorescencE intensity, a.u. /
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Fig. 5. The fluorescence spectra, characterized by the drug (nonmetallic sulfonated phthalocyanine) accumulation in the tumor
(A, =632.8 nm) obtained for ~hollowed and —fiber-optic neuroscaffolds

Puc. 5. CnekTpbl pnyopecLeHLnm, CHATbIE C MOMOLLbIO UMMJIAHTATOB C —NOJION U —BHYTPEHHEN ONTOBOJIOKOHHON CTPYKTYPON, XapaKkTe-
puU3yloLMe YpoBeHb HaKomieHus ¢poToceHcMGuan3aropa Ha 0OCHoOBe 6e3MeTaibHOro cy/ibdUpPoBaHHOIO coeAUHEHUA dTaNoLnaHnHa B
onyxonu (A, =632,8 Hm)
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Fig. 6. Fluorescence diagnostic mode using phthalocyanine
series (A _=632.8 nm)

Puc. 6. MNpoBegeHue ¢bnyopecueHTHON AMArHOCTUKU ¢ Ge3me-
TanbHbIM CyNIbGUPOBaHHbIM pTanounaHmHom (A =632,8 HMm)

on the skull so that the scaffold frame and the cavity
were located into the rats’ tumors bed (monitoring was
carried out by MRI (Fig. 7a)). The high therapeutic effect
was obtained because of photodynamic therapy (with
nonmetallic sulfonated phthalocyanine, excitation by
radiation with a wavelength of 675 nm) and was assessed
by MRI. In Fig. 7a the MRI image shows the presence of
tumor in the striatum region, which is a light section with
the corresponding localization indicated by an arrow.
In Fig. 7b the MRI image demonstrates the therapeutic
effect of photodynamic therapy in the implantation area
which is uniform staining of the tissues in the striatum
region indicated by an arrow. The result of photody-
namic therapy was assessed by MRI for 2 weeks with a
3 day period. MRI photograph shown in Fig. 7 demon-

The development of neuroscaffold for the glioblastoma therapy

strates the photodynamic therapy efficiency obtained
on the 6th day after PDT. As a result of photodynamic
therapy a high therapeutic effect (survival score in com-
parison with the control group) was achieved, and the
constant access to the tumor bed was provided for con-
dition monitoring (Fig. 7b).

Survival score was 8-9 weeks after glioblastoma
modeling compared to 5-6 weeks of the control group.

Conclusion

It was shown under in vitro conditions that the C6 gli-
oma cells are localized on the optical fibers surface during
the growth process which gives the reason to expect that
the approach of directed malignant glioma cells growth
from the intracranial region into the developed within
the project scaffold interior can be realized in vivo and fol-
lowed by photodynamic impact, leading to cells death.

Various designs of neuroports with an internal fiber-
optic structure were developed and integrated into the
diagnostic monitoring of the rats’ brain tumor processes
in vivo.

MRI studies confirmed that the best therapeutic effect
was achieved in the case of photodynamic therapy ses-
sion with nonmetalic derivative of sulfonated phthalocya-
nine (c=5 mg/kg) using a polymer scaffold by A=675 nm
laser radiation delivering and 200 J/cm? dose.

The developed design of the scaffold with photosensi-
tizer-coated optical fibers made it possible to implement a
new approach to the brain gliomas diagnostics and ther-
apy, including cases with high degree of malignancy.

This work is supported by Ministry of Education and Sci-
ence of the Russian Federation RFMEFI60717X0183.

Fig. 7. MRI T2 mode scans of the rat’s brain:
a — before implantation and treatment;

b — after implantation and photodynamic therapy by the nonmetallic sulfonated phthalocyanine (\A=675 nm)

Areas of C6 glioma location are marked
Puc. 7. MPT-CHUMKM roI0OBHOIO MO3ra KpbiCbl B pexxume T2:
a - 40 UMNNIaHTauuu 1 Tepanuu;

b — nocne umnnantaumm n AT c 6e3meTanbHbIM CybdGUPOBaHHbIM dTaNoLUUAHUHOM (A=675 HM)

CTpenKkoi NoKasaHo MecCTO JIoKan3auum onyxonu
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B.H. Kanunyc, M.A. KannaH, E.B. Apocnasuesa-licaesa, 11.C. CnnyeHkosa
doToagnHamnyeckas Tepanua 6a3anbHOKNETOYHOr0 Paka KOXU rofoBbl
M e C AONONHUTENIbHBIM BHYTPUTKAHEBbLIM Na3epHbIM 06nyyeHuem

OOTOOMNHAMUNYECKAS TEPATUNA
BA3AJIbBHOKJIETO4YHOTO PAKA KOXHM FTOJ10BbI

U WLEN C JONOJIHUTESIbHBIM BHYTPUTKAHEBBIM
JNNTA3EPHBIM OBJTYMEHUEM

B.H. Kanunyc, M.A. Kannan, E.B. dpocnasueea-MNcaesa, N.C. Cnnuenkosa
HaunoHanbHbIM MeaULMHCKUIA MCCNEnOBATENBCKUIM paauonornyeckuit ueHtp Munsapasa Poccmu,
Mockea, Poccua

Pe3lome

CrtaTtbsl nocesilleHa pa3paboTke METOAMKU U OLEHKE IPPEKTUBHOCTH HOTOAMHAMUUYECKOW Tepanuu ¢ ¢OTOCEHCMOUAM3ATOPOM GOTOAOH C
AOMOAHWUTEABHBIM BHYTPUTKaHEBbLIM BO3AEMCTBMEM Aa3€PHOro cBeTa y 60AbHbIX 6a3aAbHOKAETOUYHbBIM PaKOM KOXM FOAOBbI U Len. AeyeHune
npoBeaeHo 55 60AbHbIM. Ha 1-oM 3Tane Bcem 60AbHbIM Hbina NpoBeAeHa GOTOAMHAMMUUECKas Tepanusi ¢ BHYTPUTKAHEBbIM 06AyUeHUEM
C MCMOAb30BAHWEM CBETOBOAOB C FMOKUM UMAMHAPUUYECKUM AUDDY30POM (BbIXOAHAS MOLWHOCTb AA3EPHOro uaayyeHuss - 200-400 mBT,
BpeMsi BO3AENCTBUS — 15-25 MWH), Ha 2-0M aTane - GoToAMHaAMUYecKas Tepanusa ¢ AMCTaHLMOHHbIM NOABEAEHUEM AA3EPHOIO CBETa B A03€e
50-300 Ax/cm>.

Ha cpokax HabaopaeHHs oT 6 mec A0 4 neTy 13 (23,6%) 13 55 nauneHToB 6bIAM AMArHOCTMPOBAHbI PELMAMBLI 3aboneBaHUs. boaee BbICOKMI
NPOLEHT peunanBOB ObIA B rpynne 6OAbHbIX, KOTOPbIM NPOBOAWAK GOTOAMHAMMUYECKYIO TEPaNWIO MO MOBOAY peLuAnBa 3aboreBaHus, Yem y
60AbHbBIX C MepPBUYHLIMU HOBOOBPa3oBaHUAMU (37,5% 1 4,3% COOTBETCTBEHHO), Y BOAbHbIX C SHAOGUTHBIM TUMOM POCTa OMYXOAW MO CPABHEHUIO
¢ 6OAbHBIMM C 9K30DUTHBIM KOMMOHEHTOM 06pasoBaHua (30,0% 1 16,0%, COOTBETCTBEHHO) M Y NALMEHTOB C HOAbLLMM Pa3MePOM OMyXOAEBOTO
y3na (a0 2,0 cm - 14,3%, o1 2,1 p0 5,0 cm - 16,7% u 6onee 5,0 cm - 54,4%).

KnioueBblie cnoBa: (])OTOJJ,VIHaMVILIECKaﬂ Tepanua, (I)OTOHOH, BHYTPUTKaHEBOE 1a3epHoe 06nyqu|/|e, 6a3a/IbHOK/IETOYHbIN pPaK KOXu.

Ana yntuposaHma: KanvHyc B.H., Kannan M.A., ipocnasuesa-Mcaesa E.B., Cnuyenkosa WN.C. DotognHamnueckas Tepanua 6asanbHokne-
TOYHOrO paKa KOXV rofoBbl U Weun C AOMOJIHUTENIbHBIM BHYTPUTKaHEBbIM JlazepHbIM 06nyyeHviem // Biomedical Photonics. - 2017. - T. 6,
Ne 4. - C. 20-26.

KonTakTbi: KanuHyc B.H., e-mail: kapinus70@mail.ru

PHOTODYNAMIC THERAPY FOR HEAD AND NECK BASAL
CELL SKIN CANCER WITH ADDITIONAL INTERSTITIAL
LASER IRRADIATION

Kapinus V.N., Kaplan M.A., Yaroslaviseva-Isayeva E.V., Spichenkova I.S.
National Medical Research Radiological Center of the Ministry of Health
of the Russian Federation, Moscow, Russia

Abstract

The article is devoted to the development and evaluation of the efficiency of photodynamic therapy (PDT) with photosensitizer photolon with
additional interstitial laser irradiation in patients with head and neck basal cell skin cancer (BCSC). Treatment was performed in 55 patients.
On the first stage, all patients underwent photodynamic therapy with interstitial irradiation using flexible optical fibers with cylindrical diffuser,
on the second stage PDT with distant delivery of laser at a dose of 50-300 J/cm? was carried out.

During the follow-up period of 6 months to 4 years in 13 (23.6%) of the 55 patients a recurrence of the disease was diagnosed. A higher rate
of recurrence was in the group of patients who underwent PDT for recurrent neoplasms compared with patients with primary disease (37.5%
and 4.3%, respectively), in patients with endophytic growth of the tumor compared to patients with exophytic component (30.0% and 16.0%,
respectively) and in patients with large tumors (up to 2.0 cm - 14.3%, from 2.0 to 5.0 cm - 16.7% and more than 5.0 cm - 54.4%).

Key words: photodynamic therapy, photolon, interstitial laser irradiation, basal cell skin carcinoma.

For citations: Kapinus V.N., Kaplan M.A., Yaroslavtseva-Isayeva E.V., Spichenkova |.S. Photodynamic therapy for head and neck basal
cell skin cancer with additional interstitial laser irradiation, Biomedical Photonics, 2017, T. 6, No. 4, pp. 20-26 (in Russian).
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B.H. Kanunyc, M.A. KannaH, E.B. Apocnasuesa-licaesa, 11.C. CnnyeHKoBa
doToanHamuyeckas Tepanua 6a3anbHOKNETOYHOr0 Paka KOXU rofoBbl
W LWEeU ¢ AONOJTHUTENbHBIM BHYTPUTKAHEBbIM Na3epHbIM 06ny4eHnem

BBepeHune

Mpobnema neueHVsa paka KOXWM OCTaeTcs BecbMa
aKTyanbHOW, uyTOo 0O6ycC/noBfIeHO YpoBHeM 3abonesa-
eMOCTV, PeuuanBUPYIOLLMM XapaKTEPOM TeueHus,
YacToW NTOKanNM3aLmeln Ha OTKPbITbIX YYaCcTKaX KOXKHOMO
MOKPOBa, HEJOCTAaTOUHOW 3DEKTVBHOCTBIO CYLLECTBY-
IOLLMX METOLOB TePanuu, 3HAYNMbIMY KOCMETUYECKMU
nedbekTamu.

B nocnepgHue pecATuneTs B MHOMOUYMCIIEHHbIX OTe-
YeCTBEHHbIX 1 3apybexHbIx NyonMkaumax npuBoasaTcA
pe3ynbTaTthl YCMELHOro MCNnonb3oBaHusa doToanHamu-
yeckown Tepanuu (OAT) npu neyeHnn 310KaYeCTBEHHbIX
HOBOOOPA30BAHMI KOXW PA3NMYHON JIOKanv3auum wu
rMCTONOrnyYeckom cTpykTypbl [1-5]. MiccnegoBaHbl pas-
NIMYHbIE  CMOCOObI  BBEAEHUS  CEHCUOWMAMN3MPYHOLWKX
BELLeCTB: BHYTPUBEHHbIN, BHYTPUTKAHEBOW, anmivKauu-
OHHbIN [6-8]. [laHa oueHKa adpdpekTuBHocTM OAT ¢ npu-
MeHeHreMm ¢oToceHcmbunmsatopo (MPC) pasnuuHbIX
rpynn, a TakXe onpepaesneHbl ONTUMAJIbHblE PEXMUMbI
Bo3gencTeua [9-13].

OfHako OfHMM U3 FaBHbIX OrPaHUYMBAOWNX paK-
TopoB npumeHeHua AT npu neyeHn OHKONOTNYECKNX
3aboneBaHuii ABNAETCA HefoCTaTOYHaA rybuHa npo-
HUKHOBeHUA cBeTOBOro n3nyyeHus (0,8-0,9 cm). MNostomy
BO3MOXXHOCTW AucTaHuMoHHon OOT KpynHbIX Y310BbIX
bopm onyxonelt KOXu, a TakKe OrnyXosnen, PacrnosoxeH-
HbIX MOAKOMHO M B MATKMX TKaHAX, 3HAUNTENbHO OrpaHu-
yeHbl. [Ina peanusaunn potognHammyeckoro sdpdekTa B
[aHHOM cCJlyyae LenecoobpasHO MCMOMb30BaHME BHY-
TPUTKAHEBOTO OGJTyUYEHMS, UTO MOXKET YNyULUUTb Pe3yJib-
TaTbl nevyeHma [14-17].

MNpwn npoBepeHnn BHyTpuTKaHeBon QAT ncnonb3yoT
OrOJIEHHbIV KOHEL, CBETOBOIO BOJIOKHA U CBETOBOAbI C
LUUnMHAprYecKum g dy3opom Ha KOHLE, KOTOPbIe BBO-
[OATCA HEMOCPEACTBEHHO B TOJILLY OMYXOJIeBOMN TKaHW.

DnuHa akTBHOM YacTn anddy3opa MOXKeT CoCcTaB-
natb ot 0,5 o 5 cm [18-20]. B Tonwy onyxoneBon TKaHu
noa KoHTponem Y3, KoMMNboTEePHOM NN MarHUTOPE30-
HaHCHOW ToMorpadunmn BBOAAT UMy C MaHAPEHOM, 3aTEM
MaH[pPeH M3BMEKAKOT 1 MO KaHany Urnbl BBOAAT CBETO-
Boa. Konnuectso ncnonblyembix anddy3opos 3aBUCUT
OT o6bema obnyyaemon TKaHU.

Pa3sBuBalowmnca B pesynbtaTe BO3[ENCTBUA CBeTa
Ha monekynbl OC doToguHammnueckmin 3¢dekT npuso-
OUT K Pa3BUTMIO HEKPO3a OMyXONIeBOWN TKaHW PanyCcoM
o 7-15 MM BOKpYT KOHLa BONoKHa [18, 21-23]. MNpwu 3Tom
ucrnonb3oBaHve anddy3opoB PasANUHON ANUHbI U/Un
OOHOBPEMEHHOE MPUMEHEHME HEeCKONbKux Andodyso-
poB no3gonsaeT obnyyatb 0bpasoBaHMA ropasgo 6onb-
wero obbema, YeM NPV UCMOMb30BaHNM ANCTAHLMUOH-
How OT.

Taknm obpasom, npumeHeHre OOT ¢ gononHuUTeNb-
HbIM BHYTPUTKAHEBbIM BO3JECTBMEM Sla3€PHOrO CBETa
MOXKET YNyULUNTb Pe3ynbTaTbl IeUeHrsa 1 peabunutaymm
GONbHbIX PAaKOM KOXM, OCOOEHHO NPV HaNMuMK 3K30-

OUTHOrO KOMMOHEHTAa HOBOOOPA30BaHWA W/MAU NpU
BbIPaXKeHHOI OMyX0NeBON MHGUAbTPALMMN NOANEXALUNX
TKaHen.

Llenbto nccnepoBaHna siBRAnacb paspaboTka mMeTo-
AVKM 1 oueHka 3¢dekTrBHocT QAT ¢ doTonoHOM ¢
LOMONTHUTENbHBLIM ~ BHYTPUTKAHEBbIM  BO3[ENCTBMEM
nasepHoro cBeTa y 60MbHbIX 6a3anbHOKNETOUYHbIM
pakom Koxu (BKPK) ronosebl u wewn.

MaTepuan n metopbl

JleueHne 6bino0 npoBeneHo 55 6onbHbiM BKPK B
Bo3pacTe oT 55 po 88 net, umewWwm Tak Ha3biBae-
MYl «HeyAobOHyI0» JIOKanM3aumio paka KOXu nuue-
BOW obnacTu (yron rnasa, napaopbutanbHasa obnacTb,
KPbIJIO HOCA, HOCOTYGHbIe CKNafKy, ylHaa pakoBUHa),
yTO NpepAcTaBnAeT TPYAHOCTY He TOJbKO A XUpyp-
FMYECKOro WU/Unn Ny4yeBoro neyYeHuns, Ho 1 AnA npose-
geHusa OOT (bopmmpoBaHue nonen obnyuyeHns, pas-
HOMepHOe pacnpefeneHne Jia3epHoOro u3JyyeHus)
(tabn. 1).

Bce HoBoOOGpa3oBaHMA OblI MOPPONOrMYECKy
BepndMLMPOBaAHbI, PACMPOCTPAHEHHOCTb MpoLuecca
6bina cnegytouweit: go 2,0 cm y 14 (25,5%) 60nbHbIX, OT
2,1 no 5,0 cm -y 30 (54,5%) naumeHToB, 6onee 5,0 cm —
y 11 (20,0%) yenosek.

DK300UTHbIN TWUM pOCTa OTMeveH Yy 25 (45,6%)
MaLMeHTOB, a UHPUNBTPALUA NoANeXalLMX TKaHen — Yy
30 (54,6%). Y 23 (41,8%) nauneHTOB ObiN1 BNepBble Ana-
FHOCTUPOBAH pak Koxu, y 32 (58,2%) — nmenu mecto
peunanBbl 3ab6oneBaHus.

IOna nposeperna OOT ncnonb3oBann MHbEKLNOH-
Hyto popmy doTONOHa (KOMMNIEKC TPUHATPUEBON CONU
XJIOPUHA €, 1 HU3KOMONEKYIAPHOTO MeLULUHCKOro
nonusnHunnupponugoHa, PYIN «benmepnpenapatbi»,
Pecnybnuka benapycb, peructpaynoHHoe ynoctoBepe-
Hue I N215948/01 ot 30.11.2012). lNpenapat npumeHaNu
B go3e 1,1-1,6 Mr/Kr maccbl Tena 6onbHoro. PaccunTan-
Hyto o3y ¢oTonoHa pacteopsanu B 100-200 mn 0,9%-ro
pacTBOpa HaTpuA XJIopyuAa U BBOAWIM BHYTPUMBEHHO
KanenbHo B TeueHue 30-50 muH. JlazepHoe obnyyeHune
OMyXOfeBbIX OYAroB NPOBOAWN Yepe3 3 U noce BBe-
AeHua GoToceHCMbunM3aTopa Ha Nla3epHOM annaparte
«JlaTyc-2», ANNHA BOJHbI Ta3€PHOro n3nyyeHna 662 Hm
(3A0 «MonynpoBoaHKKoBble NpubopbI», Poccus).

Bce mauueHTbl fanu nHGopMUpoBaHHOeE cornacue
Ha nposegeHne OAT c BHYTPUBEHHbIM BBefeHMEM
¢$boTONOHa B yC/IOBMAX CTaUMOHapa.

Ha 1-om 3Tane Bcem 605ibHbIM 6bINIO MPOBEAEHO
BHYTPUTKaHeBOe 06yyeHre C UCMOJIb30BAHUEM CBe-
TOBOJOB C TMOKMM UUAUHAPUYECKUM Audodysopom
annHon 1,0 n 2,0 cm (OO0 «[MonnpoHuK», Poccns) ¢
AnameTpom ceBeToBoda 600 MKM 1 C AaMeTpoM And-
dy3opa 900 mkm. KonuuectBo nosuuun guoddyso-
poB — 1-4, BbIxogHaA mowHoCTb — 200-400 mBT, BpemA
Bo3gencTema — 15-25 muH (puc. 1, 2).

OPUTUHAJIBHBIE CTATBW
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B.H. Kanunyc, M.A. KannaH, E.B. Apocnasuesa-licaesa, 11.C. CnnyeHkosa
doToagnHamuyeckas Tepanua 6a3anbHOKNETOYHOr0 Paka KOXU rofoBbl
U LLeN C AONONHUTENIbHBIM BHYTPUTKAHEBbLIM Na3epHbIM 06nyyeHuem

Ta6nuya 1

PacnpepeneHne naumeHToB B 3aBUCUMOCTU OT AOKaAU3aL MU ONyXOAU

Table 1
Distribution of patients according to tumor localization

Jlokanusauymsa onyxoseBbiX o4aros

Mapaop6buTtanbHas obnactb
Paraorbital region

Hoc 1 Hocory6Hble cKnagku
Nose and nasolabial folds

Jlo6Han 1 BUCOYHaA obnactu
Forehead, temporal region

LLleuHas obnactb
Cheek

YWHaA pakoBUHa, HAPYKHbI CIyXOBOW KaHan
Auricle, external auditory canal

BonocucTtas yacTtb ronosbl
Scalp

BepxHss ry6a
Upper lip

LLesn
Neck

Bcero
Total

KonunuecTBo nauuneHToB, abc¢. (%)

20 (36,4%)

3(5,5%)

5(9,1%)

6 (10,9%)

5(9,1%)

7 (12,7%)

4(7,3%)

5(9,1%)

55 (100%)

Ha 2-om >3Tane, KOTOpbIN HauyMHancAa Henocpeg-
CTBEHHO MOCJIe 3aBepLUeHNA BHYTPUTKAaHEBOTO 06/1y-
yeHuA, NnpoBoAUNY 0byUYeHme C AUCTAHLMOHHBIM NOg-
BeAeHVeM flazepHoro ceeTta B po3ax 50-300 [x/cm?
npv NAOTHOCTY MolHocTK 300-400 MBT1/cm?, ¢ dopmu-
pOBaHMEM OHOTO WU HECKOJIbKMX MoJielrt 0b6nyyeHuns
B 3aBUCUMOCTU OT Pa3mMepoB HOBOOOPa3oBaHMA.

PesynbtaTtbl 1 nx o6cyxpeHne

HenocpepnctBeHHble pe3ynbTaTbl fieyeHns OOMbHbIX
PaKoM KOXW OLeHUBanu yepes 2 MecC Nocsie OKOHYaHuA
neyeHua no Kputepuam BO3:

1. nonHaa perpeccua ([MP) - nonHoe ncyesHoBe-
HUe BCeX NPOoABMEeHNA 6ONE3HN, yCTaHOBJIEHHOE
KNMHUYECKN 1 MOATBEPKAEHHOE pe3ynbTraTaMu
MOPGONOrMYecKx NCCcneaoBaHnia;

2. vactuyHasa perpeccusa (YP) — ymeHblueHne pas-
MEPOB onyxonu (Uan onyxoneBbix 06pa3oBa-
HU) Ha 50% 1 Gonee, a Takxe B C/lyyae, Korga
Npu BHELUHEM MOSIHOM OTCYTCTBUM OMyXONn Npu
MOPGONOrMYeckom WUCCeoBaHNM BbISBUNCH
OnyxoneBble KNeTKY;

3. otcytctBre 3ddekTta (B3) - ymeHblueHne ony-
XOnn MeHblue, yem Ha 50%, mnn oTcyTCcTBUE
N3MEHEHNA Pa3MepoB OMyXOJiu.

3 23 60nbHBIX C BNepBble YyCTaHOBJIEHHbIM AMarHo-
30M 6a3aNibHOKIETOYHOrO paKka KOXU MOJIHAsA perpec-
CUsi OMYXOJMeBbIX OYAroB 6buIa 3aperncTpupoBaHa y 20
(87,0%) naumeHTOB, YacTnyHaa perpeccma — y 3 (13,0%).
Mpwn neyeHnn peunanBHbIX HOBOOOPA30BaHMIA MOJIHAA
perpeccusa 6bi1a nonyveHa y 21 (65,6%) 13 32 nauueH-
TOB, YacTnyHasA — y 11 (34,4%). Mpn 3TOM NpoueHT non-
HbIX perpeccuin y 60bHbIX C 9K30QUTHBIM TUMIOM POCTa
6blN1 BbILLE, YEM Y MALNEHTOB C SHAOPUTHBIM KOMMOHEH-
TOM HOBOOGpPa30BaHusi (84,0% 1 67,7% COOTBETCTBEHHO).
MNpu aHanmn3e HeNOCPeACTBEHHbIX Pe3yNbTaTOB JlIeYeHUA
HOBOOOPA30BaHUIN HebonbluMX pa3mepoB (o 2,0 cm)
yacTuyHasa perpeccusa 6bina nonyyeHa B 14,3% Habnto-
LEHWI, a Npy neveHun 6onee obLWIMPHBIX 06pa3oBaHN
NPOLEHT YacThyHon perpeccumn coctaun 30,0% (npwu
nevyeHnn HoBoobpasoBaHui oT 2,0 go 5,0 cm) 1 27,3%
(Nnpw neyeHnn HoBoobpasoBaHuii bonee 5,0 cm).

Ha cpokax HabnogeHus ot 6 mec 1o 4 nety 13 (23,6%)
13 55 naumeHToB OblIM AMArHOCTMPOBAHbI PeLuarBbl
3aboneBaHus.

Bonee BbICOKMI MPOLEHT peLranBoB Obin B rpymnne
605bHbIX, KoTOopbIM Nposoagunv ®AT no nosoay peun-
[V1Ba 3a60neBaHNs, Yem y 60JIbHbIX C MePBUYHBIMY HOBO-
obpa3zoBaHuAMHU (37,5% 1 4,3% COOTBETCTBEHHO); Y 60JIb-
HbIX C SHAODUTHLIM TUMOM POCTa OMYXOMN MO CPaBHe-
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Puc. 1. ba3sanbHOK/IETOYHbIA paK KOXMU Leu: Puc. 2. ba3anbHOKIETOUHbIN paK KOXKW BOOCUCTON YacTU ros1oBbI:
a — onyxonb go ®OAT; a — onyxonb fo ®AT;
6 — ceaHC BHYTPUTKaHEBOro 06ay4eHuUs onyxonu 6 — ceaHC BHYTPUTKaAHEBOro 061y4eHuUsa onyxonu
Fig.1. Basal cell carcinoma of neck: Fig. 2. Basal cell carcinoma of scalp:
a — tumor before PDT; a — tumor before PDT;
6 - interstitial tumor irradiation 6 - interstitial tumor irradiation

a 6

Fig. 3. bazanbHOKNETOYHbIM paK KOXK yrna rmasa, T2NOMO:
a — onyxonb go ®AT;
6 — nonHas perpeccusi onyxonu yepes 24 mec nocne ®AT

Puc. 3. Basal cell skin carcinoma of the corner of the eye, T2NOMO:
a — tumor before PDT;
6 — complete regression of the tumor 24 months after PDT
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B.H. Kanunyc, M.A. KannaH, E.B. Apocnasuesa-lcaesa, 11.C. CnnyeHkosa
doToanHamnyeckas Tepanua 6a3anbHOKNETOYHOr0 Paka KOXU rofoBbl
U e ¢ AONONHUTENIbHBIM BHYTPUTKAHEBbLIM Na3epHbIM 06nyyeHuem

Ta6nuuya 2

PacnpeaeneHue naumeHToB ¢ peurpuBamu nocre AT B 3aBUCUMOCTH OT XapaKTEPUCTUK OMYXOAM

Table 2

Distribution of patients with relapses after PDT according to the characteristics of the tumor

XapakTepucrmka

onyxonu go OAT

Bcero 60nbHbIX

KonunuectBo
60nbHbIX ¢ peyuausom nocne OAT, abc. (%)

MepBUYHbIN paK 23
Primary cancer

PeuympunBHbIN pak 32
Recurrent cancer

no20cm 14
upto2.0cm
Pasmep onyxonu: or2,1cmpo 5,0cm 30

Size of the tumor from 2.1 cm to 5.0 cm

6onee 50cm 1
more than 5.0 cm

OK30QUTHbBIN TN POCTa OMYXONK 25
Exophytic type of tumor growth

DHAODUTHBIV TUM POCTa ONyXonu 30
Endophytic type of tumor growth

Bcero
Total 35

1(4,3%)

12 (37,5%)

2(14,3%)

5 (16,7%)

6 (54,4%)

4 (16,0%)

9 (30,0%)

13 (23,6%)

HUIO C 6ONbHBIMY C 3K30DUTHBIM KOMMOHEHTOM 06pa30-
BaHuA (30,0% un 16,0%, COOTBETCTBEHHO) U Yy MaLMEHTOB
C pacnpocTpaHeHHbIMu dopmamm (fo 2,0 cm — 14,3%, ot
2,0 00 5,0 cm - 16,7% 1 6onee 5,0 cm — 54,4%) (Tabn. 2).

Mocne [ONOMHUTENBbHOIO NMPUMEHEHMSA BHYTPUTKA-
HeBOro Jla3epHOro 06s1yYeHns HOBOOH6pPa3oBaHWIA Napa-
op6uTanbHOM 06MacTM Yy MAUMEHTOB He MnocTpajana
byHKUMA 3peHna (He U3MEHWINCH LBETOOLLYLLEHME U
OCTPOTa 3pEHNsA), COXPAHUIINCb BEKW, PECHWLbl, pa3-
MepbI FMa3HON wWwenn 1 GYHKUUM 3TUX OPraHoB, nocse
OT paka HOCa, YLWHbIX PAKOBUH B HEKOTOPbIX Cyyasnx
pasBuBanacb MuHMManbHas pedbopmauus XpALEBbIX
CTPYKTYP.

KnnHuueckne npuvMepbl,  AEMOHCTpUpyioLire
pe3ynbratbl neveHusi BKPK metogom OAT ¢ doTonoHom
C BHYTPUTKAHEBbIM U JMNCTAHLIMIOHHbBIM J1a3epPHbIM 0651y-
yeHveMm, NpefCcTaBieHbl Ha puc. 3, 4.

Bo Bpems BBegeHus guddysopos u B npouecce OAT
Y 4acTu NaumneHToB Obl1 OTMeUYeH 6ONEBOW CUHAPOM OT
HE3HAUUTENBHOTO [0 YMEPEHHOrO, KOTOPbIN Kymnunpo-
Ba/IM HAPKOTUYECKMMU Y HEHAPKOTUUYECKUMW aHasnbre-
TUKaMWU.

Ocobo cnepgyeT OTMETUTb CleaylLlmne MOMEHTbI,
cBA3aHHble ¢ nposepeHvem OIT. TexHuueckn npoue-
aypa OOT BbINONHMMa [OCTAaTOYHO MPOCTO, He TpebyeT

AHEeCTEe3UOJIOrMYECKOro Nocobus, MOXeT NPUMEHATLCA
Y NOXWIbIX MNALMNEHTOB U Y COMATUUYECKN OTATOLEHHbIX
60/bHbIX. JleueHne HenpogomkutenoHoe: ceaHc OAOT
L/IUTCA MaKCMMaribHO 10 2 Y, B CTauuMoHape 6orbHble
HaxogATCs B TeueHue 5-7 cyT, cobnofas HenpopoXKu-
TenbHbIN (B TeueHue 2-3 cyT) cBeToBOM pexxkum. CriyyaeB
NPOABNEHUA KOXHOM GOTOTOKCUYHOCTM 3aperncTprupo-
BaHO He 6bino. He 6b110 OTMEUYEHO 3HAUYMMbIX U3MEHEe-
HWIA B reMOrpaMmMax 1 B GUOXMMYECKOM COCTaBe KPOBU
MaLUVEeHTOB, a PerncTprpyemble KonebaHUs HEKOTOPbIX
rokasatesieln 6binu B npegenax Gr3nonornyecknx Hopm,
YTO He OTPaXKanocb Ha OOLIEM COCTOSHMM MALVEHTOB 1
He TpeboBaso MeANKAMEHTO3HOW Tepanuu. ITOT daKT
xapaktepusyet O[T Kak HETOKCUYHBIA METOfl, KOTOPbIN
MOXHO MPUMEHATb HEOLHOKPATHO U C He3HauuTeslb-
HbIMV MHTEPBaNaMm Mexay Kypcamu.

3aKknioyeHune

MeToauka nocnefoBaTENbHOIO MPUMEHEHUS BHY-
TpUTKaHeBOM M aucTaHumoHHon QAT pacwmpsaeT BO3-
MOXKHOCTU MPOBeeHNs KOHCepBAaTUBHOIO opraHocbe-
peratouwero neyeHua bKPK, nokannsoBaHHOro Ha Koxke
obnacTel CO CNIOXKHbIM aHAaTOMUYECKM pesibedoM 1
Ha/IMueM MM3HEHHO BaXkHbIX OpPraHoB 6e3 pa3BuTWA
NOBGOUHbIX 3PPEKTOB U OCNOKHEHUN C MAKCMMAJIbHbIM
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B.H. Kanunyc, M.A. KannaH, E.B. Apocnasuesa-Vicaesa, 1.C. CrnnyeHkoBa
doToanHamuyeckas Tepanua 6a3anbHOKNETOYHOr0 Paka KOXU rofoBbl
¥ LUEM C AONONHUTENbHBIM BHYTPUTKAHEBbIM Na3ePHbIM 061yYeHHEM

Puc. 4. ba3anbHOKNETOUYHbIN PaK KOXU BONOCUCTON YacTu ronoBbl, T2NOMO:

a — onyxonb go ®AT;

6 — ceaHc BHYTPUTKAHEBOro 06/1ly4eHUsi ONyXonu;

B — COCTOsiHMe yepe3 7 cyT nocne OAT;

I — nonHas perpeccus onyxonu yepes 5 mec nocne ®AT

Fig. 4. Basal cell carcinoma of scalp, T2NOMO:
a — tumor before PDT;
6 — interstitial tumor irradiation;
B — condition 7 days after PDT;
r — complete regression 5 months after PDT

COXpPaHEHMNEM X3HECNOCOOHOCTIN OKPYKatoLMX 340PO-
BbIX TKaHeN.

OOT ¢ pononHWTENbHbIM BHYTPUTKAHEBbIM BO3[eN-
CTBMEM J1a3€PHOro CBeTa NoKa3aHa 60/1bHbIM PaKOM KOXI
NPy HaMuMM 3K30GUTHOrO KOMMOHEHTa HOBOOOPa3oBa-
HVA 6onee 0,5 cM /MM NPU BbIPAXKEHHOW OMyXOJeBOW
NHUNBTPaLMK NoANEeXalWnxX TKaHen (bonee 0,5 cm).
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Pe3ynbTaTbl leueHna 3aBUCAT OT CTagum 3abone-
BaHUA, KJINMHUKO-MOPGONOrnyeckmx ocobeHHoCTen
npowecca 1 oT NpeAWecTBYOWEro BUAA eYeHus, T.e.,
NMOBTOPHbIN peunans 3aboneBaHns yalle BO3MOXEH Y
naLveHTOB C PacnpoCTPaHeHHbIMU CTagusMu 3abone-
BaHUA 1 Npu SHAOGUTHOM THMe pocTa HOBOOOPa3oBa-
HUA.
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Pe3iome

Mpou3BoaHble BAKTEPUOXAOPUHA, KaK aHTUMUKPOOHbIE HOTOCEHCUOUAU3ATOPLI, UMEIOT CEPbe3Hble MepPCneKTUBbLI B CBA3M C pacTyluen
MHOXECTBEHHON aHTMOUOTUKOPE3UCTEHTHOCTbIO OaKkTepuit. B paboTe 6bIAO M3y4YeHO in Vvitro BAMSIHUE KOAMYECTBA MOAOXWMTEABHO
3apsXKEHHbIX 3aMecTUTEAel U AUMOGUABHOCTM MOAEKYAbl CUHTETMUYECKUX TMPOU3BOAHBIX OaKTEPUOXAOPUHA Ha IOGEKTUBHOCTb
$OTOAMHAMUYECKON MHaKTUBaALMK BakTepuii B BUONAEHKaX C LLeAbl0 ONPEAEANUTb ONTUMAAbHOE COOTHOLIEHUE 3TUX NapamMeTpPoB.

BbIAM UCCAEAOBaHbI YeTbIpe CUHTETUYECKMUX MPOU3BOAHbIX HaKTEPUOXAOPUHA, CUHTE3UpPOBaHHbIe BO OI'YT «THL, «HUOTMUK»: ruapodobHbIN
HEWTpPaAbHbIM  Me3o-TeTpa(3-nupuana)bakTepuoxnoput (BC1l), amMoUOUAbHBIA TETPaKaTUOHHbIN Me30-TeTpa(l-yHAEUUA-3-MUPUAUA)
6aKTEPUOXAOPUH TeTpabpomup (BC2), rMAPODUAbHLIE TETPaKaATUOHHLIM Me3o-TeTpall-(4'-6pomOyTUA)-3-NUPUAMA]HAKTEPUOXAOPUH
TeTpabpomua (BC3) M oKTakaTUOHHBIN Me3o-TeTpall-(4'-MUPUANHUOBYTUA)-3-NTUPUAMA]OaKTEPUOXAOPUH OKTabpomua (BC4). HanbonabLuyto
30 PEeKTUBHOCTb B GOTOMHAKTUBALMU BaKTepHil B BUONAEHKAX MOKa3aAk BOAOPACTBOPUMbIE KaTUOHHbIE MPOU3BOAHBIE HAKTEPHOXAOPUHA.
MoAHyto rnbenb HakTepuin B buonaeHkax (99,999% u 6onee) BbI3biBaAM AASt S. aureus 15 TeTpakaTvoHHbIM BC3, a ans P. aerugi-
nosa 32 oKTakaTWOHHbI BC4. B OTHOLWEHWM rpamoTpuuaTeAbHbix BakTepuit B BMONAEHKax yBEAMYEHWE YMCAA KaTMOHHbIX rpynn y
doToceHcmbuAnzaTopa ot 4 A0 8 ycuauBano BaktepuumaHoe aeicteue. OTCyTCTBME 3apssa M BbICOKas AMMOPUABHOCTb MOAEKYAbI
doToceHcMbUAM3aTOPa OKa3blBaAW HEraTUBHOE BAMSIHME Ha GOTOAMHAMMUUYECKYIO MHAKTUBaLWIO BakTepuii B 6uonaeHkax. llpoBeaeHHbIe
3KCMEPUMEHTbI MOKa3aAW, YTO OAHUM M3 MeXaHW3MOB BaKTepPULMAHOTO AEMCTBUA GOTOCEHCMOUAM3ATOPOB MOXET ObiTb paspylieHue
MembpaH 6akTepuit B pesyabtate GOoTOAMHAMUUYECKOTO BO3AEMCTBUSA.

KnioueBble cnoBa: 61onneHky 6aktepuii, otoceHcmbmunmnsatop, GotoariHaMmueckas NHAKTUBAL WA, GaKTePUOXTTOPUH.
Ana yntnposaHua: TuraHosa W.I, Makaposa E.A., Meeposuu A., Anekceesa H.B., Tonoppasa 3.P., XKuxxknmosa 0.C., JlykbaHew E.A., Poma-
HoBa l0.M. DoToArHaMMyecKas MHaKTNBaLUA NAaTOreHHbIX 6aKTepuii B 6MOMNIeHKax C NCNoSIb30BaHNEM HOBbIX CUHTETUYECKMX MPOU3BOAHbIX

6aKkTepuoxnopuHa // Biomedical Photonics. - 2017. - T. 6, N2 4. - C. 27-36.

KoHTakTbi: TuraHosa . T, e-mail: iraidaTtig@mail.ru
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Abstract

Bacteriochlorins as the antimicrobial photosensitizers have a promising future in the face of the unrelenting increase in antimicrobial resistance.
The goal of this study was to investigate the influence of lipophilicity and number of positively charged substituents in these molecules on the
photodynamic inactivation (PDI) of biofilm bacteria in vitro. Testing how bacteriochlorin derivatives with different properties affect microbes will
allow to determine the optimal ratio of these parameters within a single molecule.

We have investigated 4 bacteriochlorin derivatives, all of which were synthesized in Organic Intermediates and Dyes Institute. These were:
hydrophobic neutral meso-tetra(3-pyridyl) bacteriochlorin (BC1), amphyphilic tetracationic meso-tetra(1-undecyl-3-pyridyl)bacteriochlo-
rin tetrabromide (BC2), hydrophilic tetracationic meso-tetra[1-(4'-bromobutyl)-3-pyridyl]bacteriochlorin tetrabromide (BC3) and octaca-
tionic meso-tetra[1-(4'-pyridiniobutyl) -3-pyridyl]bacteriochlorin octabromide (BC4) . The water-soluble cationic bacteriochlorin derivatives
showed the most effective PDI of bacteria in biofilms. While tetracationic BC3 caused total inactivation of S. aureus 15, octacationic BC4
was bactericidal for P. aeruginosa 32 to the same degree (>99.999%). Interestingly, increasing the number of cationic substituents from
4 to 8 in bacteriochlorin molecules enhances bactericidal action against gram-negative bacteria in biofilms. The lack of charge-carrying
groups and high degree of lipophilicity of PS have negative impact on PDI of biofilm bacteria. Bacterial membrane damage as a result of
PDI can be one of the causes of cell death.

Key words: bacterial biofilms, photosensitizer, photodynamic inactivation, bacteriochlorin.

For citations: Tiganova I.G, Makarova E.A., Meerovich G.A., Alekseeva N.V., Tolordava E.R., Zhizhimova Yu.S., Lukyanets E.A., Romanova Yu.M.
Photodynamic inactivation of pathogenic bacteria in biofilms using new synthetic bacterioclorin derivatives, Biomedical Photonics, 2017, T. 6,

AN
N
'_
<
}_
@)
Ll
ifa)
T
0
=
<
T
X
L
AN
o
O

No. 4, pp. 27-36 (in Russian).

Contacts: Tiganova |.G., e-mail: iraidaltig@mail.ru

BBepeHune

Bce 6ornee wMpokoe pacnpoCcTpaHeHNE MHOXECTBEH-
HOW Pe3NCTEHTHOCTY K aHTUONOTVKaM U fie3nHbeKTaHTam
CpeAau naToreHHbIX 6aKTePUIA 3aCTaBMAET UCKATb anbTep-
HaTMBHble Crocobbl 60pbbbI C HOEKUMAMN. B nocnegHne
rogpl 6onblIOe BHUMAHUE UCCNIefoBaTeNneln nprBiekaeT
MeTol aHTMMMKPOOHOV ¢OTOAMHAMMYECKOW Tepannu
(A®LT). MeTop OCHOBaH Ha MCMOJIb30BaHMM GOTOCEHCU-
6unnzatopos (PC), KoTopble BBOAAT B OpraHU3M nauu-
€HTa N aKTMBUPYIOT CBETOBbIM m3nyyeHuem. [log pewn-
CTBMEM SHEPruM CBeTa MPOUCXOAUT GOTOXMMUYECKas
peakuusa C 06pa3oBaHMEM CHHITIETHOTO KUCIOpoAa ”
cBOOOAHBIX paAMKanoB, KOTOpble NMPUBOAAT K rmbenu
6akTepuii, HakonuBwux OC. Mpeunmywectso AOAT
COCTOWT B TOM, UTO OHa, B OT/IYME OT aHTUOMOTUKOTEpa-
Ny, He NPUBOAUT K BO3HMKHOBEHMIO PE3UCTEHTHOCTU Y
6akTepuii. AOJT nepcneKkTUBHA B OTHOLLEHNV JIOKAJIbHbIX
ouyaroB UHGEKLMW, TaKUX Kak MHOULIMPOBAHHbIE PaHbl,
TOH3WINTBI, CUHYCWTbI, MAPOAOHTO3 1 Ap. MNpu Bcex 3Tnx
3a00M1eBaHNAX MaTOreHHble MUKPOOPraHn3mMbl GopMu-
pYIOT BMONNEHKN — COO6LLECTBA OFHOIO UIN HECKOMBbKUX
BUJOB, NMPUKPEN/IeHHbIe K KaKON-NTMb6O MOBEPXHOCTU U
MOKPbITbIE MOIMMEPHBIM MaTPUKCOM, KOTOPbI OHU MPO-
ayuupytoT. bakTepurm B GuonneHkax 06/1agatoT NOBbILLEH-
HOW YCTONUYMBOCTBIO HE TOJbKO K aHTUOMOTUKAM 11 ie3VH-
deKTaHTaMm, UTO 3aTPYAHAET UX JleUeHe TPAAULVOHHbBIMY
Metodamu, Ho 1 K AQAT. PakTopamu, CNOCOOHBIMU CHU-
3uTb 3dPekTmBHOCTE AQAT, MOryT BbITb YCNOBUA MMMNOK-
cum B BUOMJIEHKe, a TaKXe TO, UTO MOJIMMEpPbl MAaTPUKCa
MOTYT CBA3bIBAaTb aKTVBHble GOPMbI KUCIOPOAA, KOTO-
pble o6pa3yTcsa npu GOTOXMMUYECKOW pPeakuuu, W,
BO3MOXHO, camu monekynbl OC, KOTopble He JOCTUraloT
GakTepuid. B cBA3M C 3TUM aKTyasibHbIM ABASETCA MOUCK
ONTUManbHOW Xxummyeckon cTpyktypbl OC ana potoau-
HaMMYeCKOWN MHAKTUBALMKN OaKTepuin B OMOMJIEHKaXx.

M3BecTHO, UTO MPOTMB rPAMMONIOKMTENbHBIX HaKTe-
pui MoryT 6bITb 3bPeKTVBHbI AaHVOHHbIE, HEMTPAJbHbIE
1 KatnoHHble OC, B TO Bpemsa Kak NPOTUB rpamoTpuLa-
TeNbHbIX 6aKTepuii 3PPeKTUBHbI TONbKO KaTUOHHbIE.
[pamoTpuuatenbHble 6GakTepun 0Oonee yCTOMUMBBI K
AO[T, 310 CBA3aHO CO CTPOEHUEM U 3apALOM UX Khe-
TOYHOW cTeHKM [1]. Kak npaBmno, B NOKaNbHbIX oYarax
NH}eKUUM GUONNEHKN UMEIOT MYJIbTUBUZOBYIO NMPUPOAY,
1 YaCTO BKJIIOYAIOT FPaMIONOXKUTESIbHbIE 1 FPaMoTpuLia-
TenbHble 6akTepuu (Hanpumep, Staphylococcus aureus n
Pseudomonas aeruginosa), nostomy OC LWIMPOKOro Crek-
Tpa AeNCTBUA JOMKEH OblTb KaTVIOHHbIM.

KonuuectBo 1 pacnpepgeneHrie KaTMOHHbIX 3apAaoB
BnuseT Ha 3ddeKTMBHOCTL CBA3bIBaHMA Monekyn OC c
6akTepuaAMU 1 NX GOTOANHAMMYECKYIO MHaKTMBaLuio [2].
NccnepoBaHva BAuAHMA Ha 30deKTUBHOCTb doToan-
HaMUYECKON WHAKTMBALMM MAAHKTOHHbIX FPaMoTpu-
LaTeNlbHbIX 6aKTEPUIN KONMYECTBA KaTMOHHbBIX rpynn n,
B monekyne OC nokasanu, 4to ycuneHne GpoTonHaKTu-
BaLUMM GaKTepuii Npu Bo3pacTaHnn n ot 1 no 4 pocra-
TOYHO BEJINKO, a NPU AanbHeLIeM YBeIMYeHNN N, Bbipa-
’KEHO B 3HAUUTENbHO MeHblueln cteneHun [3]. YacTnuHo
3TO MOXeT ObITb CBA3aHO U C TeM, UYTO KaTuoHHble OC B
MEHbLUE CTeNeHN NoABEPKEHbI arperauun npu BbiCO-
KX KOHLEHTPALMAX, CHUXaloLWen GoTOaUHAMNYECKYHO
3¢ deKTnBHOCTH [3,4].

XoTa pasmepbl 6akTepuii COMOCTaBMMbl C ASVMHON
npobera CUHINIETHOTO KUCJTIOPOAA, BCe e bonee apdek-
TUBHbIMY OKa3biBatoTcAa OC, KOTOpble MOTYT MPeooNeTb
KNEeTOUHYI0 CTeHKY rpamoTpuLaTeNibHbiX 6aktepuii [5].
He6onblumve ruagpodunbHblie 1 nunodusibHble MOSEKY b
MPOHVKAOT BHYTPb FPaMoTpurLiaTeNibHbIX 6akTepuii pas-
HbIMW NYTAMU, N onpeaeneHHas amepudrnbHOCTb Mone-
Kynbl OC MOXeT NO3BOSIUTb MOJIEKYJIE MPEOL0NETb MEM-
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6paHy, CrnefoBaTeNbHO, 3TO CBOMCTBO MOXET OKa3aTbCA
BaXXHbIM Mpu Bbibope adpdekTrHOro OC.

B pspge paboT onucaHbl nccnenoBaHua GoToarHamu-
Yyeckol WHaKTuBauum GaKTepuin B GuonneHKax in vitro,
npuyem ee 3pbeKTNBHOCTb BapbupyeT oT 30% 10 99,999%
B 3aBUCVMOCTY OT BUAA U LWITaMMa 6aKTepuil, CMosnb3o-
BaHHOro OC, NCTOYHMKA CBETa U APYrX NapameTPOB IKC-
NeprMEHTa, YTO FOBOPUT O HEOOXOAUMOCTM AanbHENLLNX
nccneaoBaHnin B 3Tol obnacTu [6, 7, 8]. B uactHocTu, Heurs-
BECTHO, KaK BeJIYMHa MOJIOKUTESIbHOTO 3apsda More-
Kynbl OC BnunseT Ha GOTOAUHAMMYECKYIO WUHAKTUBALMIO
6aKTepuin B GronneHKax, MOCKONIbKY B COCTaB MaTpUKCa
TaK>Ke BXOZAT 3apsKEHHbIE MAaKPOMOJIEKYJIbl, HanpuMep,
JHK, nmetowana otpuuatenbHbIv 3apag.

B HacToswen paboTe B KavectBe OC nccnegosanu
coeauHeHua Knacca 6akteproxnoprHoB. Meton nony-
YeHVA YCTONUMBBIX CUHTETUYECKUX GaKTePUOXTOPUHOB
6b11 onucaH B nutepatype [9, 10, 11]. CuHTe3npOBaHHbIe
J.S. Lindsey 1 coaBT. KaTMOHHbIE NPOU3BOAHbIE GaKTepU-
OXJIOPVIHAa MOKa3ain BbICOKYI0 aHTUMUKPOOHYI0 dddek-
TUBHOCTb B OTHOLWeHUu Staphylococcus aureus, Escherihia
coli v rpnbos popa Candida [12], ogHAKO CUHTE3 ITUX
CoeauHEeHN OKasasiCA HaCTOMbKO CIOXHbIM U MHOTO-
CTaAMNHBIM, YTO BPSA SN MOXET ObITb MCMONb30BaH AJ1A
nonyyenna OC B 605bLLIMX KONMYECTBAX.

[Be ppyrve paboTbl MOCBALLEHbI UCCIELOBAHNIO
boTOoAMHAMMUYECKON aKTUBHOCTY TETPAKATVIOHHOIO NPo-
M3BOAHOrO Me30-TeTpa(3-nupuaunn)bakTepruoxnopriHa B
OTHOLLEHWM FPAMMOJIOXUTENIbHBIX Y TPaMOTPULIATENbHBIX
6akTepuii [13, 14]. 5T1 paboTbl NOATBEPAUIN NEPCNEKTHB-
HOCTb MCMONIb30BaHNA NMPOV3BOAHbIX OaKTEPOXJIOPUHA
B kauectBe OC gna AQAT. OgHako B HUX n3yyanu ¢GoTo-
WHAKTUBALMIO MIAHKTOHHbIX OAKTEPUI 1 He 3aTparvBanm
OGUONNEHKM, B TO BPEMs KaK M3BECTHO, UTO GaKTepuun B
6uonneHkax HaMHOro (B COTHU pa3) bonee Pe3nNCTEHTHbI
K O[T, uem cBO6OAHOXIBYLLME (NTAHKTOHHBIE), YTO ObIIO
MoKasaHo, B 4acTHOCTW, ana Pseudomonas aeruginosa
C WCMONb30BaHUEM 5-aMMHOJNEBYIMHOBON KWCNIOTHI U
MeTuieHoBoro cnHero B Kavectse OC [15, 16].

CrHTeTUYECKME NPOU3BOAHbIE HaKTEPUOXITOPUHA,
MCMOJMIb30BaHHbIE B HacTosLen paboTe, UMEIOT MaKcu-
MyM TMOFIOWEHUs B GNVKHEN MHbpaKpacHoW obnactu
cnekTpa. OC ¢ MakCMyMOM MOTJIOWEeHMs B UHPpaKpac-
HOW 0bnacTn cnekTpa MoryT ObiTb BOCTPeOOBaHbl AJif
Tepanuu ry6okKux o4yaroB MHOEKUMM, T.K. CBET 3TOro
[Mana3oHa NpoHKKaeT Ha bonbLuyio rnybuHy (6onee 12
MM) B TKaHM 6e3 3HauuTeNbHOW noTepu sHepruu [17].
TO BaXKHO, HANPUMEP, 4J1A Tepanuu paH, MHGULMPOBaH-
HbIX CUHErHOMHOW nanoukon (Pseudomonas aeruginosa),
MOCKOJIbKY 3TW H6aKTepuy MOTYT PacnpoCTPaHATLCA Ha
rny6uHy o 1,5 cm [18].

B paboTe 6bina noctaBneHa 3agaya U3yynTb BIUAHME
KOJIMYeCTBA MOJIOKMTENBHO 3aPAXKEHHbIX 3aMecTUTeNen
1 nunodunbHOCTH (N amPprdUIbHOCTN) MONEKYS CUH-
TETUYECKUX MPOV3BOAHbIX GaKTepuoxiopuHa Ha ¢oTo-
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OVHAMUYECKYIO MHAKTUBALMIO GakTepuin B GUONIeHKax
in vitro C uenblo onpeaenuTb ONTUMANIbHOE COOTHOLLEe-
HMe 3TUX NapaMeTpPOB.

MaTtepuan n metoabl
®omoceHcubunuzamopel

Bbinn nccnegoBaHbl YeTbipe CYHTETUYECKMX NMPOU3-
BOAHbIX OaKTEPUOXIOPUHA, CMHTE3UPOBaHHbIe BO OIYT
«HL «<HAOTTUK»:

« rMAPOdOOBHbIN  HENTpanbHbIN  Me30o-TeTpa(3-
nupuaun)6aktepuoxnopuH (BC1) [19];

« amPUPUNbHBIN TeTpaKaTUOHHbIA Me3o-TeTpa(l-
yHAEeUMN-3-nupuann)6akTeproxnopuH  TeTpa-
6pomug (BC2);

« TNAPODUNbHBIA TETPAKATUOHHBIN Me3o-TeTpall-
(4'-6pombyTunn)-3-nupnann]6akTepProOxXI0puH
TeTpabpomug (BC3);

« TMAPODUIbHBIA OKTAaKaTUOHHBIN Me3o-TeTpall-
(4'-nnpuanHnobyTn)-3-Nnpraun]6akTeproxso-
pviH okTabpommg (BC4) [20].

CuHTe3 n xapakTepuctukn BC1, a Takxke BC3 n BC4
onucaHbl B ny6nukauuax [19,20]. BC2 6b1 cnHTe3MpO-
BaH B3aumopenctemem BC1 ¢ u36bITKOM GPOMKCTOrO
YHOEeUWna B KUMsALWEM HUTPOMETaHe B TeueHue 3 U B
VHepTHOW aTMochepe C BbIXOAoM 72,8%. DNEKTPOHHBIN
CMEKTP MOrJIOLEHNS, )\MM, HM (lg €), meTaHon: 349 (4,89),
373 (4,87), 428 (4,07), 515 (4,65), 760 (4,97). Cnektp AMP 'H
(DMSO-d)), 6, m.A.:-1,21 (¢, 2H,NH), 0,82 (1, 12H, CH)), 1,22 -
1,40 (m, 64H, CH)), 2,08 - 2,13 (m, 8H, CH,), 4,02 - 4,12 (m, 4H,
B-H), 4,86 (w, 8H,CH,), 8,24 (c, 4H, B-H), 8,55 (1, 4H, H-5 (Py)),
9,14 -9,17 (m, 4H, H-6 (Py)), 9,52 (g, 4H, H-4 (Py)), 9,83 - 9,87
(m, 4H, H-2 (Py)). HangeHo, %: C 64,27, 64,37; H 8,11, 8,07;
N 7,24, 7,30. C84H1228r4N8. Bbluncneno, %: C 64,53; H 7,86;
N 7,17. Xumnyeckoe CTpoeHne 13yyaemMbix NPOV3BOAHbIX
6aKTeprOXJIOpPUHA N300paxKeHo Ha puc. 1.

BC1 n BC2 ncnonb3sosanu B BUe BOAHOM ANCNEPCUN
B 8%-om 1 4%-om Kpemodope ELP (BASF), a TeTpa- u
oKTakaTnoHHble ®C BC3 1 BC4 pactBopanu B guctunnm-
pOBaHHOW BOAE.

Bce 3Tn coegnHeHna nornowatoT B 6nmxKHen nHopa-
KpacHol obnactu cnektpa: BC1 umeeTt makcumym norno-
WeHua npu A=747 HM, oCcTasbHble — NPpU A=760 HM.

bakmepuu

WccnepoBaHus NpoBOAMAY Ha KAVHWYECKUX M30s-
Tax Staphylococcus aureus n Pseudomonas aeruginosa,
KOTOpble 4YacTo ABMATCA ITUONIOTMYECKMM areHTamu
3aboneBaHunin, aCCOLMMPOBAHHbIX C BronneHKamu. bak-
Tepuu BblpaLiMBanu B NUTaTesibHOM OynboHe LB vnnn Ha
1% arape LB (Difco, CLLA).

McmoyHuKu ceema

B KauecTBe NCTOUYHMKOB CBETA MCMOMIb30BaNN rasore-
HOBY!0 flamMry C CUTasIOBbIM GUILTPOM, MPOMYCKALLUM
OnnHbl BONH oT 600 go 850 HM, a Tak)Ke CBETOAMOAHbIN

OPUTUHAJIBHBIE CTATBW
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Puc. 1. Xumnyeckune popmynbl nsyqyaemoix ®C:

a — rnapodo6HbIN HeNTpanbHbIA Me3o-TeTpa(3-nupuaunn) 6aktepruoxnopuH (BC1);

6 — aMbudUNbHbIN TeTpaKaTUOHHbIN Me3o-TeTpa(l-yHaeuunn-3-nupuann) 6aktepmoxnopuH Tetpaépomuy (BC2);

B — r’MAPOGUIIbHbIN TeTPaKaTUOHHbIA Me30o-TeTpa[1-(4'-6pomGyTun)-3-nupruann] 6aktepunoxnopuH Tetpaépomug (BC3);

I — rMapPodUNbHbIN OKTaKaTUOHHbIN Me3o-TeTpa[l-(4'-NnupuanHnMo6yTUn)-3-Nnupuann] 6akTepmoxnopuH oktabpomug (BC4)
Fig. 1. Chemical structure of PS in study:

a — hydrophobic neutral meso-tetra(3-pyridyl) bacteriochlorin (BC1);

6 — amphyphilic tetracationic meso-tetra(1-undecyl-3-pyridyl)bacteriochlorin tetrabromide (BC2);

B — hydrophilic tetracationic meso-tetra[1-(4'-bromobutyl)-3-pyridyl]bacteriochlorin tetrabromide (BC3);

r — hydrophilic octacationic meso-tetra[1-(4'-pyridiniobutyl)-3-pyridyl]bacteriochlorin octabromide (BC4)

BIOMEDICAL PHOTONICS T.6, N24/2017
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WCTOYHMK C AJIMHOW BOJIHbI CNEKTPaIbHOro MakCcMMyMma
n3nyyeHna 760 HM. [NOTHOCTb MOLHOCTU KOHTPOMU-
poBanu ¢ nomMmoulbio n3meputensa mowwHocTn «Coherent
labmax» («Coherent», CLLIA), v oHa cocTaBnana s rano-
reHoBOW namnbl 6 MBT/cCM?, a ANsi CBETOANOAHOIO UCTOY-
HUKa — 20 MB1/cm?.

®omoouHamuyeckas UHaKmugsayus
NJIGHKMOHHbIX 6akmepuli

[ns NNAHKTOHHBIX KYNbTYp OnNpeaensny MuHUMasb-
Hyto 6akTepuUMaHyto KoHueHTpauuto (MBK) OC B cTaH-
JapTHbIX ycnosuax: UHKybauma 6aktepnin ¢ OC 30 MUH,
nNoTHocTb 3Heprum 30 [x/cm2. VicxopHbln TMTP GakTe-
pun - 1x108 KOE/mn. Vicnonb3oBanu ABYKpaTHble pa3se-
nenuns OC, HaumHas ¢ 100 mkKM, a ana BC1 - ¢ TmM. MNMocne
NHKybauum GakTepuanbHylo CyCrneH3u LeHTpudyru-
posanu, OC ygansanu, 6akTepum pecycneHgmpoBanu B
dur3mnonornyeckom pacteope 1 pasnusanu no 100 Mkn ns
KaX[10M KOHLeHTpaLuum 1 KoHTpons 6e3 OC B nyHKU ABYX
96-1yHOUHbIX NMIOCKOAOHHBIX M1aHLWeTOoB: 1 — AnsA nocne-
aytouiero obnyyeHus, 2 — HeobslyYaemblii KOHTPOJb.

Mocne obnyyeHmsa 50 MKA CycrneH3Mm M3 Ka<pou
NYHKW BblceBany Ha Yawku Metpu ¢ LB arapom, MHKy6u-
poBanu B TeMHoTe npu 37°C B TeueHune 20 yu. OTmeyanu
HavMeHbLYy KoHUeHTpaunio OC, BbICEB U3 KOTOPOW He
JaBan pocTta. Ty KOHLUEeHTpaLuuio npuHmumManu 3a MBK.

®omoduHamuyeckas uHakmusayus 6akmepuli
8 buonsieHKkax

BrionneHkn GakTepui BbipalwmBanu 18 U Ha CTEKNsAH-
HbIX MnacTMHKax 7x12 mm B vawke [leTpw, B KOTOPYLO
HanvBanu LB 6ynboH C 3aceAHHOW KynbTypol GakTepuii.
3aTem cTeKa NepeHoCUnU B 24-yHOUHbIN MJIaHLUEeT, Npo-
MbIBaNiM  ANCTWIIMPOBAHHOW BOAOW, 3alvBanv pPacTBO-
pamy OC pasnMUHON KOHLEHTpaLmK, NHKybmposann 1 4
B TepmocTate npu 37°C, OC ygananu n cTekna nomeLyanu
B Ppr3monornyeckuii pacteop 1 obnydanu. Mocne obnyue-
HVA CTEKIa U XKNAKOCTb U3 JIYHKN NepeHOCUN B MPOOUPKY
SnneHpopd, GUONNEHKY CHUManM 30HAOM-LIETOUKON 1
BMeCTe CO LeTOUKoW obpabatbiBanu 10 MuH Ha BopTekce.
MwuKpocKonmMuecknin KOHTPOSb MOKa3as, UYTO KOHriome-
paToB GaKTEpU MOC/e Takon 0O6PabOTKM OYeHb Maso, B
OCHOBHOM BUJHbl OAVHOYHbIe bakTepuu. 10-KpaTHble pas-
BeleHNA CycreH3mn 6aKkTepuii BbiceBany Ha valuku ¢ LB
arapom ns nogcyeTa KonoHuUi 1 onpegenenHna tutpa KOE.

Okpacka 6uonnerok Live/Dead Biofilm Viability Kit
BrionneHky 6akTepuin BblpalMBann Ha MOKPOBHbIX
cTeknax B yawkax [Metpu gnametpom 35 Mm B TeueHune
3 y npm 37°C. 3aTem XULKOCTb OTOMPAnM 1 BHOCUNN B
yawky 800 mkn pactBopa OC B KoHUeHTpauun 200 mkM,
B KOHTPOJb — 800 MKN AucTUNAnpoBaHHoOM BoAbl. [locne
1 4 nHKyb6aumm npu 37°C B TEMHOTe pacTBOPbI OTOU-
panu, cTekna ¢ 6ronneHkamu nomewanu B 1,5 Mn Bofabl
1 0611yYanv CBETOBbIM M3JyUYEHMEM C MIIOTHOCTbIO SHEpP-

rum 70 [x/cm?. HeobnyuyeHHbI KOHTPOSb B 3TO BpeMs
NHKybmpoBanu B TemHoTe. locne obnyyeHmsa cTekna
TWaTeNbHO MPOMbIBaNV AUCTUINIMPOBAHHOW BOAOW W
okpawwmBanu 15 MUH pacTBopoM KpacuTensa Live/Dead
Biofilm Viability Kit cornacHo nHcTpykumm. Crekna aHanm-
31poBanu B cBeToBom Mmukpockone Nikon H600L (Eclipse
Ni) (AinoHwus) ¢ dpnyopecLeHTHbIM OOGBEKTVIBOM.

Pesynbratbl n 06cyKaeHune
@omooduHamuyeckas uHakmusayus
NJIGHKMOHHbIX 6akmepuli

brnonornyeckyio aktusHocte OC mccnepoBanu Ha
MAAHKTOHHbIX KYJIbTYpax NMaTOreHHbIX 6akTepuii: rpam-
NMONOXUTENbHbIX S. aureus 15 W rpamoTpuULATENbHbIX
P. aeruginosa 32. Onpepnenenne MBK OC gna ctaHgapT-
HbIX ycnoBuii (MHKy6aums 6aktepuin ¢ OC 30 MyH, NioT-
HOCTb [103bl cBeTOBOW 3Heprumn 30 [K/cm?) nokasano,
yTo HelTpanbHbll BC1 HeaddeKTUBEH [0 KOHLEHTpaA-
umm 1 MM B OTHOLUEHWM MNIAHKTOHHbIX GaKTepUIn Kak
S.aureus, Tak u P.aeruginosa. Hanbonblien akTuBHO-
CTblo 06NafjaloT 3apsKeHHble BogopacTBopumbie BC3
n BC4, 6nn3Koi K HUM aKTUBHOCTbIO obnagaet amodu-
dunbHbIN BC2 (Tabn.).

®omoduHamuyeckas uHakmusayus 6akmepuli
8 buonseHkax

Mpy 06nyyYeHWM W3NyYyeHVMEM TrajoreHOBOW Namribl
¢ ¢unbTpom, GopmMUpYOLMM MOOCY C PaBHOMEPHOM
CMeKTpanbHOM MJIOTHOCTbIO B Auana3oHe 650-850 Hm,
6bl710 MpoBeAeHo GoToAMHAMMYECKOe BO3AENCTBME HA
6ronneHkm Bcex Yetbipex OC B ogHOM onbiTe. Onpepene-
Hue TuTpa KOE nocne ¢oToanHaMUYECKOro BO3AENCTBUSA
Ha BMOMNIeHKM MOKa3aso, YTO B OTHOLLEHWIN BMOMNEeHOK S.
aureus HambosbLIe aKTUBHOCTbIO 06najlaeT TeTpakaTu-
OHHbIN BOJOpacTBOPUMBIN BC3, HelTpanbHbii 1 ambu-
dunbHbIn OC ManoakTUBHbL. B TO e Bpemsa GuonneHKu
P. aeruginosa Hanbonee 4yyBCTBUTESIbHbI K OKTAKATVOH-
Homy BC4, octanbHble OC meHee akTUBHbI (puc. 2, 3).

TaGnuya

MuHUManbHblE 6aKTepULUAHBIE KOHLEHTpauuu OC
AAA IAGHKTOHHbIX 6aKTepum

Table

Minimal bactericidal concentrations of PS

for planktonic bacteria

oc | Mewtew
BC1 1000 1000

BC2 100 25

BC3 25 6,2

BC4 50 25

OPUTUHAJIBHBIE CTATBW
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Puc. 2. AHTUMUKPOGHas GoToguHaAMUYECKasAs aKTUBHOCTb MPOM3BOAHbIX 6aKTePMOXJIOPUHA B OTHOLWEHUK S. aureus 15
B 6GMonsieHKax (ranoreHosas namna ¢ ¢punbrpom 600-850 HM, akcno3uumsa pacteopa ®C 1 4, NNOTHOCTb 3Heprun 70 I/ cm?)
Fig. 2. Photodynamic inactivation of S. aureus 15 in biofilms (incubated with PS for 1 h, halogen lamp
with 650-850 nm bandpass filter, light dose 70 J/cm?)
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Puc. 3. AHTUMUKpOGHas doToaUHaAMMYECKas aKTUBHOCTb NPOM3BOAHbIX GaKTEePMOXI0pPUHa B OTHOLEHUH P. aeruginosa 32
B 6UoMIeHKax (3akcnosuuus pacteopa ®C 1 4, ranoreHoBas namna ¢ punbtpom 600-850 HM, NIOTHOCTb 3HEprun 70 [Ixk/cm?)
Fig. 3. Photodynamic inactivation of P. aeruginosa 32 in biofilms (incubated with PS for 1 h, halogen lamp

with 650-850 nm bandpass filter, light dose 70 J/cm?)

Mockonbky BC1, umelowmii NUK MNOrMOWEHUA npu
747 HM, He MoKasan aHTMOaKTepuanbHOW aKTMBHOCTU
B OTHOLUEHWUWN OUMOMMEHOK, 3TN e OMbITbl ObIIN MOBTO-
peHbl Tonbko ana BC2, BC3 n BC4 ¢ ucnonb3oBaHuem B
KauecTBe WUCTOYHMKA CBeTa CBETOAMOOHOrO MCTOYHMKA
C Y3KOW NOMOCOM CO CneKTpanbHbIM MaKCMMYMOM OKOJ10
760 HM. [MpK Takom 061yYeHN NOSTyYEHbl KaUeCTBEHHO Te
e pe3ynbTaTbl, YTO U NPU UCNOJIb30BaHNM FrasIoreHOBOM

namnbl ¢ GpUnbTPOM, Ho Gnaropaps 6onee sdppekTUBHOMY
MOIMIOLLEHMIO CEHCMOWNM3NPOBAHHOW GUOMNIEHKON MOHO-
XPOMAaTUUYECKOrO U3JyYeHUs C ASIMHON BOJSHbI, GNIM3KON K
CNeKTPasbHOMY MakCMyMy MOF/IOLWEHWS, MPY CEHCUOU-
nu3auuu BC4 B koHueHTpauum 1 MM 1 0bnyuyeHun ¢ nnoT-
HOCTbtO 3Heprum 70 [x/cm? yganocb fobuTbcA MOSHOM
NHaKTMBaUun 6akTepuii P. aeruginosa 32 B GuonneHKax.
MonHasa ¢oToanMHamMnYecKas MHaKTUBauus S. aureus 15
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B GronneHKax Habnoganack Npu ceHcnbunmsaumm BC3 B
TOW »Ke KOHLeHTpauumn n Npu Ton »e fo3se ceeta. Pesynb-
TaTbl OJHOIO M3 TPEeX aHANOrMYHbIX OMbITOB MPVIBEAEHbI
Ha puc. 4 n 5. Hkybauwma 6uonneHok ¢ OC 6e3 obnyyeHns
He NPUBOAMIIA K 3aMETHOMY CHUXKEHMIO TUTPA >KU3HECTO-
COOHbIX baKTepuii (JaHHbIE HE NPUBEAEHDI).
WNcnonb3oBaHre ¢nyopecueHTHOro Kpacutensa Live/
Dead Biofilm Viability Kit n ¢dnyopecueHTHON MUKpOCKO-
Ny NO3BOSIUIIO MPOAEMOHCTPUPOBATb rMbenb GakTepui
S. aureus 15 v P. aeruginosa 32 B cocTaBe GMOMMEHKN NOf
[eNCTBMEM BOLOPACTBOPUMbBIX TETPA- U OKTAKATMOHHbIX

OC. OgnH KoMMOHeHT KpacuTens, SYTO 9, okpalumnBaeT B
dnyopecumpytowwmii 3eneHbiii uset Bcto JHK, apyroii Kom-
MOHEHT (MPONUANYM MOAMA) He MPOHMKAET yepes LenocT-
Hble MeMOpaHbI 11 OKPALLVBAET B GhriyopecumpyoLwmii Kpac-
HbI uBeT TONbKo [IHK MepTBbIX KNEeTOK C NOBPeXAeHHbIMA
MemOpaHaMu. B HalmMx onbiTax MCMONb30BANCh «MOJIO-
Zble» GuonneHKn, cbopMUPOBaAHHDIE 3a 3 U, OHY He cogep-
»aT BHeknetouHon [1HK, KoTopasa oKpaluvBaeTca nponu-
ONYM VOAVIOM, UTO YXYALAeT BU3yanu3aumio GakTepuil.
VcuesHoBeHMe 3eneHon 1 NosABleHne KPacHOW OKpacKu
CBUOETENbCTBYET O MOBPEXAEHNV MeMOpaH 1 rnbenu 6ak-

= 1,00E+08

€

S~

2 1,00E+07

g

©
<5 1,00E+06
55
§“5 1,00E+05 —6— BC3
-]
m .= +
9 100E+04 ¢ ol
Fa |
1Y) ~ —
2T 100E+03 = BC2
g2
Q wi

2 1,00E+02

=

=

2 1,00E+01

g

©

© 1,00E+00

0 250 500 1000

KoHueHTpauma OC (MkM)/PS concentration (uM)

Puc. 4. AHTUMUKPOGHaa GoToagMHAMUYEeCKas aKTUBHOCTb NMPOU3BOAHbIX GAKTEPUOX/TIOPUHA B OTHOLLIEHUU S. aureus 15
B 6UoNIeHKax (aKkcno3uuus pacteopa ®C 1 4, CBETOAMOAHbIN UCTOUYHUK 760 HM, NJIOTHOCTb 3Heprumn 70 K/ cm?)
Fig. 4. Photodynamic inactivation of S. aureus 15 in biofilms (incubated with PS for 1 h, LED light source 760 nm, light dose 70 J/cm?)
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Fig. 5. Photodynamic inactivation of P. aeruginosa 32 in biofilms (incubated with PS for 1 h, LED light source 760 nm, light dose 70 J/cm?)
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Fig. 6. Fluorescent microscopy of S. aureus 15 and P. aeruginosa 32 biofilms after PDT with BC1, BC3

and BC4 and staining with Live/Dead Biofilm Viability Kit
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Tepuii, UTo U HabnogaeTcs npu Bo3aencTenm BC3 n BC4 ¢
obnyyeHviem Ha 6uonneHku S. aureus 15 u P. aeruginosa 32
(pwvic. 6). OTOenbHble KpacHble GakTepun Npv BO3AENCTBIN
31ux OC 6e3 0bnyyeHnsa ABNAITCA Pe3yNbTaTOM KX HEKO-
TOPOW TEMHOBOW TOKCMYHOCTW. [ocne BO3gencTBnA Hesa-
pskeHHoro BC1 1 06nyyeHus 6akTepum He MeHANN OKpa-
CKyY, UTO FOBOPUT 06 OTCYTCTBMM MOBPEXAEHNA MEMOPAH.
Takum 06pa3om, faHHble GryopecLeHTHON MUKPOCKONMN
MoATBEPAMSIN Pe3yNbTaTbl OMbITOB C ONpefesieHNeM Yncha
MMN3HECNoCcoOHbIX GakTepuii nyTem BbiceBa 1 NO3BOSAIOT
3aKNOUNTD, YTO, MO KpaHen mMmepe, OAVH U3 MEXaHV3MOB
6akTepuumgHoro penctena OC - paspylueHre memobpaH
6aKTepuii B pe3ynbrate GoToAMHAMNYECKOTO BO3AENCTBYS.

3aKknouyeHune

MpoBefeHHble 3KCMEPUMEHTbI CBUAETENbCTBYIOT
0 TOM, UTO Hanbonee 3¢deKTUBHBI AN GOTOUHAKTU-
BaLUM 6GaKTepuii B GuOMNIeHKax BOOOPACTBOPUMbIE
KaTnoHHble OC: TeTpakaTUOHHbIN BC3 B OTHOLWEHMNK
S. aureus 15, oKTakaTMOHHbIN BC4 - B oOTHOWeEHUN
P. aeruginosa 32. YsennueHune yncna KaTMOHHbIX rpynn
®C ot 4 go 8 ycunumBaeT b6akTepuungHOe AelcTBue
MO OTHOLWEHUIO K FpamMoTpuuaTesibHbIM GaKTepuam
B 6uonneHkax. OTCyTCTBUE 3apsijla M BbICOKas JMMO-
dunbHoCcTb Monekynbl ®OC oKasblBalOT HeraTtMBHOeE
nencTerie Ha GOTOAMHAMUMYECKYIO MHAKTMBaLMIO Gak-
Tepuii B GMOMNNIeHKax.

Paboma ebinonHeHa npu gpuHaHcosol noddepxxke Pocculickozo ¢hoHOa hyHOamMeHMAanbHbIX
uccnedosarul (2paHm N° 15-04-04363). Aemopeli 8bipaxarom 6;1a200apHOCMb
H.c. OTYIM «THY «HUOMUK» fyokuHy C.B. 3a yyuacmue 8 cuHme3se BC2.
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MHAKTUBALUNA METUUUINTMHPESUCTEHTHOIO
STAPHYLOCOCCUS AUREUS U3JTYHEHMNEM
ONANA3OHA 400-470 HM
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'KybaHckuit rocynapcteeHHblit yuusepcuteT, KpacHonap, Poccus
?Laser BioMed LLC, Kpacropap, Poccus

Pe3ome

Staphylococcus aureus SBAAETCA OAHOM 13 OCHOBHbIX MPUUKMH BHYTPUOOABHUYHBIX MHOEKLIMI, 4aCTO BbI3biBas NOCAEONEPALMOHHbIE UHOEKLUOHHbIE
paHeBble OCAOXHEHMS. LLIMpokoe pacnpocTpaHeHWe B CTauMoHapax, a TakXe MOsIBAEHWE BO BHEOOAbHWUHON CPEAE KAMHUUYECKUX W3OAATOB
Staphylococcus aureus, yCTOMUMBBIX K METULMAAMHY (methicillin-resistant Staphylococcus aureus, MRSA), octaBAsieT Bpauei 6e3 adPpeKTUBHbIX
CPEACTB KOHTPOASi Hap MHbekumen. OCAOXHeHUs, BbidbiBaeMble MRSA, NpUBOAAT K YBEAMYEHWUIO CPOKOB TFOCMMUTaAM3aUMM M NokasaTenein
AETaAbHOCTU. CAOXHOCTb AeUYEHWSA MHOULIMPOBAHHBIX PaH U BbICOKAs AETaAbHOCTb OMPEAEASIHOT aKTyaAbHOCTb BHEAPEHUS B NPAKTUKY CTaLUMOHaPOB
XMPYPrUYECKOro 1 0XXOroBOro NnpoduAst 3GGEKTUBHbBIX, aAbTEPHATUBHBIX TPAAULMOHHBIM CMOCOB0B NPOPUAAKTUKM U AEYUEHUSA PaHEBbIX MHEKLMN,
K KOTOPbIM 6aKTepun He CNOCOBHbI AETKO Pa3BUTb YCTOWUMBOCTb.

MpOTMBOMUKPOOHOE AENCTBUME U3AYYeHMA AmManazoHa 400-470 HM B MNOCAEAHEE BpeMs MNPUBAEKAET MHOrO BHUMaHUS. W3ayuyeHue
KOPOTKOBOAHOBOIO BUAMMOTO AManal3oHa CnekTpa UMeeT SBHOE NPenuMyLLIECTBO Nepea U3aydeHnem B yabTpaduronetosoi obaactn UVC (100-280
HM) 1 UVB (280-315 HM) B CBSI3U € 06LLenpr3HaHHbIMKU PUCKaMU MOBPEXAEHUSA KOXU U PA3BUTUSA PaKOBbIX 3a60AeBaHUI BCAEACTBUE BO3AEWCTBUSA
yAbTpaduoneta. EcAv cpaBHMBaATbL C GOTOAMHAMWUUECKOW TepanUeN, TO B AGHHOM CAyYae HET HEOOXOAMMOCTM B MCMOAb30BaHWUM 3K30MEHHbIX
$OTOCEHCUMBUAN3ATOPOB, AOCTaBKa KOTOPbIX K IAyOOKO 3aneratoLLei B TkaH BUONAEHKE SBASIETCA AOBOABHO 3aTPYAHUTEABHON. M XOTS MCCAEAOBAHMS
HaxXOASTCA B 3a4aTOYHOM COCTOAHUK, MPOBEAEHHbIE IKCIEPUMEHTbI iN Vitro 1 in vivo N0 MHAKTUBALMKU KAMHUUYECKM 3HAUUMBbIX U30AATOB HaKTepUi,
XapaKTepU3YHOLLIMXCA PE3UCTEHTHOCTLIO K aHTUOMOTHKAM, NO3BOASIKOT NPEAMNOAaraThb, UTo TEXHOAOTMS GOTOTEPANUM C UCMOAb30BAHWUEM U3AYUEHUSA
AManasoHa 400-470 HM MOXeT 6biTb BECbMa NepcnekTMBHa AAS MPOGUAAKTUKMU U AEYEHWUA OXOTOBbIX U XUPYPIrUUYECKMX paHEBbIX MHOEKLMIA. B
AAHHOW CTaTbe aHaAn3upyeTcs 3GHEKTUBHOCTb UCMOAB30BaHMUS M3AyYeHUA AnanasoHa 400-470 HM AAA MHAKTUBALUMKM LITAaMMOB 6akTepuii MRSA.

KnioueBble cnoBa: MRSA, KapoTHOWADI, CTadUNOKCAHTUH, aHTUOKCUAAHT, MOPOUPYIHBI.

Ana untuposanusa: KysbmuH O.B., ®acxytauHosa H./. iHakTnBauma MeTuyunnnHpesncTeHTHoro Staphylococcus aureus usnyuyeHunem gua-
nasoHa 400-470 um // Biomedical Photonics. - 2017.-T. 6, N 4. — C. 37-43.

KoHTaktbi: Ky3bmuH O.B., e-mail: kuzmin@laser-biomed.com

400-470 NM RADIATION INACTIVATION
OF METHICILLIN-RESISTANT STAPHYLOCOCCUS AUREUS

Kuzmin O.V."?, Faskhutdinova N.I.'2
'Kuban State University, Krasnodar, Russia
?’Laser BioMed LLC, Krasnodar, Russia

Abstract

Staphylococcus aureus is one of the major reasons for nosocomial infections that often cause post-surgery wound infectious complica-
tions. Prevalence in hospitals as well as occurrence in the community of the clinical isolates of methicillin-resistant Staphylococcus aureus
(MRSA) leave health professionals without effective means of control over the infection. Complications caused by MRSA lead to longer
hospital stay and higher lethality rates. Due to the infected wounds treatment issues and high mortality rate it is important to introduce
efficient alternatives to traditional means of treating and preventing wound infections into the clinical practice of inpatient surgical units
and burn care facilities. It should be hard for bacteria to develop resistance to these treatment methods and measures of preventive care.
Antimicrobial action of the 400-470 nm radiation attracts a lot of attention lately. Shortwave visible radiation has distinct advantages over
UVC and UVB given the generally acknowledged skin injury risks and risks of development of cancer resulting from the ultraviolet exposure.
In comparison with the photodynamic therapy the 400-470 nm radiation does not require exogenous photosensitizers with their challeng-
ing delivery to a biofilm lying deep within a tissue. Despite research being in its infancy, in vitro and in vivo studies performed to inactivate
clinically significant isolates of bacteria characterized by antibiotic resistance suggest that the phototherapy technology using the 400-470
nm radiation has the potential to treat and prevent surgical and burn wound infections. In this paper effectiveness of 400-470 nm radiation
for the inactivation of strains of MRSA is analyzed.

Key words: MRSA, biosynthesis, carotenoids, staphyloxanthin, antioxidant, porphyrins.

For citations: Kuzmin O.V., Faskhutdinova N.I. 400-470 nm radiation inactivation of methicillin-resistant Staphylococcus aureus, Biomedical
Photonics, 2017, T. 6, No. 4, pp. 37-43 (in Russian).
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0.B. KyabmuH, H.W1. ®acxyTamHosa

WHakTuBauua metuuunnuipesucTedtHoro Staphylococcus aureus uanyyednem guanasona 400-470 Hm

BBepeHune

B nocnepHee pecAatunetue npobnema BHYTPMOO/b-
HUYHbIX NHOEKUMI npuobpena rnobanbHOe 3HaueHue
[J151 BCEX CTPaH Mrpa. OTO 00YC/IOBNEHO 3HAUNTESIbHBIM
POCTOM YMCIIa FOCMNTANIbHBIX LUTAMMOB MUKPOOPTraHn3-
MOB, 0bnafaloLyX YCTONUMBOCTBIO K LUMPOKOMY psgy
AHTUMUKPOOHBIX NpenapaToB. HecmoTps Ha 3HaunTenb-
Hbll HepoyuyeT, B Poccuinckon Qepepaunn ekerogHo
peructpupyetca okosio 30 TbiC. CJiy4aeB BHYTPMOOb-
HUYHbIX MHObEKUU. Mo OPMEHTMPOBOYHBIM pPacyeTam
O®bYH LHWW 3Snugemuonorun PocnotpebHaasopa,
B 2015 r. 3KOHOMUMYeckuit ywep6 ans PO Tonbko ot 35
Hanbonee akTyasnbHbIX HO30M0rMYeckx Gopm nHbeK-
LUMOHHbIX 3aboneBaHuii npesbicun 549 mnpa. pyo.
(2014 1. - 468 mnpa. py6., 2013 r. — 440 mnpa. py6.) [1].
Cpeann BO3GypuTenen BHYTPUOONbHUYHBIX WHPEKLMNA
O[HO 13 MepPBbIX MECT NPUHAZNIEXUT MUKPOOPraH13Mam
poga Staphylococcus, n3 KOTOpbIX HanboIee NAaTOreHHbIM
anaetca Staphylococcus aureus, cnOCOOHbIN BbI3bIBaTb
6onee 100 Ho30M10rNUYECKNX HOPM 3a00NEBAHNIA.

SnuaemMmnonormyeckas CuUTyauus OCIIOXKHAETCA B
CBA3M C LUMPOKMM PACcnpOCTPaHEHMEM B CTaLOHapax, a
TaK»e MosIBNEHVEM U BO BHEOONIBHMYHON Cpefe KIVHU-
YeCKUX N30MIATOB S. aureus, yCTONUMBBIX K METULIITINHY
(methicillin-resistant Staphylococcus aureus, MRSA).
Haubonbluas yactoTa BbigeneHna MRSA oTmeuaeTca B
pEeaHVMaLMOHHbBIX, OXOFOBbIX, TPABMATONIOTNYECKUX ”
XVPYPruyeckux OTAENeHusX cTaumoHapoB. OpHol u3
OCHOBHbBIX MPWYUH STON 3aKOHOMEPHOCTU ABSAETCA

KOHLIEHTpaLus B TaKMX CTaLjMOHapax NnaLmneHToB C Hapy-
LIEHUAMU LLeNTIOCTHOCTU KOXKHbIX MOKPOBOB U MOBPEX-
LEHHbIM MMMyHoornyeckum 6apbepomM. OCHOBHbIM
MeCTOM floKanv3auum nHbekunn ABAAITCA nocneone-
PaLMOHHbIE U OXKOTOBblE PaHbl, NPV 3TOM MepPBUYHbIE
N BTOPUYHble GaKTepueMun Habno4alTCs MPUMepPHO
y 20% nHOUUMPOBaHHbBIX 60MbHbIX. Pa3BuTre GakTepu-
€MW1 3HAUUTENIbHO YBENMUMBAET BEPOATHOCTL JieTallb-
Horo ncxopa. OcobeHHO BbICOKasi CMEPTHOCTb, 00YCOB-
NeHHasi bakTepuemMmeit, HabnogaeTcs cpean NaLneHToB,
HaXOAALWMXCA B OXOFOBbIX OTAENIEHUAX U OTAeNeHUAX
VWHTEHCVBHOW Tepanuu, rge oHa MoXeT gocturatb 50%.
Prick pa3BuTUA NeTanbHOro MCxofda BO3pacTaeT Moutu
B TpY pas3a cpean NaureHTOB, Y KOTOPbIX baKkTepremus
obycnoBneHa MRSA, no cpaBHeHUIO C MauveHTamu,
NHOVLMPOBAHHBIMU METULWIIMHYYBCTBUTENbHBIMUA
wtammamu S. aureus [2].

BbICOKOW »13HeCnocobHOCT S. aureus cnocobcTByeT
CUHTE3UpPYeMbI 6aKTepueln CTapUIOKCaHTUH, KOTOPbIN
npeactaensaet cobon TputepneHoms, C, -KapoTUHOUA.
OH pacronioxeH B KNeToYHOW MembpaHe n JencTsyeT
KakK aHTUOKCUAAHT.

buocunmes cmacunokcaHmuHa S. aureus

S.aureus NMeeT 30I0TUCTbIA U XKeNTbIN LBeT (puc. 1),
00YCNOBMEHHBIN NMUIMEHTaMK U3 TPYMMbl KapoOTWHOU-
[l10B, OCHOBHbIM 13 KOTOPbIX ABNAETCA CTAaQUNOKCAHTUH —
-D-rniokonupaHo3unn-1-O-(4,4'-gnanoHeBpocnopeH-4-
OKTa)-6-0-(12-meTunTeTpageKkaHoar).

Puc. 1. ABa wramma Staphylococcus aureus Ha TPUNTUYECKOM COeBOM arape. BolpawusaHue 24 u, aapobHas atmocdepa, 37°C (no

AaHHbIM canTa www.bacteriainphotos.com)

Fig. 1. Two strains of Staphylococcus aureus on Tryptic Soy Agar. Cultivation for 24 hours, aerobic atmosphere, 37°C (from www.

bacteriainphotos.com)
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MapHesungudocoat
Farnesyl diphosphate

HerngpockBaneH
Dehydrosqualene

4,4’-InanoHeBpoCnopeH
4,4'-Diaponeurosporene

4,4’-lInanoHeBpoCnopeHoBasn KNCIoTa
4,4’-Diaponeurosporenic acid

Muko3un-4,4'-gnanoHeBpocrnopeHoat
Glycosyl-4,4'-diaponeurosporenoate

CradunoKcaHTuH
Staphyloxanthin [

N XXX XXXV AN
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HOOC
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0
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CrtM - lernpgpocKBaneHcHTasa
CrtM - Dehydrosqualene synthase

4
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CrtN - Dehydrosqualene desaturase

Ill

] ‘ CrtP - InanoHeBpocnopeH okcrnpasa
‘ CrtP - Diaponeurosporene oxidase

CrtQ - MukosnnTpaHcdepasa
CrtQ - Glycosyl transferase

i

CrtO - AumntpaHcoepasa
CrtO - Acyl transferase

vl

Puc. 2. MNyTb 6MocuHTE3a cTadpnunokcaHTuHa (Pelz A. c coaBrT., 2005)

Fig. 2. Staphyloxanthin biosynthesis pathway (Pelz A. et al., 2005)

CuHTe3 cTadUNOKCaHTUHA ABMAETCA CJIOXKHbIM O6UO-
XVIMMYecKknmM npoueccom. OH OCyLLIeCTBAAETCA B KNeTKax
6aKTepui 1 NPOTEKAET C yyacTeM PA3INYHbIX SH3MMa-
TUYECKNX CUCTEM, KOHTPONIMPYEMbIX MHOTVMU FeHaMMU.
MocTynupoBaHHbIN NyTb 6ocnHTe3a cTadUIOKCaHTMHA
(puc. 2) HaUMHaeTCA C KOHAEHCaUMK ABYX MoneKyn dap-
Hesungudocdata nNo TUMNy «rosioBa K rojaose» Aerngpo-
ckBaneHcuHTaszom (CrtM) c obpa3oBaHeM AervapoCcKBa-
neHa (4,4'-gnanoduToeHa). lernapockeaneH gecatypasa
(CrtN) peruppupyeT germagpockBajieH ¢ obpa3oBaHueM
MepBOro  enToro MPOMEXYTOUYHOTO  COeAUHEHUs
4,4'-npnanoHeBpocnopeHa. [lnanoHeBpPOCNOpeH OKCU-
naza (CrtP) npepctaBnfeTr coboOM CMELAHHYO QYHK-
LMOHANbHYIO OKCMAA3y, KOTOpas OKUC/SAET KOHLEBYIO
METUNbHYIO Tpynny 4,4'-AnanoHeBpocCrnopeHa ¢ obpa-
30BaHueM 4,4'-AManoHeBPOCNOPEHOBON KUCNOThI. [1n-
kosuntpaHcdepasa (CrtQ) stepuduumupyet rnokosy B
nonoxeHunn C" ¢ kKapboKkcunbHoW rpynnoii 4,4'-grano-

BIOMEDICAL PHOTONICS T.6, N24/2017

HEeBPOCMOPEHOBOWN KWUCMOTbl C MOJIyYEHUEM FNINKO3MII-
4,4'-pnanoHeBpocnopeHoata. Ha 3akniountensHom CTa-
avu, aumntpaHcdepasa (CrtO) ateprndurumpyeT rnoKosy
B nonoxeHun C." ¢ KapboKkcusbHoOW rpynnon 12-metun-
TeTpafekaHOBOW KUCNOTbl C 06pa3oBaHuemM CTaduioK-
caHTuHa [3].

CTradunokcaHTMH MOXeT ObiTb  KpPUTUYECKNM
$aKTOpOM BUPYNEHTHOCTM WHPEKUNIA, BbI3BAHHbIX
S. aureus wn3-3a ero CnocobHOCTM HENTpann3oBaTb
aHTMCenTMYeCcKue cybcTpaTbl Pas3fINUYHbIX XUMUYe-
CKMX TPYMM, TaKUX Kak CynepoKcui, Nepeknucb BoJo-
popa, rMnoxjaopHas KUCNIOTA, anbAervacopepxaline
npenapatbl. CTadnnoKCaHTMH no3BonseT OakTepuu
LeToKCcUPUUMpoBaTh peakTuBHble GOpPMbl KUCIIOPOAa,
reHepripyemble, raBHbIM 06pa3oM, HelTpodunamu.
MyTaHTHbIE KONMOHMY WTamMMma S. aureus ¢ OTCYTCTBUEM
cTadUNOKCaHTHA 6bICTPO MormbalT noj Bo3gen-
CcTBMEM HenTpodunos [4].

OB3OPbI JIMTEPATYPHI

39



ifa)
o
>
l_
<
o
Ll
}_
AN
=
ila)
o
O
p)
LO
O

0.B. KyabmuH, H.N. ®acxytamHoBa

WnakTuBauus metuumnnuipesucTeHTHoro Staphylococcus aureus usny4esuem guanasona 400-470 Hm

®omounakmuesayusa MRSA

TpagvUMOHHBIN MOAXOA K JNUKBUAAUMW PaHEBOMN
UHEKUUN CBOAUTCA K MPUMEHEHMIO aHTUOMOTMKOB B
KOMOVHaLUN C aHTUCENTUYECKMU CPeAcTBaMu, KOTO-
pble cTany Mano3$deKTUBHbIMY 13-3a Pa3BUTUS YCTON-
uMBbIX BMOOB GaKTepuin. Kpome TOro, orpaHuyeHHoe
MPOHVKHOBEHME JIeKapCTB B 0OaKTepuasibHyl 6ro-
MAEHKY NPUBOANT K CHXeHNO 3GGEKTUBHOCTY Takoro
BMAa neyeHus. OueBUAHO, YTO pacTeT NOTPebHOCTb B
HOBbIX MHHOBALMOHHbIX NOAXoAaX, BeAyLWwmxX K YHUUTO-
XKeHuto Gaktepuin. OgHol 13 obnacTen, NpeacTaBnsAio-
lwen uHTepec, ABMAETCA WUCMNONb30BaHME TEXHONOruin
06paboTKN paH C UCMONIb30BaHNEM U3yYeHNs KOPOT-
KOBOJIHOBOrO BMAVMOTO AiMana3oHa CrnekTpa.

bakTepuyuaHoe gencteme n3nyyeHma YO grmanasoHa
CneKTpa XOpOLUO N3BECTHO, HO iaXke M1HVIManbHasA nepe-
pno3uposka YO onacHa gns 340poBoi 6roTkaHu. 3nyye-
HMe KOPOTKOBOJIHOBOrO BMAMMOrO AMarna3oHa CrneKkTpa
MMeeT AIBHOe MPeuMyLLeCTBO B CBA3U C OOLLenpu3HaH-
HbIMU PUCKaMIM MOBPEXAEHNA KOXKU 1 Pa3BUTKA PaKOBbIX
3aboneBaHWin BClieACTBUE BO3LAENCTBYA ynbTpadrioneTa.

MpoTuBOMUKPOOHOE [EeNCTBUE U3NyYeHUs [Auva-
nasoHa 400-470 HM B nocnegHee BpemA MpuUBeKaeT
MHOro BHMMaHuA. Mo fJaHHbIM OTAENbHbIX aBTOPOB, MO
CpaBHeHMIO C GOTOAMHAMMYECKON Tepanueil, nogasne-
HMe aKTMBHOCTM MATOreHHbIX GaKTepui usnyyeHvem
ananasoHa 400-470 HM TEXHMYECKN BbIMOSHNUTb MPOLLE,
MOCKOJIbKY MNPV 3TOM HET HEOOXOAUMOCTU B UCMOJb30-
BaHNN JK30TreHHbIX POTOCEHCMOUNN3ATOPOB, AOCTaBKa
KOTOPbIX K MUKPOOAM-MULIEHSIM, HaXOAAWMMCA [y-
60KO B MPUMbIKAIOLWEN K TKaHW OUOMIEeHKe, ABNAETCS
[AOBOJIbHO 3aTpygHUTeNbHOW. MHOrouncneHHble nccne-
[LOBaHMA NOATBEPXJAIOT CyLeCTBOBaHME TepaneBTmye-
CKOrO OKHa $GUONETOBO-CMHETO M3NTyYeHUs 415 IeYeHnn
6aKTepuanbHbiX UHPEKLUWIA, roe aKTUBHOCTb GakTepui
CeNeKTBHO MOAABNAETCA, B TO BPEMA KaK KNeTKM TKa-
Hell OopraHM3ma-x03frHa COXPAHAIT CBOK CTPYKTYpY.
MexaHn3m GakTepuumagHOro AencTeus ¢roneToBo-
CUHEro u3fyyeHus Moka He M3yuyeH, HO O0ObACHAEeTCA
TeM, UYTO M3NlyYyeHne 3TOro AmanasoHa crneKkTpa Mnorno-
LWaeTca npogyLmpyemMbiMu 6akTepuammn nopbupuHamu,
B pe3y/bTaTe Yero MoBbILAETCA YPOBEHb CBOOOAHBIX
pafvKanos, KOTOpble MOTYT paspyLwaTtb UUTonaasmaTu-
yeckme membpaHbl  HK 6akTepuii. opdrpnHbl nmetoT
WHTEHCMBHYIO MONOCY MOMNOLWeHUsa B BUANMOM Auvana-
30He cneKTpa ¢ MakcMMymom okono 400 HM, N3BEeCTHON
Kak nonoca Cope nnu B, uto ABNAETCA OTINYMTENBHOWN
yepToU NOPOUPVHOBOIO KOJbLA M XapaKTEPHO AJIA BCEX
nopdrprHOB, HE3aBUCMMO OT MPUCYTCTBYIOLWNX OBOKO-
BbiX uUernen. M3nyyeHne gmnanasoHa 400-470 HM Takke
MOET BbI3blBaTb rMbenb 6akTepuii 3a CYET ero Bo3aei-
CTBUSI HA CBETOUYBCTBUTEJIbHbIE MUIMEHTbI, BbipabaTbl-
BaeMble 6bakTepusamu [5].

MpoBeneHHble M. Maclean ¢ coaBT. uccnegoBaHus vyB-
ctButenbHocTy wramma NCTC 4135 S. aureus K Bugnmomy

CBETY C MCMOJIb30BAHNEM BbICOKOMHTEHCBHOWM KCEHOHO-
BOW namnbl 1 ¢unstpamu LP, SP n BP npogeMoHcTpurpo-
Banu GakTepuunaHbiii 3GpdeKT, a Takke naeHTUPnUmMpo-
Basin OIMHbI BOSH B AMana3oHe 400-420 Hm, obnagatoLyme
6akTepuumaHbiM dbdekTom [6]. Pesynbrathl mokasanu,
yTo nHakTMBaumaA wrtamma NCTC 4135 S. aureus oueBnaHa,
1 Hanbonee 3¢ HeKTMBHON GaKTEPULNAHON aKTUBHOCTbIO
obnapaet aranasoH 405 Hm. Mpu 06nyyeHUn co cBeTo-
Bow go3on 23,5 [Ix/cm? cycnensum NCTC 4135 S. aureus ¢
NAOTHOCTbIO nonynauumy 2,0-10° KOE/mn yganocb CHU3MTb
nonynaumio Ha 2,4 log, . XoTA KonoHuio 6akTepuii NosiHo-
CTbO YHUUTOXWTb He y[anoch, SKCNEPUMEHTbI C UCMOJb-
30BaHVEM Y3KOMOJOCHbIX GUILTPOB MO3BONUIIN OLEHNUTD
3bPeKTNBHOCTb Y3KOMOMOCHOTO CBeTa B npegenax 10 Hm
B Anana3oHe 400-420 Hm.

MepBble UccnefoBaHUsA in vivo 6binn nposedeHbl T.
Dai c coaBT.,, KOTOpble MOKasanu, YTo n3nyuyeHme ¢uo-
NeTOBOroO AnanasoHa CrneKkTpa ObICTPO coKpallaeT 6ak-
TepuranbHbI rpy3 NHGEKUNIA, BbI3BAHHbIX METULIINH-
PEe3VCTEHTHBIM 30/10TUCTbIM CcTadunokokkom USA300
LAC (knoH wTtamma CA-MRSA) Ha paHHUX 1 BepuduLm-
POBaHHbIX cTaguax [7].

B KauecTBe WCTOYHUKA W3JyYEHUs MCMONb30BaNy
CBETOAVOAHYIO MaTpuLy C ANMHOW BOMHbI 415 HM. B 3Kc-
nepuMeHTax in vitro ncnonb3zosanu cycnexsuio USA300
LAC c nnoTtHocTblo nonynsuum 107 KOE/mn, nogaeneHve
6GaKTepuanbHON aKTUBHOCTY Ha 4,75 Iog10 ObI1I0 4OCTUT-
HYTO NnocJie BO3AENCTBUSA U3NTyYEeHUs CO CBETOBOW 0301
168,3 Ix/cm?. Mopdonornyeckue 1 CTpyKTypHble U3mMe-
HeHuA, nHayumnpoBaHHble B kneTkax USA300 LAC nocne
BO3[eNCTBMA N3nyYyeHna Ha 415 HM nccnegoBann TpaHc-
MWUCCUOHHbBIM 3NIEKTPOHHBIM MUKPOCKOMOM (purc. 3).

[na nccnepoBaHu in vivo aBTOPblI UCMOMb30Banu
B3POC/IbIX CAMLIOB MbllLe MHO6peaHon nuHnn BALB/c, B
BO3pacTe 7-8 Hex u Becom 16-18 1. Mepen 6akTepuranb-
HOW MHOKYNAILMEN MbILWAM Aenanu iBe BHYTPUOPIOLWIH-
Hble MHbeKUUKn unknopocdpammuaa, obnagaroLLero Bbipa-
YKEeHHbIM IMMYHOCYMNPECCBHbIM AENCTBUEM, UTO YMEHb-
WKNIO KOMNYECTBO HENTPOPusioB B neprdeprnyeckon
KpOBWU, Aienas Mbllueli 6onee ya3BMMbIMU ANA NHbEKUNN.

[anee mblwen aHecTe3MpOBany, KOXy BblbprBanu
1 UCTUPanu, UCMoNb3yA Ne3Bue CKasnbnens, yaanas npu
3TOM 60MbLUYI0 YacTb Snugepmuca. B paHy pasmepom ~
1,2x1,2 CM KaXXZoWN MbILM NHOKYANPOBaNU OAHY Karsio
MOATrOTOBNEHHON OaKTepuanbHoW cycneHsun. OpHom
MapTUN MbILIEN MHOKYNMPOBANM B paHbl GakTepuranb-
Hyto cycnensuio USA300 LAC, cogepxatdyto 3-106 KOE/
M, gpyron naptum — cycnensuo USA300 LAC, copgepxa-
wyto 3-10° KOE/mn. [ins MOHUTOPUHra B peasibHOM Mac-
WwTabe BpEMEHV CTENEHM 3apaXKeHNs MblLLEe UCMOSb30-
BaslaCb OMONIOMMHECLIEHTHAA BU3yanu3auums.

Mbliwen, B paHy KOTOPbIX MHOKYMpOBanu 6aktepu-
anbHyto CcycrneH3uio, cogepxatyyto 3-105 KOE/mn, Bbigep-
XwuBanu 30 MUH, NOC/e Yero paHy obnyyanu cBeToanoa-
Hon maTpuuein. CoKpalleHne 6akTepuanbHON TIOMUHEC-
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Puc. 3. U306paxkeHue, Nojly4eHHOe C NOMOLLbIO TPAHCMUCCUOHHOIO 3/IEKTPOHHOIo MUKpockona (TEM). Knetku MRSA: cTpenku —
HapyLleHUe LUTONNa3MaTU4ECKOro COAEPKUMOI0; 3BE3J04KU — KJTIETOUYHbIA MycOp; OBan — HapyLlEHUE LLeJIOCTHOCTH

U pa3pylleHue KNeTo4YHbliX CTeHOK 6aKkTepuit (Dai T. ¢ coaBT., 2013)

Fig. 3. Transition electron microscopy (TEM) image. MRSA cells: arrows — disruption of cytoplasmic contents; asterisks -

cell debris; oval — disruption and breakage of bacterial cell wall (Dai T. et al., 2013)

LeHumn 6onee, yem Ha 2 log,, 6bII0 AOCTUrHYTO Nocne
BO3eNCTBYA U3JTyYeHUs CO CBETOBOW 0301 41,4 [Ix/cm?
(46-MVIHYTHaA SKCMNO3MLMA MPU MOLHOCTU M3JyYeHus
15,0 MBT1/cm?). Mblwweii, 6akTepuanbHas MHOKYNALUS paH
KoTopbix cocTaBndAna 3-10° KOE/mn, nepepn obpaboTkon
n3nyyeHremM BblaepKnBanm B TedyeHuve 24 u. [ina cokpa-
weHuna 6akTepranbHon nHdekyum 6onee Yem Ha 2 log,
notpeboBanacb cBeToBas fo3a 06nyyeHus 108 [x/cm?
(3kcnosmuma B TeyeHre 120 MMH MPY MOLLHOCTU W3JTy-
yeHnsa 15,0 MBT/cm?). MockonbKy B paHax obeunx rpynn
Mblllelr UHGEKLUMA MNOMHOCTbIO He Oblfla ycTpaHeHa, 6ak-
TepurasbHbIi POCT, OTMEUYEHHbIV peLuanBom HakTepu-
anbHOW NIOMMHECLeHLMM, Habnoganca B paHax yepes
24 4y nocne cBeToTEPANUMN.

NHTepecHbIM pe3ynbTaTomM HACTOALEro UccieoBa-
HUA ABMAETCA TO, UTO OTOMHaKTUBaLUUA GakTepranb-
HOW monynAumu in vivo 6bina 6onee 3pPpeKTUBHON, Yem
MHaKTUBaUMA GakTepuanbHOW nonynauuu in vitro. 3To
pasnuume T. Dai C COaBT. CBA3bIBAIOT C OKpYy»KatoLlen
cpepnon in vivo, KOTopas, BO3MOXHO, 6GnaronpuaTcTByeTt
MeTabonusmy GakTepuranbHbIX KNETOK U CrnocobCcTByeT
OUOCKHTE3Y BHYTPUKIIETOUHbIX MOPPUPUMHOB, Henas
6aKTepnm 6onee CBETOUYBCTBUTENbHBIMU.

BbIIO TakXe YCTaHOBNEHO, UYTO paHbl, 06paboTaH-
Hble yepe3 24 4 nocsie H6akTepuanbHOW VHOKYNALUY,
6bI 6onee yctonumBbiMU K GoTOTEpanuu, yem obpa-
60TaHHble yepe3 30 MVH NOCJIe MHOKYNALUN MHPeKL K,
MOCKOJIbKY 6aKTepuasibHble KNeTK/ MOV pacnpocTpa-

HUTbCA B 6onee ry6oKue Cou TKaHW, TaKne Kak 1epma,
rae CBETOMPOHMLLAEMOCTb Oblla ocnabneHa.

YTo6bl NpenoTBpaTUTL POCT OGaKkTepUiA, OCOBEHHO Y
HENTPONEHNYECKNX Mblllel (MCNoNb3yembiX ANA UMU-
TauuM NaumMeHToB C OCNabNeHHbIM MMYHUTETOM), rae
OTCYTCTBYeT 3alyuTa X03fAuHAa, Oonee AnviHHas obpa-
60TKa paHbl U3NyyeHeM TpebyeTca faxe mocie Toro,
Kak GakTepuanbHas JIIOMUHECLEHLMA MOYTU TMOJIHO-
CTbl0 YCTpaHeHa. [Jpyrum BapraHTOM NpefoTBpaLleHns
NMOBTOPHOIO POCTa MOXET OblTb CUHepreThyeckasa Kom-
OGUHaLMA aHTUOMOTUKOB C poTOoTEpPANUEN.

Bo3amoxkHoCTb nopaBneHua pocta MRSA Ha 100%
in vitro 6bina npogeMoHcTpupoBaHa V. Bumah c coasrT.
[8]. OHM KynbTMBMpPOBaNM H6akTepuasbHble CyCMeH3uu,
copepxawme 5-10° KOE/mn n 710° KOE/mn wTamma
USA300 MRSA, a 3aTeM Ky/bTypaJsibHble NiaHLweTbl 061y-
Yanu CBeTOANOAHbIMU MaTpULLAMK C OSIMHON BOMHbI 405
HM 1 470 HMm.

Mpy nonynAuny KonoHwun Gaktepuii 5-10° KOE/mn
ana 100% nopgaBfieHUst PocTa NoHagobmnocb ABOMHOE
0651yyYeHue co cBeToBOM 0301 60 [1/cM? Kak Ha 405 HMm,
Tak 1 Ha 470 HMm.

Monynsauus konoHumn Gaktepun 7-10° KOE/mn Tpe-
6oBana HeCKONMbKMX Unn 6oree BbICOKMX CBETOBbIX 03
obnyueHus ana nogasnenna MRSA. Hannyuwwin pesynb-
TaT [4asio TPOMHoe obyyeHre Co CBETOBOW 0301 45-60
[I>K/cM? He3aBMCUMO OT AJIVIHbI BOJTHbI, HO OHO He NPUBENO
K MONHOMY nofassieHMio 6akTepuanbHoro pocta. 100%-
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0.B. KyabmuH, H.IA. ®acxytamHoBa

WnakTuBauus metuumnnuHpesucTeHTHoro Staphylococcus aureus usny4esuem guanasoxa 400-470 Hm

Hoe NnoAaBJsieHne pPocTa BblI0 JOCTUTHYTO NPU 06yYeHNM
Ha 470 HM co cBeToBOW Ao3on 220 [Ox/cm?. MNonHoCTbIo
nopAaBuTb POCT bakTepuii 3nyyeHnem Ha 405 HM yaanocb
TOJIbKO [IBYKPaTHbIM 0051yUYeHMem co CBETOBOW 0301 220
[x/cvm?, nOBTOPAEMbIM C MIHTEPBANIOM 6 U,

AHanu3z >3¢ghekmueHOoCMuU UCNO/Ib30BAHUS U3-
Nly4eHuAa ouanasoHa 400-470 HM O UHAKMueayuu
wmammos 6akmeputi MRSA

Be3ycnoBHO,  BblLIENEpPeUNC/IEHHbIE  UCCIIeOBaHMA
[OKa3bIBalOT NMePCrneKTMBHOCTb MCMOb30BAHNA U3NTyYeHNs
Jvana3oHa 400-470 Hm ons HakTMBaummn wrammos MRSA.

OpHako BO BCeX MCC/efOBaHNAX aBTOPbI CBA3bIBAOT
aHTMbaKTepuranbHOe [EeNCTBME W3NyYeHUs C MNpuUcyT-
CTBUEM B S. aureus SHAOT€HHbIX MOPGUPUHOB.

BbakTepumn S. aureus BbipabaTbiBalOT MOPOUPUHBI:
konponopoupuH (rmaBHbiM obpasom, Tun ) B cpeny u
ypornopoupuH (rnaBHbiM 06pasom, Tvn |) BHyTpy KneTok
[9]. Hanbonee MHTEHCMBHAA NMOMIOCa MOIJOLWEHUS nepe-
UNCNIEHHbIX MOPPUPUHOB HaXoAUTCA B AmanasoHe 350-
420 HM € MakcMyMamu Ha 385 1 400 HMm (puc. 4).

Ecnn B nHakTmBaumm MRSA yyacTBytoT MOpGUPUHBI,
TO, UCXOAA W3 CMEKTPOB MOMMoWeHus nopdrprHOB,
cambiM 3$GEKTUBHBIM [ONIXKHO ObiTb M3MlyyeHue Ha 405
HM, 3aTeM u3niydeHue Ha 415 Hm. OgHako V. Bumah ¢
COaBT. B CBOMX WCC/IeQOBaHMAX MOKasanu, YTo CuHee
nsnyyeHune Ha 470 Hm, cnabo nornowaemoe noppupu-
Hamu, 3pdekTnBHee MHakTUBUpPYeT MRSA, uem duone-
ToBOE 13fydeHmne Ha 405 HM 1 415 HMm.

CnekTp nornoweHnsa cradunokcaHTnHa (puc. 5)
MMeeT LWMPOKYI0 nonocy nornoweHunsa ot 350 go 550 Hm
C MakcMmymamm Ha 463 HM 1 490 Hm. U3nyueHne Ha 405
HM 1 415 HM nonagaeT B Kpawn NosioChl NOTMOLWEHNS, B TO
BpeMs Kak usnyyeHue Ha 470 HM nornouwaercsa ctadpu-
NOKCAHTUHOM Hanbosnee 3HEKTUBHO.

[Mo3TOMy NOrMYHO MPEAMnoONOXNUTb, YTO B WHAKTU-
Bauunm MRSA B KauecTBe OCHOBHOro ¢oTopeLenTopa
BbICTYMAEeT MMEHHO CTadUIOKCAHTUH, MOCKONbKY MpO-
CNeXXMBaeTCA IMHENHAA CBA3b MeX Ay NOrMOLWeHHON CTa-
bUNOKCaHTVIHOM CBETOBOW 10301 U3nyyeHus Ha 470 HM
1 3G GEKTMBHOCTBIO BO3AENCTBUS — CHUXKEHUEM MONYNA-
uum KonoHun 6aktepuii MRSA.
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Puc. 4. CneKTpbl NornoweHus nopeupmHoB
(De la Fuente R. c coaBT., 1986)

Fig. 4. Porphyrins absorption spectra

(De la Fuente R. et al., 1986)

Puc. 5. CnekTp nornouweHus ctapuiioKkcaHTMHa
(Kim S.H., Lee P.C., 2012)

Fig. 5. Staphyloxanthin absorption spectrum
(Kim S.H., Lee P.C., 2012)

T. Dai c coaBT. obnyyanu nonynAuMIo KONOHMU
6aktepuin 10 KOE/Mn cBeTOAMOAHOW MaTpuuen Ha
415 Hm. MopaBneHne 6GakTepuanbHOW aKTUBHOCTU Ha
4,75 log,, 6bI10 4OCTUIHYTO NOC/Ie BO3AENCTBUA U3Nyye-
HMA CO CBETOBOW f0301 168,3 [xK/cm?.

WccneposaHua V. Bumah ¢ coaBT. Obinu 6onee
yCreLwHbl: nonynAumio KonoHun 6aktepun 7-106 KOE/mn
yAanocb MoJIHOCTbIO MHAKTMBMPOBATb 0b6nyyYeHnem Ha
470 HM co cBeToBOW o301 220 [/cM? 1 TONbKO ABY-
KpaTHbIM 06/TyYeHUEM C TOW »e CBETOBOW 10301 13Nyye-
HKA Ha 405 HM, NOBTOPAEMON C MHTEPBANIOM 6 u.

Ecnu e B nHaktmBaumm MRSA yuyacTByl0T 1 npoayum-
pyemble 6akTepusaMy NOPGUPUHDI, TO BO3LENCTBUE CoYe-
TaHHOrO M3nyyeHusa Ha 385-400 HM n 460-470 Hm Gyget
MHOro 3 deKTrBHee Npu 6onee HU3KKMX 103axX 00NTyUeHUs.

O630p NUTEpaTypHbIX NCTOYHUKOB MO3BOJIAET Che-
naTb BbIBOA O MEePCNeKTUBHOCTY MCMOJIb30BaHUA K3Ny-
yeHus aranasoHa 400-470 Hm onAa nHaktTuBaumm MRSA n
HeobXoAMMOCTM MPOLOMKEHNA PAbOT No ONTUMK3aALUNK
rnapameTpoB M3/lyyeHUss G1ONeTOBO-CUHErO AMana3oHa
cneKkTpa AanAa ycnewHon uHaktnesauum MRSA npu 6onee
HU3KKX [03ax 0bnyyeHus.
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Mpodpeccopy EBrennio dununnosuvy CtpaHagko - 80 ner

MPODECCOPY
EBFEHNIO PUNUMNNOBNYY CTPAHAOKO - 80 JIET

14 niona 2017 r. ucnonHunoco 80
NeT CO AHA POXKAEHMA BblhaloLLeroca
YUEHOro, [OKTOpa MeOULMNHCKUX
Hayk, akagemuka JlasepHon akape-
MUW HayK, naypearta [Mpemun Mpasu-
TenbctBa Poccuinckon Gepepauun B
06nacT HayKu U TexHWKW EBreHus
Oununnosuya CTpaHagKko.

[Mocne okoHYaHMA TOPbKOBCKOro
MeOVLUMHCKOro  MHCTUTYTa  EBre-
Hu Qunnnnosuy paboTan cHavana
XUPYProm, NOTOM BO3MNaBuU XMpPyp-
rmyeckoe oTAefieHne B OJHOW ©3
60nbHUL, Bnagnmmpckon obnactu. B
1965 1. NOCTYNWN B aCNMpPaHTypy Ha
kadenpy oHkonorum LleHTpanbHoro
oppeHa JleHHa MHCTUTYTa ycoBep-
LIeHCTBOBaHA Bpayel Ha 6a3e VIHCTMTYTa aKCnepumeH-
TanbHOW N KnnHn4veckow oHkonormm AMH CCCP (B HacTo-
Awee BpemMa — OHKONMOMMYECKWU HayuHbIA LEHTP WM.
H.H. bnoxuHa PAMH), roe pabotan B KauecTBe mMiagLero
Hay4yHOro coTpygHuka. B 1969 r. nocne 3awmTbl guccep-
Tauum, NOCBALLEHHOW JIeUEHWIO paKka Nnerkoro, EBreHun
Oununnosuy nepetuen Ha paboty Bo BcecotosHbinn HAU
KINUHNYECKON M SKCMepuMeHTanbHON xupyprim MuHs-
Apaa CCCP. B 1979 r. E.®. CTpaHagKo 3awwutin fOKTop-
CKylo guccepTaumio no teme «OCNOKHEHUA MULLEBOAHBIX
aHaCTOMO30B».

B 1978 r. EBreHun OununnoBmny Hayan pabotatb B
MOCKOBCKOM Hay4YHO-UCCNefoBaTeNbCkOM OHKOJOrmye-
ckoM mHcTuTyTe M. MN.A. TepueHa, B ganbHenwem BO3-
rmaBvB oTaeneHne 3PpGEKTUBHOCTM MPOTVBOPAKOBOWA
60pb6bl MH/IOW nm. MN.A. TepLeHa.

B 1988 r. E.®. CTpaHagKo 3aHAN JOMMKHOCTb MaBHOIo
OHKonora [MaBHOro ynpasneHna 3gpaBooxpaHeHna Moc-
roprcrosikomMa, nposen 6osnbLyo paboTy No opraHm3a-
LM OHKonormyeckom cny»6bl MockBbl, yaenaa ocoboe
BHMMaHME MpPOOUNIAKTUKE OHKOMOrMyeckux 3abone-
BaHUM 1 ycuneHnto ambynatopHon nomouwm. B 1991 r.
6b111 136paH MO KOHKYPCY Ha [JOJIKHOCTb PYKOBOAMTENSA
oTAeNeHnsa NasepHon oHKonornn n ¢poToanHaMnUYecKom
Tepanun (OOT) B8 HAW JlazepHon megnumHbl (B HacTos-
wee Bpema — OIBY 'HL nasepHon megmumHbl M. O.K.
CkobenknHa ®MBA). PaboTas B 31O OMKHOCTH, EBreHnin
Oununnosuy npumeHnn OOT ana neyeHmA oHKonornye-
CKUX BOJIbHbBIX, CTaB OAHVM 13 OCHOBOMOJIOKHVKOB KIU-
HNYECKOro NPUMeHeHUA 3Toro metoaa B Poccumu.

B 1997 r. E.®. CrpaHagko nonyymn
yUeHyto cTeneHb npodeccopa Mo cne-
umanbHocTn «OHKonorua». B atom xe
rogy EereHun OuannnoBuy ctan aka-
Jemunkom JlaszepHom akageMmm Hayk, a
B 2005 r. — akagemukom Poccuinckoro
oTgeneHna MexgyHapogHoW akage-
MW CEMENHOW MEANLNHDI.

E.®. CrpaHagko — aBTop 60nee 800
HayuHbIX paboT, B ToM uucne 6onee
40 moHorpaduii, yuyebHbIX Mocobuii
N MeToAMYeCKUX peKomeHAauui no
BOMPOCaM XUPYPrnyeckoro fieueHms
3/10KQUeCTBEHHbIX OMyXosien nuLle-
BApPUTENbHOTO TPaKTa, KOMOWHMPO-
BaHHOTO W KOMIUIEKCHOIO JieYeHuns
paka MOJSIOUYHOW »ene3bl, AblxaTesb-
HbIX NyTEN N CAPKOM MATKMX TKaHel, opraHM3aumm npo-
TUBOPAKOBOWN OOPbObI 1 MOHUTOPVHIA OHKONTOTMYECKNX
3ab0neBaHNI Ha PaHHVIX CTAaAWAX, @ TaKKe NMPUMEHEHUIO
nasepHon megmuuHbl 1 OOT Npy neyeHrnr OnyxoneBbixX U
HeonyxoneBblx 3a6oneBaHN Pa3NNYHON NoKanM3aLumun.

EBreHuin Ounnnnosuy 6biN B UKC/ie NepBbiX MNPaKTy-
KYIOLMX Bpayer, NPUMEHMBLUUX OTeYecTBEHHble ¢GoTo-
ceHcnbunuzaTopsl dotorem 1 GoToANTa3UH ANA JIeUeHUs
naumeHToB. C 1992 . OH ABNAETCA NOCTOAHHBIM YYaCTHU-
KOM KOHIPeccoB 1 KOHbepeHUuid MO OHKOoriu, nasep-
Holn meguumHe n OOT, npoxoaawwmx B Poccun, EBpone n
no BCcemy Mupy.

Mpodeccop E.O. CrpaHagKo — ufeH yyeHbiX U Auc-
CepTaLMOHHbIX COBETOB, NMPOGIEMHBIX 1 aTTECTALMOHHbIX
KOMWCCUI, YNeH pefakUMOHHOro coBeTa XypHana «PoTo-
6uonora 1 GoToMeanLMHay», UNeH PeaKOMIern yp-
Hanos «/lasepHasa meauumHa» 1 «Biomedical photonics»,
Takxe EBreHnn OununnoBny ABnAeTca uneHom Bcemmp-
HoOW ¢doToAMHaMMYeCKO accoumauunu, vneHom Poccuin-
CcKOl pOTOANHAMMYECKOWN accoLmaunK, a TaKKe YlIeHOM
MexpyHapoaHOro o6LiecTsa ONTUYECKON TEXHUKN.

B 2011 r. Bbigatowmeca npodeccmoHarnbHble A0oCTW-
xeHna E.O. CrpaHagko Oblin OTMeYeHbl BpPYYEHUEM
rocygapcTseHHon npemun MNpasutenbctea PO B obnactu
HaYKW 1 TEXHUKN «3a pa3paboTKy 1 BHEAPEHVE MeanLNH-
CKUX TEXHOMOII GNyopecLieHTHON ANArHOCTUKN 1 GpOTO-
AVHaMUYECKOW Tepanum B OHKOJIOMMYECKYH0 NPaKTUKy», a
B 2017 r. — Bpy4YeHuem npodeccruoHanbHOM Harpagpl «3a
BKNag B pa3BuTre GpoToarHaMMYecKkon Tepanum n ¢oto-
OVArHOCTUKMY,

Pedkonneaus xypHana «Biomedical photonics», Opy3bs, konneau u yyeHUKu cepoe4Ho nosopasnaiom
Es2eHus Quaunnosu4a, UCKpeHHe X<esiaiom emy 00Js12ux jiem aKmueHol XXU3HU,
6yoywjux npogheccuoHaNbHbIX ychexos u omkpbimuii!

44

BIOMEDICAL PHOTONICS T.6, N24/2017



Mpodheccopy Hukonato Hukonaesuuy Metpuwesy - 80 net

MPODECCOPY
HUKOJIAIO HUKOJTAEBMYY METPULLIEBY — 80 JIET

17 pekabpa 2017 1. oTmeyvaet
cBol 80-neTHUIA tobunein 3acnyeH-
Hbll geATenb Haykum PO, akapemuk
MexgyHapofHOM akagemun BbiCLLEn
LWKOMbI, akagemunk Poccminckon aka-
OeMnn ecTeCTBEHHbIX Hayk [leTpu-
weB Hukonan Hukonaesny. Hukonam
Hukonaesuy pogunca B JleHuHrpage
n B nepuog Benukon OteuecTBen-
HoW BOViHbI Bce 900 6/10KaHbIX AHEN
Haxogwuinca B ropoge. B 1955 r. nocty-
nun B 1-bin JleHnHrpagckum mepu-
LWHCKUI UHCTUTYT UM. akag. W.MN. Masnosa. B 1961 r. nocne
OKOHYaHMA MHCTUTYTa 1 MONYYEHMA AUNIOMA C OTAINYMEM
OH 6blJ1 OCTaBJIeH B acNvpaHType Ha Kadpeape natodusmo-
norun. B 1964 r. H.H. MNeTpuiues ycnewHo 3awmntnn KaHaun-
JaTCKyI0 AnccepTaumio «3HauyeHre WUTOBUAHOW »Kenesbl
B KPOBETBOPEHWU Mpu JlyueBo 6onesHu», a B 1976 T.
- [OKTOPCKYI0 AnccepTaumio «PeakTMBHOCTb CUCTEMbI
CBEPTbIBaHNA KPOBY 1 FOPMOHasbHasA perynaums».

B 1977 . oH 6b1n1 M36paH Npodeccopom v 3aBeayoLLM
Kadpeppor natopusnonorum JIeHNHrpaackoro MeamumnH-
CKOro UHCTMTYTa. B pomKHOCTY 3aBeaytoLero Kadpenpon
npodeccop H.H. Metpuwies npopabotan 6onee 30 net (c
1977 no 2008 rr.). YcnewHoMy pa3BUTUIO HayUHbIX Ucce-
[0OBaHUM Ha Kadepape B 3TOT nepuog CnocobCcTBOBANo
Cepbe3Hoe TeXHMYECKOe MNepeocHalleHne labopaTopui
Kadenpbl, TPAAMLMOHHBIM CTajlo KOMIMIEKCUPOBaH/e
Hay4HbIX UCCNEefOBaHUN C KIIMHUYECKUMU Kadenpamu,
HayuHo-nccnepgoBatenbCkuMm — UHCTUTYTamMy  CaHKT-
Metepbypra u ppyrux ropopos. [penofaBaTtenbckyto
nesTenbHOCTb Hukonain Hukonaeeny coBmellan ¢ pabo-
ToW B fekaHare: ¢ 1977 no 1987 rr. 6611 1eKaHOM CTOMATO-
norunyeckoro ¢akynbTeTa, a ¢ 1987 no 2012 rr. — geKkaHOM
neyebHoro ¢akynsreta. C 2014 1. ABNACTCA COBETHUKOM
pekTopa no yuyebHol pabote. Hukonas Hwukonaesnua
OT/INYAIOT JOOPOXKeNaTeNbHOE OTHOLLEHME K CTYAeHTaM U1
COTPYAHVKAM, BbICOKUA NPOdeCccMoHanu3m, rotToBHOCTb
OKa3aTb 3$PEeKTUBHYIO MOMOLLb, MO3TOMY MHOTVE MOKO-
NeHVA BbINYCKHNKOB OTHOCATCA K Hukonato Hukonaesuuy
C YBaXKEeHVEM 1 0OOBbIO.

B LleHTpe nasepHon meguumHbl MCN6IMY M. akag.
W.IM. MNaenosa, kotopbim Hukonam Hwukonaesny pyko-
BOAWT C 1996 T, HayuHble COTPYAHMUKU uccnenyot oyH-
JaMeHTasnbHble BOMPOCbl B3aMMOAENCTBUA Jla3epHOro
M3flyyeHUss C OMONOTNYECKUMY TKAHAMM, MeXaHW3Mbl
doToAMHaMMUYEeCKON Tepanuy, a Takke pa3pabaTbiBaloT

HOBblE€ MEeTOAbl ANArHOCTUKM U neye-
HMUA C TMPUMEHEHVWEM Jla3epHOro
n3nyyveHusa. H.H. MNMetpurwes agnaetca
BeOyLMUM Creuuanmuctom B obnactu
naTtodr3noNorMnm MIUKPOLMPKYIALUN
1 remocTasa. [log ero pykoBOACTBOM
MosyyeHbl HOBble JaHHbIE O MeXaHN3-
MaxX TPOMOOPE3NCTEHTHOCTU COCY-
[IOB, BbIABJIEHbI TUMOBbIE HApPYLUEHNA
TPOMOOreHHbIX CBOMNCTB COCYZ0OB Npui
Pa3NnyUHbIX NAaTONOrMYEeCKNX NpoLec-
cax, 060CHOBAHO MOJIOXKEHVE O POV
AnchyHKUMM SHOOTENMs B maToreHese psfga 3abonesa-
HWIA, N3yYeHbl MeXaHU3Mbl GOTOPEAKTMBHOCTU COCYAOB
MUKPOLIMPKYATOPHOrO pycsia Npu na3epHom 1 potoau-
HamnyecKkom Bo3gencTeun. B nocnegHune rogbl Nog pyKo-
BOACTBOM UM NPU HENocpeacTBeHHOM yyacTtum Hukonas
HukonaeBunua pa3BrBaeTcA HOBOE HayUYHOE HanpaBfieHne
- doTognHamMuuecKas Tepanus.

OtnnuntenbHbiMn Yyeptamm Hukonaa Hwukonaesuua
KaK y4YeHOoro, ABNATCA yAMBUTENbHAA OPUTMHAIbHOCTb
Hay4HbIX Aeln B COMETAHUN C Hay4YHOWN NPO30PANBOCTbIO,
a TakXe ero OTKPbITOCTb, FOTOBHOCTb K COTPYAHNYECTBY.
Mm onybnukoBaHo 6onee 300 HayuHbIX M MeTofMue-
cKux pabot. OH ABNAETCSA aBTOPOM U PEAAKTOPOM psAfa
COOPHMKOB Hay4HbIX PaboT, HECKONbKUX YUYEOHMKOB U
MOHorpadui, 12 n306peTeHni, NAaTEHTOB U aBTOPCKIMX
CBUAETeNbCTB, HAarpaXKAEH NaMATHOW Mefanblo «ABTOPY
Hay4HOro OTKPbITUA», ABMAETCA MNaBHbIM PefaKTOpOM
XypHana «PervoHapHoe KpoBoobpalleHre 1 MUKPOLUP-
KynAUmMA» 1 YIEHOM pefKonnerum psaga gpyrnx HayuHbix
XypHanog. MNog pykosoacteom npodeccopa H.H. Metpu-
LeBa NOAroToBNeHO 15 AOKTOPOB 1 32 KaHAMAaTa Hayk.

HayuHo-nccnepoBatenbckaa ©  opraHv3aumMoHHas
JeatenbHoctb H.H. lMeTpuwesa nonyumnn wmpokoe
npri3HaHWe HayuyHoun obuwecTBeHHocTU. H.H. MeTpuriyes
ogHVM U3 nepBbix natodusmonoros Poccuiickon Pepe-
paumn ygoctoeH meganu «B.B. MNawyTtuH». EMy npucso-
€Hbl NMOYETHbIe 3BaHVA 3aC/y>KeHHbIN feATtenb Haykn PO,
3aCIy>KeHHbIN PaboTHWK Bbicwen wkonbl PO, MouyéTHbIN
pgoktop MCM6IMY wm. akaa. W.IM. MaBnoBa, akagemuk
MexgyHapogHOM akagemMmn BbiCLIEN LUKOMbI, akajeMmnk
Poccunckon akagemum ectectBeHHbix Hayk. C 1985 no
2008 rr. sasnAnca npepcepatenem [MpaBneHna CaHKT-
MeTepbyprckoro obuiectBa NaTtodri3NONOros, ABMSETCA
uneHoMm MeXXayHapOaHbIX HayuHbIX 06LecTB natodursn-
Onornun, MUKPOLMPKYIALNN.

Pedkonneaus xxypHana «Biomedical photonics», konneau u yueHuku om acezo cepoya no3opassisilom
Hukonas Hukonaesu4a, uckpeHHe »xesarom KpenKo2o 300p0ebs, npogheccCUoHA/IbHO20 U XXU3HEHHO020
dosizonemusi, ycnexoe 8 Hay4Holi dessmenbHOCMU U ynpassieHuu o6paszosamesnbHbimM npoyeccom!

IOBNJIEN
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Mpecc-penu3 VI Bcepoccuinckoii KOHhepeHUun ¢ MeXAYHapoOAHbIM y4acTUEM

«PoTogMHamuyeckas Tepanus u yOTOANArHOCTUKA»

NPECC-PENN3
VI BCEPOCCUIMCKOM KOH®EPEHLMM
C MEXZYHAPOJHBIM YYACTMEM
«DPOTOAMHAMMUYECKAS TEPAMMS
M DOTOOMATHOCTUKA

14-16 ceHTAGpA 2017 1., B roa 25-neTHero 106mnesa KANHNYECKOro NpuMeHeHus
doToanHamnueckonm repanum B Poccun, B PoctoBe-Ha-[loHY
npowna VI Bcepoccuinckaa KoHpepeHLUsA ¢ MeXKAyHapOoAHbIM yyacTuem
«QoTognHamnyeckana Tepanusa n poroanarHocTuKar.

o B

«DoToanHamMmyecKkas Tepanus n GoToaANarHOCTNKa»
ABNAETCA [MaBHOW TeMaTUYeCKoW KoHbepeHL e, KOTo-
pas ocBelaeT MnociegHne OOCTUNKEHUS POCCUNCKMX
yueHbIX B obnactu ¢nyopecueHTHol guarHoctuky (Of)
n potognHammyeckorn Tepanum (OAT). Joknagunkamu
W CrylwaTenAamMmn KoHbepeHUMr BbICTYNaloT npeacTaBu-
TenM pasHbiX Npodeccuit, OT yueHbix-pa3paboTurkos
AKTUBHbIX BELECTB U NHXEHEPOB, 3aHUMAKLNXCH CO3-
ZJaHuem obopyposaHusa ana O u OAT, no Bpauen-knu-
HULUMUCTOB, NPUMEHSIOLWNX METOAVKN ANA AMArHOCTUKA U

25 35 weesttasscitioncom o "
‘mlﬂiﬂr— '

11 ¢ MEXAYHAPO
Ha u

-

f

NeyeHns KOHKPETHbIX 3a00/1eBaHMIA Ha NpaKTrKe. Takoe
pa3Hoobpasve Y4aCTHUKOB CO3[aeT YHVKalbHble YCIo-
BUSA A5 06Cy>KAeHWA NOCNeHNX AOCTMXKEHWI B LAHHOMN
ob6nacTy, pe3ynbTaToB NPUMeEHeHUs pa3pabaTbiBaeMblx
METOZMK, @ TaKKe NorcKa HeOOXOAMMbIX COCTABIALL X
ONs NPOJOIKEHUA JaNbHENLIMX UCCIeA0BAaHUN 1 BHe-
LpeHna pa3paboTok B XM3Hb. 03TOMY HeyaMBUTENbHO,
UTO KOHQEepeHLMs BbI3bIBAET BbICOKYI CTereHb 3aviH-
TEPECOBAHHOCTU CO CTOPOHbBI CMELVaNNCTOB B 06/1acTn
OOT. 3a nocnegHve ABa roja KoMYeCTBO YYaCTHUKOB

46

BIOMEDICAL PHOTONICS T.6, N24/2017



Mpecc-penu3 VI Bcepoccuiickoii KOHEPeHLUK ¢ MEXAYHAPOAHbIM YHaCTUEM

«PoTogMHamuyeckas Tepanus u )OTOANArHOCTUKA»

KOHdepeHUUn yBennunnoch B fiBa pasa: ¢ 300 go 6onee
yem 600 yenoBek. A KONNMYeCTBO NpeacTaBuUTeNen CTpaH-
YYaCTHUKOB BbIPOC/IO A0 6.

Cpeav OOKMafuuKoB U Criyllatenell KoHdpepeHuun B
2017 r. BbICTYnWAM cneunanuctbl 13 20 NpPaKkTUKYOLWMX
opraHu3aumin MeguumMHCKoro npoduns, 15 HayuHo-mccne-
[10BaTeNIbCKUX UHCTUTYTOB, 11 06pa3oBaTesNibHbIX yupexae-
HUI 1 7 HayYHO-MPOM3BOACTBEHHBIX (papMaLieBTUYECKIX
KOMMaHUA U KOMMaHW-pa3paboTumMKoB JlazepHoro 06o-
pyooBaHuA. Ha cbesge mpucyTCTBOBanv npencTaBUTeN
Bcex 9 QepepanbHbix oKpyroB Poccuickon Mepepaumn
(LleHTpanbHbin, CeBepo-3anagHbiii, Cnbupckui, MprBomk-
ckmn, KOxHbIn, Ypanbcknii, CeBepo-KaBkasckuin v Hanb-
HEBOCTOYHbIN, KpbIMCKMIA) 1 11 SKOHOMMYECKUX PaloHOB
Poccuinckon ®epepaumn  (LeHTpanbHbi, LleHTpanbHo-

YepHo3eMHbIll, BocTouHo-Cnbupcknid, [anbHeBOCTOY-
Hbill, CeBepHbIi, CeBepo-KaBkasckmi, CeBepo-3anagHbii,
MoBomkckmm, Ypanbckuii, Bonro-Batckum wn 3anagHo-
Cunbupckui), 25 n3 85 cybbektoB Poccuiickon Oepepaum
(6 pecny6nuk — CeBepHan Ocetus, KabapauHo-bankapus,
Yysawwms, Caxa (AkyTuns), TatapctaH, YeuHs; 4 kpaa — Antan-
ckmn, Kamuatckuin, KpacHogapckuii, CraBpononbckuii; 12
obnactein — AcTpaxaHckas, ApxaHrenbckas, Amypckas,
MBaHoBcKan, Hwkeropopckan, Hosocubupckas, Kanyx-
ckasi, PoctoBckas, CapatoBckas, ToMcKas, YensbuHcKas,
MockoBckas; 3 ropofa dpefiepanbHOro 3HaueHns — MockBa,
CaHkT-TetepOypr n CeBacTtononb. Takxe B KOHdepeHLUM
MPVHANN yyacTue CreumanucTbl U3 CTpaH OnviKHero u
JanbHero 3apy6exbs: lepmanHuy, Yexum, OpaHumm, pecny-
6nukn benapyco, Knprusum n KazaxcraHa.
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Mpecc-penu3 VI Bcepoccuinckoii KOHhepeHUun ¢ MeXAYHapoOAHbIM y4acTUEM

MpoRoMKNTENBHOCTb KOHPEPEHUUN COCTaBWIa TPW
[HA. 3a 3TOT nepuopg 6biNo NPoBeAeHO 4 NieHaPHbIX U
11 CeKUMOHHbIX 3acefaHuni, 3ac/yLWwaHo u o06CyxaeHo 77
YCTHbIX [OKNaAoB. TOPXKeCTBEHHAs LepeMOHUs OTKPbI-
TMA KoHdepeHUUn Obina 3aBeplueHa BpPyYeHMEM Mpo-
deccopy EO®. CrpaHagko, npodeccopy A.A. KpacHos-
ckomy 1 npodeccopy C.J. HIKOHOBY MOUYeTHOro 3Haka
«3a BKJlaJ B pa3Butre GpoToanHaMmyeckon Tepanum». Ha
MyeHapPHbIX 3acefaHnAX 00CYKAanncb UToru 25-neTHero
nepuoga passutna OOT B Poccuy; 6bIM 3acnywaHbl
goknagbl n3 benapycnn, Yexun n lepmanunm, npepcras-
NALWKUE ONbIT 3TUX CTPaH B AaHHOW 0651acTu; pyHAaMEH-
TanbHble Bonpocbl O] v OAT. 3a Tpy gHA paboTbl KOHe-
peHunn NpoBefieHbl CEKUMOHHbIe 3aceaaHus: «<HaHodo-
TOCEHCMOUNM3ATOPbI AN GUOMEANLVNHCKON POTOHMKIY;
«HoBble $poTOCEHCMOUNM3ATOPbI Y CUCTEMbI [OCTABKUY;
«MexaHun3mbl O] n OOT»; «®O v OAT onyxonen opraHoB
ronoBbl U LWew, HelpooHkonorua»; «O0 n OAT B rnHe-
konorum n yponorumn»; «Onbit npumeHenna OO n OOT B
pervoHax, gncnaHcepax, KnuHukaxy; «O n OAT HeoH-
KONOMMYECKUX U NHPEKUMOHHDBIX 3aboneBaHuiny»; «OL n
OIOT B oHKoaepmaTonoruny; «O n OAT B pepmatonorum
n KocmeTtonorumys; «O n ®AT B TopakanbHO 1 abgomu-
HaNbHOW OHKONOrMW»; «IHaockonuuyeckaa OO n OOT».

TpeTuin aeHb KoHbepeHLMN Obin MOCBALLEH 3acefaHuio,
Ha KOTOPOM TOCTU KOHdEpPeHUun MOIMM CTaTb CBUAETe-

«PoTogMHamuyeckas Tepanus u yOTOANArHOCTUKA»

NIAMW Pa3fIMYHbIX BPAYeOHbIX MaHUMYNAUUA C NpUMeHe-
Hrem O n QAT TexHONOrM B pexrmMe oHnamH. Ha npota-
»eHun 4,5 4 6b1710 NPOBEEHO YeTbipe NMPAMbIX BKITOUYEHNs
13 OMEePaALMOHHbIX, B TEUEHME KOTOPbIX 3puUTenn Habsio-
nanv 3a sHgockonuyeckon OLT paka ropTaHOMNOTKM; SHAO-
ckonumueckon QAT peuunariea paka NpaBoro Jerkoro; SHAo-
ckonumueckonn QAT CTeHO3MpPYIOLEro peuuarBHOrO paka
NMLLEBOAA U KOMOVHMPOBAHHOW SHAOCKonuueckon OOT
paka NeBOro TPaxeobpPOHXMANIbHOrO Yr/ia, OC/IOXHEHHO
pyOLOBbIM CTEHO30M JIEBOTO [IAaBHOrO HPOHXa.

B nepviog paboTbl Bcell KOHpepeHLun OblI OpraHmn3o-
BaHbl MOCTEPHAsA Ceccusa 1 NpoBefeHa BbiCTaBKa 060pyao-
BaHuA gna OO v OAT. Tpetuid rog noapaa B pamkax KoHde-
peHuMM NPOBOANICA KOHKYPC MOJSIOAbIX YY€eHbIX — Crieuua-
nuctoB B obnacty O n OAT. Nobeamteny KOHKypca Moso-
[bIX YYeHbIX Obln HarpakaeHbl rpaMoTaMu 1 LieHHbIMA
Mpri3aMu B 3aK/OUNTESbHbIN ieHb KOHdpepeHL K.

VI kKoHdepeHuus «DoTogmHaMmMuecKas Tepanus u
doToAMArHOCTMKa» TPaAULMOHHO 3aKOHUMIach 3acena-
Huem lNpe3maunyma lMNpasneHusa Poccumckon GotoanHa-
Muyeckorn Accoumaunn, Ha KOTOPOM Oblin NoABeaeHbI
UTOrN KOHdepeHLUK, yTBEPXKAEHa NPUHATAA Pe3osio-
UMA, OTMeYeHbl JOCTUXKEHUA W CyLecTBylowme npo-
651emMbl, HaMeUeHbl OCHOBHble HarnpaBfieHNa AasibHeln-
LIero pasBuUTMA U BHEAPEHMA B MEANLMNHCKYIO MPAKTUKY
meTtogoB O n OOT.

- T EavIL G QEJ“'-’T

2o
A KOHdhepenyus ¢ nemuapnmua men
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KabuHem O0nsi npoeedeHusi ¢homoduHamu4yeckoli mepanuu’”

J1I3CA-01-"BUOCIIEK" YcmaHoeka 0nsi iokasibHoU criekmpocKonuu

YcmaHoeka nasepHasi 3/1IeKMPOHHO-
criekmpaJsibHasi 05s ¢priyopecyeHmHou
duacHocmuku onyxoJieli U KOHMpOoJsi
¢pomoduHamuyeckol mepanuu

m [lo3BonseT NoKanbHO onpeaensTb
CTeneHb HaKomneHus
oToceHcmbunmnsaTopa B NtobbIX
opraHax naumeHTa, AOCTYMNHbIX ANS
BOJIOKOHHO-ONTUYECKOro 30HA4a

m /[lnameTp CcTaHAapTHOro 3oH4a 1.8 mm,
noaxoauT Ans SHAOCKOMUYECKOro u
nanapockonuyeckoro ob6opyaoBaHus

PerncrpaunoHHoe yaoctoBepeHne N2 ®CP 2008/03784 ot 12.12.2008
Ceptudmkar coorsercraust POCC RU.MM32.H00344 ot 24.12.2012

J1®#T-630/675-01-"6MOCIIEK" JlazepHasi mepaneemu4yeckasi ycmaHoeKa
YcmaHoeka nasepHasi dns gpomoduHamuyeckol mepanuu

¢ghomo duHamu4eckou mepanuu

m  [lnnHa BonHbl 635, 662, unn 675 HM
ONTUMM3MPOBaHa A8 NpoBeAeHMS
Tepanuu C UCNoSb30BaHNEM
npuMeHsembix B PO
doTOoCEHCMOBUNN3aTOPOB.

B YCTaHOBKa KOMMEKTyeTcsd Habopom
CBETOBO/OB AN Pa3NYHbIX
NOKaNn3aumn.

PerucrpaunoHHoe yaoctoBeperme NQ ®CP 2009/04649 ot 26.03.2009
Ceptudmkat coorsercrens POCC RU.MM32.H00345 ot 24.12.2012

BudeosHOockonu4YecKkue KOMIJieKchbl

PacwmpsieM hyHKUMOHANbHOCTb BalLMX BUAEOIHAO0CKOMMYECKUX CUCTEM (3HAOCKOMOB,
NanapocKornoB) € NMOMOLLbIO aAanTauUMn K HAM OIHOWM WM HECKOMbKUX CePTUDULIMPOBAHHbIX
YCTaHOBOK COBCTBEHHOMO MPOU3BOACTBA ANst HABNIOAEHUS U aHanu3a LUmMdpoBoro
bnoopecLeHTHOro n3obpaxkeHus. MpeanaraeM aHanorMyHble BapuaHTbl JOOCHALLEHUS
OMEepaLMOHHBIX MUKPOCKOMOB, KOJTbIMOCKONMOB, LLENEBbIX 1aMn.

* - CootBeTcTBYeT CTaHAApTy OCHALLEHUS AMArHOCTUYECKUX OT/ENEHMI OHKOMOMNYECKOro avcnaHcepa (OHkonornyeckoi 6onbHULbl) no Mpunoxenuto N2 12
K MopsiaKy OkasaHWst MeAMLMHCKOW MOMOLUM HaceneHunio Mo NPoduIIio «OHKOMOTUS», YTBEPKAEHHOMY MpukazoM MUHMCTEPCTBa 3apaBooXpaHeHust Poccuiickoi
depepaunn NQ 915+ ot 15 Hosbps 2012 r. (ocHALLEHME ApYrMX MeAMUMHCKMX OpraHM3aLuii, OKasbiBalOLMX MEAULIMHCKYO MOMOLLb 60JIbHBIM C OHKOIOrMYECKUMM
3a60s1eBaHMSIMM, OCYLLECTB/SIETCS C YYETOM AaHHOMO CTaHaapTa).

3A0 "BUOCHMEK" 7’ Ten./dakc: 8-499-135-1489
Poccust, 119991, Mocksa, ) E-mail: biospec@nsc.gpi.ru
yn. Basunosa, 4. 38, kopr. 5 / http://www.biospec.ru

JivueHsus GefepanbHoii cnyx6bl MO HAA30py B cdhepe 34paBoOXpaHeHus U coumanbHoro passutus N2 99-03-001838
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«POTOONTA3NH®» renb - PY Ne ®CP 2012/130043 o1 03.02.2012 1.
«OOTOONTABNH®» KoHUEHTpAT AnAa NPUroToBreHA pacTeopa Ana nHgyaun - PY Ne JIC 001246 ot 18.05.2012 .

27« OOTOANUTASUH
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[enb-NeHeTparop

«POTOONTA3NH®» npumeHAeTcA anA  OAOOPECUEHTHOM OMArHOCTUKU W
doTOOMHAMMYECKON  Tepannunm  OHKONOrn4yeckux  3abonesBaHMn  pasfnyHbIX
HO30MorM4yecknx popm, a Tak >e NaTonorMM He OHKOMOMMYEecKoro xapakrtepa B
cnepyowmx obnacTaAx MeanUnHLI:

gepmMaronoruna

rmHeKonormnA

yponoruaAa

TOpaKasrbHaA XnpyprmuAa

cTomMartonoruA

Henpoxupyprua

opbTanbmMonorus,

TpaBMartonornAa n optonegnA

KOMOByCcTMonorma

rHOMHaA Xupyprma

aHrmonormA

B cooTtBeTcTBUMM ¢ npmkazamu MVHUCTEPCTBA 30PABOOXPAHEHUNA P®:
Mpuka3 Ne 1629+ oT 29 pekabpa 2012 .

«O6 yTBEPXK/AESHN NEPEYHS BUAOB BbICOKOTEXHOMOMMYHOM MEANLIMHCKOW MOMOLLW»

Mpukas Ne 915H oT 15 HoAbpA 2012 1. «O6 yTBepXAeHWUM nopAaKa oKasaHusa
MeAVLNHCKON NOMOLLM B3POCNOMY HACENEeHNIo No NPOUII0 «OHKONOrMNA»

OO0 “BETA-TPAHA

123056, PoccuA, rMocksa, yn
Ten.: +7(499)253-61-81, +7(499

e-mail: fotoditazin@m%u i
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