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EFFECT OF PHOTOBIOMODULATION THERAPY WITH LOW
LEVEL LASER ON GINGIVAL IN POST-CURETTAGE PATIENTS

Wahyuningtya D.T.!, Astuti S.D.!, Widiyanti P.!, Setiawatie E.M.", Guspiari K.!, Amir M.S.',
Arifianto D.', Yaqubi A.K.!, Apsari A.2, Susilo Y.3, Syahrom A.*

'Airlangga University, Surabaya, Indonesia

2Hang Tuah University, Surabaya, Indonesia

3Soetomo University, Surabaya, Indonesia

“Universiti Teknologi Malaysia, Johor Bahru, Malaysia

Abstract
This research investigate how red laser treatment affects individuals who have had chemotherapy’s ability to heal their wounds. The sixty
individuals were split up into groups for treatment and control. On the third and fifth days, the treatment group had reduced signs of inflammation
and enhanced recovery. The results point to possible advantages of red laser treatment for recovery after a cure. 60 patients were divided into
30 therapy groups and 30 control groups to investigate the role of photo biomodulation therapy in wound healing. The therapy groups had 60
seconds of light biomodulation therapy utilizing a 650 nm red laser at a dose of 3,5 J/cm? The gingival index, prostaglandin E2, human defensin 2,
and interleukin-1{ levels in the laser-treated and control groups’saliva were measured. The level of significance was set at p <0.05. The result of this
study on day zero after curettage showed that subjects treated with 650 nm laser levels of prostaglandin E2, human defensin 2, and interleukin-18
remained essentially the same as the control group subjects without therapy. On the third and fifth days after curettage, subjects treated with
650 nm laser showed lower levels of prostaglandin E2, human defensin 2, and interleukin-1p. They exhibited substantial differences from the
control group subjects without therapy. The gingival index on post-curettage patients showed no significant differences between laser therapy
and control groups on day zero but significantly differed on the third and fifth days. Photobiomodulation therapy with a red laser can help the
healing of post-curettage subjects according to the analysis'findings of the gingival index, prostaglandin E2, human defensin 2, and interleukin-1f.

Key words: post curettage wound healing, 650 nm red laser, photo biomodulation, pro-inflammatory mediator.

For citations: Wahyuningtya D.T,, Astuti S.D., Widiyanti P, Setiawatie E.M., Guspiari K., Amir M.S., Arifianto D., Yaqubi A.K., Apsari A., Susilo Y.,
Syahrom A. Effect of photobiomodulation therapy with low level laser on gingival in post-curettage patients, Biomedical Photonics, 2024, vol. 13,
no. 3, pp. 4-13. doi: 10.24931/2413-9432-2024-13-3 -4-13
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BIIMAHUE DOTOBMOMOOYNAUMOHHOM TEPAMUU
C UCMOJIb3OBAHMEM JTA3EPA (650 HM)
HA COCTOSHME OECEH MOCJIE KIOPETAXA

D.T. Wahyuningtya', S.D. Astuti!, P. Widiyanti', E.M. Setiawatie!, K. Guspiari', M.S. Amir’,
D. Arifianto!, A K. Yaqubi', A. Apsari?, Y. Susilo®, A. Syahrom*

'Airlangga University, Surabaya, Indonesia

’Hang Tuah University, Surabaya, Indonesia

3Soetomo University, Surabaya, Indonesia

“Universiti Teknologi Malaysia, Johor Bahru, Malaysia

Peslome
M3yueHo BnvAHMe nasepa, M3nyyalollero B KpacHOW obnactu cnekTpa, Ha CMOCOBHOCTb K 3aXKWMBEHWUIO paH Mmocsie xumuoTepanuu. B
nccnefoBaHny yyacTBoBany 60 YenoBek, KoTopble Obinv pasfesieHbl Ha ABe rPYNMbl: IeYEHVA U KOHTPObHaA. MaLneHTbl 13 rpynnbl IeyeHns
nonyvanu 60-ceKyHAHYI0 CBETOBYIO 61IOMOZYNALMNOHHYIO TePanuio C CMosIb30BaHMEM KPAacHOrO fasepa C ASIMHOW BOJIHbI 650 HM 11 CBETOBOM
no3on 3,5 [Ixx/cm>? Bbinu n3mepeHbl fecHeBOW MHAEKC, YPOBHU mpocTarnaHamHa E2, yuenoseueckoro gedeHsnHa 2 v nHTepneiknHa-1p B
CJIIOHe MauMeHToB 13 06enx rpynm. MprHATHIN ypoBeHb 3HauMmocTn P<0,05. Pe3ynbTaTbl MCCNeoBaHNA MOC/e KopeTaxa rnokasanu, 4to
y MaLMeHTOB, MONYUYMBLUMX BO3AENCTBME Na3epoM C ASIMHON BOJIHbI 650 HM, YpOBHM NpocTarnaHavHa E2, yenoseyeckoro gedeHcrHa 2 n
VHTepreliKnHa-13 ocTaBanncb NPaKTUYECKN TaKUMI e, Kak U Y NaLyeHTOB KOHTPOJIbHOW rpynnbl 6e3 Tepanuun. Ha 3-1 1 5-1 aHu nocne
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KlopeTa)ka y MauueHTOB rpynrbl jleyeHns Habnoganicb 6onee HU3KME YpOBHU MpocTarnaHivHa E2, yenoBeueckoro pgedeHsvHa 2 u
UHTepnerKnHa- 13, Yem B KOHTPObHON rpynne. lecHeBoV MHAEKC Y NaLMEHTOB NOC/e KIopeTaxa He BbIABW CYLLeCTBEHHbIX Pa3nnuunii Mexay
rpynmnamu feYeHrsa 1 KOHTPONbHON FPyMnnow B AeHb JIeYeHNA, HO 3HaUNTENbHO OTAIMYaNCcA Ha 3-1 1 5-1 AHW. B 3TV cpoKu B rpynne neveHus
HabJI0AAN0Ch YMEHbLUEHVEe NPY3HAKOB BOCMANeHVs U YCKOPEeHWe Bbi3fopOoBeHMs. Pe3ynbTaTbl yKa3blBaloT Ha BO3MOXHbIe MpenmMyLlecTsa
JleYeHMA fla3epom, M3JyyaloWmnmM B KpacHOW 06acT CnekTpa, ANA BOCCTaHOBAEeHMA nocse xumuotepanun. GotobriomoaynALMoHHan
Tepanus KpacHbIM /1a3epoOM MOXET CMOCOOCTBOBaTb MPOLIECCaM 3aXKMBIIEHMA Y NMALMEHTOB NOC/IE KIOpeTaxa CorflacHO pe3ynbTaTam aHanmsa
[leCHeBOro MHAeKca, mpocTarnaHaviHa E2, yenoseyeckoro gedeHcrHa 2 1 MHTepnenkHa-10.

KnioueBble cnoBa: 3aXXvBfieHNe paH Nocse KiopeTaka, nasep 650 HM, ¢0T06VIOM0,E|yJ1ﬂLlVIﬂ, NPOBOCMANUTENbHbIA MeanaTop.

Ona yntnposaHua: Wahyuningtya D.T., Astuti S.D., Widiyanti P, Setiawatie E.M., Guspiari K., Amir M.S., Arifianto D., Yaqubi AK., Apsari A.,
Susilo Y., Syahrom A. BnuaHue ¢oTobromonynaLmMoHHOM Tepanuim ¢ UCNosib30BaHUEM Nlasepa (650 HM) Ha COCTOsAHVE AeCeH MOCIIE KiopeTaxa
// Biomedical Photonics. — 2024. - T. 13, N2 3. - C. 4-13. doi: 10.24931/2413-9432-2024-13-3-4-13
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Introduction

Curettage is a type of periodontal therapy that makes
use of a tool or hand instrument to remove plaque,
classified deposits, and smooth cementum around
degenerated teeth. This is because plaque and deposits
combined with bacteria cause periodontal tissue
damage and stimulate the inflammatory process in the
gingival tissue, which can damage the alveolar bone and
cause tooth mobility in severe cases. After curettage, the
healing process is a series of natural processes that occur
in body cells damaged by trauma or anatomical traces.
This process begins somewhere between the second
and fifth days after curettage therapy. A healthy vascular
system will hasten to heal. If there is a bacterial infection
in the process, the process will be delayed or will not
occur at all. The increased dentistry using lasers over
the last few decades has led to amazing technological
advancements that can be used in dental care. The
co,, Neodymium: Yttrium-Aluminum-Garnet (Nd: YAG),
and Erbium: Yttrium-Aluminum-Garnet (EYAG) lasers
are the ones most frequently used to treat peri-dental
illness (Er: YAG) [1]. During treatments like gingivectomy,
curettage, and the elimination of melanin pigmentation,
it is frequently utilized to remove calculus, simplify bone
surgery, and lessen soft tissue injury [2]. In addition
to providing an antiseptic effect on non-vascularized
tissues (such as bone and dentin) and overcoming
antibiotic resistance in subgingival biofilms, lasers are
hypothesized to enhance decontamination during
treatment [3,4].

Oral disorders like tooth decay, periodontitis,
and gingivitis affect 3.47 billion people worldwide,
causing non-fatal impairment. Patient assessment of
treatment requirements and clinical results is crucial for
maintaining oral health. Healthy living, including dental
health, improves the quality of life, labour productivity,
and learning capacity [5]. The absence of clinically
detectable inflammation determines periodontal health
and bacterial plaque plays a role in the development and
maintenance of inflammation. Risk factors like diabetes,

smoking, and hereditary variables can affect periodontal
disease progression. Compliance with oral hygiene
practices and periodontal maintenance can impact local
bacterial infections [6].

The wound healing process consists of several
phases from hemostasis, inflammation, cell movement,
matrix- forming, and remodeling [7]. The wound healing
process caused by periodontitis will differ from person
to person, as many factors will influence the healing of
wounds, including aging and medication use, tobacco
use, and bacterial illnesses in which endotoxins can
cause an extended rise of pro-inflammatory cytokines,
interleukins-1pB (IL-13) and TNF-, thereby prolonging the
inflammatory phase and other factors that can inhibit the
wound healing process. Antibiotics are quite effective
in the treatment of infections and can also prevent the
onset of pain due to the wound healing process, even
though the optimal dose has yet to be discovered [8].

Photo-biomodulation therapy (PBM) is a low-
intensity light irradiation therapy used for medical and
dermatological conditions [9]. It involves ingestion of
photon energy by body tissues’ natural chromophores.
Near-infrared and red light are used for therapy in animals
and patients, as haemoglobin and melanin absorb blue
light at specific wavelengths [10].

Recent media interest has focused on photodynamic
therapy (PDT), a minimally invasive therapeutic
method, as a novel cancer treatment option. When a
photosensitizer is exposed to certain light wavelengths,
it combines with molecular oxygen to produce reactive
oxygen species, which cause cell death in the target
tissue [11]. Longer wavelengths of light (red and infrared)
penetrate the tissue more effectively because the
amount of light that is absorbed by the tissue reduces
as the wavelength increases. The «network optical
windows is the term for the 600 to 1200 nm wavelength
range. The skin is more sensitive to light because the
shorter wavelength (600 nm) penetrates less tissue and
absorbs more energy. Longer wavelengths (850 nm) lack
the energy to sufficiently create reactive oxygen species

OPUTUHAJIBHBIE CTATHW
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and excite oxygen in the singlet state. The highest tissue
permeability consequently occurs between 600 and 850
nm [12].

The 405 nm and 649 nm diode laser has been
demonstrated in aPDT15 and PBM investigations to
expedite the proliferative process of wound healing
following molar extraction based on the results of
histological and immunohistochemical testing [1]. In
a different study, 'bio stimulators’ were low-level lasers
and light-emitting diodes (LEDs) with less power than
surgical lasers. A sort of light therapy called photo-
biomodulation therapy (PBMT) encourages the growth
of epithelial cells, an anti-inflammatory response, pain
alleviation, and the prevention of scarring, all of which are
necessary for wound healing [13]. Laser is a non-invasive,
effective, safe, and inexpensive medical device based on
aPDT and PBMT therapy for response accelerators for
healing dental and oral diseases. Laser parameters and
dose influence therapy results. Low-level laser therapy
(LLLT) has short-term advantages in lowering pocket
depth, but medium-term effects are not significant.
Long-term benefits are unknown due to methodological
weaknesses and a lack of studies [14]. Research on LLLT
for wound healing continues [15].

Wound healing in the oral cavity involves repairing
palate and gingival tissue without scar tissue, influenced
by early inflammation, reduced immune mediators,
fewer blood vessels, bone marrow-derived cells,
quick re-epithelialization, and fibroblast proliferation
[16, 17]. Microbial infection of the oral cavity is a
common risk factor for periodontal disease, which
can lead to gingival inflammation and if not treated
promptly, may affect the periodontium in general
[18]. Bacteria that cause gingival inflammation are
Streptococcus, Haemophilus and Neisseria species [8].
Aggregatibacter  actinomycetemcomitans,  Tannerella
forsythia, Porphyromonas gingivalis, Campylobacter
rectus, Prevotella intermedia, and Selenomonas species are
among the most prevalent subgingival bacterial species
[11,19]. The duration of the natural wound healing
process is mainly caused by both local and systemic
disorders [20].

Local and systemic factors, such as poor blood flow,
infection, and foreign substances, affect wound healing.
To accelerate healing, therapeutic mechanisms like
photo-biomodulation laser therapy and non-invasive
approaches are needed. This study aims to determine
the method of laser diode therapy and the irradiation
time in root canal treatment.

Materials and Methods

Ethical Approval

The Ethics Committee of the Faculty of Dentistry at
Airlangga University has accepted this study with the
ethical number [551/HRECC.FODM/IX/2021].

Light Source

LLLT is a therapeutic advance that uses low-level
infrared light spectrum lasers. The effectisrelated totissue
bio-stimulation, with photoelectric, photo energetic, and
photochemical reactions eliciting a therapeutic response
[21]. Photo biomodulation, on the other hand, uses a 650
nm-wavelength diode laser to induce a quicker healing
process, as well as to reduce pain and inflammation by
stimulating the cell’s response to light. The diode laser
spectrum and power were tested with the Jasco CT-10
and Thorlabs S140C chromate detectors. The results of
laser characterization showed that the laser spectrum
was 650 = 0.05 nm, the power value was stable at 12.02
+ 0.01 mW, and the beam area was 0.20 + 0.03 with a
stable temperature of 32 °C during therapy. Therapy was
carried out at a distance of 1T cm from the wound with an
energy density of 3.5 J/cm? and a long exposure time of
60 seconds.

Treatments

The study involved 60 patients from the Dental and
Oral Hospital’s Periodontology section, divided into 30
therapy and control groups. The therapy group received
a 650-nm red laser photo biomodulation therapy for
60 seconds, followed by curettage. Saliva samples were
collected and transferred to ELISA plates. The samples
were then blocked with 10% ovalbumin and 100 mL of
hBD-1 mouse monoclonal antibody. The study aimed to
understand the effects of laser therapy on gingival and
salivary index in patients with periodontal cancer.

The study focuses on the characterization of a 650
nm diode laser used for photo biomodulation therapy,
with the control group not receiving any treatment.
The second phase is an experimental study examining
the impact of specific factors on other variables. This
study looked at gingival index and pro-inflammatory
mediators in response to different types of therapy,
specifically the administration of 650 nm diode laser
photo biomodulation therapy and wound healing with
antibiotics, in order to assess the level of effectiveness of
the red-light diode laser or its effect on the tissue wound
healing process in post-curettage patients. The test
group patients underwent conventional non-surgical
treatment associated with a laser irradiation session to
eliminate the bacterial biofilm from the root surface and
stop the inflammatory process. Prostaglandin E2 (PGE2),
interleukin-1 (IL1B), and human beta defensin 2 (HBD2)
concentrations were evaluated using the enymed-linked
immunosorbent assay and the gingival index.

Enzyme-Linked Immunosorbent Assay (ELISA)
Testing

By dilution, 120 | of Standard Solution into 120 |
of standard diluent was used to create the standard
and wash buffer. In deionized or distilled water, the
wash buffer was diluted with 15 ml of the wash buffer
concentrate before being mixed with 300 ml of water.
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The sample well plate and standard well (not the blank,
control well) each received 50 | of the standard, 40 | of
the sample, 10 | of anti-PGE2 antibody (or anti-IL13
antibody or anti-Human antibody defensins 2), and 50
| of streptavidin-HRP. The wells were sealed with sealer
and incubated for 60 minutes at 37 °C before being
rinsed three times with wash buffer. The next step is to
add 50 | of each of the following solutions to each well:
50 liters each of the substrate solutions A and B, 10
minutes of incubation at 37°C, and 50 | of stop solution
(blue color will turn yellow). An Elisa reader operating at
a wavelength of 450 nm was used to measure the optical
density (OD) following the addition of the Stop Solution.
Fig. 1 shows the diluting procedure for the sample.

Measurement of Gingival Index

Starting points included the third and fifth days
after curettage, as well as the zero-day before and
after, for dental index testing. A gingival index score of
post-curettage research subjects on day zero, third and
fifth following laser therapy is how the gingival index
examination was done. The gingival index (Gl), a metric
developed by Leo and Stillness, is employed to evaluate
the presence and degree of gingivitis in a community,
group, or person. The following criteria were used to
determine the gingival state and the gingival index
score: 0 indicates normal gingiva, 1 indicates a mild
inflammation with mild discoloration and mild edoema
but no bleeding on probing, and 2 indicates a significant
inflammation with redness, edoema, and glossy skin;
bleeding on probing. 3 = significant redness, edoema,
ulceration, and a propensity for spontaneous bleeding;
severe inflammation.

Data Analysis

This study gathered information on the gingival index,
proinflammatory markers such as PGE2, IL 1{3, and HBD-
2, as well as instrumentation tests using a diode laser.
The Kolmogorov-Smirnov test was used to determine
whether the data were normally distributed. Individual
sample T-Test can be used to do statistical analyses if
the data are regularly distributed. The interval/ratio
data scale, unpaired independent data groups, normal
distribution of group data, and the absence of outliers
in group data are necessary preconditions for using the
independent sample T-Test.

Results

IL 1B protein testing was conducted to monitor
inflammation during the wound healing process, both
before extraction (day 0) and after extraction (day three
and day five post-wound occurrence). In general, the
observation results indicated a decrease in the levels of
IL 1B. The normality test, performed using Kolmogorov-
Smirnov, demonstrated that the data exhibited a
normal distribution for the control group (without
photobiomodulation therapy) with a significance level

Puc. 1. MeToauKa cTaHAapTHOrO pa3BeAeHus.
Fig. 1. Standard dilution.

(a) of 0.300, while for the photobiomodulation therapy
group, it was 0.115. Table 1 shows that post-extraction
on day 1, day 3, and day five significantly impacted
IL 18 levels (p < 0.05). All control group subjects
exhibited higher IL 13 levels when compared to the
photobiomodulation therapy group.

Enzyme-linked immunosorbent assay PGE2 test
results

PGE2 protein levels fell from day zero to day five, which
are significant mediators in the etiology of periodontitis
and indications of inflammation in the healing phase of
wounds. The independent T-Test was used to compare the
PGE2 levels in the control and treatment groups to see if
there were any variations in the mean values between the
two unrelated sample groups. On the first, third, and fifth
days, T-Tests were performed on all data collected in the
control and treatment groups. On the first, third, and fifth
post-curettage days, the mean PGE2 values in the control
and treatment groups are displayed in Table 1.

PGE2 levels were measured in post-curettage
subjects using the expression test, and the results
showed greater levels in the laser therapy group but no
statistically significant difference from the control group.
The levels of PGE2 were lower in the laser therapy group
on the first, third-, and fifth days following curettage,
which was substantially different from the levels in the
control group. Figure 2 shows visually the amounts of
prostaglandin E2 at the zero, first, third-, and fifth-days
post-curettage in patients.

550

——Control
500

450
——Therapy

PGE2 level

400

350

300

Day

Puc. 2. YpoBHM npoctarnaHauHa E2 B KOHTpOnbHOM rpynne
1 rpynne nevyeHus.

Fig. 2. Prostaglandin E2 levels against the control and therapy
groups.

OPUTUHAJIBHBIE CTATHW
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Ta6nuua 1

PaGoTa ToKa y 60JIbHbIX C MPU3HAKaMu1 BOCMaNeHUst KUCT NOAXKENYA04YHOW XKene3bl U 63 NPU3HaKOB BocnaneHus

KUCT NOAKENYA04YHOM }Kenesbl
Table 1

Electric current work in patients with signs of inflammation of pancreatic cysts and without signs of inflammation

of pancreatic cysts

HezaBucumbiin
T-Tect

KoHTponb
Control 44417 10.54
0 Jleuenve p=0277
Therapy 30 447.20 10.85
KoHTponb
Control 30 521.13 36.79
1 . p = 0.030*
eyeHune
Therapy 30 492.20 26.86
KoHTponb
Control 30 495.93 36.78
3 Jleuenve p=0031*
Therapy 30 369.77 36.90
KoHTponb
Control 30 481.73 40.02
> JleueHve p=0.001%
Therapy 30 343.13 2233
*Pas3nnuma cTaTUCTUYECKN 3HaUYNMbl
*There is a different meaning
Enzyme-Linked Immunosorbent assay test results in 2000
Human defensin 2 1900 —— Control
Human defensin 2 protein levels, crucial for wound
H . . . £ 1800
healing, decreased from day zero to day five, indicating 2 —Therapy
a decline in pathogenic bacteria colonization in the oral § 1700
cavity. The amount of human defensin 2 proteins in the 2 1600
control and therapy groups were compared using the 1500
Independent T-Test to determine the average difference
between the two groups of unrelated samples. T-Tests 1400 0 ] 3 s
were run for the control and treatment groups on the Days

first, third, and fifth days. Table 2 shows the distribution
of the mean values of human defensin 2 in the control
and treatment groups in post-curettage patients on the
zero, first, third, and fifth days after curettage.

Based on the test results, the therapy group’s
expression of Human Defensin 2 had higher levels on
day zero of the wound-healing process in post-curettage
individuals, but it was not statistically different from the
control group. On the first, third, and fifth days, there
was a substantially different expression of defensin 2 in
the 650 nm red laser therapy group compared to the
control group. Human Defensin 2 levels in post-curettage
patients are depicted graphically in Figure 3 at zero, first,
third-, and fifth days following curettage.

Enzyme-Linked Immunosorbent assay test results
Interleukin-18

Measurements of interleukin-13 levels revealed a
decrease from day zero to day fifth. Then the results of
assessing interleukin-13 protein levels in the control and
therapy groups were compared using the Independent

Puc. 3. CpaBHeHue ypoBHeW aedeH3MHa 2 YenloBeKa B KOHTPOb-
HOW rpynne u rpynne ne4yeHus B nepuog ¢ 0-ro no 5-i AHu.

Fig. 3. Comparison of Human defensin 2 levels against the control
and therapy groups on zero-day to the fifth day.

T-Test to determine the average difference between the
two groups of unrelated samples. T-Tests for the control and
treatment groups were run on the first, third, and fifth days.
Table 3 displays the distribution of interleukin-1f in the
control and treatment groups for post-curettage patients
on the zero, first, third, and fifth days after curettage.

According to the test results, the therapy group’s post-
curettage subjects had greater levels of interleukin-1p at
day zero of the wound healing process than the control
group, although this difference was not significant
(p=0.127). On day first (p=0.043), third (p=0.029), and fifth
(p=0.027), interleukin-1p expression in the 650 nm red
laser treatment group was substantially different from
that of the control group. Human Defensin 2 levels in post-
curettage patients are depicted graphically in Figure 4 at
zero, first, third-, and fifth days following curettage.
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Gingival Index Test Results fluid discharge, color, shape alterations, acute bleeding,

The gingival index examination was conducted on and bleeding time. The study found that the control and <
day zero, with further assessments after three days. The therapy groups had mildly inflammatory gingival health ia)
condition index was calculated using measurements of on day zero, with the treatment group experiencing |<_]:

|_
Ta6nuuya 2 Q
CpaBHeHUe pe3ynbTaToB He3aBUCUMOTo BbiIGOPoYHOro T-TecTa A/l ypoBHel YenoBedeckoro gedpeHcuHa 2
C KOHTPOJIbHOM rPYNMNon U rpynnou nevyeHus B 1-u, 3-14 1 5-i AeHb Nocne KlopeTaxa E
Table 2 -0
Comparison of the results of the Independent Sample T-Test for levels of Human defensin 2 against the control I
group and the therapy group on day first, day third, and day fifth after curettage Al
—
HesaBucumbin <
Fpynna T-tecr T
AN
—
KoHTponb X
Control 1647.70 38.60 a
0 JleueHve p=0687 O
Therapy 30 1680.83 73.58
KoHTpornb
Control 30 1864.77 32.51
1 I p = 0.000%
eueHue
Therapy 30 1727.30 85.09
KoHTponb
Control 30 1843.60 38.79
3 Jleyenve p=0018"
Therapy 30 1664.80 32.62
KoHTponb
Control 30 1709.00 43.12
> Jleuenvie p=0.001%
Therapy 30 1503.63 88.49

*Pa3nununa CTaTUCTUYECKN 3HAUUMBbI
*There is a different meaning

Ta6nuua 3

CpaBHeHue pe3ynbTaToB HE3aBUCMMOTr0 BbIGOPOYHOro T-TecTa ypoBHEM UHTEP/IEWNKMHA-13 C KOHTPONBHOW Fpynnomn
W rpynnov tepanuun Ha 0-i, 1-i, 3-i U 5- AHK Nocne KlopeTaxa

Table 3

Comparison of the results of the Independent Sample T-Test of interleukin-1p levels against the control group and
the therapy group on the zero, first, third, and fifth days after curettage

HesaBucumbliin
F'pynna T-Tect

KoHTponb
Control 30 1822.20 4138
0 n p=0.127
eyeHve
Therapy 30 1811.53 51.00
KoHTponb
Control 30 2223.97 88.53
1 n p = 0.043*
eyeHne
Therapy 30 1904.20 60.66
KoHTponb
Control 30 2086.90 91.59
> JleueHne p =0.029*
Therapy 30 1801.83 53.29
KoHTponb
Control 30 2000.30 87.03
> Neuenne p=0.027*
Therapy 30 1774.07 48.65

*Pasznnuma cTaTUCTMYeCcKn 3HaYnMbl
*There is a different meaning
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2400
2300
2200
2100
2000
1900
1800
1700
1600
1500

—e—Control

—o—Therapy

IL1B Rate

Day

Puc. 4. CpaBHeHue YpOBHel UHTepNelKuHa-13 B KOHTPOIbHOW
rpynne v rpynne neveHus B nepuof ¢ 0-ro no 5-1 gHu.

Fig. 4. Comparison of interleukin-1p levels against the control and
treatment groups on zero-day to the fifth day.
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w

=== Control
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=== Therapy
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Gingival Index Value

I
n

o

Day

Puc. 5. CpaBHeHUe nNoKa3aTenew [EeCHEBOro MHAEKCAa B KOH-
TPONbLHOW rpynmne v rpynne Jie4eHus .

Fig. 5. Comparison of gingival index scores in the control group
and the therapy group.

Ta6nuua 4

severe inflammatory health. On day 3, the control
group deteriorated, while the treatment group showed
moderately inflammatory health, with an average score
of 1. The treatment group had a lower gingival index
score of 0.07 on the fifth day, compared to the control
group’s average gingival score of 0.4, which showed that
both groups were in good health. Figure 5 depicts the
evaluation of the gingival index in the laser treatment
and control groups on the first, second, third-, and fifth
days following curettage.

The average number of gingival indices varies, as
seen in Figure 9, but the shape and distribution of the
data are the same. The median difference’s significance
is not evident. Since the Gingiva Index measurement in
the control and therapy groups contains interval data,
the Mann-Whitney U method is utilized for the Non-
Parametric Test. The findings of the Mann-Whitney U test
in Table 4 indicate that there is a different interpretation
of the gingival index on the zero, first, third-, and fifth days
following curettage in the control group compared to the
treatment group in post-curettage patients (p < 0.05).

Discussion

Photobiomodulation therapy (PBMT) is a therapeutic
approach using low-level infrared light spectrum lasers
to stimulate tissue [22]. It works by absorbing photons
by molecular photo acceptors or chromophores [23].
Effective tissue penetration occurs between 650 and 1200
nanometers, with absorption and scattering stronger in
the blue section [24]. Most LLLT in animals and patients
uses red light and near-infrared [25].

PesynbraTtbl U-Tecta MaHHa-YUTHU Ha 0-#1, 1-i, 3-1 u 5-1 AHK Nocne KiopeTaxa

Table 4

Mann-Whitney U test results on zero, first, third, and fifth days after curettage

n

KoHTponb

0 Control =
JleueHune 30
Therapy
KoHTponb

1 Control 30
JleueHne
Therapy 30
KoHTponb

3 Control =
JleyeHne 30
Therapy
KoHTpornb

5 Control 30
JleueHne 30
Therapy

Kputepun

MaHHa-YutHmn

0.57
p=0.573
0.73
3.00
p = 0.000*
2.63
1.53
p=0.001%
1.00
0.40
p = 0.002*
0.07

*Pasnnuna CTaTUCTUYECKMN 3HAUNMbI
*There is a different meaning
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This study aims to expedite healing and reduce pain
and inflammation using photo biomodulation therapy
using a diode laser with a characterization wavelength of
649 £ 0.05.The red laser light's energy and wavelength are
12.02+0.01 mW at 650 nm [26]. The low-power dose of 3.5
J/em? is crucial for the therapy, and the laser diode power
characteristic test ensures maximum power stability at 60
seconds. The therapy is suitable for patients with various
conditions [27]. Periodontal disease, causing tooth loss in
adults, is primarily caused by bacterial buildup near teeth.
Gingivitis and periodontitis are two types. Root planning
and scaling are interconnected processes [28].

Curettage is a periodontal treatment that involves
a change in microbiota and decreased inflammation.
If inflammation persists, curettage can be performed.
The depth of periodontal pockets can be significantly
increased, depending on the damage. With proper care
and maintenance, most patients can regain a 4 mm to
5 mm pocket depth. The study involved 60 patients,
with 30 in the therapeutic group and 30 in the control
group. After curettage treatment, the therapeutic group
received red laser irradiation on the first day, followed by
the control group on the third and fifth days. Samples
were collected at each visit.

The collected samples were then tested for PGE2, IL-1(3,
and HBD-2 levels using an ELISA kit with 96 well plates. The
ELISA kit used in this study has a sensitivity of 1.28ng/L for
PGE2, 10.07 pg/mL for IL-13, and 5.31 ng/L for HBD-2. One
of the immunological techniques that aim to determine
or measure levels of protein expression activity/response
and immune reaction status from individual reactions/
immune responses is the ELISA technique [30].

Wound healing involves fibrosis and regeneration, with
fibrosis replacing damaged tissue with connective tissue[11,
31]. Laser biomodulation therapy enhances phagocytosis
and lysosomal activity, activating Cytochrome Oxidase
C and triggering downstream signaling cascades that
promote protein synthesis, anti-inflammatory reactions,
antioxidants, and cell proliferation [32].

Prostaglandin E2, a pro-inflammatory mediator,
promotes the synthesis of inflammatory substances,
particularly in periodontitis, particularly IL-1f [33].
Periodontitis patients have higher PGE2 levels, which
can be blocked with anti-inflammatory medications to
slow disease progression and reduce bone resorption,
with faster decline in therapy groups [34]. Then the levels
of PGE2, IL-13, and HBD-2 in the samples were assessed
using an ELISA kit with 96 well plates. The ELISA kit used
in this study has a sensitivity of 1.28 ng/L for PGE2, 10.07
pg/mL for IL-1B, and 5.31 ng/L for HBD-2.

The ELISA technique assesses immune response
status and protein expression activity. The study found
that IL-1p concentration in gingival crevicular fluid (GCF)
decreased after non-surgical periodontal therapy [35].
Laser phototherapy inhibited IL-1f production, affecting

wound healing [36]. The study found differences in IL-13
protein levels during post-cartage wound healing using
red laser photo biomodulation therapy at a 650 nm
wavelength. The therapy group showed a faster decline
than the control group [37].

The study shows that red laser photo biomodulation
therapy significantly enhances wound healing in post-
curettage patients, with a lower gingival index and faster
decline in inflammation compared to the control group,
indicating a positive healing effect [38]. Laser therapy
wavelengths, particularly 600-700 nm, can stimulate
cell proliferation and differentiation, regenerate tissue,
reduce inflammation, and alleviate pain in chromophore
cells [39]. The study demonstrates that red laser photo
biomodulation therapy at 650 nm can accelerate wound
healing in post-cursed patients, with significant reductions
in test parameters [40]. This therapy accelerates fibroblast
proliferation, which produces collagen and influences
the epithelialization process, ultimately determining the
outcome of wound healing [41].

According to the findings of statistical tests, there
was a difference in post-curettage wound healing time
between patients receiving photo biomodulation therapy
and patients who did not receive photo biomodulation
therapy with a probability value (p-value) of 0.05 in each
pro-inflammatory mediator test (IL-13, PGE2, and hB-2)
and gingival index studies. If the P value is less than 0.05,
the result is considered statistically significant. This value
indicates that there is substantial evidence against the
null hypothesis. As a result, the researcher discards the
alternative hypothesis in favor of the null hypothesis.
In comparison to patients who didn't get laser therapy,
post-curettage patients who received a 650 nm diode
laser showed faster-wound healing, according to the null
hypothesis.

Conclusion

The findings of this study showed that levels of
prostaglandin E2, human defensin 2, and interleukin-1(3
in participants treated with a 650 nm laser on the first day
after curettage were not statistically different from those
in the control group of subjects who received no therapy.
On the third and fifth day after curettage, subjects treated
with 650 nm laser showed lower levels of Prostaglandin
E2, Human Defensin 2, and interleukin-13 and were
distinct from the control group subjects without therapy.
The results of the measurement of the gingival index on
post-curettage patients on day zero showed that there
was no significant difference between the control group
and the laser therapy group, while on the third and fifth
days there was a significant difference in the gingival
index. Based on the examination of the gingival index,
prostaglandin E2, human defensin 2, and interleukin-1f3,
photo biomodulation therapy with a red laser can aid in
the healing of post-curettage individuals.

OPUTUHAJIBHBIE CTATHW
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NEW CATIONIC CHLORIN AS POTENTIAL AGENT
FOR ANTIMICROBIAL PHOTODYNAMIC THERAPY
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Abstract

Multiple drug resistance is a major global health security risk. Increasing resistance of bacteria to existing drugs puts on the agenda the search for
alternative ways to combat antibiotic-resistant pathogens. One of these innovative methods is antimicrobial photodynamic therapy (APDT), which
is equally effective against antibiotic-sensitive and antibiotic-resistant pathogens. The most effective photosensitizers (PS) for APDT are molecules
containing positively charged groups in their composition. In this work, we have obtained a new cationic derivative of natural chlorin containing a
pyridazine group in its composition, the introduction of which occurs using click chemistry approaches. The antimicrobial photoinduced cytotoxic-
ity of the proposed cationic PS, as well as its uncharged precursor, was assessed against a number of gram-positive and gram-negative bacteria:
S. aureus, K. pneumoniae, E. faecalis, P. aeruginosa. It has been shown that cationic chlorin exhibits an increased bactericidal effect when irradiated
with light (A = 660 nm, P_=70.73 mW/cm?) compared to its base form. When microbial suspensions were incubated with 24 uM cationic PS and
subsequently irradiated, a significant bactericidal effect was observed against all of the aforementioned bacteria. As a result of microbiological
studies, it was demonstrated that the proposed cationic PS exhibits high photoinduced antimicrobial activity.

Key words: antimicrobial PDT, antibiotic resistance, antimicrobial activity, chlorophyll, chlorin e6.
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ABNIAETCA aHTUMUKPOOHas doToamHamuueckas Tepanus (AOAT) oanHakoBo 3G dEKTBHasA NPOTUB aHTUONOTUKOUYBCTBUTENBbHBIX 1 aHTUOMO-
TUKOPE3NCTEHTHbIX BO3byauTenein. Hanbonee apdekTmBHbIMU poToceHcnbmunmusatopamu (OC) ana AQOT ABnATCA MONEKy bl, cofepKalyue
MOJIOXKUTENBHO-3apAXXEHHbIE FPYMMbl B CBOEM COCTaBe. B HacToALlel paboTe Hamu 6bINI0 NOTyYeHO HOBOE KaTVOHHOE MPOV3BOAHOE NMPUPOA-
HOTO XJIOPVIHa, COAepKallee NMPKAA3MHOBYIO FPYMy B CBOEM COCTaBe, BBeeHNe KOTOPOW MPOVCXOANT C NCMosib3oBaHmeM noaxonos click-
XMuK. NPOTUBOMUKPOGHYIO GOTOMHAYLIMPOBAHHYIO LIMTOTOKCUYHOCTb Npeasiaraemoro KatnoHHoro AOC, a TakxKe ero Heaps»KeHHOro npep-
LeCTBeHHMKA, OLEHNBAN B OTHOLLEHW PAAA FPaMMOIOKMTENIbHBIX 1 TPaMoTpULLaTeNbHbIX 6akTepuii: S. aureus, K. pneumoniae, E. faecalis,
P. aeruginosa. loka3aHo, YTO KaTMOHHBIV XJIOPUH 061aaeT NoBbIWEHHbIM 6aKTePULMAHBIM Ae/ICTBMEM Npy 065yyeHun cBeToM (A =660 HM,
P.=70,73 MB/cMm?) o cpaBHeHMIO CO CBOe OCHOBHOI GpopMmo. Mpu HKY6rpOoBaHMI MKPOBHbIX CyCrieH3unii C pacTBOpom KaTuoHHoro ®OC B
KOHLEeHTpaLmm 24 MkM 1 nocneayoLym obnyyeHneM Habnoganca 3aMmeTHbI 6GaKTEPULIMAHDIA 3POEKT B OTHOLIEHNMN BCEX BbiLUEHA3BaHHbIX
6aKTepuii. B pesynbraTe npoBefeHHbIX MAKPOOUONOrMUYeCcKrX MCCefoBaHWN MoKa3aHo, YTo Npeasiaraemblii KatnoHHbIi OC obnagaeT Bbico-
Kol GOTOUHAYLIMPOBAHHOW aHTUMUKPOOHOW aKTUBHOCTbIO.

KnioueBble cnoBa: aHTI/IMI/IKp06Haﬂ @D,T, aHTI/I6I/IOTI/IKOpe3I/ICTeHTHOCTb, I'IpOTI/IBOMI/IKpO6HaFI AKTUBHOCTb, XﬂOpOd)I/IJ'IJ'I, XNOPUH e6.
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Introduction

Multiple antibiotic resistance is a major global health
security risk. According to the WHO, already in 2019, 1.27
million deaths worldwide were directly related to drug-
resistant infections. If this problem is not addressed, it
is predicted that by 2050 the number of such deaths
will increase to 10 million annually [1, 2]. According
to the Central Research Institute of Epidemiology of
Rospotrebnadzor, the number of nosocomial infections
in Russia annually affects 2-2.5 million (1.5% of the
population). The increasing bacterial resistance to
existing drugs, coupled with poor bioavailability and
lack of structures that could potentially form the basis
of new antibiotics, have put the search for alternative
ways to combat antibiotic-resistant pathogens on the
agenda.

One such innovative method is antimicrobial
photodynamic therapy (APDT) for localized infections
[3-6], equally effective against antibiotic-sensitive
and antibiotic-resistant  pathogens.  Antimicrobial
photodynamic therapy (APDT) is based on the use of
a photosensitizer (PS) drug and harmless visible light.
Photosensitizers are capable, when exposed to light of
a certain wavelength corresponding to their maximum
absorption, to cause the formation of cytotoxic agents,
in particular singlet oxygen, stimulating oxidative
destruction of the main components (unsaturated lipids,
protein channels and enzymes) of cell membranes - the
life-supporting structures of microbial cells [7]. Photo-
oxidative processes in the lipid bilayer of cell membranes
lead to the formation of pores and disruption of cellular
permeability barriers. The death of a microbial cell occurs
as a result of the leakage of cellular metabolites, primarily
potassium ions and protons, and dissipation of the
membrane potential.

One of the main advantages of antimicrobial
photodynamic therapy is the multiple nature of the
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oxidative destruction of microbial target cells, which
prevents the development of resistance to subsequent
cycles of photodynamic effects. In addition, since the
bactericidal effect of APDT is local in nature, it does not
have a systemic detrimental effect on the saprophytic
flora of the body. The use of APDT thus solves two main
problems of modern antibiotic therapy: high resistance of
pathogenic microorganisms to antibiotics and systemic
toxicity [8-10].

To date, many PS have been synthesized for
antimicrobial PDT, both based on tetrapyrrole compounds
and using other dyes. Unlike synthetic dyes, derivatives
of natural chlorins have a number of advantages. The
main sources of such compounds are plants and algae
containing chlorophyll. Such raw materials are easily
accessible and cheap, and methods for extracting pigment
from them are not labor-intensive. Thanks to the reduced
pyrrole ring, chlorophyll A derivatives exhibit absorption
in the near-IR region with high extinction values, which
allows PDT of deep-lying zones [5].

The most effective photosensitizers for APDT are
molecules containing positively charged groups in
their composition. In the 90s, it was shown that there is
a difference in susceptibility to APDT between gram-
positive and gram-negative bacteria, which is associated
with their structure: gram-positive bacteria have a
cytoplasmic membrane surrounded by a porous cell
wall consisting of peptidoglycan and lipoteichoic acid,
which allows the photosensitizer to easily bind with it,
and the membrane of gram-negative bacteria consists
of outer and inner cytoplasmic membranes separated
by a layer of peptidoglycan [11-13]. Neutral, anionic and
cationic photosensitizer molecules bind equally well to
gram-positive bacteria, while only cationic or neutral
photosensitizers can bind to gram-negative bacteria. At
the moment, a large number of cationic derivatives of
natural chlorins containing both alkylammonium groups
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and quaternized heteroaromatic fragments have been
synthesized [14-18].

Previously, our research group obtained a derivative of
natural chlorin, into which a residue of nicotinic acid was
introduced with its subsequent quaternization [19]. This
compound had both high photoinduced toxicity towards
bacterial cells, as well as biofilms based on them. However,
the complexity of the synthesis of this compound
complicates its further implementation in practice. In
this work, we have proposed an approach that makes it
possible to introduce a heterocyclic fragment into the
chlorin molecule using one stage inverse electron demand
Diels-Alder reaction click-reaction, and also studied the
photoinduced toxicity of the resulting compound and
its cationic derivative against gram-positive and gram-
negative bacteria.

Materials and Methods

Chemistry

Solvents were purified and prepared according to
standard procedures. Silica gel 40/60 (Merck, Germany)
was used for column chromatography. Absorption spectra
were obtained on a Shimadzu spectrophotometer UV 1800
UVNVIS in 10 mm thick quartz cuvettes in chloroform and
water. The NMR spectrum was recorded on Bruker DPX 300
spectrometer in CDCI,. The synthesis of photosensitizers 1
and 2 was carried out according to a previously described
method [20]. Cationic derivative 3 was obtained by reacting
compound 2 (25 mg; 0.033 mmol) with methyliodide (145.5
mg; 1.025 mmol) in acetonitrile (1 ml) at 60°C for 2 hours.The
solvent was evaporated under reduced pressure. The target
product was isolated using column chromatography (DCM/
MeOH/AcOH, 450/10/1, v/v/v). The yield of compound
3 was 63.3% (19 mg). 'HNMR (300 MHz, CDCI3 , 6, ppm):
9.77 (H, s, 10-H) 9.60 (H, d, J= 4.7 Hz, 5’-H), 9.20 (H, s, 5-H),
8.71+8.72 (H, s, 20- H), 8.07 (H, d, J = 4.7 Hz, 6"-H), 7.62 (2H,
m, o-Phe), 7.12 (H, m, p-Phe), 7.02 (H, m, o-Phe), 5.42 (H,
d,J=188 Hz, 151- CH,?), 446 2H, m, 18-H, 17-H ), 4.30
(3H,s 13*-CH,), 3.81 3H, s, 15°-CH,), 3.80 (2 H , k, J=7.7 Hz,
8'-CH,), 3.71 (3H, s, 17*-CH,), 3.62 (3H, 5, 12-CH,), 3.53 (3H,
s, N-CH,), 3.20 (3H, s, 7-CH,), 2.95 (3H, 5, 2- CH,), 2.60 (H, m,
172-CH;), 228 2H,m, 17'-CH?, 17'-CH_"), 1.84 (H, m, 17"
-CH,?), 1.75(3H,d,J=18.1Hz, 18-CH,), 1.74 (3H,t,J=7.7 Hz,
8-CH,),-1.33 (H, s, I = NH), -1.72 (H, s, lll - NH). ESI-MS: m/z
calc.for C sH N0, 781.37, found: [M+H]*, 782.38, [M+2H]**
391.69. UVNVIS (CHCL), \__, nm (g, M " cm '): 395 (180000),
497 (17500), 686 (44000). To prepare a water-soluble form of
compounds 2 and 3, 4% Kolliphor ELP solution in water was
used. A weighed portion of the corresponding chlorin (1
mg) was dissolved in dichloromethane (2 ml) and added to
4% Kolliphor solution in water (3 ml). The resulting mixture
was stirred in a flow of argon at a temperature of 41°C until
the organic phase was completely removed. The resulting
emulsion was passed through a syringe filter with a pore
diameter of 200 nm.

Microbiology

The source of non-monochromatic LED red radiation
was a single-band laser (A =660 nm, P =7073 mW/cm?).
Exposure of the PS in the microbial suspension before
irradiation is 30 min. The dose of light during irradiation
is 20 J/cm?2,

To assess the antibacterial activity of PS, we used
suspensions of daily microbial cultures of S. aureus
ATCC 25923 (n = 15), K. pneumoniae ATCC 13883
(n=15), E. faecalis ATCC 29212 (n = 15), P. aeruginosa ATCC
27853 (n =15), which are common causative agents of
inflammatory processes in the ear and upper respiratory
tract. The concentration of the microbial suspension in the
experiment was 3 x 10* CFU/ml. Control - test strains that
were under equal conditions, but were not exposed to PS
and irradiation. 200 pl of a suspension of microorganisms
was added to the wells of a microplate and 2, 8 and 12 ul of
0.4 mM solution of PS 2 and 3 were injected, respectively.
After exposure and irradiation, the microplates were
incubated for 24 hours at T = 37°C. To determine the
survival rate of microorganisms, the method of surface
inoculation using a spatula on solid nutrient media (Koch
plate method) was used. After thermostating the control
crops, we calculated and expressed the results obtained
on solid media.

Formulas for calculating the number of viable
microorganisms:

1. If the number of colonies exceeds 10:

M=a*10n/V,
where a is the average number of colonies grown after
sowing from a given dilution; 70 - dilution factor; n
is the serial number of the dilution from which the
sowing was made; V - volume of suspension taken for
sowing, cm3.'

2. Ifthe number of colonies is less than 10, but more
than 4:

M=c/V*n,
where ¢ is the number of colonies counted in the dish,
V is the volume of the suspension taken for inoculation,
cm?, n is the serial number of the dilution from which the
inoculation was made.

3. If there are from 1 to 3 colonies, then we accept
as — “microorganisms are present in quantities less than
1 x V per cm®' (Vs the dilution factor).

The calculation data is included in Table 1. Statistical
analysis of the obtained data was carried out using the
SPSS application package Statistics 21.0 and Rstudio
4.2.2. Mean values, standard deviations, and medians
were determined. When comparing groups, parametric
(ANOVA) and nonparametric methods (Kruskal-Wallis,
Mann-Whitney, Wilcoxon) estimates were used depending
on the normality of the sample distribution, which was
determined using the Shapiro-Wilk test. The results were
considered statistically significant at a confidence level of
at least 95%.
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Results and discussion

Previously, we carried out a one-step functionalization
of the chlorin e6 trimethyl ester molecule, which allowed
us to introduce a pyridazine group into pyrrole A using the
inverse electron demand Diels-Alder reaction (Fig. 1) [20]. It
was shown that this reaction occurs in high yields without
changing the properties of the original PS. In this work,
the reaction of chlorin e6 trimethyl ester with 3-phenyl-
1,2,4,5-tetrazine was carried out to obtain pyridazine-
substituted derivative 2. The resulting PS was reacted with
methyl iodide to obtain quaternized derivative 3. Thus, we

Ta6nuua 1
Ta6nuua noacyeTa KOJIOHUIM

Table 1
Colony count table

CpepgHee Konu-
4ecTBO MUKPO-
opraHusmoB

baktepusa | ®C (mkM)

obtained chlorins containing heterocyclic fragments at the
periphery of the macrocycle, in neutral and cationic form.

The resulting PS 2 and 3 are insoluble in water, so
their water-soluble forms were prepared in the form of an
emulsion in 4% Kolliphor ELP, which is a clinically approved
solubilizer.

The antimicrobial effect of the obtained PS was assessed
in vitro against bacteria S. aureus, K. pneumoniae, E. faecalis
and P. geruginosa. By counting the number of colonies, the
probability of the effect of cationic and anionic PS on Gram
“-"and “+" microorganisms were determined (Table 1).

CpefHee Konnye-
CTBO MUKpoopra-

HU3MOB KoHTponb

KOE/mn

KOE/mn

4 77.5£16.9 7.6%10° 18.3+14.6 1.8%10°
16 16.9+8.6 1.7%10° 3.744.4 4*102
24 2.6+2.9 MUKPOOPraHM3Mbl 0.8+1.4 MUKPOOPTraHM3Mbl C”&"BHF]W' poct
S. aureus NPUCYTCTBYIOT NPUCYTCTBYIOT on uer:\t
B KONMuecTBe B KONMuecTBe 952%2
MeHee 1 Ha cv® MeHee 1 Ha cm®
microorganisms are microorganisms are
presentin less than presentin less than
1 percm?® 1 percm?®
4 153.1+4.3 1.5%10* 114.4+£17.8 1.1*10*
16 20.1£2.5 2*10° 53.6+9.6 5.4%103
24 0.4+1 MUKPOOPraH/3Mbl 1.842.7 MUKpOOpraHuampl ~ C/MBHOM pocT
K. pneumo- . Confluent
. pUCyTCTBYIOT MPUCYTCTBYIOT h
hiae B KOMMYeCTBe B KOMYEeCTBE 9é§3%‘;
MeHee 1 Ha cm? MeHee 1 Ha cm?
microorganisms are microorganisms are
present in less than present in less than
1 percm? 1 percm?
4 149.3+4.2 1.5%10* 43.8+4.3 4.4*103
16 41.243.2 4.1%10° 9.1£1.6 9*10%
24 5.5+6.8 6*102 0.5+1 MUKPOOPraHMU3Mbl C“&"BH;]W' poct
E. faecalis npUCyTCTBYIOT on ue}:\t
B KONMYecTBe 922}"62
MeHee 1 Ha cv?
microorganisms are
presentin less than
1 percm?
4 162.1+£2.8 1.6%10* 114.4+7.81 1.4%10*
16 17.6+4.8 1.8%10° 13.3+4.9 1.3*10°
o 24 1.842.5 MUKPOOPTraH/3Mbl 14425 MUKPOOPFraH/3Mbl C”&"BH;])V' (e
g npUCyTCTBYIOT NpYCYTCTBYIOT S uek:\t
aeruginosa B KOMYeCTBe B KOMMYeCTBe 9;3%‘;
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MeHee 1 Ha cv®
microorganisms are
present in less than

1 percm?

MeHee 1 Ha cv®
microorganisms are
present in less than

1 percm?
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MeOOC
MeOQOC

1

Puc. 1. CuHTEe3 nMpraasunH-3aMeLLeHHbIX MPOM3BOAHBIX XJIOPUHA.

Fig. 1. Synthesis of pyridazine-substituted chlorin derivatives.

Analysis of the data obtained showed that all PS have
inhibitory properties towards the tested microorganisms.
When a microbial suspension was incubated with 4 uM
and 16 puM PS 2 and 3 followed by irradiation, a rather
bacteriostatic effect was detected or a slight increase
in microbial numbers from the initial concentration
of microorganisms was observed, while in the control
a stable confluent growth was observed. When using
24 uM PS, a noticeable bactericidal effect is observed.
Negative dynamics of microorganisms is observed
depending on the concentration of PS in the suspension
of microorganisms. When comparing the difference
between the use of PS 2 and 3, a significant decrease
in the number of colonies can be traced when exposed
to cationic PS 3 compared to PS 2 in the case of gram-
positive bacteria. When comparing the effectiveness
against gram-negative bacteria, the cationic derivative
3 was more effective compared to the pyridazine-
substituted derivative 2, but the same significant
difference in biological activity as in the case of gram-
positive bacteria was not detected. The results obtained
from the study of photoinduced cytotoxicity suggest the

high efficiency of PS 3 compared to similar chlorophyll A
derivatives [21, 22].

Conclusions

Studies have shown that the proposed cationic
photosensitizer, obtained using the tetrazine-alkene
addition reaction starting from trimethyl ester of
chlorin e6, has high photoinduced antimicrobial
activity against both gram-positive and gram-negative
bacteria. An additional advantage of the proposed PS
is the ease of its preparation, and the raw materials
for its synthesis are readily available. We are currently
planning to conduct a study of the effectiveness of
the resulting PS on bacteria in biofilms, as well as to
carry out in vivo experiments on models of wound
infections.
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PE3YJIbTATbl MUKPOXUPYPIMYECKOM PE3EKLIMM
MOBJTACTOM MO 3HAOCKOIMNMMNYECKMM
N DJTYOPECLUEHTHBIM KOHTPOJIEM

A.IO. Puinpaq, B.E. Ontowwun, .M. Poctoeues, FO.M. 3a6popackas, I.B. ManasH

Poccuitckuin Hetpoxupyprmdeckuii tHCTUTYT um. npod. AJ1. MNMoneHosa — dunman OIBY
«HaumMoHanbHLIN MEAUUMHCKMI MCCNenoBATENLCKMI LeHTP MMenn B.A. Anmasosa» Munsapasa
Poccum, Canxr-letepbypr, Poccus

Pesiome

O6Lwan BbixM1BaemocTb (OB) 1 6e3peunarBHan BbiKrBaemMocTb (BPB) y naumeHTOB ¢ rnno61acTomMoil HanpAMyo 3aBUCHT OT PafiKarbHOCTN pe3ek-
L onyxonu. CornacHo AaHHbIM Psifia aBTOPOB SHAOCKOMNMYECKMe onepaunm nog ¢byopecLeHTHbIM KOHTPOSIEM YBEIMUMBAIOT YaCTOTY TOTaslbHOM
pesekymn. OfHaKo A0 CMX NOP UMeeTCA Masio faHHbIX O BAIMYHMM SHAOCKONUYECKON pe3eKumn ¢ GpryopecLeHTHbIM KOHTPOMIEM Ha NoKasaTtenu
BPB 1 OB nauueHTOB C rnvo6nactomoii. Lienbio Hawero nccnefoBaHns 6bi1o U3yyeHne BAVAHWA NHTPAoNepaLoHHOrO SHAOCKOMNYECKOro 1
dnyopecueHTHOro KOHTponNA Ha nokasatenu OB v BPB y naumeHToB ¢ rmmobnactomoit. [poBefeH peTpocnekTUBHbIA OLHOLEHTPOBBIN aHann3
y 20 nayuneHToB ¢ rnobnactomoit. 10 naumeHTam BbIMONHEHA pe3eKuMA OnyXonu C NCMOsb30BaHMEM ONepaLMoOHHOrO MUKPOCKOMa C SHAOCKO-
NMMYECKUM U GIyOPECLIEHTHBIM KOHTPOJIEM. Y 5 MauneHToB B KayecTBe (pOTOCEHCHOMIM3aTopa MCMob30Bain 5-aMUHONEBYSIMHOBYIO KUCTOTY
(5-AJIK) B fo3e 20 mr/kr, y 5 naymeHToB XNOpuH e6 B fo3e 1 Mr/kr. 10 naymeHTam BbiNONHEHa pe3eKuna Noj SHAOCKONNYECKUM KOHTPONIEM, HO
6e3 PpnyopecLeHTHOro KoOHTposnA. O6e KOropTbl NaLMEHTOB OblM CONOCTaBUMbI MO BO3PACTY, GYHKLMOHAIbHOMY COCTOAHNIO, SIOKanm3aLum ony-
XOJI1, METOZlaM afiblOBAHTHOTO JIeUEHUA 11 MONEKYIAPHOMY cTaTycy. Kputepuamm oLeHKn 3$pGeKTVBHOCTY NPOBOAMMOrO NCCNefoBaHsA B rpynnax
6bINN: PaAMKanbHOCTb MPOBEAEHHOrO ONepaTMBHOIO BMeLIATeNbCTBa MO JaHHbIM NOCIeonepaLioHHON MarHUTHO-Pe30HaHCHO ToMorpadun ¢
KOHTPaCTHbIM yCueHneMm, a TakKe mefuraHbl BPB 1 OB. B rpynne KOMGMHUPOBAHHOMO XVPYPrYEeCKOro BMELLATeNIbCTBA MO MUKPOCKONMYECKUM
1 $NIyopecLieHTHbIM KOHTPOJEM C SHAOCKOMOM YacToTa TOTasIbHOW pe3eKLym Onyxonu bbina Bbllle, Yem B rpynne NalyeHToB, NepeHeCcLLX TONIbKO
XVpYprnyeckoe BMeLLaTeIbCTBO NMOA MUKPOCKOMOM M S3HAOCKOMOM 6e3 dnyopecueHTHOro KoHTpons (100% npoTus 60%; p=0,002). MegmaHa OB B
nepsol rpynne coctasuna 20,2 mec (95% AW 11,9-28,6) npoTtns 16,3 mec Bo BTopoi rpynme (95% AW 11,0-20,9) (p=0,003), meanaHa BPB 11,7 mec.
(95% AN 9,8-15,7) npoTne 9,8 mec (95% N 6,1-13,4)% (p=0,04). cooTBETCTBEHHO. Kak NoKasan Hall OnbIT, UCMoJib30BaHNe GlyopeCcLieHTHOro KOH-
TPOJA BO BPeMs pe3eKLnmn onyxonu y NaLMeHToB C rno6aacTomMoin Npy SHAOCKONMYECKON aCCUCTEHLMM MONOXKMTENIbHO OTPaXaeTcs Ha pe3yrb-
TaTax neyeHnsa NauneHToB C rMo6acTOMON M MOXKET OblTb PEKOMEHA0BAHO AJ1A LUIMPOKOTO BHEAPEHWA B KNMHNYECKYIO NMPAKTUKY.

KnioueBble cnoBa: rnvobnactoma, sHAockonvs, GryopecLeHTHasn pe3eKuns, pesynbTaThl, BbPKMBaeMoCTb, 5-AJTK, xnopuH e6.

Ana untuposanusa: PbiHga A.1O., OntownH B.E., PoctoBues [1.M., 3abpogckas t0.M., ManasH .B. PesynbraTbl MUKPOXVPYPrimYeckon pesekumm mu-
obnactom nog sHAOCKONMYECKNM 1 $pnyopecLieHTHbIM KoHTposiem // Biomedical Photonics. — 2024. - T. 13, Ne 3. - C. 20-30. doi: 10.24931/2413-
9432-2024-13-3-20-30

KoHTtakTbi: PoiHga A.1O., e-mail: artemii.rynda@mail.ru

RESULTS OF MICROSURGICAL RESECTION
OF GLIOBASTOMAS UNDER ENDOSCOPIC
AND FLUORESCENT CONTROL

Rynda A.Yu., Olyushin V.E., Rostovisev D.M., Zabrodskaya Yu.M., Papayan G.V.
Russian Neurosurgical Institute named after prof. A.L. Polenov — a branch of the National
Medical Research Center named after V.A. Almazov Ministry of Health of Russia, St.
Petersburg, Russia

Abstract
Overall survival and recurrence-free survival (RFS) in patients with glioblastoma directly depend on the radicality of tumor resection. Accord-
ing to a number of literature sources, it is known that endoscopic surgeries under fluorescence control increase the rate of total resection.
However, until now, there is little data on whether endoscopic resection with fluorescence control affects RFS and overall survival of patients
with glioblastoma. The aim of our study was to investigate the effect of intraoperative endoscopic and fluorescence control on overall survival
and RFS in patients with glioblastoma. A retrospective single-center analysis was performed in 20 patients with glioblastoma. Ten patients
underwent tumor resection using an operating microscope with endoscopic and fluorescence control. In 5 patients, 5-aminolevulinic acid
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(5-ALA) (alasens) at a dose of 20 mg/kg was used as a photosensitizer, in 5 patients, chlorin e6 (photoditazine) at a dose of 1 mg/kg. Ten
patients underwent resection under endoscopic control, but without fluorescence control. Both cohorts of patients were comparable in age,
functional status, tumor localization, adjuvant treatment methods, and molecular status. The criteria for assessing the effectiveness of the
study in the groups were: the radicality of the surgical intervention according to postoperative magnetic resonance imaging with contrast
enhancement, as well as the median RFS and OS in patients. In the group of combined surgery under microscopic and fluorescence control
with an endoscope, the rate of total tumor resection was higher than in the group of patients who underwent only surgery under a micro-
scope and an endoscope without fluorescence control (100% versus 60%; p = 0.002). Median OS (20.2 months (95% Cl 11.9-28.6) versus 16.3
months (95% Cl 11.0-20.9); (p = 0.003)) and median RFS (11.7 months (95% Cl 9.8-15.7) versus 9.8 months (95% Cl 6.1-13.4) (p = 0.04)), were
also statistically significantly higher compared to the group of patients who received treatment to the same extent, but without fluorescence
control. As our experience has shown, the use of fluorescence control during tumor resection in patients with glioblastoma with endoscopic
assistance is certainly necessary, given the technical capabilities available, as it has a positive effect on the treatment results for this category
of patients.

Key words: glioblastoma, endoscopy, fluorescent resection, results, survival, 5-ALA, chlorin e6.

For citations: Rynda A.Yu., Olyushin V.E., Rostovtsev D.M., Zabrodskaya Yu.M., Papayan G.V. Results of microsurgical resection of glioblastomas
under endoscopic and fluorescent control, Biomedical Photonics, 2024, vol. 13, no. 3, pp. 20-30. doi: 10.24931/2413-9432-2024-13-3 -20-30

Contacts: Rynda A.Yu., e-mail: artemii.rynda@mail.ru

HecmoTps Ha nocnegHne JOCTVKEHNA B 06/1acTy Hell-
[POOHKOJIOTM 1 Pa3BUTME HOBbIX METOAOB feyeHuna [1 — 5],
BbIXKIBA@MOCTb MALMEHTOB C MMMOBIACTOMOM OCTaeTCs Ha
HV3KOM YpOBHe [6, 7]. MepraHa o6wei BbikBaemocut (OB)
y OaHHOWN KaTeropvu nauveHTOB HaXOAUTCA B MHTepBane
ot 11 po 17 mec [6, 7]. Xnpypruyeckasa pesekuma ABIAeTCA
BaXXHbIM 3TaroM B JIEYEHUWN MALMEHTOB C IMOOIACTOMOW
[8]. Joka3zaHo, uTO nprMeHeHue ¢yopPeCcLieHTHOrO KOH-
TPONA NPV XMPYPruyeckoMm BMELLATEIbCTBE Y MaLMEHTOB
¢ rrobnactomolt yBenuumneaeT nokasartenv OB v BPB, uto
noaTBepKAAeTCcA ybeauTeNbHbIMM - pe3ynbTatamy  Mpo-
CNEKTUBHbIX PaHAOMU3MPOBAHHbBIX HENPOXUPYPrMvecKmnx
nccnegoBaHun [9 — 15].

OCHOBHOW LIeNblo XMPYPruyeckoro fieyeHrs ABNAeTcA
MoJHOe yfasneHvie OnyxofieBON TKaHM NPU MakCUManbHOM
COXPAHEHNV HEBPONOMMYECKUX GYHKUUIA y nauueHTa. B
pAAe NccnefoBaHWM NOKasaHo, YToO TOTaNIbHOCTb Pe3eKuuin
CyLLeCTBEHHO yBenuuuBaeT meauaHy BPB n meguaHy OB
MO CPaBHEHMIO C Cy6TOTaNbHOW pe3eKLMen y NaLneHToB C
rnnobnactomoii [15 — 20]. Mpw 3ToM Br3yanu3zaums ¢nyo-
pecLeHLMY MOXET ObITb 3aTPyZIHEHA M3-3a CMAfiaHUsA KPAeB
NOCTPE3eKUMOHHON MOMOCTA U YMEHbLUEHMA OCBELLEHHO-
CTU C YBENMYEHUEM IyOMHbI Pe3eKLUMOHHOM nonoctu [10,
12, 14]. 9T0 MOXET NPUBOZUTDL K OrPaHNYEHNAM NPY MUKPO-
CKOMMYECKON pe3eKLun Nog KOHTpornem ¢ryopecLeHLun:
BUAUMas GpnyopecLieHLUs OnyxoneBo TKaHW 3aBUCUT OT
NJIOTHOCTU KNETOK U KNEeTOUYHOro MeTabosn3mMa, a TakxkKe oT
afleKBaTHOro BO3AENCTBUA Ha OMyXONeBYyl0 TKaHb CHMHEro
cBeta[16, 18 — 20].

B HeckonbKux HayuHbIX paboTax OblI0 NPOAEMOHCTPY-
POBAHO, UYTO MCMOJIb30BaHNE SHAOCKOMA C GryopecLeHT-
HbIM KOHTPOJIEM NO3BOJIANO YBENNUNTL CTEMEHb PagnKasb-
HOCTV pe3eKLUK, a COTMIAacHO AAHHbIM eAVHWYHbIX Ny6nKa-
LM 1 nokasateny OB y naLMeHTOB CO 310KaYeCTBEHHbIMM
OnyxonAMKU rofIoBHOrO mosra [21 — 26]. Hdopmauums 06
NCMOMb30BaHUN KOMOWHMPOBAHHOIO Mnoaxofa (3HOOCKOM
1 $nyopecueHUVs) JOCTaTOYHO OrpaHMNYeHa, YTO aKTyanu-
3UpyeT 3HAUYMMOCTb MPOBOAMMOrO HamMM WUCCNefOBaHNA.

Takxe Mano nMTepaTypHbIX AaHHbBIX, B KOTOPbIX OL€HMBa-
€TCA BAVISIHVE pe3eKumn robnactomMbl nog ¢ryopecueHT-
HbIM KOHTPOJIEM M SHAOCKOMNOM Ha nokasatenu OB n BPB
y naumeHToB [22, 24 - 30].

Matepwmanbl n meToapl

MccnepoBaHmie HOCUNO XapaKkTep PETPOCMNEeKTUBHOIO
O[IHOLIEHTPOBOro aHanusa 3¢pdeKkTnBHOCTM dnyopec-
LEHTHOIO 3HAOCKOMMYECKOrO KOHTPONA NMpu yaaneHuu
nepBUYHbIX rMrobnacToMm y nauueHToB [31], KOTOpbIM
Oblna NpoBefeHa PYTUHHAsA MUKPOCKOMUYECKas pesek-
LMA nog SHAOCKOMMYECKMM KOHTponem B nepuog ¢ 2014
no 2016 rr. Ha 6a3e Poccniickoro HempoXMpypruyeckoro
Hay4YHO-NCCNEeAOBATENIbCKOTO  UHCTUTYTa UM,  npod.
AJl. NoneHoBa. Y MauMeHTOB OLIEHMBANW TOTaNIbHOCTb
pe3ekuunu, nokasatenu bPB 1 OB.

M3 20 naumeHToB 06erx rpynn 66110 13 (65%) MyKUmH
n 7 (35%) xeHwmH. CpegHuin Bo3pacT coctaBun 56,0 ner,
4 (20%) naumeHToB ObINN CTapLLe 65 NET.

Bcem 20 naumeHTam npoBefeHa npepornepauyioHHasa
MPT ¢ KOHTpacTHbIM ycuneHueMm ragonmHuem. Bcem naum-
€HTaM NpPoBefeH MNpPenonepPaALMOHHBIA  KIMHUKO-AMArHO-
CTUYECKUIA NepeYeHb 00CTIeA0BaHWI, BKITIOUYasi OCMOTP crie-
umanucTamm (HEBPOJIOT, TePaneBT, OHKOMOT, OpTasIbMOJIOr),
NabopaTOPHO-NHCTPYMEHTaSIbHbIE METOfbl UCCNEAOBAHNA
(aHanM3bl KPOBW, MOYK, SNEKTPO3HUEedanorpaMma, snek-
TpoKapauorpamma). NMoapobHble KNMHUYECKE XapaKTepu-
CTUKV MaLMEHTOB 06erX rpynm npeacTaBieHbl B Tabn. 1.

MpoToKoN nccnenoBaHna OblT PACCMOTPEH MECTHbBIM
KOMUTETOM MO 3TuKe (mpotokon N24 ot 17.12.2013). Bce
nauveHTbl 6bin NPOVHPOPMUPOBAHBI O XO[e onepaumu,
NMMCbMEHHOE cormacue ObiIo NOJTyYeHO B paMKax CTaHAApPT-
HOW npoLeaypbl MHGOPMMPOBAHHOTO COMIACUA Ha ornepa-
LIMIIO OT BCEX MALEHTOB.

Kpumepuu 8kt0ueHUsA U UCK/IOYEHUSA

B uccnepoBaHme Obiv BKITHOYEHbI TOMbKO MaLMEHTbI
C NePBUYHON MMNOGIACTOMON, TOKANM3aLus KOTOpoW Obinia
YyeTKO onpefesnieHa, uYTobbl rapaHTUPOBAaTb, YTO TOTaslb-
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HOCTb pe3eKLMN MOXeT ObiTb 4OCTUrHYTa Y BCEX MaLMeH-
TOB. Bo3pacT naumeHToB Obin cTapwe 18 net. [lMaumeHTbl,
repeHecLune BUONCUI0 UM HYXKZAloLWMeCs B UHTpaonepa-
LUMOHHOM HEMPOMOHUTOPVHIE, Obin UCKIOUYEHDbI. TakxKe
ObIMN  VICKJTIOYEHbI MauveHTbl 6e3 nocneonepalunoHHON
MPT ronoBHOro mosra C KOHTPacTHbIM yCUNeHnem, nauu-
€HTbI B TAMEIOM COCTOAHNN, NMALMEHTbI C Hann4yne Npu3sHa-
KOB NMOYeYHO-NEeYeHOUHOM HEJOCTAaTOUHOCTU, XPOHNYECKNX
BUPYCHbIX nHPekuuia (renatut C, B, BUY -nHdpekumn), nauu-

Ta6nuua 1

KnuHnyeckas xapakTepucTuka naymeHToB

Table 1
Clinical characteristics of patients

€HTbI C SHAOKPVIHHBIMY 3a0071eBaHVAMY U HAPYLIEHUAMM
MeTabonmyeckoro oomeHa.

Xupypauydeckutisman

3 10 naymeHTOB OCHOBHOW rpynbl 5 NALMEHTOB B Kaue-
CTBe MHAyKTOpa GJyopecLeHUMN NosyYanu nepopanbHO
npenapat 5-AJIK (anaceHc) npoussopcta ML, «<HAOTTK»,
Oryn (Poccus), B fo3e 20 mMr/Kr, 3a 8 U 4O VMHTPaonepauu-
OHHOrO 3Tana onepauunn. YaaneHue onyxonu npou3soauim
C VCNOMb30BaHNEM MHTPAOMNEPALMOHHOTO MUKPOCKONMa

DHAocKonuyeckui u pnyo-

3"“‘:;';1';’;?""“ PecLeHTHbIl KOHTPOJb 3Haupeuv|e
Konunuectso naumeHToB 10 10
Number of patients
Bospact/Age
MpaHuubl / Age limits 33-73 41-68
Mepuana / Median age 55,6 56,5 08
Mon / Gender
MY>KUMHbI / men 7 (70%) 6 (60%)
KEHLWMHbBI / women 3 (30%) 4 (40%) o7
MNMpeponepaunoHHbii nHAEKc KapHoBckoro / Preoperative Karnofsky index
MpaHuubl / Index boundaries 70-100 70-100
MepwaHa / Median 85 83 0s
MpeponepaunoHHbIf pasmep onyxonu, cm?® / Preoperative tumor size, cm?®
MepwaHa / Median 25,4 27,8
lpaHuubl / Size limits 3,4-37 4,2-44,5 07
MpenmyuiecTBeHHan nokanusauma onyxonu / Predominant tumor location
no6xasa gona / frontal lobe 3 (30%) 2 (20%)
TeMeHHan pgons / parietal lobe 2(20% 4 (40%) 06
BMCoYHaA gonsa / temporal lobe 4(40% 4 (40%)
3aTblfioyHan gons / occipital lobe 1(10%) 0 (0%)
Monywapwme / Hemisphere
npasoe / right 7 (70%) 4 (40%) 001
nesoe / left 3 (30%) 6 (60%)

Xapakrtep onyxonu no AaaHHbIM MPT ronoBHOro Mo3ra ¢ KOHTPACTHbIM yCUNEHNEM rafloNInHnemM
Character of the tumor according to MRI of the brain with gadolinium contrast enhancement

KMCTO3HOe / cystic 2 (20%)
KNCTO3HO-conupHoe / cystic-solid 7 (70%)
connaHoe / solid 1(10%)

MGMT meTunupoBaHue nocne nepsoi1 onepauum / MGMT methylation after first surgery

NONOXMTeNbHbIN / positive

oTpuuaTtenbHbIn / negative

4 (40%)
6 (60%)

1(10%)
8 (80%) 0,8
1(10%)
3 (30%)

0,7
7 (70%)
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¢ ¢dnyopecueHTHbIM KoHTponem (OPMI Pentero 800, Carl
Zeiss, [epmaHuna).

5 maumMeHTOB OCHOBHOW FPyMMbl MOJyYany B KauecTse
MHAYKTOpa ¢GryopecLeHUn BHYTPMBEHHO Npenapar xJo-
pUH e6 (poToanTasuH), npounssoactea OO0 «BETA-TPAHI»
(Poccuna), B go3e 1 Mr/Kr, pacTBopeHHbIn B 200 mn 0,9% pac-
TBOpA HaTpuA XNOPWAQ, 3a 2 Y A0 npegnonaraeMon tana
onepauun. YaaneHue Onyxonv npou3BOAUIN C UCMOMb-
30BaHVEM OnepauroHHOro mukpockona (LEICA OHS-1) ¢
yctaHoBKkow «D-Light AF System» Karl Storz (Tepmanus) n
¢dnyopecueHTHOI NpucTaBKK NpounsBogcTaa Russia Science
Seoul, Korean Electrotechnology Research Institute (KERI),
(r. Ceyn, Pecnybnuka Kopes) (pa3pabotka I'B. ManasHa).

YoaneHue onyxonu B rpynne 6e3 ¢nyopecLeHTHOro
KOHTPOJIA MPOBOAWN MO KOHTPOJIEM MHTPaonepaLmoH-
Horo muKpockona (OPMI Pentero, Carl Zeiss, lepmaHusi).

[na 3HOOCKOMMUECKOrO KOHTPONA Y BCEX MaLMEeHTOB
obeunx rpynn vcrnonb3osanu s3Hpockon (Karl Storz, fepma-
HKS) CO cneumranbHbIM uctouHrkom ceeTa (D-light G Karl
Storz), n cuctemy kamep (Karl Storz). SHpockon ncnonb3o-

Ba/IN MOC/1e MOJIHOrO MUKPOCKOMUYECKOTO YaaneHns BCei
BM3Yanmn3mpyemom TKaHW.

Ina rpynnbl ¢ GpnyopecLeHTHbIM KOHTPOJIEM B SHIO-
cKkone rcnonb3oBanu pexum D-light, koTopbi no3sonan
nepekKyaTbCca MeXxay peKMmMaMn NCTOYHUKA 6enioro u
CUHEero CBeTa C MOMOLLbIO COOTBETCTBYIOLLErO MOSIOCO-
Boro ¢unbTpa Ha Nyt nepefaun ceeta (puc. 1). JnnHHO
MPOMNYCKHOW GUNBLTP Ha OKy/sipe SHAOCKOMA 6noknpyeT
BO30YXJalOWMIA CBET, UTO TO3BONAET OOHAPYKMBATb
curHanbl hnyopecueHLMn onyxoneBbix Knetok. Cuctema
bunbTpoB BO30OYXKAEHUA 1 OOHapyeHWA MNOo3BONAET
nepefaBaTb [JOCTaTOYHO CUHErO CBeTa, 4ToObl KpacHas
dnyopecueHLms 3HAOreHHbIX GyopodopoB 1 Hecnew-
néduryeckan dnyopecLeHLUUs NOJABMANACL, B pe3yfbraTe
Yyero HopMasibHas TKaHb BM3YyanM3npPOBanach Kak CUHSA.
MuKpockonuueckyto GprnyopecLeHTHY TKaHb 1 SHOOCKO-
NrYecKyto GpayopecLeHTHYH TKaHb, He BMU3Yann3nupyemMyio
nof MUKPOCKOMOM, MOSIHOCTBIO YAANANN Y UCMOb30BaN
OTAENbHO AN TMCTOMATONONMYECKOro  UCCIelOBaHUA
(pnc. 2).

Puc. 1. UHTpaonepauMoHHas
KapTuHa:

a — n3obpaxkeHue B IHAOCKOMNE
npu 06bIYHOM OCBeLLeHUK, 6e3
dnyopecueHumu;

b — n3o6paxeHue B aHgOCKone
B ¢GyopecLEeHTHOM pexume.
Fig. 1. Intraoperative picture:

a — endoscope view under
normal lighting, without
fluorescence;

b — endoscope view in
fluorescent mode.

XnopuH eb (porogurasumH)
chlorin e6 (photoditazine)

Puc. 2. UHTpaonepaunoHHas

5-AJK (anaceHc)
5 ALA (alasens)

KapTuHa ¢nyopecLeHTHOW ana-
FHOCTMKM B NpoLecce pe3eKkuum
onyxonu 5-AJIK u xnopuHom e6
(a, b, c — noatanHoe ypanexHune
YacTu onyxoneBow TKaHM HaKo-
nuBLen GyopecLeHT).

Fig. 2. Intraoperative picture of
fluorescent diagnostics during
tumor resection with 5-ALA and
chlorin e6 (a, b, c — step-by-step
removal of part of the tumor
tissue that has accumulated
fluorescence).
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A.10. PbiHpaa, B.E. Ontowmn, .M. PocToBues, H0.M. 3abpoackas, I'B. ManasH
Pe3ynbraTtbl MUKPOXUPYPru4ecKon pe3ekLun rnuo6nacTom nog 3HA0CKONUYECKUM U hyopecLeHTHbIM KOHTPOJIEM

MocneonepayuoHHas oyeHka

Bcem nauyieHTam 6bino npoeaeHo MPT B TeueHne 24 y
nocne onepaumu. JIloboe OCTaTOYHOE KOHTPACTUPOBAHME
60nee 0,2 cM® onpenenaAny Kak OCTaTouHyo onyxorb. CocTo-
AHMe PAaboTOCNOCOOHOCTY OLIEHVBANN C UCTIOJIb30BaHNEM
LUKanbl KapHOBCKOro Ha MOMEHT BbINUCKU. Bce BKntoueHHble
MaLMeHTbl PEryNISiPHO MPOXOAMN KIMHUYecKoe obcnesio-
BaHve n MPT ¢ KoHTpacTupoBaHvem Kaxgble 3 mec. Hanu-
yre peumaviea oueHnsanu npu nocnegytowem MPT B cooT-
BETCTBUM C KPUTEPUAMU OLIEHKM OTBETA MO HEMPOOHKONOT -
yeckum Kputepram (RANO) [8].

MocneonepayuoHHbIt nepuod

Bce nauueHTbl B NocrieonepalyoHHOM nepuoge nony-
YanM CTaHOAPTHYK afblOBaHTHYIO Tepanuio (XMmmoTepa-
nuAa 1 nyyeBad Tepanus) no npotokony Stupp [32]. Jlyueas
Tepanvisi BKIoyana AUCTaHLMOHHYO GpaKLMOHNPOBAHHYIO
Tepanuio Ha noxe yaaneHHoM onyxonu € CyMMapHOW o4aro-
Bow go3oi 50-60 Ip 3a 25-30 dpakumii (no 1,8-2,0 [p Ha ppak-

uuio), B TeueHne 5-6 Hep. B KauecTBe xmmoTepanuu nocrne
nepBoON onepaumn nauyeHTbl Noayyanu Temosonomug (B
no3e 150-200 mr/m? ¢ 1-ro no 5-7 fieHb Kaxable 28 aHeNn).

MNMauyveHTam B nocneonepaumoHHOM nepuoge NpoBo-
annu KoHTposibHoe MPT ronoBHOro mo3sra Kaxpgble 3 mec B
nepsble 12 Mec v Npu NOABNEHNN CUMITOMATVKK, fanee
Kaxkgpble 4 mec.

Mpw BbiABNeHUM peuuguBa no gaHHbIM MPT ronos-
HOro Mo3ra NP HaNU4MM NOKa3aHU NPOBOAUAN MOBTOP-
HOe OMepaTUBHOE JeYeHWe WM HaMnpaBnAIM MauneHTa
Ha MOBTOPHYIO afblOBAHTHYIO Tepanuio (XMmoTtepanusa 1
ny4yeBylo Tepanus). CxeMbl XMMOTepanuu Npu peurariese
Ha3Hayann OHKOMOrM MO pe3ynbTaTaM MMCTONIOrMYeCcKoro
NCCnenoBaHrA OMNyXoneBoro MaTtepuarna, nocsie MOBTOPHbIX
onepauuii nnm no obLLENPUHATLIM cxeMaM. Vlcronb3oBanu
crnefyioLme CXeMbl XMMMOTEePaNK: aBaCcTVH + UPVHOTEKaH;
PCV (nomycTuH, BUHKPUCTVH, MPOKap6a3nH); NOMYCTUH +
BMHKPWUCTUH; TEeMO3010MU + aBaCTVH.

a Ofwan BbIMUBaEMOCTb 1 6

| o |

Overall survival and recurrence-free survival

0O6uwan ebikmBaemocts/Overall survival
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'_I [/ with fluorescent control- without IT r_l / without fluorescent control

b

Obuwan eeiskuBaemocts/Overall survival

cb 6
3 / with fluorescent control- without IT " /

061an BbIKMBAEMOCTb M BE3peLMAHBHARA BbIWBAEMOCTb B 3aBUCHMOCTH 0T MGMT meTunuposanus
Overall survival and recurrence-free survival depending on MGMT methylation

Bespeuuauenan Bsixusaemocts /Recurrence-free survival

e3
without fluorescent control

1,0

0.8

0,6

04

0,0

CoeoxynHas eeiusaemocts/Cumulative survival
COBOKYMNHaRA BbiMMBaEmocCTy/Cumulative survival

Puc. 3. Pe3ynbrarhl
nieYeHus:

a - OB wu bPB;

b — OB v bPB B 3aBu-
cumocTtn ot MGMT-

2000 3000 4000 60,00
mecausl/months

¢ dayopecueHTHbIM KoHTpoAem MGMT Hemer. ,_|
! / with fluorescent contral- without IT MGMT unmeth.

0,0 10,00 50,00

. € hyopecyeHTHbim kKoHTponem MGMT mer.
7" f with fluorescent control- without IT MGMT meth.

METUINPOBAHHUS.
00 25 50 75 100 125 150 175 20,0 Fig. 3. Treatment
’ ’ A T outcomes:
mecaus/months a — 0S and RFS;
Py Rk Htrd MAMT Iy b - OS and RFS
. Gez dayopecuenTHoro kouTpona MGMT mer. dependlng on MGMT
77" [ without fluorescent control MGMT meth. methylation.
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Kpumepuu oueHKu 3¢hghekmusHoCcmu  NposooUMO20
uccnedosaHus

Kputepramy  oueHKU  3PDEKTMBHOCT  MPOBOANMOTO
UCCNeOBaHMA B rpynnax Obinu: pagvikaibHOCTb MPOBEAeH-
HOTrO OrnepaTVBHOIO BMELLATENbCTBA MO AaHHbIM MOC/eone-
PaLIOHHOM MarHUTHO-PE30HAHCHOV TOMOTPAPUIN C KOHTPACT-
HbIM YCUIeHNEM, 3HaYeHKA MeavaHbl BPB n megmaHb OB.

Cmamucmudyeckuti aHanu3

Becb aHanu3 nposogmnu ¢ ncnonb3oBaHem SPSS (Bep-
cuna 20, IBM Corp.). HenpepbiBHble nepemeHHble U3Mepsann
KaK CpefHue v mefvaHHble 3HauYeHMA U CTaHZapTHOe
OTKJIOHEHMe. Pa3nuuma mexgy obeumun KoropTamyl aHa-
NN3MPOBaNN C MUCMOMb30BaHNEM HEMapHOro t-kputepus.
OnucaTenbHyo BbPKMBAEMOCTb aHaNM3NPOBany C UCMONb-
30BaHMeM Metofda KannaHa-Menepa, p-3Hauenusa < 0,05
CYNTASINCH 3HAUNMBIMA.

Pesynbtatbl

B paHHem nocneonepaLiOHHOM neprofe HY 'y OQHOTO
rauueHTa He 6bIfI0 BbIABIEHO OC/IOKHEHUIA, CBA3AHHBIX C
NpoBeAeHNEM SHLOCKOMUYECKOro Ui ¢ryopecLieHTHOro
KOHTPONA BO BpemsA onepauun. [okasatenn nHgekca Kap-

Ta6nuuya 2

HOBCKOIO y NaLMEHTOB B KaXJOW rpynmne nocse onepawmm
6bIJ10 COMOCTABUMO C fOOMEPALMOHHBIMY AaHHBIMU (p=0,9).

TomaneHocmes pesexyuu, bPB u OB

Mo paHHbIM nocneonepaumoHHon MPT ronoBHoOro
MO3ra C KOHTPaCTHbIM YCUIEHMEM FafOSIMHEM TOTallbHOW
pe3ekunmn yganocb goctnub y Bcex 10 (100%) naumeHToB,
MepeHeCLUnNX KOMOVHMPOBAHHOE XMPYPruyeckoe BMeLla-
TENbCTBO MOJ, MUKPOCKOMOM 1 GrlyopecLieHTHbIM KOHTPO-
NeM C HAOCKOMOM, MO CpaBHEHMIO € 6 (60%) NaureHTamu,
NnepeHecIUnx TOMbKO  XMPYPruyeckoe BMeLIaTeNbCTBO
Mof MMKPOCKOMOM U SHZOCKoNoM 6e3 ¢ryopeculeHTHOro
KoHTpona (p=0,002). MegnaHa BPB B koropte KOMOVHU-
POBaHHOW pe3eKunn ¢ NprMeHeHneM ¢GyopecLeHTHOro
KOHTPONA C 3HAOCKONMOM M MUKpPOCKorna coctasunia 11,7
mec (AW 95% 9,8-15,7) npotus 9,8 mec (AN 95% 6,1-13,4;
p=0,04) B KOropTe pe3eKkunii C NPUMEHEHNEM MMKPOCKOMA
1 SHZOCKONMa, HO 6e3 dyopecLieHTHOro KOHTPONA (puc. 3a).

MenmnaHa OB B koropTe KOMOVHMPOBAHHOW pPe3eKumm C
UCMONb30BaHVEM GyOpPeCLEHTHOrO U SHAOCKOMNYECKOTO
KOHTpONA 1 MUKpockorna coctaBuna 20,2 mec (ON 95%
11,9-28,6) no cpaBHeHuto ¢ 16,3 mecaua (A 95% 11,0-20,9)
B KOropTe pe3ekumn C WUCMOSb30BaHMEM MUKPOCKOMA

Pesynbratbl le4eHUs NaLuneHToOB B 3aBUCUMOCTHU OT KIMHUYECKUX U TMCTONIOMMYECKUX AaHHbIX

Table 2
Treatment results for patients depending on clinical and histological data

XapakTtep onyxonu no aaHHbiM MPT ronoBHoro mosra

Pesekuun c pnyopecueHTbIM KOHTponem /
Jlokanusauusa onyxonu (gona/ctopoHa) /
C KOHTPaCTHbIM yCWIeHeM rafonuHuem /

NHpekc KapHoBckoro /
Pa3mep onyxonu (cm®) /

MaymeHt/
Bospacr/

1 na/  x/f 45 90 nobHas KUCTO3HO- 33,1
yes npasas/ conupHoe/ meth
frontalright  cystic-solid
2 na/ m/m 68 90  TemeHHas KNCTO3HO- 4,2 met/
yes nesas/ conunaHoe/ meth
parietal left  cystic-solid
3 pa/  x/f 61 100 no6Hasn conupgHoe/ 29,6
yes nesas/ solid
frontal left
4 pa/ wm/m 57 80  BuUCO4HaA KucrosHo- 10,8
yes nesas/ conuaHoe/
temporal cystic-solid

left

MGMT meTtunnposaHue /

met/

HemeT/
unmeth

HemeT/
unmeth

Bropasa/TpeTba nuHNA neyeHns nocne peunavsa /

ToTanbHOCTb pe3eKuuu no gaHHbim MPT /
MoBTOpHas pesekuus /

O6was gosa T (Ip) /

be3speuugnBHaa BbKUBaemMoCTb, Mec. /
061an BbXKNBaeMOCTb, Mec. /

IDH myTauuma /
N KonunuectBo umknos TM3/

17,1  TM3+aBacTtuH/
yes TMZ+avastin

w
o
[S,]

HeT/no pa/yes  pa/ 60

IDH1  pa/yes pa/ 60 6 13,5 TM3/TMZ 22,4

(R132H) yes
HeT/no  pgpa/  Hetr/ 60 5 838 aBaCTuH+ 11,5
yes no NPUHOTEKaH/
avastin+
irinotecan

IDH1/ pa/yes pa/ 60 7 14,5 TM3/TMZ 20,3

IDH2 yes
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5 na/  x/f 49 80  TemeHHas KNCTO3HO- 37,1 Hemer/ Het/no palyes pa/ 20 6 10,7 TM3+aBactnd/ 17,7
yes npasas/ conupHoe/ unmeth yes TMZ+avastin
X parietal cystic-solid
N right
— 6 na/  x/f 58 80  TemeHHas KNCTO3HO- 42 met/ HeT/no pa/yes  pa/ 60 6 153 TM3/TMZ 27,9
<( yes neas/ conupHoe/ meth yes
— parietal left  cystic-solid
U 7 na/  wm/m 41 70 BUCOYHasA KuctosHoe/ 38,7 Hemer/ HeT/no palyes Hetr/ 60 5 11,8 TM3/TMZ 20,3
L yes nesas/ cystic unmeth no
f— temporal
ol left
E 8 na/  x/f 60 70 BMCOYHaA KUCTO3HO- 44,5 HemeT/ HeT/no palyes Hetr/ 60 3 93 JIOMYCTVH + 184
yes npa.as/ conupHoe/ unmeth no BUHKPUCTUH/
= temporal cystic-solid lomustine +
<C right vincristine
ma/  m/m TemMeHHas KUCTO3HO- 6 HemeT/ HeT/no pa/yes nHa , TTOMYCTVIH, ,
I 9 / wm 67 90 20,6 / / fy / 60 7 101 PCV(nomy 16,6
X yes npasas/ convuaHoe/ unmeth yes BUHKPUCTVH,
_ parietal cystic-solid npokap6asuH)/
right
< igh PCcv
[al 10 pma/ x/f 59 80 BUCOYHasA KNCTO3HO- 174 Hemer/ Het/no pal/yes pa/ 20 5 58 JIOMYCTVH + 10,7
O yes neas/ conupHoe/ unmeth yes BUHKPUCTUH/
temporal cystic-solid lomustine +
left vincristine
11 wer/ x/f 58 70 nobHas KNCTO3HO- 355 Hemer/ Her/no Hetr/no Her/ 60 3 64  TM3+aBactuH/ 11,9
no npasas/ conugHoe/ unmeth no TMZ+avastin
frontalright  cystic-solid
12 wHer/ x/f 44 90 TemeHHas KNCTO3HO- 29,7 met/ HeT/no Het/no Het/ 90 6 13,8 aBaCTUH+ 223
no npasas/ convaHoe/ meth no NpUHOTEKaH/
parietal cystic-solid avastin+
right irinotecan
13 Her/ m/m 46 90 BUCOYHasA KNCTO3HO- 37 HemeT/ Het/no pa/yes  pa/ 60 5 11,1 PCV(nomyctuH, 17,6
no npasas/ conupHoe/ unmeth yes BUHKPUCTUH,
temporal cystic-solid npokap6asuH)/
right PCv
14 Her/ Mm/m 69 90  TemeHHas conupgHoe/ 188 Hemer/ Het/no palyes pa/ 60 7 10,2 TM3/TMZ 16,9
no neas/ solid unmeth yes
parietal left
15 wer/ x/f 73 80 BUCOYHasA KUCTo3Hoe/ 28,5 HemeT/ Het/no Hetr/no Hetr/ 60 5 83 TM3+aBactnd/ 13,3
no npasas/ cystic unmeth no TMZ+avastin
temporal
right
16 Her/ x/f 61 90 No6Hasn KuctosHo- 33,9  mer/  Her/no palyes Her/ 60 7 98 TM3/TMZ 189
no nesas/ convpHoe/ meth no
frontal left  cystic-solid
17 wer/ x/f 55 70  BWCouYHas KUCTO3HO- 29,8 Hemer/ IDH1  Het/no  pa/ 60 9 53 TM3/TMZ 111
no npasas/ conngHoe/ unmeth (R132H) yes
temporal cystic-solid
right
18 wHer/ x/f 60 80 BUCOYHasA KNCTO3HO- 17,6 met/ HeT/no pa/yes  pa/ 60 5 14,6 aBaCTUH+ 20,1
no neas/ conupHoe/ meth yes MNPUHOTEKaH/
temporal cystic-solid avastin+
left irinotecan
19 Her/ m/m 57 100 3aTbl- KuctosHoe/ 34  Hemer/ HeTr/no palyes  pa/ 45 6 6,1 TM3+aBactnd/ 10,5
no NoyHas cystic unmeth yes TMZ+avastin
npasas/
occipital
right
20 Her/ x/f 33 90 no6Has KnctosHo- 194  mer/  Hetr/no palyes pa/ 60 5 125 noMyctuH+ 17,7
no npa.as/ conupHoe/ meth yes BUHKPUCTUH/
frontalright  cystic-solid lomustine +
vincristine
3HIOCKOMa, HO 6e3 dnyopecueHTHOro KoHTpons (p=0,003)  rpynn C METUANPOBAHHbLIM NpomMoyTepoM MGMT, umenu
(Tabn. 2, puc. 3a). nyywwe nokasatenu OB n BPB, B cpaBHeHWM C MauneH-
MNMokasaHa npsMas CBA3b MeXay OOHapy)XeHMemMm  Tamy C HEMETUIMPOBAHHbIM npomoyTepom MGMT (puc.
psga MONEKYNAPHbIX MApPKEPOB, B YAaCTHOCTU MokKasa-  3b).
Tena MGMT meTununpoBaHus, n nokasatenamu 6PB n OB. B Hawen paboTe He ObIIO BbISABIIEHO CBA3V MeEXAY
TaK, Mo AaHHbIM Hallero nccrienoBaHmA nauneHTbl obeunx NnoKasatenAMm BO3pacCTa, Nona, npegonepaynoHHOro
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MHOeKca KapHOBCKOro, pacrnonioXKeHUem 1 pPasmMepom
onyxonv Ao ornepauun, o6bEMOM MPOBOAVMON afblo-
BaHTHOW Tepanuu (XummnoTepanum 1 Ny4yeBon Tepanuu), n
BeNMYMHaMK nokasatenen bPB 1 OB. YacTnuHO 310 06b-
ACHAETCA TeM, UTO MaUMeHTbl, KOTopble ObIM OTOOPAHbI
B MCCNefoBaHMe, ObiM MaKCUMaNbHO COMOCTaBUMbI MO
3TUM XapaKTEPUCTMKAM, YaCTMYHO 3a cUYeT HebosbLuow
BbIOOPKM NaLEHTOB.

Mopgonozudeckuti aHanus

Mopdonornyeckoe wuccnefoBaHne y4yacTKkoB Ony-
XOJIN B 3aBUCMMOCTU OT UHTEHCUBHOCTY GriyopecLeHunr
MOKasaso, YTo CylecTByeT NpAMas 3aBUCMMOCTb MEXAY
MIOTHOCTbIO OMYXOJNEBbIX KIETOK, CTEMEHbIO aHaMa3um
OMyXOJIN N MHTEHCMBHOCTBIO GprlyopecLeHLMr BO BPeMs
onepauuu. Yem sipue 6bina dryopecueHLms onyxoneBon
TKaHW, TeM BbllLe MIIOTHOCTb OMYXOJNEBbIX KNETOK, bonee
3/10KaYeCTBEHHbIV YYaCTOK OMyxXOsv Mo JaHHbIM Mopdo-
noruu (nHpekca Ki-67 n TP 53, yposeHb akcnpeccum VEGF).
Mpwy 3TOM B 30HE HEKpPO3a OMnyxosnu Oblia oTMeYeHa nbo
oueHb cnabas gpnyopecueHuns, nmbo eé otcytcTaume. Hys-
CTBUTENBbHOCTb MeTofa GIlyopecLeHTHOro KOHTPOJA BO
BpemMs onepauun (3aBUCUMOCTb VMHTEHCMBHOCTU dryo-
pecueHLn OT CTeNeHW aHanasuny onyxonu) 6oina 100%,
a cneyndryHOCTL (NpU cpaBHeHNN GyOpPeCUMPYOLLMX
1 HedbnyopecurpyloLmx Y4acTKOB OMyXOSIEBOW TKaHMU)
pocturana 85% (puc. 4).

CpaBHeHMe Mexxay COO60I MOyYEHHbIX BO BPeMsi ore-
pauumn mopdonornyecknx AaHHbIX G1ONTaTOB NALVEHTOB,
Y KOTOpPbIX B KauecTBe UHAyKTOopa dnyopecueHLmmn obinv
1cnonb3oBaHbl npenapat 5-AJIK n npenapat XnopuH €6,

He MOKa3ano 3HAYMMOro OTIMYMA B CneundUYHOCTU ©
UYBCTBUTENIbHOCTW BbIABJIEHUS] YYaCTKOB OMyXOJeBOW
TKaHW.

Mopdonornyeckuin aHanM3 y4acTkoB OMyXOJeBOM
TKaHW Y MaLUEeHTOB rpymnmbl C SHAOCKOMUYECKNM KOHTPO-
nem, Ho 6e3 ¢nyopecUeHTHOro KOHTPOJA MOKasas, uTo
UYBCTBUTESIbHOCTb METOAVIKM [J1A BbIABMIEHUS YYaCTKOB
onyxoneBou TKaHu 6bina 60% (aHany3 BO3MOXHbIX y4acT-
KOB BOCMPUHVMAIOLLMXCA KaK OMyXosieBas TKaHb, B3ATbIX
BO Bpems onepaLu nog Br3yanbHbIM SHAOCKOMMYECKM
KOHTpOJieM), a cneunduyuHocTb — 40% (CpaBHUTENbHBbIN
aHanM3 Mexpay yyacTKamy TKaHu B3ATbIMU BO BPeMsi Oore-
pauuy, KoTopble BOCMPUHMMANUCHL MPU SHAOCKOMMYe-
CKOM KOHTPOJIe, KaK OMyxoieBas TKaHb, U Y4aCTKOB, KOTO-
pble BOCMPVHUMANUCh B SHAOCKOMUYECKOW KapTUHE Kak
HOpPMaJsibHasA TKaHb MO3ra).

O6cyxaeHune

B 3TOM MccnepoBaHUM Mbl OLEHUNW BAUsHKE ¢nyo-
PECLIEHTHOIO KOHTPONS NPV KOMOVMHUPOBAHHOW MUKPO-
CKOMUYECKON 1 SHOOCKOMMYECKOW pe3eKUmmn Ha MegnaHy
BPB n mepuaHy OB y nauneHToB C rnnobnactomon. Tak-
Xebblfa oLeHeHa YyBCTBUTENBHOCTb U CeuudryHOCTb
MeToAVK. Hawwm pesynbratbl CBUAETENBCTBYIOT O TOM, UTO
mMeauaHbl BPB 1 OB 6biiu Bbille y NaLMEHTOB C Fobna-
CTOMOW, €C/IN SHAOCKOMUYECKYD pe3eKLM0 OOMOHANM
¢dnyopecueHTHbIM KOHTposnieM. lMpy 3TOM MCNoNb30Ba-
Hue GyopecLeHTHOrO KOHTPOSA MO3BOJIANO YBENNUYNTD
YyBCTBUTENIbHOCTb MeToauKy ¢ 60 fo 100%, a cneyunduy-
HOCTb € 40 oo 85%.
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BrnusHue KOMOUHUPOBAHHO20 NOOX00d HA PAOUKAsIb-
HOCMb pe3ekyuu

AHanmM3 nuTepaTypHbIX [JaHHbIX MOKa3blBaeT, YTo
MCNOJSIb30BaHMe SHAOCKOMNA BO BPems onepauun no3so-
NAeT XMPYpPry 3HauUTeNbHO YBEIMUWTbL YacTOTy TOTasb-
HbIX pe3ekunii (95%) 1 4OCTUYb 3HAUUTENIbHO 6OJbLUEro
yOaneHuss obbema OMyxosieBoVi TKaHW, He OrpaHNYMBa-
ACb KOHTPACTUPYIOLWMMIN YacTAMU OMYyXONU MO AaHHbIM
MPT [18, 25]. A ncronb3oBaHne B AOMOJIHEHNE K SHAO-
cKory ¢GnyopecLeHTHOrO KOHTPOJIA MO3BOJISIET BbIBECTU
pafviKanbHOCTb pe3eKunn Ha 6onee BbICOKU YPOBEHb
[26 - 28, 30, 33]. Kpome TOro, ncnosib3oBaHve KOMOU-
Haumm SHAOCKona 1 GnyopecUeHTHOro KOHTpOna npwu
yhaneHun rmmobnacTombl npeacTaBnseTcs 6e3onacHom
N OCYLUEeCTBUMOW METOAUKOWM, MOCKOMNbKY 3HOOCKOM BO
bnyopecueHTHOM pexrMe Mo3BONAeT UAeHTUOULMPO-
BaTb OMyXOJIEBYIO TKaHb C BbICOKOW YYBCTBUTENbHOCTbIO
(100%) 1 cneundruHoCTbIO (85%) [27, 28]. 3a CUET 3HAUU-
TENIbHOrO YMEHbLUEHMA PACCTOAHUA MEXAY UCTOYHUKOM
CBeTa 1 OrMyXONeBOW TKaHbIO SHAOCKOMMUYECKUIA KOHTPOIb
1 $nyopecuUeHTHbIE KOHTPOJIb MO3BOJIAET BbISBUTb OMy-
XOJIEBYI0 TKaHb, MMKPOCKOMNYECKN HEQOCTAaTOYHO BU3Y-
anu3npyemyto (pacnosioXKeHHy0 Mo Kpasm Onyxonu, B
CrenbiX 30HaxX BOKPYr 001acTyi KpaHMOTOMUN U FyOoKO B
onepaLrioHHOM noJe ¢ 6osiee NIoXon OCBELLEHHOCTbIO).
370, B CBOI ouepeb, NPUBOAUT K YBEJIMUEHMNIO YaCTOTbl
TOTaNbHbIX PE3eKUN 1 AenaeT BO3MOXHOWM npoBefeHne
cynpaTtoTanbHon pesekumm [26, 30].

Tak, B pabote A.A. Potapov 1 coasr. [23] 17 nauneHTam
Oblna NPOBefEHa MUKPOXMPYpPruveckas pesekuus ¢ diy-
OpEeCLEHTHOM 3HAOCKOMMEN C MUCnonb3oBaHvem 5-AJIK
M UCMOMb30BaHMEM SHOOCKOMMYECKOro 00opyaoBaHMA
Karl Storz ona onpepeneHuns ocTaTkoB OMyxXonu B MooCTy
pe3sekumun. [epBUYHbIN AMArHO3 ONyXONWM BKOYan 30-
KaQueCTBEHHbIE [IMOMbl, METacTasbl U 3/10KAYECTBEHHbIE
OMyXony OCHOBaHWA 4Yeperna. B GonblIMHCTBE CiyvaeB
NnoATBepPXXAeHa BO3MOXKHOCTb KOHTPOJMA «3arpPaHUYHbIX»
YUYaCTKOB pe3eKLMOHHONM MOMIOCTA C MOMOLLbIO YIIOBOrO
3HJocKona. ApKyto pryopecLieHUo HAbMIOAANN HE TONIbKO
B rmmomax IV cteneHu, HO n B 3 n3 4 metacta3oB. ABTOpbI
NPULWAN K BbIBOAY, YTO UCMOMb30BaHME SHAOCKOMa A
BbINOSIHEHNA GryopecUeHTHON HaBuraumm ¢ 5-AJTK nosbli-
waeT 3¢ PpeKTMBHOCTb AMArHOCTVKY Ans anddepeHumaumm
HOPMaJIbHOM TKaHW MO3ra 1 OMyXOneBon TKaHu [23].

Hawm pesynbraThl ele pa3 nogYepKMBaloOT BaXXHOCTb
3HIOCKONMUUYECKOro 1 GJIyOpPeCcLeHTHOrO KOHTPOJA Mpu
yOaneHun rnvmobnactoM 1 MOKasblBaloT, UYTO TeKyLime
OrpaHnyeHna CTaHJAPTHOM XMPYPrn NOg SHAOCKOMNMYe-
CKUM KOHTPOJIEM MOTYT OblTb NPeooNieHbl C MOMOLLbIO
LOMNONHEHUs GTyOPeCLIEHTHOIO KOHTPOJIS.

BnusHue Ha obwyto 8blxuBaeMocms

B nccneposaHun C. Bettag n coaBr. [24] y 20 3 114
MauVEeHTOB WUCMONb30BaNU [OMOJHUTENbHBIN dryopec-
LEHTHbIN 1N SHOOCKOMNYECKMI KOHTPOJIb BO Bpems ore-
pauuu, OCTasbHbIM NauueHTaM BbINOSHANAN YAaneHune

ONyXOnn MOA KOHTPOJIEM OMepaurioOHHOIO MUKPOCKOMa
1 dnyopecueHummn. O6e KoropTbl 6bIIN CONMOCTABUMbI MO
BO3pPacTy, GYHKLMOHANbHOMY COCTOSIHUMIO, JTOKanm3auum
NopaXXeHUs, METOAAM a4 bIOBAHTHOIO JIeYEHNA N MOJe-
KynspHomy cTaTycy. MonHaa ToTanbHas pesekuusa Obina
JOCTUTHYTa y BCEX MaLMEHTOB, Y KOTOPbIX NMPUMEHANN
SHAOCKONWIO, MO CPaBHEHUIO NpUMepHo ¢ 75,9% nauwm-
€HTOB, Yy KOTOPbIX WCMOMb30BaM TOSIbKO MUKPOCKON
(p=0,003). MegnaHa BPB B KoropTe C NpMMeHeHEM SHI0-
ckona coctaBuna 19,3 mec (AN 95% 10,8-27,7) no cpas-
HeHuto ¢ 10,8 mec (O 95% 8,2-13,4; p=0,012) B KoropTe
C UCMNONb30BaHWEM TONbKO MUKpockona. MeanaHa OB B
rpynne c NnpMMeHeHnem 3HZOCKOoMa cocTaBuna 28,9 mec
(AW 95% 20,4-34,1) no cpaBHeHuto ¢ 16,8 mec (OM 95%
14,0-20,9) B rpynne C MUCNonb30BaHUEM TOIbKO MUKPO-
ckona (p=0,001) [24].

Hawe mnccnegoBaHme nokasano, YTo MCMOJib30BaHMNE
SHAOCKOMMUYECKOTO 1 (IlyOpPeCLeHTHOrO KOHTPONA Cro-
COOCTBOBANO YBEIMYEHUIO YACTOTbl TOTAJIbHOCTU pe3ek-
LuMn 1, Tem camblim, yBenuuuno BPB n OB y naumeHTOB C
rnno6nacToMon.

OezpaHuyeHus ucc1e008aHus

Hawe nccnegoBaHve MeeT HECKObKO OrpaHnYyeHUN.
Bo-nepBbix, 3TO ObIO PETPOCMNEKTBHOE UCC/IelOBaHME,
W OnA MOATBEPXKAEHUA HAWKX pPe3ynbTaToB HeobXo-
AVMbl [OMOJNTHUTENbHbIE NPOCNEKTUBHbIE NCCNEN0BAHNS.
Bo-BTOpbIX, KOropTa, B KOTOPOW Obi NPYMEHEH KOMOUH-
POBAHHbIN MOAXOM, HEMHOTOUMCNIEHHA U 13bMpaTenbHa.
B-TpeTbux, BCA nccnegyemas nonynaumsa ABaseTcs Bbl6o-
POYHOW, MOCKOMbKY B UCCNeAOBaHME BKOYANM TONbKO
NMauneHTOB C AOCTAaTOYHO YETKO PACMONIOMEHHbIMU K-
ob6nactoMbl. Tem He MeHee, 06e KOropTbl CONMOCTaBVMbI B
OTHOLLEHMM BO3MOXKHbIX GAaKTOPOB, KOTOPbIE MOTYT MCKa-
»aTb pe3ynbTaTbl, YTO MO3BONAET HaM NPEAMNONOKUTb, YTO
KOMOVIHMPOBAHHbIN NMoAXof NPEBOCXOAWNT CTaHAAPTHbIN
MUKPOCKOMUYECKUI MOAX0A C SHAOCKOMOM C TOUKM 3pe-
HUA 4YacTOTbl PafAMKaNbHOCTM MPOBOAMMOrO OMepaTuB-
HOTO JIeYeHsl U BbPKMBAEMOCT Y MALNEHTOB C ruobna-
CTOMOM.

3akniovyeHuve

OTO OAHO V13 MePBbIX UCCIeOBaHWI B HALLEN CTPaHe,
CpaBHUBaloOLLee pe3eKUmio rnobnactombl nog dnyopec-
LIEHTHbIM KOHTPOJNIEM C MOMOLLbIO 3HOOCKOMA CO CTaH-
JapTHOWM pe3eKkuunein C NpUMeHeHneM AOMOSHUTENbHO K
MUKPOCKOMUYECKON pe3eKkumMn 3SHAOoCKona. Vcnonb3o-
BaHMe ¢GyIyopecLieHTHOrO KOHTPOJIA BO BPEMs Pe3eKuun
OnNyXOnu NPY MOMOLLM SHAOCKONA, KaK MoKa3as Halll OnbIT,
MOBbILIAET PaguKanbHOCTb peseKkuun n megmaHol OB u
BPB y nauueHTOB C rnno6nactomoli. Bmecte c Tem cnepyet
yKazaTb, UTo Habntogaembli Hamu 3GdEKT KOHTPACTUpPyeT
C OorpaHMyeHusMU B AusanHe uccnegosBaHuA. CnepoBa-
TeJIbHO, eCTb HEOOXOAMMOCTb MPOLOSIKITL NPOBefeHne
JarbHelLLIEero nccnefoBaHus Ha 6onbluel rpynne nauu-
€HTOB, YTOObI MOATBEPAUTL HALLM BbIBOZDI.
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OPUTUHAJIBHBIE CTATHW

Peslome

Lienbto nccnepoBaHua ABMNOCH N3yyeHrie 3pGeKTUBHOCTN BbICOKOMHTEHCMBHOIO MMMY/IbCHOTO LWNPOKOMOIOCHOTO 061yYeHns NHGULMpO-
BaHHbIX paH. [lpoBefjeHo Mopdonoruyeckoe nccnepoBaHne npenapatos paH 105 Kpbic iuHum Wistar, KOTOpbIM B SKCNepUMeHTe Mopaenu-
poBanu MHPMLMPOBaHHbIE paHbl (TPW FPYNMbl XKWBOTHbIX). B 1-11 rpynne Ana neyeHnsa paH NCMONb30BaNN BbICOKOMHTEHCBHOE MMMYSbC-
HOE LUIMPOKOMONOCHOE 06/yYeHNe, BO 2- Fpynne — TPaanLMOHHOE YNbTpaproneToBoe 061yyYeHNe, 1 B 3-i1 MPYMEHSNN TONbKO aHTUCENTHK.
OueHKy 3¢pdeKTVBHOCTV NPON3BOAUIN AO SleYeHus, Ha 7-e, 14-e 1 21-e cyTKM neveHuns. [lo Hayana fleyeHmns KapTriHa paH COOTBETCTBOBaNa
¢dase ocTporo BocnaneHusa. Ha 7-i aeHb B 1-0 rpynne mopdonornyeckas KapTHa cooTBeTCTBOBasNa pase nponndepaumn. Bo 2-i n 3-i rpyn-
nax oTeKk 1 MHGUIBTPaLUA K STOMY CPOKU coxpaHsanuck. K 14-my AHto B 1-i rpynne Habnopany nprisHaky GopMMpoBaHUsA rpaHynAaLMOHHON
TKaHW 11 Nepexop paH B CTafuio pereHepauyu. Bo 2-1 rpynne ymeHbluanacb MHGUALTPaLMA, NOABNANNCL HOBble KanuinAapbl, yBennymBanochb
Konmuectso ¢pnbpobnacTos. B 3-i1 rpynne, BocnanuTtenbHble ABNeHUA coxpaHAnuch. K 21-My [HI0 B NepBoii rpynne Habntoaanocb pemope-
NNPOBaHNe COEAVHNTENBHON TKaHU C NPU3HaKamy 06pa3oBaHsA HeXHOro pybLa. Bo 2-i rpynmne *X1BOTHbIX HabnoAaNVCh ABNEHNA peMope-
NMPOBaHNA COeAVNHMTENbHON TKaHW. B npenapatax paH 3-i rpynmnbl MHGUAbTPaLMA yMeHbLLEHa, HOBble COCYAbl 06Pa3yloTCA C 3amefIeHeM.
Takrm 06pa3om, NCMOMb30BaHNE BbICOKOVHTEHCMBHOMO MMMYIbCHOTO LUMPOKOMOMOCHOTO 06JTyYeHNA NHGULMPOBaHHbIX paH B 6onee paH-
HUe CPOKM KynupyeT BOCNaneHune, akTMB13npyeT MeCTHYI0 UMMYHHYIO PeakL1io 1 YCKOpAeT penapaTuBHble NpoLecch.

KnioueBble c10Ba: VHGVLMPOBAHHbIE PaHbl, PAHEBOW MPOLECC, BbICOKOVHTEHCYBHOE UMMYIbCHOE LUMPOKOMONOCHOE 06yYeHNe, ybTpa-
¢duronetoBoe 06yUeHVe, MHPUNBTPaALWSA, PeMOLENVPOBaHNE COeLUHNUTENbHOW TKaHW.

Ana untuposanus: Eropos B.C., OunumoHos A.10., YyaHbix C.M., Abaysocrpos X.A., Yekmapea W.A., MaknnHa O.B., bapaHuyrosa J1.M., Koh-
npatbeB A.B. Mopdonornueckas oueHka 3GPeKTVBHOCTY NIeYeHNA UHPVLIVPOBAHHbBIX PaH BbICOKOMHTEHCVBHBIM VIMMY/bCHBIM LLPOKOMO-
nocHbIM 06nyyeHriem // Biomedical Photonics. - 2024. - T. 13, N2 3. - C. 31-41. doi: 10.24931/2413-9432-2024-13-3-31-41
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Abstract

The objective of this study was to investigate the effectiveness of high-intensity pulsed broadband irradiation in treating infected wounds.
A morphological study was conducted on wound specimens from 105 Wistar rats, in which infected wounds were experimentally induced
(three groups). The first group was treated with high-intensity pulsed broadband irradiation, the second group received traditional ultraviolet
irradiation, and the third group was treated only with antiseptics. Monitoring was performed before treatment, on the 7th, 14th, and 21st
days of treatment. Non-parametric statistical methods were used for data analysis. Prior to treatment, the wounds exhibited signs of the acute
inflammation phase. By the 7th day, the first group’s wounds were in the proliferation phase. In the second and third groups, edema and infil-
tration persisted. By the 14th day, the first group’s wounds showed signs of granulation tissue formation and transition to the regeneration
stage. In the second group, there was a reduction in infiltration, the appearance of new capillaries, and an increase in fibroblasts. In the third
group, inflammatory symptoms persisted. By the 21st day, the first group showed remodeling of connective tissue with signs of delicate scar
formation. In the second group, signs of connective tissue remodeling were observed, while in the third group, there was reduced infiltra-
tion with slow formation of new vessels. Thus, the use of high-intensity pulsed broadband irradiation in the early stages effectively mitigates
inflammation, activates local immune response, and accelerates reparative processes.
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Keywords: infected wounds, wound healing process, high-intensity pulsed broadband irradiation, ultraviolet irradiation, infiltration, connec-
tive tissue remodeling.
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BBepgeHune

Ha cerogHAWHWI fieHb Bpaum MHOTUX CNeLranbHOCTEN
MPVIMEHSAIOT Pa3NnYHble Gr3nYecKue MeTofpbl BO3LENCTBUA
npw neyeHnr GOMbLIOrO KONIMYecTBa 3ab0neBaHni, B TOM
yuncrne 1 BOCManuTeNbHbIX. Tak, B XMPYpPriun WPOKO Npu-
MEHSIIOT MeTo/ibl pOTOTEPANIK, KOTOPbIE BKIIIOUAKOT B C€0s
na3sepHoe 1 ynbtpadroneToBoe 0byyeHvie TKaHe.

B cBA3M C BbICOKON NEKAPCTBEHHOW YCTONYMBOCTbIO
MUKPOOPraHN3MOB HEKOTOPbIE aBTOPbI MPeiaraloT UckaTb
arnbTepHaTUBHbIE NMYTW feveHrss MHOULIMPOBAHHBIX PaH C
NpYMeHeHeM QU3NYeCcKX MeToloB Bo3gencTeua [1, 2.
YyBCTBUTENIBHOCTb MHOTMVIX MUKPOOPFraHN3MOB K YfbTpa-
broNeToBOMy 137yUYEHMIO XOPOLLIO M3BECTHA 1 TLLATENIbHO
oxapakTepr3oBaHa. 3a nocsiegHee AecATUNETE NPOTUBO-
MUKPOOHasA Tepanuis, OCHOBAHHAsA Ha MPVIMEHEHUN ONTU-
YECKOro K3/y4YeHUs], JOCTUITIA 3HAUYNUTENbHBIX YCMEXOB B
6opbbe C YyCTOMUMBOCTBIO K aHTVOVOTVKAM Cpefr pasnny-
HbIX LUITaMMOB MUKPOOPraH13MOB. [laHHbI Coco6 neyeHns
BKJIOUYAET METOZbI C UCTONb30BAHNEM MPOTUBOMUKPOOHbBIX
CBOIWICTB CMHEro CBETa, NPOTMBOMUKPOOHYIO GpoToanHaMM-
yeckylo Tepanuio U GakTepuuMaHoe ynbTpaduoneToBoe
obnyueHune. QoToTepanna UMEET MPEVMYLLECTBO MNepeq
TPAAVLMOHHBIMY aHTUOVOTKaMK, NMOCKOJNIbKY OHa BbICTpO
YHUUTOXKAET MUKPOOHbIE KNETKN 1 BEPOATHOCTb PA3BUTHSA
Y MMKPO60B GOTOPE3NCTEHTHOCTU HI3Ka. KaK yTBepKaatoT
MHOr/e aBTOPbl, AHTUMMKPOOHbIE MOAXOAbl Ha OCHOBE
OMTNYECKOTO M3yUYeHUs1 UMEIOT Gonbluve NepCcrnekTUBbI B
OTHOLLEHUN JIeYEHNA YCTONUMBBIX K aHTUOMOTUKaM MHbEK-
LW 1 CBA3AHHbIX C HUMW 3aboneBaHni [3, 4, 51.

Mo [aHHbIM 3KCNEePUMEHTANIbHbIX W KIMHUYECKUX
WNCCNefoBaHUI UCMOJb30BaHNE TEXHOMOTMMN Ha OCHOBE
BbICOKOMHTEHCMBHOIO  YNIbTPaproNeToBOro U3fyyeHns
CMJIOLWIHOTO CreKTpa Mo3BOMAET B KpaTyanine CPOKu
CHU3UTb KOHTaMMHAUMIO WHOULMPOBAHHBIX pPaH, 4To
JlaeT BO3MOXHOCTb PEKOMEHIO0BATb NMPUMEHEHMNE TaKUX
boToTepaANEBTUYECKNX YCTPONCTB /15 IEYEHNA TAXKESbIX
NHPEKLMOHHbIX 3a00neBaHnI, NpoTeKalWmMx Ha ¢GoHe
BbIPA>KEHHbIX UMMYHOAEPULIMTHBIX U  anjepruyeckux
ABneHun [6]. BosgencTame MMMyNbCHOrO BbICOKOMHTEH-
CUBHOTO OMTMYECKOro 0bsyYeHns ABMAETCA BbICOKOIG-
bEKTMBHbIMM METOAOM, 061afatoLLVIM MOLLHENLLNM 61o-
UVAHBIM Y1 UIMMYHOCTUMYNVPYIOLLM JecTBrEM [7].

B HacTosALlEee BpemsA B TUTEPATYPHbIX NCTOYHMKAX UMe-
€TCA MHOTO PaboT, MOCBALLEHHbIX KIMHUYECKOW, baKTepu-
UVAHOWN 1 UMMYHOJTOTYECKOW SPGEKTUBHOCTM NPUMeHe-
HNA PA3NIMYHBIX METOAOB GOTOTEPANUK, NMPU STOM PEAKO
BCTPEYAIOTCA UCCTIeJOBAHUSA, Fae NoAPOOHO onmrcaHbl Mop-
donornyeckne oCHoBbl 3PPEKTUBHOCTY VX MPUMEHEHUS, B
TOM UmCie U YNbTPaPrONETOBOrO OOyYeHNs.

Hawa pabota nocesuleHa n3yyeHuto 3¢PpeKTMBHOCTY
BbICOKOMHTEHCUMBHOIO MMIMY/IbCHOTO LUMPOKOMOIOCHOTO
06yyeHUst NP NeYeH NHOULIMPOBAHHDBIX PaH C MOMO-
b0 MOPPONOTNUYECKMX METOAOB UCCNIEOBAHNA.

MaTtepuanbl n metoapl

MpoBeneHo Mopdonormueckoe rnccnefoBaHvie npena-
paToB paH 105 »KMBOTHbIX, KOTOPbIM B SKCMEPUMEHTE MOAe-
nnpoBanu MHGULMpPOBaHHbIe paHbl. VccnegoBaHue 6bino
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0of06peHO MeXKBY30BCKMM KOMUTETOM MO 3TUKE (BbINUCKa
13 npotokona N2 06-23 ot 15.06.23) n NpoBefeHo B YCNO-
BuAx BuBapua OIBOY BO «Poccuincknin yHnBepcuTeT meam-
uuHb» MuH3gpasa Poccumn. na skcnepumeHTa Ucrnonb3o-
BaHbl MONoOBO3pesnble camubl KpbiC nuHum Wistar, maccon
Tena 200-250 rp. VIHpuumpoBaHHble paHbl MOAENMPOBAN
B acenTnyecknx ycnoBusax nocne o6e36onmsaHna 2%-bim
pacTBOpOM KcumnasmHa v 3onetuna 100. Paspesann Koxy B
06/1acTn XoNKK AnameTpom 20 MM. BbINONHANM remocTas,
nocsie Yero B paHy BHOCWIV TpUITep B BUAE MaprieBoro
LIapMKa, CMOYEHHOTO CMECbIO KYNbTYp M3 KOHTPOJIbHbIX
wrammoB Staphylococcus aureus, Pseudomonas aeruginosa,
Klebsiella pneumoniae, Candida albicans B paBHbIx 06bemax
1 pasBefeHusx, cogepxaten B 1 mn 10° MUKPOOHBIX Terl.
PaHy c Tpurrepom ylumBanu, Ha ciegytoLme CyTKM CHAManm
LUBbI, YAQNANN TPUITEP N Pa3AeNau >KUBOTHbIX C/Ty4aliHOM
BbIGOPKOI Ha Tpw rpynnbl. EXxeHeBHO Bcem 6e3 ncKIove-
HMA KMBOTHBIM BCEX PYNMN NpoBOAWAN TyaneT paHbl 0,1%
pPacTBOPOM XnoprekcmarHa.

MKuBoTHbIM 1-1 (OcHOBHOW) rpynmbl (n=30) B xoae neye-
HVA ObINIO BbIMOJIHEHO BbICOKOVIHTEHCVMBHOE MMIMYSIbCHOE
LUIMPOKOMOSOCHOE 0bsyueHre. [lJaHHy0 MeToAMKy BbIMOS-
HANX NPV MOMOLUYM anmnapaTa, Ha OCHOBE UMMYSbCHOW Kce-
HoHoBoW namnon Tina VHIM 5/60, paboTatoLleli B MMMynb-
CHO-MEeproAMNYECcKOM peXxrme C 4acToTor Mmnynbcos 5 My
N cpedHen 3neKTpryeckorn molHocTbio 100 Br. CpepgHsasa
MOLLHOCTb M3nyyeHna namnbl B YO-C avanasoHe cnekTtpa
(200-280 HMm) cocTaBnana 3 Bt, umnynbcHasa mowHocTb YO-C
n3nyueHusi — 24 kBT. MporpammHoe obecrieyeHrie NCNomb-
30BaHHOrO annapara BK/ouasno cieayLime pexnmbl Tepa-
nun: 1-n pexum — 50 MMAyNbCoB C ASIUTENbHOCTBIO LKA
obnyueHus 10 ¢; 2-i1 pexkum — 100 umnynbcoB B TeueHne 20
G 3-1 pexkum — 200 1mnynbcoB € AnmTenbHOCTbIo 40 . Yuu-
TbIBas 0OCEMEHEHHOCTb U OOLUMPHOCTb MOZEIMPOBAHHbIX
paH, ona 6opbbbl ¢ MHPEKLMEN 1 KYNPOBaHKA BOCMANeHUs
0byueHyie paH B NMepBble MATb AHEN JIeUeHKA MPOBOAUN C
MCMonb30BaHMEM 3-TO PeXKMMA C PaCCTOAHMEM 5 CM OT PaHbl,
HauMHasA C LLeCTOoro AHA JIeYeHrA 1 nocneaytoLme NATb AHe
VICNOMb30BaH PeXum 2 Ha pacctoaHnn 10 cm OT paH.

Ha paHbl XXMBOTHbIX 2-11 FPYy bl eXXeQHEBHO, B TeYeHne
10 pHel 6bI13-MVHYTHOE TPAAMLUMOHHOE yrbTpaduoneTose
o6nyueHue annapatom OYOK-01 «ConHbILLIKO», HA OCHOBE
YO-ptyTHOW 6akTepuumaHon namnbl Tvna OKBY-7, anek-
TPUYECKON MOLLHOCTbIO 7 BT, MowHocTb YO-C nsnyyeHuna
(254 Hm) namnbl coctaBnana 1,2 BT.

M B 3-1 KOHTPONbHOW rpyMMe »KUBOTHbIX SleYeHne paH
NpoBOAWAN TONMbKO MNPV MOMOLWM aHTUCENTMKA MNyTem
e)XXeHeBHOro TyaneTta 1 HaloXeHnemM Ha paHy NOBA3KM C
0,1%-blM PacTBOPOM XJIOPrekCMgmnHa.

Bce MaHMnynALmMm BbINONHANN C cOGNogeHnemM Tpebo-
BaHMI «EBponenckom KOHBEHUMN MO 3alyMTe NO3BOHOY-
HbIX »KWBOTHbIX, NCMOJb3yeMblX A1 SKCNePUMEHTaNbHbIX
N UHBIX HayuHbIx uenei» (Ctpacbypr, 1986 r.), peknapa-
uumm BcemmpHon meamumMHCKOM accoumaunm o ryMaHHOM
006paLLEHNN C XKMBOTHBIMU (XenbcnHKM, 2000 T.), a Takxke

B COOTBETCTBUM C TpeboBaHMsAMU npukaza N°267 M3 PO
ot 19.06.2003 r. «[1paBusia No obpaLLeHMIo, COAEPKaHUIO,
06e3601MBaHNI0 11 YMEPLUBNIEHMIO JKCMEPVIMEHTAJIbHbIX
MKNBOTHbIX».

[nsi KOHTPONA MOPPONOrMUYECKON KapTUHBI 10 Havana
NeyeHrsa B KaXXow rpynrne 6bi10 BbIBEAEHO U3 SKCMepu-
MeHTa Mo 5 KMBOTHbIX Ha 7-n, 14-11 n 21- OHW B KaxKaown
rpynne BbIBOAMAW M3 3KCNepumeHTa no 10 >KUBOTHbIX.
BbiBOAMNM »KMBOTHbBIX NPY MOMOLLM NePeao3nUPOBKM BHY-
TPUMbBILLEYHOrO HapKo3a (2%-bIM PaCTBOPOM KCUNa3unHa v
3onetuna 100). Nocne 3BTaHa3nM NCCeKann MArkue TKaHu
B obnactn paH 1 ¢ukcrmpoBanu nx B 10%-om pacteope
dopmanuHa, C NocneayoLWUM NPUroToBEHNEM napadu-
HOBbIX OJIOKOB 1 FMCTONIOMMYECKUX MPEnapaToB Mo CTaH-
JapTHOM MeTomumke. Mopdonornyeckoe nccnenoBaHmne
NPoBEeAEHO Ha MpenapaTtax, OKPaLleHHbIX remMaToKCUIN-
HOM-3031HOM, TONILLUMHON Cpe3a 5 MKM.

ONeKTPOHHO-MUKPOCKOMMYECKOe UCCeoBaHNe Bbl-
MOJIHEHO Ha 3MEKTPOHHOM MUKpockone ¢urpmbl JEM 100
CX (JEOL, AnoHwuA) B TPAaHCMUCCMOHHOM PeXrMe Npu YCKo-
paowem HanpsxeHun 80KB. buonornuecknn matepuan
Ins 31oro GrKCMpoBany B pactBope 2,5%-ro riotapanbae-
rmaa, 3aTem B pactBope 1%-ro okcuga ocmMna 1 3aKovani
B CMeCb apanamToBbix cMoft. [onyToHKme cpesbl (1-1,5 MKMm)
OKpaLU1Banv ToNynaMHOBbBIM CUHMM. YNIbTPaTOHKME Cpe3bl
KOHTPACTMPOBaNM ypaHu aLeTaToM U LUTPaTOM CBUHLIA.

[nA KaueCcTBEHHOro N KONMMYEeCTBEHHOIO UCCNeA0Ba-
HUA TMCTONOTMYECKUE NpenapaTbl NpeaBapuUTesibHO O6bin
OTCKaHMpOBaHbl Ha UudppoBom ckaHepe PANNORAMIC
250 Flash (3DHISTECH Ltd. BeHrpus) ¢ nocnegytowym nsy-
yeHVieM 1X NPV NoMoLM Nporpammbl Pannoramic Viewier
1.15.4 (3DHISTECH Ltd. BeHrpus),

CratncTyeckas obpaboTKa MoslyYeHHbIX pe3ynbTaToB
npoBeaeHa npwu nomoluy nporpamm Microsoft Office Excel
n Statistica 10.0.1011 (StatSoft, Tibco, USA). AHanu3 npo-
BE[EH NpU NOMOLLY HenmapameTpUYeCcKnx MeTOAOoB CTaTu-
CTVIKK, TaK KaK NpefBapuTenbHOe UCCieloBaHMe NoKasano
HepaBHyI0 ANCNepCrI0 UCCNeQOBaHHbIX HAaMU MPU3HAKOB.
[laHHble onvcaTenbHONM CTaTUCTVKK NpeaCTaBeHbl B BUAe
MeAvaHbl N MHTEPKBapPTWIbHOMO pa3maxa B 25% u 75%.
CpaBHeHVe Tpex rpynn npoBoauny metogom Kpackenn-
Yonnuca, npu p<0,05 npu3Hak cumMTanm CTaTUCTMYECKM
3HAUMMO PasnMYHbIM B Tpex rpynnax. Janee BbinonHANM
NMapHoe CpaBHeHMe Mexay rpynnamm C UCMosib30BaHEM
Kputepusi MaHHa-YUTHU 1 nonpasBku boHbeppoHun. Mpu-
3HaK CUMTaNM CTaTUCTMYECKM 3HAUMMO Pa3INYHBbIM MeXaY
Asyma rpynnamn npu p<0.0167. MpensaputenbHoe cpas-
HeHue rpynn B AMHAMVKE BbINOIHEHO NPW MOMOLUM Kpu-
Tepua OpuamaHa ana CBA3aHHbIX MPU3HAKOB C pacyeTom
ko3dduLmeHTa KoHKopaaHTHocTy KeHpanna (KK). MpursHak
cymTany CTaTUCTUYECKN 3HAUYMMO PasfiMyHbiM nNpu p<0,05.
[anee npoBoannu nocnenoBaTenbHOE NapHOe CpaBHeHMe
npu3HaKa BHYTPV rpynn no metogy BunkokcoHa c nonpas-
Ko BoHdeppoHu. Mpu3HaK cUUTanM CTaTUCTUYECKU 3Ha-
UYMMO Pa3NYHbIM MeXay ABYMA rpynnamu npu p<0.0167.
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Pesynbrathbl

B paHax »MBOTHbIX BCeX rpynmn A0 Hauana fleyeHus
Habnogany HeNTPOGUIbHYO 1 TMMGOLIUTAPHYO UHOMIB-
TpaLMIO C y4acTKaMun KpoBomsnuaHua (purc. 1a). Bctpeuato-
LMecs B NpenapaTax cocyabl U Kanunapbl NapanuTyeckn
pacLMPEHbl UK 3aMOfIHEHbI SPUTPOLIMTaMU. DHOOTENNN
cocynoB Habyxwwit. MpucyTcTBytoWMe B paHax Kosare-

HOBble BOJIOKHA MOBPEXAeHb! 1 Habyxwwume. B obnactu gHa
[PaHbl, CPeau >KNUPOBOW TKaHK, OTMEUEHO 6OoJIbLIoE KO-
YeCTBO TYYHbIX KJIETOK, HaXxOAALWMXCA B Pa3HOWM CTeneHu
ZerpaHynaumu (puc. 1b,c). B MbilLleuHOM TKaHM BUIHbI Oyarui
KPOBOM3NNAHNA, TKaHb OTEYHA U COAEPXKMT MOBPEXAEH-
Hble cocypbl C HabyXWwumM sHOoTenvem. Kpasa paHbl oKalim-
NeHbl YTOMLLEHHbIM SMUAEPMUCOM, C PU3HaKaMM OTeKa.

Puc. 1. lMpenapaTbl paH }XMBOTHbIX 0
NlevyeHus: a — paHeBon AedEeKT, HEKPO3
TKaHM, yH4aCTKU KPOBOU3NUAHUS; b —
Ty4yHasi KneTKa — CTpeJiKa; ¢ — Ty4yHas
K/IeTKa B COCTOSIHUM JerpaHynsauum;
YBenuuyeHue: a — 200; b - 1000;

C — anekTpoHorpamma x8900.
OKpacKa: a — reMaTOKCU/IMH-303UH;

b — TONyMAUHOBBIN CUHUIA; C — ypaHUN
auertaT M uuMTpaT CBMHLUA.

Fig. 1. Specimens of animal wounds
before treatment: a — wound defect,
tissue necrosis, areas of hemorrhage;
b — mast cell - indicated by an arrow;
¢ — mast cell in a state of degranulation.
Maghnification: a — 200x; b — 1000x;

¢ — electron micrograph x8900.
Staining: a — hematoxylin and eosin;
b - toluidine blue; ¢ — uranyl acetate
and lead citrate.

Ta6nuua 1

KonunuyecTBeHHbIN COCTaB KNETOK B MTMCTOJIONMYECKUX Npenaparax paH A0 Havyana nevyeHus

Table 1

Quantitative composition of cells in histological wound specimens before treatment

KneTouHbin coctaB 1-a rpynna

Helitpodunbl 316
Neutrophils (274,346)

JlumoounTbl 62
Lymphocytes (59;68)
Makpodaru 0
Macrophages
[Lerpanynupyiowme
6a3zodpunbl 11

Degranulating
basophils

baszodwusbl
Basophils 0

[nasmouuTbl

2-arpynna

(276;345)

(57,66)

3-arpynna p - Mexpay uccnepye-

MbIMU rpynnamn

314
(261;364)

65
(60;68)

0

p=0,88

p=0,051

11 =
(10;13) p=0,049

0

Plasmacells

OunbpobnacTbl
Fibroblasts

CpaBHeHMe KNeTou-
HOro CcoCTaBa BHYTpY
rpynmn B AVHaMUKe
Comparison within
groups over time

1
(1;1)
0

p(H/N)<0.0001, KK=1;
p(11/1)<0.0001, KK=1;
p(M/I1)<0.0001, KK=1;
p([B/DB)<0.0001,
KK=0,98;
p(5/B)<0.0001, KK=1;
p(11/P)<0.0001, KK=0,58;
p(®/F)<0.0001,KK=098

1
(1;1)
0

p(H/N)<0.0001, KK=1;
p(/1/1)<0.0001, KK=0,9;
p(M/M)<0.0001, KK=0,78;
p(0B/DB)<0.0001, KK=1;
p(6/B)<0.0001, KK=0,92;
p(/P)<0.0001, KK=0,92;
p(®/F)<0.0001, KK=1

34

1
(1;1)
0

p(H/N)<0.0001, KK=1;
p(1/1)<0.0001, KK=0,93;
p(M/M)<0.0001, KK=0,93;
(0B/DB)<0.0001,
K=0,98;
p(5/B)<0.0001, KK=0,93;
p(11/P)<0.0001, KK=0,81;
p(®/F)<0.0001, KK=1

p=0,47
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Mpy CTaTUCTMYECKOM aHanu3e KONMYEeCTBEHHOTO
CoCTaBa KMeToK O Hayana fleyeHna [OCTOBEPHOW pas-
HULbI MeX Y rpynnamu He BbiABReHO (Tabn. 1).

K 7-my OHIO neyeHusi B mpernapaTtax >KUBOTHbIX BCEX
rpynn coxpaHancsa otek. OTMeyeHa TeHAEHUMA K yMeHblLUe-
HIII0 U TpaHCchopMaLmu HUnbTpaTa. B 1-1 rpynne yyactku
nHbUNBTPaUMM NPUoGpenu BYf, CIIOUCTON CTPYKTYpPbI, M
MOABWINCH TPaHysbl remocuaepuHa. [paHynbl NUrMeHTa
pacnonoxeHbl CBOHOAHO B MEXKIETOYHOM MPOCTPAHCTBE
1 Makpodarax, OKpalL1Bas NocneHNe B KOPUUHEBDIN LIBET
(puc. 2a,b). B gpyrux rpynnax ymeHblleHne NHWIbTpaTa
ObIfI0 MeHee 3HauuTenbHO. Tak, y 2-i FPynMbl XKUBOTHBIX
Habnogany MHOUNBLTPALMIO B BMAE PO3ETOK BOKPYT Me-
Kux cocynoB. B npenapatax paH »KUBOTHbIX 3- rpynmbl
OTMeYanu TPOMOMPOBaHHbIE KPOBEHOCHbIE COCYpl, Kak
MeJIKUe, TaK 1 6onee KpyrHble. Helitpodunbl B paHe Obiniu
C nNpri3HaKamy HeTo3a. Bo Bcex rpynnax otmevanu gerpa-
HYNALMIO TYYHbIX KNETOK (puc. 2¢). B npenapatax 1-n1 n 2-i
rPynn »MBOTHbIX MOABAANMCH Monofble ¢ubpobnactbl,
KoTopble B 1-11 rpymrne >KMBOTHbIX BbICTPANBANMCh TAMXaMMU,
OPVEHTMPOBAHHBIMU MApasiieNlbHO K MOBEPXHOCTU PaHbl

(pwvic. 2d), BO 2-i1 rpynne »KMBOTHbIX TaKas OpMeHTaLMs Kie-
TOK He onpegensanach (puc. 2e).

Bo Bcex rpynnax K 7-biM CyTKaM JleYeH/A KOSIMYeCTBO
HeTPOOUNOB ObIIO CYLUECTBEHHO CHIBKEHO MO CpPaBHe-
HIVII0 C MpeblayLLyM IHEM KOHTponsa (Tabn. 1, 2). Pasnnuna
B KOJIMUYeCTBe HEMTPOPUIIOB B MpenapaTax paH Mexay rpyn-
namu (Tabn. 2) ObIIM CTAaTUCTUYECKN IOCTOBEPHDI. Tak, B 1-
rpyrre 1x KonmuecTo 6bliIo JOCTOBEPHO MEHbLLIE MO CPaB-
HeHuto co 2-11 1 3- rpynnamu (p<0,0001 gns obewx rpynn), a
BO 2-11 rpynmne KOnMYecTBO HENTPOdUIOB ObliIo JOCTOBEPHO
MeHbLLe MO CpaBHeHWIo ¢ 3-1 rpynnoi (p<0,0001). Takxe B
npenapartax MBOTHbIX 1-U rpynmnbl ObIFIO CHUMEHO KONU-
YeCTBO NMMPOLIMTOB MO CPABHEHWIO C NPeblayLLyIM AHEM
KOHTPOJIS 1 MO CPABHEHUIO C APYrMU rpyrnamu (tabn. 1, 2).
Y XMBOTHBIX BCEX FPYMM B paHax NOABMANNCL Makpodary,
KOTOpPbIX ObINIO CYLLECTBEHHO GoJiblle B MpenapaTtax paH
»KMBOTHbIX 1-11 rpynnbl (p<0,0001 No CpaBHEHMIO CO 2- 1
3-i1 rpynnamu) u 2-n rpynnbl (p<0,0001 no cpaBHeHMIO € 3-
rpynnon). Ha 7- feHb neyeHnsa paH B OTBET Ha MPOBOAVIMYIO
Tepanuio B Npenapartax PaH »MBOTHbIX 1-1 1 2-1 rpynn 6bi10
YBeSIMYEHO KOMIMYECTBO Nna3moumTos (Tabn. 1, 2; puc. 2f).

Puc. 2. lpenapatbl paH *XUBOTHbIX Ha 7-#
OeHb nevyeHus (a-d — 1-a rpynna; e-f — 2-9
rpynna): a — B COEAUHUTENIbHOM TKaHU
rpaHynbl reMmocuMaepuHa KOPUYHEBOTO
uBeTta; b — PpyHKUMOHANBbHO aKTUBHbIN
Makpodar, B LeHTpe KNeTKK KpynHas
darocoma ¢ KNeTOYHbIM AETPUTOM;

C — TYYHbl€ KNIETKU B COCTOSIHUM NOJIHOMN
aerpaHynsuuu; d — duépobnacTtbl OpUEH-
TUPOBaHHbIE NapasieNbHO NOBEPXHOCTH
paHbl; € — PYHKLMOHaNbHO aKTUBHbIE
bubpoGnacTbl 63 BbipaXKeHHOoM Npo-
CTpaHCTBEHHOI opueHTauuu; f — B none
3PEHUs NI1a3MOLUT.

a, ¢, f ypenuuenue: — 400, okpacka —
remMaToKCUINH-303UH; b, d, € — aneKTpo-
HOorpammbl, ysenuyenue — 12000, okpa-
CKa — ypaHun aueTtar U uMTpaTt CBMHLA.
Fig. 2. Specimens of animal wounds on
the 7th day of treatment (a-d: Group 1;
e-f: Group 2): a — brown hemosiderin
granules in connective tissue;

b — functionally active macrophage.
Large phagosome with cellular debris in
the center; ¢ — mast cells in a state of
complete degranulation; d — fibroblasts
aligned parallel to the wound surface;

e - functionally active fibroblasts without
distinct spatial orientation; f — plasma
cell in the field of view.

Maghnification: a, c, f — staining —
hematoxylin and eosin, 400x; b, d, e -
electron micrographs, staining — uranyl
acetate and lead citrate, magnification

- 12000x.
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TaGnauua 2

KonnyecTBeHHbIN COCTaB KNETOK B FTMCTOJIONMYECKUX Npenaparax paH Ha 7 AeHb leyeHus

Table 2

Quantitative composition of cells in histological wound specimens on the 7th day of treatment

KneTouHbin cocTaB

1-arpynna

Helitpodunsbl 64
Neutrophils (59;67)
JiumbounTbl 13
Lymphocytes (12;14)
Makpodaru 34
Macrophages (30;36)
[erpaHynupytowime 6azodusbl 1

Degranulating basophils (1;1)

basodusbl 6
Basophils (5;8)
[MnasmounTsbl 3,5
Plasma cells (2;6)
®nbpobnacTbl 13,5
Fibroblasts (12,17)
p(H/N)<0.0001
p — BHYTPU KaXKAow ncciegyemon pU1/L)<0.0001

rpynmbl MeXAay 7-biM AHEM KOHTPOIA p(M/M)<0.0001
1 IHEM [0 Havana neyvyeHuns p(dB/DB)<0.0001
p — within each group between Day 7 p(b/B)<0.0001
and pre-treatment p(M/P)<0.0001
p(®/F)<0.0001

Mopdodonornyeckoe nccnegoBaHvie npenapaToB paH
Ha 14-e CcyTKM neyeHnA nokasasno, Yto B npenapatax 1-n
rpynMbl XMBOTHbIX BOCMANuUTeNIbHasA UHOUIbTpauma TKa-
Hel 6bina MYHUManbHa. OrbPO6NACTbI, OPUEHTMPOBAH-
Hble MapasyiesibHO MOBEPXHOCTV pPaHbl, HaXOAWIUCH B
COCTOSIHUN BbICOKOW QYHKLMOHANbHOW aKTUBHOCTY (4TO
MOATBEPKAAETCA YNbTPACTPYKTYPHbIM aHaNn30M), CUH-
Te3npoBanu 6esKku, B TOM Uncie KonnareH (puc. 3a). Mpo-
NCXOAWI POCT HOBbIX COCYAOB K LIEHTPY PaHbl 1 NepreH-
OVIKYNISIPHO MOBEPXHOCTM paHbl (puc. 3b). Boonb cocynos
rpynnupoBanucb ¢pnbpobnactsl (puc. 3¢). TyuHble KNeTKn
€OVHMYHbIE, B COCTOAHUMW YACTVYHOWN [erpaHynAumu.
(puc. 3d,e). Bo 2-i1 rpynne nHGMALTPaLMA YMEHbLIMACD,
B HEKOTOPbIX Mpernapartax 3aMeTHO 06pa3oBaHMe HOBbIX
Kanunnapos. B 3-1 rpynne Bce elle coxpaHANCA CTpyn,
nof CTPynom MHOUNLTPAT 1 OTeK, ObIN BUAHbBI HENTPO-
bunbl n makpodaru (puc. 3f). Ha otgenbHbix yyacTkax
UHOUNBTPAUMUA PacipoCTpaHanacb [O MbILEYHON W

p - mexpy
nccnepayeMbiMu

PN rpynnamu

3-arpynna

p<0,0001
p(1-2) <0,0001
p(1-3) <0,0001
p(2-3) <0,0001

p<0,0001
p(1-2) <0,0001
p(1-3) <0,0001
p(2-3) <0,0001

p<0,0001
p(1-2) <0,0001
p(1-3) <0,0001
p(2-3) <0,0001

p<0,0001
p(1-2) <0,0001
p(1-3) <0,0001
p(2-3) <0,0001

p<0,0001
p(1-2) <0,0001
p(1-3) <0,0001
p(2-3) <0,0001

p<0,0001
p(1-2) <0,0001
p(1-3) <0,0001
p(2-3) <0,0001

p<0,0001
p(1-2) <0,0001
p(1-3) <0,0001
p(2-3) <0,0001

82 176,5
(77,86) (167;188)

60 73
(53;67) (72;74)

17 4
(16;18) (2;6)

4 7
(3;5) (6;8)

1
(1;1)

2 1
(2;2) (1;1)

2,5
(2;4)

p(H/N)<0.0001 p(H/N)<0.0001
p(1/1)=0,62 p(J1/L)<0.0001
p(M/M)<0.0001 p(M/M)<0.0001
p(0B/DB)<0.0001  p([16/DB)<0.0001
p(6/B)<0.0001 p(M/P)=0,69
p(M1/P)<0.0001

p(®/F)<0.0001

>KMPOBOW TKaHW. [MCTONOrMyecknx nNpr3HakoB pemope-
NIMPOBAHWA COeAVHUTENIbHON TKAHW He OblIso.
KonuuecTBeHHbI aHanM3 mnokasasn, 4YTo HelTpodu-
noB 1 NMMMGOLUTOB Ha 14-e CYTKU NleYeHNA CTaHOBUTbCA
CYLLeCTBEHHO MEHbLLE, YeM Ha 7-e CyTKM (Tabn. 2, 3). ArHa-
MUKa KONMyecTBa MakpodaroB B KaXkgow rpynre 6Obina
pa3Had. Tak B 1-11 rpynne nx KONMyecTBO MO CPAaBHEHMIO
C 7-blM HEM NeYEHUA 1 NO CPABHEHUIO C APYTUMU FPYI-
namm ObINIo CTaTUCTUYECKM 3HAYMMO MeHblue (p<0,0001
[ANA BCeX YKasaHHbIX MokasaHwun). Y 2-i rpynne »mBoT-
HbIX KOJIMYEeCTBO MaKpoharoB COXPaHANOCb Ha OLHOM
YPOBHE MO CPaBHEHWIO C NPeablayWMM HEM KOHTPONA
(p=0,89), HO NpwK 3TOM 6bINIO CYLIECTBEHHO MEHbILLE, YeM
B 3-11 rpynne (p<0,0001). A B npenapaTax paH 3-1 rpynnbl
roKasaTtesni MakpoparoB yBENMUMUINCH MO CPABHEHMIO C
7-bIM iHEM fleUeHMs, UTO YKa3blBasio Ha 6oree no3aHiow
peakuuio opraHvM3ma Ha nNpoBoArMoe NeyeHure. B 1o xe
BpeMsi BO BCeX rpynnax Obifio BbISBEHO CyLIeCTBEHHOE
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Puc. 3. IpenapaTtbl paH XXMBOTHbIX Ha
14-ih peHb neveHus (a-e — 1-a rpynna;

f —3-a rpynna):

a — GYHKUMOHANbHO aKTUBHbIE CUHTE3W-
pylowme KonnareH ¢pubpodnacTbl;

b — K LeHTpy paHbl pacTyT HOBble KpoBe-
HOCHbI€ COCYAbl — CTPEJIKU;

¢ — du6po6nacT HaxoanTcA PAJOM C
HOBOOGPa30BaHHbIM KanuuisipoMm;

d — Ty4Hble KNETKU — CTPESIKK;

€ — jerpaHynsiuus Ty4HOW KNeTKH, rpa-
Hyna (CTpenKa) HaxoAuTcs cpeaum Konna-
reHoBbIX Gpubpunn;

f — B unTonnasame makpodara KpynHas
¢arocoma ¢ KNETOYHbIM AETPUTOM.
YBenuuyeHue: b — 200; d - 400; a, c, €,

f — anekTpoHorpammsi; a, ¢, f — 12000;

e - 30000

Okpacka: b, d — reMaTOKCU/IMH-303UH; a,
¢, e, f — ypaHun auertar ¥ LMTpaAT CBMHLA.
Fig. 3. Specimens of animal wounds on
the 14th day of treatment (a-e: Group 1;
f: Group 3):

a - functionally active fibroblasts
synthesizing collagen;

b — new blood vessels growing towards
the wound center - indicated by arrows;
¢ - fibroblast adjacent to a newly formed
capillary;

d — mast cells — indicated by arrows;

e — degranulating mast cell. Granule
(arrow) among collagen fibrils;

f — large phagosome with cellular debris
in macrophage cytoplasm.
Maghnification: b — 200x; d — 400x; a, c, e,
f — electron micrographs; a, ¢, f — 12000x;
e — 30000x.

Staining: b, d — hematoxylin and eosin;
a, ¢, e, f — uranyl acetate and lead citrate.

Puc. 4. Mpenapatbl paHbl }XUBOTHbIX Ha 1-# AeHb NledeHus (a — 1-a rpynna; b — 2-a rpynna; ¢ — 3-A rpynna): a — pemoaenupoBaHue
COeUHUTENIbHOW TKaHU, MHOXXeCTBO MonoAbIX GU6po6nacToB, B TOM YUCEe B COCTOSSHUM MUTO3a; b — pemogennpoBaHue TKaHU 3ameg-
NIeHo, eANHUYHble HOBOOGPa30BaHHbIE cocyabl, MaKpodaru, coxpaHsaeTc MHGUALTPaLMA U OTEK COEANHUTENbHOW TKaHU; ¢ — UHPUNb-
Tpauusa 1 OTeK COeAMHUTENbHON TKaHu; a, b, ¢ — yBenuyeHue — 200, oKpacKa — reMaTOKCUINH-303UH.

Fig. 4. Specimens of animal wounds on the 21st day of treatment (a: Group 1; b: Group 2; c: Group 3): a — connective tissue
remodeling with numerous young fibroblasts, some in mitosis; b — slowed tissue remodeling, few newly formed vessels, macrophages,
persistent infiltration, and connective tissue edema; ¢ - persistent infiltration and connective tissue edema.

Maghnification: a, b, ¢ — 200x, staining — hematoxylin and eosin.
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Ta6nuua 3

KonnyecTBeHHbIN COCTaB KNETOK B TMCTONIONMYECKUX Npenaparax paH Ha 14-i aeHb fevyeHus

Table 3

Quantitative composition of cells in histological wound specimens on the 14th day of treatment

KneTouHbIn cocTaB

1-arpynna

Helitpodunebl 10,5
Neutrophils (7;14)
JinmoounTbl 2
Lymphocytes (2;2)
Makpodaru 6
Macrophages (5:7)
[LerpaHynupyiowme 6azodunbl 0
Degranulating basophils
bazodunbl 13
Basophils (12;15)
[MnasmounTbl 2
Plasmacells (2;2)
OubpobnacTbl 45
Fibroblasts (33;52)

H/N)<0.0001

5 . 1/1)<0.0001
p — BHYTpU Kaxxgon nccnepyemon M/M)<0.0001

p(
2
rpynnbl mexay 14-biM 1 7-bIM HAMN p
AT p(4b6/DB)<0.0001
p — within each group between Day 14 p(5/B)<0.0001
P(
p(

and Day 7 1/P)<0.0001
©/F)<0.0001

¢dubpobnactoB y 1-in u 2-i1 rpynn (tabn. 2, 3). B npenapa-
Tax paH 3-1 rpynnbl NOABNANANCL €4MHNYHbIE 6a30dunbl 1
¢dunbpobnactbl.

K 21-my AHIO neyeHuA umena MeCTO 3HauuTesb-
Has [AMHaMKKa MoOpPGdONOrnMyYeckrx Npr3HAKoB. Tak npwu
NCCNefoBaHUM MPEnapaToB PaH »KUBOTHbIX 1-1 rpynmbl, y
KOTOPbIX B JleYeHM OblfIo MPYIMEHEHO BbICOKOVHTEHCVB-
Hoe MMMYJIbCHOE LUMPOKOMNONOCHOe 0bnyyeHne, Habnto-
[anocb pemofennpoBaHne COeQUHUTENIbHOW TKaHW B
nofb3y MOJSIHOFO BOCCTAaHOBNEHUA CTPYKTypbl. Bo 2-n
rpynne »MBOTHbIX, Y KOTOPbIX B NIeYEHUN paH MUCMOSb-
30BaN TPAAULIMOHHOE YNbTpadroneToBoe 06yuYeHMe,
COXpaHsnacb MakpodarasnbHas peakuus. B coeguHutenb-
HOW TKaHW NoA CTPYNOM MPUCYTCTBYIOT Kanuinapbl, XOTA
1 B MeHbLLEM Konuyectse, yem B 1-1 rpynne. B npenapa-
TaxX pPaH »KMBOTHbIX 1-1 1 2- TPynn B COeANHUTENbHOMN
TKaHM 60MbLIOe KONMYECTBO TYYHbIX KIETOK B HEaKTUB-

p( p(
p( p(
p( p(M
p(4b6/DB)<0.0001 p(4b/DB)<0.0001
p( p(
p( p(
p( p(

P - mexpy
ncaeagyembimun

2-arpynna rpynnamm

3-arpynna

p<0,0001
p(1-2)<0,0001
p(1-3)<0,0001
p(2-3)<0,0001

p<0,0001
p(1-2)<0,0001
p(1-3)<0,0001
p(2-3)<0,0001

p<0,0001
p(1-2)<0,0001
p(1-3)<0,0001
p(2-3)<0,0001

p<0,0001
p(1-2)<0,0001
p(1-3)<0,0001
p(2-3)<0,0001

p<0,0001
p(1-2)<0,0001
p(1-3)<0,0001
p(2-3)<0,0001

p<0,0001
p(1-2)<0,0001
p(1-3)<0,0001
p(2-3)=0,7
p<0,0001
p(1-2) <0,0001
p(1-3) <0,0001
p(2-3) <0,0001

27 56
(25;34) (49;61)

27 55
(25;29) (51;60)

17 33
(14;21) (25;42)

(1;1) (2;2)

(5;8) (1;1)

1 1
(1;1) (1;1)

17 5
(15;19) (4;6)

H/N)<0.0001
J1/1)<0.0001
M/M)=0,89

H/N)<0.0001
J1/1)<0.0001
/M)<0.0001

b/B)<0.0001
I1/P)<0.0001
®/F)<0.0001

b/B)<0.0001
M/P)=0,53
®/F)<0.0001

HOM cocToAHWM (Tabn. 4). B 3-1 rpynne coxpaHseTca npu-
MeCb HelTpodunos (1abn. 4), TPOMO0O3 MENKUX COCYLOB.
CoxpaHseTcs oTeK, KOTOPbI BblpaXkeH B COEANHUTENIbHOMN
U XKNPOBOW TKaHWU.

O6¢cyxpaeHne

3aXrBneHMe paH NpefcTaBaseT cobo CNIOXKHbIN O1o-
NOTNYECKN NPOLeCC C MOC/eA0BaTeNbHO MepPeKpbiBa-
OWMMNCA  GU3NONIOTUYECKUMI U MOPPONOrNYECKMM
dasamm. [inAa BoccTaHOBNEHMs GapbepHOW yHKUMM
NOBPEXAEHHbBIX KOXHbIX MOKPOBOB Heobxoarma Koop-
OVHAUMA KNETOUHbIX U MOJIEKYNIAPHbIX MpoueccoB. B
Hauasne paHeBOro npouecca B nNepeyto dasy BocnaneHus
KNIETOUHbIE 3/IEMEHTbI, TaK1e Kak HENTPODUIbI 1 MaKpo-
dary, MUrprpytoT B paHy, MOBUAN3yA MECTHYIO U CUCTEM-
Hyto 3aWwunTy. B cnepytoulen dpase, nponvdepauum, KNetku
COeVHUTENbHON TKaHW, Gp1nbpobnacTbl 1 KepaTMHOLMTDI,
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Ta6nuua 4
KonuuecTBeHHbI cocTaB KNETOK B FTMCTONIONMYECKUX Npenapartax paH Ha 21-i AeHb ieyeHus <
Table 4 e
Quantitative composition of cells in histological wound specimens on the 21st day of treatment —
P - mexpy |<_E
. ) _ _ nccnefyembimu
KneTouHbin coctaB 1-arpynna 2-A rpynna 3-a rpynna rpynnamu @,
Ll
ifa)
p<0,0001 L
Heltpodunebl 0 6,5 23 p(1-2) <0,0001 -0
Neutrophils (59 (19;26) p(1-3) <0,0001 =
p(2-3) <0,0001 <
p<0,0001 I
JinmoouunTbl 0 3 14 p(1-2) <0,0001 X
Lymphocytes (2:4) (12;18) p(1-3) <0,0001 —
p(2-3) <0,0001 X
p<0,0001 o
Makpodarm 2 10 25 p(1-2) <0,0001 O
Macrophages (2;2) (8;13) (23;27) p(1-3) <0,0001
p(2-3) <0,0001
p<0,0001
[Lerpanynupyiowme 6azodunbl 0 0 0 p(1-2) <0,0001
Degranulating basophils p(1-3) <0,0001
p(2-3) <0,0001
p<0,0001
Bbasodunbl 19 9 2 p(1-2) <0,0001
Basophils (18;20) (7;171) (2;2) p(1-3) <0,0001
p(2-3) <0,0001
0,0001
[MnasmounTbl 2 [P<i0)
. 0 0 p(1-2) <0,0001
Plasmacells (2;2) b(1-3) <0,0001
p<0,0001
OubpobnacTbl 66 34 14 p(1-2) <0,0001
Fibroblasts (59;77) (27;40) (12;16) p(1-3) <0,0001
p(2-3) <0,0001
p(H/N)<0.0001; p(H/N)<0.0001 p(H/N)<0.0001
_ : p(/1/1)<0.0001; p(/1/1)<0.0001 p(/1/1)<0.0001
P B“ygﬁ’il':f’:ﬁ‘j:'bmm"e‘; MEXIY  p(M/M)<0.0001;  p(M/M)<0.0001 p(M/M)<0.0001
B T N T4 p(B/B)<0.0001; p(4B/DB)<0.0001 p(4B/DB)<0.0001
P an% Dap " Y p(N/P)=1 p(5/B)<0.0002 p(5/B)<0.0001
y p(®/F)<0.0001 p(M/P)<0.0001 p(M/P)<0.0001
p(®/F)<0.0001 p(®/F)<0.0001

HAUMHAIOT aKTUBHO MponvdepupoBaTh, 3anyckas npo-
Lecc pemMoenupoBaHnNA COeAUHUTENIbHOW TKaHu. Tpe-
Tbel $a3on paHeBOro npouecca ApnseTca ¢asa — pere-
Hepauuv 1nv 3NuTenmsaumu, Korga ¢prbpobnacTtsl Haum-
HalT CUHTE3MPOBATb KOJIJIAreH, HauMHaeTCsa OpraHm3a-
LA HOBOro MaTpuKca [8].

[na aHanM3a 1 OLEHKMN 3aXXMBNEHNA PaH NPUMEHSIOT
pa3nunyHble METOAbI, B TOM YAC/IE MAAHUMETPUIO U MOPdO-
nornyeckoe nccnegoBaHne. Metog nnaHMMETPUN NO3BO-
NAET KIVHUYECKN OLEHUTb BUAWMYIO XapaKTEPUCTUKY
paHbl 1 13-3a HaMuUA CTPyMna YacTo He KoppenupyeT C
MoKasaTenAM/ 3aXKUBJIEHUS], BU3yann3npyemMbiM MOp-
donoruvei, uto genaet mopdonornyeckoe NccnegoBaHne
«30/10TbIM CTAHAAPTOM» OLIEHKM 3aXKMBneHnA paH [9].

B nutepatype wumeloTcA AaHHble MO 3PPeKTUBHO-
CTV NprMeHeHna GoToTepannn B JIEYEHUN paH, B TOM
uncne MHPMLMPOBAHHBIX, HO B OCHOBHOM MCCNIE[OBaHNA

KacatTca nasepo- uin GoToanMHaAMUYECKOW Tepanuu, U
aBTOPbI YKA3bIBaAIOT Ha KIIMHUYECKYIO 1 GaKTEPULINIHYIO 1
Mopdornormueckyio 3GPeKTMBHOCTb UX NpuMeHeHus [10,
11, 12]. PaboT, NOCBSALEHHBIX N3yUYeHUo 3OPEeKTUBHOCTY
NpYMeHeHNsA ynbTpadproneToBoro obsyyeHnsa npu neve-
HUM MHOULMPOBAHHBIX PaH, HebOoMbLIOe KONMYECTBO,
npy 3TOM BCTpevalolmecss UCCIeJOBaHUA MOKa3blBalOT
TONbKO bakTepuLmaHyto 3bdekTrBHOCTL [13, 14].

K. Narita n coaBT. B 3KCNeprMeHTe Ha MbillaX, CMoJe-
nupoBas nHoUUMpPoBaHHyto St. Aureus (MRSA) paHy, o6ny-
Yanu ee AByMA TUMamm fIAMM C U3NTyYeHVIEM B Marna3oHe
222 HM 1 254 HM. ABTOpPaMK BbIMONHANN 6aKTepronoru-
Yeckoe, TMCTONIOTMYECKOe M UMMYHOMMCTOXVMUYECKOe
nccnegosaHue. MNpu mMopdonornyeckom mccienoBaHUN
aBTOPaMU BbIAB/IEHO CHVPKEHUE BOCMANINTENIbHOWN peak-
umr Npu ynbTpadroneToBom obnyyeHnr MHGMLMPOBaH-
HbIX paH B Anana3oHe 222 HM. B nccnegoBaHum rmctono-
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rMyYecKu aHanm3 NpoBefeH TOMbKO Ha 5-n n 8- gHW, n
[laHa OLLeHKa TOJIbKO HenTpoduibHOM nHbUnbTpaumn 6e3
CTaTUCTUYECKOW OLIEHKM MONTHOM MOPdOIOrMyeckom Kap-
TUHbI [15].

V.V. Bagrov ¢ coaBT. nokazanu 6akTepuuraHyto, Knu-
HUYeCKylo 1 Mopdonornyeckyo 3GpGeKTMBHOCTb aHTK-
6aKTepuanbHON Tepanuu B KOMOWMHALMUKN C BbICOKOVIH-
TEHCMBHbBIM OMTUYECKUM 0B1yYeHneM NHPULIMPOBAHHDBIX
paH Mo CPAaBHEHMIO C TPAAMLMOHHBIM NPUMEHEHNEM Ma3N
neBoMUKOSb. MMCTONOrMYeckuin aHanmn3 rnokasan Gonee
paHHWI Nepexog paHeBoro npouecca (14-e cyTkm) B pasy
rPaHyALMY Y XMBOTHBIX, Ha PaHbl KOTOPbIX BO3AeNCTBO-
BaJIVl BbICOKOUHTEHCUBHBIM OMTUYECKM 06/1yyeHnem, Nno
CPaBHEHMIO C PaHaMK XXMBOTHbIX KOHTPOJIbHOWM rpymnnbl
[16].

Takum 06pa3om, MTepaTypHble aHHbIE O MPVYIMEHe-
HUW yNbTPadroNeToBOro 0bsyyeHnsa UHGULUPOBAHHbBIX
paH orpaHuYeHbl, U NpPefcTaBieHbl B OCHOBHOM OMUca-
Hvem 6GakTepuunaHon 3¢deKkTnBHOCTU. B mmetowmxca
nccnefoBaHusax Mopdonormyeckne MpusHaku pereHe-
pauuy TKaHel NpefCTaBieHbl TOMbKO Ha HAyabHbIX
CTaguAX paHeBOro MPOoLecca, Ha CTaguAaX BOCMANEeHNs 1
nponudepaunm, 1 HeT AaHHbIX O MOJIHOM Mopdosormye-
CKOW KapTUHE, MPOUCXo[aLlen B paHe B Xode neyvyeHus ¢
NMPYIMEHEHUEM YNbTPadrONeTOBOro 0b61yyeHUs BMIOTb
[0 3aBepLUeHA pereHepaTUBHbIX MPOLIECCOB.

B Hawem nccnegoBaHum, npeacTaBneH KaueCcTBEHHbIN
N KONIMYECTBEHHDbIN aHanmn3 MopdOIormuyeckom KapTuHbl
MpwW NCMNOSIb30BAaHUM BbICOKOVHTEHCYBHOTO MMIMYIbCHOTO
LUMPOKOMOJIOCHOTO 06/yYeHUs], TPAAVLNOHHOIO YibTpa-
¢duronetoBoro 06nyYEHUA M KNACCMYECKOTO MECTHOrO
NMPYMEHEHUA aHTUCENTMKA.

MpoBegeHHOe HaMU SKCMepUMEHTaNbHOe Kccieso-
BaHUe fieyeHna MHOMLMPOBAHHbIX PaH MOKa3aso, u4To 4o
Hauana neuyeHna mopdonornyeckas KapTviHa paH COOT-
BeTCTBOBana ¢ase oCTporo BocnaneHus. Ha 7-i oeHb B
1-in rpynne mopdonornyeckas KapTUHa COOTBETCTBO-
Bana daze nponudepauumm. Bo 2-11 n 3-1 rpynnax otek u
HOUNbTPaLMA coxpaHsanucb. K 14-my gHio B 1-i1 rpynne
Habnogany nprsHaku GOPMUPOBAHUA TPAHYNALMOH-
HOW TKaHW 1 nepexop paH B CTaguio pereHepauunumn. Bo
2-1 rpynne ymeHbluanacb MHOUNbTPALMS, NOABNANNCDL
HOBble KanuiApbl, yBeIMUMBaNIOCh KONMYecTso ¢pubpo-
6nacToB. B 3-11 rpynne BoCnanuTenbHble ABEHUS COXpa-
HANMCb. K 21-My gHI0 B npenapaTax paH 1-1 rpynnbl npu-
3HaKW BOCMasieHns OTCyTCTBOBaNM, Habnoaanocb pemo-
LenpoBaHue COeAVHUTENbHON TKaHU C NpPU3HaKamu
06pa3oBaHNA HeXXHOro py6ua. B npenapatax 2-# rpynnbi
npu3Hakn MHOGUNBTPAUMK ObIN MUHUMANbHbI, Habno-
Janncb SIBNEHMSA PEMOLENUPOBAHUA COEAUHUTESIbHOM
TKaHW, B KOTOPOW NPUCYTCTBOBAsNM HOBbIE Kanunaspbl. B
npenapatax paH 3-i rpynmnbl >KMBOTHbIX NHOUABTPALKA
6blna ymeHbllueHa, HOBble cocyfbl 06pa3oBblBannChb C
3amepsieHrem.

3aknouyeHune
Mopdonornueckoe unccnegoBaHe MokKasano, 4To
NCMOoJib30BaHNe BbICOKONHTEHCUBHOIO I/IMI'IyJ'IbCHOFO

LUIMPOKOMONOCHOTO 06/1y4YeHVss MHGULMPOBAHHbBIX PaH B
OoTIuvie OT TPAAULMOHHOIO ynbTpaduoneToBoro obsy-
YEHUA 1 JIeYeHMs PaH aHTMCENTMKaMu B bonee paHHue
CPOKM KynUpyeT BOCMAUTENbHYIO PEaKUMo TKaHeN,
AKTVBM3MPYET MECTHYIO MMMYHHYIO PeaKLUIo 1 YCKopsieT
MPOoLecchl peMoAeMPOBaHNA COeANHUTENBHON TKaHMW.
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0./ TpywuuHa, E.B. ®unonexko, E.I. HoBukosa, C.B. MyxTtapynuHa
doToauHamuyeckas Tepanus B npopunaktuke BMY-uHayumpoBanHbIx
peuuanBOB Npefpaka U Ha4anbHOro paka Wenku MaTku

POTOANHAMUYECK AA TEPATNSA B MPODPUITAKTUKE
BNY-UHOYUMNPOBAHHBIX PELUOMBOB MNPEOPAKA
N HAYATIbBHOIO PAKA LUEUKHN MATKH

O.U TpywwmHa, E.B. Punonenko, E.I. Hoeukoea, C.B. MyxTapynuHa

«MOCKOBCKMI HOYYHO-MCCNEAOBATENBCKMIM OHKOTOrMYeckuit MHCTUTYT um. [1.A. Tepuera —
dunman PIBY «<HaumoHanbHbIA MEAUUMHCKMIA MCCNEROBATENLCKUIA LEHTD PAAMONOTMY
Mununcrepcrsa sgpasooxpanenus Poceuiickon Pepepaumu, Mockea, Poccus

Pesiome

®oTtoanHammueckan Tepanua (OAT) obnagaeT NPOTVBOBMPYCHON akTUBHOCTbIO 1 ABNAETCA SPPEKTVBHBIM METOAOM NPOGUNAKTUKN LiepBUKab-
Hbix BMY-accoummpoBaHHbIX peLrarBoB. B Hallem nccnefosaHum 6biia olueHeHa 3¢pdeKTMBHOCTL NpodunakTiyeckon npotusopeymansHon OAT
KynbTI LWEKM MaTK/ Ha BTOPOM 3Tare rnocse BbICOKOW aMnyTaLWm WeNKy MaTK/ Y 65 NaLMeHTOK C KNMHUYECKMM JMarHo30Mm carcinoma in situ v
35 - ¢ gnarHozom PLUM 1A1 cT. B kauecTBe doToCeHcMbunmsaTopa NCnonb3oBany anmaMkaunoHHO NpenapaT Ha OCHOBE 5-aMWUHOMEBYIVHOBOMN
kuncnotbl (5-AJIK) B Buge 12%-ro rens B gose 0,1 mr/cm?. ObnyyeHvie npoBoaunu yepes 4 y (ceetoBas fosa — 150 [x/cm?). MNonHana spagukaums
OHK BMNY 6bina gocturHyTta y 94% naumeHToK. B octanbHbix 6% HabnogeHnax NnpoTBOBMPYCHbIV 3GPEKT 3aperncTpupoBaH B BUAE 3paankauum
O[JHOTO VNN ABYX TUMOB MPY MHOXECTBEHHOM NHPULUMpPOBaHUK BIMY ¢ foMruHMpoBaHUeM 16 1 18 LUTAMMOB, UM 3HAUUTENIBHOM CHVKEHU BUPYC-
HoW Harpy3ku. Cpoku HabnogeHus coctasunm ot 3 go 10 neT. CTonKniA NpoTUBOBUPYCHDBIN 3GdeKT B TeueHMe BCero neprofa HabnogeHns coxpa-
HANcA 'y 93 (93%) xeHwuH. Takum obpasom, OAT KynbTu weinkn matku ¢ 5-AJTK obecneurBaeT BblpaXKeHHbI MPOTUBOBUPYCHbIN 3PpPEKT Ha BTOPOM
STane feyeHUA NPeAonyxXoNneBow 1 HavanbHOW OMyXoseBO MaTONOMN WENKY MaTKM 3a CYET CeNEeKTVBHOIO HaKormaeHus ¢potoceHcnbunmusatopa
B UHGMLMPOBAHHbIX KNETKax C NOC/eAYIOLLVM VX MPAMbIM GOTOTOKCMUYECKUM U GOTOXMMUYECKUM pa3pyLleHneM o 6a3asnbHbiX 1 NapabasanbHbIx
CJI0eB 3NUTENNA, B KOTOPbIX MPOVNCXOANUT pennKaLlma Bupyca.

KnioueBble cnoBa: pak LWenkn MaTtku, ¢OTO,D,VIHaMVILIECKaFI Tepanus, BUPYC NanuinomMbl YeNoBeKa, 5-aM1UHONEBY/TIMHOBAA KNCOTA.

Ana umtmposanua: TpywwuHa O.M, OunoneHko E.B., Hosukosa E.I, MyxtapynuHa C.B. QotogmHammueckas Tepanua B npodunaktuike
BMY-mHAayumpoBaHHbIX peumanBOB Npefpaka M HayvanbHOro paka werku matku // Biomedical Photonics. — 2024. - T. 13, N° 3. - C. 42-46.
doi: 10.24931/2413-9432-2024-13-3-42-46

KonTakTbi: TpywwnHa O.U., e-mail: o.trushina@list.ru

PHOTODYNAMIC THERAPY IN THE PREVENTION
OF HPV-INDUCED RECURRENCES OF PRECANCER
AND INITIAL CANCER OF THE CERVIX

Trushina O.1,, Filonenko E.V., Novikova E.G., Mukhtarulina S.V.
P.A. Herzen Moscow Oncology Research Center — branch of FSBI NMRRC of the Ministry
of Health of the Russian Federation, Moscow, Russia

Abstract

Photodynamic therapy (PDT) has antiviral activity and is an effective method for preventing cervical HPV-associated relapses. In our study,
we assessed the effectiveness of prophylactic anti-relapse PDT of the cervical stump at the second stage after high amputation of the cervix
in 65 patients with a clinical diagnosis of carcinoma in situ and 35 with a diagnosis of cervical cancer stage 1A1. As a photosensitizer, a drug
based on 5-aminolevulinic acid (5-ALA) in the form of a 12% gel at a dose of 0.1 mg/cm? was used. Irradiation was performed after 4 hours
(light dose — 150 J/cm?). Complete eradication of HPV DNA was achieved in 94% of patients. In the remaining 6% of observations, the antiviral
effect was registered as eradication of one or two types in case of multiple HPV infection with dominance of strains 16 and 18, or a significant
decrease in the viral load. The observation periods ranged from 3 to 10 years. A persistent antiviral effect was maintained throughout the
observation period in 93 (93%) women. Thus, PDT of the cervical stump with 5-ALA provides a pronounced antiviral effect at the second stage
of treatment of precancerous and initial tumor pathology of the cervix due to the selective accumulation of the photosensitizer in infected
cells with their subsequent direct phototoxic and photochemical destruction to the basal and parabasal layers of the epithelium, in which
virus replication occurs.

Key words: cervical cancer, photodynamic therapy, human papillomavirus, 5-aminolevulinic acid.

For citations: Trushina O.l., Filonenko E.V., Novikova E.G., Mukhtarulina S.V. Photodynamic therapy in the prevention of HPV-induced recurrences
of precancer and initial cancer of the cervix, Biomedical Photonics, 2024, vol. 13, no. 3, pp. 42-46. doi: 10.24931/2413-9432-2024-13-3 -42-46

Contacts: Trushina O.l., e-mail: o.trushina@list.ru
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doTogMHamuyeckas Tepanus B npothpunaktuke BMY-uHayumpoBanHbIx

peuManBoB Npeipaka u Ha4yanbHOro paka LWeiKu MaTKK

BBepeHne

Mpobnema paka weriku matku (PLLM) B TeueHne MHo-
rMX AeCcATUNETUI OCTaeTCA B LEeHTPEe BHUMAHNA BegyLmnx
OTEYECTBEHHbIX 1 3aPYOEKHbIX OHKONOrOB. HEYKMOHHDIN
POCT YKCna MeHLMH CO 3/T0KaYeCTBEHHbIMU HOBOOOPaA-
30BaHUAMN LIENKM MATKN U BblparkeHHaA TeHAEeHUMA K
OMONOXeHuo 60e3HN, HECOMHEHHO, CBUAETENbCTBYIOT
006 aKTyallbHOCTM MOUCKA, Pa3paboTKn M BHeApeHUs
HOBbIX MOAXOMAOB K NPOGUNIAKTIKE, ANArHOCTYKE 1 Nleve-
HUIO LepBUKaNbHON MNPefonyxoneBon 1 OMNyXoneBown
natonoruu. B ycnewHon peannsaunm 3tmx 3agay BaxHas
PO/b OTBOAWTCA STUONOTMYECKOMY GpaKTOPY LiepBUKasb-
HOro KaHLeporeHesa — BUPYCy NanuisioMbl YenoBeka
(BMY). OHK 3Toro BMpycHOro areHta o6nafaet BbICOKMM
OHKOTreHHbIM MOTEHLUANIOM 1 ObHapyxuBaeTcs B 99,7%
PLWIM[1,2].

Ha npoTtaxeHun nocnegHnx QABYyX [eCATUNETUN
BOMpPOCaM MPOrpeccMpoBaHNA  ManuIoOMaBypPYCHOM
nHodekumm (MBW) po wuHBasmeHoro PLIM ypensetca
[OCTaTOYHO MHOIO BHUMAHUSA, TOrda Kak He MeHee BaX-
HOe HanpaB/ieHVe Mo NPOoGUNAKTMKE PeunanBoB 3a60-
NeBaHMA NOC/e OPraHO-COXPaHHOTO JlIeYeHNA HaYaNbHOM
LiepBMKaNIbHON OHKOMATOMOMMN OCTAaéTCA Mano M3yyeH-
HbIM. BO306HOBIEHVE OMYXONEBOro MnpoLuecca B Leike
MaTKV yKa3bIBaeT B OOJIbLUE CTENEHUN Ha MEPCUCTEHLNIO
BMY - Begywmin daktop B cTumynauuy nponvdepauum
anutenua [3,4]. OTOT BUPYCHbBIM areHT CrnocobeH UHWLK-
MpoBaTb B TeUeHMe MepBblX TPex NeT Mocse NeKTPo-
XUPYPruvyeckorm KOHU3aumUmM peuunarBbl LepBrKabHbIX
nHTpasnutenmanbHblix Heornasui -l (CIN) n Havanb-
Horo PLLUM (carcinoma in situ, PLUM 1A1 cT), yacToTa KoTO-
pbiX MO AaHHbIM pPsAAa aBTOPOB BapuabenbHa U COCTaB-
nset 15-75% [5,6]. Peunpmsbl 3ab0neBaHNA Y >KEHLUH
monoxe 40 net BcTpeyvaetca yawe (57,9%), yem B cTap-
wem Bo3pacTe [7]. YacToTa peunanBoB NOBbILLAETCA NpU
BOBJIEUEHMM B MPOLECC LIePBUKANbHOIO KaHana unm B
Cryyae CMellaHHON NIoKanm3aumm npoLecca, 0COOeHHO B
Bo3pacTe 30-39 net - 83,3% [8].

MprunHaMm peunanBOB Mpeapaka W HayvanbHOro
PLWM wenkn matku Npmn yCnoBmMn OTpULATENBHOIO MOp-
donornyeckoro Kpas pesekunu, ABAITCA: COXpPaHeHne
N NePCUCTEHLUS JIATEHTHbIX U CYOKNMHMYECKX dopm
BIMY B HEM3MEHEHHbIX TKAHAX Ha rpaHuLe C pe3eKkunen
UNU ecTpyKLUKreil, 30He HeKPOo3a MyJbTMOKasIbHbIX Oua-
rax nopaxeHun; ocegaHvne JHK BIMNY BmecTte ¢ gbIMOM Ha
CNIM3UCTbIE WENKM MaTKM 1 BRaranuiia; Hannume aonors-
HUTENbHbIX o4yaroB BMY-uHdpeKLn BO BRaranuie 1 npo-
MEXHOCTU Y KaXKOoW YeTBEPTOM »KEHLLMHbI C LepBUKab-
HbIMW HEOMMasuAMY; PEMHOULNPOBAHNE;, HEBO3MOX-
HOCTb MpPefoTBPaTUTb SKCNPECCUI0 ManunIOMaBUpPyCOB
B OKpy»Katowme TkaHm [9,10,11,12,13].

HeaddpeKkTMBHOCTL NPOTUBOBUPYCHON MeAVKaMeH-
TO3HOW Tepanuu, HanpaBieHHON Ha perynnmpoBaHue u
HopManu3aumio paboTbl UMMYHHOW cMCTeMbl, 06yCcoB-
NeHa BO3[eNCTBMEM TONIbKO Ha 3MucoMasibHble GpOpMbl

Xn3HegesaTenbHocT BMNY 6e3 paspyLueHns NHTErprpo-
BaHHbIX B K/ETOYHbI FeHOM LITamMMOB Bupyca [14,15].
MeTtogbl abnAunMy (paAnMoyvacToTHasA, 3SNEKTPO-KPUO-
nasepHas, aproHo-Ma3MeHHas) He obecneunBaloT dpa-
avkauuio BMNY B crny HegocTaTouHo ryOGUHbI AeCTPyK-
UuK, Korga paspyLllaeTca TONbKO MOBEPXHOCTHBIV 3Mu-
Tenuin 6e3 caHauMy aKTUBHO PA3MHOXAOLMXCA BUPYC-
HbIX LUTAMMOB, PACMOJIOKEHHbIX B 6a3anbHOM crioe [16].
Ou3nyeckmne mMeToabl NeyeHna TakXKe He 061aaloT BO3-
MOXHOCTbIO TOYEYHOro paspyLlleHUsa nanuanoMaBupy-
COB, BO3AEMNCTBUSA HA NTIOCKOKNETOUHO-LTVHAPUYECKAI
CTbIK 3MUTENIMEB N OYary MeTannasnn B LiepBUKaIbHOM
KaHane [17,18]. Kpome Toro, coxpaHeHue BIMNY BepeT K
peaKkT1BaLuy NaTeHTHON UHGEKUMM [0 CYyOKITMHUYECKO
N KNUHUYeckon Gopm. IMEHHO MaLMEHTKU C NaTEHTHOM
bopmoi HPeKLUM NpeCTaBNAT rpynny prcka no pas-
BUTUIO LiePBUKanbHbIX peunansos [19].

Taknm o6pa3om, neyebHbie MEPONPUATHA MPOTUBO-
OMyXONIeBOr0 XapakTepa He o06nafaloT LeneHanpas-
NEHHbIM MATOreHeTUYeCKN OOYCIOBJIEHHBIM BO3[eN-
cTBMEM Ha BIMY, Tak Kak He yunTbIBalOT OCOOEHHOCTU
XM3HEHHOTO LKA U GpU3NYECKOro CTaTyca BUPYCHOrO
reHoma, COOTBETCTBEHHO, puck BlNY-accounmpoBaHHbIX
peungmeoB CIN n HavanbHoro PLIM octaetca gocta-
TOYHO BbICOKMM.

BupycHaa KoHUenuma LepBUKaNbHOrO paka AMKTyeT
HEeo6XOAMMOCTb MEPEeCMoTPa TPAANLIMIOHHbIX NMOAXOO0B
K YNyJylleHUo pe3ysnibTaToB JleueHUsa Mnpenornyxosneson
MW HayanbHOW OMyXONEeBOW MNaTONOIMM LEeNKN MaTKMK,
MorcKa HOBbIX 3PPEKTMBHbBIX MaTOreHeTUYeCckn 060CHO-
BaHHbIX METOZI0B BO3[1eNCTBMA Ha GaKTOPbl PUCKa 3/10Ka-
yectBeHHoW nporpeccun MBU, 4To 3HAUNTENBHO CHU3UT
PVICK LepBMKaNbHbIX PELNANBOB.

MaTtepuanbl n meToapl

OfHMM 13 NepCneKkTUBHbIX METOLOB NPOTMBOBUPYC-
HOW Tepanumn u, COOTBETCTBEHHO, NPOPUNIAKTIKM LEePBU-
KanbHbix BlMY-accoummpoBaHHbIX peunamnBoB, ABNAETCA
doTtoanHammueckas Tepanua (OAOT). MeTog ocHOBaH Ha
n36UpaTesIbHOM HaKomjeHun QoToceHcnbunmsaropa
(®C) B BUpycCcopepKalMX KNeTkax MU B3auMOZenCTBMN
3TOro JIeKapCTBEHHOrO npenapara C U3yYyeHrem cBeTa
onpefeneHHon AJINHbI BOJIHbI, YTO UHULMNPYET Cepuio
doTodur3nyecknx nNpoLeccoB, BeayLMX K paspyLleHnto
JaHHbIX KNeToK, HakonmBlwux npenapat [20]. B cBa3m B
BbILLIEOMNMCAHHbIM MEXaHN3MOM, ABJIAETCA LieNlecoobpas-
HblM JOMOJIHEHNE XMPYPrYeCKOro ieYeHna BMpPYyCacco-
LMMPOBAHHbIX NPeApaKka U paHHEro paka LIenKM maTKu
OOHWM W HECKONbKMMK KypCamu MpOTUBOBUPYCHOM
OaT.

OOT KynbTu LWeNKN MaTKW BbIMOJHAIM Ha BTOPOM
3Tane nocsie BbICOKOW amnyTaLuuy WernKkn maTku 65 naum-
€HTKaM C KJIMHWUYECKMM AMArHO30M carcinoma in situ u
35 — c guarHosom PLUM 1A1 c1. CpegHuin BO3pacT »KeH-
WKWH cocTaBun 35,6%3,7 net. B KauecTtBe PpoToceHcnbu-
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doToauHamuyeckas Tepanus B npopunaktuke BMY-uHayumpoBanHbIX

nn3atopa NCNonb30Bany npenapaT Ha OCHOBE 5-aMUHO-
neBynuHoBow kucnotsl (5-AJTK). Cpeaun dakTopos prcka
UHOUUMpoBaHnsa BIMY BblgeneHbl MoOMofoN BO3pacT,
Hayano nonoson Xu3Hm Ao 16 net (40%), Yncno nono-
BbIX NMapTHepoB 6onblue 5 (53,5%), HPUUNPOBAHHOCTb
GaKkTepuanbHOM u Apyron BupycHomn ¢nopon (18,2%),
ANUTENbHBIN NMpYeM OpanbHbIX KOHTpauenTusoB (5%),
MacCOBOe€ KypeHMe 1 He3alunLeHHbIn cekc (50%).

MaeHtndukaumio n guddepeHuymauymo AHK BMY Bo
BCEX MCCIeqoBaHNAX BbIMOMHANN KauecTBeHHbIMU (MLP)
n konuyecteeHHbiMU (MLUP RT, Hybrid Capture Il, KoHKy-
peHTHas MNUP) meTonamn getekumm BUPYCHOrO reHoMma.
KauecTBeHHbIN MeTOA BbIAENMN BUPYC-MO3UTUBHbIX XKEH-
LWMH, YCTAHOBWUI YacTOTy pa3nunyHbix Tunos BW, onpe-
Jenun KonmuyecTso HabNiogeHNn C MOHO- 1 CMeLLaHHOM
MH)EKUMEN, BbIABU BO3PACTHblE M3MEHEHUS, a TaKXKe
NPUMEHANY AN OLEHKN NPOTUBOBUPYCHON 3ddeKTuB-
Hoctn OAT. KonuuecTBeHHble MeTodbl WCCiegoBaHUA
BbIMOJHANN C LENbI0 M3YYeHUA aKTMBHOCTU BMPYCHOTO
reHoma B CTUMynAuny nponudepauny SnuTenus, cono-
CTaBNeHMA 3HaYEHNI KOHLEHTPALMM BMPYCa C TAXKECTbIO
MOPGONOrMYECKUX W3MEHEHUI, OLEHKM U KOHTPOS
npotusoBupycHor adpdekTnHocT OAT B 3aBUCUMOCTH
OT reHOTNMa, MOHO- UM MUKCUHGULMPOBAHNA.

EpvHuuein nsmepenua PCR RT aenanca norapudm
konuin OHK BMY Ha 10° anuTenunanbHbix Knetok (lg/10°
knetok), Hybrid Capture Il — npeBbllweHne KNUHUYECKN
3HaYMMOro NMOPOroBOro YPOBHA (3TO MOPOr OLEeHMBanu
KaK KoHUeHTpauua 100 Tbic. reHoKoNui/mn unn 1 mr/mn),
KOHKypeHTHow lNLP — BupycHasa Harpy3ka 16-ro Tuna BIMY
B Pa3/IMYHbIX KOHUEeHTpauun oT — oT 101 go 106 konui Ha
Npo6UpKYy.

[varHocTrnyeckmnin TecT Ha ngeHtTueukaumo AHK BMNY
BbIMOJIHANN JO XUPYPrYECKOro fieyeHns nytem 3abopa
He TONbKO LIEPBUKANbHOIO COCKoba, HO M MaTepurana
N3 CAN3NCTBIX KYMOna 1 CTEHOK Bnaranauwa, B KOTOPbIX
MOXKET TaKXe nepcnctnposatb BIMY — cunbHenwni KaH-
LileporeH 1 KitoueBo GpakTop peunamBoB 3aboneBaHus.

NHbu1umpoBaHne BbICOKOOHKOT€HHbIMY reHOTUMaMN
BMY aBnanocb nokasaHvem K OOT KynbTu WeNnKn MaTkm
nocne OPraHOCOXPAHHOIO JfleYeHUa C MnpenapaTom
5-AJIK, NHOYKTOPOM CMHTE3a 3HAOMeHHOro MpPoTonop-
dupuHa IX (MAIX). JleueHre npoBoaunn Ha 6-8-0i AeHb
MEHCTPYanbHOro UMKna. VIHTepBan BpemeHu Mexay
Xupypruyeckum stanom neverHna n OOT coctaBnan 3-4
Heq. 1 3aBUCesT OT CPOKOB 3MUTENN3ALUN B 30HE Nleyeb-
HOro BO3AENCTBUA.

TectupoBaHue Ha [JHK BMNY nposogunu B TeueHne
nepBoro roga HabnogeHus yepes 3-6-12 mec. nocne OAT,
BTOpoOro roga — 6-12 mec. n B nocnegywuume rogbl (npu
AOCTUXKEHUW MOMHOM 3pagukaumn) — 1 pas B 3 roaa.

MpoTtneoBupycHyio 3ddekTneHocTb OAT oueHmBanm
no cneyLM KpUTepUAM:

* MONHbIN 3ddeKkT — nonHas spagukauma OHK BIY,

OTCYTCTBME BUPYCHOW Harpy3Ku;

peuManBoB NPeipaka u HavyanbHOro paka LWeHKK MaTKK

+ 6e3 adpdeKTa — OTCYTCTBME dpaguKaLmy BCEX TUMOB
OHK BMNY wn/unn CcHWXeHne 3HauyeHun BUPYCHOW
Harpysku.

Mpn pa3paboTke MeToauMKM NpoTrBoBUpPYCcHOU OOT
Ky/bTU LIEVKM MATKM YYnTbIBaNIM HEOOXOANMOCTb 00sy-
YEHUA He TOSIbKO MOKPOBHOMO SMUTENUA KyNbTU LENKN
MaTKWM, HO 1 OCTaBLUENCA YacTX LIePBUKANIbHOTO KaHana,
a TaK»Ke CBOAOB 1 CTEeHOK BNaranuia. Takow nogxon obe-
cneunBaeT BO34eNCTBME He TOMIbKO Ha 30HY pe3eKunmn, HO
N Ha BHELUHE HEM3MEHEHHbIe NpuneXalyme TKaHW.

Mpenapart 5-AJIK B Buge 12% rena B go3se 0,1 mr/cm?
HaHOCUNN anMIMKALMOHHO Ha KY/bTIO LIEeNKU MaTKK
C 3aXBaTOM CBOZ0B 1 BEPXHEN TPETY Baranuwia 3a 4 4y o
06nyuyeHunsa. CobnofeHrie CBETOBOIO peXuma npv gaH-
HOW TEXHOJIOrK He TpebyeTcs.

B KauecTBe NCTOYHMKa CBETOBOTO N3/1yYeHNA UCMOMb-
30Bann aunopHbin nasep «JIPT-630-01-BUOCMEK» (Poc-
cvA). JnnHa BOMHbI N3/1yYeHna COOTBETCTBOBaNa 635 HM,
MIOTHOCTb 3Heprun — 150 k/cm?.

O[T uepBrKanbHOTO KaHana OCyLWeCTBASANAN TMOKAM
MOHOBOJIOKOHHbIM KBapLIEBbIM CBETOBOAOM C LIMINHAPU-
YyeckuM gnddy3opom, Jalolwmum maTtpuly ceeTa Ha 360°,
1 ANINHOWN, COOTBETCTBYIOLWEN NPOTAXKEHHOCTM SHAOLep-
BuKca (ot 1 go 2 cm). DoToanHaMmnueckoe BO3aenNCcTBmne
Ha BflarajvLLHYI0 NOPLMIO KYNbTU LWEeNKN MaTKU MPOBO-
VNN ANCTAHLUMOHHO C WCMOMb30BaHMEM CBETOBOAA C
JINH301 1 MaMeTPOM CBETOBOTO NATHa 2-3,5 cm. O6nyye-
HUe NPOBOAWM C OAHOW NO3ULUN.

Peakuus LepBUKanbHOro aNnUTeNNs B 30He pOTOAMHA-
MMNYECKOro BO3AEeNCTBMA NpeacTaBsia cobon HesHauu-
TeNbHbIN OTEK U NIETKYH0 TNepemMuio TKaHel C pa3BrUTnem
Ha 2-3 CyTKW MieHYaToro HeKpo3a 6e3 CyLlecTBeHHOro
HapacTaHuA 3TUX ABIeHMI B nocnegywowme aHu. MNpo-
Lueccbl snuMTenMsauMm 3asBepwanucb K 12-13-my fgHio
neyeHus.

JlokanbHoe BBegeHwue rena 5-AJ1A H1U B OAHOM KNUHU-
YeCKOM HabsioaeHN He Bbi3blBasio MOOOYUHbIX I MECTHbIX
anneprmyecknux peakuuin, nepeHocMMocTb dapmnpe-
naparta 6bina yooBneTBOPUTENIbHON. KoxHaa ¢oToToK-
CMYHOCTb B Buae PpOTOAEpPMaTo3a He MMena MecTo Hu
B OJHOM HabnogeHnn.

Pe3synbraTthbl

NccnepoBaHue obLiein pacnpoCcTpaHEHHOCTU TUMOB
BlNY, koTtopaa cknagbiBaeTcA M3 CYMMbl 4acTOTbl BCTpe-
YaemMoCTU BMpYCa B BUe MOHOTMMNA M accoumaumm ero ¢
APYTIMU TUMamU, BbIABMIIO 3HAUNTESTbHYIO OO0 XEeHLUH
(58,9%), nHdMLMpoBaHHbIX 16 TUNom (p<0,05). OcTanb-
Hble TWMbl MO YacTOTe PACNPOCTPAHEHHOCTN pacnpene-
nunuce cnepyowmm obpasom: 18 — 12,8%, 31 - 10%, 45
- 7%, 33 - 4,5%, 35 - 3,8%, 56 — 2,6%, 58 - 0,2%. B He3Ha-
YMTENbHOM KONIMYECTBE CJlyYaeB uaeHTndULpoBaHbl 39,
48,51, 52 Trnbi (0,1%). NMonyyeHHble faHHblE COBMAAAtoT C
LUMPOKOMACLLTAOHBIMU 3NNAEMUONOTMUYECKUMI UCCNeao-
BaHMAMM, B KOTOPbIX YCTaHOB/EHa BeayLlas pofb B pas-
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BuTK PLLUM BbICOKOOHKOreHHbIX reHoTnnoB BIMY, cpean
KOTOpbIX TUMbl 16 1 18 BcTpeyatotca B 70% criyyaes.

BonbHbIX, UHGMLMPOBaHHBIX ABYMs 1 Goniee TMnamu
BMY okasanocb goctoBepHo 6onbLue (62,8%), Yem OAHVM
Tmnom (37,2%) (p=0,000006), npu 3TOM 4YacToTa MHO-
»KEeCTBEHHbIX TUMOB BMPYCHOIO reHOMa He 3aBucena oT
CTeMNeHW TAXKECTU MATONOMMYEeCKUX N3MEHEHWI B LUeNKe
MaTKku (p<0,01).

B Bo3pacTHoM KaTeropuu go 40 net, 605bHbIX, UHY-
LMPOBAHHbIX HECKONBbKUMK Tunamu BIMY, 6bi1o 6onblie
(75,6%), yem B rpynne »eHWWH CTapllero Bo3pacTta
(24,4%). JaHHbIN GaKT MOXKHO CBfA3aTb C bonee BbICOKOW
CEeKCyasibHOW akTMBHOCTbIO B PenpoayKTUBHOM BO3pacTe.
YacToTa BCcTpeuaemocTy BMNY 16 Trna Gbina npaktuue-
CKV MOEHTUYHOWN B rpymnmne >KeHLWWH penpoayKTMBHOrO,
npemeHonay3anbHOro 1 NOCTMEHOMay3ajlbHOro Bo3pac-
TOB, COOTBETCTBEHHO B 88,2%, 86,7% 1 86,3% Habntoae-
HWI, YTO yKa3blBaeT Ha BeAYLLYIO STUONIOTNYECKYI0 POosib
16 Tvna B4 B nHAyunpoOBaHMmM 310Ka4YeCTBEHHOM TPaHC-
dopmaunn B LepBUKANIBHOM SMUTEIMN HE3aBUCKMO OT
BO3PaCTHbIX OCOGEHHOCTEN.

MpoTtrBoBMpPYCHYO 3dpdekTnBHOCTE OAT  KynbTH
LeNKN MaTKN OLIeHMBANM BO BCEX KNMHUYECKMX Habnio-
aenuax (n=100). MonHas spagukauma JHK BMNY goctur-
HyTa y 94% naumeHTOK. B ocTanbHbix 6% HabnogeHnax
NMPOTVBOBUPYCHBbIA 3dEKT 3aperncTpupoBaH B Buge
SpaanKaumm ogHOro WK ABYX TUMOB MPU MHOXKECTBEH-
HOM VHOUUMpoBaHun BMY ¢ gomuHupoBaHvem 16 u
18 WTaMMOB, NN 3HAUYNUTENIbHOM CHUXKEHWMW BUPYCHOW
Harpysku.

Cpoku HabnopeHusi coctasunu ot 3 go 10 net. Mon-
Hyto spagukaumio HK BIMY nocne OOT Kynbtv Wwenkn
MaTKM ycTaHoBUNN y 94 (94%) »eHLwmH. CTOMKWIA NpoTu-
BOBUPYCHbIN 3ddeKT B TeUeHMe BCero neprioga Habnio-
JeHnAa coxpaHanca y 93 »eHwuH (93%).

Bo Bcex KnmMHMYecKnx HabnopeHnsx, rge oTCyTCTBO-
Bafla nonHasa spagukauma BIMY, nposognnu 2-om Kypc
OAT ¢ nonoXnTenbHbIM Pe3yNbTaTOM JIeUeHMA.

Peungne 3aboneBaHus O6bin  3aperncTpUpOoBaH
TONbKO Y OofHOW naumeHTKM (1%) yepes 2 roga nocne
3aBepweHua nevyeHua npeuHBasusHoro PLUM, rpe
MMesNo MecTo penHduumposaHue BMY 16 Tuna ot nono-
BOro napTHepa.

Taknm obpazom, OOT KynbTu Wenkn matku ¢ 5-AJK
obecneumBaet BblPa>KeHHbIN NPOTVMBOBUPYCHbIN
3¢deKT Ha BTOPOM 3Tane JieueHUs NpefonyxosneBon
1N HayaNbHOW OMyXONeBOW MNATONOMMWN LUENKN MATKK
33 CUET CENEKTVMBHOrO HaKkomieHus ¢otoceHcnbmnu-
3aTopa B MHOULMPOBAHHBIX KNeTKax C nocieayowmm
UX MpPAMbIM (GOTOTOKCMYECKM U GOTOXUMUYECKUM
pa3pylueHriem go 6asanbHbiX 1 NapabasasibHblX C0eB
3NNTENKA, B KOTOPbIX MPOUCXOAUT penMKaLma BUpyca.
bonee BblcOKMe MOKasaTenu 3paguKauum OHKOreH-
Hbix TnoB BINY B cpaBHeHMM C meTopjamu Tepanes-
TUYECKOTO, XMPYPrnyeckoro n ¢Gusnyeckoro Bo3pen-
CTBM Ha BUPYCHbIA F€HOM, OTCYTCTBME peaKkTuBaLumun
UHPEKLUMM HA MPOTSXKEHUW [AUTENbHOro nepuoaa
HabNIOAEHUA MOXHO CBf3aTb C aKKYMYJMPOBAHWEM
BMNY-mHOMUMPOBAHHBIMK  KJIeTKaMXW  SHAOMeHHOro
MMIX ¢ nocnepytowenn GoToANHAMNYECKOWN [ECTPYK-
Luelt He TONbKO KIIMHUYECKNX U CYyOKIIMHUYECKIX, HO 1
NaTeHTHbIX GOpPM XKun3HeaeAaTenbHocTn MBU. TapreTHoe
«TOYEeYHOe» paspylleHne MysbTUhOKaNbHbIX OYaros
BVMPYCHOIO NMOpaeHus, obnyyeHne He TONbKO Bfara-
JIMLWHON MOPLUUN KyNbTX WENKN MaTKK, HO U nepexos-
HOW 30HbI C LlepBUKaNibHbIM KaHa/lOM Ha BCeM ero npo-
TAXEHUW, YHUUTOXEHUE KNETOK C WMHTErpupoBaHHOW
¢dopmon BIMY, korga npoTMBOBMPYCHble Mpenapartbl
He 3$dEeKTVBHbI, BO3AENCTBME Ha GU3NYECKNUA CTaTyC
BMpPYCa U BUPYCHYK Harpysky, TakKe MUHUMU3NPYIOT
PVCK aKTMBaL MK BUPYCHOrO npoLiecca, 4to npegonpe-
Jenaet ycnex neyeHus.

MonyuyeHHble faHHble NPOTMBOBUPYCHON 3bPeKTrB-
Hoct OAT npencTaBnsAT GOMbLIOA MHTEpeC B CBETE
JOKa3aHHOW 3Tmnonormnyeckon ponu BMNY B passutun
pakKa WerKkn MaTku.
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